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PRETACE

1t 15 thits vears since the Association last convidered the subject of
inhersted factots m nervous and mental disease (volume 111, 1923) Tn this
Interin genetics has come of age as & scientific speanlty s own nght
and human genchies has grently ncreased 11s stature

The decrsion of the Trustees to present the subjeet agun at its Thiets
thurd Annual Meeting was a wise one but it plreed a hewy burden upon
the Program Cornmittee because of the many aspects of present-dsy knowl
edgen this field from which ondy a relative few could be <elected for presen
tation The sequence finatly adopted md presented m this volume phces
smtial emphasis on the latest mformation concerming the prineiples of
gencties and the methods of operation of genetic factors with enough data
on <ome shnormal states to indicate that all congemtal conditions are not
necessanhy of genetic ongnn

The papers on selected neurologeat and psy chintne conditions i which
genetie frctors plav a rale are preceded by a consideration of the normal
wherited behavior patterns of man and other ammals and ther upder
Iving morphological and phr sielogieal substrate

Aithough onfy a segment of the field 15 here presented s oped that

some tmeasure of continuity may have been guen to the aspects under
revien

D
December 15 19,3 avgnronr Hoonrr
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PRETACE

Tt 1 thiety vears since the Assocration last consdered the subject of
\nhented factors m nervous and mental divease (volume 111, 1023) Tn this
imterim, genetics has come of age as a scientific speanlty mats own right
and human genetics has greath increased ats stature

The decision of the Trustees to present the subject agun atts Thirty
third Annual Meeting w18 a wise one, but it phiced a henvy burden upon
the Program Cammuttee because of the many aspects of present-day knowl
edge m this field from which onfy a refatne few could be selected for presen
tation The sequence finally adopted and presented m this volume places
mittal emphasis on the Jatest information concernmg the principles of
geneties and the methods of operation of genetic factars, with enough data
on some abniormal states to mdicate that all congemtal conditions are not
necessanly of genctie ongm

"The papers on selected neurologieal and pay eluatrie condibions m wineh
genetsc factors play a role are preceded by a conaideration of the normal
whented behavior patterns of man and other ammals and therr under
g morphologieal and phy siological substrate

Although onlt a segment of the field 15 here presented 1t 1 hoped that

come measure of continurty may have heen gven to the aspects undce
Tevew
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Parr 1

GENETICS, HUMAN INHERITANCE AND
EXVIROXMENTAL EITLCTS






CHAPTER 1
TRINCIPLES OF HUMAN GENLTICS
PAUL R. DAVID avo LAURENCE §§ SNYDFR!

The devclopment of the saience of medwne Jduring the fint half of the
\wentieth century Ts been phenomenal At the proseat tme ths gros th
1s conbinuing unabated, but gradually the emphasts 11 nfting In the pasy,
\he atteatwn of those most concerned with the progress of medicme has
been chieflv directed towards the allevtation and control of unfarorable
and deleterious agencies of the environment such thngs 85 anfectious
agents malnutrition, trauma, emational stress, and occup ttional hazards

Withn the hfetime of many physians prachiang toda, the control of
AWReTOUS NOIons environmental apents has been actiesed or at teast has
beeome a prachiezl posabiits Danng ths <ame mteral, honever, there
fi1s been developing a science relating to the human host which may wdi
contribute promumently tonard a shift of emphaws n our approach 1n
problems of the treatment and prevention of disease This dhsesphne 1o
genetics Tt hs often been defined as the study of heredity, ot in yts more

wodern sense 1t 15 better deseribed as the studs of the origin, des elopment
anid drstribution of mdividual differences

Horeduts can not operite w2 vacuum, and we ean not hope adequatels
to und d the action of hered

3 factors 1n the development of any
trast pathologic or normal cxcept 1 the frunework of the environment
m which the factors attam espression hnowledge of the extent ta whick
genetic fuctors are mvolied and of the mechamsms through nwhich theg
are expressed 15 essential to a cowplete understanding of the natural
fustory of any disease

1 priort consulerations derived from prineiples of evolution guneties
frad to the prediction that, nhen hereditary frctors are the exclunve or
nearly exclusive determinants of a severe disease, the disease 1 hhely ta
be 4 vare one and the rol) tall of obscure condhpions which proy e the
buth of textbook Mlustrations of clearly mhersted vathologie conditions
n man woph confirms the prediction But the unhkelfiood that heredita
fnctn;-s are exclusive det of ihe disorders does “:3‘
!Q‘::e.‘& ;\,: p;\nxf::\l:ng the ymestigation of ther possible sigmficance s

¢ Comersity of Ollshioms

“«






CHAPTFR I
PRINCIPLES OF HUMAN GINETICS
PAUT T DAVID ass SAURENCE 1L S\ADIR!

The derelopment of the science of medhene durmg the fiest half of the
twentieth centurs hus been phenomentl St the present e thns growth
15 conlinuing unabated but graduthy Ahe emphss 18 stuflmg Tu the past,
the attention of those most cancerned with the progress of mediane has
been chiefls directed tosards the alleviation and control of unfur orable
and deleterious agencses of the environment  such things as micetions
agents malnutntion trauma cmotional stress and oceup tion i hnzands

Voithim the hfetime of many phsieians practising today the contral of
rumerous noxious eoyronmental agents has been nchieved or at least has
become & practical possbility During this same interval however, there
has been develaping = science relating to the humn host which ms well
contribute promumentls toward a sft of emphisis m pur approach to
problerns of the treatinent and prosention of dieae Thia dinctphine 1<
geneties 1t has often becn defined as the study of heredits, but 10 31s more
modern sense 1t 15 bettes desenbed as the studs of the ongm development
and dustrib of mdn 1dual differ

Heredits can not operate m a vacuum and we can not hop adeuateh
to ynderstand the action of hereditary factars i the development of am
ll:\m\:\\f:}l,n:ﬁ‘:%mgm normal except to the framework of the environment
et hnor:(;ors altam expression hnowledge of the extent to which

re mohed and of the mechamss through which they

are expressed 15 essential to a complete underst
resed e e P derstanding of the natural

i prion considerations dertved from prmaiples of evolution geneties
::-:Xﬂ\n \h; prediction that, when hereditiry factors are the nclﬁm or
- a\,:r‘; ste deternunants of o severe diease the disease 19 bk 1o
b t:;:;o:;:d ‘:he roll call of obscure conditins which provide the
) Aot f; us\r:nons of clearly inhenited patholome conditions
P e) cx:;m \rmyll e predietion But the unlihcbihood that heredutary
e o s‘\%:::“; deternunants of the commoner disarders daes not

Ahe wm esthigation
cansal componente gation ot ther possible sipnficance as

Flnaercty of Obaboma

—— s



4 GFNETICS AND INHERITANCE OF NFUROPSY CHIATRIC PATTFR\S

Half a century of genetic mvestigation since the rediscovery of the
Mendelnn Jaws has amply demonstrated that the bise principles of
geneties nsofar as they rddate to mechanisms of hereditary {ransmission
or to the action of hereditury fictors m development are m essence the
sume in all sexuidly reproducing orgamsms whether men or mice breal
molds or butterflies

Nevertheless there are mportant differences between the geneties of
man and that of laboritory or domestic ammals One which will at once
oceur 1o you durives from the uniqueness of the human animal in respect
to cerebril desclopment and sounl orgamization Irom this you mght
properly expect to find the micractions between hereditirs ind environ
mental factors cspeciilly m the devddopmient of behavioral patterns far
more complex and far subtler than m any other creture

An equally amportant difference 15 that between the kinds of vanations
which for sound hustorical reasons have rccened most pronunent atten
tion 1n the laboratory and the kinds of vamations which may be most
significant m the varmbility of natural populations It may scem para
doweal to refer to populations of civilized man Living under the highly
artificial conditions of an clectronics erv as nafural but i respect to
genetic structure human populations have much closer resemblance to
populations of fiekl mice foxes or even frunt flies iving m the wild than
to herds of dury cattle flochs of domestic poultry or to laboratory stocks
of mice or guinea pigs

We shall of necessity  discuss prineiples of human geneties withm tle
framework of knowledge derived from experumental genetics but we shall
try especially to call attention to those particulars i wluch human matenal
requires special trentment

The prineiples of genetics as we hnow them today have largely emerged
from mvestigating the effects of gene differences among individuals and
the distribution of gene differences both among the progeny of various
hinds of matmgs and n the populition at large

1t 1s & fambar obsers 1tion that no two orgimsms whether of our own
species or of any other are completely rdentical erther in physieal ap
pearance or n the detuls of ther physiologic processes In sofar as in
dividual differences have an hereditary basis they have been found to be
contingent. predommantly upon materals cirned in the chromo omes
1 ollowing the discovery of geneticinkage early n this century  the mapping,
of chromosomes became posstble and was nccomphished on 1 appreable
seale first and most spectaculirly n Drosophila and later in ¢ vanety of
forms both plant and ammal Tlis work showed without equisocation
that 1 mnumerable mstances hereditary differences could be referred to
minutely localized regional differences within the chromosomes ench



5
PRINCIPLES OF TUMAN CENETICS

hasing o hinear extent of less than one fifeth of a nucmn—\\;}\ :m\::\r
even the theoretical resolving pover of an optical mieroscope  Lhese
s

gu{: cd:\ﬁr;rg‘\:\ nchmed 1o thwk of genes as duerete yatticles strung along
each chromosome such ke bewds on 2 strmg 1t s probably Kelter to
coneenve of them as regional dift 1ons of the ¢ ~ Thus,
the difference In genofype or genctic camtitution, betwneen n color blmd
man and a man with normal eolor viston 1+ & difference, petlips an 1t

moleeular reurrangement 1n  particular region ot locut of their respuetine
\ cliromosomes the genotypie distinction between n hemoplnbie and a
non hemophuhie hes 1n a iflerence hetneen thew vespetine Nechromosomis
1t another locus

When tyo or more modificitions of the sume gene exnt, amy one of
which may occupy @ given locus on a particnlyr chromosome, they ar
<ud to be alleles of one another, a technical way of saving that thes 1we
alternatnes Thus we may speak of the normal allele of the protanopn:
gene or the normal allele of the hemopluba gene I you possess nesther
the protanopia gene not the hemophiha gene on vour N\-chrowosoties,
therr places are occupied by their respectin e normal aileles
e commonby refer to color blindness (as contrasted with normal ealar

115100} or to hemophuha (as contristed with the non hemophihie condition)
as the effect of a single genc substitution or more briefly, as the effect of a
smgle gene The expression 15 meviet but very comvensent You may

recall that in many species meluding man, each cell of the male eontang

nh one \ chromosame, whule there are tea \ chiromesomes in the female,
all other chromosomes (the so~called antosomes) are m both wexes present
w watehed or bomologous pawrs and i each chromosome of an Tomalagous
pair is found the same series of gene loct Consequently, an autasoma) gene

sach @3 the gene for albimsm may be present on only one member of a
pair of homalogous chromosomes 1n which €15 tt < s« et 1 hetero

- ?

UL single
4 Lluuon sy be understood to mean a gene substitution af a
single locus 1 whichen e dosage {heteron gous or homozy £0Us) 1s necy s
1o produce a discermble effect e
Among the facts that hvve been learned abo
we may note the followm,
(1) There 1s not g
one to-one cotresponden:
festation of an effect

ut single gene substitutions
g as particalirly pertinent to human geneties.
was ongmally supposed by many
ce between the presence of gene
The organism 15 net a mere mosaie

» necessanly g
and the mum
of umt char



(] GFNFTICS AND INHERITANCE OF NEUROPSYCHIATRIC PATTER\S

acters  Wholly sde from <nvironmentil influenecs (to be considered
presently ) an ammil s phenotspe depends on dey clopmental mteractions
myolyvmg the entire aggreg ite of genie mtern 1) together with the niaternils
of the (xtry game protoplasm  1here are indeed some wngle gene wub
stitutions with regutarly mamfested effects regardless of what other gos
nay be prosent i the residual genotspe The genes responaibile for differ
ecs m the varous blood group intigens i man apparenthy are m ths
itegory In other mstances there 1s elear cut mteraction between two
mdiadually identifinble single gene substitutions Thus 1 Drosophila
the genes scarlet ind brown mdnidualhy are responsible for eve colors
corrcsponding to their respective names The eves of a fly possessing both
these genes e howaver white (Wright 52) In contrast to this ver
sumple type of interiction there ire countless mstances m which the
effcct of a single gene substitution m2y be conspicuoush tered v
wecumulation of numerous other genes (modificrs) which thamselves do
not have ny roadih disecrned mdnadual effeet wt all The gene for myed
encephlte blebs 1 houce mice 1« one of miny e this citegors  The effects
of this gene include agencsis or atrophy of the eve and 1ts wdnevac and
various mtlformations of the forelmbs hmdiimbs or both By sthetne
brecding for the acetimul ition of diffcrent sets of modifs ing genes however
3t has been possible to des dop stocks unong which the mamfestation of the
myelencephilic bleb genc differs marhedhv in one such stoch there e
almost no hmh defects but many eve dddeets i nothar more thin 99%,
of the unmls exhabat both Timb and e3¢ defeets m a third the mret arc
prictieadls free of any wmomihes In crchi of these stochs 2l mmmals e
homors gotts for the melencepltthe bleh gene The differcnces depend on
the diffcrent accumulitions of modifiers (°™)

(2) \ ~econd mport it prinaple of gene acticn 1s thit the phcnotype
of an organism 45 genera) 1 resultant of interactions between genctypr
ind ensronment Iiffcrent genes vary greathy m their responstiencss to
<nvironment il dter itions The effcets of some are exprossed with consistent
umformuty under i ensronmentaf con littons that perimit the orgusm
to survive at all The genes for the human blood group 2ntigens mn agun
serve as llustration At the other cnd of the scale we find genes which
produce «ffects roadihy distingushable from those of ther alleles «nly
when a vary ypeafic environmental fietor s present 2hus et bits pos
sesaing the white fut gene huve fat which 1s eolorless regur less of thar
diet I abats homoz gous for the allele of this gene ordin inh hvve villon
£t but on o aanthophy I free dict therr fat s al o white (18) Thatuy the
tuo genotypes are mdistinguish bl unless xamthophsy 1 1 presant m the

et

1 xamples of tins sort whieh could be multiphed at considerable length
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Do reatily dispone of the rewrrent fitties that1lan abnormality or &
dwere n hereditan” it therefore cannot he amenthle o troment 1t
woull seem plas ble that severe pathologie conditions contmgent upon
reguturh mamfosted single gene subshtutions would be refatineby unbibels
to re pond fo theryps 1at we huve at ot cutwlantl fhimts of effectine
treatwent for a few humin pithologe conditions m wlieh <ingle gene
<cabetitutions are ehdlogiealls mvelsed Thus splencctoms appears to
prevent tecurrunce of hemolslie ert es i he reditars acholane jumdiee,
posterior prtuntary extractis often helpul n those evsesal At tes mamdus
which appear to be contingent on a dommant gene of nowrh 1f not guite,
tegular mamfest ition

@) A therd prmesple mbmateh related {o the Lut, 19 that m many,
o perhaps 1 A0 cases the offests charactenstic of & grien goac e bie
nduced by environmental fictors acting 3t an approprle time dunng
develapment in the abence of the gene i question In Drssoplule, pheno-
coptes of nearh every known smgle gene effect have been producrd
hieat shochs of varung duraton and mtenats (17} 1 nwee, N radiation
at specific embrionie ages has vielded congemtal anomabies of vanous
tvpes several of shich are hnonn othernise to occur as gese effects (38),
w poultrs phenocopies e been produced by v o treatincnts of the
carh embrio (1 28 o8)

(4} As  fourth generally important prnciple we must recogmze that
superficalty indi tingwishable effects mav be produced by guite different
gene substitutions that 1s by genes at different locs Sesernd cuses of suck
mume genes ate hnown i miee (e ¢ Shaker 1 and Shaker 2, wath gene
loct on different chromosome pairs hoth are characterized by deafness,
('hl‘:r!\-lc head mos eme‘n\s and circhng behavior)

e genes are donbitess
o xdfm‘ﬁmtm“ “; :Ll'ch m‘::m;hl:: uc\:lr\\d::ull ?‘re olten kv to
tran miewon It s sieral pitterns of
m fact quite the rule i human matenal to find n
e b o) et e e ot
75 & <e< hinhed yeersan £ responsible for mare or os
w iy tingmishable imants (dhffering sometimes age of onxt \c N
swventy) of a wngle chmeal entits e g retimiis pignie -
atsopt ntosn peroneal
o phy "pmlgrt\;:me wuscolar dvstrophn) It should he recogrized that

e results o erapeufic tnals
Fors need pot m‘(ﬁsunl\ l:t“a;;lim:‘tg‘::::“::u“\ {iferent cate
Pomt 1 Lound m Drosophila S S mricuse eve m

'

Van

) < ot vermmflon fles
— tesults 1 the
a) eve color whereas the ame treatment 1 without
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ackers Wholh aside from emyvieonmental mfluenecs (to be consedered
presently) an anmal’s phenotspe depends on developniental mter ctions
imvolyving the antree aggreg it of genic mrterml togethor with the maternls
of the extregome protopliam Thae e mdeed wome single gene b
tituhions wath regularly maumfested dfects regardless of what other e
s be prosent n the readual gavotype fhe gones rosponsible for differ
enees i the varous blood group antigens i man apparently e ths
citegory In olher mstanees there 1y dcar cut mtcretion hlween tho
dnaduallh adentifinble smgle gene substitutions Lhus n Drovophilt
the genes scurlet md brown mdnidualiv arc responable for eve colors
correspondng to thar respcine nmames The eves of a fly possessg both
these genes are however, wlhite (Wright 52) In contrast to this veny
sunple typc of mteriction there arc countiess mstances m which the
effcct of nsingle gene substitution muy he consprenowsh altcred by an
ecuallion of wumerans atlcr goes noddices) whieh thansehes da
not have amy rcadily discerned mdndual effeet at all IThe gene for myved
eneephiehic blchs m house mice 1s one of many in this categors The (fFeets
of this gane welude agonests or atrophy of the eve wnd its wdwexwe and
variows milformations of the forelunbs hindlunbs or both By sdleetine

almost no himb defcets but muny 3¢ defects mn another more than 98¢,
of the mumals exluint both hinb and cve defects e third the nuce are
practically free of any anomalies In Crcdi of these stocks all anmals arc
homozy gous for the myvdenecphilic bleb gine [ he differenecs depend on
the different accumulitions of modificrs (27)

(2) \ sceond mmporlint prinaple of gene action 1s that the phenotype
of an orgmsm s m genera) 1 rosultant of micrwctions hotseen genots pe
wnd cnvironment Miffcrant ganes vary groadly m thar responsneness to
anvironment d alteritions The effiets of some nre exprossed with consistent
uniformits undcr any cnvironmmentad conditions that pornut the orgrn
to survive at all Lhe genes for the hum mn blood group antigens miv agun
worve as lustraion At the other end of the scale we find genes which
producc (ffccts readily distingush ible from these of thar allckos only
when tery speafie environmental factor iy present Lhus ribbrts pos
weonmng the white fat gene have f1t which 1 colorless regardloss of their
dict. R tbhits homozs gous for the allde of ths gene ordmarnds have vdlow
tat hut on a xanthopln M free dict thor Fat s also white (18) That s the
two genotypes arc indistinguishible unless \ithophs il 1s present mthe

diet
1 xamples of this sort w htch could be multiphed at consider ehic length
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<houid reariby dhispost of the reeurrent { Wies that if an abnormakits (qr‘r:
disease 15 hereditars it therefore ol be amomable {0 dre dmen
wouid seem plausile that severe puthologe condiians contingt nt ["L‘.m(“
regularls mamfested smgle gene wbstitutions wout § be rhitnely u;; i 11 v
ta respond to therapt But ne have at least substantia) lunds of effeting
trestruent for a fes o pribologse condibions tn which swele gone
substitutions are etiologieatls mvohed Thus plencetoms appears Ao
provent recurrence of hemols (e erises 1 heredit iy acholunce jaundice,
postenor mimtan extrach s often helpfuln those casesof dubutes mapidus
which appear to he contmgent on 4 donunnt gene of nearhy, f pot quite,
regular mamfestabion

(3 A third primoyple wtimateh rebited 1o Al g, is that momans,
and perhaps in all cnses the effects chrietensic of a wyen gune ean he
induced By environmental factors acting at w appropriste tume dunng
development 1n the abwenct of the gene M question In Prosophuda, phero-
enpres of nearhy evers known single gene effeet have been produced be
feat shocks of variing durition and mtenwty (1) m mice, \ radintion
at speafic embriome ages has vielded congumtal anomahes of sanous
tipes several of wlhtch are known othernise to occur as gene effects (38),
m poultry phenocopes have been produced by sarnons tretments of the
early embrvo (1 2% a3)

(#) As a fourth gereralls important Prneple we wust recogmize that
superficiatly mdistinguishable effects may be produred by quite different
gene sub titutions that 1s by genes vt different Joor Severa) erses of such
mue genes are hnown n muce {e ¢ Shaker 1 and Shaker 2 with gne
foct on different chromosome pair= bath are ckaraetinzed by deafness
charete head movements and crchng hehatsor)

Mime genes are doubtless common 1 man but ap often hheh to
tseape wlentification as such unless they exhibit diffe rent patterns of

transmussion It 15w Jact guue the rule o1 human noatee 11
“ome *

ne
m it Gy sutietiies moage of onset and
evenir) of 1 smgle chmeal cats (o retmitis pigmentosa peroneal
T‘m phy . pm‘grew\e museular dystraphs ) Tt shouhd be recognized that
he resolts of therapeutic triads on ore of these
cne
gories need not necessarly e difrent cate

be appheable to other
forus oeed no o . hets \u mstrucin e tase 1n
Thaa

anr

mye

devetapae ue usermilion fhies vesults w e
preent of normal eve ealor whereas the “ame {reatinent 15 without
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effcet on emnabar or scarlet Jarvae (13) On the other hand the pigment
abnormality contingent upon the umnabr gene may be ramediad by treat
ment of emmibar Iirvac with 3 oxy Lynuwenm (9) wlich would not be
expected to affect e3¢ color des clopment mn searlet flies Now the vernulion
genie 1s sex inked, winle emnibar and scarlct are autosom tl, vernufion
1s therdfore readily distingmished from ather of the Iatter genes by its
differcnt pattern of transmission Cinnabar and searlet however smee
they e both earried on autosomes both exlubit the same pattern of
trasmission although therr closely simibar effcets are produced by different
developmental mechamisms wlich  respond differently to preventine
treatment’

The morl of this for human geneties would scem to be elewr 1 under
tahmg the study of a gene contingent pathologic condition, we necd to
look carefully for cvidinees of genetic heterogeneity even among those
fumbies in which the general pattern of trinsmassion 1s the sune If severil
varant forms of a pithalogic condition are «ll mamfcstations of the sane
gene acting m different eises under the influence of diffcrent modifying
factors we would reason ibly expect that the sune pres entive or therapeutic
treatment might be to some degree effective for all of them If the v irant
forms arc contingent upon different genes, different treatments mght be
required

It must be evident from the forcgomg that genetic constitubion muy
be mvolved m the ctiology of human abnormality and disetse m diverse
ways and m widely virying degree

Lhere are 1n man, as i expermmental ammals a number of pathologic
or conspicuously abnormal conditions contmgent upon single gene sub
stitutions with rcgular mamfestition ndependent of residuil genoty pe
md of environmentl varnables imong the aberritions of wlich the bulk
of ¢ises en sifelv be utributed to single gene substitutions of this type
wre sichle el anemin  thalissemiz juvemle amaurotic wdioey  phensl
Letonurte amentia and hemophiha (attributible to one or another of
several single genes perhaps mutually allehe) Not a groit meny more
could be added to this list 1f we restrict ourselves to those conditions for
which systematically assembled matenal exists i reasonable mass

In a Iuger number of pathologic conditions in man  the famlial ewses
appear to suisfy the statistical requirements of smgle gene hypotheses
but we find an cxvcessis ¢ proportion of sibships with only smgle members
affccted In these mstances the fumhal cwscs may be attnbutable to a
regubuly mamfested single gene substitution or to onc or another of
several such substitutions 1t different loct An approprie friction of the
sporadic cists must dso be so determned  but a substantial proportion

must hive other causes In this extegory we would melude retinitis p1g
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entosa {sce Usher's pedigrees w Bell 3, W“_G“‘“m dealness, (El. leq’
sphit hand 7 progressue muscuiar &y strophs , 25,38, 49, 50, and ¥ cn\:’ lon
and David unpublished) and ver protably dinbetes wapidus (26)
\hierocephaly may also beloug hers, 28 Penvose (32) has suggested, al
though no s stematic collection of sihiships has been publ hed, curebrl
palsy probabls does not at least when assocnted with amentia there ap
peats to be significant famibat agmreghbion, but 1n Venrost s senes, at least,
{he fambhal iweidence m the sibships with more than one affeeted 13 too low
to fit amv simple Mendelan expectancy
A third was in sinch aingle gene sub-titubions s e sgmificant i the
etialogy of human disense 15 Wusrated by combilions conlingent upon
genes with varible nitnifestation (45) [hese can nanally be wdentified
without serious difficulty n aboratory ammals, but n buwan watetal
the 1 fentification of the genetic mechamsms nvols ed 1s hikely 1o be difficult
or nearly impossible Exceptions to this rule would be chiefls of two hands
(1) Con fitions refiecting the mansfestation of n dommant gene wath
refatinely fagh p (freq of mamfestation), <at it
809, or 909, Retnoblastoma 15 doubtless 1 thes category
() Conditions 1n shich the pathologie mamfestation 13 only the e
casion} expression of a gene the presence of wiich can otherssw be de
tected bs other less serious but mote vegularh manfested effects Some
pedigrees of dystroplua muotomes mas belong here L gone s appanosthy
wrohed which may be expressed as myotome dvstrophy with or withont
a lughly charaetenstic tvpe of catarict or as eataract alane One or the
other of these aberrations appears ta be mamfested 1 almast evers dy
tidual who possesses the gene although the cataractous changes may be
so shght as 10 be demonstrable onlt by shit lamp exammation (51)
h; ald;;lol’\ to condihions 1 which single gere whatitutions may be
i o e e e
ppear to hinve some predisposing
genotapie baws that mas not be analzable m terns of the «ngle get
((I‘ flerences of classical genetes Presumably the ditnbution :! 5’:‘0:
e et ol s el vl s
s beog 4 1s prabzbls polygemre The sugle penes we
een discussing <o far {except for the genetic modifiers mentioned
an earher section) are called major genes 1 contra hetinetion t BN
a term designating genes suth andn wduath smpereeptibl ﬂ" " relsgents
Major gene efiects ususlly mrolte readih «hwcmxblc : ‘ccls &
continuities In laborators anmmals at least and to * Phenotvpie dis
they cat be induvadually dentified by the d some extent in man
and ean be asugned with varvmng d Heontinuities they produce
g degrees of
one or another chromosome T Srees of Precision 1o specfic boex an
ie 10 contrast poligenes vo not indp dually
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produce discermble discontnuities They tend to have quantitatively
equinalent cumulative effcets wd they cimot be mdinvidually dentified
wd assigned to chromosomal loar 1har reihty 15 hedh to be doubted
however, m view of the dffectivencss of sclectis e breeding for almost am
continuousls variable charieter m a geneticalls heterogancous population
of laboratory or domestic ammals ind Mather his dduced what he re
gards as eriical evidenec that pohvgones exhilit essentil charactenistics
of classieal genes, viz- segregition and erossing over

W bave daenhiere (12) argued that by fir the greater portion of phono
typre varmabihity m normal human truts insofar as it 1s genoty prally de
termimed many depand on pobs gamie differonecs rather than onmyor gone
effccts We suspect that tns conclusion 18 ilso applicible to that portion
of the ringe of pathologre variibility which meludes the bulk of the com
moner human disbnlitics for which there moay exist iy appreenble inds
vidual differenees mogenctie predisposttion Ihe only wdll withentic ited
major gene effccts with froquenceics of from 5 to 20 per cent i human
popuhtions arg, as £1r av we hnow todn those which are approxmmatedy
nautralm their cffects  viababty OF the hundrcds of prosumptin by single
gene abnormaliies whieh ave of a mort or less scrious pithologie mturc
very few have frequencies lugher thin one m 5000 and the v st myonts
we rarcr than 1 m 20 000 ] hese obsers ations would lead us to suspect
that any genctic difficrences m predisposttion which mas st for the com
moner diseases are hkely ta myvalve aither magor genes whch are meom
pletet penetrnt in respect to their pathologic mamfcstations or clse (and
perhaps morc often) they will be found to rest upon pols genic yan inhity

If the mfcrence Just suggested has any validity at 1s obvious that ats
methodologic unphicitions are considerible Let us for example consider
Just two simple questions

(1) What obsers 1tional daty are necessary and suffieunt to cstabhsh
that gonetie constitubion s of ctiologic significance m the cise of & gnen
discas?

(2) If our data convince us that gonctie factors hve some ctinlogic
mmport thee how tmj ortant are they 1 comp irison with nongenetie s anablos?

We have sud that these arc simple questions that dots not maan we
belicve the answers to be simple and i any eise we shall not attempt to
msner them defimtinely Indeed thes mas ot esven hase am altagcther
sitisfactory wswers but if this be the c¢ase 1t would be destrable to recog
mze il

Our first question wis  What are the ncecsary and suffcent entera
for ¢stablishing that genctic constitution 15 sigmficant m the ctwology of

a disgse?

1or the dentificition of conditions dependent on single genc substitu
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tons with regularhs mamfested pithologic effects 1t has been mon‘ or less
" thy agreed that the postulited sigle pune mechamsm s phnsbly
:;‘:‘:mns\ri‘;od i the following criterin are mel (a) stitistiead ng\l'\{';)lncml.
with Mendehan expectaneies i vespeet to fanndial medued (19) ang
population frequensies (6 11, 41) {(b) complete concordnee m mono
7y gohic tvin pairs and () esther an eley ated ratc of paeental mnumgi\mul\ N
wm the case of presumed autosotl recessive determination (when the con
dition 15 rare) or appropnate p=digree pitterns for presumptive donunant
or sex hnhed transmssion

“Tests of this tvpe are of course almost or entirely usless for establishing
the ugmificance of genetie f1ctors in conditions which an ctislogicalis more
comp'ex than thowe contingent on regulirks mandisted smgle gene sub
stitutions There are other statistical tits 1o be satt fied when n mon
compheated mechanim 15 <uggusted—as for exumple dependence on a
single gene sith meomplete penctrance  here there an predictable re
Iationstups between the frequencies of the conliion among abs parents,
children and other cognates of affccted mdivaduale and the relabiondups
differ accordimg to whether the gene imyolved 1+ domnnant ar recessiy e, and
according to its degree of penetrance and is frequeney in the poptilition
But whule these tests provide necessary enteny which must be 41 fired of 2

genetic mechanism of the t1pe speeified 15 to be mforred ot does not ane 1r
ot - - .
¢

provsyoiraun colleeted and adinrally reported
b Fogh

tadersen (13) This malformation 1s more fuorable for grnetse
wnestigation than are many pathologic conditions maman first, bectuse it
1~ e bl dignosed and second becayse 1t 3 Present ot birgh
s not evees nels rire and Fo,
proposity s one of the half

Maorearer,

gh Andersen s matenal relating to 703

dozen or <o lirgest series of system

10 fact the data woul | 5
# commaner gene 1, 1y

exubiting a penetrag, "R Bous and then

red for the irregul e
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dominant hy pothesis The data are also consistent with any muxture of these
hy potheses, or perhaps, of these hy potheses and still others —heterogeneity
cannot be demonstrated m the material but neither can 1t be excluded If
twice or ten times as many data were available, 1t 1s quite possible that
heterogencity could be shown to exist and it 1s probable that one or more
of the interpretations with wlhich the current data are consistent could be
ruled out by goodness of-fit tests But it 1s hardly concennable that every
possthle or even plausible genetic nterpretition could be thus excluded,
because of the sery considerable flexibility of genetic hy potheses beyond
those of the very sumplest ty pe

The preceding considerations would scem to suggest that a good fit be
tween obseryed data on the distnibution of a pathologic trait and the statis
tical requirements (even though these may be mamfold) of one or another
hy pothesis of genetic mechanism may be not only msufficient to establish
that the mechanism 1n question 1s actually the one mvolved, 1t may not
be sufficient cven to establish that genetic factors are sigmficantly involsed
at all
On what basis, then, m1y we be pcrnutted to conclude, 1n the case of
harelip, or for any other pathologic condition 1n man, that genehie factors
arc etiologically sigmificant even 1f we are unable to speaify the precise
patterns of transoussion 1ns ols ed? In other words, how cin we be convinced
that the deselopment of the condition 1s, m some or all cascs, dependent
on the presence of genotypes not unversally characteristic of the species?

It 1s usually felt, with certam resers ations, that exanunation of system
atically collected twin data can give a decsive answer to this question If
the concordance frequency 1n monozy gotic twin paues 1s sigificantly gher
than n dizy gotic pairs, we infer that genetic factors have an etiologre role
In general, the mference would appear to be vahd, if the basic assumption
of the concordance-discordance method can be shown to apply tius as
sumption 1s, of course, that arerage intra parr dyfferences 1n all environmental
Jactors which could posstbly kate etiologic relecance are sub Ny the same
for both types of twrns The assumption 1s often open to grave question,
espectally when psy chologie traits are the subject of imvestigation, but in
all cases, 1t should be remembered that 1ts vahdity 1s something that needs
to be substantiated, not taken for granted

In the absence of adequate twin data, the question of the ctiologic 1m-
plication of genetic factors cin also be answered with some degree of as-
suranee from data on the meidence of the condition among sibs and other
relatives of affected propositi, as compared with the mendence n & control
populttion Tere also, essentially the same resersy ation must be made as for
the twin studies An eidence significantly higher than that in the general
taken as substantal evidence that genetic factars are

population ean be
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cuologeally nvoled, but onh i1t 3 shown that environmental factors
¢aumot aecount for the merensed mendence Tlns may bhe attempted i more
han one smy { omparison piy be wade with the gons 1l popul won, 1 at
can be reasonably estiblished thit the prog osty e not disproportionate by
drawn from enwronments which miv imclude fictors of roneenable cbio
logic relevance to the condition under iy estigation Or comparions cn be
mede with relatrves of a control group The controls must then be comprn
Ve 10 the group of proposts As nenels as can be m revpect to dl fetors
{he environment which may concenvabls affcet the nerdence of the con
dition

In the case of harehp 1t 1s possible for Fogh Anderscnt (an 1 for us with
him) to be rersonibhy satisfied that genetie fieters hive an ctiolyme rle
on the baws of the accumulation of cases among rltnes of propost
Unselected twm data for tins anomaly e too seanty to be stitisieally
convmeing but they pomt in a confirmatory dareetion Fhe hhehbiand thit
something m the phu siologie status of mothers who be i barelpped eluldron
may weount for the famubal wewdence can be Targedy ruled ont the n
quency of the condition 15 sigmificantls whove population frequeney und ta
about the same degree among paternal as well as miternal cogn es of the
propostt The possaibilits 1hat nndefinesd eecloge factors man acrount for
the lagh medence of the conliticn among sy an 1 ather e gn tes alike
maust akso be constdered This pessibihits 18 dimumshed by Fogh Andersen s
exymmation of the sociloccupational cawes geogrplue orgs and
habitat (rur d or uthan) of Iis cases Tn 2l yeapeets nated thes appeared
to conform reasanable well wn therr distribution to the Phmd popul thon
asa whole Only because these nrestegations were made are we pormutted to
regar § the famibal o, gregation data as rersonably evidenee for the g
mﬁ]c:mrc of genetic constitution w the etiolops pf ) amd
be
o . wU L e cogeney ¢f data on famshal 1
;‘m"(:: ;:1;2"!‘(;;!;1”:0;;)"![:“;; ::] enudence for the sigmificant tmpheation of
ntss weth et b ':’9.1 1sease rests wltimatel y upon the exhausfire

a2 Leen possible to exclu fe enrvronmental fuciors a;
:p;naxl Ie for the essociations found e
t goes without saving thit absolutels exhamtne esclusion o

:“;’l"\:l‘““:\‘t‘r:l 1:::[(’:\ th:\l‘u\\gl\l be relevant 1 at best anas 1 1 [.u“ «
suffers bath frau
on But 1t 1s ne

b ustm pecuse of the
w\l;\:s:::gszl\ulos for w all areas of our hehnayor weare c-um('u\l\;‘\“[t)hml
ed with something less than absolote cectamty, and 1o o "‘ﬂt
’ coep!
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and act upon, provisional certainties What we do want to stress 1s what
we concerve to be the positive implication of our discussion

The esscnee of 1t 16 that studies of familial maidence, or of aggregation
among eogn tles, amed at discoraring the etiologie significance of genetic
factors in a dis ase are not m themsclves adequate They should, n generl,
be mtegrated with mvestigation of the distribution of the discase m reli-
tion to as many ccologic factors as 1t 1s practicable to take cogmzance of
Clemmesen (10} and others have repeatedly stressed this pomnt in relition
to genetic studies of cancer, and we hope its inportunce 1s esident, not
only for canccr studics, but for myvestigations of virtually any discase,
whethcr infectious or organie degenerative Our urging this pownt <o vigor
ously must not be taken to reflect adversely on the many eareful studies of
fanmlial madence, twin concordance, and the like, wlich from hmitations
of practical necessity have had to forego the inclusion of ecologie data The
inferences which can be drawn from findings in these studics were restricied
by the limitations of method, they nevertheless may serve as valuable pilot
studies, prosiding information which later can be supplemented by and
collated with dita of other hinds By the same token, such studses as those
of Hernington and Moryama (20, 32), are of value to geneticists, even
though thoy contribute no genetic data They provide information on the
correl ttion of chimatic, geographie, socio economie, and other ecologic sar
ables with mortality from a number of diseascs Information of this tyvpe can
provide much needed guidance for geneticists by suggesting the ecologie
vartables which most obyously requure attention in genetic studies

The second question we proposed to consider was “If our date conyce
us that genetic constitution has some « tiologic tmportance, how 1mportant
may we say 1t 1s, m compartson with non genetic fictors?” The question,
without qualification, has ittle meaning, because the word nnportant’ 1s
1tself cquivocal In this context, there are at least threc ways m which
qmportant’ mght be mterpreted

(1) The relative importance of genetic and eny ronmental factors nught
be assessed 1 terms of the fraction of total trait varabiity for which each
1s responsible This 1s clearly a matter of great interest to the genetrcist
A knowledge of the statistical share of responsibility for the distribution
of a disease which might be allocated respectively to the emvironmentil
and to the genetic components 1 1ts etiology would seem to offer promise
of being helpful as a guide towards the most economie methods of control
We must confess, howeser, that efforts to m the such an allocition arc beset
wath putfalls, meluding the problem of taking interaction nto tccount,
a5 was recently noted by Ly sench and Prell (14) their attempt to ¢valudte

the role of hereditary factors mn neurotic personality
In this connectson 1t should be observed that the relative concordance
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\alues found m monezs gotic and diz gotic twm purs respectinehy, con
\rars to a common behef do nat permut an estumate of the degree to sluch
genetie deternunatian 1s s olved m the trut under consideration \san
extreme lustration mCnozygotic tRin paws are, of cottrse 10070 can
cordant with respect to hlood group O while dizs golic pairs are anh about
70¢% concordant With respect to blood group AB however, While there
18 agawn 1007 concordance W monozs golie twins, there 1> onls alout 367
concordance n dizy gotic purs Yet penetic determnation > complete 1t
both yastances

Tn fact from studies nhich are restricted to a companison of trait con
cordance 1 Lyt paws alone the 1ahd inferences that can be dewsn appear
o be 1ery himited 1 number though not wn ymportancy

e can state that there must be 100 concordance w monezy gotie twin
parrs for 4 condition exelusinels d 1 by Teredit: factors The
camerse howeter 19 not equally true thit e 10077 concordinee among
monoz) gotic pairs does not necessanty mein exclusnely genetie cansation
On the other bani ansthing less than 100¢ concordanee awong mono
23 gotie patrs does petmst us to exclude genetie factors as <ole determn ints
Funalls sf there 1s the same per cent of concordance tn monozs gotic as< 1
dizy gotic pairs ne e rule out genetic factors altogether \ll other pos
stble findiags can tel{ us onfy that both genetic and en ironmental vanaliles
are or mav be etiologically involsed

By e’xlcndmg tw-concordance studies to melude et leney dare e ¥

1

LR omage unless maternl s
drann from a representatne range of ensironmental stustione wnd .

clasaified 1n respect to what s be sigmficant ceologieal vanables

The addition of dita reparding sbs and other relatives 1y howes er 0
portant because a comparsson of incidences i the three EPOUps  monn
Zugotic tnins dizsgotic tans, and siby willt sibeate ™ most casen the
general direction in which we should look for etologiclhy @gmficint en
Vironmental factors With monozs gatie concordance fess than 100, a
lower inctlence ameng sibs than among dizy gotie co tvans ~Uggeﬂtellclm(

the emvironmental factors of
primars reles mee are tho ¢ for
tra famiial varsablity 1s hkeld to o el the

be greater than th A
fumlies for example prenatal wé e “'“‘l;';;"‘ o I""’""
or exposure to an epilemic disease of relatisels I e
o an e ivels long evele and narrow age
““\‘:!l:rpnlm)mt x[:m fence among sibs and dizy £OUC co thins together
- :s [ ‘x:m 100% concordance 1n monozy 8ote pairs on the otler b ' d
Powts 1o the ymphieation of ecologic factors of the sort which are l\Lc\;“:ﬂ
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be relatively constant withia the family, but which may vary considerably
between famihes, for example the level and quality of nutrition, occupa
tional and housing conditions, and so on.

(2) The unportance of genetic constitution as an ctiologic fictor m a
disease might be evaluated n terms of the morbidits msh for persons of
speefied degree of relationship to ndex cases, as compared with the rish
for unrelated mdisiduals This 1s a sense 1 which the word “mportance’
has very real meaning for the close relatives of patients with severe neuro
psy chatric disorders, for example

Thus, the d ita of Kallmann and Reisner {23) on pulmonary tuberculosts
suggest that the tuberculosis expectancy rate among sibs of index cases
may be around 20 timcs the general population expectancy adjusted for
age, sex, and race But the mere 1sed rate seen 1n this comp irison obviously
cannot altogether be attributcd to genetic relationship, factors of exposure
wd of socio economic status are also irvolved The «ffects of these factors
can be partially eliminated by comparing expectancy rates for sibs with
those of husbands and wives of index cises In terms of this comparison,
the tuberculosis rish for sibs of tuberculous individuals appears to be some
what Iess than four times the risk for the genetically unrelated spouses (37)
Kallmann’s well known twm-famuly study on schizophrenta (22) pernuts
sumilar comparisons, as wll as the comparisons 1t was primanly designed
to provide

(3) A thurd sense mn which etiologte factors may be compared relates to
problems of discase prevention For dealng with these problems, that
etiologic factor which 1s most susceptible to control might be regarded as
the predommnantly mportant one In some imnfectious diserses, ehmination
of a vector has been found to be the most effective means of control,
others the best attach mv be directly on the mfecting orgmism, m still
others, the establishment of host resistance through mmunization 1s the
most effective line of attach It scams to us that what might be called the
dircet control of genetie factors, through cugenic mewsures, 1s Iikely to have
very lmited utihtv  (Lor a discussion of some aspects of this question, sec
Snj der, 44, chapter 29 )

Indirectly however, the investigation of genetic factors m disease can,
we are comvinced be of mestimable value from a practical, as well as 2
theoretical pomnt of view That knowledge of genetic factors can be of more
than occasional utihity n diagnosts, mn genetic prognosis, n presention and
1n other way s has been powted out by Snvder (42, 43) and by others (28,
34, 46) In a still broader wav we believe genctics will contribute to the

control of disease through the influence of genetic thinhing on investigatine
approaches medical rescarch which 15 amed at disent inghing the various
etwlogic factors m disease and at understanding the processes of pitho-



17
PRINCIPLES OF IUMAN GENETICS

g5 Tt goes without saning that Lnowledge of these fictors and proc
e st f‘ eneral tend to facilitate the diseovers of methods of control
egs;iq-,,h,,“)? the approach of thr genthiost to problems of ctidlegy and

e focusmg of iention on the famidy group (or
pathogencsts ealls for the focusma ) e dund
comebimes on L widet group of rehitnnes} mather than on the mdm .
patient 1 the triditional medicd manner Somethmg anilogons to s
has long been commonplace n e epdamclogie tuds of contagions
disenses of coutse Bk recogmtion of the fact that here s Lihedy to De
some genetic compontnt m the etiology of alnost any i case prompts us
to look among the womediate relatises of diseased mdis duals for pre
cursory signs ot subd e mrimfesiavene B the Whistese, and for morpho
fogie stiggmta ot metrbohe peeuliatities which may be indiees of suscepl
Difits or predispostion Vore and more medieal research on the ergame
and degenerative diseases 1y proceeding along these Ynes and although
he approach 18 telitiels new there 15 altendy ample evidence of ats
prospective valte We may cite 1 this connectron the abnormalls elevated
serum une acid levels found among relatnves of patients with gont, the
reduced ghicose tolerance among relatnes of dubelies, the sgmficinth
gh frequenes of precocious achlorinvdna in the fannhes of prarctous
anemia victims and the abnormal electroencephalographic patterns in
parents and aibs of epilepties {33 40 48)

Tarticnlarly striking are recent genetically anented iy estigations wlich

gue promise of elarifs g the refationship between abnonmal hpid metabo
Yism and coromart arters disease Boas Parets and Ydlersberg (8) found
that appronimatel half of the <bs of 50 patients with coronin arter
disease beginmng before the age of 50 had abnormalls Jugh serum cholesteral
levels {cf 47) The ¢ patients were unseleets 1 ayront ¢ .
Patients known to be members of h
mg on the e anl related findings, .
(20) sugge ¢ that the hope of redutug e madence of atherocclrosi m
persons wath dicordered cholesterol metabol m may he 1 the eariv e
tection I the diorler Ve mias <wggest farther that cven mote hope may
concenably hie sn the & coser of tbnormalities preccding the byper
<hiolesterolemma

Other studies mdicate an abaarmal provalinee of b

3 pertficemy
fanhes i wh ch there 1s by percholesteraleyma (91 alst © -
hnown ~+

of ipoic

pears to
- i uept of caronary arte

thn the existence of either anomaly by steelf {16) A Hiersherg (Br)\h(:\s\:x:w

gested that prmary cholesterol posdons mas reflect a dinturbane i

renetieally determined enzy matre cham v actions leading ta the rm(-umu)mx
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tion of ipid substances m the blood and tissues The ohscrs ations just cited
mdicate that we should perhaps look for ¢ prior disturbnee i w (mzyme
system which m 1y underhie abnormahitics m the met Wholtsm of both purines
and lipoids  Fhesc suggestions arc qunte i Ime with modera hochenneal
coneepts of gene action in rdlation to met \bolie abnorm ithis

The growmng tendency to refer more and more disewes primarthy to en
zvimatie dysfunction ponts up the v iluc e (ven the urgeney of rescrch
on the relationship of enzy mes both to chromosomal genes and to plisma
gunes Beeont studies indicate the possibihity of ncluding mitochondrin !
microsomes m the extegory of plasmagenes and in any ovent those evte
plrsmice melusions arc mtimately bound up with the loe 7z 1tion of ccrt un
enzymes (36)

NMutations m plismagares and the comparatinveds mevict distribution
of such bodics from 1 cell to 1ts drughter ecdls ng comp red with chromosome
dhstribution may hive mnport it mnplicafyons m the ctwdogy and the
sencties of diserse sinee these phenomena naw appear to provide phusible
bases for eellular differe ntintion as well 15 for y uriations i normal metabohe
processes

NMorcover, the mtimite mteractions of hercditary and «nyironmental
mflucnces of which we hive become mcreasimgly anare in the development
of all trarts and charicteristies now appenr to be of compar ible importance
m the ultimate physiology of the eddlitselt Xt would appcr that the gene
may be responsible for the patterns for the production of pure protemn
enzvmes and for the protan cores of more complicited enzymes but that
the co cnzyvimes are vitann in origim It 1s possible thtt hormongs 11 o may
oventuidly be found to be sources of co enzvings

It nay be thit the cle wr one to-ane relitiondup between gone and en
zyme which appears to cxist in Neurospor (4) 1s so precise hecuse the
mold ¢ synthesize all the amine aeds and all the vitammns exeept biotin
In man who requires many vitamins and 1mune nerls siple protan n
2vmes may be evpected to be corrdlited with genes moa redatively simple
manner but the av uhiilits of co enzvmes 1s probibly roidily affected
by nutrition

\ further imphcation of these considerafions hics m the fact that m
genertl there appears to be no way of gaiting an enzyme 1nto a cell except
th bnlding it there Thus while the lack of ¢ortam enzvmes may le due
to unproper nutrition or to the effects of mlulntors there n 1y well be
redue of distises resulting primanly frem gene controlled absences of
the bisie patterns for requisite potant enzvmes for which there s no

readily my ulible cure i the usuil sense
1t 1s however of prune tmport ince to mnfensfy the study of ochemieal

processes both 1 normal and m puhologicd developmant It s posable
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th it ~ome inbinting actions which prevent the formation of potent enzymes
are gene determmed But mhibitors: working g rhiaps through haudrogey
on €0 wentrition, worgime 1on strength, temperature, <ubsrite cone n
traton. exudition reduction potentinls and the hike, whether gene-determned
or not mw 1o subjeet to envaronmental contral

'The seareh for precursors metabolie and other aberrabonsn the phiers
1 which they ire wost Bkels to be found, numeds song thy rehtinves of
Aiersed mdiiduals way be expeeted not only to hed hpht on the nechy
aism of disease production, but to uncorcr thowe preclmeal anom bics and
constitattonal stignata shueh may suggest pasaible ayenues lor provintion
and early control either emvironmental or genetic Tnany cuent, the din
covers of indices of prednpucttion of whatever ongm, diould asust w
wdentifsing any enuironmental fictors whuch mas set as preapilating or
perpetuating enuses of climseal disorders, and thes mas well prose 1o be
of primars value in the ultimite control of diease

pisCLeNoN
Dr J ® Scort [Bar Harbor Manc) 1 sh uld Mhe 10 conerstulite Do s 8 o7 -
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tion of hipid substances n the blood and tissues The obsers ations Just eited
mdicate that we should perhiaps look for a prior disturbance in an enzyme
system which may underlic ibnormalitics m the met tholism of both purtnes
and Iipords  These suggestions e quite m Time with modern biochemeal
eoncepts of gene action i rclition to met holie abnorm ity

[he growing tendenes to refer more wd more diseises primantsy 1o en
zymatic dvsfunction ponts up the valie and (ven the urgenes of rescareh
on the relitionslup of ¢nzymes both to chromosomal genes md to plasma
wenes Reeent studies mdicate the possibality of meluding imtochondna md
micrasomes m the citcgory of plasmagenes md i amy (vent thesc cyto
plasmic melusions are mtim tely bound up with the loe lization of ecrtum
enzy mes {36)

Mutations m phismagenes and the comparitivels mexact distrsbution
of such hoties from a celf to1ts drughtcr eclts as compared with chiromosome
distribution may have mmport it unplications 1w the ctiology and the
genclics of diseise sinee these phenomena now apper to provide plausible
bses for cellulir differcntiation as well as for yanations in norma! me tabolte
processes

Maorcover, the mtimate wmterictions of hercditary and (nvironmental
influences of which we hive become incrcasimgls aw wre m the des clopment
of all tr uts and characteristics now appear to be of comparable importance
m the ultim ite physiology of the el teelf Tt would appear thit the gene
ma) be responsible for the patterns for the production of pure protan
«nzymes nd for the protan cores of more complhicited enzymes but that
the co enzymes are vitamin in ongm It s possible tht hormones alse may
oventually be found to be sourees of co enzymes

Tty be that the dear one to ane rclationslup between gane und en
7vme wlich appeirs to ¢xist 1 Neurospora () 1 <o precise becuse the
mold in synthewize 2ll the ummno aeids and 111 the vitunims (veept biotn
In tmn who requires many vitamms and anino aads simple protemn en
7ymes muy b expeeted to be correlated witl genes moarehitavdds sumple
manner but the av uliblity of co enzymes 15 probibly readily affeeted
by nutrition

\ further mpheation of these considerations hes i the fact that in
gencral there apperrs to be no wan of gatting an enzyme mto a ecll exeept
by building 1t there Thus whike the Tick of certam enzvines mny le due
te improper nutrition or to the «ffeets of mhulntors there may wall be a
residne of distases rosultg primandy from goue controlled absences of
the biste pattarns for requsite potent cnzymes for which there 13 no

readits avaslable cure i the usunl sense
It1s howover of prime stmportancc to mtensifs the study of biochomaa)

processes both n normal and m pithological dovelopment Tt s poswible
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metind fear of human bungs and arc able to dev elop close suanl relationstups with them with
very hitle contact It may be concluded that there sre genetic differences m dogs in the afil
1ty to develop sociil rdations

Llus ruses the question as to whether simidar differences oceue in human bewngs Are e
mdistduals who are natinely senstive and timd and who requin gre iter attention in exrly
vouth i ordcr to deselop proper <ol nhitionships? Craunl obsers ation woul | indieate that
such emotianal duffereniees do exist and T would Iike to ash Dr Snyder whether he knons of
any studics which are being made of genetic differences an the early social and emotional de
vedopments of Jiuman mfints

Dr Sviner Tean't thnk of any at the moment
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GENT OF ENZYME TORMATION
BFRVARD D DAVIN'?
{ shou 11 ke texpan  prust that D Smulet s e A1 the eae of e gt s cne

e Vlglt a1 ane ane of seveal revclans
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. N P . e

went formaton 1 1 ose mutants that are Vocked befor 1hss compoun ) anl not 1 thosw

blocked sfter 1t. 4s Dr Smder posnted out this d Berence in response among 1ientical pheno-
types coudd e vporiant thempentie tmpleationy

Recent vears have seen the vigorous development of a new field
bologs chemscal gencies This somewhat anomalons hybnd was ereated
when certawn biologusts broke the rule of biparental whentance ta gne nve
(o an offspring denved from no less than three parents the duosplines of
nochemistry  genetses, and microbiology

1 am honored bn the mvitation to speak for tins ficdd here But ¥ ot
canfess that T am alvo 8 httle disturbed kor vt would be wanderful of 1
could bring vou information that ould be v direct)y on the problemy of the
wtegrated action of the nervous «vstem But unfortnnate)s, though 1 few
abnormal neurological or psvCmathie condiions have been linked to well
defined bochenned disturhances sueh as hovmoral ynbilanee sent v~

'

N e vpition perhaps not shared b Al biochemasts, that
thest mechinnms must long contiaue ta be studied largels at the sy cho
logical and phyaiologicn) leels of nrgumzation For this terson this alk
will be hinited to n description of ecrtam <tudses on single-celled organiams
wa the hope of furmbing prinerples or modeds that could conee .

vably apply
to vour problems  And snce thy St rreosum 1e conooen 1 il
"

e
C 5 tutle Health Serve Tubemralos fows
Wbk Collepe New Yok N 3 7 Ml faberons Gomell Usseesty
The research fmm our laboratory deserebod the T
St st tute for edead Rescarch and the Recketeln Foungonny - |7 72" 1o Ue
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of mmerobnal eells can he grown rapudly, 1 8 st volume, and ma sl
controlled environment —that 1s to say, in & cuaple, wellalefued culture
medum These factors greath foiitated the watition of rre matant
QAruns as well a3 subsequent genelie and biochieneal studies on them
Tn addition this 1pproach was based on the umty of bochemutry, and on
recogmtion of the distinction betaeen essential metabolites and essntied
nutrients For 1t had been shown (2 3, 4) that earher workers were de
cenved when they thought that mueroorgiymsus with simplt nutntionad
ruqurements {e £, 4 <ugat plus some morgwme salts) were pashienlasly
smple w ther metnbolm On the contragy, suclt organisms contan as
ccsentt il metabolites the same v ariety of ammo aeids, vitamins and nucleie
acid components as those organistus that require theee subatances as nu
trients The nutntionifhy sunple cells, m contrast to the others, possess
the enzyines for miking these substances, hence these ‘smple’ eells are,
prradouienlly, i 4 sense the more comples
Working with 3 nutntionally sunplc fungus, the bre wl mold Newraspors,
Beadie and Tatuw found st possible to 1colate & wide variets of mytants,
e1ch deficrent 1n the function of a single essential unzy me, and benec unable
to prow unless the medium was supplemented nath the preduct of the
blocked reaction Imveshigition of these mutants by classical gonelie
methads combined with b \ & for identifving the Blocked
veaction then disclosed that sn this class of nutnbienalls drficent (auso
trophic] mutintsn mutationof a gnengene Ge a g enlocusona chroma
some) was invanably assocated with a block m 2 ginen basynthetic re
action These resuits led to the fimous one gune-one-enzime bs pothess,
which states thit the function of each gene 1s to preside over the sy nhess
of & sngle corresponding enzvme Whether ths generahization will extend
to all genes 13 by o rueans certarn but the generalization b bedd true
without 4 demenstrated exception mong the mum kundreds of mut ml:
that have been scleeted for gronth factor requirernents. A b product of this
program and a very Irge byproduct mrdeed nas the uve of these mutants

as martvelons 1ools for dissecting ont pr
evionsly i
reactions (o 6 7) P! 5 unhnown osvnthetic

Withm a fen years several workers found that similir smutation i\l
r;'ulh‘h be obtamed inbictera and shorth thereafter I"t‘vr’xrg(\\\((‘[‘:{‘xx‘
; mm‘)‘ ((r::‘:‘:x n::d that bacteria Jong beheted ta duide onfy by |mnr‘\‘
oon 1t “pml\c;p:a sien undergo & process of genette recombmation ghin
to seual rep ction and henee therr genes appear to be focled Lle
thowe ol I cgr Ce; o‘;gqmslms ot chromosomes Since hacternnl mutants arc
o arcen han thoce of molds aed 1re often more convement for
pocpemienl y; ‘lu\posk-s our laboratory hs been engiged for come
physolagical stedies on mutants of Esche, T e
rickia eoh, the
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factors 1n contralling patterns of biochemical behavior of ndis dual cells
In thus repurng to the lowly «ngle celled orgumsms we may recall
Pasteur s ranark, thit the seerct of the mfinite will be found w the 1n
fimtely sm il

Now modern biochemistry has become almost synonymous with the
studv of mtcemedhary metabolism—of the detaded chinges that 1arous
chemieals undergo 1n Iiving cells These praccsses melude both degeiditine
reactions, wineh vield anergy and small building blocks and biosynthetic
re tetions which yield Jarger building blocks

As 2 result of such studics two broad prmeples have emerged he first
15 thit of the spearfieity of enzy me nction—a statement of the fict thit each
compound 15 degraded or bwlt up by 1 scrics of smull stepwise rewctions
etch perfectly comprehensible m terms of organie chenustry  and ech
catalyzed by a speafic enzyme  And eich enzvme has been found in turm
to be 4 pirticular protun melecule and to catalyze enly 2 single reaction
m = single spectes of molecule or 1 1 group of closely related molecules
Fhe second principle 1s that of the umty of biochemrstry-— statement of
the fact that the mejor metabolic reactions have been found to be 1dentieal
m all the orgimsms studied whether anmml plint or microbral Indeed
it 15 stuhing to observe liow muck our hnowledge of the metabolism of
musele brun or Iiner cells depends on enzyvmitic studis on veust cells
Icft over from beer ferment ition It 16 this prinaiple of umity that encour iges
us to eapect that the more complex 1speets of the phystology of microbnl
cells too ¢ be studied with profit for our understanding of min Let us
therefore consider the genctie control of enzvme formation i nucroor
ganisms

You are all finmlir with the f1ct that the inkerttable propertics of living
orgamisms are under the control of unit fictors of mheritance cilled genes
nd that e1ch of these genes ordinarily 1s reproduced with preeision at ench
ccll division Only rarels does & gene undergo @ mut ition—that 1s ann
liert ible iteration Winle gencticists have gonerally studied mmut rtions
that ciuse rcxbiy visible morphological afterntions m rither complex
orgamsms such as the frust fly or the muze plint 1t lixs long becn hnown
tht iherit ible changes could tlso affect well defined bic chemienl proper
tics of an orgimsm  An example 15 pheny Ipy ruvic ohigophiraa a discase
m wlich the normal path of pheny lalanine degridation 1s blocked because
onc enzyme of this path 1s missing s a result phemvipvruvic wad ae
cumul ites m the body flnds and for rcasons that are not altogcther elewr

'

cert un 1 appaar
The theritable hiochemieil lesions was
1 (1) \ mucroorgmism rather than

mbatec
\ hugher orgamstz was chosen for these studies beciu~c huge populitions
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fhis osynthetic sequence, ncluding both preevssers and produsts of
siuhime aad and severa) of these have been sdentified as previoush un
known compounds (15) For example figure 1shows how a mutant blocked
wnmediately before shikamie aeed 83 2, excretes a compound which e
support grosth of 2 mutant aitk & st eacher block 831 Hence when
these tno strams are strephed] 2djecent to e ik other on a sohd medwn

83 2 feeds 83 1 The exereted compotnd was 1~olate ) Fra -
nfoa o 1 "~ -

N

» n s tndnts requred shill another derea
the of sholamie aeid p hydropy benzoie aed (POB), whieh torned om to
be 1 previousty unknown bactenial vitamsn (B 1}

Tliere s goodd evidence that the Swhinne aerd pathw &y 1n distechuged
widely and perkips unnersally amans w1 w
s
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predammant domzon of the munm than gut In order to give you a more
concrete prcture of how these studics are carried out T should like to de
scribe bricfly the steps by wlich one biosynthetic sequence has been ana
lyzed

Mut ints of a graat miny tpes apper spont incously at 1 very low fre
queney moa growing population of 7 colt and the frequency e be m
cro wsed markedhy by mutagenic agents such s ultea violct hght or \ ruvs
But cven under optunal conditions of rradiation the total cliss of auvo
trophic mutants reiches only 1 to 2 per cent of the viible populition In
order to screen these mutints «ffectivels from therr wild type parentsal
vantage 15 Crhan of 1n unual property of pemerlhin namchy, ats abalits to
sterihize bacternal ecdls only under conditions that allow growth In conse
quence whon npopulition containing 2 fow mut ints 1s ¢yposed to pemeilln
m o muml mcdium the wild type cells grow and hence are stenhzed
1he varions aunotrophic mutant ¢c}ls 1n contrist cannot grow tna mmmal
medum and henee survive LThey e hiter b recon ered as sep irate colomes
by diluting out the pamenllin and incubting on sohd medi: supplemented
with a mivture of growth fictors—for example veast cxtrict The speafic
requirement of Cich mutant steum can then be tracked down by svstemabie
testing with known components of the yeast «xtriet In this way it 15 casy
1o 1solate a variety of auxotrophic struns (12 19)

The use of such mutants to analvze a biosynthctic pathw v depends
primanly on two facts & mutant blocked bfore 1 gnven intermediate cn
1 most cases use thit compound to satisfy its growth requirement and
1 mutant blacked fter a given mtermediate often accumulates 1t mn the
culture medium m large amounts  Ihis wceumulation like that obsersed
m pheny Ipyrunie oligophremu s for the Wochenmst an extrrordmnls
favorble conscquence of the metabolic deringament cawsed by the muta
tion 1or normilly biosynthetic intcrmediates are convcerted in the cell as
fast as they ire formed and hence arc not present m deteet ible amounts
Autants offer an almest unique opportumts to fish these important com
pounds out of the metabohe stream as they pilc up before the dam

A\mong the most intercsting mutants obtamned were a group that re
quired not ot compound but a nuxture of four the ammo aeids tyrosne
pheny Ialanme and tryptophan nd the vitanmun p ammobonzoe aerd
These compounds each possess a benzene ring and this multiple aromatic
requirement w 15 found to be duc to = block in a series of precursors of that
ring The first of these precursors to be recogmzcd was a nonaromatic com
pound shihinue acid (fig 1) wlhich was lready known as an ob cure plant
aard Hhis con pound can weplace the multiple aromatie requirement of
mutants bloched before 1t and 15 accumulated by mutants bloched after
st (14) Later yvanous mutants were found to recumulite other members of
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nochermeat properhies of a cell for ecample the accesabnlity of externaily
added compounds to intracetiulr enzemes
You can sce that the field of chemenl genelies Tas come a long way m
the past 12 v ears smee 1t recens ed such an wnpetns from the otk of Reulle
and Tatum And though we are sttt a vers Tong winy from undertandmg
even in the most general terms the biochemieal wechamsms underthung
the genetic control of such compheated charcters ns morpbology awd
stnetun) behavior am errnt gene alreads has severnl pirametens to JLANY
with that ne are now able to call biochemicsl
Telore leaving the subject of the genetic control of enzvme formatin
1 chould Iike ta confess that in the foregomg account there s been a good
deal of over ymphfication For one thng the prnciple of bisanthess
through a series of successive small steps e ch on the susface of n different
<pecific enzvme protein appears to apph without guestion to the form
tion of small molecules such ts the amino acs Is of whick protewns are com
posed But thus principle cannot be extended safels from the smno nesls
each with 2 molecufir weight of around 100 to the protemns wiich e
molecular neights ringng from tens of thouwnds to mam nuthons n
alternatnie notion s yppealed 1o genetiasts an Y mereaunghy of Yate o
brochemtsts namels that 1 compheated mactomolecule such a2 peatesn
15 synthesized on the wurface of a single other wicromolecyl which scrves
s « templite And the one-genc-one-enzyme h pothess sugpests that the
gene though probiably net tself the template seres as the ultimate wuree
within (h]e;mll oll‘ the specificity that s transferred 111 the template to the
e i s sty e v e sl v
et H ‘e mechansm of protein sy athests ramnns
! problem m today
m?i(l’; lias[: r:::‘\::n;:: dllxln:::;:)mssouhl be further generalized to nclude
ecules that are eapable of gre it v anet;
wd henee specificits of stroeture And recent vears altention Y "
forabls drinn 10 2 class of compannds fht e e ucu 1on has heen
mention when most of us went to medical or dmni p 1'. i, g
ek For these ub ances s boen Joute € et g oL
as \‘l{n proteins and Just as capable of beng pnﬂir‘:dn;)“::;)lmdcﬂ:‘”
mendous varets of spees matn
“elopints m 50 Tom 13'3:;‘]{?::“3(?f;cg',':,;f;:,f Toost ot dr
ben Macleod wnd MeCasthny (59 thit 2 712 vears ago Ty

- -

upr
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brought to light @ number of met tbohc intermedintes which are just s
mmportant tn man as m I" colr (17 18)

To return from these det uled biochemical reactions to the general prob
lem of genc enzvme relutionships we amght first Jooh mio the question
of whether the mability of « mutnt cell to perform « giv en reaction really
means thit this cell no longer contamns the corresponding enzime or
whether the enzy me 1s present but 1s mlubited by something in 1ts environ
ment Iy colleigiies hive now ins estigated thus problem by extractg the
enzymes from mutant and wild tvpe cells and meisuring their activities
under 1dcnticnl conditions meluding mintures of the two extracts In all
seven mutants studied, etch blocked m a different reaction the wild type
yielded actine enzyme and the mutant vielded none 1hus the mferences
concermng enzymes that have been deawn from nutritional studies tre
shown to be generally valid

As 2 rule 1t has been conyenent for biochemists to work with mutants
that hayve a complete bloch—1 ¢ that are completely unable to grow with
out the required factor The mpression has thereby been created that the
effect of 1« mutation on the corresponding enzy me can only be 1 complete
block 1 ats production But there are many mutants that hive mcom
plete blochs— ¢ that require n factor for ripd growth but can grow
shnly without st 1 nzy matie studies in the arom hie series hy ¢ shown that
on extraction such mutants j seld the enzyme mn question butats concentra
tion 15 only a friction of that found n the wild tvpe (19) It 1s thus cler
that mutations cin excrt quantitative as well as all or none effects on en
zyvme activity

More ymportant 1s the finding of my colleague Dr VMras that 4 muta
tron can lso lead to the production of  qualitatnely changed enzyme
The particular quality chosen for observation was thermnl stability be
cause 1t 1s casy to screen for mut ints with 1 temperature dependent block
One such mutint requircd pantothemie eid for growth at 37° but grew
without this vitumn just hke the wild type at 25° Tlis mutant wis
studied 1 det ul and found to cont un a remarkably thermolalnle panto
thenate sy nthesizing enzy me which 15 stable m evtracts only up to about
20°C (20) Sunilarly Prling and coworhers have observed that patients
with a hereditary blood dy serasiz sickle el anenna hwve phy sico chemcal
abnormalities 1 therr hemoglobin (°1) 1his substance though not an
enzyine 18 also 4 proteln There 15 little reason to doubt that quilitative
changes of many other kinds can be produced 1n ¢nzymes as a result of
mutation Indeed biological evolution nould be difficult to rccount for
without such changes

Tmally therets evidence that mutations e1n produce not only quantita
e and quiltative changes m enzymes but also changes in still other
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f1ctorsalone and in some eases ensironmental factors pley onlt & neghgible
role mn others 1 very mportant one To note a fammbivr analogy , eve eolie
«eems to be determuned exclusnely by genctie frctors wherew shan color
depends both on one s potentinl ringe of prament formation, which
genetically deternuned and on onie s actu sl exposur to erdsttion

With enzymes the anlogous distinetion his been m ull betwecn con
stitutne ones wluch are present regardless of the environment m which
the cell has grown and adaptine ones whichare formed onfs 1n the presence
of therr substeates ot of dasels rhted emponnds Thow enzsms that
perform ¢ sential funetions are naturallh constitutine adiptive enzvmes
are found only among those that perform optional funclions An cxamyple
 the enzvme @ galactosdise whch sphits the suge, Tictost, inlo com
ponents that the cell can ntilize as an encrgy source When eddls of the enlon
bactlus hve been grown on lacte e they tan b shown on edrthion o
contam } {enty of the enzvme wiile when grown on gluco ¢ they contan
no detectable amounts of 1t But on transfer from glucose to Tietose they
start nithin a few mmutes to forn the lactnse ~phitting enzsme And 1t bas
been shown that this 1s a true formtion of 1 new type of protuan mok cule
from amino acds ather than & rearrangement of alreads cxsting mole
cules (°6) The genetic potentialits for forming 1hs enzvane exists but ity
actuai formation requires the proper environmental stunuliion {27)

Ths tvpe of adaptation wiieh we mught call physiologieal must be
harphy distinguished from genelic or populational adaptation A frequent
exunple of the iatter tvpe 1s that seen when a hactenial straim that # sens
ti5¢ to a diug bucorues more resistant to 1t on bewng grown enther 1 tire
of tn yro W \be presence of the drag The two tinesnfnl nt ¢ -

¢ vunange gnd quite a penoed of tune ix re
«quired for the progeny of these cells to outgrow the wutinl senstinve celfs
m phystologieal adaptation a

Il the eells yespomt 1o vhe siy
maulus an
respouse appears within a few mnnugtes Py, < and Uie

rthermor genetie adwptat
i entable persisting mdefimtely {excent Hidton
r

p for omes 17

s ey Abe welarng o
Ynally refined method, of anah as fnve shown that m the Do ﬁ Igf”‘"
veloping drug reststance the = e
c\mnu\nemlsl\ the role of the

ifferemt {rom sdaptne enzr

e b P v v sk the substrate hing an

Genetic adaptation, of course 15 not humted to drug resistance and both
oty
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of more virus particles, the fceting virus particle docs not 1l enter the
lhost cell only 1ts nuelae acid component does It thus scems elear thet
hercditary properties ean be Tud down chemically m highly speafic nucleic
aad molecules  And sinee these molecules, despite their huge size, can pass
el walls, find a functional plice m an mtact hving cell and then lead to
thar own reproduction, the distimetion hetweent « gene and 1 virus 1s be-
conng mereasingly hazy Indced, one wonders what anogous proces o8
might be occurrmg i the mammal

Now these striking advanecs m our knowlcdge of the chemieal basis of
horedity mght lawd vou to (xpeet that the term gene should be tiking
on an mercasmgly cleawr wcll defined meunng  The contrary 1 true The
gene orignally rccaved 1 formal defimtion as & unit factor of mhartinee
which controflcd some observable property and w 1s distributed 1mong the
progamy aceording to certam numerteal s 1hese laws implied that the
genes were strung as units along a chamn hike chromosome which during
ecll division unders ent frequent random bre ths between successive genes
IThe eviologist then found that m certun ciscs he could see these umits
microseopicilly o thay bec tme Joss formal and more matcril The phyvsio
logic1l or chameal geneticist then defined the gene as 1 functionl umt
required for the formation of 4 given enzvme But reeently it was found
that n some cases breiks could occur within o functionil umt o the
boundarics of 1 functional unmit tre no longcr congruent with thow of a
claswicd umt AL the same time oy we have seen m some exses the func
tron 1l umt can be dentified with 1 nuclae aeid moleculc  And two other
sources of difficulty should be mentwoned Iirst though the function of 4
genc usually docs not change when its position 1 a chromosome 1s altered
i some cses 1ts function changes considerably wath elnge i posttion
Seeond when the action of a gane s been changed by mutation this effcet
¢ sometimes be reversad by another mutation mvolving a distant gene
Thew tno cfiects of posttion and of modifier genes mph that howeser
essentiil 1 given gene 1s for the synthesis of o given protem 1t 15 not m
absolute and despotic control of that svnthess but 15 subject to environ
mental mfluences Tmally while most genctic umts that have been studiwd
are located on chromosomes 1 nucler a few are foeated 1n the e toplasm
(24) The general import mee of ¢vtoplrsunce fictors m inkeritance ennot
vet be evaluated You can rexdily see that the problem of the gene 1y at
present m 1 healthy statce of exertement promise ind confusion (15)

Lhe ove account has ben concerned onh with the gnctic faclors
that control (nzyvmc formition mcluding both the role of the mdividul
gene and the role of other genetice factors that affect the action of that gone
But the enzy matie constetution of @ cell at 2 gnven time 13 delermuned In
the teriction of ensvironment Wl and genetic factors rather than by genctie
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g further growth the total amount of enzyme m Ahe system Temuned
constant, while the concentrabion per celt natueally dimmshed

T hile this 1 the usual pittern of adaptine enzyme formation, there s
another type wluch T should patticutarhy ke to call te your attention ns
2 possibly useful model for certnin aspects of the ners ous sy stem That type
has been obsersed only with the production of pemelbinase, an enzvme that
sphits penterflm You will recall the earber observation that pemalhin has

the remarhable propetts of stenlzing bacterivenly when they are growing
Th et PLIEY 1S T € .

fias obwers ed an analogous phenomenon m the action of pemcrtln o certmn
other bacteria which are not sterihzed by this drug but rther are stunu
tated by it to produce the enzyme penuetimise For Lie found thet when
penseillin nas added to a growing culture the rte of pemeillinase produe
‘tion per ecil soon became constant, the rate for the whole culture naturally
e - - - -

n

t .

t v gy tunule wounued to produce pemellinase The rate for the

whale culture bowever, dhd not inerease with growth as 1t would has e dana
. om

N o G wouttewp o pemalhnase manufactunng appacatus sluch
then continwed lhe the sorcerer s apprentice ta warl at te ~ar .

¥, a o putasuence of
v v htw enzvmie producing appiratus appeared to he tmlafe 1 st o
Yas + dead

Now I nould liketo take a rach sty
ep and express the th
this persistent adaptation to pemethnase producty, e o perhops

o1
wodel for the problems of memors —the neablas e e might be a wselit

. © uaLienal eell
sv cmoaer for ths pactenl, M
metaholism a i ar problem sinee 1t protein

erial cell 15 bwilt for grosth, and present enl ohe mammal
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ty pes of adaptation can be imvolved mn the formation of & given enzyme
Thus if we take a stran of bacteria that is unable to spht l1ctose and hence
unable to grow on 1t, and if we plate & million cells or so on a medum m
which lactose 15 the sole carbon source, a few colomes may appear In this
process a few cells have first developed by mutation the ability to form, m
the presence of the appropriate inducing agent, a lactose-splitting enzyme
The lactose m the medm has exerted a double effect 1t has mduced the
actual formation of this cnzyme 1n these few cells, and then 1t has sclee
tively favored their proliferation because 1t can support therr growth but
not that of the non mutated ramander of the population, which 1s geneti
cally meapable of responding to the <nzy me inducing effect of hctose

Adaptive enzy me formation may be a more widespread process than has
been reahzed. that 15 to say, there appears to be an adaptrve aspect to the
formation of even so called constitutive enzymes, at leist in some cases
Thus the substrates of constitutive (nzy mes are essential metabolites that
can be formed by the cell and are ordinarily present in 1t at all times, and
hence might be exerting an mductive effect on the formation of the cor
responding enzymes Such an effect would not be expected to be reseiled
by changes i the composition of the medium, smee such changes would
not be expected to prevent formation of the essential substrates However,
formation of such substrates can be prcvented by mutation affecting an
earlicr reaction, and we have found that m one such case the enzyme cor-
responding to the imissing substrate was no longer formed in normal amounts
unless the substrate was added (29) Others have recently observed a
paralle] and opposite ffcet namely, when the end-product of a chun of
reactions, an amno acid, 15 added to a medium 1n large eveess, the forma-
tion of enzymes concerned with the synthcais of that ammoe acid e be
completely bloched (30, 31) Tlus adaptin ¢ inhilntion 1s indeed an economt-
cal device for the cell to employ

The kinetics of adaptns e cnzy me formation 1 response to the appropriate
stimulus might be worth reviewmng briefly, especially m relition to the
response of the nervous system to its stimuli The case of the mtracellulir
lactose sphtting enzyme has recently been analy zed by Monod and Cohn
of the Pasteur Institute (82) They found thit m a growmg culture the
formation of the enzyme began immediately after the addition of the m-
ducing agent, and continued at a fixed rate per cell as long as the inducing
agent was prescnt Smece the cells were prohferating, this means that i
the total culture there was progressive expansion not only of the amount
of enzyme, but also if 1ts rate of formation Now as soon as the cells were
transferred to a medium that lachcd the mdueing agent the formation of

new enzyme ceased, while the already formed enzyme perasted Thus dur-
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with unchanged structure but with clianged funetion: changed "; ‘; ‘:““““(
of alteritions that have ansen exther i other gencs orm the redt of the ol
O, alternatively , though there 15 8 one to one correspondunce bulneen !“"
Q\\r’o\\\ommos @ 2 muotie diviqon, there 158 “““.l"’“““‘“! .“““_d“““ll
such divssions 1 a differentiating tissue the mndividual genetic units on a
chrowmosome may undergo n an orderly minner not onls functional, but
even structural changes

While on the subject of differentiation, attention might be called to lAho
recent worh of Biilingham et al (36) These myestigators found that foreign
<an cells onld not be surces-duMly grafted on wice beeanee of the deselop-
went of an immune response When these cells were injected in an embryo,
however, this mdnidual could Titer, as an adult, accept grafts from the
wme stram of donors without wnmune response! Tt 1s stnking that the
el of the embryo and thowe of the adult react <o differently to the sune
stimulus

wnce we are unable today to analyze the mechanim of differentiation
even to the evtent of asugmng the major role to either the nucleus or the
cvtoplasm you ran <ee how far we are from having a foothold for hiochenn-
«al attack 1t has been diapponting that despite the rapad alvanee of
unerobial genetics, there has been no suceessful merobial madel for dil-
ferentiation, at least none has led to an efflorescence of research such as
follosed the 1ntroduction of ausotraphic mutants as a genetic Yool There
have been many claims of enyironmentally dirceted herediasy changes,
ewpecially toward drug resistance, but these have not stood up The clovest
paratiels have ymolved hersdiary o toplasmic tactors, not essential for
gronth 1n some cases these could be transferred by

3 mlection and hence
appeartobeviruses, and inothercases, though notohtimisds vl a1 b
S A

and be
genetic

In addition to the factors that wfiuence enzyme formation, there a
others thit control the artn ity of the enzymes that are prl‘irn’l For it o
clear that the cell s not simph 3 bag of enzymes, exen though we snm@\xl -
find 1t comventnt for biochempeal purpoes to pretend teom, ) 'I“N
it is The cell has loghly desploned nra— porariy that
t under the most van
evacthh the amounts n
nsms ivohved have npt
hase alreads frent
\Our e N '

slunever, e mecha.
et been extensively anq? o '

Lrad T
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mg protan molceules In the adult mammal, i contrast, Schoenheimer
demonstrited some ye irs ngo that i all tissues, mcluding those m which no
new cells ippetr to be formed the protems e m 2 dyname state (32}
IIns was reported to be true even m the nervous system  although here
protemn turnover was found to be very slow

Despite ths defeet m the analogy, T would still Iike to pursue 1t 2 littk
furthcr Tor manory 15 undoubtedly associated with persistent mateml
changes in the nervous system, howetcr subtle If the change myolved the
production 1t the time of stimulation of only small readih diffusble
molceules onc would hardly expect 1t to list very long If the change m
volved the production, 1t the time of stimulition of specific m reromole
cules such as those of a partieulir protemn 1t would be expected to hst
longer but these moleeules still might be subject to ehmmation duving
the turnos cr that Schoenhemier descnbed But if during this turnaver the
svathetic appiritus of the cell contmued to maike this postulated macro
molceule 151t continues to mahe the other cellular components that are
n tstcudy stite of turnover, the level of this substance n the cell would not
drop lhis 1s wherc the model of pemiellinase 1+ persistent speeifieally m
duccd new brosynthests might concenvably apply

1mally, I shonld like to pomnt out that the problem of the persistence of
memorsy paruldds another biologic:] problam  that of morphogenesis or
embryologictl differentiation This 15 the nuraculous process by which
genctie muternld that occupies 2 volume of about 10 c¢ ean give nise to the
sets of inheritible charictenstics of all the two billion luman mdinidunls
who mhabit the carth In this procesy there develop from a smgle 7vgote
a grew ety of cells thit differ from each other in their mherit 1ble prop
ertics The process resambles mutation rather than adaptin e enzy me forma
tion m that the results are mhentable in e 1ch cell inc But though the ¢
chnges are inhentable the process 1s unlihe mutation sice 1t 15 much too
ordcrly to be dependent on chiutee events 1t must msols directive n
vironment U mfluences on hereditary propertics

Unfortunately we have eatriordmanly httle msight into the meeh:
misms ivolved It 1s often stated m biologs tosts that smec the nueler of
+ wrious differentiated tissues wre all dernved from the same 2y gote nuclens
by an unimterrupted series of mitotic diviston  md suee each mrtotie divi
sion 14 supposed to result m exact duphiction of the chromosomes then
the differences observed between these tissucs must depend on heredits
controlling elements in the cvtoplism But tins argument ¢ innot withstand
clost serutiny espeeially mn its mmpheation that eich gene must survive dif
11 ywith unchanged function Tor smee we know that the function
10 my be affected by ats position or by the presence of other
s 1t 1s quite possible that 1 gene my survive diffcrentntion

fcrentittio
of a given gun
modifier gene:
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physiologieal and psychologcat levels But T wanted o offer a hittle encouragement for the
hape that some day these binchemical models may turn into realities.

REFERENCEs
1 Buuwwe, G W avo Tawow E L Genetie control of §1ochem eal reactionein \enrospora
Troc st Aead %o Wash &% 499 506, 1931
Mupees, I 3 Nutntion of the s ngle cel Harvey Lect 32 143 161, 194341
Lworr & 1 evolution phys olomque Pane Mason 1913
Rawnr B € § G Growth factors n mrerobofogy Vit and llor 8 105->2 1943
Braois, G | Bochenucal genetiey Chora Res 5~ 15-06 1933

Brante, G W Geneties a1 § metabelim 1n Newro pors Thysw) Rev, 2 613-663
195

P

B

Honownz N 1f \vo Mrrcweus, 11 K 1 ockerm cal penetics Anm, Rew By whern , 20
46,456 1951

Tarnt F 1 oo Lenereess J Gene trooml ination 1 the lactenum  F herschia
coh § Bact o3 673-63% 1947

Leoessere I Cene recomt nation an U hoked segregations 11 Fahenich a eol Geenctres,
37 30y-5% 1M

Leomseng 1 Leoenseea F W £ones, \ D Livery E, T Recomtonation
analysis of tactenal feredity Call Sprog Harbor Symp quant ol 15 413413,
1051

Hares W Obrervations on a transmisd le agent determin ng <exual differentiatic o 1
Bacternum cobi 3 gen Vherobwol § ~2 oy 1923

Dun, B D Tsolation of by xhetmeally deficient mutants of bactera 13 meansof pemcil
it Proc mat deaf s Wash & 113 1940

Pevesmene J avb Znoer N\ Concentration of Yorehemcal mutants of haetena with
pen o I Aoer chem Soc 0 396~ 1938

D, B D Aromane Vsosynthests T The role of o ke 21l 3 o) Chem,, 19¢
25 32 1951

Dan B I dromatie biosynthess 1y

3

@

g

®

@

=

Preferentiat comverann 1 ncompl tely Hocked
eral wetabalites J Bact. 6] =20

of stikun c actl I Amer chem Soc
Dats B D Intermed ates w the Viosyutheas of ains seds
™ RS
tolinternt Cong Bockem Pans o 340 19,0 7 e Setat
PHaes B D Recent appleations of ger

Bete meth x4 16 the stode of intermedia b
ol Bm o ~ i mmmru
e TR W Symp merol Metal Gth internar. Cong Micror 1 e

Mimstnem S wo Dy, B p Unput tished otmers ations

Mis WA SO DWK B D Frague on of an altered panit

Sunoiety 8 (mperature et atie mutang of B

b g S mer “chencl 1a coly

PG L bro I A Sever & § $0 W rnug
Qe o St o 1c “iche cell anem 5 8 oplectlar

MEY O T Muwmo C M ayp MeCy

AT W Tnduey
desmymbonucl ¢ e 1 Iraction wolaeq from prewnncoce I'm'rnl "}Nmmmn o
715 158 103y R ep Met
HEROEY 4 D xp (g4
= M Indey
sad 1 growth of Lacy et

03 of vara}
i § g . o g o o2k PO 0 e

k3

&3

othenate syuth eanng
Proc nat Acat <y

=

"
03

&



36 GIXNCTICS AND INHERITANCE OF NEUROPSYCHIATRIC PATTERNS

this picture of the present state of the field of chemical geneties and of re-
Inted areas in cell physiology might be stimulating and even fruittul for
you 1 your research on genetic and environmental influcnces on the ners ous
system; and that some years hence, if we should mect agamn, we will find
the gap between our disciphnes appreciably narrowed. But despite the
extraordinary rate at which research in various aspects of medicine 1s be-
coming biochemically oriented, I cannot offer support for the hope—or the
threat—that biochemistry will soon ‘take over’ the study of the nervous
system.
DISCUSSION

Dr C Gue\ Kive [New York, N Y] First, I want to compliment the speaher on his

experimental approach to the work condueted 10 his own lboratories, and on Ius excellent
of related s t

It has seemed to me, 1n evaluating some of the pomnts presented by the speaker, that it 1s
worth while to recogmize that we inay be approaching a time when the absolute unit of genetics
will be a specific formula for a large particle with a molecular weight n the range of several
mllions At the present time this ideal cannot be reached by scientists, but prospeets of such
an attainment ean readily be envisioned on the bass of techmrues and information now aval
able Beyond that pomt there 1s little that 1s absofute in genetics, m view of the evidence that
ensironmental factors are constantly at play, with a nisk of altering the structure of molecutar
umts derved {rom the imtial pattern Some umts have survinal capacity-—others do not

Professor George Beadle’s group has been desclaping basie mformation closely altied with
that presented by Dr Dawvis This new aspect of quilitative and quantitatine identification
of the respective enzymes that vary with nutritional environment represents both a funda
mental and a far reaclung phase of genetics and comparate ochemistry

The work by Dr Carl Con and Ius associates, m hus studies of polysaechandes and mono
sacchanides as coenzyme fragments, represents another related development of great mpor
tance The sugar phovphates were found to serve as speific functional groups attached to the
protein particles 1n enzymes Presumably, such particles are transmitted, preformed or as
precursors, 1n the structure of genes, and tn this sense enter mto the picture of self propiga

tion

Dr K S Lasarey [Orange Park, Florida] I was interested by Dr Davis’ suggestion of
Yne sty ovrneen Vire drages wiedth e desrioed wnd Vo woadoed wearing, Sl
aualogies are, 1 beheve, based upon & misconception of the sigmficance of learning euryes
Many years ago Robertson compared the curses of learning and forgetung obtained by Flang
haus with vanous curves of chemeal reactions e concluded that learning 1s a reversible,

on the assumption that learmng oceurs as a single esent, that forgettng 1s si%ays due L0 w1
tetference, as by the postulation of gradual changes Our knowledge of the nature of the letrn
ing process 15 stil too lumited to Justify speculation sbout it at the level of chemieal action

Dn Bervirn D Davis (Closing) I would hike to thank Dr Rung for lus And semards,
and 1n amswer to D Lashley nould libe to say, “Asmen * I tried to emnhuaize that T do nor

ble to sub analysts at a superficral chemucal et

consider 1t p!
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physologel and peychologueat levels But 1 wanted to offer 8 lttle encoursgement for the
Thope that some day these ‘ochemical modela way Lo thto vealitiey
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havior in the evolutionary sense, and the identaficition of phy stologictl and
morphologicn] mechanisms controllcd by these genes mav be expected to
expand the horizons of both psy chology ind phy stologn

Many attempts hase been made to rlate hereditars factors to hehavior
and to morphological and ph siologic il aberrations my olving the nervous
systam erther primanly or sceond iy In the cimeal hteriture this has
been done chiefly through the use of pedigree datr In the wmimal hterature
tenelie imterpretations rest on brccdmg (xpernnents as well A number of
stch abnormalities encountered m the laboratory and shown to hne ¢
hereditary bras have thar striking counterparts m the dunc Among these
are pseudenceph iy, enceph tlocele spina bifida svringomy i otocephahy,
hydrocephalus sprstic spinal parahsis shahing parlysis tremors atavn
epilepsy, and many others (1) In some of these cises there are frnk
anatomienl concomtants endoerine deficiencies or develapmental aberrt
tions that em be identified and aswigned a easal role In others there s
no known pathologieal process T ven where listons st the mechintsms
by which they develop are not often hnown Vorcoser where they do
caist the correlitions with the symptoms are not always good Ior exum
ple, although syrmgomyelia m the rabbit 1« usually accompmed by
pathological changes m the medully and degenerttion of nerse fibers
ammals with scvere symptoms m1y be encountered that e only mid
fesions, while others mav huse extensive anstonneil dimage but <how few
overl svmptoms (9)

Moving to subtler characters othcr studis by ¢ demonstrited a hered
itary basis for temperiment Inmmec for cxample 1t his been shown that
there are differences m aggressineness as mewurcd by readmngss and
alality to fight among highly mbred struns The ritimgs for the same
strans are dhfferent m the stuches hire arted {3 4) but the reasons for the
diffcrences have beendentified In the work of Ginsburg and \llec ritings
were hased on performance after considerible fighting experenee 1¢ on
the ablity of an amm 1l to develop a pittern of responses after long expen
ence Scott on the other hand bascd Tus ratings on the pre fighting 28
gressn e mamfcstations clietted frem el tivels nanve mice By ather set of
cnterta rehable and ropetable strun diffcrenecs may be obtamed which
when considertd togcther characterize these ammals both with respeet to
nanve performance and reachion to speerfied (aperienees An extensne
\tterature has sinee descloped on the subjcet m which p chologiend and
phy siologicnl factors have lso heen studied and ¢y aluatcd along with the
genetie findings (5 6 7) Had the Iitter not been avmlable stereoty ped
tramn responscs could have been erroneoush re ferred to claments of an
experunental design 1w s espeetnlly Mhddy i behavior studies with

ammals that are genetielv distinet by virtue of belonging to small hibora
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tory tolomes wbred over a period of come ten ot & dozen generations These
are then deaignated 1s albine muce or hooded rats and compared with
albwno mce or hooded rats from other colomes that nv hse bitle m
common with them genehicalls <o far as the atinbntes nnder mvestimibion
are concerned Smee vanous aspeets of behavoral potentalitis rangng
from 1eaze lerroang abiliy to a peets of temperiment are affected by the
genetic constitution of the ammal and simce these genetie effects have
tioen demonstrated with preencly thoese forms mast commionly weed 1n
Tehator stulies the uncontrolied genelie variable may well be a major
<ouree of error where 1t s not been evphothy cons fored (8 9,10) Ina
<mall or wmoderate sized anund calony that has not heen nigoransly mnbred
o subjected to the strictest selection with respect ta the trast i question,
the use of hittermtes does not constitute an adequ e genetic control 1f
there 1s an appreciable heterozygosits for genctic factors affecting the
expenimental outcome these Wil segregate ymong httermates makine
f

wu it tuan o use the spht hitter techmque where, whatever the
number of litters or ammals mvelved m the latter procedure, they trace
back to 4 himuted number of relatnely recent matings within the colony
Lo the light of the gros g evidence thit bebian ol trauts ranging Srom
frank abnormalities to subtle shadings of temperament and maze per
formance demonstrably have a genetic basis in < number of commaonly used
laboritors ammals (3 5> 8 9 10 11 12} and that theee hne onlh m a
relitiely few cases been demonstrably due ta & pacticulir anatormeal or
ol sglogreat factor we thought 1t of some ymporiance o estigite a
complex geneticalls controlled behavior reaction 1 detas) The objectives
of this vescarch are to analize the genetre buses for a en svpdronte s
completels 15 possible and 1o study the intervemmg varables that Jead
the ultiate bebayioral effects etiodte
q:.((::(' :h;:::l;:c ltll::;e: alarp ns::nl\bwas stiseepibibihy 1o sound mduced
S ) e genelie basts i deer mice (13 14), hovse mice
rithits 18 30} and rats (19 20) F.

arly e
:[xk:’nbu(ed sewzure susceptibihihy toa stncle n 2 ae 5! t'pnr(g on the rat
T
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havior m the esolutionary sensc, and the identific ttion of phy stological and
morphological mechamsms controlied by these genes may be evpeeted to
expand the horizons of both psychology and phy siology

Many attempts have been made to relate hereditars factors to behavior
and to morphologieal and ply siologie il aberrations msolving the nervous
system etther priminly or sccondanly In the chimenal Iiterature, this has
been done chiefly through the use of pedigree dit: In the tmmal hterature
genctic interpretations rest on broeding expernnents as well A number of
such abnormalities cncountered 1n the laboratory and shown to hae a
hereditary basis hav ¢ thear strihing counterprts i the clime Among these
are pseudeneephaly, encephalocele, spin bifida syringoms elin, otocephahy,
hydrocephalus, spastic spial paraly sis, shaking parals sis, tremors atavia,
epileps, and many others (1) In some of these cises there are frank
anatomieal conconutants endocrme deficiencies, or dev elopmental aberra
tions that ¢ be dentified and aswgned o caustd role In others, there 1s
no known pathologic:l process I sen wherc lestons enist the mechantsms
by which they devclop are not often hnown Moreoser, where they do
eust, the correlations with the symptoms are not alwavs good Ior cxam
ple, although syrmgomyehiv wn the ribbat 1s usually accompimed by
pathologieal changes m the medulla and degcneration of nerve fibers
animals with severe symptoms may be encountered that huve onh mld
lestons, while others may has ¢ extensn e anatomical damage but show fon
overt sy mptoms (2)

Moving to subtler characters other studies have demonstrated a hered
itary basis for tempcrunent Inmice for example 1t has been shown that
there are differences n ‘aggressiveness s mersured by readmess and
ability to fight among lughly mbred struns The ratings for the syme
strams are different i the studtes here eited (3 4) but the re rsons for the
difference s have been wdentified n the work of Ginsburg ind \llce ratings
were based on performance after considerible fighting experience 1¢ on
the ability of an amimal to develop a pattern of responses ifter long expert
ence Scott, on the other hand based his ratings on the pre fighting g
gressiv ¢ manfestations cherted from relatnvely nane muce By either set of
enteria relinble and repeatable strun differenecs may be obtamed which
when considered together charactenize these tnmals both with respeet to
nanve performance and reaction to specified experiences  \n extensne
hterature has since developed on the subjeet n which psychological and
phy siologieal factors Tiave tso been studied wnd cvaluated along with the
genetie findings (5 6, 7) Ilad the hitcr not been available stercoty ped
strun responses could have been erroncously refcrred to elaments of an
cvpcruncntnl design 1lns 1s especially Dikely n behavior studies with
wumals that are genetie Wy distinet by virtue of belonging to small labora
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1 addition, been ayaulable m 3 vanely of Liereds or \uu( © ;u\h w;n:: |:‘7‘1\“
siderable mbreading Hereditary proneness to convubane b “:“\ mr‘ “ ol
noted One woutd therefore, prediet thi, with comp m\; o sty :“"
anafogous breeding programs, ke ame sition cout | obiam w othe
aswelk

(Ng:; question that Wby anses with roqect to these rese l““‘:" i
therr bearmg on the seevwngls alled problein of hunwm epilrpss Some
workers hase sn their termmotogy , wetphied 1h 1t the s sanires are epileg
tlorm  Others have carefully avonded the nalog Swee has 35 8 probless
of both theoretienl ant practien miportance, a yuhoous beggng «f Un
question though screntificlih wapeeetle, 15 o be ayorted favor of o
foss pradent ey atution of the possible bnses for «ach on wnalogy In terms
ofoverd behanior the compansons ean eettamty be made Howeser s mny

be argued that the dependence of the antml convylyons on spund, potats
10 1he v ofyeraest of the mudidle of wner exe, and that <ontd tins view

of the ttulvgy of the seyiures prone extaneans they dependence ou wind
15 <till 4 <erious pomnt of dfierence

That this 15 hot a matter of epr ahnormality has beent demonstrated
38 29) Voreaver the ammaf scizures WAy be spontancous (30) op mas
be eberted by factors other than sound {31 33} Comerseh cltauesd eps
lepw mav be sound induced {33) \ more conclusive nlitionshnp botween
auhiogenic seizures m apunals and homin epdepss has ricenth been
estabh hed by the fact thet 2acetrlammo 1 9 3 thndiarole 5 sulfon
snude a substance reported to be offeetine i the treatient of (himeal
eptlepsy 15 5150 eflectin ¢ an presenting ur amehorating se1zutes m genett
eally susceptible muce rats and rahlats whete thest are sound induced
but 15 less effectioe agamst consulions produced by dectrmhiock ar
twetrazol {38}

One snore consideration remawms before the dtavds of our cepermmnts
are preseited This bas o 96 wath the means By which he how diar
buss for seumre suscepthildy o ystablished 4y bs boen patited out
a;!]l:r: l;x‘c;denco “t“ ‘lunctmu of the ¢xpenaendal sinatinn Dipending
maé n(m m:m::fllr"zo,[‘::ﬁ::]:;‘almn (35 36} seliedule on whueh repe ved
nortnal httemmates bug o c’hm(;" runts are suan scsstant than theee
Seizyre meydente) areed thﬁtc;.: etars deflcenres 37 38 38 wuereve
anather convulsive \nerlence )mr;r-r:mc-g ol the und stunwles, snp pr
The partcub mendene eported - e e ot KA theed st
SR Tt 15 ke e 3 e SRt i ATt o o ths

8 taken as the starting pomt for genetic andvecs The
answer <f courve 15 wandardiz ihon i the wterests of conssty f
refextabie results Lk Wandasdiy ¥ ent 2>

1t an o~
I
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of genes mvols ed The seizure charaeteristies of 1 given strunma prrticular
expermnental stuition 15 ensily delineated m terms of e of maumum
susecptibiity Titeney madence seizure profile type of recovers and
effcets of prostimulntion The strams worked with most ¢xtensiveh thus
far differ with respect to the mhenited basis for seizure susceptibihts (16
17) In fact clostlv sumle sazure chiracteristics have been ob erved
where the genetic basts for suseeptibity 15 demonstr ibly different In such
cises there 1s evidonee that the miervenng phyaology 1s different teo
wd that pdlitive agents that are effcctive m the onc cise may not be
dffcctine moanother thit s phenotspreally amlir but gencticalls distinct
(22 23)

Illustritions of the fret that mherted seizure susecptibihity mu le
widcspread m Vus musendus are providad by two reeent developments
cch of which has given new impetus to researel i this arca The mbred
struns tested by Tuller, Ginsburg Hall Mler Roberts Ross Vieart and
others were all developed it the Jachson Laboritory primanily for cncer
rescarch and alhcd studies In 1946 Hall (15) tested represcntatives of
somc of these strains 2t rindom and found that m the complete abrence
of sclection for this trut the struns differcd widely i susceptibility to
widiogeme seizures Fhus finding gvve nise to the work by the mvestigitors
Just mentioned

A completely different Iine of approach w1s used by the Irings (24)
Ihey began sclecting for seizure susceptibihty i a populttion of mongrel
bino mice Not only were they able to achive the desircd results but
they were also able to produce lines that diffcred widedy from each other
m their sazure patterns

It 1s clear that the diverse populitions from which the mans struns at
the Tachson Taboratory were derved earred an appreeable number and
saricty of serzure genes that cume to be differentially represented i the
various mbred strams as these were devdoped i the tot:l ab enec of
selcetion for or agamst comsubave behvior In ¢ wholly differcnt and
rdlatively small populitton chiosen at rindnn by the Frings such genes
Wwere agam present

45 his alrcrdy been mentioned they ire also found m deer nuce (Pero
myseus) rabbits and rats Smiec these formsare t ixonomically allied 1t may
be well to ash shcther sazure genes are alo found m other munmalian
or ycrtebrate groups Localized tremors ot an mherited basis have been
reported for dogs (25) as huve eases of reeurrent tetuny (26) and epilepsy

(@7) In wddition runmng fits attributed to sound hrve been e rsually noted
werc

ey

studicd from both the behavioral and the genctic pomt of view ana have
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TABLE )
Substances reducing seizures andfor fatahtees vn DB AL meee
obatsore Dose See | o | Mapremeen Probability®
- ~elite
Alamne 30-43 min a0 MAF |10 | Deaths/oons 03
—155,
Dramox 24, 8 by 5 MAF | 67 ] Nocons,no [< nmmionons
deaths
Duntrophenal 3045 15 MAF |50 ] Deathe as
min ~1G
1 glutamy lhy drzule 2 F 35 | Comy o
8045 o =16 6%
Deathe
~18 2%
AN 34| Naeflect
Glutamic neid 3043 20 MAF | 182 ) Deathe & < OGNS
i cons
135
Glutaooie sesd 72 br re 20 {F ] sl Coms  “nor
fest ' anlt”
i +
Deathe 0000003
) —217%,
M 3% 1 Deatds, romy
| * banpal™
Deaths/eons | npy
l i —15%
I
!4;:; actd 3043 v 2 MAF | 36 | Com =30% | 0000000
n aly—34) ! No deathe
Oloacetc a1} = !
:‘ :‘m 1 a01d 8045 5 M+F g J Deaths/con; 00063
e
SUeCIBNE act } 904 mun 0 M4F 20!
21 Comy - 30g7,
Sddn ot Bobg
@us-3d) Deaths
— ! H%
" Caledlatedt ot the diffesence of greatont Bagmtode I —
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at the same time, putting cich at some pomt on a scale of comvulsne
behay tor where 1ts charactcnstics can be measured

MATFRIALS AND MI THODS

Tour lughly mbred strans of mice were used 1n the accompanymg studies These nere
DBA/1, DBA/2 C57/C and Ca7/10 The first has an mtermedite susceptit bty unl r our
experimental conditions and was selected as the “standard stram for screening sul stanees
having presumplive cffeets on seizurns ance either enhancement or suppres on coull be
easily detected The second }as a Ingli convulsive rish and the 1ist tho have a low spzune n &
and arc 1 chaviorally mdistmgut hal le from esch otler by onr methods Vlen the hitter are
wed 1 dentieal crosses and their progeny compared the phenotvpieally dentieal parent
strns are seen to e genotvpieally different

All muce were tested at 30 35 days post partum 1y exposing them sndwdually for 11 2
minutes to 1 doord ell s pen led above a galvamzed iron washtub 60 mches i circumference
at the bottom Tcsts with a soun § meter showed an aycrage soun 1 pressure of 90 o= 14 etely
Behavtor records were tihen during ¢ ieh test and the tunes of anset of ript ! runnimg comnl
sion and recovery or death were recorded using a stopwatch Seizures were clas sfied m order
of seventy as clome tonie clome and con ulstve spisms (30)

Where substances were sereenad for effects on seizurcs doses nere determmed enther from
the Diterature or 1y direct tests The dusired dosc was one that Just fell short of pro Juetng
overt symptoms in any anunal te amaamal non tovie dose The mterval between myection
and testing was determined from th ¢ lowest tovic dose that 1s anmmals recewving the desired
quantity of a compoun 1 were tested after an tmen 1l corresponding to that i wluch tove
syinptoms were of verved on & shghtly Igher do e of the same compound Al injections s
«ut entancous unless otherwise mdicite 1 Aeids wer neutralized with sodtum hydrovle w1 1
brought to pll 70-7 ¢

RFSUI TS

Genceties —1he rosults of gonetie experiments hive been reported dse
where (15 16 17) These are still m progress m our iborttors They indi
cate thut the basis for susceptibthity 1 these steans 1s gonctically complex
and that each 1s genoty preally distmet from the other Onc pomt may be
singled out for speeral mention here It 1s thnt the results of reetproenl
crosses differ, but m a manncr that does not suggest ather sex hinkage or
some sumple mvoliement of the Y chromosome The assumption tht
there are maternal effects that vry with the strun w dso madogquate
although tlus has not been ruled out 15 a contributory factor wnd cwn
mareoter, be tested dirceth uang o3t trinyphnts nd foster nursing In
the ight of other experients especrally those imyolving glut ume aerd and
related subst inces (41), 1t seems more probable that the « diffcrences are
related to the genetie bachgronund through imtersemng effccts on endocrine
balancc

Sercenantg of metabolically actite substrates 'L iblcs 1 to 4 summarnize the
effects obtined by Ginsburg ind Roberts (22 23) as  result of serccnmg
2 number of metabolic dls active substritcs and antunclabolites, espccralh
m the DBA/1 stram, which has an mtermedite meidenec under our ex
pormlom.ﬂ conditions so that, i1 a form il sense at least, deviations in ather
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TARIE S
Subtanees Raring no ¢fects on seizureeof fatales n DB §/1 mire
- Qglatate Dose ﬁ Ses | No { Sex d Herence bu (!
AU T I
T e
“ 5361 S 1115 mope cam

el ¥ lest] 105% more deaths
Aspartic act 130-45 min. L] M+E 33 | Seve

31day Llaly—84)
Dextrowe $0-domn 81 | 10 AHF | 40 ] Nope

dn tinb—3d)
Pumarie a1 3042 min 5 ‘] M+F | 70} None
4 smmol utyre aad 10 < M+t 66 | None

8042 mm ‘
Methronme sulfosimire 5 IMeF 8| None

o hrs
0 2% saline $0-40 1mn 3 M 19 1M 515 mare com Lass

14 132% more deaths |

tem Toberts 122, 231 has attempled to lolow the fate of most of thewe
substances using paper chromatographs, but nath onk pirtil success
Dunng the seizures the permeabilits selations m the vaseulie beds are
alwo altered (42) <o that narmal inferences regarding the so-called blood
Urawn barrier no longer hold A parbal rationale for <ome of the effects
reported here has heen attempted previonds (41, 43)

Three defintte findings especialls pertinent to our major topie emerge

1 The effeets of glutumue acid are counteracted by subntanees hnown
to be metabolic antagomsts when stuckiect m bacteril sy stems (44), sug
y‘:ul;np, that n the present cise as well, the effeet 13 at sn enzematic
ey £
2 The exaggeration of the normal sex diffcrence oceurs only with gl
tarie acd g and their 2 Othier subst havwing
effects of equal magmtude and direction do not act dxﬁcmnlb m the two
hatad

3‘ Duimoy (2 wetrlamine 1 3 1 thiadiazole 5 sulfonamde) r nater ¢

£t 8 supgesue evwdence that this is correlated w
state of audws or &lhalosis at the bine b the



40 CFNFTICS AND INHFRITANCE OF \FUROPSYCHIATRIC PATTFR\®

At present we hive no ration e with which to explun the made of 2ctior
of these substanecs on any common bists A comprison with substances
that cnhnce sazures {table 2) or with those that hae no effect (table 9
comphicatcs the st thion stll further, simee, for almost ¢vers hypothess
dequtc to account for the actions of & number of compounds tht reduce
sazure susceptibiity (Qable 1), thore 15 a contradiction i taible 2 or 3

The prcture 18 further compheated by the faet that many of these sub
strates arc casily mtcreomvertible, and the proccdure of mpecting a par
ticular onc mto the mtact anmal docs not msure that it remuns m that
form or that a sigmficant nmount accumulites m the contral nervous svs

TABIT 2
Substances ncreasing aeizures and/c r fatalihies o DB /2 mice

Substance Dose Sex | No Major effects Probab L1y*
o - me /0t
« hetoglitarie acid 30-45 20 A+F | 32| Comv +368% | 00009
min $1dy (duly—8d) Deaths +33 8%
o methy lglutamee acid 50 M4k 0] Comv +326% 0000003

Deaths +199%
M deaths 208% | 012
over 1

80 $5 mun

Com +303% | 00003

Diamox 48 hr retest 5 M+F 87
Deaths 442 0%

Com +26€% | 000
Denths +97 4%

¥ glutamyihy deazide
3¢ 5 mn

F 35 | Noeffect
Glutntmne J0-45 min 20 M 85 | Com +829% 00015
Deiths +21 7%
1 35 [ No effect
Aahe aci{ 30-45 22 MA+E 70 [ Com +$0% 1 000000002
Deaths +81 3% ]
o0 M+T €0 | Com +828% ‘ Hovonee

Methionne sulfox 1
Deaths +128%

30 15 min
Pyrutic acd 30-45 mm 25 M1 20 | Comv +35 1%, { 00>
34 d (duly—31) Deaths +339¢ |
So lem 1 icart onate 19 MAT | 50 | Con 41999 [z
(duhy—31)

30 45 min 3d day

+ Caleulited for the differcnce of groatest mng utu le
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the seizuce erdence by 2075 The arcumstanee that the consulvons were
not mereased 1 C57/6 mce by agents which wnerersed them i the DRA/Y
stram eannot, therefore, be expluned an+y v the asumption that the
former ate absolutely refractory

In a previous paper {($1) 1t was found 1t sepetted daaly ingections of
glutaune acud tmto DB A/ mice did not alter the convulung chiretensties
of the females, and dud not loner the merdence w males althongh 1t dhd
redtice the proporbion of fatahities 1 that sex Table 1 shows that 2 sigle
tjection of glatamie aeid Toners the serzure wewdence profonndly i both
sexes thereby indreating that abaplation necurs upen fope e admmnntr
tion and that 1t 15 mare complete 1 females than e males Tn the work on
reperted admumstration the fatahhies sere reduecd i two wavz In the
first place, there was a higher proportion of mider suzurcs smong miles,
and these do not ordinartdy {eronnate fatallv Over and abose this, there
was a signtfieant redaction 1 fatalities Yt are ordinanly expeeted rs s
result of clontc tome seizures buch ammals can be resuscituted sung

[

P 1v ¢ asprratory center duning the period of anoa
which it could not othirnise withstand (35 41)

A further sex difference m the action of ghutamme zad 2 tevealed In
the work of Ginsburg and Fuller (35) Here glutamic acud pretreatment
was compated with a pattern of mterrupted stimulation that 1lo redueed
the comvmlsane nish 1 DBA/1 muce Interrupted stimulation affected the
tuo sexes wlentiealls and recorenes were inereased <olehy as a result of
the decreased sexerits of the consulaons Glutamic acid lonered the

\ «enure
cidence and mcreased recovenes from conynlyions m batk  « oot
mrantan &
numer -
by 8

1
o 1, nhere

L wntrence 1 oymtnl sewzure wmed
i
reported as o rewalt of glutanue acid prefreatpient s . v o o
sipnificant ow 1o
was obtame
appenrsiol
: 1 1unenwl conditions
"l::; a mtuLu tugher contrel meakence nas obtaimed <o that mt‘;:m Such
. .
rmm‘uel;a vu;;zrganiage reduchian W seuzures the difference 1n malﬂsmml
<o ¢ expressed Ia the studies summartized w the t. Hv e
ables, the



48 GFNETICS AND INIERITANCE OF NEUROPSICHIATRIC PATTER\S

In our laboratory thus evidence has been of two hinds Trst, that the
protective effcet 1s not obtained during the imtial half hour following the
subceutancous mjection of Diamox and becomes maximal only after an m
teryal of some three hours Second, that both the protective effect and the
later aggravation of the seizures obseryed with Dhamox ¢ be duplieated
with ammonium chloride

Diamor also appears to be acting vi1 a different mechmsm than glu
tamie acid Whereas the former protects all struns of mice we have tested
and has, m our hands, analogous effects upon seizure prone rbbits, the
Intter docs not act with equl effectineness in these forms (table 4) Nor
wi1s a methyviglutamic acid effective m increasing seizures 1n the resistant
C57/6 strun Three other substances (malic aaid, py rusic 1eid, ind o keto
glutanc acid) that mereased seizures m DB A/1 mice were also tested i
C57/6 mice with no effect

The fict that scizures can be mereased 1 these (C57/6) mice has been
demonstrated by using a prodding deyice that forces the mice to run, rather
than remun immobile, during the Intent period In our hands, this ncreased

TABIF ¢
F flects of metab heally actire substrates on DBA/2 and H S mice
Substance Dose Stram Sex o Major effects Probab ! ty*
0t T SR SRS Ut A
mgliog
Untreated NBA/R M 100
I 100
Untreated HS AA+F | 897
Frings
Glutamie aad 20 DBA/ M 8o | Comv —827% [< 000000000007
30-45 mn | F 35 | Deaths
L |
M ocony 0% 003
J ’ over B
Glutamic nes 1 0 | HS Mtk |59t Noeflect '
30-45 nun ‘ ’ \
Dinmon 23, 8 5 DBV | M4F | 69 | Com —9:6% |< 000000000007
hrs No deaths
Diamox 2%, 8 5 jus | M+F | 72| Com ~667% |01
Irs | No deaths

+ Caleulated far tl e difference of greatest magmtu 1e
t Ammals X trls
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thas fied by glut acd gl and thetr ant te It
not by other ow fizable substrates hiving smslar effrets i magmiut le and
hrection suggests that the glutamie glatamine axis 18 more o ns
weidted with the fundimental abereation than are the other effectne
agents thit to date have net been cxpermientath relited to the «x &
f renee The Feet that there 15 a sex dfferonce st weitung o and that
substances nonmatly metabohiealls avaldble o the annnal ean mugifs
1t when present m large exees pases g entirels niew ph swologieal prob-
fom o5 does the pheqomenan of adaptation to repeated dows of glutaune
aerd whers agun the sex differenie occurs as eirh a3 tho to tour weeks
of age

1t 15 mieresting that thow subnt ees affecting the scrures i DUV
mee ate refated to hoch I mechanpun Mg erergs rleas, and
o0 this basa 3t 15 suggested that the hiochenmerl mechamsms eoncerned
sthenergy refease m the nersous sy stem mas by wnder Fenetie control ansd
have an mportant relationsiup to belnsorl al normaldies Tlus notion
sorl{every sull mare neight of as m the case of ghutanne acd metabohe

antagons ts of some of the ather agents would reverse therr effects on the
Seirures

1t bas boon pomnted put that sonogonie comulsions 1 rits are enhaneod

by particulir d ctary deficiencies (87 38 20 45) and that mevers oot ot
Tished eas

1 rpartc .
I thenfc o anwvpownessys eorreet deficencies i parieadar
Teattit ns leading o notmal contec lled energy release i the perous sus
tem whether these are duc (n genes or to dietary depen ationt ol necessary
exlactors are the bass for the serzures

The problem of whether or not these studies have any relevance for
humn consubne beliavior has shmady been tooehed upon Serzuncs
irtmars cte are common m mammals and have & damonstrable punetie
Basts wn many wetanees (33 14 15 16 17 18 19 20 25 96 27) V< unas
tuenboned 1 the tatre luction many other nervous » stem abnormahities
ansdogouy to thowe encountered chimieally ave {requently Sound an Joner
ammals expecially where there has been conaiderable rwbreeding ocenrn
wn lependently in relatnels untelated stocks 1 a number of laharator i
\m(; many of the trasts imvolve recessive enes that nteur weth !o: c(:r
waderate frequencs 1 the populatian as & shole they would resch

{requent ghens ty e expriveon unds
ader conditinns of ran
the secasionatly afficted wdins aad s y v g ik

mediate ancetars would not |
o¥hibted the chareter which they wcsertheless tramsintted When :I‘(:‘;l

n
g(:;ﬂc::m;r m g Lahoratery erfomy they pre spred aroun § the colony as
utriers proviuce hiters and with eontinyed wterthreeding of hese
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reduction was from a lower 1mtial base, and the values after treitment
were so low tht the sox difference could hue been mashed

DISCLUSSION

The data presented could be discussed from a number of different pots
of view  Although we are primarily interested m the mechamsms by which
genes delerming sazure susceptibility ind resistance, tlis 14 not the pomt to
be emphisized hire constdering the present state of our knowledge Rather
1tas that tgiven buhavioral cntity <inbe duc to 2 v aniety of distinet exuses
Fhie €57/6 and €37/10 micc are, as has boen mentioned, behasiorall
mdistigushible with respeet to this trut but the genetic biss for the
common bchavioril phanotspe 1s different for each as determined by
breeding experiments It 1s concens able that more refined techmeques might
distinguish them phenots preslly as well, as 15 the case with DBA/T and
DBA/2 These arc or ate not alike with respect to seizure meidenee de
pending upon the quntity of prestimulation that 15 encountered m the
testing proccdure (35, 96) ‘Lhe mportance of distinguishing stmilir of
identical phonoty pes genetieally where such a distinction caists s thit
the vurous genolypes may not respond similarly to identical trextment
and thet this1s truc becanse some of the mtcry ening phy siological varnbles
are different

As was mentioned m the preccding scetion Dimox acts sumlarly it
three geneticnlly distinet seizure susceptible populations of muec and i
epileptie rabbits while glutanic acid on the other hand does not Nor 1
a mcthyIglutamc aewd 2 stenetural analogue and metabolic compe titor of
glut umie sad cpable of incrcsing seizures m C57/6 mace 1t doses thit
produced this effcct i DBA/1 ammals despite the fict that the former art
¢ pable of (\lubiting mttch lugher suzure rates under other expermental
conditions Glut imie acid 15 not a general intn convlsnt any more than
a metln lglutamie acid 15 1 general comvulsing gent slthough cieh em fe
considered to have the dffcet mantionced wath respect to a particular mbred
stran ind can be used witlhun detcrnumnable margis of crror to distinguich
one genoty pe from wother

So far as theripautic tses are conecrned  subst inees having a umifornt
effeet on tl genoty pes withn 1« phenoty pe kiive an obvious practieal value
1 rom a reseirch pomt of view, the others tre more interesting  The dis
covery, for ex imple, that the action of glutamic aerd m a given stran e
be reversed by metabolic competitors that arc structural analognes and
that other struns do not reaet i the simc way to these substances suggosts
that the gene detcrmmed aberration has a metabolic biws for winch gt
tanuce acid ¢, 1 part, compensate The finding that there 19 a small but
reliable sex differcnee untreated DBA/1 mice at weanng age and that

| ——
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are not apparent where mere overt behavior is taken as the bisie .fnr ercct-
ing expenumental of Shuical eategones Simes it 3s wsutly cither impracti-
cable or impossible to secure adequate genetic information to perint class-
ification by genotype, especially in clinieal studies, adsantage should be
tahen of the fact that the underiving phy siological nechanisms are under
genetic control and thus correlated with the genotype, and lustrations
are given 1 which 1t 15 possible to conduct diagnostic fests that permit
one to subdivide a grven behavioral eategory on thns basis

In vien of the foregoing, 1t 1< suggested that the gene controlled be-
havior reaction 1s the ‘natural’ ut for i estigation, and data are eited
1o demonstrate that emyironmental agencies produce effects smlbsr to, of
notdentical with hnown genctic abnormaltics

The gene controlled behavior reaction 1s b examned as an ey ohutiouary
unit and the problem of extrapolition from simple to more complex argan-
1sms, and especially from expermiental studies on higher mammals to

climical studies 1 man, 1s discussed i the hight of partienlar mstances and
refated to the problem of therapy

DISCLSSION
Nabet o —en R -

u L .
0 whuek we are wntevested . .
cotitnbution to them 1s ther .
tre asssemgenessand Wl . .

+ susuat visks 1L 1y therelc .
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«

e fBe wm -
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earners and thar progens, they come to more and more frequent expres
sion Lhe fact that a givon human pedigree helund an thnormal mds ydu]
shows 1o sumlw abnormlits does not, then, cimnate » hereditary by
for the {rut Nor does the errcumstance that the abuormal beh 1 1or may be
preeiputated by some environmental ageney ehmimate heredst 1y factors as
15 demonstrited by the sound induced seyzures here reported

In pcrusing the hiterure thit has most immediate rdevance to our
problem we hive come reross & number of mstances where the lach of
adequate genctie controls hive negited n good del of expermintal work
We are convineed that this has been the ease with 1 number of disereptn
clesn the chmiel and wim d hter ture regarding the efficrcy of such gents
s glutamie acid (s anty convalsints and 15 uds to le wmng These mstances
hwve been reviewcd in mother paper (41)

Tanalls, ot 15 our opmion thit where the sy ndrome m question rests
upon morphological or physiologieal derangements m clements that man
his n common with s prmate mammihan or vertebrate anccstors
there 1s no reason to suppose that sumlar genetie physologiea] and de
vddopientl fretors are not mvolsed The trut mas be modified m s
cxpression beeause of man s infimtely move complex nervous system and
behasioral repertoire but may still ias e essentrl elements i connnon with
1ts counterpart m lower forms

SUMAARY

Data are presented whieh demonstrate that genes affect behavioral
cipcities 1n 2 numbcr of wavs that ean be specified in detarl and related to
morphological developmental or phy aological coneomitants Partienter
atfention 15 pud to the metabolic ¢vents that control energy release and to
evidenee that these metabohie mechanisms are under geme control and
tht the genetic capacities of the neryous system metabolieally speaking
Lave known behavioral sequelae wlich e be etther exaccrbited or con
trolled by Rnown enzime mlulntors and/or metibolic mtcrmediates
Instances are cated of supcrfienally wdentical behavioral abnormahties that
wre genetically distinet 1nd evidence 15 given to demonstrate that the
underiving physiologic:l ciuses are nlso distinet and are corrclated with
the genoty pe rither than the phenotype Contradictions in the hterature
of ammil psychology wd 1 chmeal reports arc myvestigated from ths
pomt of view wd shown cxpermmentally to be due to the fact that the
bchiviord phenoty pe was used as the basis for dignosts or dssifiction
m mstanees whac it conld bo damonstrated that the umtary bchvioral
cliss conusted of sescral different genotypes and that each of the Litter
Lad its awn distinet phvawlogy Tt 15 thereforce suggested that both ex
perimentation and therapy must take account of genclic varables that
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ave not apparent where mere o ert behiavior is taken as the basis for erect-
g espenmental or ehnical categories Sinee it 1s usually either impracti-
cable or impossible 1o secure adequate genetic information 1o permit chss-
\fication by genotype, especially m chincal studies, advantage should be
taken of the fact that the undetlving phy siological mechamsms are under
genetie controf and thus correlated with the genotype, and illustrations
are gien 1 which 1t 1s possible to conduct dingnostic tests that permit
one ta subdinide a gven behavioral category on this basis

In viewn of the foregomng, 1t 15 suggested that the gene controlled be-
havior reaction 15 the ‘natural’ umit for mvestigation, and data are cited
{o demonstrate that environmental agencies produce effects sinlar to, if
notidentreal with known genehic ahnormathies

The gene controlled behavior reaction 1> alvo examined as an e alutionary
umt and the problem of extrapolation from simple to more comples organ-
ssms, and espectally from expermental studies on higher mamnmals to
chinteal studies 1n man, 15 dhscussed 1 the light of particular instances and
related to the problem of therapy

DISCUSSION
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When the physiology of n behavior trut 1s analvzed it 19 scen that there are syl phices
wher the gones maght possiby act AsDr 1ashley pomtsout, genes could modidy the anatomy
and phy «iology of the sence organs, the phy siology of motor processes i cather the voluntars
or msoluntary museles and Annlly, they could affect the physialagy and Liockennstry of the
nervons <ystem ttself

Tlns work of Dr Gunsbueg 1 particularly inter sting in that it shows that there 1s at kast
a preabihty thit hereditary factors nuy aet dircetly upon the central nervous <3 stem through
1ts metabolsm IF this 15 true it would appe i that o a factor has a general effect on nervous
wetabelsm e fimil effet on behasior 1s general and disrupting This 1s logieally what might
b expacted but Twonder 1f there 1s any evidence of general biockemieal defeets w hich pro tuce
miller effects?

D Beason B Grvspure (Closng) In answer to De Seott's question there are bio
chaneal defects that produce nulder effects Tam persuaded that when such defects have been
extensively studied the milder ones will be found to predommate They are however mon
ifbicudt to deteet and harder to studs The ady antages of working with an extrome tent such
as the one Just reported are that it is unmnstakable and that when it has been modafied
experimentalls this too 15 unequivecil The physiological concomitants an <o severe that it
14 difficult for them to eveape detection The tremendons contrast between the abnormal trut
and the normal also simplifies the genetre analyus As D Snyder mentioned earher the same
sttntion obtains i the chime where the extreme and spectacular cases are the first to attract
attention and to stmulate myestigation In due tune the milder aberrationa may be expected
to come n for their share of atlention and Iam confident that thus will be the case here
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CHAPTER IV

\/ TIBILITY
GENETIC FACTORS ATFECTING SUSCEP‘
AND RESISTANCE TO VIRUS DISE \SES OF
THE NERVOUS SYSTEM

AIBFRT B SaBi\
INTROPLLTION

\ost viruses which attach the nervons system of human bungs and
ammals produce recogmzable discase in only 4 small proportion of m
fected mdnutusls Tt has been extablished bevond doubt by means of
speeific tests for antibody that the vast myonty of human bewgs mfected
sath the viruses of poliomt ehtis or of the varous tspes of encephahitiy
exhilnt na recognizable signs of myolement of the nervous system Mam
factors some pertmning to the viruses and others to the ifected Niosts,
have been shown to inflience suseeptibahts and resstanee Determmation
of the role of any one factor 15 chfficult exeept under carcfully controlied
expenmental conditions The studies of Lynch and Hughes (1) with the
viras of yeilow fever and those of Webster (2 3) with the strusesof lonping
M and St Lows encephilitis in mice provided the first expurunental evt
dencr that the genetic constitution of the hovt can deternne the outenme
of mammahan viral infections However the strams of virus used by thewe
intestigators did not permuit a clear-cut anahsis of the mechamsm of
genehie resistance because no umformly resistant antmals were avail
able and the cause for the lack of undforrmtv had not been cluerdated
The acaidental diseovers that the mice which had been bred for many
vears at the Rockefeller Institute at Princeton (hence called PRIY were
unidcrmls resistant to the 17 1) strain of vellow feser virus has permutted

a genetic and virologic analy sis of some of the factors anderiving inhented
tessstance 1o nfechon {4)

EXPERIMENTAL STUDIES

Genetre mechamam of inkeritance of resistance

“niss tnice tnoculated miracerebralls with the 17 ) stram of vellow fover
\lxru« duﬂo}; parabysis of the extremities and 1pyan thly die s hittle ae
100 000 o 1y ggo ooo ™ of 10 per cent extract of feeted mouse bramn
The €1 Hren s THosp tal Researeh, Foun

daty
of G seat Cale o Meoe Eoemesty O T+ ATt Laemty

5T
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and cord can produce this effect In the I to 2 month old mice used m this
study, this fat 1l infection 1s assoernted with minun il or neghgible lesions m
the nervous sy stem, the elimie mamfestations resulting from interference
with neuronal function rither than destruction of the eclls PRI mice,
moculited intracerebrilly with the lirgest to the smallest amounts of
this virus, become infeeted as 1s cvident from development of antibody,
but exlulnt neither climeal nor histologic evidence of the mfection The
genetic mechanism of nhentance of this spontancous resistince was
msvestigated by cross breeding esperiments, m which the progens were
tested by ntracerebril moculation of approsmatels 10,000 LDs, of this
virus and the appearance of chmeil mufestations and deth were
corded
The results summarized in figure 2 indicate the followmg

a) 1 progeny 100 per eunt rewistant

b) Fzprogeny 79 per cont resistint

©) Bacheross of i to susceptible (Sniss) 50 per cent resistant

d) Backeross of Fy to reastant (PRI} 100 per cent resistant

©) Fi susceptibles crossed with susceptibles (Sniss) 100 per cent suseey il le

f) 2 resstants erosscd with susceptibles (Swiss) y1c) led 2 types of htters some with 100

per cent resistant and others with 54 per cent susceptible
£ Backeross resstant progeny resulting from (Fy X Swiss) erossed with suscephitles
(Sntss) 57 per cent suseeptit le

MECHANISM OF INHERITANCE OF RESISTANGE TO 17D YELLOW FEVER VIRUS IN MICE

(100%d $)SUSCEPTIBLE RESISTANT {100 % rema n well}
$WIS5(300) PRINOO)

BACKCROSS (79)

Letters wihn ¢ roles=genat ¢
formuta { 1t ag observed dato

{100}s No_of m ce_tested
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While these data are w accont with the Mendeln Tins for a unglc
put of autosannl genes 1t s Mifficult 1o sule oul other posabilitiey m
\ohung multiple Imked genes with avery Tow pereent 1 of erowmg over

1 eral mabtephication in genetreally resrslant host

Jests for the fvel of viral multiphiention w the bruns of TR and Swass
mce sacrificed at different mlenabs after mtracerehril moculton w
vested that the corus suultgplied wa the geneticalls resistant miee but at u
tevel onts *1g a0 10 1100 oop of that achised m the susceplible e Tt
wivevident therefore 1hat the genetic fretor operated by depresung the
1 vel of viral multiplication The progeny wineh segregated out of the
varions crowmps wire phenotypieally he the paent sesetint or s
ceptible stocks 10 the reastant ones not ol faled to di but abo
shawed no chmical signs of disease while the susceptible anes showed
the same weubation penod and lugh Tevel of viral multiphication as the
Swis mce ARthough the yellon Jever virus dees not multiph Yo as hugh
& frvel i the testis 15 in the bram of Sniss mce, 1 was found that the
strus abo multiphed at a lower tavel i the teuss of the genelically resiat
ant PRI muce It may be of mterest to note here that cottnanie had no
eifect erther on the level of siral multipheation or on the outcome of th
infection i the gunetically Teststant mice

Selectire action of mulliphrationdepressing factor on tartous riruser
proliferating in mouse brain

The genetic factor in PRI mier shick depresses muttipheation of the
seflow fever virus was found to have a similar effect on the vsruses of
dengue fever Weat \ale fever Japanese B St Lous and Rusman spring
summmer enecphalitis which are also hnher) together Be a cham of common
antigens and othet properties (3) but it was withos

ut effect on a lay,
number of other unrelated Viruses lsted 1 table 5 e

Lacah.ation «f genetie factor 1n the eclls affected by the rrrur
Webntey an 110 . ’

4 bl

Peatstant n

Lssie of ¢
suggests that the genetie muliplicat I same ot Tius strangly

on-depressing ¢,
w the host autsde the cefly 1 which the virus mu]‘:‘pai"‘:“‘ > not produced
>
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TABIY 5
Selectiee action of multiplication depresvng factor of PRI mice on carious viruses prohferating
mouse brain

Acuon Vinus

Multipheation depressed PRI mice com | Yellow fever
pletely or partly resstant Dengue fever
Vest Nile fever
Japanese B encephlitsy
St Lows encephahtis
Russian Spring Summer encephaliys

Multiplieation not affeeted PRI muce fully | Western equine encephalitis
Fastern equine encephalitiz

susceptible
 enczuelan equine encephialitis
Poliomyelitis
Vouse encephalomyehtis— TO’
Rabies

1 ymphoeyhie choriomeningitis
Herpes sumplex

Y esicular stomatitiy

Tuft Valley fever

Sandfly fever

TABIF ¢
Frpertment showing that ihibihion of rirut multiphication 13 a function of the cells of the genet
ically resistant host and dres not occur in forergn amplanted eells
Sarcoma 180 mplinted in PRI and Swiss’ muce—grew equally wellin both 6 dyshiter
Russian encephalitis virus mjected nto tumors Mice sacnificed at indicated interyals and
virus titered 1n brawn and tumor

PRI mice

Sw s mice
woa | e
{ 1day ; Lduys Tdays | tday sdns | Tdays
Tumor | 435" | 85 65 H 55 RO 80
Brun [ 25 | vo | 85 0 t5 50
Clinseal result \ liee dted of encephalitis Mice survned

i S Ot
* Reesprocal of 1og of TDs The data shown m thes table were obtamed Ly Dr Alice ¥

“Moore
Role of specral cellular tulnerability at low lerels of veral multiphcation in
abolishing reststance based on genetic multiphcation depresving factor

Durwig the course of this work 1t was discovered that the cells of newborn
or older mm ture mice (depending on the virus) muy be more vulnerable
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TABLE 7
hgh ecllulor rulnerabiity ot low lerels of vrral multiphcotion as & factor an suseephbility
PRk AR A e
. b
e @S | m et
X Uters tve
smedplorlogines | Naddath (smbobmyes
Stan Age
-
58
D Swns 3 weeks + d
v TRL 3 werks L] 1833
RU 1das A+ 28535
1} tropis Swisy 2 weeks + ToR2
Frndanmtors PR Sweeks N TR
PRY Sweks | % 4+ ] 3238
e e e
TABLF 8§

Erperiment showing that wnhented exrue mulliplication-depressing factor may not \mpart re
sstance until antmal has reacked age of matunity
At Lows Encephalitta Yirus {(Webster No 3)

Ingeeted intracersd rally
Beght (age) ot mce PRI resstant ? Swass suscept Me
™
8 Th 10/10
2y afz 1 whe
25 o0 10/10
$1 56 0/10 ) 10/10

at low fevels of viral multiphication, and such smice die of 1nen 2lemrwd s ¢
despite ** :

when m
they de
ton ughe

« soeewmaomanably suragye
(table 7) Wath the virus of 8t Lows encephalitys, the greater cellulyr

vuineribilty was stll evident at 310 4 weeks of age, but not in older mice
(table 8)

The passibidity that celfular <ulnerabality mas siself be mftuenced 1y
genetic factors aswellashy age, ceme ander conyderation when the French
neurotropic stram of yellow ferver 1irus tras found to P

roduce fatal
cepbalomyelitis n & certain proportion of PRY miee of ans a0 o
the fact thee ¢ v 1

as m those
with eertar

v uaranadt Lomsy encephalit;
Rinl e
Since the p ! g Iactor 15 whented g a 4

Y
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DIFFERENCE_IN INHERITED RESISTANGE TO TWO STRAINS OF YELLOW FEVER VIRUS

FRENCH NEUROTROPIC
SUSCEPT BLE
( )‘ MCEDE

SWSS PRU R|
RES STANY
W GELVE
(2 Nostm ot o
3 ) L2 mer
BRCEN e 4y
To% 8415 P (000000

INHERITANGE OF CELLULAR VULNERABILITY TO FRENCH NEUROTROPIC VIRUS

PRI PR sw ss? paf m PR
i r t
x et 3 v (49)

18% 1 24— 50008 —> 46%IST

Fig 8
1t was possible to study the effcet of crossing PRI nd Swiss mice on ceJlulr
vulnerallity without affccting the lovel of virus multiphcition The rt
sults shown in figure 3 mdicate that the 1, progeny were markedly more
susceptible to the Irench neurotropic vdllow fover virus than the un
selected PRI muce  Addition:l information on the genetic aspeets of ecl
lular yulner ibihty was obtaned by mating PRI m iles of proyed resstance
Gther with Swiss funades or with PRI females subsequently proved to i

ible or resist nt to the I rencl neurotropice vcllow fover virt

cither suscept
il the

Whale the results shown i figure 3 are based on deith and su
efficet on cellular sulneribility was not of the il or nonc s riety smee @
small proportion of the mice developed weakness or parilvsis of the ex
tromaties but did not die The fact that PRI prrents of low cellular vulner
abihty (1e resistant) produced 18 per cent of progeny with ngh cellulnr
yulnerbility suggests that the Litter charnctcr might imvolve recessne
Lat the PRI stock 15 haterozy gous m this respect although
homozy gous for the multiphicitton depressing fietor \lore work necds to
be done on this phsn of the problem before it 1s possible to make a g netie
waly sis of the f1ctor responsible for cellular v ulnerabihts

genes and th
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TABLE 9
Qecurrence of soviont strans of Ferus capable of orercoming inhenited tes stance of host

\ Behavor mPRImee | Peakmub
i

DR hcalwon
Nao of passagen ]
Ve Stram adime (Tt e 2brussol
T L
o
1 ol noe
JapaneaBen  hores s Blzeso ss) o
ceph alitss Nahavama B » P
Nshat ava e 100 76 93
N Towsenee W onkler s 4 ¢ 98 T
R Webterso 3 Hunbreds R aa
over 17 years |
> Rectprocnt of Yog of 1 e

1 1rity canants capable of orercoming effect of genetie multiplication-depressing
facfor

Teuts on dfferent strains of the same virus or dfferent pasage Jevels
of the same strain have shown that virus v irants mav oceur which e
overcome the mhernited resistance of the host either by multiphing at higher
fevels despite the inbibitmg effect of the genetic multiphettion-depressing
factor or by producing gre wer ecilular damage at Yow levels of viral mul
fiphieation m mice that sre not full grown (table 8)

Obsercations on possible role of genetie factors wn humon poliomyehtss and
yellow fecer

s carlt @ 1898 Tavlor {7) suggested that certan famibies exhibited »
speernd predisposition to the paralitic consequences of polioms ehtis
Simfar obsersations bave been made n & number of subsequent reports
8 9 10 1) \ddawr eod Snvder {12} 1« an especally wheresting study
on the famls relationships of evers ease of parals tie polomelits over g
period of 50 vears in a relativelt wsolated eounts w West Virgima, con
claded that an autosomal recessive gene probably play .

ed & role i susce,
tibikts “The recent studs of Herndon and denmnes (107 o i
a0

~1 s anel rofect

. ion watl
virus Masin (14) navecentreport sfaem b e ¢ wth W"Dm‘f"“s
+
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TABIF 10
Some examples of excejtionally hgh poltomyelibia paralyhic attack rates in relatieely 1solote]
tnbred populating

Regon Yer oo P
Chesterfield Inlet—Arctie ¥ ehimos 1940 275 21,000
Nucol ar Ishind India 1948 { 10 000 8,000
Sukhcrtoppen Greenlind 1914 00 5300 1ai
{m . mox paralvzed)
Sukhertoppen Grecenlind 132 700 2 100
Rangumut Greenland 1932 300 1 300
HNolsteml org Greenland 1932 00 1 000
St 1Mckena 045 | 1000 1990
Guam 1899 | & €to BOS

(many more pralized)

* 1he rate per 100 000 1s piven to penmit ensy compirson with rates of 20 to 100 of tart
g an usunl eprdemics n US A

stabistically sigmficant It ks glso oceurred to me {11) that the most
planaible cxplanation for the (xecptionally gh piralytic attack rites
among ccrtam vdhtively sohited, nghly mbred populitions s thit it
represents mstinecs of primary mfcction i populations of special genetic
susceplibility (table 10)

The lnghly endamic arcas of yelow fover mn Afrien are for the most pat
whalited by population groups which are umformly resistant to vellow
fover i the sense that they do not suffer from the severe el mamfes
titions of the discase Stringers coming to these arcs usually succumb
with the severe form of the discase It 15 more than probible thercfore,
that thousands of ycars of <xposurc to thus mfcction have ciminated the
wdividuals earrymg the recessne gones for susceptibihity, resnlting m a
rice posscssing the dommant genes for veststance The mixed oceurrence
of scyere and mld infections among the South Amcriean Indians 15 10 ac
cord with the by pothests that vellow fover was imported from Africt after
the discovery of Americy, not enough tund having dapsed for the virus
to kil off & significant nmuniber of thos carry g the recessive genes for sus
ceptibihity

SUMMARY

1 Lxpernmental studics on mice have shown that revstanec or suscep
tibihty to certun viruses affecting the neryous svstan ean be inherited

2 Resistance to the 17 D stram of vellow fover virus was found to de
pend on dominnt, zutosomal genes which depress the lovel of vienl mul
tiplication to 1{0,000-}00,000 of that occurning m susceptible mice
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While the results of interbreeding experiments are W accord with the
\lendehan 11sws for 2 ungle par of autosomal genes, 1t bas not bun ruled
out that muttiple genes, nith & smaff wmount of crossing oser, way be
responsible for this factor

3 The genetie multiphcationlepresang factor conteols <omething
so speeific that one group of viruses (1e, yellow fever, dengue fover, West
e feser, Japanese B, St Lows, and Rusuin encephabitis) 1s affeeted
by 1t while others (e g , Western, Eastern, and Y enczuef in equine encepha
hitis poliomy ehitis rabies, ete ) are not

4 The genctic multipheation-depresang frctor 15 loralized 1 the suse
ceptible cells

5 Migh cellular vulnerabihity at low levels of viral muluphetion ean
abobsh the resistance imparted by the mhented multiplicition-depressing
factor For some viruses hugh cellular volneratulity 15 a Tunction of age,
for others it may depend on genetic factors

6 Certam 11rus varants can overcome the mhented resistance of the
host enbier by multiphung at higher levels despite the mhutnting effect
of the genetie multiplication-depressing factor, or by producing greater

ecllufar damage at lon levels of viral multipheation m hosts that are not
full grown

DISCOSSION
Dz C ™ i

sen fun i .

which part

databean s 2a Lstatus dre presented i cating that v o penelie

res stance 1 due to the atality of t1 e host to depress the reproductise level of the varus Thoa

m\\(\‘mr\\\* B pattern of wide apphicst ity to other divcasecnn 26 we

Wun S IUMAT o
g i the doon 35 closed an ) nolding practical can be dann froms v
ewpo ot Nothun of <t

s only the first st
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environmental components of the <usceptible status Tlus work 1s only a first step Lataf the
mechanism of action of the genetic component could be elucid ited further and th e genetreally
susceptible eluldren sdcntified there wonld be ol vious advantages in presention of piealysie
Work with gamma globuln and yacemes could then be concentrited on the constitutionlly
susceptible Many examples coul] be quoted to demonstrate that fundwmental genebe re
search of the type presented so ably ty Dr Sabin may have inportant results n apy heati n
to dhseqse prevention

Dr A B Saniv (Closing) In connection with Dr Herndon s romarks about § oliamvelitis
Tshoul 1 like to =1y thnt certam epideniologc obsersations as adlf aa results of rreent studies
m my lahoratory en vanation in virulence of polomyelitts viruses lead me to beheve that the
genetic factors which ynfluence yvanation among the pohomyelites viruseq are of much greater
unportance m determimng the paraly tic consequences of infection than are the genetic hie-
Snr! of the host By spec1il methods of cultivation and selection we have recently suceeeded in
comverting lughly virulent (paralvzing) strains of each of the 8 tnmunolygic types of polio-
myelitis vitus inte avirulent (nonparalvzing) vanants
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CHAPTFR V

THE IANHERITED AND \CQUIRLD COMPONENTS
Or BEHAVIOR

ANNF ANASTAS

Discusstons of the relitne contnbution of hereditiny and «mironmen
tal factars to behavioral characteristies are often wethened by maduquate
anfication of the underlying concepts Superficnal, confused, und
tnguous notions regardmg the nature and operation of hath heredits
and environment may account for much of the controrersy in this area
1t would thus appear deawable to Te-exanume the conecptual frimenork
within which behavior data pertuning to heredits and environment ar
interpreted

In what sense can keredity be <atd to ifluinee behavior? In sa fir as
hereditary factors contribute to individunl diffcrences m hehavior, the
contribution 15 necessanly mdirect  Heredits mav influence the develop
ment of structural or argame charactensties, which 10 turn way mpose
certam lmiting conditions upon behavior development \ eat cannot
learn to flv becanse it has no wings If a child has a defective thyvrotd
tus movements will be slow and sluggish, and his general behavior dull
and stupid For the development of certain types of hehavior, voeal or
gans hinds and @ human nervous svstem are essentinl prerequisites
Simatlarly & number of behavioral anemalies may be traced to glandulae
defects pathological brain conditions chemieal deficiencies and the hke

The presence of certain orgamic charactenstics however, should be
regirded as 1 necessary but not a sufficient condition for the develop
ment of any speaific tspe of behavior In other words the fulfiliment of
the organic prerequisttes does 1ot 1 atself insure that the given behavior
\\{\ll appear Tt abo follows that the absence of & given type of behaviar
: ::l ;:x :‘ccees.\;-ﬂ\ wmply m(; orgame deficiency nor de behavioral vana

s s;::{:o)‘oc;:;x{;o? ing orgame yanations Fxeept for indisiduals

efects the orgamie equipment of most persons
v such as to permit an almost unlimited vanety of behavior dey elopment
e ertan of bl e e dction e
tveen organie and “‘\ml‘ma Sholera 1 olten confused wath that be
heen o Deriential etiology (ef 2 3 ch 4) The term tox

— T T im e
From th e Departanent of Paychology Cradunte School Fordhamm Uprven 1 New York
1
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eny | P its of the plible status This work 13 only = fiest step hut if the
mechanism of nclmn of tle genetic component could be elueidited further and the genctically
susceptible clul iren identificd there nould be obvious adsantages in preyention of piralyss
Work with gamma globulin and vacemes could then he concentrated on the constitutionlls
suscepttble  Many examples coul{ be quoted to demonstrate that fundamental genetic re-
search of the ty pe presented so ably 1y Dr Sabin mas have important results 1n appheation
to disease presention

I A B Supis (Closing) In connection wath Dr Herndon ¢ remarks about pohomyelt «
T should hike to say that certam epidemologe obsers ations as well as results of recont stules
1 my laboratory cn v anation in virlence of poliomy elitts viruses Jea I me to Felieve that the
genehie factors which influence yaration among the poliomyehitts vituses are of much greater
importapce in determiming the paralytic consequences of infection than are the genctic i
torsof the host By speeral metho Is of cultis ation and selection we have recently succeeddin
‘comerting’ lughly virulent (paralyzing) strains of each of the 3 mmunologie types of poto
mychtia virue mto avirulent (nonparalyzing) vanants
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fail to meet the eniterion of constitutional even m the Testneted <ense of
demonstrated orgamic onigm
We could of course adopt the fiaile expednnt of chify g <uck ur
dfferentiated aments after the fashion of Tredgold @) In tht cliswe
worh on Teeblemmed 0 15 fuether compounded by introduemg
the concept of prmary ot endogenoys amentia Under this category,
Tredgold 1nchudes a few vaneties whose hereditars ongin has been demon
strated some of the vaneties for which the bulk of the evidence suggests
prenatal environmental etiology , and alf yndifferentiated amentit, wloch
15 assumed 1o be hereditary since its eliology 1s unknown Vet at 1s undif
ferentiated amentia which offers the most challenging opportumty for
imestigating the role of esperiential factors \Whough organte bases will
undoubtedly be discoyered for some of the cases now mcluded m the undit
ferentinted category 1tshibel that pst chologicat factors m the wdiadual s
rarly emvironment st b found to plas an important part in the ctology of
wany cases of siple amentia
nother concept which has been the souree of much confusion 13 that
of maturaion (3 ch 4} Usualls contrasted with learming, maturabion
connotes the deselopment of specific behavior m the absence of amy op
portunits for feuming such behavior 1 adequate control procedures
have been followed to assure that all opportunities for relevant learming
have heen truly excluded we can conclude that whatever behavior appetrs
15 untearned But unlearned 1s not svnopvmous with hereditars® Vihen
defined operationalls unleatned behavior e onby weean bihavior which s
wholly determaned by orguue charactensties so that the mere prewanee
of the orgamc prerequisites msures the appearance of the behavior m
question The term maturation  howeser suggests a positive explinatian
or active process which accounts for the bebavior development At the
same time the evidence usuall eited in support of maturition demon
;::ii":n\\ ‘:’hc absence of learnmg 1t does not generally provide
n about the speasfic structural faetors which account for such
Bebarior Nor does st mdirte hether the prevequisite structural frctars
.\re‘ll\emv\-l\es triceable to hereditary or ey sronmental conditions
s T 1 e e s e
only the fallacs of gence  buch staten ents Wustente noy
" of mispliced concretene s (cf T) but alva the use of
siptive categories which conflict with avarlable dat: k o of de
ori.mzaion of pescholopen trats Tntelbgence 18 an Sbutractes e
tathier poor onP—anising out of our :ﬁsn'fct“nm o n‘“\racuon—ﬂml .
not eorrespand to ant single behvisora) enl
meamngs the word weelbgence has no sy

describe buhastar Tt does
hty Becauce it has so many
g fogical meaning Speriahists



08 CENTTICS AND INITERITANCF OF NFUROPSICIIATRIC PATTFRAS

periential’ as heremn employ ed 13 smply @ cony ement adjective with which
to designte the mdividual’s preceding reactional bogeaphy Tt alvo refers
to the concept of Jerening 1 1ts broadest sense, and 15 <y nonymous with
some of the mewings of the tarms functional and ‘psychologieal (ef 12)

Trom both a theorchictl ind a practieal pownt of view, the distinction
hetween orgime and experiential ctiology of beh wvior 1s an important one
Tt 15 well to bor i mund, howcver, that this distinction 1s not the same
s that between heredity and environment Thus orgame characteristies
ean themsdves result from either hereditary or emvironmental factors
Examples of hereditiry orgame etiology are provided by amrotie wdioes
wd pheny Ipy ruvic amentia 1 nyjronmental orgune ctiology 1s tllustrate !
by mental defect wssoaated witl eerebral birth lewions, as well as by he
havior mnpurment arsing from putritional deficncies or other abnor
mahties of prenatal envivonment

"1 he common confusion betwcen the heredhtary ens ironmental dichotoms
and the orgamc experientia] dichotomy 1s exemplified by the v wied uses
of the term ‘constitutional  Sometimes this term 1s used to mean simply
organie, at other funes st also scoms to unply hercditary In g well known
definition of feeblemindidness, constitutional orgin of the condition 1
made an miegral part of the concept of feeblemmdedness {6) According
to this defimition, ntellectus] and socul madequacy which emnot be
shown to have a constitutional origin must be regarded as pseudo feeble
nundedness If, now, constitutional m this defimtion imphes hereditary,
then the Jarge majority of persons i mstitutions for the foeblemmded
could not be consdered truly feebleminded Any cises of mental de
ficiency resuling from conditions m the premital or postnatal enviren
ment would have to be cxcluded from this designation

Incidently, such a defimtion of feeblemmdedness would alio i
nate by fiat all research on the contribution of environmental fictors to
the development of fechlemmdodness Any data demonstriting the role
of spearfic environmental factors 1n the ehiology of mental de ficreney would
have to be mterpreted as showmg that the condition investigated could
not have been true fecblemmdedness i the first place

If, on the other hand the coneept of constitutional origin 1s dissocited
from heredity and 1s considered to be sy nonymous with organe ctiology
then all the so ealled speanl ehmaal vancties of feeblenundedness would
be wcluded m the given definttion This ccrtunly seems to make more
sense There still remams however the type of focblumndedness wlich
has been variously described as simple  subeulturi] undifficrentiated
fomibal, or garden vanety mental deficreney (12 15 25) s conditton
which represents the Jargest single v irety of feeblomndedness would
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the adult commumty e thereby guns trunmg and experienee i feader
hup sttuations winch 1 turn mcrense Tus tyuahfications as o Teader

iy dimcussion of the concept of e wonment must o 1ake wio ae
count the growing bods of evidonce on the wmportance of pren dal en
wonmeat The role of vanous prenatil phs «ieal conditions i the ety
alogy of fechlemndedness his been widely discuswd and investigled
The well-established fact that orgimsms respond to stimulation dunng
the prenatal penioid 1s hkenise refervant to an understanding of thewr sub
<equent behanoral development (10) Nor ean we ymore the povwthnkity
that stmple learming may oceur preantalh (8, 13,19 20 21, 2%)

The tnter relafton of bereditary and environmental factors aho ments
further consideration The conmpt of mternttion has now gnerath n
placed the crrher vien that behavior could be of tsmfied wnto that which nas
wholly determtned by herechty and that which depended enbirely upon
learmng It 15 not alwavs recogmzed, however that mteraction shotill be
differentiated from the additive combination of hereditars and environ
mental factars (2 14} For example g neralized estwetes of the propae
tronal contributions of heredits and ensironment to any given behavioral
characterstic imphy an aldiise combination shich 15 meonwaint sith
the concept of mteriction

Am one hereditart factor may operate differenth upier different on
vironmental contihons Sumlirly am given environmental fictor iy
exert a different influence depending upon the speetfie hereditany char
actenstics of the mdridual Such an environmental factor as a radio
the hume for etample wdl not have the sume stunulus function for a
deaf and 2 he g cluld

s another iustration let us consider twa homes chosen <o as to vy
oppoate extremes with respect to the opportumties they afford for mntel
h‘ctu-\l‘ de\clrpmom One represents & hallbal tvpe of emaronment,
{»;:::% g{g‘;‘: N r:::;: haredne;‘e;:mu for survnal the other meets all the
o s Tee ;2:‘:}:’9 et \tthc child psvchologists and educators
iy l’(‘mmmrn(h[]onspr;f:{n purpose that agreement could be reached
e separaterd shorth after bu-(lus nz“ SL;NNR ol mo weniea twins
homes We would thus hase a l‘ onel tueh i» prared 1n ane of these teo
diference operat rge and clearly specified entvitanmenta}
b perattng wpen tno mdndeals of 1

ont acd L .
tor walt 4LBURINY ebm a2

hse dne environments would
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m the construetion of pay chologic ! tests have been making repeated of
forts to bring about the ibolition of the tam ntelbgoned’ Statistienl
studics of test results, utihizing the teehniques of factor wnalvsis have shown
that intclectual functions arc orgizad, not mto a single mtelleetive
f1ctor, but rather into o number of rlatindh wdependent truts {f 3
h 15,23, 24) Morcover, the number and niture of such truts arc them
selves influenced by the mdmadual’s reactional biogeaphy (1, 3 ch 15)

So far tlus discussion his been coneerned wath the coneept of heredity
as bt pertams to the domun of bchavior The concept of environmen!
also necds re aammation (ef 2) The psychological eny ironment meludes
morc than the mdiwidual’s home address Residence m the sune home
docs not connote wdantity of environment, nor dots geogriphicil sepurt
tion neeessaph mnply an mercase e environmental differcnees Two
chuldren raared m sepirate homes—such as wentieal twins dopted 1y
diffcrent famthes—may be cxposed to morc closedy sumtlar ensironments
than two siblings Ivimg i the same home Tt 1 neecssany to consider not
only such obvious conditions as sotio cconomie level and cdueitionl
opportunitics, but 1o more subtle fictors such as sibling and parent
child rddations Morcover the sunc omvirenmental condiion may hne
chsamulir stimulus functions (ef 12) whon encountered by dnduks at
different age lovels

Studies bascd upon famulil corrcitions and gnalyvses of famly hos
tory data arc complicated by the fact that the human fumly s 2 cultural
as well as 2 biologic] umt In general the closer the hereditiry rdition
betscen persons moour culture the groeter 15 thar cnvironmental prov
mity Conscquenthy  the sxme erehy of behivaore! corrchiions could
result on the hasis of ather horedits or environment <o that the (splantion
of obtuned farmly resanblinecs remams ambiguous  Assortatine mating
with respeet to mamy psychologicl char wcterstics further comphertes the
peture

Ihe rok of soaal (xpectines and soctal stereots pes 1s also of mterest
m mterpreting some of the dita on sex differences rree differences and
conshitutional types Lor cvimple ccrtwn correlations between body build
and behavior charieteristies have been reported i support of theorics of
constatutional types such as that of Sheldon (16 17) Rather thn bang
of constitutional origm, however the observed diffcrenecs m bchavior
chirieteristios may Tave descloped m response to the dffcrentl soanl
treatment reeenved by mdnaduals of diffcnng physique (3 ¢h 13 4 5)
Thus the taller, morc athletic mcsomorph conforms mort losely to the
o of the lewder As 2 result such an mdnadual 1s more

popular stereoty p
ted as u Jadur—n sehool, m collcge and <ventually an

Jihels to be accep!
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Togical factor in the casironment, they conclude that the behavior charac-
teristic must hate a hereditary ongin—and there the search ends The
course of satence will not be advanced by usng the coneept of heredity ns
a substitute for an admission of ignorance

DISCTSSION

Dr Fank A Beacn [New Haven Conn} Mam of the ungs Dr Snastaw at wud are
SN S A

proloundly nBuenced by genic Lactors or 1s nstead shaped prineipally by nongume foroes, »s of
itile or no importance unless one 13 interested in two or more generations of mdndusls s
several geneticnts present at this mectieg have said agoin and sgun, geactically cottrolled

) 3 A

¢ necessanty difinble (m the 1ndividual)
tradts often prove exceddingly resstant to change

The attempt to demondtrate the hereditan nature of » @0 wnteb s 2o v vy
out the possibahty of .- -
hes 10 our fruted w '
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itself depend upon the mndisidual characterstics of the twins under con
sideratton

‘Lhe more precisch heredits i ensironment are defined and the more
fully their operation 1s myestigited, the more ¢vident 1t becomes that
they are mextricably mtertwmed The vers distinction between them no
longcr appears as shirp as it once did In the study of behavior, the dis
tmction between organte and experiential ctiology scems to have more
promisc, from both a prictical and a heunstic pomnt of view Since heredith
must neecssarly operate through the medwm of structural or organic
factors 1t follows thit the apphcibihty of the concept of herediiy to be
havior phenomena 1s indirect and remote

It should also be borne m mmnd that heredity and environment are
themseh es abstrictions Fach covers @ multiphaty of fictors whicls m
teriet with each other It 3s not (nough to conclude that Fuyronment
cwsed a pirticul ir behavior deviation ¥ ¢ must know w hat speetfic fictors
1 the environment brought it about Sumlarls when we attribute 1 gen
behvsorl eharactensstic to Heredity  we have not solved the problem
we huve onhy formulited a problem We must find out what 1s nherited
What ss the hereditary condition which ultimatels and mdireeth leads to
thns behavior deviition, and how does 1t operite m bringmg ahout the
behwior under consideraition?

When sclective breedmg mvestigations suggest that maze learning
ability 15 mherited we still do not know what 1s ctually bemgtrmmmtt(‘d
through hercdity (26) It obvioush cannot be maze learnmg Thit s
not \ characteristic of rats 1t 1s something rats are ealled upon 1o do when
they meet psychologists Are the obtamed differences tn marze Tearming
performance between the expernimentally bred groups of rats the result of
differences m emotionalits motiyation speed of running general actimty
Tevel? body weight brun siz¢ or some other mtcrmednte ch wractenstic?
The wnswers to this question wluch have been provided by the avathble
expersmental data hu so far proved somewh it contradictors (9, 18 22,
26 27)

1he same type of question nceds to be ashed 1bout wny results per
tumng to the mhertanec of a behavior ehiractensiie whether 1t be
fighting behasior of mice human fecblemindedness or musicil aptitude
T ulure to follow through n this manner accounts for the all too cammon
practice of attrbuting to heredity anv behavior charactenisic whose
ctiology 1s unknown When some nvestigators ful to discover any etio

2 Tleaforeme ta cdclmactert ties altofs Viel Lasc becn j rposed acp sl | factors to
| differc ces 1 maze lenenmg are t] craselves epresse 1 n et ayioral

Jaun <clectrely Fre
o 1 th structural factors w} ch can be more

terms Hence they 1n turn need to be correlated
direetly tracel to 1 ere btary con hitions
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Instead of ashing pointkss and unanswerable questtons concermng the learned or the
‘acquired” nature of different types of behavior, povchologists rre beginntng to a 13ress them
selves to more me wmngful quenies Thes are usually of the following types (1) shat comlt
tions ean he demonstrted between n gmven aspect of hebavior and the genotype (2) hoy are
relitionstups between the gene or genes and beh v tor mediated, and (8) in what nasvs donon
gemie factors contribute to relationships hetween the genes and behavior?

The anewers, when we get them will nevatably reflect many mdirect and complex relabions
Between genes and psy chologieal vapabls To doubt this 1s acttally to guestion the fact Ufst
the mdinidnal « behavior 13 depe ndent upon the behavior of the cells organs and organ astems
of which he 15 constructed

Dr T P Scorr {Bir Harhor, Mame) T woul} Wh¢ to add a brief comment on a concept
ahich s becn brought up m eonnection with this paper and albso i earlier papers ths morn
g the concept of mnteraction

In the striet sinse of the word 1nteraction me s that two or fttory factors mehfy or change
cichather Twould Ithe to pownt out that internction in this sense docs not et withtgand to
hercdity and ensironment beeasse m any given individual the genes are well protected frem
emviconmental effcets The situition may be better deseribed as co action oF counterietion
Both the gunes and the enviromment modify @ substrite which m this case 15 T ehuior and
their action giay be to work together (c0 action) or thes may work m oppo ite direetims ani
o may Ie xatd to counternct cuch other s does ot detract from what D Amistaa 11
std or the conclusions she his raached boetuse T bohieve that she has uscd interiction 1
another sense I do wish to make the matter cloar because T do not think that any genctio !
with the posaible cxeuption of Ivscnhe belieses thit environment his a direet effect on 1
Horedity sathm an ndndutl Rachation mas producc mutations bt these have no rit o
to the causal agent and their «ffects mas not be seen until future generations

Thiere are however cases of long tinic truc tieraction botweent heredity and environment
A prven speeies of ammal s g an a cortmin entironment m1y modify or seleet sts environwent
by s bebrvior This i turi may result 1 a change m the direction of natural selection whick
of coursc will modify the genetic composttion of the spectes Thia is a real ease of interactiod
1 wlieh the genes influence bchavier behavior modifics enyronment and the enronniert
10 turn modufies the gene But thus sort of thing docs not oceur within the hfetune of an @
dividnal Nevertheless the ver compherted effects which Dr - Anastiss has mentiond | 47
oceur and cap be necounted for as o result of what may be more strictly colled co action of
counteraction

Dr Avag Anastast (Closing) Thiave very few cotmments I nant to mahe I agrec heartih
with eversthung that Dr Bewch smd A3 for the last point on wterction § thnk that tte
ense 1 wlich mteraction 14 uscd liere 18 vers sumlir to the watistieal sense of Fasher s 11
teraction vanance It simply means that we have to take mto account the fiet that the same
wiluence will operate differently under different conditions The sume ensironmental 11
fuence for example will operate duferntly ander ditferent hervditary conditions ani th
sume hereditary wffuence will aperate differently undcr different ens ronmental conditim
e cranot simply state the proportionate contribution of otie or the other without also tab
1ng nto account an interaction tcem It 1w nat that one modifies the other but that the £ 14
tive effects of ench factor vary as the other factor vanies

RITERFNCES

1 Asasmasr A The naturc of psychological traits’ Psychiol Rev 57 127 133 108
2 Anwstast b anp Fouey, J P Jr A proposed reoncntation the heredits emvaron
ment controversy Psyehol Rev (85 289 240 1048
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PRENATAL EFFECTS OF NUTRITION

Fig § Bram from a b shuck shouend symptemns of atavis ([t} For comparan &
1 run from a nanmal Lamb (right)

Courtess of Drs P 4 Palson and 11 Grimsson and the Proceedings of the Sociely for
Fpermental Biology and Med cme

Tnnes has deseribed 1he pathol

changes of this 1 demy chimat-
ing disease (10) There occurs a mirked loss of myelm and eavitation takes
place m the white matter Chromatohsts mny be found m the neme
cells the red nucleus 1s a site of predilection for such cell degeneration

There 15 good evidence that this severe cerebral dimage 18 duc to copper
defiiency Eden and coworhers (4) found the blood eopper content re-
duced m enes from affected areas, Bennett and Chapsan (1) 1 Anstraln
and Dunlop and coworkers (2, 3) m Englind could reduce or elmmnate the
anomalies by fceding copper to pregn it ewes

Identical findings were recentls reported by Palson and Geimssan
from Iccland {12) The farmers along the coast graze their sheep on sea-
weed durng the nmter Eves are most prone to give birth to affected lambs
when fed seaweed during the Iast half of the gestation period The blood
copper level of the ewes 15 about one fifth of normal and by ers from affected
lambs have 1 copper content which 15 20 to 80 times lower than the normal
average Feeding copper sulfate to pregnant ewes reduces the meidence of
the aromly i the young

It 1snot vet known why = deficiency of this tetal Teasds to such sey ete
cerebral defeets but the facts appear established and <hould be kept m
mind during the discussion of the followtng subject

A congemtal diease picture occurning m man and attributable to pre



CHAPIIR VI

PRUNATAL EI'TLCTS OI' NUTRITION ON THE
DLVELOPMENT OI' THE NLCRVOUS SYSTEM

TOSTT WARKRANY ane J G WITSON!

A discussion of the prenatal effects of nutrition 15 somewhat out of
place m this sympostum on Genetics and the Inhentance of Necurologicl
and Psychiatme Patterns but whencver one sct of factors 1s stressed 1m
the explanation of biological (vents 1t can do no harm to recall that other
fictors must not be negleeted

Muny experiments have demonstrated i reeent years that the normal
desclopment of the embryo depends upon 1ts normal nutrtion It could
also be shown thit spectfic strncturil changes of the embryo cmn be
duced by speafic dictary deficiencies (16) It 1s unfortunate for our pres
ent assignment that those experiments wlhich have been performed on 2
large scale and which have been confirmed i mny phices have not r¢
sulted it mirhed eh inges of the neryous sy stem

It scams preferable  therdfore to use the short hime avaihille for &
review of two nutntion il expiriments of nature cteh of which resulted
1n anomalies of the central narvous system Such ¢xperinents of niture
are not as el r cut 1s cxperiments planned in the lnboratory  they are not
free from accessory and mterfering factors but they are the more conyin®
ing since they show that the nervous sy stem can be harmed by nutntional
deficiencies occurring m 4 natural environment

1he results of prenatal copper deficicney have been deseribed m lmbs
In \ustraliv and I ngland 1 diseqse ealled enzootic atasia or sway backh
occurs 1n sheep which feed 1 pastures said to be deficient 1n copper (123)
T he young of such cwes show spastie paralysis lieh of coordination and
sometimes bhindness The nesdenee of affected young vares in different
flocks but 1t has been as lgh as 90 per cent The brain of the abnormal
lamb 1s smallcr than that of norml newborns and the henusphcres appeat’
to be collapsed  Lhe cerchral cortex 1s thin the convolutions are Mttencd
and poorly defined (fig 4) Ihe changes are cven more mirhed on frontal
sections One sees large civaty formation due to destruction of the wiite

substanee the gray matter remuning relatively well proserved (g 5)
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are vy flarerd Tesulting m poor posture and herntas Scxwal functions are
ususllh ab ent n the male but cretlmous women may heeome pregnant
and do so quite often As 2 rule the body temperature 1 Tow

However not 2l the symptoms of such patients can be attnbuted to
thyrord dusf A scoct ited mall 1onsare not rare Iy drocephaly,
strabismus eve defects urogematal anomalies and club foot are more
frequent than n non-cretins (5 13)

"The mental development 1s alway s subnormal but there are many gra
dations betneen Full-cretms and 1hots and half-cretins and borderhn
cases In endemmc arcas the meidence of mental deficiency 13 about three
tunes as great as i non-endemic regions Ty preal eretins are dull ¢l li b
apathetie usuallt goo § natured and obedient Ocensicnafly they are irzver
ble depressed or apgressine (13) Someareof such Jow mentality that they
can not be admitted to institutions Cases of average sevents are found iy
poorhouses or 1 institutions for the feeble minded Iialf-cretins can by

en ploved on farms wm the house or 1 ) ¢ Helds where they are cntrusted
with memal tashs

\arious neurologic abnortmalities ar¢ found Cretins an often rcogmizes)
by their abnormal posture and elumsy gt Spastie diplegn or parnplegia

oceurs 1n some of the scvere cases Deafness and speech defects are almast
unnersal

m
} . Mg
26 Fuoceretn from Swatzerdan | Courte  of De Hans Fggent,
enberger
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Fig 5 Seriesof enr nal< ctions of the syme t runs 191 figure 4 I pperrow Sections of al
norml troan shbwi g narhe 1 Liitersl evatats noas 1 ome dilatation «f e Iateral ver
tricles Lower rne Scetians of normal | rain

Courtesy of Des P4 Palsson an? M Grins on and tl e Proceedings of the Soc t for
1 \permental Bi gy an Medieme

natal nutritton il defieiney s <ndemic eretimsm “This condition aceurs 1t
mny regions of the world and has been hnown for sev eral centuries It has
become so rire i the United States that it will be neecssary to gise a short
description of its chime il and epidennological fe itures

Fndenie cretintsm occurs m arets where goiter 15 cndame Ligure 6
shows a erctin from Switzerlind These people are easily recogmzed as
endenuie eretins of they have enlirged thyrotds  This distinganshes then
from sporadic erctins who are characternized by congemtal aplisia of the
thyroid ghind Sporadic cretms arc well known in this country  but the
ctiology of this congemtal nnlform ition remams uncplaned  In endame
cretins a thyvrowd gland 1s always found 1t may be enlarged as in the gottrous
case shown m figure 6 or 1t my be atrophic and scen only on operation of
autopsy Suchatroplie thyrowds are small fibrous cileified toa largeostant
nd contaming fow functiomng follicdes Whether goitrous or not, these
people have signs of thyrord deficteney My xedana 1s usualiy well devedoped
and many of the pitients are dwarfed The shelctal maturations rc tarded
epiphy seal ds sgensts and deformties of the jomts arc not rare. The muscles



PREN ATAL EFFECTS OF \UTRITION 81

of endenue eretimsm The outcome of this great experniment undertahen
1a previously endenne areas <hould become hnown i the near futur

It st be admtted, howeser, that objections hive beent Lowed agunst
the todine deficiency theors (8) There are meonsistencies and weahnesses
n its structure which can not be discussed here Carotene (9), fat, and
protein deficiencies have been brought mte the discusaen, and positne
gotrogeme factors have wlsa been considered

Both endenne goiter and eretinian hive been regrded as hereditary
con litions Thev can be transmiited from gener ition 1o generation, and
wlentical tnins concordint in tegird to goiter or cretunsm, hue been
obsersed It 1s not surpnisimg that some aunthors declired the erelms to be

degenerated rests of a prmitie race of man® (5) But such wtatements
can ot be taken senousls Al entienl studies demonstrate that endame
goiter and erefimsm are due to environmental fictors which are closely
bound to certain localties These adverse factors affect the mother and

through her the unborn eluld Heredity pluvs no decisne role 1m these
- e - .

i
th

Fg ™ Covmmn
Courtesy o
o m



80 CENETICS AND INHERITANCL OF \FUROPSICHIATRIC PATTER\Y

The ecrebri] changes v ary 1 graat deal In the reports of the minetecnth
eantury, gross anomalics of the brun were frcquenthy desertbed tam
metry of the hamspheres, underdes dopment of entire Jobes comyolutional
momalics, marked wsting of the white with presers ation of the gray
matter, and mternal hvdrocephth werd repe atedly deseribed m the oller
Isterature (14) In recent studics such gross chinges huve not been found
but mucroscapie dovelopment il anondcs hive been recognized Lotmar
(11) made 1 thorough study of the finer structurc of the cerebral anl
cerebdlir cortey of 14 erctms from Bern, Switzerlind He found rregu
Inntics i the doydopment of the v irious cortieal Jaycrs and varntions of
nerve «dl distribution T some st inces cctopie nests of nerve cells were
found i the moleculir s r of the ecrchral cortex and oceasiomill atypr
edgnt pyramd d edls were seen Tn the cercli i cortey ectopte Purhmge
edls werc found displiccd nto the molceulwr hyer Recent myestigtors
agrce with the older ones that the cercbril changes are prenatal i ongm
and dite bk to fetal hic

1 ndame crctinsm oceurs on all contiments and m many rces It s
Jumited to ecrtain arens and neser appe irs m the absenee of goster enderms
In such arcis 1t 18 estumated that about one half of onc per cent of the
population e cretins In one viilige where more than 55 per cent of the
populitron had goters T ugster (6) found an inadanec of cretmtsin of 35
per eent In 1928 T ggenberger (5) estimated that there were about 5000
endenue eretns m Switzerlind who had to be mamtained m mstitutions at
publiec cxpensc  Lhere 1s gener il r1grcement that the mothers of all cretin
huve goters and that the cretins acquire their thyroid disturbance an!
some of themr cerebril anomalies in utero I'rcatment with thyrowd prepirt
tons after delvery reduces the mamifstion of by potln roichsm but
mental defictency and deifness can not be mfluenced 1 ndemic eretmism
must be combitted by prevention of the maternal gorter and the gestt
tional msufficrency wlhich goes with 1t

The etrology of endcmie goiter 1s probably complex The sodme defierened
theory which 15 now over one hundred years old 15 most widdly accepied
Ite wlherents assume that Tiek of 1odine m water soil and food kads m
certaumn arcis to an endemtr of goiter While these gorters arc rmnp'lhbh‘
with cuthyrotdism they may hecome msuffiercnt during pregnancy and
cause d umage to the devdopmg fetus The defeets of the ingured fotus who
Jater hecomes the cndomic erctm are therefore indireetly duc to the 10dimne
deficney of the mother 1lis theory 1s so widely aceptcd beerse it
proted to be heunistic 1t Jed to the recommendtion ol 10dized silt for
pmph_}llchc purposes 4 nrersure which proved very successiul m most
endenue arcs where it resulted m disipperrance of gotter partienlrly 1n
chuldren (5) The offspring of this new gorter frce generation should be free
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wen much Britten o the eflect that stary ation afferts neuron structure, ut § 1 m:\ l(nmlm:{\
hat pastmortem changes which appear 1 fess than an hour ave more sathed (han ox
1o mamtian

et o et s L dnged 1 amtion, v el
ot A Perhaps some af the defects seent 1a the braun of the newharn so 1 associated vn‘l 3
defictencies of certamn trace elements vitamins or fiormnes may realls be changey brought
o el b anosta The changes whuch 3ou demonsteated 1 Yoe Yanterm Sibes, doe 4>
capper defictencs in the ewe and thusin the hmb, rescmble certam changes which we coul |
buice v goen pigs sulfenng asphvration at irth

it vitatmn deheiencies

REFFRENCES

I Rensgres, I B wo Cinvates F B Copper deficsency in sheep 1n Western Aus
tralin & prefimmary sccount of the ehology of enzoetx ataxes of lamt ¢ anlan ancmin

ofewes ust Set § 12 1R 1037

Diaor G M anp Weres I F Warfs’ (Snavback) i fambs in North Derbvabire
and ts prevention by adding copper supplements to the chiet of ewes during geetation
Tet Ree 0 1175 1938

Dror G AL Twes TR M Sueswrer G D oo Wetzs HE awuyhack studies
19 Nortk Derl yalare 1 The feeding of copper to pregnant ewes in he eontrol of an gy
back & comp Path 12 230 1049

Epes A Hiater 4 H oo Grees HOIL Contrtbutions to the study of snashack
tr lntmt < 71 Blaod copper nvestizations I comp Tath 3, 29 1913

Focevnencer M Reopl und Rretmemus In- Tandtuch der innesen wekection Leip-
wg habiteh [77 683 1998

EtosTER. J Fnleone gonter and cretinsm, wmestigalions based on mare than 15000
elimeal olsersations Trans Am Ass Gotter 130 1938

Fressenen ¥ D hretiasche Frtartung nach amthrapologischer Vethode Jearbertet
Berlin J Springer 1973

Grepxwain 1 Iy endme goater due o a Lick of sndine® S (hin Frdocsin € 704 1816

Heasvown §l Ihe Bedeutung des harotnot Imang by fite e Prtstehung o
T
Bropfuells Viinch med Wackr 92 328 and $20 19,0 o er newn

“

w

-

w

S

-

o>

n !\\n‘ JFR Moo SHEsER G D Swayback’ A demasdos o . ]
L . ) .
2 Pl 13 1 G 5 Demyeimin e ot b o
9 D T s Vo € P s

e er endemssche Rreintmus Berbn and YVienna
1w w::::: ;\ . l\:‘l‘; 7;“::\_:!“\:‘ Benrige 2ue pathologischen Anatome dir Rrctinenge.
i3 Nr;‘:l::rl; :;w:x;aqg‘:wr AN Stady of & famly of gostvous evetine 3 e Fn

B Wamkany 3 Cor genital malformatior

ns induced by matern

Harvey Levtures Senes 48 Lancaster Pennavlyanta The s'ZL‘""JJ ;-riie?;w: Fi'n.»;r e
s



82 GF\ETICS AND INNFRITANCF OF NEUROPSICIIATRIC PATTERNS

birth to elnldren without gorter Conversely, 1t hns been observed thit
healthy persons moving into endetie arcis may dovelop goiters Fug ter
(6) has demonstrated m erreful studics tht inbreeding docs not nflucnce
the meidence of gorter i hrs obsers thions of erctm twins do not suggest
any hercditary disposition to (ndemmie erc insm

Toweser, 1t must be mentioned here that genctic fietors are prolath
responstble for a rirc tipc of gortrous erctms wha are chmeadly mds
tingmishable from endennc erctins Stanbury and Hedge (15) desenibed
four stbling cretms with goiters hying nexr the <ex coast of Masvachusetts
an arca where dictary 1odme defictenes does not occur These children one
of whom 1 sllastrated i figure 7, werd defictent in thy roid hormane beerne
their thyvrord glinds could not convert wdide mto an orgunetlh houn
form It scems that m such patients one of the steps 1n hormone v nthews
1s bloched This rire discase preture was found m four of seven stblings
1heir prents werd normal and mtelhigent, but were first consins Tt scems
likely that i these eses the cretimism was due to an inborn error of metib
ofism which was genetically determmed Thus cretimsm with goster is due
to nutnitional deficiency m the majority of cases, but m rire tnstanees to
an mborn crror of metabolism This 1s a good illustration of the prmeple
too often forgotten by analysts of human diseascs, that one and the sume
discase pieture may be genctieally determmned m some cases and ensiron
mentally m others Richets furnishes a comparable example Thirty sewrs
ago ntost cascs of richets could be attrbutcd to unfworable lining condi
trons, Iach of sunshme and vitamin D Smce this form of richets hus buen
cradieed, 1t s been recogmzed that there still cust some rare fyps
of richets which are resistant to vittmm I there 1s increasing v adence that
nun of these residual eases are genctieally determmed Catarict iy ahe
be of diffcring ctiology 1t 1s inherited m some cases 1 others it 1s due to
rubclla of the mother mn carly pregnancy

To the genctiist endemne erctimsm of nutritional orgm represents 8
‘phenocopy of the hereditary form to the ccologust, the goitrouscrctin s ha
suffcrs from m nborn mibihty to ublize available rodudc represents &
genocopy of the endenue form The differing viewpoints and ternnologh
do not matter as long as one remembers that many f not most of the
disense pretures encountered m human pithelogy are symptoms of ab
normal development, but not necessanly discase entitres of the samt
ctiology

DISCUSSION

Dr Wittt F Wivoee (Betlesh Marylud) Me Charman 1 nught nd 1 a hitle to

ths My group | as been mtercsted an affectmg pres atal develop nent 1y altering 1} & nternal

envwonment of the fetus

Q « of tle surpr s g resul
failed to alter the gumea ptgs brain histology to any apj recy

Its of our experiment was tlat estrer ¢ mamtion of starvation
ntle extent 1 hnos there }as
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CUAPTFR VI

THE PHYLOGENETIC DEVELOPMENT OF
BEHAVIOR PATTERNS

TEONARD CARMICTARL?

Tht interspecies compnson of adult o1 of developmg patterns of T
Laniot 1w 4 Geld of study that presents mam Aificultics For example, anhy
the novice m tus area 15 wiflmg to take from comparative anatoms a de
\cription of a wries of fyrains from the doghish to man and then attempt to
Jfiow 2 one to-one correlition belween thus anatommeal senes and mevsured
apects of adaptine behwiar

Eor mam \ears thow stu fuing the gronth of behavior responses i the
ananal sertes have attempted to summanze this process by a number of
generalizations or so-cafled fans

Lhe bogenetre Tin - ot tecapituliation theor , 13 the name guen to one of
these attempts (1) This proposal of ¥ rnst Haechel which asserts that the
iife histors of the individual 18 a condensed resume of the Ufe histors of
its anccstrat forms o more brieBiv, that ontogeny {dexdopment of e
wickwhuall cepeats phudogeny (developrient of the race) 1s nn longer se
ceptod as t general law i biology  The paralleliam between the eyolyhnn
or ascent of the ammal series from the single-celled organien to the mun
mal and the growth of each mdnidng) from 2 single oll to its adulf fnrm
canmit however e wholly neglected In the study of beh (vior thee naest
1 .

P
t 1ANLIIONS By pwsses hroul belvior stages
tspieal of prelustome or wvage man hie new generelly been abandoned 4
cumparon fowever of the development of the unlearved behavior of
earh fetdd Wfe of 2 mammd nd the adult behasior of lesy complix or
faRiaus nesettheless prewnts some imteresing pomts lor consuferafion
1t the reapitulation theors i smplified farm were true 1t would onfy
W nccessars 1o map one ~ingle stors of growth for all embrsome and
fetal behavior snd then to nate the particular fosel s 1t wire, on tly
ewalitor of deselopmnt 38 which each species steps off Whyle 1;\ dc\adp
of courst noe 1le of the phyle genptic des elopment af at stomeal struclure
N
87
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synthetic terms This means that exch course of behavsor granth must he
studied for itsclf and cannot be deduced w ads ance of the facts of obrers 1
tion from generalizations about am all inclusne processes such as ndi
vuluation or ntegration It must be noted however, that there 1s much
exxdence m fas or of Hooher s 116w that the broad concept of an expanding
total pattern from which specific Jocal aclisstes are derved 1s not onks
tupical of \mblistoma with which Coghill norked <6 txtensinels but o
of {he mammals

Gyular eriticisms may be lodged agunst some other g neral descriptions
of the growth of behavior The suggestion that organims develop their
effective responses first 1 the head region and that such actimities then
move sequentially toward the tul 15 Mustrited by many examples m
beha 1ot growth but 15 not umuersal i sts appheabilsty This so-ealled law
of the cephatoc wdal course of behavior growth hes of course, a curlam
parilehsm m morphological embr ology

The proumodistal I1n of development that s, the gener thzation that
the ot exvent, of the extremities begn wath the actuaties of large muscles
near the trunk and that effectne response then progresses to the anallor
muscles at the end of the imbs 15 alvo 4 summary of development in time
This rule although sustaned by a good deal of evidence 13 hike the other
so calle | lans mentioned not ums ersal

In comparisons of behavior patterns i terms of therr philogenctic
development or of therr neuralogical basis 1t 15 mpartant from the onteet
therefore that the expenmenter tahe such hants 2s he can from custing
generalizations but he must nat let hunself be undufy wéluenced by them
n us reports of observations The slow process of amassmg ngoroush
controlled quantitatnely deserbed facts about the onset and change of
behavior svstems 1 partieular species of orgamsis during measnred

deselopmental penods a5 stll the only sure appronch to this comparatne
problem

Two punciples of hmted sigutficance lowevar 1o

tlesent wniter the principle of antier
(:l»;z oﬂsx:tu‘;at;on (7) This still tentatie geserlization sugx:.li\s \{nl a{\p:r
l’(pmm:;ma]u?:tlons g a wide vanety of orgamisins can be elyoited by
openmental ems before the tiie when 1 the desefopment of the
ot nol ol scnes e e v ey 1
. needed 10 advance the economy or
Mcnx:;:: ]ﬂ\e Ufe of the indnidual at certain stages of de\elopl‘:\‘(“nl;.
i watting and ready in the wings of the theater of e, as iy
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or of bchas ior could be morc 1msle rding thwn tlus suggestion, 1t must be
remembercd thet the recpitulition pomt of view can sometimes suggest
leads for the obscrver of speeific fot i ptterns of actiyats

Another ttempt at gencrilizing about grow th 1 found i the contrasting
theories of diiduation ind wntegration 1 ven before the epoch mihing
work of the Iite G 1 Coglull some studcnts of bedivior ft that the
cvolution of certamn patterns of rcsponse m the mdisdul could be de
scribed as a change from the ganeral to the particuliw Tlus wis spohen
of as the prssng from a redabn oy indefinite, mecherent, homogeneits t0a
rcitnvdy definite, coherent, heterogenerty of response

This pomt of view was adumbrited for exunple m the nmeteenth
century by the groit German phy siologist Preyer (2) It was daebped
both i regird to bchavior and to its neurological basis, by Coghtll md hs
come to be called the theory of mdn durtion of beh 1 1or Coghsll hmsoll
stated this theory as follows  The belwvior pattern from the begmning
expinds throughout the growing norml ammal as a perfeety ntegrited
umt, whcreis pirtial prtterns anse within the total patterns nd By
proecss of mdnduition, wquire secondinly varying degrees of mnde
penderice Complcxrty of behavior 1s not derssed by progrevsive 18
tegration of more and more ongimilly discrete umts (3)

\ccording to this schama, behaysor begms n large gencril moyements
As morphologicil development continues thesc overtll patterns such as
total trunk flevons gradually become mord ind more mdivaduated nd
cventudly constitate speeific reflones and other definte patterns of b
havier Dr Davenport Iooker 1 most ewrcful and pireeptne student of
humin fctal behivior his discussed the v tlae wnd hmtations of this
prinetplc 1s deseriptn ¢ of the growth of man s ¢ irhest responses (4)

Opposed to thus pont of view 15 the suggestion that complex mtegrated
brologic s useful patterns of aduit bchivtor are ordurirhe put together
from cirlir more disercet  ind simpler responses Dr W 1 Windle s
clearly pomted out how speaific arc the Cirly responses of some of the
fetal org unsms he has so ably studied (5) lns theory m 1ts general Jorm
his come to be spohen of s the mtegrition theory of the growth of be
hveor

Virious modific ttons of these two somewhat opposcd views hrve been
sugsested In one context for example the Jite I P 'lov wrote o

mitril decomposition of the whole mto its pirts or umts and then the
gencral reconstriietion of the whole from these umts or elements (6) Vamy
wtudents of the gronth of behavior have now come to the conclugon that
at least after lewrning or the modific ttion of behavior by the environment
begms adiptive behavior must be constdered both i analy tical and
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1 mamanks and birds dlustrate such 4 eompinson Growth w a0 cgy de
yeloping outade the maternl orgamsim's body differs m mant wans from
gronth of the ewbria and fotus i the manm than ammotie sac (12) The
th thane heating of the ammon m the egg regulirh towes the growg
chie enbno as 1t develops General maternal badih mevertents w o
Afrent but compirable w v nfluence the growmng fetal wimnal
1t 15 sl true that the total length of fetal life before Wrth or hatclung
1s 2 wgmficat factor w the development of belvior patterns This ol
lustrates well the complex consderntions that must be dealt with marrning
at a valid comparison of different species At burth some behsior neeh
anisms st De present and effcctivef the voung organisi 15 to sutving
\mong the fund unental patterts of response required to bo 1 a workmg
state 1 some orgamisms at {ns tine are those related to me breathmg to
{o omotiin nd to food mtike I suchreaction patterns aretol cupersing,
ext ratl wnd interni receptor mech invms must be sufficienthy matnred tn
aflow daptne behavior to by initated by changes in the ent woniment cn
countered by the orgimsm unmediatels after barth The pervons syvaten,
m tuding both peripheral and central mechamsms, must to some de grec Yo
r aly to mediite response Necessary motar §ystems must be funehons!
The fact that orgamsms are born at vers different levels of genieral nor
phological deselopment therefore 1s waportsnt, far one who would divcuss
the philogenetic relationshups of fetal behavtaral granth
The opcsum with a gestation period of 1nehye and three guarter days
i many respects v born as a relatiwely earhy fetus (18) Bat it wmust be
noted that this organusm does at this carls \tage have necesears mechanism
for locomotion aw hreathing and food wtake By thesr own efforts and
without assistance from the mother these yoling orantar « 01 nne —

“ A uy noumsh g h
mddk through their sl primytse months 1he OPO“:I::":;((;( :x:n‘;‘h:\lhms
aborate plucents and of al the manmals thes, romain the shortest ux
m- the uterus As shown by Langworths the opossum bram and an\\i\:l:
'(‘1;\)0‘“ svstem 15 the most primubve of ans hnown 1 newborn mammals
[(\\I\I\wlﬁl":::)g on the other hand exeept 1n size ts born i almost adult,
for, ¢ station peniod of about nine weehs compare d with the relagyy o}
21 of gronth before birth of the Dpossttin iy
chiterences between these e types of fetal ife
arl the adult opossum have different modes of iy
howeser which of these Species 14 more effec

Drosents many pomte of
(15) The adult guipey mE
Te TUwould be herd to sny

tnels adapted to sg tota!
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were, to recan e ther natural eue to come onto the stage and perform ther
full function ‘The ontogenetic studs of the mr nghting rflex m such am
mals as cats and ribhits, for example, illusteates this goner iz on (8)

Anothcr gencralizwon which the presant author bchioves experiments!
work on o wide varicty of fotal types has ¢stablished with some assurince
ts that of the rdatinve speerficty of response to preerse stumulation (9) Fxpen
ments damonstrite during certam pertods of carly activ fotal e that the
responses eheited by particulir forms of stunulition, when apphed to
speetfic receptors or reeeptor arcas arc rdativdds mvarnble To put thnm
another way, there 1s evidened to mdicate that as fet ] orgamsmes of v inous
speetes grow thes come to hive partieulir cutancous and other reflovoge
nous zones that wt almost Ihe the pushbuttons of an dectrie buzzer
sustem, 1 ¢ when touched they relese surprisingly speaific ind unyrving
pitterns of response. Somctimes these respomses are sumple and refles ke
At other times they are reitnds complen Ths gener thzation, which s
buen substantited m much work of the prosent writer his never, it seem
been suffic ntly considered m 1ts full imphe tions for the understinding
of fctal and even of adult behavior

In comparisons of behas 1or devclopment it 1v 1o desrable that asmmm
as posstbl of the relevant phy siologieal conditions which affcet the Ivng
orgamsm be taken into consideration and held constant The work of Sir
Joscph Bareraft has shown how many mistahes were made m this fic 1d be
forc the importance was recognized of the avmlabihts of ovvgen for the
central nervous system at varous stages m fetal growth (10) Jusper
Bridgman and the prescnt writer have shown i this conncetion that by
tving off the umbilicr] cord of Inte fetal gume 1 pigs an immedinte effcct on
the recorded eleetrical activity of the Ingher brun ecnters may e demon
atrated (11) Such reduction m osvgen content of the blood does not for a
time abolish but rather augments lower reflox wctivaty of the alrc wdy dving
fetus  1his observation emphasizes the fact thit control of the conditions
affccting the oy gen nt the of fetil orgamsnis  anesthcties thit e bean
given to the mutcrnal orginisms gencril blood supply tanperiture €8
ternal stmuhition such as the «ffcet of gravaty and the hhe s most
wmportant for ane who would m ke obscey ttions on el m vnnahan be
hwor which are to be vertfied Real knowledge of the mtcrnal as well as
the (xternal anvironment of the developing fctus 1o thus as important for
on who would deseribe carh dexelopment as at 1s for the physiologist who
15 concerned with changes m the behwvaor of normal adult human bangs
under varvng external conditions such as alter stion i altitude

Sumhintics and differences of basie conditions of biologic il dov ddopment
arc also miportant for one who would consder nnd comparc the phylogent
of b havior paiterns The differences in onset and dovedlopment of bhavior
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upon whom the sexle was standardized VWhile 2 procedure of thas sert pre
ents difficulties when mdividuals of the <ame speeies but of Wifferent
chronological age are compared these ddhicutties ean be denlt wath by wp
propriate statistical prucedures

WWhen comprmsons between spectes rather than hetween wdu wunh are
sitempled w s smmlar anner however, new difficulties present themselves
fiere one 15 concerned not only with & behavioral factor oluing the rehy
tion of the so called mental age to chronoloment age tut al 0 with or
gantsms that develop at different rates and m the end armve at different
fevels of capieity In spite of ths Tact a detuled seate of thns sort seems to
present the onfy realhy promisng lead for the effective companon of be
Banior in sarious speaes dunng fetal Lfe

The pitfalls m this attempt are hike those which h1ve long beset com
piratne p vehologsts Learmng curves cn be drawn to deseribe halut
scquisition m porpones bats and hons But 1t 15 not easy 1o be sure that
the tashs prescnted to these three species of organivms are such that thes

an be equathy well performed W all of them and thas Vow any easy
quantitative companson between them in base learnng abibty In amma}
psscholopy efforts bave been mide from tune to tune o set up stadard
expenumental situations for use in learming expeniments on frogs, hurds
lizard rats cats monkevs chunpinzees men and other orgam ms Tn
fortunutels 1n such semes the mtrnse mborn or natural patterns of
bebavior ¢ pecially 15 related to motination are so diverse that quanhia
n¢ comparison between the adapti e responses chieited esen on objeetineh
wentical problems s all but impeswble

Tins same dificulty 1s present o all comparisons of the des elopment of
behaviar paterns This means that the full course of growth of TLspoRSe
from 1ts <o-called ontogenetic zero ta dult e must first befully deseribed
l\:‘u::\id:h!p(;c)m\; to be compared Whenever posstble the stimuly used 1n thie
‘wa:\;‘ ‘“\:{:asr;:nﬁc;l Tor example 3f the onvet and deselopment of
e pressures ewmdn{: 1:}!:;11::‘ to be consdersd 1 15 important that
- esiometers wwed should i all cases be

nown and recorded (16) This same reqmreraent apphes to the photie
s(cnmui:nlmn of the eye the sound st to the exr ¢
stimulation and indeed to all other externa
Ahe speaific recoptars of des eloping mganml”:\(lcrns of energs spphed to

TneIfton statements about behavior gront) s 11w +1
thest 1 ¢ -

enoug
about

“ e present winder set th
S:(\K:eme‘ problem af determmmng the time of onset and the nhnm‘izr
arhest responses of the fetal guinet mg (17} The msemnation e
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enuronment It mav be noted, for instance, thit m sensory eapaaity and
mater skl wd 1 vy other respeets the new born guiten pig and mdeel
the hite fet 2] guinca g s an dicetne orgimsm  Almost every wnifer on
guimea pags s at some time spoken of 1t as 1 Minerva hke orgmism born
Iike that goddess, ready for nmmediate (ffeetin¢ action Irom the pomt of
view of biologiel adaptation this means that the newborn gumey pig ein
run with 1 group of adult ergintsms of the sime spcaas withont too much
hfhiculty and 1s thus ready for quuck terrestrd nugrations that may nell
havc been neecssary for the prescry ition of the Iifc of its runnimg ancestors
Lhe pouch voung opowumr an the other hand 15 well protected nlis
curcd by oats mother as sl moves through tree brinches Thus com
purable biologicd problams have been solverd by diffcrent mews The e
two diffcrent volutionars mswers to thrs problem arc it scems relited (o
two vers different patterns of futal bihavioral growth

If we contimue to think of the opyssum and the gumnea pig it 1s clar that
counting of the numbcr of days from imsemination therefore gnest most
unsatsshictory buse hine for bchvior compirtson The same problem must
be faced i comp g many other spceies

In stmlir manncr a stectehing out by statistical means of the total periol
of preattdd desedopmicnt so that phylogenctie comp trson 15 tade pot
absolute units of ime but tn pereent of the total dev dopmenta perod from
fertilization to brrth 1y also not <atsfrctors 1his procedure of using pev
eentages of total fotal grow th paied is mappropriate becanse as hisleen
pomtcd out cortan behay ior meehantsms must be ready for (ffcetive operd
tion when pirturition takes plice ithough other mechamsms may remalt
m whit would be m wmother specics an early fctal condition

IThe wthor of the prosent paper has attempted to work out 2 function®)
beh wvior scale that nught be used for comp rative purposes from species
o speetes durmg early dovelopment  1hys sttempt however s stull mot
prchimimary The notron hohind this ende ivor 1 similar 1o thit which has
been used m comparng mdinvdutl human abilitics on mental age aetles

In the funous Binct Simon test for exumple hunsan mdwaduls of the
same chronological 1ge are prosented with standard situations which (vohe
Lnown types of response Smee the reactions chieited are fot akw 133 the
sime m eluldren of 1dentical chironologiel age 1t 1s passible after establish
ing st indard batteries of problems and test siturnions to deternmne aver 1ge
performances on these sets of problems at any given age and by the use of
statisticnl procedures ta arrive at or define the expeeted norms of behaytor
for particular chronologieal ages When an age seile of thts sort has been
constructed 1t 19 possible 1o test new mddividualy on the now standard

ha 1oral or mental matunty
w1th the scrics of mdn rduals
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own norh, T have found that rats dunng deselopmant, will react under expenmental con
Qisons lang efore ey reaby showd They ate not sompletels. dructurally developed to
e place where they shout § renet wnder normat canditions but they do wder expenimental
ates T otlur worls e can ehait a response sxpernaentally which woul norually not take
plice Tor a considerable pertod of trme and for which the methanss s not complitely pre-
pared Whe 3ou begu to studs the museular sstet yon i {hat befors any stnations are
present the nomnal wmtabibty of the musele 1 sufheent to «ct up on the fourteenth dn,
sreas which can be caused to contrict by direct strautaten of the muscle

seeandly 1 would bie to consuder that ff one experanentalls creates & pactial bt con
finuous anowa the orgamsm 14 getting & very fow biood suppls dunng 1ts eruial penod of
neryous S1stem devebhpment Thos expernunt can he done i the £t wnce it has no meeh
awsmy by which it g 13 1t notntion ene coming theough the yolk sac plicenta and the
oth r through the diwowd placenta One can work with either one of Mewe 88 hfinite times
1 efore the nervous sy stem 1k formed  weeunng complite differentintion of the nervous system
frut nfubiting (s growth In oller sords, anowy f produced very grodually and wot sud
dinly as m the case which Dr Comuichael teports will not eattse the sane sort of vesult L
Uk {1e Windie would probably hear that out tao 1 the course of some of hus espervments

The phylogeny of bebaviar Uicn 15 something whicl when you look at te wndidusl
does not it inta a paltern because of the vanous sccesory wavs i which 1t 15 bemg ap
proached and i whach v 1 bemg controlied T think that Pr Carmuchac has done » very
vatuahle setvice 1 pownting out the conopleuts of ihe probleun, the mterrictions which wff

hase to be studied and the ronditions under which the experunentation will hive to teke
plice

Da kS Taner Omnge Park Flonda] When companing the brawu and the behavior
of anunals at different fevels n the phylygenstic scale T have boen mueh purzle ] he e bac}
[a—_— -

wrwnubowe sune sate 1oy show the same tepes of pereeptual
- n

pevetabization the difterentialion of Fe s Jom o o~
\ “

g pza o of tery
f D grose strsetutes sinch ot nerve el andare ey ndepend. ot

base beer evalied i phuloperot ~ 1
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of a largc number of maternal orgimsms was accuritely determmed Then
some 47 fotal hitters were studied at about the age when behvior way
axpected to begin On the brais of thus study 1t was possible to state with
some statistienl nssurance that the first response of the fotal gumes pig
begins in the last hours of the twenty fifth day after msamntion It s
also possible on the basis of this study to show that the first reretion of the
guinc pig fetus 1s a movement of the hed and of the forckg

Whenover possible m the study of phyvlogenetic devclopment of behavior
pattcrns & comp rison of sev cril methods of recording retivity 1 advisabl
An example may mahe this statement more clear Rawdon Sunth, Wellman
and the present writer liwve demonstrated i the unborn gumnet pig bs
dcetrophy siological as well as belavioril methods the time of the onset
of the functional (ffectv eness of the futal ear to airborn stunulus encrges
or sounds It was demonstrated that the first appe wrinee of the electnedl
cochlear effcet which could be unphficd and recorded eme at 52 post
seimnmation days (18) At just the sanie numbcr of post msemunation dns
study had shown that 1t w s possible to chait externally absersable e
sponses to airborn stimuli (8) This mutuil confirmation by two methods
15 scientifieally satisfying m an are v i wiich there are many varmbles

In the study and comparison of the phylogenctic devdopment of be
havior pattcrns it thus appaars that there is no roval road to hnowledge
On the contrary, a cumul itiv ¢ study of bch vior doy dopment undcr hnown
conditions i cach species 15 still the only sure approach m this v Grd
ualls total behavior inventories of organtsms that arc to be comp tred are
hemg built up Thus, those mtcrested m comparng the growth of be
has 1or from species to species m 1y do so for specific responses by campirng
items 1 such total records

A knowledge of the phylogenetic development of behavior patterns has
much sigmficance for ncurology and the bchvioral seienecs, but it an
are v of mvestigation m which sound conclusions should be brsed ona gret
deal of cxacting scientific work

DISCUSSION

Dr T S Nicnotas [New Haven Conn] Mr Churman there an a few pontsin ths

1ury mteresting d which Dr C hacl ke g 1 which T would 1he to take

up mon o less from th e eml iyonal viewpomt

The adoptton of the ptlogenctic viewpomt certamly has somc mtercstimg ccnno!
for tl e student of bel 11 r The adoption of the pl vloger ctic viewpomnt m tehavior from
the standpomt of cultural cisilization 1s certaily a very wportu tone st Fecaw ¢ st 14 <0
ut heeattse 1t gives us a new mterse]itional i to look at onc whicl makes us
trenc upmtlecure

tat nd

sgmficant 1
rale 1 think tlc vagnes s d the questions wl ich arc bou !
of tle amly s of Lelvior

"To get down to speetfic things first Twoul | hhke to know < et al
g+ these Lelinvtor pitterns w espeeinlly reflexsgenous 7 s In the cours £ o)

ut the g ushbutton

that !,
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nspect of this problem 1s that 1 certamn wajs one may quantify such development For
example, if the function of the eye 13 under consideration, ene may measure some viusl
functions long before the cyc 15 typreally ealled upon to do any sceing The amount and pat
tern of hight energy that 1s required to bring about a measureable response on stmulting
the fetal eye can be deternuned at a series of ages This can also be done m other senses In
such processes one can measure hack from the time when, n the normal ammal the function
18 finst ealled upon to phiy & nuseful part m the economy of the organism to the true ue
point of activity 1n ench process in question

A second pomt concerned the <pectfieity of response This could be conw rd at great
length Seme years ago T studied upwards of 100 hiters of fetnl gmnes pigs of ki mn
«cmination age s eaclt maternal orgamsm was ready, cach fetus of te hitter was stul o
and protocols were dictated and typed Thrs whole studs rquired many months In erch
fctus studied the same reflevogenous arcas were sbimulated with quantified stmul When
the protacols were finally studied an unepeeted result appeared When all the senes of
organismg were considered 1t bee
followed stinulation of cach of the
were a pushbutton attached to 4 s
most of nctive fetal hfe It seems to me that it 1s a rather intcresting finding OF course €
pectally 1 hate fctal hic, the rospanses were sometumes relatrels complicated but often o
they were quite speetfic and reflex Iike T do not want to suggest that this observation setths
the general question of mdis iduatton versus mtegration but rather to indicate that sth
mimmal quanttfied tactile simulition of known reflexogenous zones the organim re pol
1n a surpriangly constant way during quite a long dev elopmental perod

n turng to Dr Lashley’s statement 1 wish I really hnd tune to make some com
ment tpon the simtlaritics that he has so will ponted ont m a sanicts of orginms A ey
pesience with a much more Iimited group of mammals certainly be irs out hts statement

nb
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CHAPTIER VI
SARLY HUMAN FETAL BEIIAVIOR, WITH \ PRE
LIMINARY NOTE ON DOUBLE SIMULTANLOUS
FLTAL STIMULATION

DAVIAPOR] HOORKI R

INTRODUCTION

In the normally dovclopig organism, behavior 15 an (xpression of m
herted structure Durmg prenatal b i mammals, meluding mn, rellex
actinity, whethor proprioceptine, cxtcroeepting, or so callud spoulancots
actinity” (now generally recogmzed as rflos an nature) constitutes the
mjor mantfostation of dovddopmg binvtor As the normal ndrudunt
grows older and voluntary activatres arc (xinbated, the o ronmental
factors of postnatal hfc modify behavior, although the basic potentt tlities
of the orgatiam are still preedicated upon mherited structure It well
hnown that the mtternal dict or ccrtun disenses suffered by the mother
mny promatally alter strueture (of 22, 23) Wher these aarhy changes m
structure scrionsly affeel the neuromuseular mocdimman adterabions i
behavior may be expected

In the following discussion, only two aspocts of the refloe
normal human cmbros and early fotuses wall be presented These 1
been selected because they illustrate nharited struetural buas m relation
to nctinity ‘They arc 1) responses to extcroeeptive stunulation the
cutancous arcas supplicd by the trgammal neev(, nand 2) the rosults so fir
weured from double simmltancous homolatcral stmulation of faec and
hand and of hand aml foot Tor a discussion of other aspects of the de
vdlopmant of luman foal bchavior and for additional pcrtinent hierature
and rofirenecs Gosddl (13) Hooker (10, Minkowshi (21) and Wandk (25)
may be consulted
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EARLY BUVAN FETAL BEIAVIOR

HESPONSES TO TRIGEMINAL STIMULATION

Jt has Jong been extablished (1, 3, 16 24) that the cutancous sensory
nerve it to become functinnal m the marmmals i the tngermnal nerse
Howeser the order m which the three disisons of V become sensitnve tn
exteraceptn e shmmh s shown by the elictting: of refletes, appears Lo van
o dflerent forms Inman stimulation of the periord tegutnent, stpphied
by the maxllary and mandibular dwisions of the trigemmal nerve, causes
reffex vesponses to stmulition before that of shan wners ated by the oplt
(halime diison (14, 15, 16 19) In fact stimulition of the penoral m
tegument may ehicit refles responses by about 71, neeks of menstre il age*
Furthermor, unhil the fetus has reached approximatels 10 weeks of age,
the penoral tegion 15 the onft cutancous area over the enting tetal hody
which 15 sensitive to exteroceplive stmub

It shoul [ be emphasized that the reflexogeme periotal region 18 much
more restnicted at first than the adult distnbution of the mxtliey and
wandibulie diistans of b might ndicite Only the rgon about the hps
and nasal alie give reflex responses to exteroceptise stunubi at 71z weehs

By 0% weehs the reflexogeme cutancous atea has spread over most of
the nose the chin and the eheeks closely adyeent o the mouth By 1010
10ty weeks the upper evelids are reflexogume in the majonty of ftuses
The sides back and Aop of the head do not bhecome refiexogeme during
tetal bife

The responscs to be ehated from the embrionic and fetal mtegument
supplied by the trigenunal nerve belong w two categones 1) generahzcd
reartions of the orgsmsm as 2 whole produced chiefls by the awal s
cutiture and 2) local responses The avial refiexes which, as noted, first
appear at about 7> wechs are at their inception, Testricted ta the muscles
of the neck but later expand caudaly ultimatels 1o smolve all of the
trunk and hmb girdle musculature "The extent and character of these axal
responses are so typeal of the age level of the mdu sdual under vheers ation
that 1t hixs been posuble ta aswgn the careect ge to embrs oy and Youngr
fetuses on the basis of the nature of their reflexes slone Precocity or back
::iﬂ:?t{:rrx:n::::m:nce are almost never found wn fetuses of less than 11
o f different wdn ul:al an wereasing vanabilits i the level of performance

s of the same age becomies evident

T weekhs exteroceptive stimutation with a Sne hair o er Yhie periora)
senutive cutanenus area causes & contralateral fiowon of the neeh 1
{iteral responses do occur at shightls older 1ges but are rare and .
has becn seen at 71 weeks Thiv earliest response has been report, ‘;“)m‘
Fitzgerald and Wndle (12) and by Tooker (15 18) porter by

- — ——
A agns gen i 1118 paper are based on aetual or estimate | menstryal a, g



CHAPIER VIII

EARLY HUMAN FETAL BEHAVIOR, WITH A PRE
LIMINARY NOTE ON DOUBLE SIMULTANEOUS
FETAL STIMULATION

DAVENPORT HOORFR!

INTRODUCTION

In the normally devcloping organism, behavior 1s 1n expression ofm
hunited structure During pren ital hife in mammals, includmg mian, reflex
actrvity, whether proprioceptn ¢, exterocptiv¢, or o called ‘spontancous
activity’ (now generally recogmzed as reflen m nature), constitutes the
mujor mamfcstation of developing behavior As the normal indrrdual
grows older and voluntary activities are exhbited, the envsronmental
factors of postnital hfe modify behavior, although the basic potentialities
of the organism are still predicated upon mnherited structure It 1s well
hnown that the muterntl dict or certam diserses suffered by the mother
miy prenatally alter structure (of 22, 23) Where these earls changes 1t
structure serioushy affeet the neuromuscular mechamsm, alterihons 1
behavior myy be expected

In the following discussion, only two aspects of the reflex behavs
normal human embryos and carly fetuses will be presented These hnve
been selected because they dlustrate mbertted structural brsis an relttion
to activity Thev are 1) responses to exteroccptine stimulttion m the
cutancous are ts supplied by the tngenunal nerve, and 2) the results w0 hr
sceured from double simultaneous homolateri] stimulation of fice md
Jind and of hind and foot For 1 discussion of other aspccts of the de
1elopment of human fetal behavior ind for addition |l pertmcnt hterture
ind references Gesell (13) Hooker (16) Minkowshr (21) and Wmndle (25)
m1y be consulted
R
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which opens the mouth 15 effected certamby by the “ll""“l“ od ‘;"\‘l‘ :K::\:\‘::;\
In the infraby oid muscles {ee 18) The subsequent clowte ot th \
152 sow relaxation of the museles which opened 1t Vouth closure 1s thus
x at this age

mt’r;: :::::,‘,,cﬁf;\ nwpm\eeglo appear hs been obrerved one %m\\_;l, at
103, wechs Stmulation of the penoml region cansed deglutiban Sw ;l “‘; -
g s been & quite constant finding from 121, wehs on, epernths {0
repeated perioral stimulation, or to touching the wside of the mouth )

“The carliest focal reflex to ol ¢ the Faoral muscles oceursat 10t0 10,
weeks Oceasonathy at this age, when the uppor evelul i nth stroked,
2 contraction of the orlyenlans oculi musele 1 chaited ‘This becomes a
constanth evohed reflex by 12 to 13 weehs Sumlarhs, begmnng at 11
weehs occasional homolateral contraction of the cormgior supiraln
muscle has been obwerred to follow upper evelid stmulation By 13 wedks,
corrugtor contraction usualls through not always accompanes orlieu
Lanis contraction on stimulation of the upper evelid Thus, orbicular con
traction 13 the first refiex mamfestation of function n the ophthalmie
disision of the trigeminal to appear and with corrugator achiity rem uns
almost the ony activity exated by cutancous stunulition of that dission
ot } throughout fetat life It 1s thus evuient that functiomng of the oph
thalmie duson as judged by the reflexes which can be eheted daes not
begin i the human fetus until some two and a half wechs after the oneet
of exertabilits 1 the areas supphed by the other tna dntstons of ¥ \o
corneal refle<es have been tested, of course as the vvihids fus 1 the 9th
week i human fetuses do not reopen untl after the 2ath wedk and are
ot opeped spontancously before bnrth

Gther Joeal responses to tngemmal stimulation wlach imvohe Fiel
muscles are largels hmsted to the mouth and nase, both as to the re
flexogenaus area ehierting them (mywillary and mandibular dis 1si0ns of V)
an} as 1o the site of the effectar muscles An exception 15 contriction of

the orbiculans oeuls muscle abserved at 13 weeks m Tespunse to upper ip
simufation In the few cases i which

o . ihis reflex response was obseryed,
e sconking of the pereitn muscle} seen erher

19 accompany eveld squntin

mined

g was absent msofar as could be deter

T1ght stumulation of the rm acts at about 1215 weeks mas ehert a firm
lasure of the hps shch s Toomentary in the shightly less well deyeloped
wdin uals of the age group but becomes mantauied in fetusts somenhat
n;‘orc advanced 1 deselopment or o fen davs older When stimulation of
lmc‘nma :r\s s Tepeated at this age swallon ng often ensues asat did at
2 wecks to wazillo mandibular agea stimalation
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By 8 weeks the ncuromusculir mechamsm has developed m a caudal
direction sufhictently to mvolse the upper trunh muscles m the respon ¢
Ihe shoulder girdle musclcs my so begm to exhibrt shight actity wih
the result thit the bracia may  quiner throughout their Tength as the
raal flevion sprc ds to melude the upper trunk region

At 81, wicks, orteroceptine stmulition m the penoral region cwss
primarily o contraliteral flexion of the neck and trunh accompame! by
extenston of both brichiy at the shoulders and 1 shght rotation of e
peliis turnmg the svmphyves pubis tnay from the sidc of the aval fevon
Involscment of the lowcr trunk 1 loss marked 1t this age thuatsh 9%
weehs when all components of this rcsponse become more complete

At 1bout the age of 101, weehs axil cxtension begins to replace Tateral
flcvion the two ty pes of response bemg mtermned at first, exten won gral
ually rephiemg literal floxion by 11 to 12 weehs of age Tlowever towar i the
«nd of the observations on an mdn idual ¢xhibiting only aunl evtension at
first there 1s 1 tendeney for o return of the Iiteral waal flevton response
Latigue may be a contrbuting factor to this regression te an errder {vpe
of response but there 1s no proof of this Lfforts to avoid mowm l
asphyxin of the fctuses durig observation hise so fir fuled Although
there 1o reason to believe that anoxia and wsphywa do not affiet the es
scntial character of refloxes winle they are cheitible (18) either or both
holt all reflexes after 1 time Howetver there 1s much et idence to md cate
that morc recently 1ppearing refleses succumb more reudis to anoveml
than do thasc which arc older and well established {sce 2 and p 105)

\s axral extension becomes the const int response to exteroceptse sttt
Ittion m the perioril region 2t 11 to 12 weehs peliic rotation fades YWhen
Tater! axml flcvion returns as a regressive type of response under the
fluenee of anovia and asphvata pelvic rotation tends to reapper wathit
With the progressive rise of 1l extension the liter il flesion of the nech
disippears to be repliced by nech rotation which results m turning the
faec away from the smulus  Lhe 2l extension ty pe of reflex in respons
to stunulation over the seasitn ¢ cutancous aret supphed by the mullry

and mandibular divisions of the trigemmal persists often mto the thir
teenth or fourteenth week Axiil responscs continue to be munfested un fer
certain comditions throughout much eof fetal hfe but they ceasc to be the
predommant feature of the reflex response between 13 and 131 wechs of
age In that period local responses to trigamunal stimulition whieh first
appcar atabout 93z w cchsof age gradually supersede total bods responsts

the trigenmnal irea of distribut

ng stumulttion over the cdge of
the lower Utp 1ue ie ¢ N ugh icomplete opemng of the
mouth Careful observation incicates that the activ e mandibul ir depression
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<chizophrenty or aphiesis how
msdoested Sorral a\h\hi Mdldu:‘ric‘:l'\mlo:.:lle l‘hrm after pelatinel fon
ver percerse both shans’s b mnm wade by the patients than by e mat
il erors allhmlg\\;\\ﬂl'?‘(::’:;t <«eleetion of the more cephahe stinutus
wlutts Co:n \ermﬂ: {t:l‘:r rostral donunance Bender aned his associates
site over the Hore 1> tiey Tound that the
dormnanee 15 alwavs rasteal because th
;‘;I‘l“‘i:f::“::l‘;\:m\ :\‘ erthe band Wenee they prfer ta spaak of extine
3

hu;u?{ 2:?1‘;::::\‘; (10) beheve that the pattern of nlonunann;‘ s!{u\\n K
thetr tests may be an wherent function of the orgmam U the \; true
and it may well be correct double simultancous stimulstion testscn ,(-lqu
should provide evidence mdicating 1o what evtent the pattern i u; horent
and dependent upon the inhented stracture free from any effects of learn
g Bender and Ins associates mamtawn that their tests are pereeplual 1f
by this thes mmply that the responses arr mediated at 4 cortien] levcd of
centrl nery ous svstem function further inquiny may be nevesan a2s they
emplored relatnefy eru fe general tactual and pun stmnul Naturdlls the
tests made on fetuses to be presented here are on a purely reflec level
\erertheless masmuch as the mherent patterns of higher neryous statem
centers wre based on those of the lower centers (8 9) ans pattern of dom
mance that miglit be seen 1 the fetus <ioul [1n licate what aspeets of the
postnatal domunance pitern ar actuth anherited W the 1 hvidusl
Farthermore 1t wouf [ appear that Cohn's (6) nhaersalions an exlintion
of the Babisht reflex mn patients with bemaplegin indiente that under
certun abnormal con hitions as deswons ol g the pyramidal tricts 1 ¢
tinetion may occur on a Teflex level w the alnlt as well 2« n the {etus

Yartunatels for the purpose of testing fetal domuninte (harcterstic
refleves are eheted by Faerl palmar anl plantar stmglation The re
flexes eherted by faent! (tngemmal) stimulation have boen presented

The first reflex i o\ 1ng receptors 1ssoctated nith spinal nerves in the
human fetus appears by about 101, neehs m tesponse 1o stimulaton
the palm of the hani At that e the fingers of the ban { stmulated flex
wetmpletels the thumb rarely partiepatmg Later this part

1al finger
clo ure 1s often accompanied by wrist Betion apd s ot - 3
flexion £

(1a) Hc
B fRSpOY 148 Ueell securer)
¥n more adv anced fetuses of 10 zneehsand allat 1115 weeks sty
ton of the sole of the foot catives toe mevement In the voungest fetyses
exhititing toe mon conent. the response 15 practically ahsays plantar flevion
I 1175 weeks tac movements on strmulation of the foob sole mn be
sther plantar flevion of all toes or dorsiflexion of the h

2MNux and fannng
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stmul:tion on either side m the arca between the upper p cheek mi
nose evohes a contriction of the quadrtus Ibn supcnorns muscle pro
ducing a snccring cxprossion Lhe faec 15 rotated awn from the stumulus
s qurdritus contraction follows stinulition by hghtly strohing the
regron wath o fine hur In cvoking svstenue refleses where the responset
it dist e from the arcy stmulited  the use of stiffer acsthesiometers
1s not contrundiated Howcver, m chiertmg local refleses at s essentul
that any possibihty of dircet mechumerl stimuliton of the muscles he
avorded

By 14 woeks and parhaps Carlice stimulivon of the tip of the tongue
curses ats withdrwal nnd, when repotad deglntition It 18 unust o find
the carly fot1] mouth opcn for a long cnough period to test tongue refio
Scpartion of the hps by the imvastigitor merdy rosults m i refleves
Hnee, tongue stimulytion liis been rare i these obsery itions Snubirh
stunulttion of the inside of the check has been crrred out m only 2 very
fow erses between 11 and 14 weeks Swallowmg has been the only refl ©
so chated

No new refloses following stimulition of the trigammal arets hue becn
observed aftar 18 wecks oxeept for the dovelopment of the suctort Wl refley
which 15 0 complex activaty mvolung when perficted, a number of diffr
ot musde groups However this refles 1s it fiest Imnted to the hps anl
follows a defimitc scquenee of responses according to age Trom 121 1o
approamitcdy 17 weeks stumulition of ather Ip cses hp elosure 2
about 17 wachs stimulation of the upper hp cuuses ats protrusion winle
that of the lower lip brings about its ups wrd movement  thus clowng t
agunst the upper hp At about 20 wechs both lips protrude when thar
respective mucots membranes are touched erther sepiritely or together
By 22 wechs both Iips are not only protruded but pursed 1he number of
¢ wses obscrved m this age rnge 1s not sufhcent for cxact detcrmmation of
the specific nge at wlich actual suching responses begin but at hts been
obstrved as an active and audible procedure at 29 woehs Insofar as the
Pittshurgh studies have gone the devdlopment of the stictort il response
completes the sequence of nctivities imtiated by stimulition of the cutane
ous are i supplicd by the trigemmal norve

DPOUBLT SIMUITANFOUS TFTAL STIMUL ATION

Reeently Cohn (7) and Bender and Ins assocntes (410 11) hve used
two stunult sumultene ously applied to various cutancous raas of the bods,
homolsterilly or heterolxterilly as a tost of perecptive abihty  Therr
results arc of consdcrable mtcrest becanse with voung cluldren (7 10
wnd with adult patents hoomg brumn damage (11) one of the two strmulr
often thal more dwtally Tocated on the bods  ather 1s not pereaved or i
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mistocated Norml adults ard those with schizophrenty or aphsiy, how
ever pereenie both stils and correctly locate them after iy few
imtial errors although more errors are m e by the prtients thn by notn il
adults Cohn termed the persistent scleetion of the more cephabic stnmutus
site over the more distal as rostral domnance’ Bender and Ins asornstes
do not agree that dormmance )s always rostral because then found that the
foot was dommant over the hand Tlence, thev prefer to speak. of fstme
tion of one percept

Fioh and Bender (10) believe that the pattern of domnanee? shown n
therr tests may be an inherent function of the orgamsm’ 16 thes I true
snd it may well be correct. double sunultaneputs stimulstion tests on fetuses
should provide evidence ndicating to what extent the pattern s wherent
and dependent upon the mherited structure, fre from amy effeets of LIST
wg Hender and his assotiates muntam that their tests are percepted 1t
by this they imply that the responses are medated at a cortieal kel of
central nenous system function further inquiry may b necewary, as the
emploved reliticely crude general tactual and pan stunuli Naturlls the
tests made an fetuses 10 be presented here are on a purch rflex Jesel
Nevertheless masmuch as the inherent patterns of hight r neryous «vatam
centers are bised on those of the fower centers (8 9) amy pattern of dom
wance that imght be seet 1n the fetas shaukd medicate what agpeta of the
postnatal domance pattern are actuallh mhenited by the wdividual
Furthermore 1t woul t appeir that Cohn < (6) obwery ttions on extimetion

ol the Bibinsky reflex i pitients with hoonplegra indicate H st e tap
cettan abnae

tncton
fl{‘or(uxm cruywoon testing Bt dommanee dharienstie
rﬂv exes tre ehaled by facn! patmar and plintae stimulition The w
k'Xr\;s elﬁmncd by faen] {tgemoal} stmultion have been presental
hum:; ‘rﬁ: reflex Iy alying receptors assoctated with spinal nerves i the
tius appears by 2bout 10V, neeks 1 resrane 3n v
themt ¢
me
cle
fou up u vy ownst flevion and sometunes by (dow
pis ?{I’Y::;ar:m g:yniléon and rotation of the bricluum at the shoulder
* repos i p]:\m: ‘?gﬂl elosure alone 15 adequate to demonstrte that
Tn e s : mulaion has been securcd
i of the wpe ;l 3 ‘x(::ets of 107y wechs and inallat 11, weeks stimuly
el g ]Ie lodmutrs toe moventent In the ynungest Sehuses
Bty e l:cu:‘xm e response 1s prictically alwans plant i flovson
e plomtar B ; t;;nenh on stinulation of the foot sole ma be
1on of a1} toes or dorsiflexion of the hallux apd funning
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of the othr toes One or the other response may predommate, or both ma
be mtcrmungled, from 1175 to about 14 weeks By 14 weeks, doraflevon
of the hallux and toc fanming s the prmeipl response ¢vohed by foot sole
stimulition and continucs as the charicteristie plntar reflex throughout
the remamdcr of fetal e

These typical rflos responses to stimulition of the fiee, of the pilm,
or of the sole of the foot arc thus mumlable to test the reactions to double
sumultancous stimulation of faec and hind or of hnd and foot Pcrorl
stunulation causcs contralatcral trunk flovion up to about 13 or 14 wecks
Thercafter Tocal responses predominate Palmar stimulation evohes putual
finger flcxion and plmlnr stunul ition cnuses toc moyements

Durig the past 3, three human fotuses of 1015, 13and 131, nechsof
age have been tested with double ssimultancous howmol iteral strmulbion
In the 102 and 13 weehs fotuses, face and palm areas were simult tneons
testcd In the 13 and 131, weeks fotuses, prlin and foot sole were st
lated sumultancously “The rosults are shown i tables 11 and 12

Refcrence to tible 11 will demonstrile o sitisfactory test sequenee
1 the casc of the 1012 wechs fetus Ty el responses to sgle stuhtion
of palm and of face, Cieried out seprtedy bcfore and after the two double
aumultancous stimulations of palm and face, saldate the results, that
thet demonstrite both rflex ares to be functional, independently, at cich
of these times Henee, these ares were functional when the double stmul
tancous tests were made 1he domm ince of face over hnd, or the extine
tion, or the inhthition of the hand rcsponses whichover onc profers to eill
it, . the two simultancous stimulations of face and hand was thereforc
not caused by anovie disturbince to the pilmar are

TABIE 11
Tests with d uble symulianeous stimulation of face and han i on human fetuses
Age Stmuht on Response
10t whs | 1) Single of migl t palm Purtial finger closure
MA @) single of right pertoral arca Contrahiteral trunk fleson
#136 8) Double semuldt vt face & hani Contralateral trunk flexton only
1) Druble stmudt st face & han! Contralateral trunk flexion only
5) Single of ngl t palm Partial finger closure
€) Single of night upper Iip Contraliteral trut k flevion
18 wha 1) Stngle of night lower Iip Contralateral trunk flexion
MA 2) Sl of nght palm Partnl finger clasure
#138 3) Double ssmult vt face & Janl C« ntralateral trink flexion, anly
1) Single of right j cnoral arca Contralateral trunk flexton
5) Single of night paln No response
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TABLE 12
Tests wvth double simultaneous stumulation of hand and foot o human Juses
e Stumulat oa Responee
o e —
(1) | 1) Sngle of ngbt sole Plintar fusioh of toes
18wks | 2) “agle of nght paim Partual ngee flemon
s | ) Double sttt palm & sofe | Partal finger fleriam, only
$138 | ) Sigle of mght sol Plantar toe fuon
1 5) gogle of nght paln Vartal finger flewon
|'6) Double simult ¢ paim & sole | Purt al finger flenion only
") Doutie st 8 palm & wele | Partil finge fexiom enly

8) S ngle of gl t palm

Tartnl finger flevion
9) Single of nght sole

Plantar toe flenon

@ 1) Single of lefg sole Tantar toe flevion
13 whe 2} Single of left palm

Parhal finger flexian
MA | 9) Doubles mult Ift palm & sole | Port al finger fleci n only
#1385 | 9) Double smult Ieft poim & wole | Port af finger flexiom, only
5} Sungle of left palm Partin] finger flexron
6) Single of left sle o response

1 1) Qingle of nght palm Partial finger closur.
19y wbs | % Single of ngft sole Plantar toe fexon
V418 Sngleof nltle Elantar toe fevn
$137 4) Single of ngit paim folfowed at | Tortial finger fievi 0 { Yowed at

once by single of nght sok snre by plantar tx flevion
3) Single of rht sale Tlantar toc | von

4 Double sumult 71 pafm & sode Port dl finger feriom only
%) Double smult vt palm & aole Parteal finger fleron only

| 8) Single of mgtt sole Plantae toe fevon

| 9) Single of rigl t palm (later) Partial finger closure

—_—

Unfortumately the face hand test on the 13 weehs futus 15 not stmlarly

vahdated beewnse no response to stmulats
10n of the palm alo
cured fnllm\mg the double emuMtaneous shmuhhnn‘n' FAN

Tonne
b
n

s 4 edvmay have been 1
zu proof can be offered that stimulation of the nat = . hd hmc!mn'\\
nran e ~
fet
e
a0 dsphvxia which it 15 undergoing 45 ‘ll\;x;‘;;:‘ ”“: I:fomﬂl\e e
thereteer Tan m
s naty
progres . N

~ e tipacity
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of the fetus to respond to amy (xtcroceptine stimulus Those refloses shich
we the more reeent m appeirinee e the fint to disipperr (see aho
Angulo 2) 1 as demonstrated by the fret tht the 13 weehs fotus had been
used for a serics of hind foot tests (table 12) before the fice hand te tm
table 11 was madc Thus after the sole of the foot no longer responded
to stimuhition the palmee reflex could still be evoked but ats rflexogone
eparaty disappe ired before that of the arer recon ing distribution from the
muadhry mmdibulie division of V- Davdopmentally, the ¢ reflewes ap
poarn the roverse order of thar extinction by anont

Lable 12 prosents the tosts so f1irmrde wath double simultancous howa
Tieril stimulition of pilm and sole m two ftuses one of 13 wechs the
other of 131, weche Three double simult incous stimulitions of the pan
nd solc on the night <ide of the 13 weeks fotus were mde with a smgk
stimulithon of ¢ iwch of the two cut incons arc s eyohng there ppropride
responses at the beginnmng after the first tno double stunulitions ml
agun at the end of the third deublc simultancous stunulttion The fir t
three smultincons stimulitions with this fitus are thus adequuleh
v thdated Lhe umform suppression of the plintar reflexes n ench of the ¢
thrce double simultancous stimul:tions of palm and sole can, therefore
considerad to be of some signific inee

Ihe steond test scquened on the 13 weeks fotas (table 12) is not sut
stantinted howcver s the Tist smgle stmlition of the <ol of the fol
fatled to (voke 2 response Thus it ¢ innot be proved that the phntarn
flex could have been obtamed at the time of the double simultweou
strmul ttions on ths fotus Id the solc alone been tested

lhe two simult incous stimulitions of pilm and sole crrncd ot on te
131, weeks fotus are however o well authentiated A plintar refl ¥
wae sccurcd fter the double stimulation tests 1urthermore even though
the [ist p imar stimul iion follow«d two mters enmg stinulitions el cewhere
on the body  both reflex wes were functional at the time of the doubl
stmulition tests Conscquentls a total of five acecptable hand foot tsts
wre vvahible from the 13 and 131 weeks fotuses

Admittedy  the (vidence from the obsery 1tions on double simultancous
homol tteral stunulition of face wd hind or of hand and foot 1s hmited
asyct Nevertheless properls vahd tted tests are avathible m cich citegor
sith results wlneh arc umform for ¢ ieh type of donble sunult rmeous simt
Iition M ins more tests of both kinds are needed before more than tentaine
conclusions ¢ be drawn It has been obseryad i work with human fe tuses
that the 1ge 1t which a particul e response first ippcrs may oftcn have 1o
b revised to a vounger age espeaally when the reflecein b sought nane
the begmming of the obscrs ttions on the ndividual fetus Towcver né far
a5 our ustilts e e the hwid of nctivity exhubrted consistenthy followmg
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a gnen stmulus remams relatively unchanged 1n subscquent lml:l 'j;)ll‘c
results secured from these few fave hand and hand fool tests luu o X

consstent 1t would appear therefore thit at least a trend has wﬂ\lcsl b
lished This trend, though awaitng additional evidence before definite
conclusons can be drawn tan novetheless be dueussed as to tts possible
m“;‘:d;:n‘zn:hmd\ been poted Cohn {7), workang with chddrun from
3 1o 10 vears old was wnpressed by Ins findings that the more rostral
of two homolateral stimult apphed simultaneoush, one to n Mmore prox
tmal part of the bods, one 1o a more dutal, such as face and hand, was
the one most often perectsed by voung children By 6 vears howesver,
normal chifdren should correctly percenne and focate both stunuh If,
under these test conditions Tostral dormnance perasted beyond 6 years of
age Cohn Dbelieves the subject mas be presuroed to be mentalls ret irded
e concluded that sentieney to, and the resolution of, muliple disparate
cutaneous stunult 1s a learned process {p 122)

The evidence furmshed by thece prelmnam double <imultancous
stimulation tests on fetuses suggests that rostra) dominance mav be ex
Tubited m fetal hfe as soon as tno different cutancous arcas become re
flexogeme It would further appear, from the obertations made thus
far that the basis for dotminance 1 the fetus (and posably 1 the wiwmt
and sery voung child) may be the time sequence factor 1 e, the dommnant
area of response to double simultaneous stunulation in ech case 1s probably
that to appear first in deselopment The fetal results lend further eredence,
if such be necessars, to the statement of Cohn (7) that the ability to per
wene and distinguish the locations of twe sumult m older ¢l dren and
normal adults1s wdeed a learned process

The fetal domimance of hand oter foot 1s at v irrinee wath the results of

Einl. and Bender (101 who repost that the foot 1s dominant over the han d
mal bham 1

ihe

ch “ >usseited  Enew report that foot dominance
over hand wnas evident 1n 51 per cont of the 161 tests made on cluldren,
)y

an i that the data are consistent throughout the entire age group *
Bender (4) defines double simultancous stimulation as
shmul aj plied ssnchronousls or i close

two discrete
of the senvon field (p

r suecession 1 cifferent parts
7) Tn regard to the effectiseness of twp stymuls
apphied i close suceession i fetuses howeser,
table 12 stunulation and response na ¥ of the

atlention 15 directed to
tmulations were intended to he

1313 weehs fetus Thewe
smultaneous but a diffirenee n the time

*Lersonal commun eatian from Marns B Bendder M D
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of the fetus to respond to any cvteroceptrve stimulus Those refleves shich
are the wore recent in appearance are the first to disappear (see 1o,
Angulo, 2) as is demonstrated by the fact that the 13 weeks fetus had been
used for a series of hand-foot tests (table 12) before the face hnd test m
table 11 was made, Thus, after the sole of the foot no louger responied
to stimulation, the palmar reflex could still be evoked, but its reflevogenic
capacity disappearcd before that of the arca receiving distribution from the
maxllury-mandibular division of V' Devclopmentally, these refleves ap
pear m the reverse order of their extinetion by anovia

Table 12 presents the tests o far made with double simultancous hamo-
lateral strnulation of palm and sole m tno fetuses, one of 13 weehs, the
other of 18], weeks Three double stmultancous stimulations of the palim
and sole on the right wde of the 13 weehs fetus xcre made, with 2 angle
stunulation of cach of the two cutancous areas evohing their appropritte
responses at the begmming, after the fiest two double stimultions, and
agam at the end of the third double simultancous stunulition The first
three smultancous stunulations with tns fetus are thus adequitds
validated The umform suppression of the plantar reflexes m cach of these
three double simultancous stimulations of palm and sole can, therefore, be
constdered to be of some sigmificance

The sccond test sequence on the 13 weeks fetus (table 12) 15 not sub
stantiated, however, as the last smgle stimulation of the sole of the fool
failed to cvohe a response Thus, 1t cannot be proved that the phntar
flex could have been obtamed at the time of the double smmitaneot
stimulations on this fetus, had the sole alone been tested

The two simultancous stunuletions of palm and sole carried out on the
1315 wechs fetus are, however, alvo well authenticated .\ plantar refles
was seeured after the double stimulation tests Furthermore, even though
the last palmar stinulation follow ed two mters ening stimulations elsenher
on the body, both reflex ares were functional at the time of the donble
stunulation tests Conscquently, a total of five aceeptable hand-foot tests
are available from the 13 and 181, weeks fetuses

Admuttedly, the evidence from the observations on double simuitancout
homolateral stimulation of face and hand or of hand and foot 1s Jimited,
as vet Nevertheless, properly validated tests are available in cach eategony
\ut-h results which are umform for cach ty pe of doubl stmultancous s~
lation Many more tests of both kinds are needed before more than tentative
conclusions can be drawn It has been obsered in work with human fetuses
that the age at which a particular response first appears may often have to
be revised to a younger age, espectally when the reflex can be sought nearer
the begmnmg of the obsertations on the individual fetns Honever, as far
a» our results ndicate, the hind of actin ity exhibited consistently follonmg
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fetal e but become less predommnant with the rise of Tocal reficses They
are manfeste | chiefls on the sde opposite 1o that stimuhited and tarely
orgmate from the arex of of Mibalmse disiwon distribution The vers few
cases whese they have o onpinated have been in older fetuses

Seueture develops and diffrentintes m a guite consstent cervieo wdal
directson throughout the 1ertebrate series and 1< inhesent 1 the inhented
pattern of development of that prt of the orgamsm Lanehon Hang de
pendent upon structural Affurenintion wust therefore al a develop 2
cervicoraudal manner Hence the caudal spreading of the 1mlial response
1o exteraceptive stimulition n the regon supphied by the masillars and
wan libular dis isons of the trigenun il ners e 1s the function dmunafostation
of the p e cery dal development of tins porhon of the nevte
nruseufar meehamsm of the enbryo and fetus

An unportant element of the usunl vesponse to uml steral trigenutl
stimulation 1s the mosement of the face anay from the stimulus This 1
done 1n d flerent nays at different ages Imtaally the face 1 remored from
the stsmulus by the contraiateral flevion of the neck Later the siparahion
aof the face from the stirutus 18 accamphished by rotation of the head s
Coghill (5) and others hate recogmzed any actiaty whidh eauses the em
bryamie bo Iy to move away from a stmulus 1s an avohing reaction A« the
first response to exteroceptive stimulition in the humin embrio 19 thus
predomunantls an asoding reachon and as tis type of Tefiex contimpes to
appear furing the major portion of fetal hfc 1t would sppenr that develop

mentally this 15 the most fundiment il response to any external stimulus
Those resp ta ¢ stimul

e of the integument supphed
" the tigeminat nerve which appear later are loeal i chircter They

ol facial hognat wfrarrindibutar and pharmgest muscles Responas
find ng expres 1on in the facial muscles are predovunantls apsilitera) the
(‘:‘l\hen bemg bilaterol Loeal responses to stimulition of cutaneous are s
r:é:‘l;\:\: by the tngenunal serve mrihe their appearinee b fore the trunh
e s !gm ta fale m mportance an { mvobve afl three divvons of L
graludhy ncrease m pumber anl importance wihie the trupk

Tesponces to stimulatton in thiy re;
gront Iargehy disippear by 13
exeeft un Yer speer) ercumstances pperin 1o L wecks

Int

“mm;xe ‘::{'r!‘g(l‘\bﬁ‘rhnnd of 1015 191, reeks shin areas supplied by spin )
o s Yecome reflexogenie 1o exteroceptne stimulation  Prior
age o purely sprnal reflex ares are functional

The

b ;x‘ﬁa::‘n‘w o\! finger an1 toe refleses 1o exteroceptive stanuiation

R sce‘rmwdn eh makes possibie an exploration of the

i ot e smlm taneous stinulation of two pommts on the budy The

et ot ™ prelimunars homolateral face hand and hind fant tests m
istent dowmance of the rmore rostral stimulated area over the
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of ippheition of the two hurs, though less than ¢ sccond was immediateh
tppirent to the imvostigitor and was so dictated at once to the stenog
rapher Tins short interval of approximately the sume order of magntiule
thit Bendar (4) found not to be percused by patients, was of sufficient
length for the scnsors mechamsm of the fctus 1o respoud to the two stm
uli 15 separate, so that no suppression of one reflex oceurred

Ringsbury  (20)* has pomted out that the structures of an embrio
diffcrentiite m a ccrvicocwdal dircetion, eeept i the head whae
growth and diffcrentiation procced corvicorostrills In the onlogenctic
devddopment of the human indudual, it has becn demenstrated (16)
that actity appoars also m 2 cervicoewdal direction throughont the
trunk This 18 of cours, to be (speeted, as function 1s dependent upon
morphological  diffcrentiztion The  prehmunrs  double stmultancous
stunulation tests on fetuses here prescnted ar thus fully 1w accord with
the prmaple of cervicocwndal morphological diffcrentiation the bods
region concerned

Ihese ftal smultancous double stunulation tests on hand md foot
substantintc Cohn's (7) rostril donunance theory m o dcw:'ol""“”""]
group much jounger than thit upon which he based s wdeas 1t nught
be that Cohn is correet for very voung children, Ink and Bender cor
reet for oldcr elildeen and adults T urthermore, 1t may appear thit some
modify ing cnvironmental factor roverses the dommance for older clldren
m the foot hnd tests

SUMMARY

In the normal sequence of the development of human fctal actnty,
the antancous arcas suppled by the trigemm il nerve mediite all of the
crrliest responses to exteraceptive stimulation Of the three divisions of},
the maslliry ind mandibular divisions become reflexogente before the
ophthalme The first sensory aren 15 restricted to the regon of the hips and
nasil ilie, constituting a qurtc hinuted pert or circumortl zone This
Nimted rflevogente arcr capands somewhat with mere se m age ap 1092
or 10 weehs

The first responses to eireumoral stimulation nre not loc1l but mohe
all of the neuromusculir mech inism capable of function At first himted to
the nech muscles, the functronal meehamsm spreads i a oy 1cocaud s
direction 1o melude the Jong trunh museles and those of the hmb girdies
T hese trunk muscle responses persist for 1 reditnely long penod through

4 Tungsbury pomts ont m s paper {p 309) that the hiw of ceptal candil .mcmxmll
gronth 3+t part a misnomer Hence tle autbor prefers tle terms cervicoeau Nt an
erucorostral a8 haying a cor notation shgl tly ymore an aceor lance nath tl ¢ sequence 1otc]

by Rangstury
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Fy & Onler of don 1ance 0 nort alel 11ren $ to 6 years of age

Inth first place they Hustrate the prnciple of senwery  teracton a b efetn Seeo B
© tow the ntemcton nileformofat chof rego se to one of the two appled st mul
T 1 hoftepo s that Dr Hooherotta €1

Qeftusu 1rieco dtonvof tet g
woulltenitoeln nate the co cept that

al 1t toperee voneof two tnul  thect 1]
ther ult of pattent on Regnrd ng tle pnne ple of the rostral-cau fal pattem of sensary
n rta of tle order of sensory Jomna er Tnoulllheto u tratetl slyasl lelfig 8

The ) taol a ed hereare fron of servat ons recorded on norn alcl Hiren ages 310 8 years
Sur row trals of 5 ultaneow t

wlito of varous com! nal ons of two bod  parts
I ehee o 1

You will ate that the face anl gen tal regio 3 ha e e | gle<t onder of
% 1 ceof co rect re ponses or 1 other words slow a hgh order of dom n ce ~cmenlere
nthe 431 oftlescale thefoot andleltand sthel astcorreetl perce sed Allour lata
ntlefce pen al and hand region ha e been founi to be stat teall <p fant Tw il
0 Lseuss other body parts s nce there is ittle grad ent between ench of tf m

N\ w [ we accept the tleors of ro tralcandal d tntuton of sensory lon na ec tle
questan aries wl  stlegentalreponsot ghintt sord r bengalnoto thew ele el
a th fac “econlly whyisthe foot lonnant o ertte land® The ge tal regio snitle
Txtare rta 1 aulal to the hand 1asked Dr looker pre ously whetler or not te at
tenj edto n etgiethege talrepo nihe letus Hecadeddnothy € anopprtunty
t )« Trealze that)  presentat on was of 2 prel b nary nature Yot Ilope ks n 1fur
u wthpored ta nthe future T} s may shed further 1 ght o Ul ¢ roctralcau il tt eory

fenum nganzaton Tle 1le Lstoned you tod 3 lutrates s onder of don nance 4
Udee w1 1 noteotrateaud 1 n 1t luton

D2 D expont Houkem (Clos g Tan ery glid that Dr B nd rwas Ned 1 |
=t paper At tne b1 not el ar why the fetal hand contrary to hafind g o
4 anto erttefoct It istop § that before we are U rougl with our stul es swe 3 1) rwo
wief fanld nnonee sprese tthro glout fetal e The cases presented Fere ute qu te

ung
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more distnl Of course, these conddisions are still tentative beeuse of the
stmall number of tests made Nevertheless, the umformty of the rewling
rostral dommance constitutes o defimte trend If thrs trond as agmfieant
it would seem that the carlier established, henee older, reflex ares dominite
thase winch have appeared more reeently and are thus younger loding
to their extimetion Turthermore, this scquenee of dimmishmg functioml
dommance m a cervicocaudal direction 1s m full accord, phylogeneticil
as well as ontogentically, with the inhented structural biss for whity

DISCUSSION

D Wittt 18 Winore [Bethesda, Marylind] Mr Churnan, 1 would ke fint to
xpress my appreantion of the rsereh which Dr Tlooker and lis group have dome over Uhe
yeare and o congeatulite them on the cxeddlonee and thorotghness of 1t 1 must confes

tht T hve not been <o persistent 1 my study of prematal deselopuent ns he has bett 4
the mun puh Lot

though T started my progrim some twenty five years ago, T did not follow L
nie

turned aade b (very mtoecsting lane along the way, while be went on to the more &
goal
Oue thing T would hike to say 15 that we do not really hnow what the fetuy docs 21 wlero
In some specis, we have learned a hittle about whit it 1s eapble of doing when remorel
but T am not o surc tod1y that 1t makes a lot of difference what you can ehat from a fetus
removed from 1te normal inteauterme enysronment and depred of its oxsgen supply
Perhips 1t 19 not really important wht the fotus docs 1 utero but it 15 mportant 1o the
fetus to develop m a way that will provide for any contwgeney to providy agumt premture
nterruption of 1ty comfortable rest In the desclopment of these htle beasts we do e ev
dence of their preparation for sudden sluft from mtrterme to extrauterine exetence
T think vou can see m some of these pretures of Dr Tooker antictpation of & need that
will become urgent at birth namely regarntion A basie moycment of the antf futet
enters tnto the g1ep becomes at kast a part of the gisping mechinsm a hith later ot Tl
13 one of the most fundimental requirements assuring that the mdnadnd be prepured 8t
as carly a date as possthle to evist outwde the utcrus
The fetus must alo be propared to rcene food We sec early desddopment of the 0
gommal mechmsm which will play an mportant pirt m nurang Of course we dow't koo
very nutch about the digestine app iratus of the human fotus but m the gunen pig fetvs i
bogins to functton in utero long before the end of gestation The f tus sw altowss the content™
of the ammtotie ¢ concentrites matenil swallowed defccates i wtero resnallowing 318
reconcentratmg severil tunes before it 1« born We hnow that most of thrs meelianm ¥ alk
to function well in advance of the timc it 1 ealled upon to do o
These are but two examples of the anticpition as it were by the growing
to surynve long before normal 1terruption of mtrauterine hfe
Wit regard to the questions of sequence of development nnd indiaduntron from o
patten’, little need be sud for no new esilence has been brought forth Of cour-e cepliali
' ! £4t yunal cord and growth procecdsind
rocceds rostrad from the bull w1t
e chest a butbar type of actiaty

Fetus of necd

il

from the fetus, remaved lrom its normal ens iroument

Dr Monps B Benorr To me Dr Hooker's work 1v of course 1nter sting and m
rortant, and T think that these findungs arc sguificwnt from our pornt of view
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activities of the fctus depends upon the acuteness of her senaitnyity Cases are knosn of
preguant women who have beert able to feel activity at thirteen or fourteen weehy much
before most women fcel st Tles may prove nothing hut I am convinced that it v anandes
tion that fctal activty does occur normally in utero at o very early age

The sequence of fetnl activitics 13 so umform that 1t 1< posuble to determmne the age of
given fetus by the kind of activaty 1t exhibsts T am convinced that the sequence preseated
13 norm il and 19 based upon developmg structure The sequence 15 preparatory to the actn
wties of Diter fetal and postnatal ife If one compares Dr Gesell s serses of voluntary e
preities of the growing child with the fetal sequence, the chuld redupheates i fuge pit
the fctal refics wquence

Dr Wandle suggests that all these mosements are preparators for respiration 1ave vot
50 interpreted these early nctivittes because a defimte resprratory sequence quite different
from these movements does appear Iiter

Thert 1 a steady progression of capacity for reflex actuity from the erly embrio to the
Ite fetus The organism can perform only thow activaties which the Jevel of deselopment
af the nenromusculir sy stem permits

These pretures were taken under an cectrically operated camera pliced over
tempernture bath of sMine The fetus when delivered 19 immedtately taken to the photo:
graplue boratory and placed under the camera Strmulation and photographs art then
begun

We lnve nothing to say about any operative procedures but we have advance
to prepare Depending on their age fetuses may respond for peneds from five to ﬁ"ll“"
mimutes untsl they ean be resuscitated Some of the hitter older group are still ahven Tt
burgh

constant

totce

RFIFRI \CFS

1 ANatzo A W Ihe prental development of behavior m the albmo mit J comp et
rol 55 805 442 1032

Asatio A W Indogenous stunulition of albino rat fetuss Anat Ree 5o Saip!
3% 1933 s

Bancrorr J anp Barov D 1T The development of belivior m foctal sheep
comp ™eural 50 477-50° 1939

Besorx M B Disorders 1o perecption Chas € Thomas Springfield Thnors vu
100 pp 1952 \

Coamy, G F Correluted anatomteal and physiologienl studies of the gronth of the
nervous <pstem of Amplubia 11 The afferent <ystem of the head of dml hstom
7 comp Neurol 26 247-310 1916

Conv R The Babmshi sign extinction durmg biateral simultaneous cutaneo!
litton T Neurophyaiol 11 193 198 1938

Cous B On certan aspeets of the scnsory orgamzation of the homan brun 1T sty h
of rostral dominance in cluldren Neurology 7 119 192 1951

Crossy F € asp HespErsos TV The mammalin midbeam and rsthmus rpons

w

@

-

@

us st

LN

-

¢ 1T 1ider councetions of the supertor colliculue 1 Pathways concerned m automtic
e3¢ movements J comp Neurol 9% 53 92 1948

o Cnows k. C axp Woonbiryr R T Certamn major trends  the deselopment nf(lqt'
efforent systems of the bratn and the spmal cord Uniy Mich Tosp Bull § 125 12
1938 B

10 Tivg M axn Bexver M B Porception of smnultancous tactile stimult i nom

children Neurology, 8 27 3% 1053



115
BENAVIOR OF FETALISFANT AND (WD

reflect the general course of clnl 1 dev elopment m hm:: of behavior trnts
charactenste of advanemg watunty levels (4 7, 11 12 13)

The motion picture records of the propreswie Bcs ware subyeeted
to comparative studs and to frawe b fraume tune space anslian The
method of cipemanalysis provides an objectine appro ch to the devdop
tental morphology of behavior Tt permts us to e gy the action svs
tem of nfant and ehild as an architsctured struetured re sty wluch as
wames law ful fotns primanly deternuned by embrs olomeal procs sses These
processes establi b an unbroken cantinmts of the prenital and postnatal
periods of bhehavwr ontogenests

From the standpoint of the embryology of behnvior we <hall conader
etuidences of nate growth fictors m several direchions as follows

1 Dervelopmental stability of the fetal mfant

2 Conuistenes of growth grihents and sequences

8 Cyelic fremds of the growth complex

4 Developmental correspondence and individualits of tnins

THE DEVELOPMENTAL STANILITY OF THE FFTAL INFANT

Mimfest behay ior begms wath the fetal period and orgnizes wath great
rapihty s aninsurince §ictor agunst the contingeney of prenrture birth
the crpaerts for breathing is lad down at about the fetal age of 98 weeks
which 15 12 weeks prior to normal need The v11ble fetus becomes an mfant
at bueth 1le 1s cilled  fetal wlmt from the tune of kis preminre banth
ta the fortieth post-conception neek

Ths precocions entrince into the worlt affords an oppartumits to tesce
the course of behavior development winch 1s usulls concealed wathun the
uterns 4 totdd of 80 systematic obsertations supplemented by amema
Sere ma {e of 22 subjects st post-concephion ages of 28 32 and 36 weehs
For consemence we regird these ages as marking the early stage, nd
stage and late stage of fetal wfanes (o 7) Our findings mdxcal:- that

prematurits uncomplicated by dimage or disease kas no permanent dis
locating effect upon the ontogenetic s

equence of behavior dey elopment
LThe earhy stage feladinfant (post-concention spe og [l pme

Vo tusa e eveball moves

s flutter the fronta) braw or ot e
onlv haff of it oo

fratea les bpspurse R4 8 gt the tonen -

A Cevng expres |

meager Tle ling

LM ie he assumes (e
floating  tomic neel, reflex atttudes Viovements are % ~oent and
Terpor eanstantly supers enes poorly sustuned
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BEHAVIOR PATTERNS OF FETAL INT
AND CHILD

Wit Lvipraces or Invate Growtin I'vetons

ARNOID GESHIT!

Organsms behave Thar bchavior trats are s distmelne s tharphs 1
el trasts The human mfant comes by Jus behvvor as he comes by s
bady, through the orgimizmg proccsses of growth s behaior grows 1t
wsumes lawful forms, chiractenstie of the species and of the indisdual
This piper undertihes to assemble evidences of mnate growth Tctors
wineh underls the pittarnmg of infant behavior wnd whieh must therefore
havc a b g on problems of ket ince Tor the moment the term nnate
growth factors’ does not need to be defined too mgdly It denotes a)en
dogenous maturational frctors —the sum of gene effeets b) constitutiona]
fictors which become so establishied that they conmistently mfluence the
ontogcnctic course of development

ONFOCENETIC SURVIY OF BFIAVIOR PATTERN

Owr studies at Y de Uninveratsy and contmumg studies at the Institute
of Cluld Davelopment at \ew Haven are chiefls concerned with the onlo
ganehie scquences and gridients of normal behwaor 4 Jige arr «
behavior patterns his bean ehirted id codificd for 34 matunty fevels from
birth to the tenth vear This sursey 1s bemg cxtended to embrice the verrs
from ten to sinteen During the first verr of Ifc 2 cooperitne rescwreh
gronp made sustennitic records at lunir month mters WU The ronltmt
dita were biscd on standirdized beliwsor tests nturlistic and el
observations and panodie motion picture documentaition Reltionshipy
betweon mtur ition and laarmng were cxplored by the method of o twi!
control Clmieal studics of the mental growth of defcetive nd atypicit
mfnts cautributed to the formul ttion of general prmaples of deve Topment

All told, some 3 000 conercte behastor items and patterns were rdentified
w a cooperitrve survey of normal cluldren The dita were clesurfied 1
terms of grow th gridations for 42 diffcrent bchavior arcas Dhese grdients
e e = =

1 Gresell Tostitute of Cil1 Deselopmer t New Haver Con ecticnt

4
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Fig 9 Rght tonic neck teflex paltern n 2 fetal infant {oge Cuea 37 post-cancey tun
weehs)

the other wrm 1s fleved near the shouldcr, the psliternt feg may share m
the snore or less tome extension In configurition the pattemn resembles a
fenctg atlitude briefls or prolongedts sustamed 1t 15 not & fixed sterco
tvped reflex but o growng complet which undergoes progressie mt
tunt changes and 1s subject to mdividual vanations 1UTs @ prenatal as
well as po tnatal pwchologs It 1s one of the most fundamental and per
vasnne behavior forms of the human action svstem It offsets the hntations
of bilateral symmetry  Eliborated and wflected 1t figures i adult acts of
sl aggression and extrication (@ 10)

The early postura] habitus of the fetus 1~ symmetnieal Hooker (18) has
noted tht an f1c1al strmul ttion the fetus of approxmatels 12 weeks reaets
with » bilateral arm mosement nluch approximates the hnds toward the
md hine This may be conwidered 2 precursor of svmmetro tonie patterns
(s t ¢ for short) which appear 10 wnfancy It has 10 been noted that at a
fetal age of about 20 neebs rotating of the head to one side tends to mduce
extenson of the arm on that side This foreshadoss a well defined t nr
attitude which 15 manifested by the fetal wofant at the eatly post coneep
ton age of 28 weehs (fig 9) The t nr 1s a marked feature of the spon
tmeous behasior of the full term infant during the first 12 weeks of hie
1t cores wte mereasing coordwation wath sisual fixrtion n preparation for
prebension (fig 10) \t 16 weeks unilaterahits of posturing bemns to wune
the head rotates more frecls and prefers the mid position, simullaneousls,
h;lmk come 10 the mud hine 1 bilateral prehensors approach upon a dan
ling object of ta engage 1 wmutv) finganng This 15 4 symmetro tome
:::;’:;:::fl“) shichin ;“l"l“ Bes W tomereasnghy versatle umlateral
el of m:“l‘ﬂlﬁlm::-n'srho ;;;““‘ 1i\lor b symmetne patterns at -, lughes
B o e 28 weehs ald grasps a smgle cube, exploits it

hand and mouth tran fers and retransters w from one hand to the other
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At md stage, four wechs Iater, the fetal mfant 1s less fragile more com
pict Iis muscle tonus 1s lcss fluctuant and ncreases on mantpulation
His heud station 1s firmer and functionally miore closely relited to tle
trunh IIc holds the tome neck refloy atiitude more tonieally and at times
windmills hts extencor wrm On tactile cue he fleves on a rod with actne
grisp His eyes open widcr and more often They do not fivate bat they
respond siceadicallh m momentary pursit of 1 moving object Desprte
prev uling drowsincss, the mud stage fotal mfant evidences 4 growng d
tinction between sleep and wahencss There are brief periods of waheful
w arentess and dertness

During the Iite stige (from 36 to 40 wechs of post conception 1£e) the
sleep wakeness actinity eyveles become more dearly defined Postural ac
tnaty mercases Crving becomes more vigorous The penods of sualanl
auditory aw ucness lengthen The infint now falls off to sleep more le
asndy and clings to sleep more teniciousls e w thes spontancoush
(thanks to the primttive w kg center of Rleitmann) Heis physiolog clh
miorc robust his mursele tonus 1s now well consolidated Havng had some
weehs m which to rfine lus adaptations to an extrauterie enyronment
the Tite stage fetal mfant may function more smoothy than 4 foll tert
new born mfant of comparible post conception 1ge But ths apparent
wdvantage 1s trinsient and docs not confur any pcrmanent accelerition
upon the precociousls born fctal infant

The course of Ius behivior ontogenesis 1s wddl balhsted by antrus©
miturational determiners and it tends to run parillel to the ecqun tlent
dovelopment il scquences of the full term mfant If for (vample the fetal
mfant w s born 8 wcchs prem iturel we (xpeet hun to function at 16
weehs matunity Ieved when he rerehes 1 chronologic:l age of 24 weeks s
truc age bemng rechoned as 24 mmus 8 weehs Ihis expectation 1s €08
firmed by cinemt and by our chimeil studies of uncomplicated eises

Ihe stability of early ontogeny his far renching mphe ttons for the
problems of psychologienl inheritance and of psy chie constitution Vaturt
tron 15 the mtrinste st thilizing component of dev elopment wlich determimne
the basie patterns of spccies and mdmaduid traits It represents the net
sum of gene effects (1 6 20 21)

THE CONSISTENCY OF GROWTH GRADIENTS AND SFQUFNCES

Fhe role of mturation ts further esidenced m the consistenes of grm\“‘
grudents amd sequences It 1 well tustrated by the doyvelopmental Istors
of tonie nech reflex bediavtor The tome neeh reflex (t nor for short) 1> an
asymmetric pattern best observed n the supme mfint the he ud 15 spon
taneously turned to onc sie one arm citends Interally to the same side
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trvior eve hand cvordinition, Joeahzation, perapt concept formation,
and postural behavior ()

TUE CICLIC TRENDS OF THF CROWTY COMLLEX

o spte of & wide range of mdn wual vartations, the presence of imnaty
ontogenetic Tictors breomes apparint, not only 10 the over-all movement
toward speatfic ends bt 1n the mmor and unor fluchntions of the growth
syefe Theee mare ot less thy thme fluctuabions are m wife sl am the et
o1 hehwor padterms which 3 G b the asnption of npriglt pastutc and
Gyt nafhug, Taeots one developmental stagew nf proni b sor (and
s sdrepedd progreswon) e pretured in figur 12 (8) The double colgton
arrangerent empha wzes the developrental smportanee of bringiug fusor
and cxfensor movements nto feesprocal relationsiup

The skfts 1 fevor aud estensor predormnanes amd m ymhiteral and
Belateral phases ave pnmanky growth phenomena They cunet be vegrirded
as the product of cufturl or emvronmental forces Thev are m the nature
of sub-cveles withi 4 totad over all evele of ontogenews {ig 1%) Com
parshle sub-cycles m numerous fields of behavier kave beun sdentified
throughout the peno 1 of faney and dldhaod Bedavior Yrats do nat
Cwm on an even front They are subjest 10 mnate oy chea) tronds and to
the aecumulating constitutional conditinns which gronth tteelf crentes

Frons the wtandpomnt of growth and form the orgamsm s under the
e tant oceessity of reconciking oppased funetions such as Acuon and
extension and of brnging them tnto recsproca] refatindips Ths 13 ac

comph-hed not ¥ aniform expansion but b aw ntrieate gros th procos
of veuro matar ntersew g (B 14)
Tho .

f
pais

. v aufis tn the as
Crftzunty ¢ one Junchon orer to the other with pregressice anlegration and
m dulaty n of the resultant beharior paterna (3 8 19

\eurologieafls {and behayioralh ) thes angphes & intneate process of
¢ Gprocal interlacing and a progresene speral hantl of remeorporipion at
swecestte Tevds of maturtts Beoproc s dass not necessarth mean
vty Indevd there 1sa coro s meehanssm of functional v inmetrs
sloch provides for undateral domy anees and buaved sersors motor sefs
ootibhs hand dness The tn 7 pattera « 2 stnbang eunple of hou h
orgunni sclueses such undatersi onentations whick )
ethtienty and focalization Intere
oty fres vl
il

" kad o werensed
agle enaugh wmlants echibyl
differences with sespect 10 Fanet a1 L ronate
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Fag 10 Raght t e reek reflos pattorn moa full ter i fint (nge 6 seeks)

1he 10 weeks old bt grasps o cbe w e hand and bengs them e
gather combingh at nud hing i horizontal b tcral sy mmetry — motiae
s trputtern at a higher Toved of matunty (6)

At one vear of nge s mampulttion putterns arc 1gun more umirtesst
Tsng s proforrcd nnd e supermposcs one cube upon another by e
tical approach At 18 months be budds 2 (verbicy)) towcr of three tbes
it two varrs o (honzontal) wadl at theee vorrs n brdge winch oo bwas
horzontal and vortial spiomg Smular tronds i dircchon ity ar &
plived in the mf it S spont icous and it ttive creyvon strokes 1he Jrobes
move from serinl to verticr! to horzontil Greulir and obhgee (ot
pirable sequences e been demonstrited i sared fidds of 1wl le
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- - .
DEVELOPMENTAL STAGLS OF PRONL BEHAVIOR
SERIATED TO SHOW
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I1g 12 Txanty one stages of prone bihivior, serted to show gronth tronds of flexor
and estensor dommance from 4 to 60 wechs
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Fach day a pendant Iure was moved twice 1cross her fiel ol vision Cnema
records from the 15th 1o the 89nd dan <how 63 wparale tur postuecs
onty one of which % 16 Ieftw ard Desprte the distraction of the lure a nght
tnr w1 mamtamed (14)

Tt should b noted that umdextenty or hindedncss 1 not Uneathy puk
aged umt charieter trat wiich emerges sharply onee and for all 1t under
goes progressive ofgimization through in aternition of phases of um
laterahty anil bilaterality. whereby one hind bocomes i virvng wans
1ceessory and subordinate to Yhe donunant hand  Thes alternating phises
were wentified by analysis of annual einema records of a setus of \aven
single born cluidren over a period of Yen vears The graph of figure 13
iliustrites the combwed wfluence of reerpracal interneas g and function )
asymmetry (9)

The weight of evidence indicates that handedness depenids upon mnte
desclopmentul fictors but to what extent 1t 1 speaific i determned by

FORMS OF HANDEONESS MOST EVIDENT
DURING _FIRST TEN_ YEARS

SeRNG FPIRST JEN YUARS

——— VLATERAL ~— === R GHT WARD

St s LEPY mavD

[ I “ ¥
< WEEKS ™ AGE IN_ YEARs ‘ ’ *
O ONT SAIY ouseaves s,
MAOUSH THG vean: .
Faginn T
of
iy wed on anlves
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ACTION PATTERNS G owlh Stagey
1Grad ents | 10 1y) 123 45678510123 pslenmunnan
ARMS EXTEND B CATERALLY N N T
i AND MOVE ALTERNATELY 1 4
LEGS Extend b at -
and mov CYCLES 2, /4
" 1 . 0024
ARMS FLEX UN LATERALLY -
§ 11 LEGS Flox un latery y a o s S+ f
-3 T
G ARMS EXTEND & LATERALLY f " \, _')//
2| 1165 Extend biatennty s o%e .
? 0 Fles biatera y lI .
F| TARMS FLEX 8 LATERALLY I
LEGS Extend b laterany 4 8 4 8 o, ©
2 p latera Iy e ata” Gl
Fiex b uteralty d.

\ == =
TRUNK ALGNMENY ——— [~ — e NN T TR [
CROWIH S1ACES = |1 2 3 4 3 6 7 § S0 M 1zl e o mARY
TYFICAL AGES 1B 16 meks 20 weems 4Qwets s

F1g 13 Cucles of growth m the patternng of prone hehavior

heads m free hoad rotation The gret mgonity of fotal mfnts nd Iu)l
torm mfants showed an unmustahable preforence for pght s oppostd to
Icftward onentation Objeetive anem malvars data were avathible for a
group of 19 nfants to ddtarmme thar hindedness at 1, 5, and 10 vewrs
In 1t out of the total 19 Cises the direction of the ¢y t n v was definiteh
prodictive Tn 5 cases it was ambiguons or contrdictine There were 4
casts m whicl left Tndediess was correetls forclold by a predommant Jeft
t nrancrly mfanes (2, 10)

Another mfant, M I, who bclonged to the might wing, was photo
graphed duly m the supine position under strcth controlled conditions

BLCPROCAL_INTERWELY NG _In THE PATTEQN NC_OF LOCOMOTOR BINAV OR.

Knoss fle ¢ unde

Foot eve on oad

e
Frg 1} Reaprocsl mternenimg in the dovddopment of pronc an T upright locs motym
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Each day a pendnt fure w 1 mosed twice neross her filld of viwon Cinema
secords from the 15th to the 82nd div <how 63 «pardt tny postures
onls ome of which was leftn ird Despite the distriction of the ture n rght
U was mamvuned {14)

Tt shoul e noted tiat sk stenty or handedorss 35 0ot s nestls pak
age Lumt chsrcter trast which emerpes sharpl onew and for gl It under
goes pregres ne orgimzation through an alturmition of phiwes of nm
taterahits and bifaterality shcneby one hand becomes movarvung wavs
aceessory 7ud subordinate to the dommmmt hand These altormtmg phases
were 1dentified by analius of annual emema records of 1 senies of soven
single born children over a penod of ten vears The graph of figure 13
ttustrites the combmed mfluence of reeiproeal interweas g and funchon il
asvinetry (9)

Th seght of evidence mdicates that handedness depends upon mnile
developmental factors but to what extent 1t 1s spevficnliy deterimned by

FQRMS OF HANDEDNESS MOST _EVIDENT
BURING _FIRST TEN_YEARS
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Fig 10 Davelopmental Tohavoor exummation of twins T anl € Simultaneous Yor 2on
and zemth photographs show detarled stmlanty of postural and prctensory behaioe pattens
n response to a7 pellet test Mirror imaging of erown Laur whorls 1s digesmumtieih
udicated Twin I' clochwise Twan € counter clockwise

genes 1s not clear, although left hindcdness is sud to behave m hentance
as a Mendehan reecssive It 1s difficult to explam why 1t should be almost
tnace 1s frequent m friternal twins 25 m the gonerd population The veny
Iigh madence of left hndedness m monorzy gotic twins 15 more under
standable Preasely cqual doay e of 1 zygote tends to produce nurror
naging winech imight conean tbly bring about I ft handedness ma co tyin
Comp irig a serics of monoyy gotie twins on a zy gote bisis Newmn found
that asymmetry reversal (Ift hindadness) appeirs four times morc often
n denticod twims than i freternd twins (19 22

DIVI10IMINTAT (ORRISPONDLNCF AND INDIVIDUALITY IN TWINS

In 1927 the wrter and co workers 1t the Yale Chme of Child Develop
ment begn aseries of studics of the dovdlopment of o lughly 1denticy)
purof twins T and € <hown m figure 16 (15 16, 17 21) T stuches
were equally concerned with developmental correspondences and dis
pwntics mnue and mduced We nsed the method of co twin control to
anihvze rdditonslips between maturation ind lounmg The conrse of
development s shill under obsery ition md has been summarized detal
for the 14 yaars from carly infiney to adolescence (16) 2

"Lhe correspondences m physic il and psychologic il tratts have proved
ramarkable Behavior chractenistios were pertodicdlv: oxmmmed by a3y
tematie tests and recorded by cinama Repeated mapection and anthsts
of the film records have servad not only to estibhish thoroughgomy sum
Tritics but 2lse to define the distinetry e mdiadu eties of the twins

Although the mdividual diffcrenccs are shght they are conastent and

1 The wrter reporte 1 the early findn gs to the Asswente n { v Rescarcl an Nersous anl
ental Dt st 10 Decomber 1033 (Procee hugs v lume NIV)

g
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pervasn e when the entire des clapment il record 1s entietly review vl The
pature of these differencesis ind ented ma tabubar summ iy of the patterns
of attentmn contrastrveh formulated as follows

Attent amal charactersot es (1F)

fent TenC

e ——
Prompt inetial prck up Mare {eliberate wtisl piek up
Intense fisation More pelaved ficati 1
) arp Joenlation | lore 4 ffuse Tocn) zation
Theet ve | Roviog
Thscrere Confluent
Del s ted ore scn thive to cor text an fmargn 4
Selort ve for deta ts More comprehensve and ruirmase
Mote 1aned adipli ¢ explostation aore o tise expt itation
Spearficatiy alent

ore gencraihy stert

L8810 tisbire im sociad s 2t oy Wore 1 stritice 0 sorml wituat 14

The foregmng differences are snall i migmtude but they were detectable
v means of ¢ tuin companson and they suggest the opuribion of snmite
genetic factors Over the long stretch of 14 vears e thms had not heen
separated except for vers brief intersals o pwchogenrhie event i their
personal or mter persontl histors or expenentes could nccount for the
durable dufferences whieh were first noted in ey

The extensite motion pictures of the early deyclopment of the tans gve
thyectnve evidence that mansy of the hilavior differences sere defimtels
foreshadan ed in the first s eur of Wle Simdlar studies of smgle bom children
demonstrate the Latent predictn eness of mfant heb 1y 1or tratts

The growng chl Lreseals isindniduahty notonh na 3 #s
Pe

satutation bung the sum b
Fach miunt extubits a distinetive mode or n ter
.

-l

otal of gene effects
ta
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mental mosphology velor
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do not gencrite the progresstons of devclopment “1he orgamsm umqueh
contains the mnate arclutectonie arrangements which e iccount for the
developmental stibihity of the fetal infant, the consistency of growth
gradients and scquences, the ¢yclic trends of growth, the dexelopmental
correspondence of twins, and the genesis of imdividuabty
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CHAPTER \

THE TRIGEMIN AL NERVE IX REL ATION TO
EARLY HUMAN TETAL ACTINITY

TRYPHFN A HLMENRFY *

INTRODTCTION

As pownted out by Hooker during this wmposum (30) the humn embrvo
fir t responds to exteroteptine stimulition at 71, w ecks of menstrund age
(20 w18 207 pam  29) followmg stimulation of the nowe mouth
area The resultng ruflex consists of contralateral axal flewion linnted to
the cervical regron Thits reaction obsiouss imvolses the mavllany (and/or
wandihular) fibers of the trigemnal nerve (29) and the ventral horn motor
neurons m the certical region of the sprof card  In a recunt paper (Hum
phrev 83 fig 4) w which the caudil extent of the spina) tract {or de
cending root) of the fifth nerve (V) was reported for human embrios, it
w13 suggested that the descending fiberssn this fraet constitute the earliest
paithway for trinsonssion of the simul to the upper cervacal region of the
spuat cord Conneetion with the contraliteral ventral horn motor nevrons
s estabhished by axons from the dorsal horn area which tras eroe the ventral
white commssure to svnapse with the motor neurons contralatersl te % o

»

“ «struar wte commssare: Indeed, in human enbrps
onlt shghthy over 5 weeks of menstrual age (7 mm wn Jength), Wendie
an { Fuzgeralt (79 p 493) found that the axons of motor neutons extend
well into the mesenchvine and some of thewe rell hodies 9 rard a1 21
v

owuonen (48) and by the soventh weel
Wb espoerliy well representod at the rostratend of the 5

pinal cord (Wandle
Tte phasclogeal « 2+ — e ——

thus Papet 1 publsent . “hieh
Amen [
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<

Frg 17 A series of drawings (magmification, X 75) of transerse sections of the spinal cord
ldle of the first ccrvical segment The spml tract of the
ted m solud black or the filxrs shown by dots (A) The

each taken at approvmnately the n
trigeminal nenve 18 esther represent
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and Fitzgerald 79 p 498) Towerer at 5 wechs {6 mm “l““:'"l‘ ““‘\’:::x’ni
Windle and Fitzgerald, 75, p 204) the descending triger

Dilon he entering vestibular rootlets
fibers have been traced only a ittle bevond the entering ot v
From this age until about 8 weeks no obseryations on the ‘)l\un | rac ,
have been reported as vet Just under 8 weeks (22 mm ), nhen the (;x‘n ;
fateral sl Bevion response s readily elioated the m willo mandibular
diviston of the spinal tractof V hacalreads grown through the first tno u;:‘
\c segments of the spml cord and entered the third ey il segment ¢ 4

Since the 1952 publication on the spinal tract of the trigeminl this fiber
bundle has been studse 1 m four additional specumens, two of which are
vounger 1 age {Homo 113, 14 mm , 6!} weeks!, Homo D3I\ 207 mm,
71y weeks) one1s m the 8 weeks age group (Homo 131 226 num , Just
under 8 weeks) and onc 1s older (Homo 133 313 mm , 81y weehs) Of
these, the first two were prepared by the collodal silv er method of Bochan
{5} and the fast two by pynidine sthier techmaques Al four were werally
sectionedt 1 the transierse plane at 10 g The methods used to deterntne
the caudal lmuts of the spmal tract of \ and to differentiate the ophthakae
from the maxillo mandibular division of ¥ are the same as those preszomh
utthzed (33) Summaries of the ob erv itions made on these four specxnens,
together with certain aspects of the findmgs reported n 1952 Jor the other
fetuses will be presente 1 in the folloning piragraphs

A small area velatueb free of fibers {fi; 17), present between the oph
e and the maxillo mandihulir dnivons of the spmal teaet of § m
fiches (sce happers Huber and Croshv, 89, p 384 and fig 148, Crinbn
and Yoss 11) 15 also a constant feature 1n the human spmal triet of 1
through the age periods sturdied It 15 thus fiber free zone (32, 33} which
hasbeen used to determine the border betw cen the ophthalmic and maxille
mandibular portions of the spinal tract of ¥ 1 the human fetal matersal
The deeper stamng reaction of the ophthalme fibers m fishes, as comprred
—2CETher s1aTming reachion of the opt

—

YThe ages grren for the matenal on whicl thewe and previat 1y veported ol wervat ony
are mnde refer to w enstrusl age 23 determiaed 1 relation w 1h the stul o4 on fela) artivity
ty Hodker (29 8 d earler)

8IToS pa tng to t) e surface of the section <l ows the locat on of & stall superfieig)

e
Te spmal trant of ¥ relaus ely more free of fibers wh ok ma Lo 1 s o
max Ban 4
.
s

3 LRI ILREI N O FY ) i w8 o

Howo 12 F 265 mm fetus Blz neeks oo 1s ¥ s\x‘::x ':’3..:’3\1“113'»" h'r-s ek
© Lascrcwdus cuneatus €1 dom 1 : '

FP ependyms FQ r

d 1 onefilee

Bber Lundly fr0 )

R

“pwlt ML sl aceessory rootlets
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Fig 18 Photomicrographs of scctions through the first and stcond cervieal segments of
the spimnl cord to show the spinnl tract of the trigcmmal nerve X 100 A Thmm fetus B4
weeks, ITomo 113 Scction rostrad to the nuddle of the first ecrvieal scgment Actnated pro-
1argol preparation according ta the method of Bodian B 207 mm fetus 7'y weehs Tomo
93A Section through the wuddl of the fiest cervienl scgment  Attivated protargel prepaT
¢tom according to the method of Bodin € 22 8 mm etbryo jut under 8 necks Homo 131
Pyrdine silver prparation A B and € are photographs of sections i the repion wsed for
(e drav g m figures 174, 17 and 17C 1) 13 0 <cction through the sore eancdal part of the
firet, cors teal segment of the sptial cord of the 226 mm fctus The afrows mduate the ot
der betneen the dorl fumeulus and the mawtlo mandibular fit ers of the apron) tract of 4

-~
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with the maxilo mandibulir fibers 15 sometimes noted n the \\\m\\n'[)l\\n
terral as well, but this differenee 1s not of such constant oceurrence | s
W 1 \he ontogenebic vepetition of the phnlogenehie tngumn il m‘lm; )p;l
terns (11) which has made it posable to distingmish the n nllo mandibular
from the ophthalmic division of the epmal tract of the tnt mnsl n e

SCMAARY OF OBSERVATIONS ON THE SPIN AL THACT OF
THL TRIGEMINAL NFRYVF

\scarly as 613 weehs {13 mm, figs 17% and184), that s noweeh before
the embrio Tesponds to trgemnal stunulition fibers of the spmal teret of
the tngerminal enn b 1dentified in the smnnd cord These root fibers of A
can be followed some distance mto C1, although cifferentustion s not dis
tinet enough in this colladal sher prepiratient (method of Bodiin, 5) 4o
determine either therr final pomt of termunation or mike aurfam whih
fibers are npresented farthest candad

1t 6%y weechs only a few fibers are present m the spmal tract of \ bt
these are seatiered (hrough the chametenstic ste of this trwet 1w the
margmal zone yventeal to the dorsal fumienlus Some of these fibers are 1a
tated and others t small clumips of tno or three <o that ther appesrince
ts suggestive of the plonrenng Abers of Harrison (26) Spedel (53 36, 37,
48) Wews (67, 68 70 71) and others However w spite of the lemted
uansher of trigeminad fibers found at this age they are more numerous m
two regions—nedr the dorsal fumiculus {the locstion of the macilo wan
ddolar fhersy andt near the accessory nerve rootlets (the position of the
ophthalmie disison)—w2th & more fiber free aren betneen as previowb
described at somewhnt older ages (33) The mayonits of the moilo man
dibular Sbers Jie near the underlying gras matter or tertmngled with sts
cells (fig 181) as noted bx Coosh andd Loss (11) fos the spmd tract of §
wn {ower vertebrates

\: he age when contralateral Hevian first follows periorsl stimulation
(&t Tly weeks 18 98) the fibers of the spinal tract of ¥ have wmerensed

gresth m number and alveads extend ihronghaut the firet corvic L segment
of the spwmal cord Their exact eotelt oy

ot |
Because collor faf s e preparstio .
teats the obisirvations o3 Ahe zaten

Gl
”» tda Lowo s3%) are foss

t{urﬂ\ Tideed 1 fetuses o er 8 weeks of menstrual age 1t has pot been, goslle ta wlestt;

Whie sp adh tract of 3 m the spinal cord watl certa nty 114l cofictlal s huer matenal ?

{ fasculus weatus (1 seisor e DF dorel for e
> rootlets of fi

vl Ais bt s of fist cervical nemve DF darsal fu iculus

tract £\ OPT opl thadnue dove 1

I.\'n\ta\ nerve ) ich pass betneen the ap nltra b of

nonot

rng
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Fig 19 Photomicrogriphs of secttons through the first and serond cervieal segments of
the spinal cord to show the spmal trct of the tngeminal nerve X 100 A 14 mm fetus 331
weeks, Tomo 118 Section rostral to the muddle of the first cervical segment Actiated pro-
targol preparation according to the method of Bodin B 207 mm fetus 714 weeks, Homo
93A Section through the middle of the first cervieal segment  Activated protargol prepard
tion according to the method of Bodian C 23 6 mm embryo just under 8 wechs Tlomo 13t
Pyndme silier preparation & B and C are photographa of scctions m the region wed for
the drawmngs i figures 174 178,and 17C D 1sn <ection through the more caudal part of the
first cervienl segment of the spinal cord of the 226 mm fitus The arrons mdecate the 100
der hetwecn the dorsal fumculus and the maxillo mandibular fibers of the spinal teact of V
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18D 20 and 22) Both mauflo mandibubir and ophithalmic diisons de
ercase greth 1n «ize 1w the nuddle thied of C2 at this age as thes do alvo
at ths level 1t all later stages studied In this portion of €2, where the
spinal tract of \ deereises mirkedhy w wize, large numbers of fikers from
allof tts dssistons hive been seen to turn into the dorsal horn for termina
tion (2o mm embryo sce Ifumphres, 33 fig 12)

Fxammation of comparable levels of the first cersieal segment between
the ages of 615 and 85 wechs mclusve demmonstrites that altheugh the
total area occupied by the spinal tract of ¥ 15 incre1sed during this penod
the dorsotentral extent of the trict 1s not gresth elangad (fig 17 Vo
F) Comprrison of the total spinal cord size, as seen 1n transverse sechions
through (1 at 615 8 and 81, weehs shows that the mjor growth i the
atar plite area during this tiune 13 mediolaterilly (as cells proliferate wto
the mntle Iner from the ependyinn) and not dorworventrath (fig 18) The
slight merease in dorsoyentral divmeter of the alar plhite during this time
esidently depends upon the dorsal funiculns for this fiber bundle has shout
doubled 1 its dorsomedial to ventrolater\l exient belween 61, and 73,
weehs the age at which fibers of faseiculus grieths probibls reach thew
spinal cord levels

The «p n1l tract of ¥ mav vary as to crudal lunits of both ophthalme
n { maxitlo mandibulir divisions in fctnees of essentiath the same age In
tno such fetuses (22 mm and 926 mm  see figs 20 and 22) yust under 8
weebs although the spinal tract prsses ahont an equil ditance mta the
Splr;d] cor} eu‘}:c«ue {fig 20) the termnation with relition 101t ec wnd

- «puunirnie divisions may differ in fetuses of the
sany age {compare C and D of fig 17)

'fi 812 wieks when rump rotition and briclual evienea 1 !

st teaudatsard and the mixdlo man hby

(3 or event mto C4 (figs 91 99 qnd £35)

m both dis iions termmates in the mg o
fiber free area betneent muilo mandybular
ily visthle in thus fetus (g k)

amphrey 83 n oty

bar fibers may now pass through
although the great bull, of them
thirLof €2 asat 8 weeks The
V ant ophthatme \ 1 stll cle

Slthough 1t was 1ssumed (11
Waal £

&
8

s tepul nhn
onbet s 1 UL UD the e
LSt
pint

v tageserels 1t now appeirs more



192 GENFTICS AND INHERITANCE OF \NLUROPSYCHIATRIC PATTERNS

n this ambryvo (also a collowda] silver prep aration m which there s it
hifcrentstion be tween mdnvadual fiber tracts), although the maallo man
dibulir fibers Cn b dentified cwdal to those of the ophthalime diison
Many more fibers arc present m the spinal teact of V at ths age (figs 178
and 18B) than at 62 wichs, but they are still Joosdy arranged i hith

et ——————
Sao
.~
~

R R L
feey,

-

TP
A
(N
g

- ..

A™ s

Feg 19 OQuthines of the sections through
spmal cord that are illustrated 1n figure 17 ¢
emtryo € shown in dotted lres 29 mm
b rendily noted thit the major mer wse 1 dimeter ¢ the first cervical segment dunng U

porio | 15 meduolaterally with mueh less changs m dorsoventrl dimc ter

fwaeles The fiber free 7zone between the maxalio mandibulie and opht
thalmic dis 15105 of the trict 1s more sharph defincd thn at 612 wochs
By aght wechs of menstrual g when contralitari]l antad flevion m
respoftse to perior1] stimulation 1s well (stablished the moallo mandibular
ibers of V' have clurly outdistanced those of the ophthalmie division W
ciudal growth (22 mm, Homo 12 22 6 mm Homo 131) and ¢ be fol
Jowed throughout C2 (Ifomo 131) or ¢xen nto (3 (Ilomo 12) wherens (h‘v
ophthalme fibers do not piss beyond the muddle third of €2 (figs 18C,
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of this age pacs as far caudalnand as do thos of the other I\I\l\l\j\)h‘ ((“\ge
21 %2 and ©4) Thus mncreased candal growth of the aphthalme ;nrs u‘n-:
2o suggested carbier (Hlumphiren, 33 p 170) On he left st le m;\ ‘c\;‘

the ophthalmie fibers still end cephabe to those of the maxillo mandibulwr

RACT OF TRGEM NAL ~ LEFT

NAL TRACT OF TRGEW WAL LEFT | SPNaL T

s 53 i) ok Pz o3y 2 wus) sous reus
W NGy

5w VALK L TP» waiH & WX WAND 8

F 2.2 Geaplye represeptations of tf o
TR 0 of the sp o3 corl of ¢ o human Te!

<p nal tract of the tngemunal nerve in
tuses of 83 (Momo 19 25 nn Ve 4

he cervical
W 343 v

f
LU nrrons | helod A 200 are ghows 1a fure
0l cond of the 343 ¢ 1y fet s fmwnatUele e of
NN\ Tgure 3% Theapen
Puslteactof y m(a pnicy ¢
d\‘whhxn)«(s«llbhr\)l '
S 9 000 e mght side

. Wt tus drann af the dered
3 Smlry et st roug! the
each of e arrons Lilylat 4 P
) o t

1 ' ' LI ]
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probable, howcver, that the spimal trict of ¥ s attuned tts most caudal
termemation pomnt i the spmal cord by the time that the first loeal re
sponscs to trigcmmal stimulthion appear (30), 1e, by 915 to 10 wecks of
age Inwvsmuch as the tcrmin thion point m any two embryos of the same
age may v ary considerbly (see figg 20), 1t 15 probible that 1 comparible
virrtion 1s prescut mothe adult as mdiested by Tinenez Gonzales (37)
If so the spmal trict of Vv sometincs pass firther into C4 m the adult
than has yct been shown by thes> studies of fetal material It 1s equlh
possible that in somc ¢ 1ses all of the trict mav end in C3

SPINAL TRACT OF v — RIGNT { SPINAL TRACT OF V = RIGHT
22 MM (8 WKS) HUMAN EMBRYO | 22 6 MM (s wks) yMAN_EMBRYD
OPHTHALW & MAX MAND B OPHTHALM C _ WAX MANDS

cl
cl
c2
I
c2
c3

Fig 20 A grplie reprcsentation of the «ize and estent of the spinal tenct of the trgernal
nerve m the eerviend region of the spmal cord of two humar embryos of just un fcr § seehs o
menstrual age (Homio 12 #% i Home 131 226 min) Tle trict on the nght sile of the
spinal cord 1s Mlustrated for each emlryo The hinuts of t e spinal cord segments were d ter
tmned ont t] ¢ basis of the distrit ution of the dorsal root fibers to the spml ganglts The grepl
was made by measuring the cross scctional arcs oceupred by the maxillo mu did whr 2 1
ophthaltte divtsions of the tract with a squired miercmeter scale m the ocular of the micro
«cope an1 plotting tlus measurcment transsersely «n graph paper By plotting the number
of 10 4 sections vertically on the griph paper the actual lumits of the sprnal cord segments
are proportionally rpresented (soc ITumphrey 33 for further details) Note the vanation
in length of the different spinal cord scgmicnts a1 d the differcnces m termination potnt of the
subdistsions of the spmal trict of ¥ with rfercnce to the cord segments

In spite of the fact that 1t 91, weeks, the ciudal humts for the spm3l
tract of V as a whole hive not mcreased beyond the termmation pomt for
the tract at 81 wechs the ophthalnie fibers on the right side of the fetus
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nant of the facwl nerve afvo supphes fibers to the postesomerhal sspeet of
the auricle

T4 g been soggested by Raney et al (38) that the cuntral branchies of
the entaneous fbers of VIL TN and \ L along the ventral aspeet of the
cpiaal tract of ¥ s puwmencal sequence, with the Fhers ot Y1 mow ot
salty stuated and those of \ most ventrally phicet 1 rom his obsery shons
following tractotomy  bowever, Alchenae (43) suggests that the fhers frow
the ear {and throat) De adjacent to the mandibul e flars m the dovso
wedial purt of the spimal tract of b Ttisin this 4y that W allenberg {89
believed the buceo lingual birs of ¥ to be sitmted and Womdder (R0
located nass) and buee1) Bhers.

Athough vargwng sotenhit m postion, tven among the f wacles of
the same cranial nerve, the rontlets of VIE TN and % nenathy pass thronghy
the spinal tract of ¥ i the region bets cen and bordening on Both the max
o wandibulac sed aphthaline divisons (files 49, pp 66, 72 anid BD)
10 arder to occupy the position mdieated by Ranes et al st would he
necessary, then for the cutancous sensors fibers of V1L, 1N wnd \ 10
fuft ventralnard appreeribls after entinng the bramstem Consequently
i sexms mare Jikels that the somatic afferent fibers of thesc three perves
1o the spinal tract of 1 ncar the area of their prsage through thys traet,
s fhey du m some lower vertebrates (11) and abter Yhew postion onh
enoygh to bring them niore or Ie>s between the maxitlo mandibular an4d the
ophtladmic fibvrs of ¥ (region to which arrow pomts m g 23Y and g
244} Buch a location would also pliay the eutancons sensors fxrsof Y1
I\ an{ X the wame relatu e posstion m the body pattern formed bn the
fiturs of the dorsal fumeubus and the spn s} fruct of ¥ as they oveups
persplieralls Thes relationship 15 not surprising wmasmuch !

as these fibery

supply part of the ear a regon whuch 15 mners wted Alsa by Yhe mondiy) e
dusion of ¥

MODE OF TERMIVATION OF Tiy sPISML 7207 0r 3
. D‘unngdﬂdnpmem sensony root fibers  tend to be deflected nto those
l:rmr sunters that happea at the fime 1o be undergoing cellulir prm.
G\;m;:hnn {Sperry 60 p 237 <er abo Coghil 0 10 Bur ¥ Woss
’ } Thes tendency watld accotnt for the descending course of the o
zmeo\l; semory root fibers i the spinal tract of the tegemmd prp e be-
‘muse ds he upper n‘n;r-?l conitepon (the aren + £ earhest noons) by e clmure |
s undergoing rapud hferentistion durin )
® the period wh

D!’;lelmle the thombentephatlon and tury cuud«d o theee ftees
“m\l::\ :—:;i‘ciung )!hc Appropriate areas of termmation in the Brasast;
AN mnfn;;; cacd the descending trigetmunal fibers estaklidy «m; E‘m

sectilary sensory neurons in the nuddens af o

s af the <pinaf
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division, In this older fetus, at least, the fibetfree zone between mlo-
mandibular and ophthalmic divisions is small and often difficult 1o dy-
tinguish (fig, 17F).

POSITION OF TII ( UTANEOUS SEN9ORY FIBEHS OF VL I\, AND NI\ THE
SPINAL TRACT OF V

Tn many loser vertebrates the faeinl, glossophary ngeal and vagus nerves,
as well as the teigeminad, supply cutancons sensory fibers for the face (11,
39). In man, the vagus supphes the concha of the car and the postcror
wall of the ex ernal auditory canal (12) and a twig of the glossaphary ngeal

OPHTHALMIC DIVISION MAXILLO-MANDIBULAR
22 MM BROMMI e3Mu 126 SUM 3430 | 22U |22 ouk| 23NN |26 Sum 343

R L
<l II

c2

L

€
% "
A

(2]

c4

| I

Fig 22 A graphie representation of the ophthatmie and maxillo mandibular dnsions of
V' for hoth nght and kit «des of the «pinal cord of & humn ftuses fram 22 mm Vo 343
M 1 cras tnp length Qust under 8 weeks to 9 5 weeks of menstraal age) For thas ﬁg\m‘;
e ccass seettonal arcn oecupued by the tract has heen disregarded and only 184 rostrocand o
extent Mustrated  All of the spiml cord segments arc represented of ¢quid kugth and Abe
tesatal pount for ench tract cstumated an the biss of the perreaiage of the sepmoot tmy
exadl Ty the division of the tract m question Tn ths way the proportionte distanee that r‘\c‘\
Anision I penctrated mto the segment 1wk it termaetes 13 readly compared \'Imuml\l
aut the group of fituss Note the varation hetwean the ophthalmie dusion on the might
(I) and that on the lft (L) for cxch fotus

aerve way distribute withat (41) Likewne Larsdll and Feuton (42) found
that » teaneh of the facial nerye yons the auricular braneh of X and con-
cluded that 1t probably supplies the auditory meatus, the ty mpame mem-

Brane ind part of the concha According to Tlunt (24), ths vestigal ram-
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nant of the fannl nerve abo supphes fihets to the posterotedial aspect of
th;ga ::‘:‘;een suggested by Raney ot al (48) that the central branches ‘ni
the cutaneoys fibers of VIT T\ and \. Jie along the ventrl aspeet of the
spinal tract of ¥ aumencl sequence with the fibers of VI most dor
sally situated and tho ¢ of \ most ventrally placed From his observations
follos ing tractotorm howerer, ehenze (3) sugrests that the fibers from
the ear {an } throat) lie 1djacent to the mndibulir fbars n the dorso
tedal part of the spinal tractof U Tt th area that Wallenber (63)
behesed the buceo lingual fibers of ¥ to be «tuated an] Winkler (60)
located nasal an 1 bureal Shers

Although sarymg somewhat 1 po sion even umong the 2 atles of
the same crattal nerve the rootlets of VI I\ and \ uswilly piss through
the spinal tract of 1 1 the region betw een wnd bordermg on both the max
illo mandibufar and ophthalnie divmons (Riles 49 pp 66 72 and 80)
In order to occupy the posthon mdicated by Raney et al it would be
necessars, then for the cutaneous sensory fibers of VII, I\ and \ ta
suft ventralsard appreciably after entering the bratn tem Consequently
1t seems more likely that the somatie afferent fibers of these three nerves
jom the spmad tract of § near the area of thew prs<age throngh s teiet
as they do 1n some lower sertebrates (11) and alter their position only
enough to bring them more or less betwecn the mxllo mandibular und the
ophthalmic fibers of V (region te which arrow points m fig 23\ and fig
244} Such a location woul Lalio plice the cutancons senvom fibers of V1T
I\ and N the <ame relatise position 1n the bo Iy pattern formed by the
fibers of the dorsal furiculus and the <pural tract of 4 as thoy occupy
penpheralh This relayonshp »s not sutpmsing masmuch as these Fbers

supply part of the ear & regon which 1s mnervated alo by the mandibudae
divivron of §

MODE OF TERMINATION OF THE SPINAL TRACT OF 3

During des elopment sensory root fikers tend to be defiected Moy those

nuclear centers that happen at the tume to be undergoing cellubir peo

hferation  {Spern 60 P 237 see alo Coghill 9 10 Hurr ~ “?

£7) Thus tendene "

teous sensory

cause the upper ¢ u altatien

1s undergowg vapd iffcrentiation durimg the ;::xtd“ :u;:"‘h:::t‘ dﬂ’;;m‘]

penctrate the rhombencepbilon and turs caudad o Hhers
Upon reaching the approprate apeas of termination w the §

an Y cervien) epmal cond the descending thigemmal fibers establ h)mmm‘m

relitions with the secon lary Sensory neurons i the nuclens u‘; “:’1;;[‘)':;0'



Fig 23 A senes of drawings from the Ift dorsil born area of the spial cord of the 812
weeks fetus illstrated m figurc 21, made at & magntheation of 75 Fack of the drvaieg
Ibeled A through J sas madd at the level of the arrow amitirdy hibeled i figur 21 The
arrows pawtiog to the surfuce of the prnnl cord an 234 through 231 mark the Lorhs b
taeen the mavllo mandibulir ddivision of 1 dorally and the aphthilme divasion Aentrathy
T broken line crossng the darsil fumculus nrks the approvm e honter between fasciculus
gracihe and (aserculus cuteatus

B\ Ulood sessel i doral wntermediite scptum ana, € fasccutus coneatus, €1 fint
corvical segment of spimal cord and sensory rootlets of first cervieal nerve, €2 €3, Ct seeomd
tlued and fourth cert real segmants of the spinal cord, B1° ependyma TS fasaacutus solt
tarig, G fasaculus geacahs, MM walle wandibul it civinan of spinal tractof ¥, ori
ophthiate distston of spimal tract of 1, § dorsal mtermediate septum
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tract of V Undoubtediy the pain ibers of the spimal tmc\‘.o!f A hm’ncll 'r::
hoss cirrvang pam front ad)ace)
termmate 1 ts nucleus, so that il
ul‘lz;n:a:slan 15 overlap each other at their termination centeally as “;‘l\
:\ penipherails (19} Certundy such a central overlap 1s present for the
pun earnving fibers of spinal nerves (20)

F

419 25 3 semes of drawings rom

the 112 dorsal fiom ar o
neeks fetus Wustrated yn figure 21

; of the spinal cond of the p1g
mude at & mygufication of 55 F, ch of 1

fabelrd 3 through B was made at the eset of <o b of the desiae

 rough

cla 7

? M1t accesiony nerg
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Ihe sentral secondary ascending tract of V teansits impulses arouse !
by punful stimuly from the nucleus of the spmal triet of V to nueleny
vantradis posterior of the thalunus (from which they are relned to the
semsory cortex) In order to Jose all porception of pun carnied by the tn
genunal nerve aftor scction of ats spinal trrct m the medully (trigemmal
tractotomy of Sjoquist 52) 1t 16 estdent that this tract mitst be sesered
above the most ecphalic pomt of distribution of 1ts fibers to the sceond iy
puthmas Tosts for pun perecption followmng triganmal trictotoms per
formed Just cephalic to the motor decussation have frequenthy reveald
such a complcte loss of pun perception from all arers supphed by the
trigammninerve (21 22, 43 66) If some pun perception nver ¥ 1s retained
Melenzie has found 1t most often m the region of the upper hp Ttmm be
concluded then that all sccondary nscending fibers rltted to pun pereep
tion over V arise just cephilie to the motor dccussation 1t the Jevel of
this decussation ind ¢ wdal to it m the gr1y matter of the upper ey
cal spinal cord segmants m which the spinal triet of 1 termmntles Were
this not true there conld b no complete loss of pereeption of trigem
mal pamn following scetion of the spmal trict of V just cephalic to the
pyrani] deeussation as has becn observed by Groff and Levy (22) Grant
and Wanberger (21) Wanborger and Grant (66) Mchenzie (43) mnd
others

The loss of pun perecption over all arcws supplicd by manddbulir 1
after trigenmual tractotoms performed 1t the upper border of the motor
decussation (see Gemt «tal 21 66 Groff et al, 22 and Mchenzne 13}
demonstrites ehmeidly that the mandibul e division 15 well as the other
divistons of b prsses bdow the roste il imts of this dectssation Obseryt
tions on the human fctus show that morphologically  the most sigmfictnt
deerc 1ot m the number of fibcrs i any divysion of the trict takes plice
the muddlk third of C2 Consequenthy fulure to rdieve pun along the
mmdibul dicision of by tngemnl trictotomy it nudoln ary devds
(ie wellabove the motor decussition)  or ¢ven lngher 1s not duc to ter
s ation of these fibers ibove the love of scetion s apparently beieved
by some ncurosurgeons (17 23 45) but rither to folure to direct the
cutting mstrument so that the mandibular fibcrs are meluded the optr1
tion
Siee the obscrvations on hum n fotuses damonstrete that ail divisons
of the tngcrnal nerve pass mto the spimal cord these results favor the
smtcrpretation of Woods (81) Dqenne (13) Brouwer (6) and others on
the s inner of termimation of the pun fibers n the spmal tract of V 1ow
ever, these pun fibers must come mto <vnaptic rehition with the eells of
orign of the ventral secondary ascending fiber ss stem onhy at cand W levdds
of the medullv and m the spinal cord (ust nbove the motor decnssation
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at motor decussation levels® and in the corv 1eal cord portion of the nucleus
of the spml triet of \ <ee fig 9) an | not throughout the medullt ab
longata 15 mmphed by Dejenine {13) Nevertheless withm this more fumted
reon of distnbution of the pun fibers the results of pun perecplion tests
Follow ing trgemmn sl trictotommes ~upport distrbution weandng Lo the
oman sk pattern of Dejerme with fibers from togenuml zones wiach
are adjacent to the cervical nerve distribution ending 1 the most eud 1l
part of the nucleus of the spinal tract of v Thus 1t has heen noted {38)
thal tgenmhial tractotor at cradal levels mas allow pereeption of pamful
sensations 1n zones about the nose and mouth although senaitimity o pun
s lost 1 those regions of trgemml distribution which he nest to €2
Sumlarh as noted previousts , followng togemmal tractotomy perfcrmed
at a level which does not eluminate pam perception completels (Mchanne
43 5 mm below the obex) any resuluil relention of pam perceptii s
most often located about the upper lip Continued eareful observations on
.. .

Although tactile sensation 1s not fost following tngemmal tractotomes
which result in loss of pamn perception over the distribution of all theee
dwssons of the tngenunal nerve Wenbtrger amd Grant {80 66) Sound an
increase 1 the threshold for tactile stimulatson an § a decrense 1 the num
ber of tactile spots after tractotoms i comparion with thost present on
the unoperated sde even when the operation wee perfurmed at morc
caudal levels Such ob ervations mdicite that there 15 some overlap at
least between the Jesels of termmation of prn fibers 1n 1 the distnbution
of peneral tactile fibers to those neurons of the nucleus of the <pnal tract
of ¥ which contribute to s ventral sccandary ascending traed {see fig 23)
A fequate tactun! tests following scction of the spinal tract of  at fﬂ;hl
levels hate not been reported The pre cuce of wmedullated Ghers of 1
spital tract of ¥ n upper €2 as <hown by myvehm sheyth stuns {34 l‘:;
80 suggests that tactile fibers muy reach this ksel However "
ti;»le\rs ot !Ew trigeonal nerse such a5 those mnes ¢« 1 some pan
por
abs

* Accord ng to Carlton S th (53) T
e motor
TR of the ¢ et o e St e e+ RO 3 e et
«sontend e .

shaw
rootl
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Reflexes rcsulting from trigammal stimulation, such as swallowing tongue
movannts and the corncal reflex, are not lost m the adult when the spinal
tract of ¥ has been sectioned just abos ¢ the motor decussation (Mchenzi,
43, and others) Smce these refloses (referred 1o as Joeal rfloves m f 1l
behavior studics, «¢ Hooher, 29, and Humphrey, 33) are retuncd at
least part of the conncetions mediiting them must be oot ibhished above
the levclof section of the spm 1) tract of ¥, 1 e, above the motor decissation

Although mny of these trigemn ol reflexes m the adult are normally
rdated hirgels, of not exclusndly, to the gencral tretile fbers of ¥, the
corneal reflex has eustomarily been associited with the pun fibers alone,
and only frec sensory endimgs® his been adentified i the corner (82) 1

¢ Tollowmg trigenunal tractotomics which result m Joss of corncal sensitnaty 1o pun
corneal stimulition oy gie rse to a scasition desent «d as touch (17, 31 53) A rdng
to Zwnder and Weddel] (82) a dilute solution of Pantecuine m the ecmyunctisal wie will v
vent the porecption of the eustomnars sensition of pan upon corneal stunulation altt ough &

sensation aki to toach 14 fltf the stimutiting ngent defortns the corrier These ot weriers

suggest that thas crude sensation of touch may be relted to the terminattons found m the
tumen propoia of the cornen wherens the panful «psations rosult from stimulation of the
tertmnitons m the corneal eprthchum

Fig 25\ Ihagram to allustrate the prol able distribution of the cutaneous sensory fibers
m the spinal teiet of the trgemmal nerse and the levels of origin of those fibers of the ven
tead second iy ascending tract of the tngemurea) which transot pun to the nucleus ventrahs
posterior of the thilimus The outhne drawing of the head 1s modified from Digerine s figure
378 (13) to show 3 zones of the face rather than 5 The pyrumdal decussition (smll (ros
m the mudline) 15 allustrated as ovcrlapping the first cervical cord segment (53) In con
formuty with ofervatsons on bom ut embsy os thit masilo m indibular it crs of ¥ may reack
C4 fibers of the spml trict of ¥ an shown at this lovel In accor fance with obsersations of
newrosurgeons mide after tngeml trictotomy  the fibers from the nos mouth r gion are
Wlustr ited a3 terminating hughest m the nucleus of the spinal tract of  and thow from anas
bordertng the cervical nerse distribution ns tertmnating farthest eaudaluard an the spmb
cord The pun carrymg fibers of the venteil sccondiry ascending trict of the trigumnal af
whown as tiking orgn only fr wn spinal cord and lower medully levels—t the } vel of the
ttotor decussation Jinst «bose it aid i the first four ¢ riecrl 1y 15 of the spimal eord

B Dogrim to show th termunation of th tactls fib rs m th sprml tract of th~ in
gemmil n s Tho tsp s of tactile fio > ar allistrated as d mon trte] by Wl (70
uou bifurcating fib rs for tucttl discnmuimition wlhich termmate ool Ty an the cut { s nsory
auclus of ¥ and Lifurcating g neril tactile fib rs which en Din bath the ¢ usf s nsory nuckess
aud the nucleus of the spnal trict of ¥ In agre m ut with obsersations ¢ ported following
tngemunal trictotomy  the genceal tactle fit crs ar shy vn to terminate in the upp 1 convient
cord Jesels an 1 to overlp the © gion of distributton of the pun fibizs

CSNY chuef sensry nuclus of the trigemmal 1 rse CRN Y 100t fbers of trgeminsf
peme GEN TACT  general tactile fibers of trigeminnd 1 snfenor corcheflar prduncle
M mrddle cerebellar peduncle N SP TRV nucleus of the spinal trict of ¥ & supesior
archellar peduncle SPARY  spunal tract of the trgemna) TACS DISCRIM tactllt
disenmination, YFNTSFC ASCIR OF \ wentral sceondary ascending, tract «f the i
1, VII facial nucleus ¥ IIT aaghth ervmal nerve

U

geminal
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Reflexes resultimg from tgammal strmulation, such as swallow 1ng, tongue
movements and the corneal refley, are not lost m the adult when the spna
tract of V has been scetioned Just aboy e the motor decussition (Mchenr,
43, and others) Smee those rflexcs (rcfurred to as local refleves i fotil
belivior studics, sce Tooker, 29, and Humphrey, 33) are relamed, at
least part of the conneetions mediting them nyust be cstablshed above
the levelof sceton of the spund tractof 1,1 ¢, aboy o« the motor decussition

Although many of these trigemmal rcflexes n the adult are nornlly
relited Tirgely, of not «xclusively, to the general tactile fibers of V, the
cornenl rcfles has customanily been associated with the pum fibers alowe,

and only free scnsory endings® have bon identified m the cornea (82) It

¢Tollowing trigemmoal tractotormes whicl rosult 1 loss of corneal scnsitnty to pam
corncal stimuhtion ny giie rise to a sensition desenibed ay touck (17, 51, 57)  \econding
te Zander and Weddell (82) + dilute solutton of Pintoc une i the conjunctnal «ac will pe>
vent the parecption of the customary sensition of pun upon cornetl stenubition although 8
“sensation akin to toueh” 13 £t f the stimuliting ngent deforms the comen These obnervess
sugrest that thrs crude sensation of touch may I rehited to the terminations found m he
tumca propra of the cornea wherers the punful semsations rosult from stmutation of the
terminations i the corneal epsthelam

R

Fig 20\, Dasgram to llustrate the probable distnbution of the cutancous sensors fibers
1 the spinal tract of the trigemimal nerve and the levels of origin of those fibers of the ven
tral steondary ascending trict of the trgenstal s hack teanstuet pan o the muckus ventrals
posterior of the thilimus The outline dewwing of the hetd 15 modified {rom Dejernoe’s figure
378 (19) to show § zones of the [ice rather thyn 5 The pyramidal decussbion (amall crnsses
m the mdlng) s dllustrated as overlipping the first cervical cord segment (53) o co
fornuty with obs ruations en humn embryos thit mavllo manddbular fibers of ¥ may resch
C4 fibers of the sl truet of b are <hown at thes ke In accor ance with ebsers itons of
nmde after trictotomy, the fibers from the now mouth v gion are

Mtustrated as tcrmmnating loghest m the nucleus of the spin il tract of ¥ and those trom aread
bordering the ccrvacal ncrve distribution as tyrmmating farthest caudals ied i the gt
cord The pun carrying fibers of the ventril sccondary asecuding trict of the tnguamt af
shown as toking orgin only {tom spanal cord and lower medully levels—at th loved of the
mator decussttion qust above it an ! m the fiest four o ruerl Uy Is of the spuail corid

B Disgeam t2 show the t omntion of th tactl b £5an the spimal tract of ;)p_lrl
genunal v ey Two typ s of taetll ho sy ar ustrate b as d mmdnted b Wil (70
non bifurc wing fibars for tact]  discrmunation wheeh ¢ rmmate sob by m the v (s won
nuefens of ¥ an { bifurciting g neril tictile fib rs whichenbenboth th < a f5 nony nucleus
and the nucleus of the spmal tract of ¥ In agee mnt with ohsriations ¢ p wted following
trigemnal tractotomy  th> generil tctile fibers are showa to termanate m the upp re nsed
coril Ivels and to overlip the region of distribution of th pun fibers

CSNV chief sunvory nuelous of the tageminl verve CR NV oot filers of tragemmal
nenve, GLN TACT  geaceal tactile filicrs of trigemumal 1 nferior cercheliar pedunclt,
AL aanddle ecrebellar peduncle, NSPTR'Y nncleus of the spmal tract of §, & mplrl‘;f
corebaltyr poduncle, SPIRY spinal truct of the trgemumad TACT DISCRIM tact
drenmnatian, VEATOFC ASCTR OF V ventral sccandary ascending tract of the tn
gommat, VI funlauclus VT exghtl eruad nerve
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reflex 1s fotloned shorth, B ather ceflexes (deglutiion orbiculirss ocult
contraction cte ) th the sequience guen b 1lnaker " .
The possibrlity that the scleetive (imnation or adhitien of callitert
branchies mat be one of the wavs i which Tocal sespanses beeome estith
hshed durng the developrent of bhavior was menttoned by Sperry (60,
p 208) The sequence wineh Hooker (10) reparts for the appe srnee of loend
trgermal reflotes Tises the question as to whether the order of develop
‘ment of collateral branchcs from the stem flees u the spmd draet of 3
may mot be g major fctor I determinng the <cquence of development of
tocal trigumnal refleves With this possib bty m sumd A data my ulibk
ont the time of development of coflater b brinches together n ath the ¥ tnous
factors winch determine the appearance of colliterals along an axon, will
now be consulered
Information 15 very meger as to the tune of apprarmee of colliterals
ta the course of development of fiber tracts Yor the spm il traet of the
tngermnal perve in cat «mbrvos Windle (78 p 636) reported that the
fint colfaterals are not found until after the descending fibors hnve at
least pissed the level of the vestbular dinaven of VI The branches
which then appear {m 10 mm embrios) howeser arc at the levdd of
entrance of the &ith nerse It scems hkely thit these branches are the
ascending hmbs of the general tachile stem fibers as they pys o the nevrons
which will form the chief sensors nudleus of V (76} and thercfory are not
really collaterals at all % kttle fater Windle (38 115 mat cat embriog,
P 66) noted a few true collatertls from descending fibers of \ at the
Ievel of the s estibiudar devision of YIIT (the {ication albo of the eadal part
of the faetl nuckus) For the dorsal fumculus Wandle and Fitzgerald (79
p 497} found that 4 enntimuous shite column was established 1 huttats
vr_w‘\'hr\m belore ans o fdters) branches anc guen off Tihewine Windle
(7T D 79 cut) fount na branching of fibers 1 the yventral comnussure
untid after the commussure 15 well developed
The
and els
pomt Tancnes are permanently establiched Ao
e sk e o o et
i ekt 1 vamons dreenones of whe o o g
tans, of which one yartiy establishes
stelfl whale the others are havled Durng the growth of the fiver, t
l;:!;’;:"z\;vp‘ m(‘ig owlrﬁa’;d arer wntd the pomt of axonal Ilylll!n1\|:’\hl::
s 08 p 169) Aevording ta Werss (68 70) the pref
route for tns fiber growth s m the dwecy bne of th f ML
withough each preudopodiuny fepresents a e wus of the fiber Thus
ot potential branch Wesss (71
© 4a%) points out thal | anious forees tend to heep the axopla<m from ﬂ(m\
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would ppear, then that 1t ko ist v part of the reflex connections betseen
the pun fibers from the cornca and the ipproprite motor reflex centers
of the brunstam must be cstablished at les (s eeph thie to those contnibuting
to the fibers carrving pun to nuelcus ventr s posterior of the thalanus
Although 1t 15 poswble thit special fibers i the spunil tract of V are v
scrved for the medrition of rcflexes, and do not make connceetions with the
ventril second iy 1seunding fiber system 1t seems more likely that refleves
resulting from stunulition of the sensory fibers of the tigommal are de
pendent upon eollateral branches from the stem fibers m the spinal fract
of V which ¢stablish connections with the approprrite motor nuclet by way
of miernunaals Inismuch s the corne 1 reflex 1s retuned followmg tre
totormy wluch cJumnates pun pereeption over the entire peripheral dis
tnbution of ¥ colliterils relited to the production of tis reflcs (inresponse
to stunuli normally producmg p unful scnsrtions) must come off mpartat
feast cephiahic to the termmation of the pun fibers of ¥ for ssmapse with
the ventril sccond ity ascendmg fibers related to pan pereeption (fig 22)

THE ORICIN OF 10CAT REFFENFS IN RESPONSE TO TRICFMINAI
NFRVE STIMUI ATION

Tp to 9, wicks of menstrual age the onlv response to uml ateral tn
geminl stmulation 1s contrditerl (rircdy homoluteral) vl flevion {1t
71, weehs) whieh bocomes morc xtenstie 16 the fetus mereases 1 age
md 15 then weompinicd by brachnl cytension and rump rotition (29)
It has arerds been pomted out thit durmg this age mterval there 1s
merc e n the number of fibors in the spinal triet of 1 and an added
growth of its fibcrs cwdilward through two or even more spml cord seg
mnts s the contralaterl flexion response extends to nclude rump rota
tion and brichil wehion fiber systams other than thosc first functioming
muv tihe part i the response or even dommate it It s possible that
ncurons m the sensory nuclcus of 1 distribute mupulses to retiento spinal
fiber systams (2) which oxtend remforec or largeddy take over the contra
1iter il flexion response It s also prob ible thit such spmal cord mtegrating
mechamsms as i propriospml sy stems hikewrse partietpite Inany et ent
until 91, wechs no functional conncctions have been made betwean am
part of the sensors nuclaus of V and the efferent neuronal sy stems which
1iter produce lochized reflex responses to strmulition of the trigemmal
neryc
Lhe erliest local response to trigennal strmul ition reportud by Tooker
(30) 1 mcomplete but active mouth opcning first seen at 917 wechs The
mouth closure wiich follows active mouth opaing it s timc 1s due 1o
relivition of the actne musdes (scc p 148) wd not to contraction of

muscles wlich close the Iips or ddevate the mandible This mouth openng
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ertl nersg fbers should alwo n-gué;.tc the developmnt of collitersds from
ervous system fiber triets
mt‘;slc“;,::c‘l:x‘r‘\g“ 2ls0 occurs where the grawing fber fip meets other ﬁh\‘n
of amy type crosag s path (27, 32 67 69, 50) That lvdds where the
cpmmal treet of 1 15 crossed 1y other er mal nerve fibers (V11 YHL I\
and \) provide a comp ible stunutus for coll iter dl formation s mtheted
Woth cmbrvomedls and phulogenchesth Thus Wendke {78} found the
first true collaterals from the spinal teact of ¥ at the levcd of the vestibulyr
fibers of VIT1 (where Bhers of Y11 eross the spinal tract of A, e p 143)
and Crosby wnd Yoss (11) report the first desclopment of coll erals
fewer vertebritesat the losdds at which armnl nerves enter the Lram stan
Gf the vapous factors hnown te mfluenee the formation of eolaters)
brancles mitatic actssts netr an axon and cro smg nerve fiters appe r
to te of y truculir signific nee to the order m which collaterals may te
gven cff frem stam fibers i the quna) trzct cf ¥ Smce differentition of
the Erainster aceurs m 1 cersicorostrel (30} direction from the pemt of
clo ure of the neural tube 1n the corvical region (crudorey halie Rngsbun
10 p 3097 the gradient of cellular proliferntion n the Yrunstem o a
whole follows tlus order as well More speaifietils at w evadent from our
own material that the nucleus of the sprmal traet of ¥ differcntiites moa
cemvicoro tral direction embhryomeh qust as it does m the eourv ol
pilogens (11} As the appe wrance of collateral branches is mluenced Iy
the prusence «f mitolic actinats  spronhing of sule hrnches from slum
fibers 1 the spmal traet of ¥ should alo tend Yo apporr m 1 somew hat

eervicoro tral sequenct Gther factors influencing the formatar ¢ w1
ler Vo 1

axe

arl w wat e levehs prrticulds s Tas alyg
been found to occur phylogenetiealls (12} St ather frctors such as
maturation of one center stmulating the ey sraent of functionally ye

Lited nueler mav al o partierpate: With the dat v in ming 1s to the mode of
levelopment of collaterals from stemt fibers the

seqiienice for the app
ance of refleves related to the spnal tract of 4 "

he togemmat will now e
consi fered
1 the <pmal tract of \ establishes sts
connechions 1 a cervico
s quence then local reflexes merhated « «an Tostr)

wre ewd il situated motor

he first local reflex noted for

wellas for the ret (1) and

. 100 s active but wthe ey fetuy e
neomplets

pamg (39) ANhough i norma) adalt man actine mtut)xpnpu:::Mh

‘\m;l\l\m:m Yargn part by muccles nnervated 1y 3 thraugh mulpons le‘\lo;\

and by VT through more caudal regions af the pons certain supr ﬂl\m;

¢
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mg into morc than onc dinnd Consequentls, 15 soon 1 & muss of proto
plism passes into one pseudopodim  the othars ure antomticilly draned
md withdewn (so also Wass, 68, p 173)

Such obsery tions suggest tht collateral branches from stem fibers ma
tract proh bl do not usually stabhish conncetions before the axons hue
wtuncd some degree of matunty, dthough some collaterals evidenth
hegm devclopmaent and are lost (55, 58) Indced Tdds (16, pp 266 7)
speatficlly states that collatcrals of regeneriting perpher il motor avons
do not appear untid the fibers hiay ¢ matured to a ecrtam pomt Tn descussng
modcs of fiber brnching Wass (67, p 536) 15 (ven morc (vpliest fir be
s that hierd (resecnecs—o cilled collitertls—bud out from the
stem of an established nerse fiber™, 1¢, prosumbly one which his ma le
termmal connections (see alsvo Wass, 70, p 1))

Bee wise avonal growth 1s by maans of protoplisnue flow along, the mn
axis of a fiber (25, 26, 68, 70) ndded growth m length of the neurisis » it
tend to ecise when 1ts termnal syniptic rdations are estiblished As long
as protoplasm formtion m the pemharyon (35, 36 50 72 74) and flow
along an avon continue at a rile griter than required to muntaint the
form wtion of coll iternd braches will be fasorcd 1 vidently this ponod of
growth and diffcrentiation of the ncuron 1s an mherent property for cxch
ncaron type (Weiss 70, p 18) and 1s a sigmfic it fictor m dctermnng
the number of colhitcral branches produced the wize of the penkaryon wnd
other charicterntie fotures of the different elasscs of neurons

Lhe spperance of collatert! branches scams to be dipendent upon 2
vancty of other factors 18 well Among tham are mech il o chermesl
writation (55 67 68 69) Obstructions m the path of & fiber 1y 2l
mflucnce s brindung (53 59 67)  Aecordng 1o dperdel (55 56 58)
mutotie actis ity of ncurlamnia s of fbroblists or of myoblasts newr &
penpheral avon supply 1 exatant factor for collateral braneh formation
Under these conditions collitertl Eranchies e put ont toward the dn dmg
cells In the central neryous svstem no doubt mmtoses of neuroblists and
ghoblasts function i a comp irihle Qpaty 1c pros \de an (xaitnt fietor
for collatcral brinching o parpharally deners ited zone {eutancous of
musctilar) mv also mdnce new side sprouts from wdyicent minct erlphl“‘
werve fiboes (14 15 16 24 28 50 58 64 73) In the devcdopment of the
centril nervous <vstem groups of ncuroblists which have not established
s ipses should provide a simlyr strmulus for the form ttion of colliery
hewmches According to Spary (61 p 72) the ay ulible cvadence warranls
the conclusion Hil ssmaptic hihages are regulied on the sume prine it~
throughout the nervous svsteny If 1 the development of synaptic hmhages
the s v prenciples wply both toperphe ralnervos and to the centralners m‘h
watem then the fietors which determme coll vicral brinelung from periph
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Dreghatition browght alpout alvo by motor neurons of the medully (nu
deus ambigaus wnd nueleus i pogloans), has buen obsersid as early ny
100, weks for the human fetus (30) Vomever, m mond studics of mfen
human fetal el s tor snaflos g has not bren noted at all 1 may be Yhay
bioth tongue mos ements and sw allowing depend more partienarh on sim
whatvon of the msde of the month meards frtad e atleast aud an adequte
stnulus for these reflces fris only rarcds been provided duting e shudies
af fetal behavior

Vost of the other local reflexes 1 response te trigenmmal stimulation {30)
depend upan the f1etal nueleus for their esecution Of these, the voariction
of the orhieutarts oculi muscle appears first {at 1Y, nechs) hut 19 <oon
followed by action of the corrugator superaitn {at 13 weehs) Lap clowore,
“whith probably 1 olues the motor nuckeus of b (elevation of the mandible)
s well as the facind nueleus: does not oceur unl 121, necks

The contriction of the orhicalans ocult musele on stimuliting the shin
of the ovehd 1s obvousls the fetal counterpart of the cornetd reflex i the
adult Fridently this reflex 1s mediated largeh | of not exehns by, through
the caudnd yrt of the spint) tract of ¥ ard tts nucleus for yarwus newen
surgeons (Ofnecront 45 nd others) hwe found 1t to e lost entirely
when the spinal tract of \ has been <cetioned abase the candal end of the
fourth ventriele te rostral to the obex regtan That a part 1t least of the
reflex pathn v 1s related 1o caudal levely of the medulls if not to the upper
spanaf cord 3 1 feated by the fact that the cornedd refley »s Wowrd or
iwnnphied when the spual tract of ¥ 1« sectioned at c1ud ] leyJs of the
wedalld (Lafconer 17 Mehenzie 43 halin et o}, 38 and other

H the corneal reflex @ medatod bemt b v %)

" vlvsttar sequence ot desedopment of reflex coll y
i ihiteraly from the
As the preceding discusuon ndy
g m tndiextes, loesl rfleves tn respon

nse 1
eemunal stowittion have been demopetrated by human !cxl,al lx-h:\ll:r
studies 10 appear m a sequency sUggesine of a cersieovasteal it
devclopment of the centrl nersony e o

svsteny mechnreus y
quentt it 1s sugested that th arder of appraranee ot ml:\o{wd‘ c‘:mw

cun



148 GINETICS AND INHERITANCE O} NEUROPSYCHIATRIC PATTFR\S

and mfriiyord museles mners ated by the first three cervierd nerves’ do
pirtieip ite and ¢an partially open the mouth when the other muscles are
not able to act (44, 50) In fctal hic, then, if rflex wres theough upper cer
viet Jovels for mneration of these supri and frihyod muscles were
completed Crhest in devdopment, an mcomplete but active mouth open
myg should be the first Tocal reflex to apperr Tlis s exactly what happens
for the human fctus 1s well as for rit and guine pig fetnees Aetnve jaw
closure, howcver, smee 1t is medinted entirdy through the motor trigammal
nuclens at nndpons leveds, would apperr Titee i fetdd bfe thw mouth
opening, as 1t his hecn found to do, not onlv for the hum i fctus (Hooker
30, Iip closurc 1t 121, weeks, 3 weeks Titer thin mouth opeming) but
also for the it (Angulo, 1, 3 divs Liter) ind the gumea g (Carmichael
8, anc v liter)

According to Angulo (1) tongue movaments appar as el i the de
sddopment of the belvier pittern of the rit as does mouth opening In
other studies of mmmalan fetil activity these mosaments have not been
observed until somewhat Iiter m dovedopment and not until 14 weeks for
the human fctus (Hooker, 30) In the course of phyvlogeny, the hapo
glossal nuclcus which mnery 1tes the tongue muscles, beeomes a discrete
entity by the rostral nugration of neurons from the motor columus of the
ventral hom of the spm il cord (39) According 1o Barnard (3) the frog 15
the lowest vertcbrite to show a hypoglossal nuclcus scparte from the
sentral horn neurons although in the frog the ¢wdd part of the hipo
glossal nuekeus overlips the ventral horn eclls In wlull munmals due to
ulditional rostrl mmgration of the hy poglossil nucleus 1ts rostrd end his
re whed about the syme eephiahie lovel s the rostral tip of the dorstl nuclens
of the vagus (39) In human fetuses 1t the time mouth opening appers the
hy poglossal nueleus 15 still in continuty with the somtie ¢ffcrent neurouns
of the first ecrvical segment of the spinil cord (46) If collaterals from the
spimal trict of V form connections with the nternunerals i ts nucleus i a
ccrvicorostral direetion  the erudil postion of the hyvpoglossal ncurons
would fuvor an carlv apperrince of reflex tongue movements as Angulo
found for the rit Probibly such movcments do occur n vounger hum
fotuscs than they hive been noted herctofore but have not been abserved
becuse the mouth s usudhy elosed it this time (30)

7 Tl anten rhdly of e d gastrie ard the exters al ptorygor 3 sk nienatal by tle
tmgomt b e ar 1 Ue po teror belly of Hc digastrn and the pltas v amners tod 1y
1 faad are !l no tamp fentimd moactaen ol opom gt rorml o lult

Te nirily 11 (tamolval Movers 43 1p 28 ) ar | syprady o1 0ol

I wever Al A

yias esdop thap e VTepart ally op ntle m uth wl ntl otler nuscles a
O act (45 50) The sipralyorl mycles whieh partic ate 1r the g byo | which de
w s thcmanitle anl tic sternotyorl e arclyortar ftle thyrolyord which e we

lovermg, «f tle hyor] Lone and o mrectly tenl to lower the mm Dlle ay well
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weuence 1 wlach collater vy develop and estibhsh functional rdations
with effector nuels through mtermnentds i the nticlens of the spad traet
of 1 ma be an wnportant fxctor m delermuning i order of devJopmient
of ot reflenes w response to stiwubilion of cutaneotts At of the fnee
Tn comeetton nith this sugzestion the vanous fictors which mfluener the
formtion of colliteral branches of axons are discttned

DISCLASION

s Luzwsm € Crosor [Ann Arbor Michigan) There seem 10 e 1o be three pornts
of partentar trierest 10 Dr [nmplicey"s scconnt, for the prewnt doeus 1
The first of these 15 thnt sl e has estal 1 Led an an domieal pattern sloch rms e Fase

At U4 e s a8 & ¥ ghon of stunglitiom for the early fetal mevemente

Fivalfe she fns mdwated wery clarly that the pattern estabdished i wormal tetal de
telomeut reveals vetations of symuficance for an un | etandug of the sensory Jowes ex) ) sted
by wduft patwents foffowmny, ingemmnal tractotom es
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myohe micrnucdor cornechions from the sensors nuckus of ¥ to the
ffcctor nuddeus (or nuckt) to complete the refloy tres and the effirent
ncaurons concerned monv xtend for some distinee longitndmilly 1 the
brunstam, the order of appeiricd of eolliterals from the fibers of the
spinal trict of ¥ will be only onc of scvcral fictops determining the sequence
of ippaarned of the local reflexe s obt uned upon stunulrtion of the sensor
distribution of the trgennn ) nersc

SUMMARY

"The development of the spmil tract of the tngemmd nerse w huww
embryos s roviened and dite gy on from four wdditional speamens A fen
fibers of Al theee divasions of the spmal trict {or descending root) of }
rc ich the spinl cord m anbryes as voung 18 615 weeks of menstrnl age
and the trict s present throughout the first cervical segment of the sprnl
cord by 71 woehs when the firat reflos < be drated an rosponse to pent
oril stmmulition By 81, wechs a fow fibers of the manilo meandibubir
portion of the spmal trict of ¥ may pase mto the fourth cervical segment
of the spmal cord although m v fetus s much as a weck older the spnl
tract of 1 cuwnat he fallowad throughout € 3 These findungs suggest that
Iy 97, to 10 weeks when the first loeal reflenes i sosponse to trigemio i
stinmilrtion ¢ he damonstrated, the spinal trict of 1 has attamed s
final L rmnation pomt n the sl cord Ophthile fibers which do not
aatend as far ctudalward at 8 to 81 weeks as do the mavllo mandibuhw
fibcrs mny be found equally far ciadadw ard at 915 wechs

It 15 concluded from obsery ttions m the htcrature on loss of pun per
cepion following wcetion of the spmal triet of V that all secondary 1
ganmal fibers transmmtting pun to nucleus v entr s postertor of the thalt
mus take origin from ¢ ndal portions of the nuclus of the spinil triet of
Y —just cephilic to the motor decussttion at the level of this decusstion
and caudal to 1t 1 the spmal cord levels i which the spmnal traet of )
termmates Trom the results of tests of tactual scnsitivts follow g sueh
opcrabions it 1s concluded that there i some overlap m the nudeus of h
spinal triet of V, botween the orgin of the fibors of the ventedd cecondiry
ascending tract of ¥ winch currs pam and those which mediate tactle
sensthiv ity

The locition of the cutaneons scnsory fibers of VIT IN wmd \ with
vcfcrence to the spmal trick of ¥ is discusscd Tt 1 suggested thit thes
fibers occupy the et where the mvalio nnindibulir divrsion of ¥ horders
ou he oplithalmie division

Lhe relition of the devdopmantal scquence of local refl xes Tolowmg
Aoy wunal Jtimulition to the order of apporince of collat ral branches
feom the fibers in the spml trict of Vs disenssed Tt s sugy sted that the
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CHNAPTFR \I
N 3 Y AND
THE HISTOGENESIS OF' THE SPINAL C()Rp 2
THE EARLY DDVELOPMENT O BLIY 10R

PONAID IT BARRONY

Al those who e studied the subject ppear to b i agreement that
the earhy beh ot of an indn adual of a gven speeses of vertebrte de s
wn an orderly predictable fishion charactimstie of thit species aund further
that the expansion of the behatior pattern 1 a mamfistabion and a conse
quence of the regulir and progressie differentsition of the funchion nd
configaration of the sndnadual celly that togrther form the nerious s
tem These two gensrilizations lend gmie mturth to the guestion b
the earh behavior patterns of all scrtebrates develop i 2 sumhr fidnon?
Tn other words does the <arky devclopment of medis sl nerve cells and
their pattern of orgimzation inte a < stem foflow a smlar course m ll
tertebrate embn os and fetuses® On tlis pomnt sa moportant to the recog
nition of the principles that gotcrn the ontogeny of the functional matee
of the nervous svstem there 15 1t present no general agreement despite
the fact that the development of the gross morphology of the central
nervous system 13 recognized to have fund tment il fertures charaeterntic
«f all sertebrates

Instead of agreement there are currenthy twe his pothieses or generthza
tions with vegird t) the pittern of the carlv development of behior
vertebrites—each nith o cupporting bodv of dat i the lterature s
first bustoncally w1 advaneed by Cr ghalt (10) on the bass of s detmied
stu hiewon the structurat tnd function if development of the central nar ous
sistem of the lirval salunander Ambhistom: 1e behwor develops
from the begmning theough the progressve expansion of a perfretly mte
grated total patters and the mdnxluttion withm 1t of pirtial pattons
whuch avquire various degrees of disercteness  \o one has challenged 1 ¢
ralihts of this generthization i reference to the deseriptian of the develop
ment of the carly behavior in Amblustoma but 1ts s nler appheability to

the genesss of funeonal maturation of the sertaus s stem i other forms
meluding mammals anc

1 man v Coghill suggested its beeu contes
ted 1w
\\r |lpd\‘\ tndle (23) md s collabarstors whereas Hooher (13) hias mter
1 “\n\'sw O WAt 1 support &f it On the bivs of studies on the
Yol Unvoraty Schonlof Med cine New Haven Comp
155
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of the enthh bebaviortl patterns The nterwction of nerve ¢lls as condue
e eoren fn modify St geomete, of wdw dual neurons wod so fx

Gome entrdence beaning upon these consid(rinans Is wie sy o v
the erature 1t 18 revewrd here together with some adihtiomt dity to
draw attention ta the mportance of an undervdanding of the gronth
potentiabiies of neurons and the forees that gusle theru an antceedents of
hebavtor but more specificalis 1 velition to the problem dots the motnr
& tem of the warmblooded vertebrates dusvelop Trom 1 group of wg
wentalls arranged umts that are iter orgamzed nto » wholy by the long
1udimal conducting, sestems or as a longtadmsl vt that first responds
totaile anel 15 anht subsequenth as development advances w0 motified
B (he snflaence of focal afferents that the total resporse nris be whibuted
or fragmented and local reactions emerge by segregation )r put m other
nords doce the pattern of the earhy differentiation of the notor & stem nf
the brachuf cord m mimmalia proceed 1 a manuer compiible wath
Cophiil s generbization with regard to the genests of behas inr or 1 accord
anec sath Windle s view  Unless they are qualified the remarks apph 1o
the differentiation of the birachtal motor svstem of the sheep embria as

absersed m wifs er mupregaated sections of a elosely graded serics of embros
of known ages

THE RISTOGFNESIS OF THE MOTOR NEUTON

Iuflert ntiating motor neuroblists are prosent m the sentra} pockin of
the steral marpm of the medullary emthiehnm (Inpenplate of 1) of the
basal phatr of the rachial cord segments on the st d v after smsemuna
tion w the <herp thet arc sttaited 1 the outer third of the epitheh)
laver and distributed n the dorsoyentral plane above medial to and
belon the level at which the axons of thove most adtanced m ther dffer
entiition converge at the evternal knuting membrane to form the yented
root {3) In shver prparations the stages af differentiation that cap by
reeopmized at this earhy age are i the onder of thew mereasng deselop
1‘1:;\:) spolar bipolar and unipolar cells The 1polar colls {neuroblsgs of
h: ‘mare vo} easds sdentibedd it these i er preprrations for {he capacaty
T r{!{r:ﬁ:‘;:nn‘ak thry stage of thar differentittion ss Jess 1y wrhed m
el ot T;-)a nll;lr of the spamal cord thn at 1~ 1 other regions af th
o v delas  the developrent of the eapacits far nnpregny

i ¢ nw;c:ntrd with the Joos of therr first apperance In the cere
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development of the retelion partterns of vvrn cmbryos and mammal an
fetuses, meluding man, Windle has ads wneed the view that behaior m
these two clisses of vertebrates hs its genesis, ot 1 4 mass renction or
total prttern ke that of Iowcr vertebrites but n rditwely smple refleses
which are at first entirely nonmtegrated

Lire rweeptanec of the second dternatin e~Windic s view—implies that
there 1s v fund unent 2l difference 1 the order and pattern in which the
earlv development of the control of the trunk and lmb musculature 1s
establtshed i mummals s contrasted with lower vertebrate forms notabls
the dmphibia such a difference m principle would ippear to be surprising
mview of the sumilaritics i the more gross ispect of neural development
though 1t muy be s T have suggested elsewhere, that diffcrence 1s one of
devdlopmental sequence rather than prmeple, 1¢, to be assocated with
the carbicr appeirance of the Iimb rddative to the diffcrentiition of the
spmtl cord m the Ingher as comparcd with the lower tetripods (8) In
anv ovent the 1ssue 1s unresols ¢ ind it would apperr Iikels to romam so
unless the problem cn be approached from new angles for the prnaipal
techmque that his been employed m the past for the analy sis of the exrh
patterns of ncuril function in birds wd mammals including man s
becn sunple obscrs wton of the motor responses to tactile stimult or to
deformation  1he nuture of the responses and the circumst mees tnder
which they occur re such that two obsersers loohing at the siume reaction
will frequenth disigree i thar mterpretation of its miture s to wiether
1t1s m solited redloy a total response or the response of muscle to directly
apphed stimuli Untl some recording deviec ein be developed that will
provide objcetne (vidence of the nuture of the responses further expert
ments along this hnc are not likely to be very frurtful although when
made on older fctuses whose responses can be interpreted i terms of the
well recogmized principks of svniptic and neuromotor trinsmission such
obsers ttrons vield valuable d it on beh ivior] development

Asit s only the very carly reactions of the embry o that arc ih question
the avenue to a broader undcrst ndmg of the geness of behavior would
appear to lead through a study of the huistogenesis of the conducting cle
ments of the mammahan central ncrvous < stem—after the pattern of
Coglull s malvas of Amblistom—a study of the details of the mmner
and sequence m which the mdnidual neuroblasts acqure ther varted
forms 1 the orientation of their processes n space and their org imzation
wmto conductmg svstems This accomphished a basis would be proy rded
for a companson of the order and pattern of differentiation 1 differcnt
forms 1s the substrate for function and finalhy for the discovers of those
forces thit determne the patterns of function or el vy joral dav¢Jopment
for 1t 1s generally agreed that grow th forces alone determme the character
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tuon of the neuroblasts i the more eranal segments, for noue of the axons
hasas vet entered the prumtive fimb bud winch 15 at 4 stage of diffirentn
ton sumlar to that m the three duy chuek, 1e, @ ereseent of maten il
oppo tte the brachial segments
s the motar neuroblasts vccumulate on the outer wirgin of the medul
tiry epithelum wath ncrersing age, they first form 1nd Jater contnbutc
\o the mantie laver of the bisal plite  As they arnve m the nuntl, the
apreat dendeites of thowe that anse wn the epithelum are wathdriwn, the
more advanced m therr differentiation are accorshngh all umpolur, the
majority having reached that stage without piwsing through the ipolir
Withn the mantle the celt bodies of the neurablists shift thar reltonsup
to the direction of their aon and orient themwelits m the dorsoventril
phine 451 result of this shift the Jong 1xts of the cells tend to proradld the
lateral surface of the sprnl cord an omentation they tend ta keep as the
additron of further cells from the epithelium to the mantle forces the
posttion of the motor root ventralward from 1ts ongmal powtion on the
lateral surface There are, of course neuroblists m intermediate pasitions
but with «dvanemg development thes join one or the other of the groups
of neuroblasts that accumvlate respecineh abore and medid to the
ventral root eut except in the region of the cord thit gives nse to the
phrenie nucleus In that region some of the mtermediately placed neuro
blasts shift at a later time to a poation in the mantle mtermediste to the
g\mups above and media te the ventril raot These two groups wito wluek
the motor neuroblists are aggregated as carly as the 24th d 1y 2fter insem
:rl\‘:(‘:o: J:Mhhdl !ko medial and lateral subdinvisions of the ventral horn
o (hi mh:‘r.oﬂx: 3::; ;‘:g to distmgwish the cells m the one group {rom those
ge but their position and that appears 10 have been

determined abnost exclusehs by their
individual lovel of ongm with
the meduflars epithelium ) !

THE ORGANIZATION OF TUE MOTOR CELL COLTMANY

In the adult sheep the columnar arrangement of the motor neurons af

v
p:o :xrur};lal cord ts 4 refatnehy simple one \anmcd m the order of therr
:\‘wn Tom seotromedial to dorsotateral fiev are 0V 0y onan
s
teril The
rum under
nttention

1y appe

ol he apprarmnes o presr to be directly and mdirectly assoer ited

d dexclopment of dendrtes o
Aare resident in the later) dinsion of the ookl that

e ventral Tiorn of the ey
o mn\:}:} :}}me of the 2¢th das after invemmation The mrxcs?‘"‘m):\r‘lln
e a%ons that extend trom motor cells n the lateral dﬁ:ux 101 .
ston
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morc commonly i sts outer margmns The first bipolir stage of motor
ncuroblist differentittion 15 not constant us to site but appears to oceur
more frequently m those wreas i which the medulliry epithehum 1s thick
md the edls tend to be arrmged 1 a farh regular columnar fashion
These bipolar ncuroblasts appear to spring from the more deeply situated
apol e ncuroblsts and to represent a stage in nugration toward the hieral
surf1ce of the medullary epithehum, for those apolar neuroblasts that finst
appear in the lateral surfiee of the medullary epithelum do not appear to
go through this stage of diffcrentiaion The tno processes ippt v smul
tancously, or ncwly <o, on the medml and later1] surfaces of the neuro
blasts st iblisling its long axis, winch 1s als nvs at nght mgles to the
long axis of the cord These two processes extend from the cell bods ma
dircetion morc ot less paraflel to the ridn formed by the columnar pittern
of the epithelium "This pattern may, in turn, be deternned by the rdul
arringement of the spongioblasts Ihe process estended from the Jiteral
surface of the neuroblasts 1s the more corse It stams more heavily with
silver and ends m a typieal conc of growth The mternal or centrlly
dirceted process the more delictte and hightly stamed, ends in ¢ fine pont
some distance from the mternal henting membrine At thes first appear
ance however there 1s often so hittle diffcrence m ther elharreter that the
possibilits must be entertamed that the forees that deternune the polnts
of the neuroblst are external to it One s the impression that the sphen
cal apolar cell 1s subjected to 2 greater pressure from above and helow—
dorsoventrally that is—than 1s appled to the medelateral direction 1t
this nnpression 1s corrcet the surface tension nught be eapeeted to e
reduced on the medml and Iateral surficcs from which the two processes
are (xtended to establish a polamty The specnl features that distinguish
the two processes—one s an avon and the other as a dendrite—mn
result from differences in the features of the enyvironment mto which thes
(xtend The centrally directed process 1s withdrisn as the cell bods of the
neuroblist shifts from the more dense and compact portion of the medn)
liry epithelium to 1ts more Jooscly orgrmezed 1ateral margn The ons of
the motor neuroblists whether they stem from the umpohir or lss ad
vanced bipolar edls are directed ridially from the ccll body at a nght
angle to the long axis of the cord none were discovered that grow (nnl
gentially along the cord The axon leayes the cord at the sume level as lh‘a
of the cell body They converge from aboyve and below to an ret on the
1iter:] surface of the cord oppostte the central region of the mass of differ
(nhating neuroblasts where they pass dwecthy  through the fiber free
murgmal Inver to gun the periphary and form the vaniril root o
The appeirtuce of the spmal cord 1v 1t this stage of diffcrentut |0’l
sunlar at all brachal Jesels aside from shght adyances in the differents
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the ventral commissure ‘Lhe dendrites of some enter fhie commissute, €TSS
ta the opposite sule of the cord And end cither m the mednl portion of the
sentral fumeulus or the ventromediil portion of the conlraliteral ventrnl
horn The apteal dendnites of others turn ventralnard belore reaclung the
commissure and enter the medil portion of the homolaterid sents W fumen
Jus Dendnites that anse from the apices of motor neurobiists m the ex
terna! half approvimately, of the lateral portion of the ventral horn—that
mass of cells dorsal to the ventral root—grow darsilyard Those arung
from neurobiists ndjacent 1o the wnrgmal ser follow 1ts maee warg
dorsalnard <ome distance befort they enter its substance The dendrnites
of eells more dleeply placed 1n the mantie follow a s, though some
what less regultr course but 41l appear to end near or m the marginal
lnver The sumber of neurohlasts that extend dendntes from the lateral
halt of the ventral horn appears to be fairly uniform at all brachual levels
By contrast apical dendntes first appear on the neuroblasts situated i the
more mednal portion of the horn oppoate the cvadal end of the 6th cervieal
vertebra and from thys are 1 diffcrents thon nppe irs to spread eramally and
caudally The apseal dendntes as they gron dorsalnard tend to comerge
above the area occupred by the cell bodies and terrunate just short of the
margual layer
This difference in the courses tahen by the dendntes of the medn! and
later1l hahes of the aggregite of motor neuroblists situated above the
Ventral root in the 2o duy sheep cord serves 1o dude the motor cells of
the lateral dnv1sion of the ventral horn into two groups The more hiteral
dixision becomes the ventrolateral motor cell column of the sdult cord,
ﬂ;t‘ ;'noro medial the dorsolateril Al of these apieal dendrtes regardl s
of the site of their parent cell are perpendicular ta the long aws of the
cord and ton ard the funicular svstem
m“{“}:“;ee!l“:llot‘[:‘illx and 30th dvvs of development the mantle arer doral
) teral and dorsolateral ool columms 35 expanded by the
:r\‘lclim;hof cells from the medullary epithchum that do not stun with
Drocesces ";"‘;“:::glssn&alnl:o:hcls‘;ppmr to he devaid of ¢y toplism and
out any mphe ndifferent celis for conventence and with
aprcal phication as to the nature of thew litent potentithities \s i}
dendntes of the peuroblasts of the dorsolatesal *®
sulwast tonard the argue) ase : ateral groups grow dor
occupied by the sy st T;\ mans of them enter the arca newh
idifferent. cells gomontes N;‘ i e arrinal of thew protesses among the
newroblasts that ) he firt appearance of differentiating
from thos tate arisen in situ from these mdifferent eells The axo,
oot awd eL"e“I‘ formed neuroblasts mron rented 22 ns
celt
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of the ventral horn mto the premuscle masses of the dorsal longitudmal
svstem and proxsmal portions of the Iimb are repliced, toward the Sth
dny of gestition m the sheep ambryo, by primitie motor type endings
the charactor of these primitiv e endings  trres widedy 1n form but in genenil
they rcsemble endmngs deseribed 1 the smooth muscles of adults The
cone 1s rephiced by two or three be id hike expansions on the end filuent
ar by beads m o serics on o stngle filament (vee fig 26) A« development
v ances the avon atself branches, exch major branch bers m tum the
bead hke expinsions—the forerunners of the (nd phite At the same time
that the concs of growth arc hang rephiecd by primatin e motor endings,

A B
© \
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¢
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Fig 26 Durgrams illustrating the associated eentral ard perig Yeral aspects of a woter
neural List at suceessiy . stages m differer tation. A Votor neurot lists B An mdiferctt ecl
tht first takes on t e cl wactenstic of a umpolar neurot last wlen tl e 1 cighl om g ecll exte Is
sts apical den Inte € M3y Thstsin tle reg ncftlc ternu ation of theax ts

motor ncuroblasts resudent e the el groups the one medial the ather
dorsal to it begm to put forth ymcil dendritcs and become polir Fhese
two cvents appear to tthe placc at about the «une time on an llldl\ld“"l
neuroblist, for Cajal (9) pouted out thit parmnent dendrntes as thest
are first ippear on a ncuroblast at or ibout the tunc 1ts nxon arnses At
s destnation  an obscrvation that has hoen repaatedly vernified (Ihe
suggestion his ben put forw ard Barron 7 toge ther wath some support
wg evidenee from experiments on the chich that these two «vents ar
causally relited 1 ¢ that unless the avon tip rc iehes appropriate s
m the peripheril fickl the dendrites do not appear on the el bods ) :
As the pical dendnites wppeir on the most ady anccd ncuroblists in t ";
medial divpvion of the ventral horn of the sheep cord, they grow tonare
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wns and teptiles faving u aund those features that nnght beir upon the
patare of the earhy behavioral responses 1s mterpreted m the contrasting
views of Coghil wnd Wandle outhned cielier? To what degree docs the
ontogeny of the conducting elements of the cord recamtubate ther phy
logemy?

Furst thete 1s no evadence of any segmental groupmg of the motor celfls
1n the braclnal segments either m thesr ongm orn thewr arrangement in
columns 1 the sheep cord the orgamzation appears lo be continuous
rather than discontintions and longitudinal  Tlus conclusion was not
unevpected 1n view of the great body of evilence derny cd from experiments
ndicating that the segment tion of the spul cord and penpheral nerves
1 notled by and sceondars to mesodermie metamensi represented by
the myotome and 1ts densatives and that an wtnnsic nersons segments
tion 15 nonexistent (11) Second as the axons laase the cord at the same
levelas that m winch the el bods 1s located and further, since the axon
dots not ge off any branches within the cord that sun longmtudinalls w
1t there 15 1o evidence o suggest that the motor neuroblasts of the mam
wmahan and chuch cord ever pass through a stage of differentiabion i whick
thev are both mternuncial elements 10 a cudaily conducting « stem and
effectors as the eathest functional motor neuvons are 1n the Irval Ambly
stoma and other anammotes

Third there 1 a marked stmlinits in the pattern of the early dendntes
ettende! by the motor neurons of the chick and sheep m the detvelap
mental stages Just desertbed and that wlieh s ehar weteristie of the aduft
cord an fish amphibians and reptiles moteover there 1s a real simlertts
between the ongn of the avon from the cell bods and that obscryed 12
these forms There are accordng to Cajal (9) three principal stages 1n
the evolution of the neuron i the first the cell bods 1< <mooth and bears
but ane progess the avan wluch gues off at wte ongin smooth denidntes
Tt1s this 1y pe that « characteristic of the invertebrates as well 25 of \m
phiovus and Myvme fn the second evolutwomary stage the cell bods 18
proviled with smooth dendrites and a robust extension of the body gnes
onign 10 the axon This stage 15 «ad ta be charactenstic of the medullary
‘;;ll“s l:{‘l:\r cords of the fishes amplibians and reptides Tn the tird stag:
e d\:?:\\h bristling with numbers of thorny dendrites and oS nise

wt mdweeth Yo Yhe avon at the base of a protophemyc

expansion  the avon hillock Cells of s type cha
ract
« ot birds an } mampmal, s eveptod a3 ropreemon

If tins clasufication 13 accepted as re
presenlin,
.:hph\ll:genchc sequence it 1s clear that the ontogenetic singe attaine z:i
o :s(“ f “((h“:c ;le;‘crlpl)un of thew gronth as omtlined here carresponds
2 that of the secon
bonted renppen nd stage 1 phylogens charctersstie of the cold

Ther
T¢ 18 another eature of the organization of the embryome cord 1n
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to appear and the one whose errcumstances of origin differ from all of the
others

Mere agam, there iv evidence from experiments on ehick embryos which
mdicates that the appearance of the dendrites on a neuroblist serves to
imtiate the differentiation of the adjacent andifferent’ cells into neuro
blasts (7, 16, 17)

As differentiation advances, sccondary dendrites appear on the motor
neroblasts that form the columns whose orign has just been shetehed
The next 1n order, after the primary or apical dendntes, nslly anse from
<ome pomt on the avonal pole of the eell Strong, robust processes, they
gron m a dircetion more or loss parallel to the external surfiee of the
mantle layer toward the ventral root et, before they too tumn outward
mto the fumeulus The subsequent pattern of dendnte growth i less
regular than the carly, but with rare exceptions they tend to anse cither
from the poles of the ncuroblasts or from the literal curfaces of the polir
dendnites and to be directed outward toward and mto the fumeah Cer
tamnly one of the most strhing featurcs of the pittern of the dendnte
growth at tins stage 1s the almost complete absenee of proceses that
evtend mto the central mass of cells that will eventually form the doro-
medial aspect of the venteal horn, another ts the arrangement of the den
drites 1 2 place more or less parallel to the long avs of the cell body and
at nght angles to the long as of the cord (see fig 26)

The desenption of the dcvelopment of the motor n¢ uroblwts of the
brachial cord of the sheep, sketched above and endmg at the 34th dv,
the stage of first reactivaty, would apply as well to the devclopment of the
ndividual motor neuroblasts that contnbute therr avons to the ventral
roots of the brachial cord m the chich, provided one rccognizes these
diffcrences (6), the differcntiation proceeds more rapidly m the cluck and
n comparable «tages of desclopment—3rd te 6th dayv m the chick, 20th
to S4th day m the shecp—there 15 no ergamization of ccli columns within
the lateral division of the ventral horn The dendrnte pattem of the motor
cells m the lateral drasion of the ventral horn of the chick cord 18 strik-
mgly hke that of the ventrolateral and dorsolateral el columns of the
sheep w their relationship to the fumenlar sy stem and the surface of the
gray matter as s that of the medial disision of the ventral horn and the
veatromedial cell column of the sheep Thus at the stage at wineh the
hrachl neuroblasts first actnvatc therr assocrated musculature, the basie
pattern of ther orgam?ztion appears to be similar i the chieh and the
sheep

With these facts about the carly dovedopment of the motor neuroblusts
1 the ued and the mamml in muind, attention may now be directed to
How does the early descdJopment and orgamzition of the

the question”
hese classes compire with that found m the fishes, amphib-

motor cells m t
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Ceeoof

wrther sspect of the argamizalion L L s o of
\h’f{‘)::‘;\:a;“(‘::l\o((ﬁ\e QE:p at the end of the premotile stage of develop
st that deerves considerntion—the composition of the cell columm,
ot they Tught be expeeted to tepresent a degree of wepregation of the
dodent motor eclle Indeed, there hive been monmerable allemphs to
relate the cells within these columns sith the motor suppls 1o speuific
wusele grups and ta sssociate the position ot 4 molor ¢} in the ventrad
Horn wiih the locns of the penpheral tetnnanibian of its axon Drspite the
attractiveness of thewe schemes and their variely, none scems Yo have won
geeral acreptance A part of the angwer as to why by have not done w0
ma e found i the studies of “prague (20) on the perpherl distrbwlion
of the asons of the motor neurons of the shrep cord of 9 dunvs

it that <tage m development the number of neursblasts henhs am
preguated wath siler 1s sufficiently small <o that st 1» frquenth posable,
as Sprague has done to foffow an axon from its ool bods of engn mlo
the veutral roat and bevond unhil 1t enters onc of 1he prmars o potts—
dorsal or veateal of the mixed sprhafl nerve—and <o o test the view that
the atans of the motar heurons hoing ventromedial to the mator rony en}
supph the dernvatnes of the myotame—dorsal longitudinal museni nyre

through the dorsal primary ramus whereas the cells in thy endimns of
the later d div1s10o of the ventral horn suppls the dernaties of the Nitersl
plate the b musculature—s1a the ventral primirs diision of the
spiaal nerse Sprague s obst rvations (see g 28) mke it clear that at this
stage of development there is no selective distnbution for axons from
neurons i the cell columns of the fateral division of the ventral horn can
be traced imto the dorsal priman ramus of the segmental nerve and ¢ J)s
1 the s entromeelial column suppls axons 1o the ventral pramaty rimus

These observations of Sprague s 27e wa accord with the resufts of my
o¥n unpyblished studies smade 1z 2 effort to defermne the contral loea
tion of the motor cells supph g spearfic muscle groups rid or segments
1t the fore lmb of the sheep Selectine destruction of muscle groups and
the mputation of lunh segments were carned out n wtero an fo ey of
known gestation ages The sdn duals wore dedis ereqd a1 the end of term
some 50-8D das s postoperalyely the cords were prpared for, and <l\\dmi
i cellowdin sections that sere out seralls The Gudden’s '\lm‘p}n 1 thes
ass was pronounced With the oppawte side of the cord as the contral
<ell maps of the indvdu 3] colymas were made and the differences m the
Tatiern on the two sles el 2ted ta the chiracters of the periphiernl le. ‘e y
Z‘;e studies inieate that with the eveepfion of the m(m}m\“(‘: m:

eh has not made 1ty appesrance bt the 24th d: A

4y —~the age at swhich
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these ewrly stages that 1s charactenistic of the cold blooded vertebrile
te, the rchtionslup betwen the dendrtes of the motor wlls and th
fumeulir fibers (g 27) s remgoment appewrs to bt pramtn
dursctenstic for one of the most strihing fertures of the gnghonate
chan of the mvertchrtes 1 the evstenec af plowses or moleeahie zoue
devoid of ncurops m which contact 15 estibhished between the asons o
some cells and the dendrites of others A sl arengement 1 to be seer
w the Iteral wd ventral tumeuh of the cold Moodcd yertebrates the

Fig 2 Dugrmsallustrat g A Th e onentation of tl e motar eeltsin (e < mal cordoban
adult amplitt an a1 the rclitions] pof ther d 1 Intcs to tle fun cud raystart T the wt
lanty 1 th ¢ ancntation of 1] ¢ motor cells and W ewr d nintesimtl e aleor folath rty fou?
Iy she p fetus

axons of the fumculir svstems togethor with thar colhiterads gl with
the dendrites of the motor horn eIl to form a plexus withm the m argnal
layer This sume pittorn e repeated w the carly deosdlopmental stages m
the cord of the warm bloodud forms with this diffcrence the fumenlar
fibers do not appear to give off collvtcrals that end or wborize m the may

mu laver Tn the adutt terds and mapmals thore s searedh any irace of
thas eahior pattern of org iz ttion The dendrites are withdriwn from the
fumentar systom and s will be pomted out Iter the colhiterals of the
gt Ghers wvade the centrd gray s development advanets Tmpor

fonyey
tant for our purpose s the recogmition of the stmalamty between the el
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“Fhere 1+ one Further aspect of the organustiini vl v & f
{be brachial cord of the sheep at the end of the premotile stage of devrlop
ment that deserves consideration—the composiion of the cell columus,
for they might be espected to reprusent & dege of <egregation of the
wndndual motor vells Tndeed there have been mnumerable attempls to
selte the cells withm these columns with the notor supph 1o speasfie
stescle groups and to assoniate the postion of 2 mator el in the ventrad
horn with the locus of the periphetal ternunition of s axon Despite the
aitractin eness of thewe schemes and their vanets, none sees te ke non

N B
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AL thal stage 1 development the number of nenroblasts heraly i
pregnated witk sidier s sufficently small so that it 1s frequenthy possible,
as Sprague has done to follow an avon from 1ts cell bodt of ongin nta
the s entral root and bevond nntil it enters one of the primars ditisions—
dorsal or ventral of the ized spinal nerve—and <o 1o test the view that
the axouns of the motor neurons lving ventromedial fo the moter roat exit
supply the derivaties of the myotome—-dorsat lngitudmal moscaliten

—through the dorsal primars rumus, whereas the cells m the colun ne of
st s 1

age s s auens teee By 98) make it clear that at this
pment there 15 no <electine dsstubuhion fur axons from
neurons m the cell columns of the lateral disision of the ventral horn can
be traced into the dorsal primary ramus of the segmental nerve and cells
m the ventromedtal column supply a<ons to the yentral primars ramus
These obsersations of tprigue's wre m accord with the results of my
wn unpublished stu hes made in an effort to determne the central loca
tion of the motor cells supph ing specific muscle groups and/or segments
in the fore mb of the sheep Selectne destraction of wmuscle gZroups and
the amputation of imb segments were carried out 11 utero on fetuses of
known gestation ages The mndrn rduals were deli ered at the cnd of te
same 70-80 day s postoperatisély the cords were prepared for, and st ;’m,
- cellowhn sections that were cut senalls The Gudden's nln; h i
cases was pronounced With the opposite side of the cord snp!l‘ S
N maps of the ndi el sl were e and the erences o sher
mattern on the two < Jes relat o
TP;:- stuches ndieate l;lmt :::i“‘l;i’z‘:::g:‘:‘;f:,5‘: ,:::;(‘:l;”rﬂlk\m“
which b darsol ite 1),
as not made 1ts appearance by the 24th dai~the age at “luc];

'
stage of develo
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Sprague’s studies were made—~the population of all other columns nas
reduced by any lesion that involved the musculature proxuml to the
radio-humeral joint, though no columnn was obliterated, These observations
suggest that the cells representing any muscle or group of muscles iu the

/
FASCICULL  venTRAL,
PRIMARY RAMUS

c?

Fig 25 Dragmms illustruting the penpheral disteibution of the wxony arng speific
motor ecll groups of the sheep cord of a tuenty one dyy anbryoat C 7, andat € 6 anew
bryo tnenty four days (after Spraguc)

proximal scgments or trunh musenliture are widely distrbuted in ﬂ\?
central horn. The apparent exception to this generahzation 15 the retro
dorsolateral columm, 1ts cells degenerate as o consequence of "’"‘“m‘;‘f‘:
amphtation of the b at the radio-humeral joml, 10, the sons of i

cells are predominantly distributed to muscles that act over the wrist
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yomt This group of cclls—the retrodorsoliteral—~appenrs then to be
peeul ar ot only m s mode of ongm as pomted out earlier, but m its
orgamzation for ws axons tend ta be distnibuted to a speafic segment of
1 mb musculture whereas the axons of the cells m the other columps are
not so restnieted m thew dhstnb The latter represent a generihzed
rather than a selective or segmental pattern of orgamzation

o simlar study appears to have been made with regard to the fune
tronal localization of motor cells within the ventral horn of the cluck but
1t 15 of 1nterest 1n this connection that Cajal (9) figures axans from newta
blasts 1 the lateral diision of the sentral horn of the five day cluch cord
entermg the dorsal primany dinison of the spimal nenve to be distributed
among mvoblsts of myotomie orgm If tins figure 18 truly representatine
of the orgamzation of the motor svstem of the clnck at this stage, the
smpl cation 1s that 1n the chick as well as the sheep there 1s no precie
functional orgamzation of the motor system of a <egmental chavicter at
this stage of developiment

GRGANIZATION OF CORD AT STAGE OF FIRST REACTIVITY

The orgamzation of the motor system of the braclial region of the
spmai cord of the sheep and the degree of differentiztion of wmdnidunl
representative neurons at the end of the premotile and the openng of the
motike or reaetive pertod 13 schematicalls vepresented m igure 20 (5)
One of the features of the cord that has especial interest for the discussion
at band 15 the very hnuted differentiation that has oceurred i the mter
nunciai and azwociation neuron systems of the alar wnd bral lanie If
the pyrdine sitver umpregnation methods my be trusted 1o reseat the
true state of the differentration of these neural clements they are at this
stage lumted in number and relatisely immature Only 4 fen of the coin
missural eells in the ventralmost part of the basal lumpa have acqmred
denintes an indication that ther avons have armved at ther destiation
after their headward course 1 the heterofsteral funsculus The mor
d?ru“) placed commuscural elements 1n the hasal lanina, Ihe these in lhi
::‘r rlxrc umpolar cells The homolateral funiculir elements are equally

mature an i small in number Fhe cell brdees he predommnantly i the

:\‘?m:l‘l the Junctien of the tno lamnse alar and hasl and therr axons

\men‘ l‘n a \(\‘nlm\:le\'a\ hdm'chrm toward anl info the lower half of the

eral Tumenduy where they turn fornard ta cont N
nu

‘c\"el or one nearer the sentral rogt | few of 15t e beaduard at thy

any over the future suly
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sttt gelttinosn before {uemng ventralward, those thit spring from
fibers more medilly pliced grow dircctly downw wd The most advanced
n their growth reach the region in the Jower alar lunma that is crosed
by the avons and contams the eclls of the homolateral fumeuhr fibers
Al of the colliterals of the dorsil fumiculus appear to end m cones of
growth, thes do not arborize or form any obvious syniptic connections

Upper
Cervical

Lower
Cervical

Fig 29 Dingram to llustrate the degree of dhfferentiition of the most advanced neurons o}
the motor commussuril and funcular<p stems and their pattern of organtzation m the Vract
spml cord of tle sheep embryo of thirty four davs the stage in development at whichat frst
reacts to external shmuli

with the assoenitional elements It 1s important for the problem 1t hand
1o recogmze that none of the collitcrals ¢nd amvwhere norr the motor
wvsterm or mvade the bastl Tamn ot thes stage, and further thit the
collaterals thit anse from the dorsal fumculus do so at segmental levels
anterior to the region 1t whieh the parent fiber enters the cord .
With these facts about the orgamization of the brachal cord at the v;n

of the prunotllc period 1n nind, considerition may now be gnen to !]x(‘
question 19 the cord orgunzed m a fishion that would, of ats mnm]r (‘]t

ments were actwy ited respond m a total pattern m accordance with the

iews of Coghill or segmentally as Windle has suggested? The desddop
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mment of the total response 1 Toghnll's seqpences faflon s the stmulation of
o aflawont cvstem pelnating Sireetly or wd recth the ]onm!‘u(hml

which the motar system of the cord can be actvad I e au vy 4~
16 not dificult 16 yasuabize the aetnation of the enbire motor apprratus,
functionalls capable of re<ponding, thraugh the ssniptie nlations of the
descending fumcular axons wnd the dendnites extended wio e mrginal
{uer after the manner n which smbie notor feponas appear to W
evobed i the 2dult cords of the cold Bloodad vertebrites m wlach the
struetursl orgamzation 1s so sulir o s stage of durelopmmt m the
fetat <heep The telrtionshup of the motor neurans 1o the museilar sy stem
and the fumenlar ystem virttalls exeludes ans thing bt o wotad respome
4nd 1 total nsponse would appear 10 be mandators Yo 1ck WON V1L AWy
ather afferent s stem that discharged the fTumeulw system of the trunk
v the redully

Conswder nest the possthrity that such an orgunization eould respond
w & loral ar <egraental fashon as YWindle (22) has proposed The seasors
ststept actiated qccording to Windle 15 composed of the lotal segmentn}
affecents The hustological evidence set forth here and described 1 detand
elsewhere (Bareon, §) clewds indicates that the coliaterads of thew
ffcrents do not rerch the motor neurons directly 2t this stage m the
development of the sheep cord te there appear to he no Jora) nvaneg
menta] tho neuron reflex arcs in the sheep embryo of 83 dass Vareorer
there appers o be no svnplie relitionshup at thes stage of first mvtiin

bitween the dorsal mot enllaterals and the cells of the commissural 1nd
fumew)ar systems

Bur grant for purposes of discussion that the dorsal caot callaterals ean
at this stage as Scharpenborg 2nd Werdle (19} fse suggested, excite (I\e'
association neurons of the alar lamina and that the assoation neurons
an 1 turn achiate the mator susterm In these creumstances one would
evpeet Yhat the motor respanse following e<atation of a laca) ferent
nesse—that would from the structure of the hrachial plexus, almost
etrtainly contain fbers entering the dorsal roots of two 1f not “'Il'(‘(’ e

mental nerves and so be distrdnted to # wide yortion of tne (vrd«-wlmuﬁl
thedude e wnuseles of the apposife side 15 well as the howolatera] The

i‘unn’er might by evpected to respond through the actnite of 1he tomnrs
dum) nenm’m 25 they tuen forward m the ventral funsetus to engage the
:; r(mo the :) entromedial cell group And thus group of cells, &s Spragme
BROWD sends avans to dorsal a5 mel] as the
entral primar)
\\“:x lniurlhcr the musculature of the hmb and trun, of the &wy:’n» w(i “!:::;‘\
1a1eY by the assocalion fibers that pass through the rwmdur:v:
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lateral column to (verte the drstal hmb musenlrture before entermg the
Titeral fumculus to run forward among the dondnites of the neurons of the
ventroluteril and dorsolvteral motor el columns whose axons evtend o
the trunk and proximal hmb musculature That 1s to sav, one would ev
pect on e basis of the orgamization of the shecp cord at the stage of
carltest fotal actinaty, that unpulves antarng the brackial segments v
the awsocintd dorsal would makc generalized rather than restricted local
1zed responses Or to put this thought m another w v the orgimzition of
the brichial cord at the strge m which tts (ffcrents first respond followmg
stimul wtion of the trigemnal wd the view that the 1ol ited movements of
the fore hmb, whichi Barcroft <t al (3) ebscrved to follow prossure on te
wmnrotic sw were true redloses avohed by stpulition of mtrinsc hmb
affcrents, e meompatible And thar meomp wbihits in turn easts further
doubt upon Windle’s contention thet the eirhest bchavior of the sheep—
or any mammal—is manifest through isolued roflees

DIFFERENTIATION OF CORP IN FARIY STAGES OF RFACTIVITY

Basic ns a knowldge of the orgnmzation of the cord at the onset of
activaty and the forces that wrought it may be to an understandmg of the
gunests of bediwaer, more nnportant still 15 1 description of the subsequent
pattern of normil diffcrenttation and the arcumstances that delermme
it s davelopment whanecs are Lot patterns fragmented by the gronth
of morc speaific connechions or are 1solated local arcs am g un ited through
the appaarance of mtcgriting umits? Unfortunately ittle preene mformt
tion has been collected with regard the diffcrentintion of the spiml cord
at stages bevond that at which the earliest movements occur but the
Ettle tht s avadable s reviesod hore nrore e the hope th ittt will shmat
Inte furthcr work along these Iimes than in the thought that it can con
tribute materally 1t this time to the problum of behasior il des clopment

If the pattern of diffcrentintion of the clls of the spwal cord of the
sheep and chiek at the onset of motilits 15 akin to that of the cold bloo il
vertehrites the advances that take place with merc ising maturition mm
be capeeted to follow hines not too dissimilir 2o those that charwctenz
the coursc of differcntittion m plivlogamy Cagal (9) pomts out m the
discussion of the cvointion of the cord that the plowns m the margmal
laver of the cord m the cold blooded vertebrates formed Iy the fumeulir
fibces thar arbortz ttions and the dendrites of ecdls i the griv orm mik
liver disippears with the course of evolution 1he dendnites of the 3N
of the ecntral gray arc almost entirdy withdrawn m the cords of aduil
birds and mammals n contrast the collitcrals of the fumeulir svstam
waade the eantril gray In gencral all colliterals mercase their length n;
the motor and famenlar neurens withdrw their dendntic esp msions and
are confined to the ventral and dorsal horns wath adsvanemg phvlogany
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The deselopment of the sheep cord m the dvs following the omet of
otts —3th throngh $4th day— tends to ree iptulate ths phylogenetic
advance and a simtlar pattern 1s foliowed w the devetopment af the bri
chiat cord of the chich m the period between the 6th and 12th davs of
incubation (The differentiition of the cord 1s still in progress at the ends
of these penieds but T have not followed 1t further though such studies
are planned ) Between the 34th and 38th day of development, collaterals
of the fumicular fibers enter the central grav of the sheep comd, the frst
are from the heterolateral ventral funiculus and enter via the ventral
commssure From the commtssure they extend faterdwarnd to enter the
ventral horn where thes end m cones of growth in the non dor«al 1o the
ventrat horn cells Later collaterals enter the gras matter from the lateral
fumeidar fibers They too end in cones of growth in the aret internal to
the venteal horn cells It 13 1mportant to note that these collaterils appeir
to atse from fibers of the long fumculir axons rather than from short
connecting niewrons for the fong conductmg wvstems w general develop
before the shorter as Cajat (9) has pownted out

Collaterals of the dorsal fumeutar fibers first rexch the arer just dorsal
10 the foct of the motar cells of the ventral horn i the 88th dav of gesta
ton By the 40th dav thes can be traced into the remons occupred by the
cell columns of the lateral hom at the brachsl tevels and on some of the
cones of growth appear to be in the course of being replaced by prmutne
entags And an thas connection 1t 3 mteresting to note that unquestioned
teflexes ol ing the fore hmb cn first be evoked by ctimulation of 1s
mtrsic afferents on the 44th dwv (1) There 15 snother pont of interest
Prior to thus period (32nd to 44tk das ) the fore bmb alwass tahes part
the mass Tesponse ehoned by stupulstion of the maslary dwison of the
tngemmnal whereas after that tume 1t does so less regularh and then onh
‘l“:;”aib:::::gl:\on 1s quite ntense 1t s templing to regard ths dissacia

ple of segregation and ta kak it with the completion of the

local reflex are "There 1 m thus peniod the first tdicttion of 8 vesculptar
mg of the dendrute pattern that then procecds stowks as develo
advanes Som pment

s e dendntes are extended nmieialls wito the central groy
matter and others parallel to the Jong avws of the cord At the <ame 1,
motor cells 1n the laterz] harn begin to shift their long axes from the l““e
‘“;_‘Ehi angles to the cord 10 one pacallel with 1t wpne
lill::mg 'Eb‘\ to the dervelopment af the ehnck cord botween the 6th and
h 38 ol ineubation one finds o amtar trend Collater s of the f

A svslems fiest the anterolateral and then the doral bey o
the contral e duning the fifth and cark o e
weut ation Compared wth the sh riv portion of the sixth dav of
8kl trom the anteralateral fument, cord the appearance of the ool
1€ 10 the d Terentiation of {ummh appears to be shghth casher rela

of the motor ssstem whereas those from the
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Itteral column to exeite the distal mb musculature before enterng te
Jateral fumculus to run forward among the dendrites of the neurons of tle
sentrolateril and dorsoliternl motor cell columns whose avens extend to
the trunk and proxumal hmb musculnture That 1s 1o say, one woull ex
pect, ou the basis of the orgumzition of the sheep cord at the stige of
earhicst fctal activaty, that impulses enterng the briclhnl cegments via
the assoerited dorsal would make generiized rather th i restricted loci!
17ed responscs Or to put this thought i anothcr way, the orgumzation of
the braclual cord at the stage m which its effcrents first respond follown g
stanulation of the trigamn ]l and the view that the 1sol ited moyements of
the forc hinb, wlich Barcroft b al {3) observed to follon prossure on the
unmotic sic were truc refloves evohed by stimulztion of mtrmsic hmb
affcrents, are meompatthle And thar meompatilnhty m turn easts furtler
doubt upon Windlc’s contention thit the earhiest bchavior of the sheep—
or any mammal—is mamfcst through isolated rfleves

DIFFERENTIATION OF CORD IN EARLY STACFS OF RFACTIVITY

Bisic as a hnowledge of the orgiumzation of the cord at the ensct of
actnvty and the forces that wrought it may be to an understanding of the
genests of behns tor, more mportant still 1s a deseription of the subsequent
pattern of normal diffcrentnition and the arcumstances that determibe
1t As deselopment advanees are total pitterns frigmented by the grosth
of more spuaific conncetions or arc 1solated local res amalgum rted through
the appearance of mtegratmg umts? Unfortunately httle precise mnformt
tion Das been colleted with regard the differentintion of the spmal cord
wt stages beyond that at which the carhest movements oceur but the
Iittle that s 1vvmlable 1s revicwed bere morc m the hope that it will stimu
Inte further work along these hines than n the thought that it can cor
teihute mtcrnilly at thes tune to the problom of behat roral deveJopment

If the pattarn of diffcrentiation of the eells of the spmal cord of the
sheep and cluch at the onect of motihty 1s ahin to that of the cold bloo led
vertebrates the advanecs that take pliee with incre ising maturation MY
be expeeted to follow lines not too dissmulir to those thit characlenze
the cours of dffcrentiiion i phylogeny Cagal (9) pomts out m the
discussion of the cvolution of the cord that the plevus i the margnal
L er of the cord m the cold bloodcd verlebrates formed by the fumeuhir
fibers thar arhoniz itions and the dendrites of cells m the gras or mantle
Iyer disippers with the course of cvolution The dandntes of the edh
of the eentral grav are almost entirely withdrawn i the cords of atult
birds and mammils 1 contrist the collatcrals of the famcubir srstem
myade the ecntral griv In gencral il collaterals mercase ther Jength as
the motor and fumculir ncurons withdrin their dendntic expinsions and
are confined to the ventral and dors i horns with advaneng phy logent
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The developrent of the sheep cord 1m the days following the onwet of
wotite—34th through 4t dey—tends to recapitulate this phy lozenetie
adeanee and 4 sunilsr pattern 15 followed n the development of the bra-
chal cord of the chick 1 the period between the 6th and 12th days of
zethation (The differentiation of the cord w still i progress at the ends
of theee pennds, but 1 have not followed 3t further, though such studhes
are planed ) Between the 34th and 35th day of development, collaterals
of the fameular fbers enter the central gray of the sheep cond, the firt
arve from the Beterolateral ventral fumscuius and enter via the ventral
commire From the commus-ure they estend lateralward to enter the
veatral born where they end m cones of growth w the regmon dor-al to the
vetm! horn cells Later collaterals enter the gray matter from the lateral
tuncular fbes They too, end 1m cones of growth i the area internal to
tke ventral horn cells It 13 tmportant to pote that theswe collateral> appear
22 from §bers of the long funicular axons rather than from short
erecting peurons for the long conductinz systems w peneral develop
Refore the <hotter a3 Cajal (9) bas porat=f out

Collsterals af the diral fumeutar fiber< first reach the area just doral
to the focs of the motar cell- of the ventral horn m the 3Sth day of geta-
trn By the $0th dav thes can be traced 1o the remons oceupred by th=
eoll eolmmns of the Lsteral horn at the brachial levels and on some of the
22ey af grawth appear to be m the course of being replaced by pnmtine
e=fnae And i this connecton 1t 1 ntervsting to note that anquestioned
reflexes mynfnng the fore bmb can first be evohed by stimulation of its
wtonsie aferents on the #4th dav /1 There 15 another pont of mterest
Prac to ths peniedd (3204 to 43th das the fore kb alway s takes part
B~ maes recpanse elicnted br sumalation of the masslary wvason of the
tRemimal, whereas after that time 1t does +0 fess regulardy and then onls
wheq ke <timulition 1 quite mtense It s templing to regard this discoca
;’::‘“ z‘ example of segregation and to hnb it with the completion of the
o ;ﬁ t: dn'\'\;m 15 this penod the first mdicatson of a re~culptur
2tvancrs o uﬁ; d:n-g:t:im that then proceeds slowly as deselipment
watrer and ofh, are extended medially mto the central pray

ers parallel to the long axs of the cord At the «ame tupe

E0tor exlls un the Iateral bor begin to <hudt the:
at ;ght anzles 1o the cord to 0;9 pnm;l:\‘ -:ﬁ:rlltonz s from the plane
lizhm:::,z z;o'r to the development of the ehuck con! between the 6th and
o m-; I;x:\ubll;mu oue finds 2 simstar trend Collaterals of the fumicy
e mt b e anterolatersl and then the doral begin to mvade
. ;. v durag the &tk and earls portion of the sixth day of
el :)‘::paml itk the sheep cord the appearance of the ool
— &Ee anterolateral funtcuh appears to be shizhtly earfier rela
® ferentation of the motor system whereas lh-me from the
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Interal column to cxerte the distal hmb musculature before enterng the
Interal fumeulus to run forw wrd 1imong the dendrites of the netrons of the
ventrolateral and dorsoliteril motor cell columns whose wons extenl o
the trunk and proxtm il hmb musculiture That 15 to s1y, one would ex
pect, op the basis of the orgamzation of the sheep cord at the stage of
carhiest fctal aetinaty, thit mmpulses «ntermg the brichil segments via
the associated dorsal would make generalized rither than restneted local
1zed responscs Or to put this thought in another way, the org iz ition of
the brachid cord at the stage i whiel its effercnts first rospond following
stimulvtion of the trigemnl and the view that the wolited moyvements of
the fore hmb which 3 reroft et (3) observed to follow pressure on the
nnumobic sac were true refloves evohed by stmulition of mtrmse bmb
iffrents, are meompatible  And ther meompatibality 1n turn casts further
doubt upon Windle’s contention that the earhest belinvior of the sheep—
or any mammal—1s mamfest through solited reflescs

DIFFLRFNTIATION OF CORD IN EARLY STACES OF REACTIMTY

Baste as a knowledge of the orgamzation of the cord at the onset of
activity and the forces thit wrought it may be to an understanding of the
genesis of behavior mare important still 1s a description of the sub equent
pattcrn of normal diffcrentiition and the circumst nces that determie
it As desclopment wdvanecs are total patterns fragmented by the gm“ﬁl
of norc speeific conncetions or are 1solrted local ares amalg imated through
the appcarance of mtegrating umts? Unfortuntely httle precise nform?
tron has been colleeted with regard the differentiition of the spmal cord
at stages bevond that at which the erliest moyvements ocenr, but the
little that 1s ax ulablc 1s reviewed here more i the hope that it will st
Iitc further work along these hmes than m the thought that it ¢ cot
tribute matenally at this tie to the problum of beliwsiorl development

If the pattarn of difftrantiation of the eclls of the spmal cord of the
sheep and ehick 1t the onsct of motility 15 ukm to that of the cold bleo ted
vertebrates the advanees thet t2he plree nith merewng maturation M
be cxpected to follow lmes not too disstmlar to those that charctenze
the courss of diffcrentiition i pinlogemy  Cajil (9) pomts oub the
discussion of the evolution of the cord that the pleans n the margml
Iver of the cord m the ¢old bloodcd yvertehrates formed by the fumeulr
fibcrs thar arbonzitions and the dondrites of cells i the grav ot mantle
Liyer disappears with the course of ¢volution The dendnites of the el
of the centril griv arc almost entwrely withdrawn m the cords of adult
irds and mammals 1w contrast the collaterils of the fumeulir systen
unade the central griv In gencral all colliterils increse their length 2
the motor nd funcular neurons withdrn therr dendritic expnsions wn {
arc confined to the ventral and dorsi) horns with advancing phs logent



eptxLL CORD HISTOGENESTS AND EARLY BEfAVIOR b3

The deselopment of the sheep cord in the days {u“ov\:xz the ‘:mwl u(!.
oty —34th throuzh 45th dav—tends to recapitulate this phy ':M‘;PU
advanre and a mumlar pattern 1 followed 1n the des elopment of the rra;
ual cord of the churk 10 the penod betwern the Bth and 1ath days ‘;
wetdaton (The differentaation of the cord 15 still m progreas st the emds
of these penads, bt J have not TMowed 3t Further, Wouzh wwch :\\:\\)T
are planaed ) Betseers the 31th and 35th day of des eopment, collaterds
of the funicular fiter enter the central gray of the sheep eond, the Tist
ate from the heterolateral ventral fumeculus and enter via the sentem}
eommissure From the commissure they extend lateralward to enter the
ventral harn where they end in vones of growth 1o the repon dorsal 1o the
ventral hom cells Lates enllaterals enter the sray watter from the latera)
fomendar fibers They ton, end 1 eones of growth s the area interpal to
the ventral hom cefls It 15 tmpartant to note that these enllsterals 2ppear
to arise Trom Bhers of the long funicular axons rather than from <hnrt
ectnecting aetoons for the lang conducting o5 stems 10 praeral develp
tefore the shorter as Cajal (9) has pointed out

Collaterals of the dorsal fumeufar §ibers first rrach the area just dorsal
5 the o1 of the mator cells of the ventral hom i the 38t day of pesta
ton B the $0th day they ean b trared 1ato the remons occupred by th~
eell eolumns of the lrteral Bnm at the brachuaf levels and oo <ome of the
erres of growth appear to be 1 the course of betng replaced by prmitive
endings $ud i this eonnretion sts mtopeting W note that unguestioned
tlrzey myvolung the fore hmb can fird be evobedd by stmulation of its
tstrinsie afferents on the 44th day 11) There t5 another point of snte rest
Pring to, this penand {12041 to 43th dav ) the Tore fimb alway s takes part m
the v rexprne efeted by stioulagion of the atlary dssaon of the

togvminal whereas alter that tume 1t does 4 less regularhy and then only

when the stimlation 1 quite tatense Jt 18 tempting bt tegaed ths disonz

Lon 28 25 examplo of segremation and o Lok it with the mpletsan of the

Voral reflex are There o1 @ thes perionf the first indication of a resculpitur

2 ol the dondate pattern that then proceeds slowly as s ehopment

vianees Some dendmted are extended merdialls nto the contral a3

r;:ﬁ' "’;Sd others pacallel to the fong axss of the oird St the same tape

i n‘z‘n f"m;’n;heklﬂﬂ born begn to shuft therr long axes from the plane

tos the curd, to ane parallel wath it

uf;“f&“a"‘zf,"" <; e destlopment of e ke eord between the Bth and

e gy “i"m 'g"‘ ration one finds & sinpitar trend € oflaterals of the fupms

ot the anterslateral and then the doral, begin to s aede

:::“;::!nl Bray dunng e Alth and earls portion of the auth day of
htmhh(’: Compated with the shesp eond, the appearsnee of the o)
— ‘hrm the antemlatera! funieuhs appears to be shizhtly eselier rela

« Aifferentistion of the motoy s3strm whereas thow from the
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lateral column to exeite the distal b museulature before enterng the
Iateral fumeulus to run forward among the dendntes of the netrons of the
ventralateral and dorsolateril motor cell eolumns whose 1vons extend to
the trunk and proximal hmb musculature That 1s to sav, one would ex
peet, on the basis of the orgimzition of the sheep cord at the stage of
carlcst ftal actinaty, that impulses entenng the brichial segments i
the ascocated dorsal would make generalized rather than restricted Toeal
1zed rcsponses Or to put this thought in another way, the orginization of
the breelud card at the stage w wlich ats ¢ Forents first e wpond following
strmul thion of the trgammal and the siow that the ssolited movements of
the forc hmb, which Barcroft <t al (3) obscrved to follow pressure on the
ammotic s1c were triue refloves vohed by stumulation of mtrinsie limb
affirants, are meomprtible And thar incomp bty m turn easts farther
doubt upon Windl’s contention that the earhiest behasior of the sheep—
or any mammal—s munfest through iselited reflones

DIFFERLNTIATION OF CORD IN LARLY STACES OF RELACTIVITY

Basic as 2 knowledge of the orgmization of the cord at the onsct of
activaty and the forces thit wrought it mav be to an underst inding of the
genests of beh tvior, more naportant <till 1s 1 deseriphion of the subsequent
prttern of normal diffcrentnition and the errcumst inces that deternmne
it As dovelopment dsances, are tot il patterns fragmented by the growth
of more spcoific connections or are 1solated local ares amalg imated through
the ppearwce of mtcgriting umts? Unfortunately hittle precise mformt
tion s been collected with regurd the differentittion of the spmal cord
at stiges besond thit it wlich the earliest motements oceur, but the
Iittle that 1s av ulible s reviewed here more mn the hope that it will stimu
Ite further work along these lmes than i the thought that it ¢an cont
tribute matertilly 1t this time to the problom of behasoral development

If the prttern of differentittion of the edlls of the spual cord of the
sheep and chuck at the onset of motihity 1s akin to that of the cold blaoded
vertebrtes, the ady inecs that tehe pliee with mereasing maturation nus
be «xpeeted to follow lincs not too dissmulir to those that charactenze
the course of differentiation m phylogeny € yal (9) pomnts out m the
discusvion of the evolution of the cord that the ploxus in the margm i
layer of the cord in the cold blooded vertebrates, formed by the fuenltr
fibers, their arboniz whons and the dendrtes of cdlls m the gray or mantle
fayer, disappears with the course of evolution The dindrites of the cdlls
of the centril griv are almost entirdds withdrawn i the cords of adult
Iirds and munmals 1w contrist the collaterals of the fumcular svatumn
mvade the centril griv In ganeral all collater s inercise ther Length n;
the motor and fumwilar neurons withdrw their dendntic expnsions wd
are confined to the ventral and dorsal horns with advanemg phslogen
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The development of the sheep cord in the dys following the onwt of
oty —S3th through +4th day —tends to recupitulate tbis philogenchic
advance and a sl it pattern is folloned n the des clopment of the bras
chual cord of the chick in the period between the 6th and 12th days of
wncubation (The differentiation of the cotd 1> sull in progress ut the ends
of these pertods, but T have not followed 1t further, though such studics
are plarned ) Between the S4th and 88th day of development, collaterals
of the fumcular fibers enter the central gray of the sheep cord, the fist
arre from the heterolateral ventral fumculus and enter vin the ventra)

Fromt the ¢ they extend lateralward to enter the
ventral hora where they end 1n cones of growth in the remon dorsal 1o the
ventral harn cells Later collateral enter the gray matter from the latersl
fumcular Gbers Thes oo, end in cones of growth i the arca snternal to
the ventral born cells Tt 1s important to note that these collaterals appear
to anse from fibers of the long fumcular asons rather than fram <hort
connecting neurons for the long conducting systems an general develap
befare the shorter as Cajal (9) has pomted out

Collatersls of the dorsal funicular fibers first reach the area just dorsal
to the locs of the motor cells of the ventral horn in the 38th day of gesta-
tor By the $0th dav they can be traced inte the regons ocenpied by the
<ell columns of the lfateral horn at the brachi2! levels and an <some of the
copes of growth appear to be w the course of bewng replaced by prinutve
endings And i thes 1t 15 interesting to note that unguestioned
refleves manlung the fore kmb can first be evohed by shimulatian of wts
iatrmsic afferents on the 48tk day (1) There ts another pomt of mterest
Prior to ths perod (32nd to 31th day ) the fore lrab aleays tales part
the mass response elicited by stimulation of the maxillary dusston of the
e s oo
K60 35 4 exat e of oo T PL r(' m;:‘ o regard thus dissocine
o) efles am ”\Iherv ‘gl‘egilhmn to bk, 1t with the completion of the
g o e e e s this periad the first indication of a resculptur-

pattern that then proceeds slowly as development
tdvances Some dendntes are estended medally tato the central
watter and others prrallel to the long axs of the vord At the sam f.m)
taotar cells i the lateral horn begin to shift thete long a<es from th \ Ime
at .;lsh‘ angles to the cord, 1o one parallel nuth 3t © plane
urning now ta the dev clopment of 1
12th days of ineubation one ﬁr:ldvx a sufntlh;‘ i:xtf\}:l (:‘rﬂ(:iz)::;;:“ f“llf Gf‘ uand
far stews, £t the anterolateral andt then the doraal. b r o
the central gray durcg the §05 and <al, begin 1o mnyade
menbation Compared and eardy portion of the sixth day of
lateral With the sheep cord, the appearance of the |
> from the anterolateral fumeuly appears to be col
the to the differentiation of the motor ?;t: o oo shehtly earber sela-
ystem whereas those from the
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dorsal fumenl are a it Ter Collaterals from the dorsal fumeult do not
reack the region occupied by the anterior horn cells untd the end of the
8th or the begmming of the 9th diy of mcubition Near the end of the
10th i thar cones of growth are Iargelv repliccd by primstne tvpe
endings, and 1t 15 of mtcrest m pissing that Preyer (18) first observed
what he termud local reflex mos cments of the wing on the eleventh du of
ncubution! After the armal of the dorsil root collaterals, the veatril
horn cddls begin, ns they do m the shecp, Lo resculpture thar dendnte
pattern—to withdraw them from the funicuh and to extend them mto the
centril griv as wedl as longrtudinally o the cord These would appeir to
be structurl alteritions thit would lessen the grossness of the assocrition
of the motor systam with the fumeul and rendcr 1t more responsive Lo the
locdd afferents

Tmally, the obsers wtions and consdertions prosented here indieate
thit the diffirantmtion of the brichil regons of the spinal cord of the
warm bloodcd vertebrites tends to follow a pattern smulir to that known
to occur m pl logeny though (o be surc thit cours 1s not slavishly Tl
lowed Tor cxample the Rohon Bewd edlis eharacteristic of the erh
Ambh stom @ eord where they form 1 speeial aflirent svstem do not 2pperw
to desclop i the sheep and the ciek and m those eawes m which the
have been found i the earls hum i cord they may represent phylogunetie
rests rathor than a functional svstem (14 24)

Sumlichy there s no evidenee that the motor conncetor dements of the
Ambls stom cord develop m the sheep Thes Tthe the Rohon Beard cells
would appe ir to be speettl fo itures of the I ol pertod that are lost m the
unmotes Stmlarly, the full development of the marginil plextts appears
1o be anuttcd m the warm blooded forms but a common pattern of differ
cntiation can be traced and one would licsitate to assume that it found no
rcfleetion m the pattern of functional developuxnt  \spects of this fune
tronal pattern may be cxpeeted m turn to be dddcted or to appear carher
or Titer m @ given sequence but such vartions would not constitute @
niitter of prmeipal but rither one of detml Jt 1 m this hight of such con
wderttions thit the alternitne s pothescs of Coghill and Windle regrd
mg the genests of beliior must be viewed and ¢v lnted
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CHAPIER \II

THE PHYLOGENETIC CONTINUITY OF NLURAL
MECHANISMS AS ILLUSTRATED BY THL SPINAL
TRACT OF V AND ITS NUCLLELS
FIIZABETH C CROSBY 4no ROBERT E YO~

INTRODUCTION

Phalogenctic lustory frcquenthy sheds light on some of the factors
determmmng the <equence of embriologteal development of brun ecnters
and tricts and on the probible functional sigmficanee of the adult wew
It wppears worthwhile, then, to revien briefls the plnlogenctic develop
ment of the primary nuela of reecption for the entermg fibers of the cutt
neous nerves of the heid, togcther with their central connections i
associated gray matter m the hight of the recent studics of their embriolog
el history (25 26) nd of thar mport wee for erly fetal mosements
(17 18 19, 20)

Before starting the present account it may be well to recall certun f
with which all wr¢ undoubtedly familiar but wiuch are nevertheless often
lost sight of i discussing the phylogenetie deyelopment of yanous brun
structurcs These ficts may be summed up n the trte statement thit ve
ire not deling with a pracession of progresstycly more highy differen
tiated forms climbing the trunk of the phylogenctic trce Rither it 1y the
branches of this I pothetieal tree which are occupied by the wideh dinene
orders of vertebrates Some of the representatnes of these vertebrate
orders are near the man trunk others fir out on the branches In other
words parllel devclopment of bram centers ind connections must not e
mistahen for dircet evolution of such cnters or connections from ane form
to another

The peripheral components of the cutuncous nerves of the vortebr
head and the centers of rcecption within the brun for their cntering root
fibers togcther with the secondary connections of these cunters R
recersed wide considerition  Deseriptions of thun are to be found m
practiclly all accounts of the vertebrute bramstem Fo review s con
aderable portion of this Iteraturc 1> boyond the scope and purpose of the

qcts

it
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present account Throughout the text, reference will be made to prev 1oushy
published diseriptions which are particularly pertinent for the diensson
Those interested M more evtinstie Teliews should comsult the vamous
texts and atlases detlng with the comparttine and humn anatom of
the brun tem (1,2, 3 4 36 40, 56, 57, 58, and others) and the spectal
pipers concerned with the tngemimal comples such as thow of 1an Lalken
burg (48) Woodburne (29), Meesen and Olzenshi (31), and Olzewshi
(32)

The matenial used s ths studs 15 from the Nuber Neuralogient Collee
tion Somne of the new senes wire made possible by a geant from the Horace
1l Rackham Sehool of Griduite Studies Scveral of the speeinens of
tatted amphibians were obt uned as a it from Professor R Humphrey of
the Lnuersits. of Buft ilo School of Medieine  1he pholomierographs nere
wade by Mr Gearge I Stauth and the drawings by Miss Betty Tou Simth
of the Department of Snitony  Lraversits of Vocligan Vs Shnrley
Mesnard seeretars to the Neurrihaton Ihvision gave valuable help i

the prepytation of the manwsenpt To all of these the authors wish (o
express therr smeere apprecintion

PHYLOGENETIC DEVELOPMLNT OF THE \UCLE AR PATTERN ASSOCIATED WTTIL
THE TRICEMINAT NERVE

The two mujor nucler of reception of the cutaneous fibers of the trgem
malnerie of vertebrates (3 4 59 are the nuclcus of the spinal tract of ¥
aad the chnef sensors nuclens In 1619 Tuse subdinided the nuclens of the
sprnnd teact of man into three secondan partions on the basts of fiber ar
rangement Later Olszewsh (80) recogmized three distinet nuclear wnis<es in
the nuclews of the spinal tract of ¥ of maeque and man  the nucleus cau
s the nucl~us interpolarss and the nuti-us oralis T sugg st=d that the
nawie nuefeus of the spinal trict (or descending ront) of \ ba dropped in
fvor of the torim opinal tngemmd compl=x  Our own sm=s of macaque
and human braws document m all eveentitle Fust & and (\hz-\\s‘yl\\ s
f: lm;z: %‘(;h diffe rences as finse been noted are ununportant and may
m‘:q::n‘\ e on punor ndndual vanabons or shght me hifications m
o :\K:‘d :1 \C:; \Ih“ 1940 Meeson an ) Olszen sk suggested that i the rabbat

s e spinal tract of \ should be divided nto a nuclcus cau

dahs and a nuclens oral
s Obuiously the term nucleus orahs
hns
applied to exaeths the sume nuclesr o

mass m primates s i subprim
p‘l‘:";\\:y:ln:: ]\\rn‘h’\h‘( that of the subdiimons of the u\m{:ﬂn :fcst))c
G oraer ol A u\c‘nbm\ by Meesen and Olzewsht (31) and Olvzey shs
N tlxmu"}m:x](“;;:“ 1<k 11d be posmible to trace thar gradul evolve
matenm Dfu e vertehrate <emes With this m ymnd smtably staned
rarous mammnahan and submammatian brains hs heen ex
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amined Swnce the term nuclens of the spmal tract ot ¥ 13 widehy aceepted
and has been emploved by Tnmphres {203 50 ey excellent desenphion of
the embryone development of the spinal trict of 3, 3wl be used w the
followtng account, and the nimes subnuclens candals amd subineleus
orilis for sty magor subxh 1vtous where represented in subprimates 1 urther
Aifferentrition of subnuelens orabs 1~ mdicated 1f present, by the designa

wons of purs mterpolns and pars vostrihs Tor prmites mobfving
seghtle for conformuts s she the terminofogy of Olzewsha, the names of
subnueleus ewdalis, subnucleus mterpolins amd submuclens Tosrihs
(useletss otalis of Olszewaka) bave heen used The results Trom the studs

of the nuclear pattern i the represent thive Vertehrates my Ye summarized
a3 follows

\ruclear pattern 1w eyclostomes

tlong the whole course of the spinal tract of ¥, jrom sts pomt of en
tranee wta the evelostome braw at upper thowbeacephahie loveds nans
fermmation, at upper cervieal cord lesdds <cattesed or mtercalated alls
are found amid the descending yoot fibers \ cluster of these nevrons
veeurs (possibly as a primordial chief <ensory nuclens Bg 390} where the
nenve enters the bran The seattered oclls whieh are present 2ong e
tract scarcely deserve the name of nucleus although tndasbtedls they
recere mpubes By coffaterals and perhiaps stem fibers of the spinal dract
atY AL the eaudal end of this tract near is entrance 1mlo Wie cord a2
thaster of cells forms & swall pooshs cireumsenibed but nes ertheless o srae
tenstic subnucleus caudalis (fg 39) Thes swbnuclous hes medni to the

tract and pavies niliout sharp transition mto the dorsal horn
gray of
the spwal cord (5 30} ?

Nuclear pattern tn vartous fishes

a No i tation of even & primordial chtef sersars nucleus was found 1n
hle svalable seres of the brawn of the doghioh (Mustehus cams) Wood
ﬁ:‘:nc (;‘5\9) could find no 2rece of this nucfeus 1 At eaha In bigher
P t-stl : size wmd diffcrentiation of the trigemnaf svstern differs from
tro:\t x; orm anl no ove deseriptson will fit aff of them In the brook
ml:.nm‘:: C;xnmp]e & few seattere{ celis at the level of tntrance of the

3 ngcrﬂalﬂirf probably constitute a pumordial chief seysor

S8 wppanest sp ¢
eaudeba w  the gray of
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nucleus, but these edlls are not ¢l wly diffcrentiable from the remamng
parnentricalar groy Tl of the fish brams s mgd, along the s )
tract of Vst procecds Cudalward, ac seattered neurons wluch e
puth mtcrmingled with the fiber fiscicles and sometimes hie slong ther
medial border Smec the posttion of the spml triet of ¥ vanes greatly m
different fishes, depanding prrtienlirly upon the degree of dovelopment of
other svstums such as the Jateral hn or gustatory (fig 393, the po iton of
the grov assouated with the «pmal trict will s ary Iihensse wath regpeet to
the tract  1is pravordnd nucleus of the spmal trict of 1 1ncreases shghth
muats most cudad portion md 1 lugher fishes becomes continuous with
the mednd funicuie nuclous which also reaves trgomnd oot fibee
Ihe medinl funreular nucleus (Herrsch 15) 15 1 speeitlly differentratel
part of the dorsil horn grav (with wlieh the <ubnucdens ¢udhs o e
spisal tract of ¥ as dJosely rdited) It recarses descending trigenmn i root
fibers and dors I root fibers from upper cervseal kv s The medil funienhe
nuclous mosome fidhes at leist, reecnes the deseendmg gustatory tnd
(14 15) The emphasts agun 1s on the mypor tancd of corvieal eord correht
tions at this phyloganctie Ieved

\ uclear patteri e amphibians

Lurnmg now to 1 consideriion of the reltions i morc generalizad
types of mmphibans 1t becomes cuadent th g there s hithe more spic it
tion m the nueloar gray assocnited with the spinal triet of Vo some ot
the taled amplibians (A\mblystom: Nceturus) thn i cyelostomes \3
the plice of entrance 6f the tragenmal roots 2 small are v witlun (ke pen
venteiedd w gras (fig 314) sentromediad to the saleus hinntans and adjom
wig the Tteral border of the motor V nurleus is brrddy differentrible from
the ramander of the morphologically  undiffercnti ited pm\rh(rmd I
grvy by the shghtly hirger wize of its neurons and the somewhnt groater
cowseness of the dendrites artamg from thenr At most 1t 15 a sery prt
wordul cheef sensory nidens, facking the i ctanstic coutour anl
cortam of the relations sigrfic mi for tlns nucdcus in gher amphimnd
aug the conrse of the spm il tract of ¥ are sattersd el and mher alated
among s fibers nre sl numbers of interstital ncurons Occ sionaihy
these serttored eddls congregate mio smdl dusters winedt arc indistnedls
wprited fram the perventricntar geoy and which he i rdation with the
dotsomecial bordcr of the spund tract of V. Such a small duster iy found
W@ aeoustie loves (it was taamed  the maprenee of o sensory \rl;.m““"
auclans by Terrick, 16) and agum at vigal and postvagil Joveds as bt
Hernch (16) and Woodburnc (590 li v desersbed Both of thise obst r\(;"«
founrd and the present work confirms the prescnce of neurons highth

large r than the pern entricnlir e Ts at vagl and «Jightls smaller at cal iy
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senptonus kvels T xeems probable that the group at ealhmns levels
corresponds to the <bnutiens candahs deserthed for ey clostomes, smee 1L
becomes continotts with spinl cord ray fig 8118)

Frogs hve a small cluel sensory nucleus, Aifferintnted out of the pen-
wentreular gras , lateral and shghtly dorsolateral to the motor nuckus of
\ (Bz 320 Tt s continous ventrally and ventroc wd dly with the nuclens
of the spmal triet of V Ths Tutter aueleus extends cdalnard, over-
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o ol he spinal tract of | shows a -
iy \\glh:ﬁ, ::: ,:lf‘x:‘:hlmg" neurons swhich contasn more deeph :‘l;:‘r:::g
e v e "r cresy] violet and tolawdin blue preparations, <o that
oy et of he nueleus bas a differcnt cell character than does 1ts
e 3o o :‘r‘x;\’ be vegarded as a developing subnuclens oralis
orcls oo o sensory nuclews 1 approached, the subnucl
meshat lews hiffercntiated The nucleus of the x;.:;

tract of X 1 somewhat more dicrete toward 1ts crudal end nrung at
\ more diered d ] {beg
) end ng n
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nuclus, but these edls are not elearly differentible from the remaming
pernventricular gray In all of the fish brams vammed, along the spunl
trict of Vv as bt procecds cudalw wrd, arc seittered neurons which are
pertly mtcrmingled with the fiber fasaclcs and sometimes he dong thue
medizl border Smee the position of the spmal trict of V vares greith i
diffcrent fishes, depending prticuliely upon the degree of deyelopment of
other «y stams such as the Interil hine or gustitory (fig 39), the postion of
the grov assocated with the spinal tract will vaey Dthewise with re pect to
the tract “Thns primordi) nuclus of the spimal trict of ¥ mcrerses shghth
1 its most cauddd portion and, m higher fishes, becomes contmuons with
the mednl fumculr mudars which also recenves tngemimil oot fibers
The medial fumenhir nucleus (Ierrich, 15) 15 a speenllh diffrentited
part of the dorsil horn grav (with wlich the subnudcus ewdabs of the
spmal tract of V 1s closch related) Tt recenves descending trgemm il root
fibers and dors il root fibers from upper ecrvie il Toveds The mednl funtealir
nuclens m some fishes at least, recaves the descnding gustitors tract
(14, 15) "The emphasis agun 1s on the importance of cersical cord corry
tions it thrs phylogenctic leved

Nuclear pattern i amphibians

Turning now to 1 considerition of the relrtions in more [.:tm‘r'ﬂlltd
tvpes of amphibins 1t becomes ¢vident tht there 15 little more speenizy
tion m the nuclcar gray associated with the spimal trict of ¥ m some of
the tailled amphibians (Amblsstoma Neeturus) than m o clostomes At
the plice of cntraned of the trigennmal roots & smnll arca withm the port
ventreulie gray (fig 314), ventromedial to the suleus himtins and adjom
g the hitcral border of the motor 1 nucleus 18 barddy differents ible from
the ramamnder of the morphologiclly  undifferentiated pe rvantrieuhir
griv by the shightly Trger size of 1ts ncurons and the somenhat greiler
coirscness of the dondntes arang from than At most at 1s 1 very pn
mordnl chif sensory nucleus, Tiching the charcteristie contour and
cortam of the refations sigmfic it for this wack us m digher anphnbims
\long the course of the spml trict of ¥ ire s ittered ecdls md inte realated

ts fibers e smll numbers of mterstittd nearons Occ wssontlh

unong 1
& thy

these seattered cells congregite mto smll clusters wind arc indistine
sepuated from the po mventncul e griv and which he m rcddation with the
dorsomqdi 1l border of the spimal tract of ¥ Such o sl chuster s found
it teonstie lovels (it was tarmed the mapience of n senvory trigemml
nucleus by Hernek 16) wd agun at v gl and posty gl loveds s hoth
lcrnich (16) and W oodburne (59) htve deseribed Both of these alnervers
resent work confirms the prosenec of neurons shghth

md oud the p
fou i cclls at v gl and <lighthy smaller at ¢ himus

Trger thn the pernventricu
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abont the calimus level) and w thyy portion of the nucleus the odlis are
amller an 1 lss spectihzed e appearinee 1hey constitute 2 sut nuelens
caulabs (fig 3°C) Fhereart m generil vary fow mteredited cddis m the
course of the spinal tract of ¥ w frag  Neards all the el hve assmmed
a position meduil to the teact to form its type 1 nucleus The outhing of
the nuclews conforms throughout to that of the roct fikers

\urlear pattern an rephiler

Adthough there are some diffcrences i the degree of ol peat thz tion
anim the szt of the nueler i pisang from one replile to another, in
generl the cutaneous trigemn il compley m W the reptides studied <hows
a nell d flerentiated ¢ief wensory nueleus of miermingld medwm wzed
anl smller cells ani 2 tuped ancleus of the spimal tract of V. whaek
conforms 1o the shape of the root ¥t ean b sub lnided inta 2 aubnudens
oralis and A sut nuclens exudalis There are some shght indicatims that
m the aligitor at leist the subpuclcus orabis may e separsting further
tita 8 pars tostralis ind a purs imterpalars. Tresta tralis tnthe loworell b
ferentrated portion and i the transverse alligitor seres at lowst whd
ey shaped atino t knels [t extends from the chind sonsory nudius with
whchtismeontmuty spinilsard toacoustico retillesdswhereitss grad
ualls replaced by pars wterpolans Pars mterpolins wluch conants of we

Vumzed trangulie shaped nenrons wtermingled with smaller spindle

shaped cells 15 Teplare Lin front of the cilimus by the subnuclens eand s

:{h"{‘:ﬁ:\;:‘::s‘;::km up t‘h‘c rather edenae W eelicd part of the gray

of re} tiltan Lra‘m nlzi::::l‘r;:;\t{t(ﬁg the \\l\( B \3 » “‘V‘ e

the turtles a1l snome o ‘ cd above pattern b less exudent
clear i the snabe the hzord and the wWhgator

\utelear patlern in birdy
. T: ll rl&‘ prot ibly in coprelation with the dey elopment of more lughh
;:(-“f‘t;‘ tactile termmbons {423 there 1 vl 1 marked merese in
¢ of the chmfinwr\ nueleus (fig 98) as comparcd with that of lower

£33 Ploto cro e
'graphs of thrve level
. Lx‘}mnl of ti ¢ frog (Rann catest m,.)ﬂ';u:\: ‘lr:l:%h,.u:‘ o nstem and uppen ost eer seal

" Loery o wous S Jus ol v
NTREEN ll;ﬂ"‘;(h%‘w:nlmwl Bele eloftlenu lus Cthe Intq wh:»::
el s of e ' s tle gratual tran tonoftles ! « le seud

s asltactof L (NLC SL TRV SEBALE CALD) into l|v.-dnr:ln: ;lr:
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forms and a somenwhat more diffcrentiated ecll tvpe mkes 1ts appetrance
m this sansors area There are some « rabions m degree «f developn ent
of the nuclerr gras from ane bird to another but m I the avim matenal
avalable for studs the el sensors nuclens 15 well devdoped Tn one
respect st diffors i st po lationslips from that of the corresponding nuclat

CH SENS NUC V

< k
N~ hY
N P R |
kc'v*ﬁ: - ®
\: S
X - P
~ " MOT, NUC.V '
V] R N
v
Na
N
VN

Fig 33 1lotomerogeay hof nsecton tlro ghtie level of er trarco of the trgen 11l ncr‘:"
11 the sparron I asser domesticus Tole 1n 1 1ie preparation X 95 Tie el d flere Il‘wl“
ol icl sei sory nucleus of ¥ (CH SEAS NUC V)anitlertstealtpof thes i prrsro tnl
of e sl nuclens oralis (VNUC SI TR Y SUBNUC OR I ROST ) arcslosyt Tleenter 8
root fhersof thetr ger mlrerse (V N\ )anltle niotor rucleus of ¥ {(MOT NUC V) aren

dicated m t} ¢ figure

m reptiles and mummals—it 1s not contmuous with the nueleus of the

spinal tract of ¥ m the bards studied ll;ult such a clost redibonslup mn
ne avian forms v quite posable

c“j\fl.u“:ns:xln(lxllclt us of the spmal tract of ¥ beging at the kel of tmr;ll;l(‘l

of the trigcmmal root and cxtends caudalwrrd along the mner ﬁld(‘;; mnt“

spmal tract conforming at all levels to the shape of tins root ﬁ}w( w

35} It oserlips the dorsa) horn gray dorsally and dJorsomedsilly at upy
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cervical cord devels shete 1t tenmnates The dinaions of the nucleus of the
<ptel traet of ¥ anto subnuclens o b atid subnucleus edibis 15 gwte
(lear There are mdications of a begpmning Mifierents thon of the subnucles
or s into a pars rostribs nd & pars nterpobsms Ty rostralis {fig
1= the less d florentrated portion of the apbauclous extendmg from the
place of entrance of the tgemnal oot ew Ladw wrd o aestibulir yoot
Jevels It contains two tipes of newrons sme with spedle shaped and
others with more neats sphercal cell bodes Pues wterpolari (fig 34B)
grwdasfly replices pars sosrabs 13 ats charrctenistic Tittiee work appaar

ance produced by neurons md wlermngled fibers becomes evetent e
subnuclens exutabs (g 30) extends trom somewhat i front of the ¢ thamas
Tegion through lower medulix levels into the uppermost cerael Jevels of
the ynaat cord In it ean fw vecogmized an outerimost, sm Mt margind
Iner 2 nide gelatinaus taser of eells and fibers resewbling in apperance
the subrtantia geatnosa of the spal cord nd a farge central portion n
which ave some farger 1s well 45 smaller newrons

Nuclear paticru  subprimale mammals

Practierls all modcrn workers on the mammahan bramstem have
recogmzedt A ehuf sensory tuclens and a nueleds of the spal tract of ¥,
whuch 15 contiguons with this rlnel scnsort nuclus and wineh oxtends
spintlnard through the brainstent to cervien) eored fevels Yt averlar

P P

o

i . -

v wi ine atcdeat groups refated to the ternmy
tron of cutnenus companents of the trigennnal nerse in varons mammals
dep nlmg upon the number and on the speciilization of these cut ineous
nerve endings in the form under consideration The degrec of dev clapment
of this wstern v geounde | gam 1 the habuts af lde of the mummal
qrtestion such as 1ts manner of eating or 1ts use of nase or whichers as
explorators organs Thus the nuclear grav aswoeited with taetile cot

ponents of the ingemmal nerve 15 relatn el ven Inghty developed (\m:

vaved with other bronstem centers i the

uch halled plalypus (O,

th ;rl\\,xr’\clms) m the mole and m the bat ot nell dev eloped ?n c:x(l ;’:ﬂ
l(xm:x . Te ;u;mm ;ﬁ no subpmmate forme—thoswe of wpo sum {nat oy
tited) and tat  have been ch

et and tat osen to represent the dfferentiation of the

clens of ¥ and the detelopn
“pioat tract of § w subprisiate mammals et of the nuckous of the

]

a“ ):;:':::l)“p of the clnef wnsors nucleus of the trigemnad nepso g
tes just in front of the oral palc of
the
;‘:::::“;7 I; ¥ surroundded and waa led b entering pong. ﬁ‘:;l:t-:’:dmgm“n 3
o

e Irrge-vefled motor nuelens 1 this appenrs by the mm’S"‘}’:ﬂ;:“l
hundles
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distiaetly ventrolateral to a dorolateral position as the fourth ventncle
clases to form the centrat canal

In the toluidin biue preparations the chief sensory nucleus in the bat
{Tadarida mevicana) appears as a mass of medunm sized, muftangufar
neurons with deeply staming nucler and fine well stained Nissl granules
The cells are m clusters and sometunes m rons between the trigemmal

\CH SENS NUG.V

PONS FIBI VU RT

teg 36 Phovowmerogroph of Yhe bram of the ba

t, Tadand;
chuef sensory nueleus of the tngemmnal nerve {CH SP\. \;lt‘n t\“)""‘l"‘l‘\:: .K::lh eﬁ::\-:‘n‘;“')he
et . e -

. wally eat m an obbgue ph

blane 50 that
1 visshie and the sentral port of the
15 of the facral nerve (VIE RT ) atvo

fasescles which spreay arpurd
nucleus {fig 36) has the typie.
the tnigemnal Toot, whink -
s rostral tp 1s not ver

and prommence of th

ertri Limane nuclens
Pl ‘.N,,Qt the trigeminal roots {some of 41 aen 2t the lesel of

re anud the zaqt
N very few within
entrocaudatly

and through the nucley

s The chief se
al plano-contex contoy; el

r and liee Tadnent 0,
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of the triganmal nerse It disappears gradually m front of the ew hi tp
of the motor nucleus It 1s conneeted by strands of cells with the nuelens of
the spinal tract of V, whieh appears sventral and ventromedial to 1t

The chuct sensory nucleusof ¥ in the opossum 1¢ elongated dorsos entrlly
(where best devcloped) beng somenhat plano convex m shape with the
convex surface Interallh However 1t does not mamtain this outhne con
sistently 1n the availible matertal Tt ol are small stellate and sl
trangular or oval neurons with typical fine sl granules Intermmgld
are some larger, darker stnming multipolar neurons Al the eells are much
smaller than thosc of the neighboring motor trigemmal nuclous

The nucleus of the spanal tract of ¥ (xtends from the cluef scnsory nuelen
inito upper cersicl cord in the opossum m the typicil reltions Its b
nudeus orilts appe irs ventral to the motor nuckus of ¥ continuous with
the cliuef sensory nnclcus and mtcrnungled with the cntering trogemynal
root fibers At the rostril tip of this subnuclcus the eddls are rather closels
grouped without special arrangement but the nuelc ir gras seon begins to
take on a mesh hke appearance the ells formung hines and strnds unot g
the fiber bundles The contour of the nucleus conforms laterally to the
crescent shape of the spmal tract as it turns ¢ iudalward mats course towarl
the cerviel cord Internunglcd with and on the medrl horder of the small
trrangular to stellate cells which make up the mnn mass of the subnucleus
oralis 1t these levels are seattered much lirger tniangular shaped neutons
with wide flang dendrtes

Asat proceeds crwdalward the desecnding root les medial ind yentro
medial to the fibcrs of the icoustie nerve wnd their nucler of termmation
and Iateral and dorsolateral to the ficial nucleus Iarther spmalward hoth
nueleus and root are crosscd by glossoph iy ngeal and then by yagus root
lets 1 hiroughout 1ts cxtent untif about the level of the ealamus the b
nuelens or s hias ret uned substantially the same charicter although there
are mnor varmbions from lesd to leve] Seatiered neurons are seenn the
spanel teact of Voand these increase as the ealumus s approached <o that
aprs gelatinosa becomes quite cvident @ margimal Lver can be recogmzed
and the central part of the nucleus boeomes niore dense 1hus there s 2
gridual transtion mto subnucleus caudahs at about obey lavels

[ he subnueleus caudulis extends then from just e front of the obet levil
wite the upper cervical cord w here 1t lies dorsomedial to and then s rephee
by dorsal horn gr1v which it greatls rescmbles In the opossum ths =ub1
nueleus crudahs has n morphologic structure very sumlir to that ducn(x‘(‘
for the compirible area i the riblt by Mecsen and Dlszenshi (31) Al
three portiane—1 marginal a gelitmnous and a centril (or m wgnocefiulit
et Meesen and Olszewshi)—arc recogmzablc  Throughout its ¢ xtent

the medulla the nucleus of the spnal traet of ¥ grrdually shifts from a
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the clnef stnsory nuclus becomes continuous with the sbmucious or s of
the nuckons of the spimal ract of

“ubnteleus orabis (hg 374 m the bat conasts of snll and wuall to
nedsum sized eells internungled at some levas with @ few deeply stamed,
wuttpobe cell hadies which resemble somewhat the multangmiie nourons
o the cluet sensory nuclcus  Althaugh these neurony are farly dlowly
piced they are i Tmmgied wth s fasertes {some from the spwal
ract of 4 others with Sbers of passige) The mass follow s the contour of
the spual trict of V wlick encides it doradhy Jaterall zud ventralls
The medid bp of the nuek w ws contams fener ety tha does the test
of the nueleus but some of these newrons e farrky Tege and molupolie
foltmed cmdaliv at facal and acoustie kel the arrangement of the
eelis Fecores foss den ¢ They are relatinvels untform i wize and st umng—
uh occisonal small fuaform or spidle shaped neurons are seen— ind
The Wttiee worh trrangement 1 very fine Lt 53 more cvident than it the
rastral end of the puckius The mass staelf 1< relatveh Darge Some of the
steateds of cofiy extend into the <pnal trict of 1 The condition hert 15
wiermedite betseen that of the montes 1 shich Qlazensha {33) reeag
mized a nucleus wterpolins and a nuefeus ortis and that i ribbst angd
«possum where the e two nueler form an almnst common mass which
Meenen and Ghzewsht (31} termed nucleus arths and the present sriters
it snbnncdens orihs 1t would 1ppear that the subnucleus orihs e
b s a prstodrb owd A pars itapabans (g 974) whch although
not differing gre s from cach other suggest the nuclet gar subnucla) of the
swme nunt e e nd monhes bt are less dearls domarenged

subnuclens cand b appears i front of the obex repon averd ippang,
~omewhat sabnuddens orihs (g 378) It has a margmal Inver,
sdatmons pert tnd a nieros central portion 1 which ap orcrsonal Ly
el Smadtoy d and smdl more derph stutimg trangulir or multasmmdar

wurtn reontermmgled wath root fbers Liys “wbnuclens ¢ aucdad  « el
ek v Lo '

e reseent iyge

2wl

IR s
V omtwe § o .
O ®x 1 . r
ALURUBRN1Y voraY SRR Y L LAYSRY SY BAN ¥
tur VRO U e regon
Pola 4 NtC s IRy arg .
108 1 v -
' v €
A I I T Mooy 1
' MOl g, b
s PARY dow tUeLhsueat e g o of U ¢ < na) e,
e fi ot
WU NN gyt o o o INE CERAED snlenag ceretalter



GINETICS AND INHDRITANCE OF NLUROPSYICHIATRIC PATTERNS

188

ZEa
iy
SR

‘N X

*anvo "oNNENS oL
"SNVHL I0dYILINL °d
“HO JONNEBNS

AHL WS "ONN

A8l 'ds

Q3d "Y30 uNI

“T0dYILNI d OL
‘SNVHL “1S0Y d
‘40 *ONNENS

A "H1L'dS "ONN

- 2 E, gy e
: . R I
AT

e 1

?
NTE e

0NN "LS3A LV
+HLAS LSIALVY




PHYLOGENY OF SENSORY TRIGEMINAL COMPLES. 10

Howerer, 25 Anens happers (1, see alse \riens Kappers, Huber and
Crosby 3) pomted out, the response o these stimuh indieates that they
are not atw4vs disagreeable Fudings wlnch cheited such a positne recponse
he claswfied a5 gratoteceptine endings

4t least s far down 1 the phy logenetic seale as lagher amphibnans and
repiles (2) more speniahzed tactle and pressure endings make their ap-
pesrance \mong submatmmals, birds have the wmost lughh specrahized
sensory corptt cles on the head for here appear the corpuscles of Tlerbst
(19} of Geandes or Grandry \ferhel (Grandes, 11, Merhel 92,43, Cagil;
7} wnd of hey Retzius (79) In wmmals avanety of nenve tommnsbions
ubsers g tactile md hight pressnre oceurs m wdinion to the fre sensory
ndings Over the tngetminal distnbution the tactile endings ringe feom the
relitinely «mple tactle menner through the ehbarately corled endings
around the hams to the highly \pecalized Metsaner corpuscles found on
the lips and other limsted regions of the hexd Fhere are abeo speenid tem

perature enchings n mammsals assocaded with the more epienitie 1y pus of
fempertture apprecimpron

Pervpheral roofs
Inall sertebrates the cutancous components of the trgermntlnerir e
mover * 7
mandih
cells are

. v o1 dge umponr teurons although m some lower
forms {as for example w o elostomes) bipolar (o8l oecur as thes do during
fiuman embrsolomcal development Between the hrun and the gwnghon
and abo within the brmn  the mralle mandibular bundles are often plr’
ueabarly mbimately assotiated with ech other and dferentiible from the
fascicles of the ophthalme diision The ease with which they man he
separated from each other differs with the form under considiration The
refatne postions of the two subdisisions of the trigewmnal root through =
long series of vertebrates have been re;

ported upon bs van ¥ alkendy
see aho Arns Rappers 1 Anens hannees ot ol a T enburg (48

.

Tawerer

muermed on human paty, "
ents sk

surgeons ks often been bl P4 alled ncuro

more dilfiey]
10 divisons wn the aphibaan repblan an ) ac eult 1o distinguish these
[
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pisses over dircethy mto the less widespread dorsal horn g whieh at
gretly resembles

Nuclear patiern tn primates

The chuef scnsory nudeus of \ 15 generlls recogmzed i pranates The
nucleus of the spmal trict of \ his been vers well deseribed by O] zen b
(33) and s tarmimologs discussed earher m this paper (page 175) No
further account 1s requircd

PINTOCENFTIC DISTRIBUTION OF TItF CUTANLOUS TRICK MINAL ROOT FIBERY
\erte ferminalions

Lhe appeirance of an mercasmgh wider ringe of nerve termmabions
through the ascending vcrtebrate se e 1 the morphologie indietion of tle
Iugher organisms responses to 2 wider environmental ringe  Fhus differ
«ntiated tactile and proprioctptive nerve endmgs comp arable to although
not completcly like those of mammals scem to appear phylogenetic iy at
whout the tume that the vertebrate loses Ins later il ine ¢ als md exchanges
his mode of life from that of 1w uter to thit of a lid ammil Obvion b
he 1s thus better fitted to respond to the wider ringe of stiunul which le
will meet i this new (nvironment In the 1secnding seale of vertel rate
through subm unmals and 1o from lowcr to lugher mammals the nun ter
sometimes the compleuts  and often the distribution of the more speeitl
zed endings of cutancous nerves (ke the development of the speenl st nses)
rcflect to some degree the hbits of hie ind the speenil daman ls which I
surroundimgs mike upon an anumil

Phylogenetically the oldest type wd onc of the sumplest of nerse ter
nunations appe irs to be the greatly brinched and rebrinched and unen
caipsulated ending wlich his usually been termed @ frce sensory en Img
(21 39 and niinv others) Whether these are true endings whether thet
form ananastomosmg unmedullited network 1s Vit ah (49) and Steph wmells
(45 46) believed or whether they piss over mto ultraternunal fibrids < f th
sort deseribed by Bocke (2) 1nd by Mevhng (34) 18 not 1 mtter for ds
cusston here Such simple sensory «ndings are the culy ternunttions the
<hin of the lowlest vertebrites (for exumple Retzius 38 for L pres)
Ihey also occur widely m lugher firms (39) i general an surfces or M
wreas of head ind body whieh tre sensitive to extremes of ten perature ta

Iliroughout vertcd rates such
hatc not onhy mmpulses sct up
lized or dvsertie (37) type o
tactile sensibility and to serve extremes of temperature Shernngton (“z
fit that such endings were primanhy noaireecptors 1he major function o
these endings quite certamlv 15 the protection of the orgimsm from hirm
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Towever, as Anéns happers (1, sec also \mens happers, H\\l\:c:- xlx]ml
Croshy 3) pomted cut the respanse to thest stimult indicates that they
are not always disagreeable Fadings nhich elicsted sueh a positine responst
s gratoreceptine endimgs

e \T;iz:i: fafrklm\n u?tl\c phn logenctic scale as higher amphibns and
rephiles (#7) more speet \hzed tactsle and pressure endings mihe their ap
pearance Aong submammals birds hive the most fughly specinhized
censany corpu cles on the head for here appear the corpuseles of Herbnt
(13) of GranIr or Grindty Merkel (Grin I, 11, Merhel 82 33, Capil
7y anlof hev Retzws (29) I manmy 1y vamets of noe tormimations
sub (rving tactile and light pressure occurs m ad htion 10 the free sensory
enlngs Over the trgenn 1l distnibution the bachle endings ringe frani the
relatnnehy <mple tackile mem @ through the elboritels coled endings
aroun ! the hawes to the Mghhv specitlized Meisncr corpuscles found on
the Iips an { other imuted regons of the head “There are alsa speentd tem

perature endings 1 mammals aswerted with the more eptentie types of
temperature appreciation

Pertpheral vocts

Inalivertchrites the cutaneonseomponents of the tngumimal nerve come
m over the threp divzstons of the nerve—the ophthatmie, the mrailiry (e
man hibular—s1th thetr origm tn ganghon cefls on the root Such ganglion
eelly are Characterstically large umipolsr neurans although m <ome lower
farns (as fer example 10 o clostomes) bipotar cells oceur as thes da dunng
human ent ryological decelopment Between the bram and th gainghon
and aho nithur the bram the maillo man kbalir bundles are often par
ticutarly muimately aswoerated with sach othier and differentiable from the
(aseicles of the ophthnlmue dnusion The case with which they maw be
sparated from each other differs wuth the form under consideration 1he
relative poskwont of the two subid imons of the trigetmnal root through a
Tong seriey of vertehrates have been reported upon b van Valhenburg (48
see sbha Anens happers 1 Aricns Rappers et wl %) The ophthiinue

PArtion can be seen 10 enter the bran shehtls conl 15 ant By

. N 19 An d Dero
l;: 8 I: e often been able to distingnsh between the mauflo mandihy
'r ar: the ophthalime dwwisions ¥t »

e YT
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PRIM CH CH SENS NGV
SENS NUG V
z
A
& $
w4
SG.6R \.x SUBNUC OR \X
SC.6R —,
SPTRY
SC GR
SUBNUC CAUD SUBNUC, CAUD

CH SENS NUG
SUBNUC ROST.
SUBNUC INTERPOL

SUBNUC, O
P INTERPOL,

SUBNUC. CAUD SUBNUC. CaUD
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Fig 8y Tour dogrums to allustrite the progresave dderenteition of the nucloar gray
assoenud with eatering cutasicons trigemin o roate and the distestion of the wahranced de
scending (XY Infureating (1) and unbranehcd asconding (2) root fil crs to the speand portions
of this nuclaar gray A tulid nmplubin B frog € bird or ~ut pemte suclias Eat, I3 pr
mate CH SINS NUC b dued comsory nudens of V) PRIME CIT SN NLC A pn
mordul el Faensory nuclasof Y, SP TR Y sptmlteict of v SC GR enttered gras abeg
spimal et of ¥, SUBNLC €D subnelcus erud ey af auckas of spnd tect of 3,
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portions of the trgemnal nerve Tave comvinced the pre ent wnters that
1 thewe forms the aphithilune fibers enter ventrl and shghthy ecphiihie to
the other divistons of this nerve

Central drstribulion of root fibers of 1

After the cutaneous fibers of the tngamnnl narve have titerud the
fyramstem some of them turn directls ¢rud s wrd 1 the spinal tract of 3
(B 38) probalily w all forms from o1 clostomes (Ammococtes Froyrhoff,
47 yarous subtmammals Woodburne 09, pig Windle, 35) to mmmls,
presumabh including man: Other fihers fureate at therrentrine (fig 38)
ane branch enteting the spial tractof ¥ the other pas mg eitherto T speentl
region of the purnentriclar gruy or, 151t dexelops to the better differen
tiated chnef sensory nuclens of v In the av alable mternd of evdlostoms,
the branches to the pernenteiculir gray are few m numbir nd hve he
general appearanee of collterils Such brinclies become more promment
coneommtantly with the deselopment of 1 cluel scnsors nuclens m hiher
submanmals {53} T addition to thesc non Iifurenting descendhing fibcrs
and the ifurcvting fibers i the silver matendd of the bram of the hizird
{ \wolis carolingnais) 1nd 1 1 simalarly prepared series of the <puron bran
a few apparenths unbranched lavger ibers (fig 38C) entering as trigenunal
rout fibers could b traced to the chief sensors nuclens Possibly <uch fibery
wre present in fugher amplubians (fig 358 broken hine) but could not be
demonstrate] i the availible <evies The preseate of these thee tipes
(fig 38 € and D)—unbranched descending hifureating and non ofurcat
g aseending fibcra—hme been heantifulls demonstrated by Windle (52)
m the fetal pra Ty mterpretation of the functional significance of theve
fibers 15 wedl borne out by therr phndogenche bistors The non hifurcating
discending gronp (hg 38) present throughout e vertebrite senes—and
I.:;::;’:M\(‘m;“m‘m: penipheralls in frec sensory endings—wuhaeries
lh(lx >sttup by pamful stmil 15 Windle suggested hut prohibly 1kso

e aroused by the grassest temperture stimult {hot and col ) They
AT prosent W vertebretes fhe bifurcatine fhare (Ra e

2ttt ans by which impul
e pul es st up by
w“\;“n:‘ ‘:\r\l(rm\"lx.\l.nnn trpes of taetsde stimah are mued 1o the claef
eus These are present only 1 Ingl

Y micews These a gher submmma
R 1> and 1nam
on
nucle
“UR

L wuwaelens

R RY
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ms Whether mpulses permitting recogition of warm and cool (as con
trasted wath hot and cold) are rdlived over bifurcating root fibers (which
scems more probable) or non bifureiting 1seending fibers 1s 1s yeb uncer
tamn Such mod ities are present only in lugher forme

In mun vertebrates (frog Woodburne, 59, v inous reptiles Huber anl
Croshy, 22, Weston, 54, wd others, sparrow, Tluber and Croshy, 23
Sunders, 41, Woodburne 59 ribbit, W oodburne, 59) direct trngommal
root fibers have been triced to the corebellum Such connections have not
been demonstrated with certamty in man "Lhe maternl avalabl= does not
pormit thar clear recognition w ey clostomes ar fishes

{ddition of components of VII, I\ and \ to spinal tract of }

In may vertchrites 1 cutancous sensory component oceurs in the
VIT IN and N\ crumal nerves 1l component 1s almost mvarstbls present
w N, usually oceurs m VIT but s not boen domonstrated i TN some
vartebrutes (for cxamplc m some of the fishes amphibnins reptiles anl
bards) m which it has been sought (3) Since it 18 very small when present
farlure to demonstrite 1t dees not provide adoquate evidence of its non
cxtened It docs occur (along with entancous components in VI and \)
m many mammils ancluding mm as 1arsell and ¥ enton (30) and others
hve pointed out

When prosent the cutancous components of VIT I\ nd \ jom the
spind trict of Vm representatives of all the vertebrte orders from cyelo
stomes to man The sensors roots of TN ind N\ usualls cross the ~pm'll
trict of ¥ in their course ind contribute fibers to 1t 1s they piss Where
they e be triccd such fibers appcir to jomn the dorstl aspeet of the
ophthilmic dinvision v arous vertchr ites—for ¢xample 1 the larval form
of Ammococtes (47) wd m certun of the fishes where there 1 sufficient
diffcrentration betwoen the aphthilne ind moallo mndibule diisions
of the spinal root or some ¢speeridly favorible phine of scetion permuts
wentifieation Humphres (26) bohieves that they jon the spinal tract of 1
between the mallo mandibular ind the ophtlilme divisions in the human
embryo Withm the triet they deseend to tamumate m subnueleus et
dalts of the spudl tract of 'V along with fibcrs of the tngammal crrving
impulses st up by punful and gross tactile strmult and by evtranes of
temperature (hot wnd cold) Probably the most commang e wlence for
this termmation m man s the msensibality of the e to panful stinult
following trigenmnl trictotomies at lowermost bramstem levels

Relatite position of ephthaloue and mazrdlo mandil ular diisions spinal
tract of V-

n these dvs of trigennml teactotomies the question of the rdldne

positions and the spmal extants of the m wille mandibular and the oph
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(hate divivons of the apnal tract of 1 1 o matter of some coneerh
Humphrey (25, 26) has discussed e evidenee for 3 swore daral posttion of
the masilo manthbud v fbers aad a more ventral Tocation of those of the
apbthalme division for mummals W gooer WL and espeandly for the human
embrso In a series of whmammaban md yvummalin fonws, van Yalhen
burg (49} aseribed st ar dorsor enteal relrtions to the mxllo m wdibuiar

disiott n most forms 1fe pownted out tnt m fishes,

yaptions in post
tiom ocgut stue ta the differences declopment of ather sustems {such as

5P TR VANUG VAGAL LOPE
ghF 1L s A 3

R o ‘\ SEC GUST.TR
omcrograph of a secton through the benm of 4
;L\xw\(!: \;n:nl n :( Wesp sdteactof Vardstsawl us l‘:l'“TR‘\“—T\"‘L‘(‘.‘“)‘::‘ c\“xm -
gu tators tnet { e
e e slor tnct (SEC GUST TR at vagal lole fovcls Py} e()\e:f;,m::

gustatory and Jatera} bne) in the s
artous forins ( ce al
NN also fig 39
s ’:y;‘ xlun {3 48) they may be rather widelhy vpplrflul )T?:"m(““ﬂ‘
wtious were documented by Woodburne (49) for ‘cwl\f;\r’m
several fishes

tearp brock Arout sabmon
n) and a
mailible w the Haber Collection (’:;:‘}::\m"‘)(‘mﬂﬂ!\r‘lb\c i the matenal

Tn aite of thy
anda ecudence for a dorsal pox t o <t

and m
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their demonstration in cerfun selected submammilum and nmmahan
forms
Qection of ophtlaloue fiters of the tngomm \l complex at thar powmt of
entrine to the bramstem was carned out on an wdnlt dneken under sodum
pentoth il anesthesit The wound nas closed and the eluchon hapt alie for
16 davs Durng that time 1t w15 tested for foss of scnstbilits There was
dufinate marked dumnution m response to punful stimuh over the dis
tnbution of the ophibalnne flers wd some motor diflicults 1n cating
Then the Anunal was sierificed and the bran remon e and prep wred accord
mg to the Marehn technique Most of the ophithalime fiturs how depgoneny
ton (though a fow of them m i have been sparcd) The mixillo 1w mdibubar
e mponent e<hibits no signs of iy ol etent but there ar some degencrated
faseicles e the motor voot L fuw degencrated fibers can he traced to the
eluef semsory nucleus and loss clearly to the cerchellum (fig 408) AL the
place of entranee of the trigemnal fibers and eauda) to this dadd the
ophthilmne fibers (fig 404) are mediil and dightls ventromedinl i the
spmal tract of ¥ This position 15 due 1 part 1o the great dovelopment
af westibular centers wmans aviw forms duch centers lie dorsal and dorso
me {al to the nucleus of the spmal triet of ¥ 2t 1nd newr the level of
entrance of vestibulir fibers Tarther spintiward the ophthitmie divivon
tecomes more nearly ventral to the miollo mandibular portion (fig 40
B ad ) As cord levels are approached the spinal tract of ¥ aseumds
dorsally together with its subnuelcus £wdabs to lie m a dorsal and ulty
matels taextend into a dorwomeds il positon (fig 40D) m mbunate rcdibon
to the dorsal horn gras At Uus latter Yesed onds a ven fen G am) of the
mavlly mndibutar fibers remun m the ¢hcken
The ev1 lence for 4 dorsorentral rlahion of the meallo mandibulir and
the opbth e dis psians of the muwmatian <pmal teect of  are sell sl
l(r;a[t:::((? il“;;':\«;jﬂnfm“:;vh; preprations of the brunstem of a macaque
ach the mralio mandibulr divicon of the tn
gemmad had been eut proximal 1o the semilunar ganghon {fig 41} This
apertion was performed by the ncurosurgeon Dr Charles Wil yn and
the wmatery) prepared i the \euronatomeeal Laboratory ul \lichsgan
Distribution and extent of the spimal tract of 1
Aong the course of the spmal tract of 3 fibers (often 1n the form of

«
Witerals) ure gvem off 1o come wmta relatran with the neurens aswo

Rem ol B oSecton vesr the tran he ko O T P

“ Pons to medull

‘m;:;h‘ Wserpt i D) Sator troug) 1 porn ost <p nal m:ncc\:ﬁ"clﬁ‘ ﬂrll\ysm\h{“m

. (:!xr\ vuckuws of L OMAN MAND DIY max o mand bulyr 13 -
THTIAL DIV ophttalia div on RT FIR FO OF ot ol

ol VN g o BER voot fibers to
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ciated with the root, In cyclostomes, fishes and lower amphibtans such
fibers are relatively few in number, as is to be eypected where the nuclear
gray along the tract is so minimal in amount. They appear to be more
numerous from the maxillo-mandibular than from the ophthalmic portion

SP.TR.V

NF, GER. |
PED.

BR. PONS

PONS
-....—FIBERS

A

IPHTHEL,
civ,

NUC vl
F. CER. PED.
AXrMAND. DIV

>HTHAL. DIV

XiLN

Fig 41 Photomicrographs of two levels through the bramstem ol the monkey, Maraca
mulstta, showing the degenernted fibers of the manllo manddbular dis tsion of the epinal h“ﬂ':
of V Wal preparation X & A, Sectron through the Jower third of the pons, at the ievel 0‘
the facial nucleus B, Section through the medully i frout of the calamus scnptortus ;ms-
through the lexel of the hypoglowsil nerse BR PONS brrchium pontis, FASC :%()Lm‘s
ciculus solitanus, INE CER PED inferior cercbellar peduncle, MAX MAND n
maallo mandibular dnisson of the spmal trict of ¥, NUC 31T facial nucleus, oul’l;ll !
DIV ophthalmic division of the spinal tract of V, PR pyramd, SP TR 3 <pnal try
of V,XIIN lhypoglossnl nerie

of the spmal tract of V (although this may be merely n staming urhfuct)'
The maxillo-mandibular fibers termmnate more partieularly m the 'malm
end of the subnucleus caudalis m these lower forms (sce also van Vaihen-

8 and Woadburne, 59). .
h“;‘g":mv‘: fishes, at least, the fascicles of the spmal tract of Y reach the
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ciated with the root In oy clostomes, fishes ind lower amplnbrans such
fibers are rlativedy fow i number, 1515 to be expected where the nuclesr
grav along the tract 15 so mmmal i wnount Thev ppear to he more
munerous from the manillo mandibular thm from the aphthale portion

INF CER ‘ﬁ‘ SP.TR |
* % ~
: Ny -
T
. ceddim
OPHTHAL. L#‘ S e PONS
oIV, A A .

NUC Vii
NF CER. PED.
AX-MAND DIV

PHTHAL DIV

XN

Fig §1 Photomicrographs of two levels through the I rymstem of tie morkey Macact
nlatta sl oning the degonerated fibers of t! e maxillo nprdibul ir diviston of 11 ¢ sp el lmc:
of 3 Vool preparation X 5 A Scett n through the lov er third of the pons at el vel o]
the facnl nuel us B Scetion through tl e medully m Ircnt of the il mus wnplones ?u
through tle level of the hyj oglossal nerve BR FO\S [riclim p nbs FASC SOL. “s
aieutus solitarrus INE CFR PID  mfuror aorcbidhir peduncle MIAN MAND l; "
maslle mat ddsular disssion of the sp1al tract of ¥ NUC VII facond nuckus O} H'I“l ;-
DIV op! th almse dutwion of the spral treact of ¥ FYI pyramedi SP TRV spual tric

of ¥ \IIN hypoglossalnerse

of the spmal tr1ct of 1 (although this may be merely a stammng arbiact)
The mavllo mandibulir fibers terminate more partieuiirhs 1 the rostrl
end of the subnucleus cwidilrs 1n these losscr forurs (see alsa san Vathen

8, and Woodburne 59)
"““"l:’ s‘:)u’\e fishes, 1t least, the fascicfes of the wpmal tract of reach the
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medial fumenlae nuck uy of the same and also the w\\m\fc sule (x\(lc; cross
g m the mlenor commusure} In frogs Wallenberg (34 triced them to
the lumbir enlirgement of the sume and the opposte sude, the crosang
ocenrumg it €ilimus lesels  The unitert W v ulable docs net pernmt doru-
mentition of Wailoube rg « resolts Inthe alhgater (B 423, the o tract
of \ s otll ners large at cervieal lestds Ttextends Ix vond €2 m birds and
at feist mio the thart segment of the cernicd cond i the macague In
reptiles and birds mans ophthatme fibers distribute 2t cord fevels Yow
cher m the athgator, 2t feast, and w the spartow aad the dove (and per
haps 1 other furds) masille manddbul v fboes are alw proant st €2 None
of the matersals studied was fasorable for dotermiming the oxuct endil
rxtent of the spinal tract af X

W s n - L

po
an

fibos en nag 2t tpper kvel of the nuciens wmereases il such distrbenon
hecemes more marked w manuils In many wnmals the waallo mn
dibular fibers appear to end parhieularh m Jawner medully ang uppermosy
cortd { veds but some faseicles mas extend o the Jonermont leved (shout
€45 of the spimal et of b 35 Degerine (9) thought to be the e15e for e
Some fasercles of this dini von are <till present at the beginmng of (2 10 o
human sonies of adult brunstom anid eonl 2t our dispasal

PRYLOCPNFTIC DEVETOPMFNT OF TR SECONDARY
TRICFMIN AL CONNECTIONS

1t s not our purpose to discuss the second ey gnterre2tians of the cul ine
ous tngemnnd complex in detast but there are eordan Jacts with regard to
i B refations wlich strve to explain the agmficance of the puclear pattern
of the primry centers for reception of trgemmnal fibers Those Wil be
mentioned bricfl In general these pertment rebitions are of twa nrts
) second oy ecflex cannections eid b) projection piths to hughcr centers

In all vertebrites but on the whole 1n wneresing numbe r featn lawer 1o

—

fors] thalsn s nuclews verteal s DORS SEC ASC TR 8
:’B“iv‘ni:l: COR genert corter MPMISI I Iy perstng
u 3o tratam NC <P TR | S
TN Wratens ol NLC ot B8 Sy S M of sl trach
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Fig §8 Dingrams showmng the ascending «vsterms from the nuckar gy assoented with
he sensory. tegernmal fibers m a cyelosteme (€) a reptile (B and a moammal (0 AMYG
amvgdaly, ASSOC 1IN assocnition fibees CLREB conebclum CHSENS NLO Y ohad
wemsory puclens of ¥, DORS SAC doral i DORS THAL - daral thalunus DORN
THAI NUC ROT  dorwl thilhmus nuclus rotundus, DORs TH MO 1 AT
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Tappers Huber and Crodn, 8) In binds and repbifes the tenmmate m
nucleus rotundus Obeervers (23} hwe conswlered 2 posaible pathway
¢rom the devcloping avian nucleus gracihis and nucleus cuncatus to fugher
centers mcluding the contraliteral nuclens rotundns ‘L forerunner of the
medial fermiseus 15 probably also present m reptiles Thgenmme thal ume
bundles ofton tevmed the darsal srcondary uscendmg trict of \ (fig 434),
have been demonstrated m expernnental material following destruction of
the chuef <ensors nucleus of mammals (32) mcluding primates (30) Thev
el in the mcieus  entrahs postenot pars mediabs of the darsal thlamus

DISCLSSION

Has g briefls reviened the graduat dex clopment of the nuclear comples
wsaciated with the cutaneous fibers of the ¥ VIT, IN and \ eramal nryes
and the varations tn branching distribution, and extent of thewr cutaneouns
raot fibers a cotrelation of the various facts may now be attempted 1tas
abvious that w the lower more generalized thpes of vertehrates— i evely
stomes tatled amphsbans and apparently , s arous fishes—the chief sensors
nucleus and the rostral end (subnucleus oralis) of the nucleus of the spinal
tract of ¥ show no real nuelear dhfferentiation but ave yepresented b
ntercalated neurons m the root or 1 the spinal tract of \ or by seattered
celis afong this tract (fig 981) The best developed nuelear mass assoeated
with trigemmal root fibers n such lowhy vertebrates 15 the eamdad portion
of the nucleus of the spial tract of ¥ (subnurleus caudalis) At the termunn
twon of the spinal tract of ¥ 1 the cord i some fishes there i 2 <pecaalle
iflerentited nuclear gray (the mediat funiculir nuclens) where the un
oulses retaved by the teeminating fibers of V are related to those brought
t over cervieal dorsal roots and descending gustatory fibers 3, 15 15}
The tvpreal penpheral nenve termmations on the eutancous tngemmal
filers m all these lower vertebrates are free ~enson endings—~the bty
which 1s <timulsted by pambul and gross tachfe stimult and by cxlrem’u
:fu:(::\“:":m:\\ Such types of smpuies are projected primarihh on the

nd (subnuclews candis) of the nucleus of the spinal tract of \
fhiese once established reman throughout, the vertel
phviom From this candal end (subnuclens caudalts) of the nucl .
3\‘\:\a§ tract of V vel1y 15 voade ta the tectum of o0 - ,nuc eus of the

.,

\
% ans \ eramal nery
;:; h \rac\,u\lomle" section the spinal tract of Y before s (cr:\\:\: since
mn:: medulls and upper cord (1-4C) level, and <o block the (lm“ o
ousness 1t must be remembered that ingamnal (rac\ntom::f‘ ; mu:
'S €10 nn!
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Iugher forms, there are short f1sacles mterconnecting the gray assoctated
with the spmal tract of ¥ with the motor and the reticular centers of the
brunstem Such sccondary reflex connections e very himted ideed
the mare gener thzed forms (15 €xcdostomes ind galed amphibiins) where
abyviously, 1f one 15 1o decide on the hasis of fiber distribution the mam
function 1s a discharge to upper cord levels for canneetions In imtereahted
neurons, with motor centers of the spinal cord [sc¢ accounts of Humphrey
(25, 26) for human embryvos] In lugher subm unmtils and i monmls re
flex connections at bramstem levels appeir to merc e

Seeond iy conmections of afferunt tnganmal contors wath higher brus
levdds have been reportad upon by niany observers  Among these mn be
mentioned Woodburne (59, I ntosphcnus), Johinston (28 Petromszon),
Trctiakoff (47, Ammococtes) Janscn (27, Myunce glutmosy), Burr (6
Orthagoniscus mol:) Woodburne (59, crrp), Hernek (16 tuled amphib
1ns), Woodburne (59, tmiless amphubins), Huber and Crosby (22, 24
sarous reptilcs), Wallenberg (51, dove), Schroeder (33 cinchen), Huber
and Crashy (23, spirron) Wallenbcrg (62) and Walker (50 primtes)

In representative sertebrates from evclostontes to man, sceondirt tn
gemmo tectal paths have been desertbed  These are small i Jower yerie
brites they probably reach their manimum unportunce m rephiles and
birds, where tuputses carried by than mag be relaved to the thabunts ovet
teeto thalamye paths (Iuber and Crosby, 22 24 Crage, 8 nd hiwer,
and others) they decrense proportionateds m m ummahn forms Injower
sertebrates these trigemmo tectal ibers (g 430) tnse dacfhy from the
subnuclcus ¢ wudalts of the nuelcus of the spingl traet Vo A 2 subnucdeus
oralis hecomes elcrly diffcrantitted m higher submammals the aseending
systems correspondmgly ncrcse (g 438) Cotamnhy m mammals and
Ingher submummls the teetum 1 by passed by an mereasing number of
the ascending secandary trigenunal pithy o that the svstem becomes
progressicly more and morc  trigemmo thal unte rather than a trganme
teetal system (fig 434) Yot part of the filkrv—prob by more pirticubils
those from subnuclcus ciudals  stll retam trigemmo teetal rdations {fip
43, Land B) Thus the ventral sccond iry aseending trict of ¥ of primates
(weluding man) earrres, dommanth tngamno thalume fibors but hs ab?
tngenuno teetal fascieles

Wath the gradu J claboration of the chief sensory pucleus of ¥ Ingher
subprinates new ascending tagemmo thalwme hundles appear {fig 91y
These bundles, which decussate w part (usualls shghthh rostral to the
ingemnat lovel), have bean desertbed far certaw submammatn forms by
\nootis observers (Wallenberg, 51 Huber and Croshy, 23 xn‘nu dn;t'
as o gumto frontal trict and Woodburne, 59 m the hzard \m; hs :\ v \‘;‘
forerunner of the dorsal sccondary ascendmng tenet of V, sie abo \nen
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cutancous branches of & 1T TS ond X stanial nervee The operation was ‘\crfonunl‘ 1y
Dr Edgar hah D rectorof the Neuroeurgtest Thvie 1 at Umveraty o pital Ann A :;r
with whese permiss w 1 18 wentwwed bere Tio pat ent ma {e an wever tful recinery Sle
Qo o a complete o of pun over He expected aren escept { v n sall regnon of spaning m;
(e upger T She rrcogmzed ot and cold ss warm ot oot as freatly1f utifed warm an
cool stus 1t correctly overdle arcad sens five o pann The vanous tets earnerd oul 1o e~tabe
fish tese facts witl their documentation 1 otl et cases f pos lle wre 1o lie reported Ty
Dr Terpin Rew lent on 1} ¢ Seuro.urgieal Stafl a1 Laneraty Yoep tal

¥yidenthh the correct Tecogmbion of gross hot nnd cold stimult m
depends on intact connections of the spinl tract of ¥ wath the e vl st
portion of the nucleus of this tract Tlowever, the evidence at prosent avand
ible indieates that the appreciation of % trm and cool —th it iy, of epcritic
tvpes of temprrature sensibihts-—does not depend on the crudid part of
the gray 1esoniated with the spradd tract of U This cuadencd 18 msufficient
at present to deternune which pothon assormted with more rosteally ter
numating cutaneous root fibers 15 concerned with reeening mmpul es vt up
by such stunubh It 1s suggested that fibers related to these modahitucs (w arm
and coal) muy end 1n the most rostral part of the nuclcus of the spima}
trict of ¥ —the sn-called pars rostradis of the subnuclens oraliv—sinee this
o differentiated as 4 dutinet nudlear group onbkt tw drgher mumnnhin
forms However this 15 an opmion—not a fiel Perhaps the mxt o P
shoutd b to test those cases wath thrombouss of the postenar mfetor cen
bellar arters which do not show pontine iy olvement 1 order to delernune
whether ar not the appreciation of warm and vool stimuli as <) mt 1t
If these modahties were spired evadence wauld be afforded for therr pro
:wt\lon to grv tssoemated with the tpgamn ) reat above the vestibulir

ey el

The most epieriiie tpe of tachile sensibhty apperrs to he progected ta
the chief senory pueleusof ¥ the somenhat loss speaalized tpes of taclle
~(;nsll\)ﬂ\h both 16 the el sensors nucteus and 1o the sabnucleus oralis
ol the nuclus of the spinal root of ¥ \s nas stated hefore, i s protinble
that onh general or gross tactle senaalions react tha m 11 1+

“ 1ubuti the loner vertebrates

:l\o fuman embrvo this pattera proyides primarsds the morphologie lxml
it upper cord reflexes i responte to stmot v g of the head In |u;;|m
er
h]eml m 2 more v and

the tngemmal o
,.;lr pmr‘n and centra) and not only at branstesy );:x';hz:t
witunatels 2t cortreal leyels (fig 34) It gives the morphe

thatame and
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prove that refloxes mau not be mitisted from mor rostrl Jovels of e
nuclcus of the spmal trict of V "Lhe tarmm etions of a fow collater 1 filr
along the whole course of this spinal tract m lower vertebrates and ven
sparse connections from these cclls to motor centers suggest tht sucl
rcfleves my oceur, ilthough to + imited extent above spmal cord ko
Nevertheess 1t scems furly ecrtun that the magor distribution of te
entering cutancous root fibcrs of the erminl nanves to the ewdal portions
of the nuclcns of the spimal trict of ¥ m lower vertebrates 1y to further
connections with motor centers of the cord ind to pernmt bods re pon es
to head stimulition m these forms s m early dovclopmental stages of the
humm cmbryvo (25 26) ©he rewtis v more rosteal tormun tion of millo
mandibulr fibers than of ophthidmie fibers in the subnticlens cau Tl m
lowcr forms (wlich hxs hoen documented by v artours obsersers) suggests
that fibers wound the mouth may tarnunate above the kicl of ending of
the other fiseiclcs of the sprmd tract but still withm the most cwdad por
tion of the nucleus of the spmal {rict of ¥ Ihat such a conditicn persists
through mummals into man Degerine (9) appenrs to huwve beheved Itmu
also he indicated in the occ twonil ersc in wineh the trigemmil trictotomy
has boen ewried out very ncr the transition of brunstan to spund corl
and w which the patient then shows some ohght sparing around the Iips
(cspeardly the upper Iip)  dthough the maide of the mouth wd the e
cluding the (dernal v ind oxtarnad wditory cunil my be antirely
mscnsthive to pin prich However the question alw tvs arises as to the
posstbility of only 1 partred tractotomy and ¢ innot be settlad conclusi el
to the s ttrsfaction of all froms thie evidence at present av ulible

Another question of some tlcrest concerns the possble distribution o
othcr thn punful mod thties to the subnuelcus cwd s of the nuckus of
the spmal trict of ¥ It 15 probable that genertl sensitions of tauck—of
protop tthic grade and set up by stunul wtion of free scnsors endings T¢ 1ch
the most e wdal gray of the nuclous of the spmal trict of ¥ However 1¢
prosent observers hnow of no rad cvidence that such 1s the st ot
the very poor descdlopment m lowcr forms (which nevertheloss rosp nd to
gross Lictle stinuit) of all of the nuelcrr griv ssoenited with the spunt
trict of ' (eept that along its most ¢ wdal (xtent

It scuns probible so that mpubes set up by the extrumes of tun
perature such 15 1cc water or hat water (or thar cquin dents) are alo
relayed to the most ¢ mdal part Gubnuckaus cwd Iis) of the nucdas «f the
spmal trick of ¥ 1hat thes rchition 1s mamtined throughout the varte
brite scres 1o m s suggested by the weport of Groff and Laovy (12) and
by the folloning crse Tustory

leycloparg netast tie trnor ftlel eryu st
e age d womin with a sty Iy
)mu\ctllnm a !nggm mal tractotoryy for nlef of wtractalle pat over the § trf ation of 1}
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logic basis for the physiological responses of such animals to more highty
speeinhzed types of cutancous sensihility. Curiously enough the nervous
system does not develop level by level i o series of progresuvely more
highly differentinted forms but apparently conconmtantly at scveral levels
—peripheral, brainstem, thalamic—in the same form, This practicalls
sunultancous differentiation at sevcral levels of the nervous <ystem 1 one
of the most intriguing and most difficult problems facing the comparative
neurologist
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TIE INHERITANCE AND DEVELOPMENT
OF INTELLIGEXCE

WHITAM R THOMPON

INTRODL CTION

The title of tis paper mmphes <everal magor queshons which wilt he
duscussed m turn First the nmportance of heredits m determming m
tellectunl ability, sccondls, the extent 1o whick 1 can e altered by en
\ronmental factors and thirdly, the nature of the genctic mechantm
govermng its whertance The subudiary problem of the developinent of
intelligence, alo w the title, 15 napartant, as will be shown Jater, to the
second of these questions

N\ow all three unply a fourth and perliaps more basie problem which
will be discussed first namels, the nature of 1be trut called mtcligones

Whle 1t 1> a term that finds common usage i the language of the In-
mAn, it 15 ane that the psycholomst finds very hard to define 1o Tus satis
faction One of the gre it dificulbes of the bekasiart seunces 1s that mam
of thewr symbols are taken direethy from popubir speech and thns Yak the
wngleness of meanng that should chamcterze the language of stience
Accordingh with the rise of the mental testing ot ement avauad the cud
of the last ecntury defimng mtelligence becume quite a populsr pastane
unong psychologists and contmued to be g for & good number of tears
Fhhinghaus for exunple defined 1t as the abikts to elaborate a whole into
ity worth and weamng by means of combination, correctron and comple
ton of numerous handred rhitiondups Bunet, 1 patriareh m the fiekd,
buheved that mielipence myohved the bt 1o seleet and mantamn a
defiorte pacine direction the abihity to make 2 iptations leading to 2
deare f end and the abilits to enticize one s own behvior Spearinan,
the fatler «f factor anabisis reduced 1t 1o the aliulity to educe rehation
umh correl fhes Thorndike calted 11 amply the poner of makig good 1

spunses from the standpomt of trith or fact, while Termn regarded ¢t
more speahierthy 1< he abilits to alntract Recently

Cynt Rurt, emphey
wg s whentid component defined telligence as ¢ ) i
as
tellical effioencs (1) & e genertl w
e
Department of Iavehologs MeGal Tanverots VMontreat Canada
209
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These are only a fow of the many defimtions attempted There were m
fact, so many, thit a correctine measure became badly needed Tt was
supplicd by modern Ameriean bchavioristic psychology wineh tnded to
shy aw 1y from crudite mgquirs and be content msterd, wath opcrition)
dufimtion Thus intelligence, 1t w s decided, wis simply  whit mtelligence
tests mesure’  This mav «eem arcular and wrbatriry But actualls it s
not, providad that the choiee of testing mstrument 15 mide 1ccording to
some cleir postulitional defimtion A test cannot be chosen at rindom
and, 15 enc wnter put it m 2 discussion of operationism mn psichology

W cnnot measure elcetrierty with 2 gas mcter  (87) <0 no more ¢ we
axpeet to measure intedhgence with 1 cardiogriph We uanlly postulite
that this trut his something to do with ¢asc of adiptalnlity or solving
problems and start from there

In the present connection, 1t 13 nnportant to establish that the tests
commonly used 1 psychology can predict certam genetic cntert, such as
twin and fimly resemblinces, that 1s to esttbhsh that the trut they are
measuring depends on, or 1s correlated with hereditars fictors Obvioush,
before uny mquiry cin be made nto the gene mechanisms belund mtelh
geneq, this primary fict must be demonstrated 1ns 1s not a matter for
speeulation but of empirieal check It can be discovered m the usual ex
perimental way (@) by mampuliting heredity and holding environment
constant or random (b)) by mampulating ens ironment and holdmg heredity
constant or random 1 hesc procedures will not of course reveal the whole
story  Sunult incous v iration of both heredity and environment together
15 needed 1 order to examine nteriction effects It 1s quite lihels that
environment his diffcrent effects on different genoty pes However sinee
no svstanatic mformation seems to be 13 ulable on this pomt only ther
mdcpendent effects wll be considered

To avoid posaible semantic confusion 1t should be stated before pro
ceeding that the tarms mtelligence , brsic cpreity’  mtellectul level
and other ssnonyms will 11l be used to refer to mteclhgence s mesured
by stindrd tests under standard conditions (xecpt when otherwise spect
fied ‘lestmg condhtions cin be regarded as standard only when the degree
of objcetnve difficulty presented by the test items 1s equ il for all subjects
As will be shown later this resers ation 1s lnghly 1mportant m evaluatmg
the extensne worh dont on the nature nurture problem

TIHE INHERITANCE OF INTELLICENCI

In psschology 15 I mam other of the sucnces 1t 1s commorn to use
both luman ind ammal subjeets m attichmg varous problems Wiich
are chosen usually depends on their smitability to the type of problem In
the study of learning for example the rit 1s often used not becwse
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p cholomsts snterested n fearnng hne 2 pn‘m‘tup«ll;ﬂn l:nﬂ‘x :::x‘: x;rx'l"
mal but mereh beerase 1t 13 A most canventent hind of s m;‘ WO
thie ki of work Un the other Tt ~tudents of pereeption ;‘x e
human bemgs because they arc capable of communicitung ;\\ ‘\ e
peovuenter and can gve yerbal reports of thert expericnce » u,e h nt i ;d
cannot This 1 entirely wasnnable 1 nfortunatels, hanever, it has ;-nr,r
10 erette an arhfind dsison satht weliidual may be desiguated nu‘
an anmma) ps1 chologist or 2 human psy cholopst aceorsding to the miter
with which he norks m tacit contradiction to the rolomeal faet that
mwan and anmal hase mueh in common

s hom

consequEntts ML Ges ta v -
Theit separate treatment m ths section and the tno following s 2 matter
of consenience and m no way 1mphes amy hratus betseen them

Human experimentation

WWath huorn bemgs three sources of data have been usedd to study the
whertance of mtelligence, pedigree records familial correiviional data
and tam resemblinces A of these have supphied convinemg evidence
that a large proportiont of the varuncy i mesured mtelligence m the

population 1s due to heredity
The first wonvee, pecdigree methods was Gt ueed w o soentific manaer
by S Franoss Galton i the latter part of the 19th century Golton was
greath mmp: d with which he eonsidered to be <o rarc as 1o
hase an medence of onh 0825 per cent in the general population On the
hasis of reputation and such reeords as were avarlable, he precented nu
metous pedigrees of yudges Lteran men statesmen seientists and even
woiersity owemen (30} Al these showed that the chances of an connent
tan hasing an eminent relative were farls hugh To Gatton thiy wae
apparenth clear proof that mteligence wis mhented and he urged
agunst the environmentalist bapothesss that true emnence would nat
renraim hudden but would alwass surmount seewl bareiers anel unf worable
ercumstance In pomt of fret the praof wus not complete By s ven
(n&t(u:; llz‘e:“;:mi:i::‘eh ::\e:\(‘\:i «:u]d not separate nature and nurture Jy
et e sy m\:n mtx;n Yended o have enmnnent offspring
them with good environment ";')“‘ o fenes af because they supphed
s ifficults applies equaily to the pum

rous pedigree studies that have folloned Gaiton 5 %o
Th,
musical ability  mechanical abnlits, sf e on

1] Gates 31) Hatesaianstup o4 freble mindedness

More nformatue 15 the seeond source of data fiest examined < stemt
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These are only = fon of the mamv dcfimtions attempted Lhere were m
fact, o muy, that 1 corrcetne me sure heeune badly needed Tt was
supphad by modern \meric i heh tiorstic pos chialogs wlich tended to
shy awty from crudite mquis wd be content, msterd with aperatonl
dcdmition Thus mtdigence it was deaded, w s simpls  what michgenec
tests measurd”  This moy scam areulir and arbitrany Bug actually s
not, providad that the chiowce of tosting mstrument 1s mde according to
some elar postulational defimtion A test cimot be chosen at rindom
and, as onc writer pud b m a diccussion of operatiomsm m psychol gy

we cuamot msure cheetnety with a gis meter’ (87) <o no morc e we
cxpeet to mesure mitdigenee with a eardiograph VW usuafl postulite
that thes trut b somethug to do wath Cse of adiptalahity or sohung
problems and stard from there

In the present connection, it 1s mportant to eslabhish that the te ts
commonly uscd mn psyvehology « i predict certam genelic crytena, such 1s
twmn and fanuly rasemblanecs that s to estiblish thet the trut they are
measuring depends on or 15 correlited with hercditary factors Obvioush,
before any maquiry ¢ be mude mto the gene mech msms bebind ntell
genee this primary fiet must he demonstrated s 1s not 1+ matter for
speeulition but of empirical eheck It can be discovered m the nonl ex
perimental way (@) by mpulibing heredity and holdmg environment
constant or rindom (4) by m nupul tting «nvironment. ind holding heredity
constant or rindom  These procedures will not of course reveal the whole
stors Smult thcons © trmtion of both hercdits and ens rromment together
1s needed m order to exummne mteriction «fects It s gmte bheh that
«nvironment has diffirent effccts on different genotypes Howcorer sine
no svstamatie inform ttion scems to be avarhible on this pomt onh ther
indepcndent effects will be considered

To avord possiblc semntie confuston 1t should be stated before pro
ceedng, that the terms mtelligence  bisie eipraty  ntellectual lod
and other synonyms wiil all be used to refer to mtclhgenec as me tsured
by stand ird tosts wnder standard eonditions «veept when othernne el
fivd Lesting conditions ¢ i be regarded s stand ird only when the degree
of objectin ¢ difficulty presented by the tost 1tems s cqual for all subjeets
s will be shown Iiter this reservation 1s Iughls mportant i valuatng
the extensine work done on the nature nurture problam

THE INIFRITANCE OF INTELIICENCT

In psschology 15w wany other of the saences it 15 common to use
Uotle kman and amminl subjects m attiching « arious problans W hich
sually depends on therr suitability to the tvpe of problem In

are chosen v
the rat s often uscd not beciuse

the study of learing for cxample
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1t 1o certmdy poble thnt, with stuch heterozs gous matings 18 wiust of
necowity be studied, 0 1mght be ne Lasger than the wuaih obtuned one
of around 0,50 Purels gesetic varution alone mght sell procent it from
bosng bigher, even if enyyronment was werumally Jiomogs neons for b
i duads i alt famies

The third source of evidence on the mhertanes of smtellyzoee comes
fram 1o stadies Twams offer, of course, unsnd adsantages w the duds
of yhesttance and e consequenth Leen aved by & consuderaibie numbxr
of miestigitors Summines of the Lter ttuee ke been made I Rurks
81 Carter (18) Woodnotth (M, 93) Anuntaw and Foley @), Osthongen
100} and usans others 1n generil Wi furhh et estbhshed that shonned
(o weeemble each other m mtelhgence mor an fratern 2} twins wha
grabubly hae an equally howogencons environmient, nd consiicrabhy
twote than ablings Some representatn o findimgs art presented m table 13
1t 15 clear from the @ that the degree of sumlipty 15 very marked In fant,
4t v abont 18 great an the aserage, as the test refest rehababity of amgle

TABIT 13
1a ellertual r\'ftih‘m\«x of tentical tie ns as foun i by a number of rerer gatser

1o eengalor

\umber of pa 1 Cotrelat an

D ghield an f ~and ford (3 4o - 9
“twhrand bam | 6 [ 83
Nesmat Freeman and Bolainger % a 2

mdnaduds (631 M the came time, 1t must be recogmized that identic il
twms e m eveeplinnally silar e ronments (31) <o ~om¢ eaution 15
nietssary in terpretmg these revalts The vieanst supploanentary dats
l‘(h:m ilmm\ “tudiey r;! wentical twms rerred apirt The Lust hnosn n;
~ by Newman Freeman and Hotzmgr (08) nnalecd 19 ¢

e d Win purs
“IL\“\“.N\‘;\::‘-:):: :::,:-bx:i !hefw purs nere rated m rither sumdar \n:mm
e e e .{;G others were rarsed m crrcumstanes whych
T e i etn-nr The tuatis Rviwond and Wichard, for
o e at one month of age and rarcd by the familis

snm and of 2 rueh farmer respectinels The Fenery

resulty gne cogent sup
port to th
ot rnhu“l\\ |)€\\\I(‘¥l the ﬂlfﬂ))’(;e ‘nhrnt v e pﬂﬂ“‘“s

fon to b 5 af Uie paves o wtellgence ot
Tt UG‘TP (r;l\!\‘:“l};‘;:})(eﬁ then g ustial wath dontrend \'\‘\uu (:l‘"‘:!;‘“‘l“
\ they were ohill
Btween apprecabls groter th
bffcved ‘:gl:;\"\hnhhug‘ weascd topcthes On the other hnd tx‘l‘::\ o
o 579 hapona the ‘\‘\"\\Drlh nating that theee was found to he :\«wrc\’\t:z :
mount of educational discrepancy for each tny -
n pur

Althongh the
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calls by Iarl Poarson n 1903 In v scrics of weticles (61, 62, 63, 64), PLarson
showed that the correlation bctween siblings on mental ritmgs wis
approxmn ity 050 Swmice thie w s about the < wue degree of maguitude
as he had obtamed with physicil elierwters, Porson coneluded that
psychologieal functions were inhenicd to the stme degree (61) Simiuh

he obtmned a corrdation of about the sune order between pirants ml
offspring (0 47) Since Peirson s d s , a great deal of information on fun b
rescmblwecs i mental abiits as mestred by ritimg seales, scholastie
bthty and mental tosts s been collceted  bumm s of tus extenane
Iiterature hove becn mde by Carter (12), Schwesmger (69), Conrad anl
Toncs (17), Sen Gupta (71) Joncs (51) Anastast and Ioloy (2) and Lang
fdd (59) mnong others Inganeral though some myestrg itors by ol wned
hugher (14, 60 84), and some lower corrd ihion cocthicients (15 34) Pew
son s onigmn 2l figurcs ks« been for the most part confirmed  There is hittle
doubt that in mental Wity cildrcn bear a strong rescmblince to ther
prents, and wblings to cach othar Now as Schwosnger has ponted out
(69), the abtawd correlations do nol neecssarthy andieate the importance
of heredity any more than of crvironmeant 1 determumng rescmblanees
Consequenthy 1t 19 necessary o sech supplementiry mformation For
tunately some 1s avalible In the first place siblings are much more aithe
e mental abibty thin arc rindom wnrdibed pars rused moshir ar
cumstances (69) Sceondls foster dnbdron are usualhy Joss ke ench other
and less Tihe ther foster parents than true (uldren (7 5%) 1t docs appeat
thit adoptcd <uldren tend to sluft tow wds the mtcllcetunl leved of the
howe into which thes are pliecd (26 74) but this m1y be accounted for
at lcst partidls by sclectng phcement (51) Thirdly  stblings tctred
aptrt out of the home inan metitution such s an orphanage (44 54) st
mamtam @ lugh degree of rowamblince Tourthly the correlabion buineen
aiblings of diffcrent ages 15 not mueh lowcr than that between siblings «f
sl age (1623 67) cven though the enmvironments of different agt
groups are constderbly diffcrent Tifthiy the degree of resemblnee hoth
between parents and cluldren (5) ind between wibhngs (51) appars 10
merease rather thin to deere isc with age desprte the fact that tntson

ment probably becomes Iess and less homogeneous

ANl these data pomt to heredity as an amportant detormmer of mtdle

il kvl Trom the size of the corrclitions alone howover, we cunmfer
yury hittle about the extent of ats (ffcet or about the extent of the (ffect
of environment  In studics of the hmd just discus cd many fuctors cu

mfluence the degree of rosemblnee slatistiedly obtamed Hnmn;.m\\,
heterogeneity of the sunple method of puring for purposes of ““";““‘ ¥

amilysis are o few Tt cmnot of course be known how Twge o corrchition

mmght be foud m the complete ibnonec of varittion due to environment
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inimal experimentation

Yoath anmml subjects a much greater degree of control 1s ul(Turdcd :h un
with huian subjects Winle on the human level the study of the wheny
tanee of wtelhgence 1 essentirfhy the study of natural l’“\“‘l““?m s
Gruncherg has powted out (32, on the anmnd lev el it is a matter 01 © \l(-t
expernuentation Indeed 1t 15 probable that such laws us deseribe l‘|c
genehie transaussion of intelligency 1 he found more readihy with sub
human matersal The great suecess of formil genetics 1 thus regard sug
posts that 1t 15 ot too sangwme a hope thit the more bsie aspects of
pchogenetics may smularh be sought and discoy eresd

To date ammal studies on the ihentanet of behavior i goneral and
of mtelligence m particular have uved tno lines of ottack, the methad of
sclective breeding and the method of pure strams (¢f Hall, 37)

The first of these miolves the selective breeding of strans that are
tngh and fow on a certain behasioral contimuum Tryon (83), Meron {33),
and Ruppusiwmy (22} offer gond cvamples of this techmgue The first
no of these mvestigitors bred maze bnght and mazedull b steuns
an the basts of error scores on 19 runs m the Minnesota automatie muze,
‘Tryon to the 18th Heron to the 16th Glal generation Both expenmenters
showed rather clear differentintion between struns after the 7th geners
tion bevond whueh pawmt further breedmg dul not grently werease the
<eparation Sumlarly  Rulpusasmy selectivels bred 10 generations of rats
on the basis f performance on a water maze alwo obtaimng & separation
betweun tugh and low scorers

Now these experiments have Leen yseful But they have suffered from
tvo main defeets In the fiest place 1t 1s vers doubtful o m any of them
pastalated rat mtell gence was reqlls being meisured  Both Trven and
fleron expresse | doubts tegarding this and some tme iter Spard {7ie)
shawed defimtely that Trvon & brghts and dulls differed markediy e
sany other truts besides wmieligence such as actiits emotion Wy, and

performancy tn 4 water maze From the scores made by ammals on 1 teis
e sutes e 3 Fovact

«f pervonalny prof
EeReovs wihm ea

h a4 uul groups but were quite dis
st hetween groups Ihis gepersd ennel o !

vl nze
VMRS morerms of motivabienal and emotion
il
T.::::ﬂ rh;h ]E:\c il‘“l) ~ll;arm coutl hardly e called miellygent an:!
1! e abitlits for which dhes had been b
red appe ired to
sbearfic to the pirtien)ir type of mze wed and it was probabh nat l““':]):‘
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and the diffirence between them m Bmet 1§, (0 50 for Otis 1Q) Thas
environment was ccrtamly not without <ome effect though this was proby
by overamphiasized by Newmm et ol (58) Scveral other less evten ne
studies of twins rearcd apirt by Muller (57) Siadek (68) and Burks
(10) e 1 essential agrcenrent with the canelusion thit thor metellectus!
simtlarity 1s not greath Jowered by anvironmental differences

In summary of the evidence obtamed from experimentation on human
bemngs 1t may be stated that heredits 18 an unportant determuner of
tellectual level 1t 1s probabls futle however to trs fo mquire into the
extent of this determinition, as Anastast and Toles (1) and Iebb (41)
have pointed out  fhe naturc of the iteriction of nature and nurture 1s
Inghly compley and 1t 15 probably a nnsreprcsentation of the cise to at
tnbutc as Burks (9) md Cittdd] (14) have done <o much of mntellectusl
ibihits to heredity and so much to environment

N\ow the general conclusion thit intcIhgence 1s inhented does not neces
sarily ample that an tedligence test alwavs reflects ihertted differences
It will enly do 50 1n the case that 1t presents an equal degree of objectne
difficults to the indisiduals bemg comparcd This condition 15 generalls
fulfilled within certain homogencous scgments of the population Butitis
often not fulfilled betwecn these segments and for two mam pos thle
reasons In the fiest phec there arc some grounds for suspecting that
mam tests such s the Stanford Bmet arc bissed agunst mun indni Taals
m the population predominanthy of the lower socto-cconomic cliss (?°)
The Binet was m fict o wdardized on nuddle class subjcets an 1 con
sequently the linguge m which many of its problems are couched 1s often
quite unsuitable for cluldren at lower <ocial Jevels A chuld may thus ful
an annalogy when 1t mvoh es terms outside Ius experience but 7y soheit
casily when more famihar words are substituted without changmg the
actual form of the problem [his puts a defimte Inmitation on the use of
mteligence tests m the studs of heredits Tt 1s highly desirable that all
levels of society be studied but only on condition thit the test used 15
standard throughout the population

Now tlusisreally @ psychometric problem (51 \ second possible renson
why wmtelhgence tests mny refleet non hered tary dufferences 1s that en
vironment m1v hnve potent effeets on mtellectual lese) and that these
effects may vy svstematicils m different sections of the popul ttien
Thrs 1s more thin merely 1 psy chome tric problem and a definttive solutton
to 1t 1s of great importance both to scrntists and cdueators Consequenthh
1t will be considercd at some length in the ensuing scction Lirst Towerer
the ammal evidence boiring on the inhertance of mtclhgenee will

chscussed
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de
Mort problems, & farly v
Gecond by the use of many 9 !
s mtiu::‘a::‘mn\s abilty o5 sampled I these Tespects ;he "f‘:‘i
anll)ngs rre 1 somen hat howalagous {ns uxum:cd) to x; x;un\ x: -
ih hen by sabjects who ha
39 The batter 1 only 12
tn‘j:;i'x'::rz;?ra(bozx, 1 e, schoohng cle el 3t mvolies @ birge vaniely of
““‘%“"‘) “‘{:\‘:"\5 «x generitiong e been bred and tevted Mom ’slﬂr;;s of
bright and dull anm s ot each Renerlion are presentedd grapier )] m
ﬁ‘;rt 4 Tt 1¢ clear Ynad 3 Taathedd separation hetneen the tno stroms has
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atreads been established In fact asesrh asthe b, a wgmficent dilference
wppeared hetween them and 1 the followiag Eq gencration only two c1sis
«f overbip butween byights and dalls appeared

Although s <tated olrevdt, the maze pracedure ueed tended to chnn
mite the possible eoptrbution of truts other thn mtcllgence to the
~core of an amnl 1t was considesed possible et the tho strams mght
stll show wreles wt ifferenecs prior o testing A wegmder of smuple tests
Was ghen to exunme s possiahty (78) In peneral no differencus wopt
Eund between bright and dull rats enbier 1 woght or cmotionalty
Brphts tenled to te someshat wore sironghs mothy ated I focd, hut
thrs differonce was not sgmficant In 1 saple dovated maze lhc‘ tho
struns shoned an pproximateh cqual amount of vxplor.ms\-\l behavior
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intelligence as mtended Tlis entiasm ipplies equally to the studies of
Heron and uppasinny

A sccond difliculty, unportint to the studv of the genchie weehim m
underly mg mtelgence, lics m the Fact that nonc of the s stigitors men
tioned used mbrceding to any degrec ‘The resulting lick of homor go ity
m thar strans niturdly precluded any possbility of miking a g net¢
analvsis Thus when {rvon mde crosses hetween Jus two struns he ob
trwed an Iy with as Iarge a varance s the I s ended further work on
the problomn

In vien of these defacncs, il the selcctive hrecdimg, experiments
while v duable i @ genertd scnse m that tha support conclustons gunel
at the hinnan Jovel, have not contribuled much additional mfommton on
the mhcnitance of tdhginee They mdicute hesand question thit certun
catapley. types of hchnvior are wheritcd but they do not show how tho
arc trmsmitted Consequentls, further expernnentation ks been needed
In au attempt to fulfill this need n program of research his hean mtiate!
at McGall Uniscrsits * s wilt now be deseribed

1he expornnent was designed to mect thos two requraments whieh
hve not been met by provious studics, namely {a) thit selection be mafe
on the hris of operationally defined rat mtelligence  and that tragt alore
unconfounded with othcr unhnown truts () thit a hgh degree of ho
mozy gosity be achieved m cich of the two ues by nreans of inbreedmg

The Hebb Walliams mrze was considcred to be highly switable to meet
wg the frst requiremant s maze consists of 1 square enclosure with
oy ihle wird mesh tap 1 starting box m onc corner and 1 food bov diig
onally opposite. Barriers of v 1rymg length pliced m e number of different
positions bctween the starting bax ind the god constitute the problems
Twenty four such problcms hive hoen designed the sceond tnahve bung
reverse mirror mages of the fist twedve Procedur 1 as follows  the
anuals are put aw ¢ twenty three hour food deprn 2tion sehedule and
truned m the maze on a prelmmary sct of siv practice problams untl
thay e thoroughly iccustomed to the situntion and run dirceth to food
within 2 coriun e amt Yollowmg this the «t of thangs four test
problims s gven ta ¢ wh rit onc problan per day Seormg is an terms of
crross (ntry wto 1 cul), wd time from start to food ITwo mun v
tages we fforded by ths me thod In the first plice the pretest tromng
tendds to clmunite motiv ittom) and emotional diffcrences hutwen anl
mrads ©nless 1 r it becoms completeh adapled to the maze ind tohwndhing

credby C 1 Wrgly 1 atth tn et U o Jevas
wmoep
ctof

1) sy rogr t wawcor
cont ncth Ly th¢ autlor frc vileIgtotlels Both tle el cti tretmm I

Lacnts reporte § Jere sere wrportel 1y g ter a Lo rtie Nabi alBevand ©
Canad:ar 111e Roch feller Toun1 to
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Sq far, only a prelmman attempt has been made with the mouse
stramns to stady a trast as commplex as wiethigence The Hebb Wilhams maze
procedure was found to be fairky scrvicetble, though wme mohfication of
3t will probiably he neecssars before at realls prictieible At least at
first st 15 pueh ips advable ta confine work to as ample bdinanral rats
as possible i arder to establish a finm found tion for subsequent studs

Tn general bath the method of selective breeding and the use of inbind
strains confirm the conclusion gained from human expenmentation that
heredilary $actors are nghly mportant n determuming wtellectual abulite
To gsn more mformation, howeter, many more studies wilf huve to be
made both aith animal and human mater} Problems thet occur i
natural human populations can readih be dupheted i the Tihorators for

TABIF 14
The tnher tance of art ¢ ty 3fran parental and Fy 2corex 1n § d ferent anbred mowe atrs na
1 190 5 Log Score
St | —
Tty { Tew 3
Parents BR/2 W/ ! 25
ARR 72 a0
BAIR/c ™ 199
Sdax ® 146
T x BR/a X BAIB/e 257 i1
BR/a X Afdax 87 N
SRR X A/lax 213 923

e

wmore exact chservation Theories formulated Yo deserd

eribe the genebies of
hugate wtelligence ean ell be tested on amimals Indeed, 1t uﬁm\ !h:t
such a coordinate program will be necessary belore

al
P choginehies ean he obtamed m realh base duta
The next question 1o be eear
aned s 1h
ety e gestin o s the extent to \\.lnch mtellectt t

discussed there
base 1 marked ¢
e v ma] ed « Lty and that when t does thi.
e to bas in the testing wstrament. s

rather than a real o}
tapacity of the wbpets F i rhange n hane
disenssed ) wence bearng on the problem w4 now he

- EMVIRONMENTAL £FFECTS ON INTELT I0ENCE
s %o have already pomted aut
13 probabh not |
n— ot legmtunate 4
”mnmcr:‘ ::;n;:::;r:: o{ mk‘lhg«;m\ to heredits and the remnxr‘::l::'!:ﬂmc
gnen degeee of wtelhgence ot
worhing fogether \either 15 anvthing withoyt the ul‘;c’:m\du\m ,ll:“l poth
cvertheless, 3t
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(78) but m an endosed mazc, dulls tended to evplore rather more th
brights (82) On the whole, however, there are some grounds for suppos ng
thit the two struns differ mamby w nt Ihgence as me wured Other test
of maze ability have vet to be tried

Lhe second requircment of howary gostty mentioned above has not vet
been satisfactorth mct duce to the infertihty of many of the brother siter
matings particulirh in the st generation (1) In fact in order to m ure
surstval of the struns rindom matings were necessiry However wler
numbers have been suffierenth built up agun imbrecding will be resume’

In summoary  the two lings bang scleted should eventunlly provile
useful matcrinl not onlv for a thorough g netie anthss of mtelligence
but alo for the walvas of the psyehalogedd and phy siologicul bases of
brightness and dullness Indeed 1 solution to the s~cond probl m <l oul}
graath and a solution to the first

The second micthod m ammal (xpermentation on the mbentance of
mtelhigence mrolves the use of matcrnl hnown to by genehiedth homo
gencous Idl subjcets m this conncction e the ¢ ghty od { homozvgou
mouse struns bred by twenty or more brother sister matings Procedure
with mnbred struns mvolves sumpls the discovery of struns which are
widel scpirited on some bchmviord puametcr followed by antalle
crosses and genetie anahosis Bagg (3) with a multiple choice box anl
Vicart (86) with 2 simple maze made promusing attempts with severdd
struns But although both demonstrited stram differences they were not
abl to mike satisfactors genetic malvses Irom 2 pureh genctie stand
pomt the best work m the arer his been done by Hall (36) and Fuller
ctal (27 28) on audiogeme seizures Irom 1 psichologieal standpomt
however this experimentation 1 of less significance Vore worh on normal
behayiorl ehreters 1s necded

Congotatly with the Metnll selective breeding progrim outhned above
w attampt 1s presently being mde by the author to test sumples from a3
many mouse strams as possthle on a number of fund umental hehas toril
metsures So far fifteen struns have becn tested on me sures of food drve
aetmnaty and anetwonality \lthough mtristrun «arabilits was found to
be marhed striking diffcrences between some of the struns yppenre !
Sinee the second af these truts activity 15 the eisiest to me isure relt by
more mtensive study 13 now bang desoted to st 1, s Fetwecn some of th
strams miost widely sep trated i actinaty have alraady been tested on two
weasures and 1 s and bichcrosscs have been bred nd will be tested
shorths  Same results e prosented m able 14 It will be noted that the
sires of the 1, mewns in relition to the two parent i mams are rther
different m the two measures of wtivety  This genetie fact sughests that
the tests myolve somewhat different types of behavor It 3s hopad that

the mcture will become cle rrer when more crosscs hne boen tested
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(83) and Burt {11) have stated Fien i these evses 1n which ehanges ln:’;
occurred 11 35 probable that the chiinges were due, not to an e x‘(;
decreas= m basie capacity, but rather to an inere 1se or deere ‘h(' ‘m (« "1 tl‘ﬂ
tional equipment necessart to understind the problems i the tes !:|;
mu of course be regarded as a chinge m ntellecturl p«\rfamnnu-,‘n
1t 1 probably incorrect to call i a change wn basie eapiaity, smee testing
was not carried out under standard condifions

{nvmal experunentafton
Results obtuned from ammal work however, are far more de fimite
With rats winch are normalis roired 1n the rather homogeneaus enyiron

ment of a labortors ¢age wn ennched hying spree i earhy b with
greater range of perceptual stimulation clearls improves learnimg abwhity 1

TABLF 13

A compareson of hered tary and envivonmental efcts on the wntell genee of raty

Ertor Score on HebbW 1 ams Maze

—_—

————
Weeed tary fulh o0 5

Fa tronn ental restniet on 234 ae

Hered tars brgit g

F o nro otal free

137 3¢

*“cores f ased on datn of Forguys and Forgans (20) and Wymossteh (30

wult e (6 95 39 50 90) Tn faet as shonn w tabl 15 the amount of
+ e that can be produced i rat wntelly

> almost as mucl,

genee by altering em ronment
2 15 C1n be obtained by «
and dulliess

elective breeding for brightness

Semtlach with dogs Thom,
Testriction during the
probion obving abnlit
vl pment

pson and Yeron
first 8 10 months of 14,
vound o genera) retard
characterzed Iy hyperactnaty
Turther theewe changes appeir t
<t of rectricticn far two or th

Thu  there ducs seem to be
ammal ety The reasans for it
the varttions m Mvironment
U than 1
nidne undy

{80 81) have found that
©ses a marked defiert
aton i psychologieal (e
and puppy ke bohvior

nanemt showing up m dogs
TEe ) £ars

some diserey
bowerer 4
made with
Possible with by bting,
mulding 11 probably proy

Pancy botween the human and
te farhy clear In the
anmai
s

first place,
B been myeh mort
Nxde an orpliatiage nyyy e

s the brse essentials fyr the
D andpert,
ather band g,
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15 still possible to study them ndependently by v ryng one and Reeping
the other as constant 1s possible or randonnzing 1t effccts The present
seetion will daal with the amount of < irtnee 1n mtchigonee that e be
produced by diffcrent kinds of ensironment s bfor, hoth hunn wl
amm b (xperment ttion on the problam wall be conwidered

Iluman experymentation

Wath human bangs, a large number of studics have been ntde detle g
with the «ffects both of an enrched and an imposcnshed em ronment on
mtelligenee On the sude of cnmelment mucdt time and fort his been
divoted to studving the dffccts of nurscrs sehool ittendmec on 10 Oh
the whal, the results have boen imconelustve A number of studies hise
clumcd positive rosults (88), but an cqually Tirge number hnve fuled to
demonstrate my (ffects (51) Smec even one (doar cut negitn ¢ exponment
e st doubt on conclusions biscd on mms positine ones the prollem
must rem un unanswered for the tune bong

On the side of restriction the cvidence 1s o ambiguous {ross-culturt)
obsery ttrons of eluldran ratsed m ruthcr confining arenmsg mees sueh
the studies of Denmis on the Hopt (21) and D wzmger ind Frankl on
Ubmon dulleen (18) hove fmled to show mrhed effcets Liter m hfe
There have been soveral case studies of mdmadund children rorad woes
trcme msolrtion such s those of Davis (19 20) Mason (56 and others
but these are unfortunatehy very difficult to evaluate sinec mwny other
fictors hesides restriction suel ws the intelligenee level of the parents
wnd the hedth of the culd were ha opertting Porlips the most wol
Known studies cluming positive results have hoen tho ¢ on ststnti n thzed
childeen Shedds and Dyve (72) for example found a man loss of appron
mately 26 7¢ pownts m a group of 12 clnldren fter two wnd a half vewrs
w an orplanige This rather starthing loss w 1s contristed by the authors
with an cven more striking gan of about 28 7@ pomts made by o comt
parable group rearcd by moron nursemuds m o institnon for fecble
mmnded chuldren The nct diffirence between the groups of 53 7@ pomts
represc ntcd the «ffcets of an unstunulbing o rorane nt Nonerer smee
Sheels 1pdegralf VWellmin and VWallams (73) found thut the lass for
another group m the sunc orphnage w s only about 5 IQ) p nnts the ﬁ)‘w;
result must be regirded as rather suspeet 2y Goo lenough ferman aid
others have pomted out (32)

We mu add to the above 1 number of studies dealing with rural ||r)ml|
andd 1o cultur sl comp risons (ef Tones 51) somc of which have fivord
the ensaronmi ntalist Iy pothesis but on the wholc the mun body n{ (]\‘l‘
dence docs not eonvmemgl danonstrate that cnvironment can marhee

change mersured mtelhganee as Goodenough (33) Jones (51) Hhomson
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done by Frher (2), Toghen (49, 16, 47) Wnght (99), wnd others
(3 66 52) relating corrdlationa anaby s to endelin geneties, but 1t bas
not so far been exploted emmneally by seientists witerested i the field
There 15 a presung need for a fason of the two bines of research
%o far onks two attempts have been made to construet a theors of the
peneties of 1ntelleet The first of these was mnde by Hunt ({8 49) He
bised 1t on tno <ts of data, () the Woods Rov 1} Fanuhs data, conatng
af wtellgence ratmgs of 212 Royal fumhes of Furope, with 424 pwnts
and 508 off prng (5) lus onn Leteestershire duatn consisting of 1Q <cares
of 10% fammhics with 383 parents and 812 offspring. Frunmation of these
data indicated tno distiet fumby tvpes a segregatng and a non segre
gating that t» a heterogeneous und 1 homogeneous tvpe Ta explam this
Hurst postulated one maor gene pair, Mo and five minor modifiers, la,
Bb Ce Dd Ee Amv mdmidual baving VY or \n was normal—grade 531
Hurst s scite of intelligence (1@ 90-110) Thatsto sav, \ wasu domnant
gene for mverage mtelhgence and in s presence the minor genes would
have o phenotapie effect Ta the abeence of 3 however, the mnors 1, 8,
{ D ¥ would act as unit mereasers and the mmors a, b, ¢, d ¢ as unit
deertasers Thus the non scgregating families having an weulence of ong
thurd 1n the population woull have bath parents bomozs gous for V, ar
one homozygous and the other heterozsgous producing all medhoere
children—alt with \ The segregating fanulies howerer, having an mer
dence of tno thirds m the population would Lave both parents home
zygous for n or one or both heterozi gous and would produce any grade
of offspring. depending on the minor modifiers when \ wxs tbeent Hurst
found that this genetic formulation deseribed lus §ita rather nell How
ever as Conrad and Jones have pomted out (17) the theory lacks an in
:t;v"‘:iv‘m b\‘es\ A‘\\:‘\‘ﬂ‘)sh of the b or third generation though rather
T e, e vk o
1s 4 worthy am\m‘;)‘; but (’;“ tubl:t § forlas As it stands the theory
dees deserse perbaps to be :‘“0 regarded as completely adequite Jy
ested on ather data both human and ammal

\”su'ondx'\h:‘onloi the genelies of wtelhgince has been proposed re
Catho by Dol
hvpathess P .-L::A (.fﬁ_:r}:" formulation rests on & ample blend no

rtie Vnomee 1 2 « e viendmg thears -1 0 v
usua
work
cart & wpineal
1y
s W ut the blending hypothesis so the Itter cannot
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desclopment of a cluld (51) does not add very much more thn the home
m the variety and amount of perceptutl and mtellectual stimuhition it
affords With ammals, howevcr, there 1s v sast difference between the re
stricted and froe cnvironments wlich en be smposed Such extreme eon
ditions are of courst not feasthle with cluldren Secondly 1t 1s hkels that
for human bemgs the period of restricted or enriched eny sronment neither
starts soan cnough nor contsmues fong enough ta produce marke { effects
It has been customary to plice animals, however, i the expenmental en
vironment from the tnme of weanmg or carhier and continue this Wil na
turits or humans a corresponding persod would be from about 9 months
to 14 vears of agc Consequently, in view of these two differences fiere
are reasonble grounds for the discrepaney between human and ann
experimentation on the subject

In sunumary of the foregotng section, 1t may be concluded that environ
ment can have o very marked effcet on basie intefligence with two reser
vitions larst to alter it environment must be very different from nor
mal If 1t fuls to supply certmn mimmum rcquirements m the was of
sensors and pereeptual experience 1t is probable that an mtellectul de
fierenes will result However there 15 no real evidence to show that an
environment supplyng much more than the minmum requirements ® t
benefit mtelhgence This 1s not to sty of course thet ibility to do speetfic
intelligence tests may not be changed The twins Glhdys and Helen of the
study by \ewman ctal for cxample showed 1 difference of 24 7Q paints
But ths was prob tbly due to the fict that there wisa great diffcrence be
tween them n the amount of formal cducation rectved with the result
that the tests gnen to them did not offer the sume objectine degree ol
difhicults m both c1ses Jtis 1sy to sce that 2 complete Jeh of tramung 1n
anthmetic would be 2 gro it handicap i taking most telhgence tests
But the low scorc consequent on this Liek would not necessanly mean
lower bisic mteligence The second resers ation 1s that it 1s prol bk onlt
i carly hifc prior to matunts  that emironment e have any marked
offccts Both Wolf (90) and Hymoviich (50) have shoan with rats that
restriction (or enrichment) Iater on mn Ifc does not cause apprectable
changes T vidence from the studs of brin dam tge as Tiebb Irws diented
(40) also pomts to this conclusion An njury early Ife has much more
lasting and widespread effects than a stumlar myury fater on In a sence
carly emuronmental deprivation 1s an analogous erst since it hyn fers
function and consequently normal deyelopment

THE CENFTICS OF INTFLITCFNCE

¢ very Dittle mformation 1s availible on the genctic me cha

44 presen
xeellent theoretical worh has been

mism transmmtting mntelhgence Some ¢
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Secondls, 1t tay be stated with some assurance that cn\uonmvln‘\ :n:\
evert furly permanent effects on bane eyprety wnder eerlaw mlm it (“(
\mmal studies show that severels testneted environment carle m e
can result 1n & marked deficiency m mtelectual abilits later on VWhile
ths negative effect 15 clear, it 1s doubtinl that adding to the stumulion
+ thte of environment heremd 2 certun sl lesel will do much to
werease wtellignce

Witk regard to the geneties of mtelhgenee, almast nothing 15 hnown
Tua theores concermng 5 hive been formulated, but since thes do not
expiun rertun hnown Gets, such as regressian and varabihity of sihlings
at different levels of parental IQ, they exnuot be considered adequate
This 15 r1ther 2 negative conclusion On the postne sude, 1t m be smd
Yhit at least some of the hasie requirements for any potentind theony are
twonn althongh even these mry be subjeet to revivon when further in
formation 13 brought to hght

When balanced agamst the Trge amount of work that s been done
i the aren these conclusions mas apper rather meyger Clenrly, much
remeuns to be done Before closing we may suggest 1 fon pozabnkities

In the first place with human bemngs, tests other thin the standard
wteligence tests showdd be tned Veasures wich arve thought to reflect
the wtegrty of the brun such us those of Tilstead (38} mnd Teuber and
Bender (77) becse thes are eloser to structure, might well provade nseful
suform ttion on the wheritance of mtelligence Or agun relalnneh pure
tests of speend atalities such s those derned by the techmigues of factor
wlysis could be used It as kel that tem or fuady resemblances nnght
prove grenter or smaller on different intellectual factors Although they
will got b cnumerated here there are many other possibiilics besides
these Tt choutd by emphasized that the tests used in the pastmn nothave
supplied & complete picture and may even have supplicd an maccurate
«ne

Secondly thure 35 a need not onty Tor independent humin and anma)
nf« wches but alvo for coordmated programs A< stated privioushy, many
’h‘{“ PY‘“’M(H‘N securring i niturd humm populations ¢an eacly be
;;‘h(\:"\‘l;‘“m\ h n;umal{ m the hboratars  tny degree of Linship ean be
e s et o copsa
ut achiering g wnderstonding D‘:\he !Z;‘:O\M D\m\ e Ry valuable
s w0 of wielbpence Fenetic mechinistns Iuhind the trans

Tiirfh more pha siological and neurn n asn 1

2 Sue LurIP NIgRMICaTICE 11§ controliing
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be necessanly dismissed on these grounds alone Conrad and Jones 2lo
suggest wother defienes of blending theorics, namels thewe mabiity 1o
recount sitisfictonls for regression of offspring to the populition mewn
Regression up to 1 cert un pomt e be explamed st tishiealls Bevond ths
point, 1 genetie evplan thon may be nccessary s cannot be afforde 1 1n
u simple blending theory

Obsviously  the matter 1s lughly complex and much work remuns tole
done beforc any adequ tte formul ition cin be made However the mm
mum requiranent of any theory 1s that 1t account for several base fcts
Some of these hve been reviewed by Conrad and Jones (17)

I the first plice, mtcdligenee 15 a quantitatine charieter with 1 ratler
wide dispersion This imphes multiple genes though not neeessanly equil
nd dditive ones Sceondhy  there 1s some mdieition that offspring regre s
below or aboy ¢ mud parental level tow ird the population men (14 49 60)
Although this miy be pirth expluned by a statisticil or an environmental
hypothesis genetically 1t mmplies recessivaty of extrames and domiance
of normiits  1hirdly, vabibity of sibling mtcdligence ppears to be
greatest 1t the muddle ringes of intelligenee, smaller tow irds the extreme
(17, 60) Tlus tendeney 15 not marked butat is defimtely not the other way
around as would be nnphed by dommunce of werige mtelhgence
Tourthly prrent cluld correlitions m mtelhgenee hve been found by
many worhers (14 17, 60 61) to be equal to or greater than sibling cor
rdations According to 1 theory of dommance the sibling should exceed
the prental correlition Howeser, as Conrad and Jones have ponted out
(17), even with completc dommance, the carrelitions my be equahzed by
the mflucnce of homogaumy

Thesc then are some of the basie dat v which any theory of the geneties
of itelhgence must explun It 1s posable of course 2t Jeast i the ease of
the sceond two ponts that thes mas be contradicted by further expent
mentation It may be that the prescnt amount of information wvmiible 1s
msufficient to make wny <erious formulitions and that only when more
has been obtuned will 4 solution to the problcm be morc fo wsible

CONCIUDING REVARKRS

From the above discussion 1t 15 dear thit several general conclustons
regarding the mhert inee of mtelligenee have been farrly well establishied

Tust, ditr gamed from pedigrees, funmial corrclitional data twin
studies, and mimil csponmentation mdieate boyond a doubt Hmtl m
telhgence 1s mhented so that i most cises the mtelligence test scnrc’( oes
represent basic wherited cipaaty  Tns may not be true m all eases how

cver ]\'lrtlcularl) m the lower ranges, due to bins in the testing mstru
y

ments used
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Gecondly, 1t m be stated With some BNrInee that en\\mnme;\\ can
evert fanbs permanent effects on basie capacits under eertam mlm mqr:
Lol studies show that severely testricted envioument earhy n Gle
can result 1n a mirked deficiency satellcetual abidity later on While
this negatie eflect 1s cler, it 15 doubtful that adding to the stimulation-
value of encironmient bevond a certun mmumal evel will do much to
wnere vse wntelligence

Wath regitd to the geneties of mtelligence, almowt nothing 15 known
Tao theones conecrmng 1t have been formulated, but since they do not
explun certam hnown frets, such as regession and vanabihity of siblings
at different Tevels of parental JQ, they cannot be consilered adequate
This 1 rather 2 negitne concusion On the posiise side, 3t may be saud
tht «t Teast <ome of the basie requirements for any potential theory are
known although even these may be subjeet to revision when further -
formation 15 brought to hght

When balanced agatnst the large amount of work that has been done
w the area these conclusions masy appear rither meager Clearly, much
remams to be done Before closng we may suggest a few posuibihitres

n the first place, sith hmman bengs, tests other than ihe standand
wtelligence tests should be tried \eawures which are thought to refliet
the mtegnty of the brun such as those of Halstend (38) and Teuber and
Bender (77) because thev e closer to strueture, mght s el provide ueeful

& on the wt of wtell Or agatn relatinely pare
tests of spectal atubities such s those denyed by the technmiques of factor

s ehas could be usd Tt 1s bikely that twin or famils recemblinces mught
prove greater or smaller on hifferent wtelicetual fretors though they
wilf not be enumer el here, there are many other possibilities besdes
theve 1t <hould be emphasized that the tests used w the past mas not haye

wpphrd v complete picture and may even have supphied an maccurate
une

“econdly there 15 need not onlt for ndependent humn and anumn|
rescrches but alvo for coordinated pragrams s <fated previowsts, mamy
of the grablems acewrtng 1w natural buman populations can va‘ui]‘ e
duphicated with animals 1 the laboratory  \m degree of hnship en ‘K‘
bred ind the resulting data anidvzed mathematierly for mmp’menn? l‘;
.\l\.ﬂ(;{.(\\\\ cases 2k the v haed Th 5 should prove exceedingly y nlu:!’)l;
a scinenn,
ke ﬁ,{:.n] ):x;:lg(:tmdmg of the zenetic wechamsms behind the trans
Thasdhy mote phy 90logicrt and npyws swes

I
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behavioral differences ts unknown, except m the case of o few gross defects
Such known varations as those i the autonomie and ¢ndocrine s stems,
m biochemistry, protem synthesis and general phy siological retction of
the nervous systan deserve to be esplored thoroughls s should awd
not only our understanding of the inheritance of behior, but alo our
understanding of the bisic prnaples of behavior

DISCUSSION

Dr J P Scorr [Bar Harbor, Mamne] Thave followed these experiments of D Thompen
with a great deal of mterest beenuse they run parallel 1o a r scarch program which we ars
domg at the Tackeon Laboratory on the effects of heredity on the socral by tor and | arning
abilities of dogs

The bterture in the ficd mdicates that selection ean produce struns of ammals nlich
will learn particular things better than others By selicting m opposite directions Tryon pro
duced one stramn of rats whuch would I 1rn 2 maze readds and another which kamed 1t poorly
In dogs the sclection has been earried out by dog owners over a pertod of centurie< an  theee
15 nodoubt that Beaglesare easy 1o teach to hunt rabbits and that Sheepdogs are easy to teach
to herd sheep The existence of this hind of differences can be taken as established

The thing that cannot be tahen for granted 13 what eauses these diffcrences Are they the
result of differences in stelligenee? Wath Trvon s rats [iter experiments showed that Tryen
had not selected for dullness or | rightness as such but rts that responded emotionally tothe
maze and those s huch did not Ans expersment wheeh 1s done with learning or so-calle | el
Ligence must be done in suchi a way that emetional responses are measured

Dr Thompson has expluned how he tried te ehminate these fictors 1 hiv expenment
but 1t has oceurred to me and I would Like to have hun comment on thes that m the Hetd
Willams maze a rat wlich had a stronger tendency to explore the en rrenment nught | nea
constderable advantage over another In other words 13 there a possibthty thit the rats are
besng sclected for n strong or wenk exploratory drve?

One other point which I would Iike to emphnaze 15 the fact that all the evdence <0 lir
ndicates that genetic differnces n learnmg alubity are very specific m nature We hive gnen
a lrge variety of tests to our dogs and find myarnbly the more specthic the test the grester
the likehkood of obtminmg differences hetween strains Measurcs of overill adjustment as11
the total scores of tests (nhuch inetdentally 15 the type af measure tsed m many hem i mtel
hgence tests) usually bring out comparatnely small differences between stritns

When the special parts of a test are anilvzed we often get clearcut differences w el scent
to have a genetie basis Thus 1s relited to a post which was made yestendny, namels it
primary gene acton affects some biochenuenl or phy siologienl process Fhe more ¢l Te
Tiavsor can be rlited to some sinple phy stologient process w hich menns the simpler the tehn
sor the greater the ikehhood of discoscring elenreut genetie differences

Dn Rouann P Macany [Chieago Tlinor] T should not ke to imolve D Thomp~on i
any semantic difficulty but when Le say< that environmental restriction seems to reduce the
intelligence of the anumal a3 muck as any inbred defect T wonder whether such a statement

does not need clinficrtion
1t would appenr that the performance of the anumal ; reduced by emyronmental rstnc
;o
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would 8 more fehcitons entironment will depend pon the emotianal strtcture of the wdy
~udusl

Dp b § Losotey fOmnge Park, Flonda] Dr Scott sl yestenday thiat hental le &if
ferences 1 belvior must be an ndex of structural ifferences Tihiak we have one bey Lo the
solubion of thes structural probem, the WACTECOMC VRRALONS 1 the teptml nervons s stem
In comparing the Lraws of & fon monkeys we have found enormous indivudust differences in
Timited aveas of the cereheal cortex Cell size or cell concentration may diffcr by as much as
50 ov even 100 per cnt m correspanding gy and there are even great differences 1 the cell
€ypes occurrng m cortesponding aress Fqually great diffcrences in cefl sizes and types are
apprcent when thalimie nucles are compared and even the gross struetural arangement of
the naclet may vary

o romsparable studies of bntologieal s snstions

w0 B firass hine been made, but the
Tk of aprerment 1 daser nt anz at o moam e N

e 4G we B b henust Bach among monkey s

The fash of anabzing varutions m microscopic structure and corr-liting them with he
Havtor differenves 13 8 gigantic one but esentuslly 1t must be carmed oul, f e aze to under
stand the genetic structueal Lasts of mdinidual capaciting

DR B R Taoneov (Closng) Fiest of all i pende #n Du g« »
evidence that the bright and dull ra ’
Yehavior 1dan ¢ think howerer tha
maze abiliry

The wav 1 have mcee =t
maze which the rat tre - .
only by exploration itse
than for the dulls Ti

other monds learning “a
PoeC iR e [
et 5 the s N uatcaevel Tn both rags, however,
““: have o data to offec on the second POt madat T wr
fa .
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one bothy of 1akid huownledge which, as a mun threw! runming “]‘“‘“S}l
the fabrie of humn personthity development, from w“ﬁ‘)‘\l“l; ]‘ hrough
preganes burth and the epochs of mfaney, (nldhood md ulolocence
ke adulthoo 1 satnfactonly comects genesis with nd result There are
many ymportant oh-ervations on fetal and wfint hehavior, particularhy
neurophs siologieal nd p<\chomorplm\og\m\, but these Buve ot been
hown to relate directly to the development of emotions  character et
personabity  In some of these studies e embryo genesis of the bran
and posturl behasior o e ben wsed as protols pes Yo evplom the develop
went of soentd hehavior m later Ufe The Yome of ch vsumplions s oot
Aetr “ome mestgitions deatmg with spontancowds divelomng patterns
of behay tor hian ¢ conadered them s 3f thay occursed 10 4 vacunm withaut
Denefit of environmental and eultwral mfluencs Then are man so eilled
sarptne deveriptians of bohaviar at vanous agy leveds of mbwner and
chuldhood Frequenth these amount to an enumerabtion of hehwor
charictensties with grouping mto nonmine or hipedl configurdtions
Obsers ations which scemed to follos one another i sequence, with <ta
histical regularsts  ire assumed to be funetions of dironclogiecil age Another
deficiency i studies of normrstive hehavior 1 thit thay have not bewn
concerned with developmental viriations withn the ringe of so-called
uormales  nor wath inpheations of such yamatwns on prronahts formn
tion \nother defect 1y thay the do not explun the meaning of nhnor,
nor how 1 relionshup of one stage of poronalit dovelopment with
wother nor even of owe behavioral irut or sonstellation of 1ruts with
athers These formulatians of normatie bebasior have frequentdy fod 1o
ety and apprebenson mopareats who bave taken the correlytion of
behavror ani elronologictl age as ahsalute expecting evers culd of \
\mr? to behate Mhe evers other chill of X age These parents Mhe the
x:;:“\::lui:‘xs:i [;roukmulgmng s concept of development as a hasis for chield
e :Y ‘m;\ Y ‘::r{;r:-lcl:ar:cd the hf:a that even at the same chronalogiet
It een the cbil o mas be up ta a tuele month difference m age
ecn the el who has just reached hss X birthdssy and that one who ts
approwhing bus Y Lirthdan Tt s also forgate
o nell 1 bl rgotten that there are puy cholagie
> balogie duffi rences between children of the same age |
of the «ppomle sex. such dife e but who aro
w X suck Gfereners bemg purucddaty sthang o the

[:‘e ’pub( rullglr\ M Comparnon to the bos of same ag. Mowt normatin e

: 1“1 ;:: ;Ar; abso ch;mclenlﬂl In their complete avodanee of consideration

o mn’ ‘;:n(\- o‘um‘onﬁtmus mechinisms A< one sm estigator put ot

A ; . n:n{;::; Li(m wgfﬂ:tmn ]:hat the personalbits of the wfint and
emobions which of

through the subeonscious or oﬂ\en\mz‘ rIsie it some iy serous wan

s re: 3!
asonsble to nscume that the human infant 1s horn with heredst Ty
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RLSCARCII ON PLRSONALITY DEVELOPMEN]
Oor' THE CHILD

MIITON J 1 OSENN

Since results of rescarch on personahity desdJopment of the child ke ey
othr rescareh depend so much on the adequacs of methods it 1s m order o
ey luate methodologicl npproaches frequentls used m such studies

he term person thty 1s defined v irtously by Iy men and suentists alke
Tor the purpose of this piper personalits me ns the bility to feel lewm
think and react as a human being who more or Joss 15 bl to appreate
Iimsdl 1« an ndividual scpreate from other humw bangs and fron
impersonal objects This defintion mplics that personthity inclules
proccsses of wteraction wathm the person ag well as some wiieh go out
from him as he redates to others Porsonality includes hehavior but it
much more thw behvior Tt cmbrices mtcllectut] eotional anl soctl
functioming It 1s rccogmacd thet these functions are dy name and chwnge
from time to time nd from one «ttuation to another It 1s bired U &
cach personality his 2 hogmuing a devdlopment and that 1t changes
throughout hfe The asstumption my he miade thit parsonahity devel puent
hascontmwity that it begins ¢ven before brth and procceds more orle s
regulir fashion to a powmt of final maturation which 15 particulirh dntinct
for cach person Tt s also 1ssumed that Cich indn 1ual progresses 1t fusenn
rate ind rhythm determuned by such factors 15 physieal pos cholc giew
socral and cultural forecs  Throughout the course of persomihity duvelop
ment there secm to be nodal pants or perods of erisis w hich the mdn o
must master s responses at these times are tn pt conditic ned by
whit he hits expertenced before but e by the cquipment tht he brngs
with Inm and 1s able to utihze it wy one trme  As he grows the hum 0
beng acquires some conception of hunslf md in hus rdd ttionshap with
othcrs behaves m 1 way that s individual to lim
At the present tume there e mamy theories of personaltty de vedopment
t these are without conststeney and admettedls arc inndequate On the
other hand there 15 an accumulating body of frctual knowledge ttout
behavior These dita come from niany sources but 15 vet do not add up o

ha

-
1Y ale Uueers 11 Sclool of Ueler e
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PERSONALITY DEVELOPMENT OF THE CHILD

Snother importapt requirement, accordmg 1o Ty thinkwng, ((\l\' sic)nrch
i the future 1s that studies be long term as well as integrated Suel xlx‘n

s estigations should be started aseath w the Life of the argnium as possible,
and extend fornsrd wte tume for want years with the focus bang on
the same wdwidudl or the same groups of mdniduals Cross sectional
Studies should be made to venfy or complement hypotheses stemmng
from the longitudimal approach The multiphaty of data collectable by
any multidtcerphinars and longtudinal appraisal m hes 1t necessars for the
imestigators to set a hmit on the ares as well a3 the Jocr of pariculir
sterest Tt1s obvious then that there need to he mans diflerent sturbes nf
fong term duration winch are smvlar onde m tharr general methodology s
exarmples of tho such reserch projects whnch have smibants, but sel are
umque there mas be eited the work of Besyarmn and Washburn At the
1 nversity of Calorada w team partieularly mterested w the pecchology of
preguancy as 1t wfluences infant care and child development, and that of
Rns Vohr and Wolf at the Yale Child Study Center with wlich 1 am
closely dentified

The Yale studs nas begun m 1949 when a group of marned couples

was selected from the Lniversity prenatal clime because they sere facng
Qe e frct nemon *

next seseraf
Tental very
confidettial
wdnduals
Lu suu mental bealth Durng the pregnnes there were
recorded interviens with either 2 psvehologist or a psichatne
social worher with attempts bemng made to lewrn as much about the
nformauts as possible partieulari thesr own Ife situations eYperiencys
feelimgs and altitudes toward pregnancy and mntters of health, and
parbentariy chold reanng Just before term another member of the rescarch
team was wiroduced to each pregoant woman Tiis nas the research
pediatrician who would be present at the e of deliver, observe the
labor and the delnery {xhich was witheut anesthetic) and record not
only the observations on the Phisical sspects bt also note verbal ex
pressions as sell as attitudes of the woman n the process of muing etk
\o‘: h:,b) an‘d Tectiuing 1t mto her own arme £AD o * data geal:ng
ting :lmpmg

¢« v utmvestigation was the apprav fﬂ;'l'- o
cquipment how ths differs from one mdin i to anlc:th: a‘:u;wl?u“ .
:\' ;:{:rs”;: drn;:x:: :]f the nenbora The team of s chologists q:)‘('r)\!l

mienns were joned by other peschyol

tratned v b, ogsts particular)

Obsersing the snfant by the method of h Welf (8) I‘xnmmshun’s

o vt
several
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functionl prttarns which e mnnate to its structure and e part of s
phylogenctic mheritanee But the direct relationship of gemic mbiertance m
the devdoprient of cmotional and personality {ruts must vt be proved
Then too the fict thit erch nconate wrmves into the world with Ins onn
constitution and that this influences s Iater life development 15 weeepted
by cvery one but the fict that there 15 vet no conclusne estdence to
support the theory thit a speeific relitionship evists between personality
md bods type warrints raemimding it this tie

Suentific evidenee to explun the gencsis and des dlopment of the humn
person thty Nis also not been provided by cimeal myvestigations One finls
mteresting deseriptions of hchastor and theorc tical formulattons of its
maning, but without proven domonstrition of the reJationship of most
mfmtile expertences ind liter hic emotiondl st atus behwvior and per
sonility An cxecption miy be aated in the demonstrition of tlong term anl
possible Isting influence of mtcrnal separation m infanes as reported by
I reud and Burlmgham (1) nd reviewed by Bowiby (2) Psschomhiie
propositions although stimulating for further rese irch i therapy aswellas
n the ficdd of pcrsonality development, m general hve been guned by 2
rceonstructine approach  They are frequenthy not spectfic enough to
explun the mtericting cxperiences which chrreterize chld desclopment
Ilcre agun onc sees pirents made anvious m child r¢ wmg when gutded by
persons who are either muisinformed about psycho mlsie theors or who
mrihe unsound appheations of 1t

After this raprd appraisal of what 1s known or rither what 1s not known
about personality dovdlopment 1t mis be i order to sk why there (ant
such lirge gaps in our knowledge pirticulirly the lick of demonstrable
relationship betw ecn one set of dev clapmental ficts with others whether th
rese irch be chinetl or cxpernmental It scems to me that <o little 1s hnown
because of a lach of continutts 15 well 1sa narrowness in the me thodologict!
approaches to the study of humn development so mny of the mvestigr
tians have been frigmentary carriod out by persons wolated b their ovn
pomts of view or prevented by physicil obstructions fram working with
others \ethods of research must continue to represent the indn sduahty of
the investigator and cannot be duvised for lum or apart from subject
mattor and materiilas alible for s research But s a generahity tmm he
stated that no longer ¢ worhers mterested tn human personahity develop
wment operite tone m 4 smgle field whether this be natursl Iologic or
socn] science, or psychoantlysss Inter diseiplinary res=irch 1s iffieult to
imttiate and even more dificult to carry out bueiuse its me mbers tend to
prefer worhng as ndinviduals nste wd of m an intcgrated teun lhcnf It
alw 1y danger of @ splintering off as onc group or 1 sngle member of »

disctpline 1s motnated to follow a lad which s prrticalarly ¢hdlenging
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orgm stem as opposed to others and thore ss vaeability l\\(ﬂl\ \\In'ch each
neonate nees fis equpment w mastenng such mnportant hie atuations as
Aceumlation and discharge of tenswn

Whether this vambshts of reponse contmpts with mturiton and
whether 1t changes into even more «peerfic Afurentiation of part fanchions
needs o be demonstrated 1t differentintion follows dovlopmentally, 1t w
noport wt to o dntmpmsh whneh forews w tuoe and space are the
wwost waportant detenmaants of change as well as what bodv svstems arc
m mterwtion sith e wh other

From obeers ations of the growing miants i tlas tuds, 3 1 clear hit
ihe neontal pattan of wholenesy—functioning with some sprofiony of
T PG M tension Teduchion s modfiable theough the desclopent of
o vrehess of hupan sad non human objeets i the ensronment Of these,
the hums in elements iuch in the first fon weehsof hife seem mdistinguih
abl from the non human beeawe of the mudequacs of the newborn
equipment and beeanse of the symbiotic relabionship of mfant with the
mother beeome nereasingly effectne i providmg opportumties whick
non b an obyeets < anot provide Tor exunple a mother who provuds
1 tsaare be s g ford or wha frustrates by withholding sctsup paradigis
of rexctun whieh ¢ becomd models for such mental mechumams as
wutiton and wentificition Later in mfaney at « differcat age for ech
subjoct obsenied we have watehed ow e stress of lodet tratung 1s
wopud wath Thas permsts 2 deselopmental approach 1o the stady of the
el of sublinmation and its use 1s 2 defense and provudes another
b o with which o vompare Jater hife behtvsor  The mother s o dhstinet
persm bringing with her cultural values pres dlent at the tive and ber
<80 tthwie Yradition remams the central human figure for many months
an 1t not until about Gghteen months or 5o that the father und other
fumdy members appsar 1o be dhistingunhed from the wother and beeomt
«ffectine m ifluencing the differentittion of the mfant The e of non
hunan chyeets as stimuh e the emvromment with wiich to relate na

o aon ereation wd reduction mantmer begins 4s early as the thin)
wonth when the development of the eyey has proceedud 1o a pont whe )
they may < ¢ objeets The eye may be sand to take 1w stimuh which rv:‘;‘;
W ey on gecumulation or aphint contransise s tension ped "

aboul s age the knd alvo 1s wsed not s

onlt ta grasp and brng o)

the evd and i the mouth bigt #s 1n mstrument to disch gy i:m:l?ﬂﬁ .

v artets of phy el wayements o
The afvwtag s of a lon

g term study should permt om,

z\\u ﬂn; muthods of meeting stress 1 mfancy and cluldhm:; ::v:nc‘:xs: “:

TaTd wto atir ble to become bases for devtnt behavsar, cham:l:

+ r
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regulils m 1 wedl baby cimie at the Cluld Study Center 2o well a5 m the
home, provided data on cach mfnt as he grew and chiinged phyaceilly
and beh worally Thcts about the parents as persons s well 1y mformtion
wout the total (nvironment wd speeific enyironment 11 mfluences which
seemed Cxperientnilly important were recorded 1or example the mfluence
of n physical 1llness i the prrent or m the child hmself w s noted The
change m methods of duld eire were particulirky observed The mumer
m which prents and chuld md mfint met enses were of speen) mterest
Tor example how the mother mfant couple hndled changes of feedmg
behwior or how changes in phy sical des elopment brought out new forms
of wotorie discharge m turn (vohed emotion m all tncmbers of the {umbs
When ciwch mfnt studied rewched the age of two years plicement m 1
nursary school was considercd  md af 1t scemed wnprejudicnd to his
helth or devddopment he w 1s gradually mtroduced to this new experience
Tlere agun he w s observed both as vmember of « group and m mdiadual
pliy sesstons

Ty m the muestigition the hypothesis was formulated that ever
developmental step entails m mdinvidual solution that there are different
wiys by which developmental progress may he made suceessfully  The
um of our studs then, w15 that of apprusmg the variability of ehildren s
belnvior A second hy pothe sis to be tested stated that v chld s mdivi fud
solution of any developmental step 1 1 result of 2 continuous mteractin of
hus speetfic equpment md Ins environment Indinviduthzibion was con
cenved of 1s minfunt s personal w v of solving problems or m ferms of ¢
modern way of psichitric thinking how he mccts and copes with dwmger
and with other stressful sttuttions Irom obeers ttions of the newborn it
seems that the ewhest obsery able ndieator of meeting stross 1s 2 i urb
ance of s equilibrium wath nsing of tension The carhest behay soral
mamfestabions of problem sohvmg thercfore Iie m his modes of tenston
mangement In the project deseribed each newbory was st hed in term
of s mdiiduthzition by observing the speafie tension ereition m!
tenston reduction situbions which came mto hes hfe and how he Tndled
them Irom i prelimmary waly sis of the obsery atims durmg early inf e
1t appc s that the most 1mport wt mechimams de g with tenson are
found in the gustro mtestinil trict particulwly the mouth the ~ensory
system espeeinlly the shin the motor disehirge svstem and sleep Crvng
suchmg bitmg  grimiemg breathng hewaly  wd hicking il wnve fo
help reduce tensien Rubbing of the shin md phy sical restrunt tho sorve
this purposc Although the newborn raacts to both mtcrmal and (xtern 1l
stress with a wholeness of himsclf md with generilized patterns alre wh
at thit ly age he seems to show a greter exaitivaty ind reactinity moune

/...



CHAPTER \V
GENETICS OF THE LIPIDOSES
© \ A8 HFRNDON

Suce the time when Garrod {15) populinzed the phrse * nborn errors
of metabohsm * to desembe the group of primars metabohe defects, it s
been antomars to conswler most of not okt of thus group of diseases to be
inhensted A brief resiew of the genetic factors nyolved in the disturbances
of ipud metabobsm with partienlar refetence to those conditions i ols ng
the n=rious system therefore scemis appropriate

CANTUHOMATORES

Asuiang the clinsealls dis eese group of diseases charactenzed by a pnman
abnovnakiny of hpid metabohsm, the varehes most frequenth, encountered
are the xanthomatoses The termmology and clissification of this group of
celated entittes has been rather complex and somewhat confused 1w the

P T L

. ve v tsall eveaany discussion of the
chmeal conuderations Teading to this elaswfication
1 spercholesteremie xanthomatoses
\ Fswentid s perehiolestereme santhomatosis
A\anthefasma xanthomn tuberosum et planum tendan vaiithona,

<anthornt of blood vessels famibial hypercholesteremsa
B \anthomatons sccondar {0 lner disease
\anthomatous bhiary eirrhous and others
¢ Hvpercholesterenua 1n hypothwrodism
1 Hvperhperma with secondary eruptive xanthoma
4 fdopatine b perhperma
1 Lhooathie hunerd nan '
'

1

1 Latraated diibetes melhius
2 Chronie pincreatiys

D Dincrealibis
Department of Med eal Genetuce The Bmeman Cong Shog of Sraore
g ent of 3ol ol Gocccx The Bruman Cray Schout f trkone o 1 0%e Frem

39
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defects, or psvchiosomatie diorders, and whether dismntegrition of the
adult personality under stross revives carher and even primtine wavs of
reacting to tension

Ttashoped that with the focus of roseareh on the aspeets of differentudion
m the use of body and tts equipment a« 1t rects to mternd stimuh and to
the xmpuct of environmental mflucned, both at rest and under stress
new clucs will e furmshed which will help xplam personality doydopment
of both the so ealled “normal” ns wedl as of the deviint induwiduil

DISCUSSION

Prrsmrnr Hoonsr Dr Rus oll Megers of Joua City aske Dr Sonn Whatdns Dr
Sonnomean by emotion and by wlat enteny does 1 e distinguush thes from mtell genee ?

Dr Mitzon T F Spas (Clowng) Agun wecan get mto an iy olyement of s mantice ke
snphaty T think of emotions as fedling states—angr love hate—as opposed to wtdll genee
which T consudcr the capnerty and abihts to understand learn copitate remenber think an!
wse know ledg ns one needs to far the further enhancement of one s desdopment and wefulness
msocity
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GENETICS OF THE LIPIDOSES . e
and combinations of nisible tesions Nanthomatous ol ement of blood
veseels, especialiy the coronary artenes, and of the mtuna of the hewt
Tasve been frequently wported The symptomatology 15 thus quite vaned,
ome patients hating no sumptoms, some with pawtess nodules the
shin some with chronie fatigue, others with anginn pectons, and some
dying sudidenhy of coronan thrombous

The base wlentity of these vaned chmed mawdest ions 15 demonstrated
by three pomts (a) hustologie simlanty of lewions, (b) elevated serum
cholesternl 1 all types, (¢} occurrence of different climeal vametis i

members of the same famuly Tlus fast pont may b tlustrated by he
pedigree n figure 4o

0-604&

“Heart
attock

74
diobetes

72 D-65 51
Xonthelasmo Coronary Not Examined
Xanthoma Occlusion
Tuberosum
660 mgm 400 mg
0-26 26 24 22
Caronary
gcclusmna
enerahized
xanmomultloes\s 295 mg

7
B -coveainy severe {Homozygote)

, g—CLlNICALLY MILD (Heterozygote}
7 47 Esential Gnthal xant)
e o omatasls Ped gree descnbed m text \,
Tl o @ examined of age at desth. \umbers ghane svmbols \:{.:: :\ ::rl“
un
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3 Von Gierhe's dise 1se (gly cogen storage)

4 Tipwd nephrosis
1T Normochelestcremie santhom ttoses

A Eosinophilie xanthomatous grmulomn

1 Tosmaplilic geuulonm of shim
2 Dibetes mapidus and y thoma dissemmatum
3 Tosmoplilic granuloma of bone
4 Schitller Chiristian <3 udrome
5 Generalized normocholcsterenme v inthomatosis
Nanthoma eclls in influnmatory tissue and tumors
S
1
2

o

B
C Supplament
T1powd protewosts

Ncerohosis hipordica dizbeticorum

1 SSENTIAT HYPI RCHOT ESTE RFMIC NANTHOVATOSIS

As the name 1s mtendcd to imply, this condstian s charictenzed by
mercise m the total cholesterol m the serum, very frequently with the
formation of \anthomat v in v wrrous tissues Although the total cholesterol
content of the serum may be incrcased to several times its normal 3 lue
the ritio of frec cholesterol to chiolesterol ¢sters romams normnl with about
70 to 75 per et of the tottl representing the esters s mey be recom
puncd by a <hght merease m leerthin, usully expressed by o Ingh value
for total phospholipids but 1t 1s emphasized that mere vt the neutrit
fat of the scrum gs not o frture of the discase he scrum therefore ramuns
translucent or <hghtly oplcscent, but 1s neser erenmy or Iy perlipenie
Iistologically, the hy percholesteremic type of \mthem 1s charactertzed
by the apperance of foun eclls in the earhest stages of the lesions found
m a vascular fibrotic tissue consisting of fibroblasts lustioes tes md cndo
thel il eclls wath 1 fow Jymphocs tes and pols nuelear eclls The kesion aho
presents 4 special hind of giant cell hnown a the Touton edlf with severtt
nueler arrwged in aarcle about an oprque ¢y tophsm Ths 1 m contrist
to the pieture m the normocholcstaremie xanthonnta i wlieh prohferaton
of histioevtes and aceunndlation of ecosnophiles accurs crly with foam
eclls bang wded only late m the evolution of the kestons

Climiclly the condition 1s quite varble with v llowish xanthomatoits
pliques or nodules 1 shain or subeut meons sene bemng most fre guenth
noted  \anthelisma pilpebrirum s common, md may frequenth bt
unassoctated with any othcr svmptoms and accompanted by ugh norm ]

r moderitely elevated serum cholesterol values Other varicties include
both discrete nodulir and flat shin Jewons usually found ou the «xtensor
surfaces of the extramties neir joints wid mrsss arismg from tendons
Scvert] speend deseriptive names have been applied to the yarving tapes
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s olt ement, while 3 additional chuldren had n percholesteremin, one with
ild cutaneouslesions whle ol 2 chuldren had novind cholesterol values
The patents were second coustns and the tather had hs perchalesteretma, lhi
tmother presented « normat chalesterol on one determination, but Sof her ¥
halt stbs had elesated vatues Witkanson, Hand and Fhegelnam (593 mnde u
cretul study of a Tge famiby with chneal and biochemmeni examinations
of 159 individunls 1n 3 generations They present ey wlence supgesting that
simple by percholesterenmy represents the heterozy gous state of the gene
and that patients with severe wnthomatosts represent the homoz gous
«tate of the same gene Tlus tieors appears to hase much to recommend i,
but addional crefud stuthes of birge famly groups are still needed for
complete confimnation From other studies 1t would appe ir that minor shin

fest such as xanthel palpebrarum and smali nodules about
the fingers ™ay alo represent the heterorygous state of the gene The
evidence suggests that the very severe cases may be homozy gons, bt

further data are needed to demonstrate a consistent correlation of chmieat
pattera and genotvpe

IDIOPATHIC FAWILIAL 11 PERLIPEMIL

This 15 a rire syndeome eccurnog wn cluldren fiest desentbed b Buerger
and Gtz (6} charactenized by marked inerease m neutral 18 10 the serum
Thannhauser (54) suggests that the condition mav represent a funchiona)
diworder of capiliaries causing retention of neutral fat i the blaad The
patients may present shin lesions of a <anthomatons tvpe and usualls s
moderate bepatosplenomegah Crises may aceur with attacks of abdoguni]
pan tenderness and ngndity vomitmg fever leuhocs tosis and sometimes
collapse Such attacks may be mustaken for & surgical emergeney  Sneh
sltacks scoue withvers Iigh werumm levels of total hpads frequentls over 8
pur 100 ec of serum (normal 051009 2} The abdommal sy mptoms ma‘i
be duc to sudden distention of the et and spleen whch undergo notiee
able enlargement durmg such epusades These crves usualks termumnt
pontancously 1o one to four dass with full of serttm hipds o lc\ei‘ (1 y
?\\m\\‘\h m S‘ne ra;\gr- ol 2ta 4 g The cond shoutd be diff, . l":'

rom the 1diopathic hy perly,

usttally those x:)( xanlhm?a\u\?.: :&t‘:l 2:11;?1:‘1:: a‘;gm‘;l o e o,

— which shows no famibal
b ks

1t
an
»
and 8 s
and spl
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wiule a brother (I12) died at age 65 of a coronary occlusion, having lad angina pestons
Jor several years previowshs His serim cholesterol kv el sas not determmed This man's i
(T1-3) was examined at age 51 and was nornnal exept for & serum cholesterol Tevel of 36
mg, entirely asvmptontitic The oldest daughter (11 1) of ths couple died at age 26 yen
presenting generilized xanthom ous iy olv ment, the termm ] es ent being coronary acchision
whach was shonn by autopss 1o be due to vanthomatous levons of the eoronary veesch Her
two brothers were not av utlble for exannmation, but & younger stster ws found ta Lavea
serum cholesterol level of $00 mg, although she was withont svmptoms Serum cholisterol
determmnations on this soman's only child gawe values of 118 mg at age 10 dus M og
atage 3 manths, and 295 tug at age 12 months

We thus hinve vanthelasma of the ¢yelids, xanthoma tuberosum, coronary
artery distase due to xanthiom itosis and asy mptomatic hy percholesterenm
occurrmg 1 a dosels related fanuly group Smmlar combmations withn
farltes have been previously reported, notably by Miller (36) who
deseribed 17 sumlar famlies and called prticular attention ta the g
madence of heart discase, espeerally with coronary artery msufficienes,
i such fambes

For more than half a century 1t has been recogmzed that there 1v an
mherted form of xanthomatosts Asearly as 1908 Gossage (17) summarized
7 famlies from the Iitcrature, pomting out that the ratio of affected to
normal persons m these sibslups was 1:1 A domant ty pe of transmession
was suggested, but with erly recogmition that apparently normal i
viduals might transmit the abnormahty to their cluldren Tt was hter
noted by several investigators that hgh erum cholesterol levels were
frequently found among npparentiy normal parcnts and sibs of affceled
patients (31, 32, 46, 55) Svendsen (59) studied the serum cholesterol lovels
m 8% chmeallh normal relatives of a patient with santhom tuberosun,
finding clevated leveds m 16 relatives following a regulir donnint pittem
for 3 generations He suggested that the ks percholesterma itself was due
to a donmnunt gene Similar data were collected by Bois, Partts ad
Adlersherg (4) m 87 famulics of prtints under age 50 with coronary artery
disense and andly sis of these data by Stecher and Hersh (52) alo sugge sted
o stuple dommant mechamsm for the clcvated serum cholesterol Polino
(41) had provionsly suggested a two-gene mcchamsn to explamn the wide
climieal 1arability noted, suggosting that one dommant gene determmed
hy percholesterama v Inlc 2 second gene controlled cholesterol deposts
in the ehmetlly recogmized santhonmta

1t 1% of further mtcrost that observations were alvo made of hype rcho-
lesteretnta i botl parcnts of pabients with seyere forms of santhomatoss
Gnerry and Schick (51) reported an 11 year-old-boy with o\lum.\v (_'llll(lf{(‘

out af 9 cluldren had scucre santhomatosts and tica suauciy ol cass
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imohement, while 3 additional chiliren hd b percholesteremit, one with
mld cutaneous lesions while onts  chuldren hind normal cholesterol values
The parents were second cousins and the 1 1ther had by perchinlesteremn, the
mother presented & normal cholesterol on ane ditermmtion, but 5 of her 7
half sibs had eles ated values Wilkinson Hand and 1hegelman {30Y madea
careful study of a Turge famils with clmenl and brochemmeal examinations
of 159 wdnaduals 1m 4 generations Then present evidence suggesting that
snople brpercholesteremi represents the heterozi gous ate of the gene
and that patients with severe vanthomatosis represent the homorygous
state of the same gene Thus theors appears to have much to recommend 1,
but additional careful studies of hirge fily groups are still needed for
complete confirmation From other studies 1t would appear that mmor shan
mamfestations such a3 xanthelasma palpebrarom and small nodules about
the fingers ma\ also represent \he heterozygous state of the gone The
evideney suggests that the ver severe cases mvy be howozsgaus, but

further data are needed to demonstrate a consistent carrelation of elinyeal
Pattern and genotype

IDIOPATHIC FAMILIAL HYPERLIPEMIA
™.

anc t*

Th wees aupgests tnit the condition mas represent a functional

disorder of caplaries cansing retention of neutral fat 1n the blood The

patients mev present shia lestons of a yanthomatous tepe and nsually o

moderatt hepatosplenosmegaby Crises rmas oecur Witk attacks of abdomnyl

pam ten lerntess and ngdits, somnting fesir, leahoey tows and sometimnes

collapse Such attacks may be mistaken for 8 sroreal an ave

attacks occur with very hugh

ph:r !mn < of serum {norma}

due to sudden

S et o o, e e o e e

omtancoud 1 one ok ese cTises usually termanate
avs with fall of serum hpids to levels fre

hi
usually those of xan\hnx:l::tol?:;\‘:\ :t

,
noidence ruptions and which shows no famjhal
Abt.

ta
an
Riay
and a

vy



Q.
P22 CENITICS AND INITERITANCE OF NFUROPSYCHIATRIC IAT} L3N

hiad norm 1l levels, while the mother and sister hid kvels shightly above the
uswdly necepted normal Inmits In the fumdh desenbed by Mardlof (19)
3 brothers presented dmieally scvere forms of the dieasc one thang 1t
age 27 and one at e 8 veirs The mother and € sisters wlho were appizenths
normal chmclly presented shght devation of total Iipid and neutesd bt
content of the scrum the futher s found to hive an elex ton of both
total Iipids and scrum cholesterol, with xanthdd sme pipebraum In
another fanuly reported by Chopman and Janney (7) the scrum fitts el
levels were normal 4 wibs id both prrents of m ffccted male who del
tage 21 months Wath the (veeption of the two ¢ 1ses mentoned wher the
mothers showed questionable or shght (v attons of scrum Iipids the fen
cses so far deseribed seem to present ¢ fumbnl incdenec only withie 1
singlc sibship of the tvpe (xpected with simple reeessne mhentme
Howaver, the danonstration of 1svmptomtic hipid elesations m normal
rclitives ruses tie question of & possible Currter stite” (37) Morc data e
needed, prrticularly of families where brochenmcl ex immation of rdatnes
has boen dond hefore the genetic meehantsm may be defined evaeth, but
cvidence so far suggests an autosom il recessive gent

OTHER NANTHOVATOST S

With the execption of the fict that stnthomtous shin lesions mny
oceur as o symptom of sccondary Iy perlipemiy i uncontrolled diabetes
maIhtus and i von Gicrhe s discase thord 1s no difimte cadenee to imph
cite hereditars fictors m the ctiology of \nthomntoses other thm the
two types disenssed above  Athough several authors huse melded the
Hand Schiilier Chnstin syndrome m Distings of hearaditary metabelie
defeets somctimes suggesting reecssive mhentinec we hwe found no
evidence to support this suggcstion  Clnedl reports of multiple e
of the Mand Sehiiller Christian syndrome withim sibships scam - to he
laching Recent work has dunenstratad thet this syndrome s apparenths
not a seprite disc v antits but should be regrded as 1 apecrtl vinmt
of the cosnophilic grinuloma group The studics which have ehinfied this
situation have been reviewed by Thannhwser (04)

CAUCHEIR S DISFASE

Grucher’s discise 1s charicternized by an mtrcellulir defect of hipid
mctaboltsm resulting i the form thion and accumulation of the ccrchrosde
Lerasm m the «dls of the rcticulo cndothehal systam hersm o not T
damonstrited n the eirculthing blood and the serum liprd determmations
wre usually withm norml range Puthologic iy i certam diygnosis may he
mule by danonstration of the typcd Gaueher cell w bone nerow
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hmph nodes, or other matenal and at autopsy thesc eclls are found
widely 1 dwer, spleen 1 ph e and marron tavsue, and often w the braw

The condibon 15 wanthy found w clubdren, 43 per cunt of the cases
tabulated bt loffman and lhler (22) bang under age 12 vors and
17 per cent under the age of one vear Delange (11) and hihne (29) hne
deseribed cases bepmamg m mfanes 1w et m Wignant forw chardter
1zed by bram changes and neurologe syms The chmeil conrse s thus
subject to varation but usuall the onset s inwidions with marked enlarge-
ment of the spleen followed by lnver and hmph node ndargoment Hone
pun which me be acute and severe 13 ot mfrequent and being often

! ]

frequent fate sign Moderate ancmmi and leukopena are uwal, and a
tendeney to hemorrhage and easy brmsing 1s common There 1o a correlation
brtween sevents of the doease and the age of onset wath the enses sith
early onset praceecing rapudls to earhy death while those with luie onut
pursie & more benign course and mav survine several vears Death
usually by mtercurrent infection

Gaucher s disease has long becn regerded 25 famibnd and there an
numerots tepotts of multiple cases nithm sthehips the first of these bong
gnen by Colhier (931 38% 45 nians as five cases hive been deseribed
one sihship {68) Cases w five ref ted sthaips of 4 negre fumily, with the
parents of all five sbships betng consanguneous bave been n)c:cnh«l by

Herndon and Bender {20) The cor
2 ndition 1s due &
gene homozy gotes being affected oo suteomal recenie

NMEMANN PICR S DISEASF

&
@ “.h:;.(;:n lr‘ome ;:lnch was first deserthed chieatls by \iwwann and
hire n‘\z‘m pathologically Ih Tiek also represents an ntrcellulir
) 3\)1;‘\ :m;aboh«m There 15 an aceomulation and retention of
e & ':‘ :{l‘u:;phn?{;h’mdc m histoevies and rebienlar cele

mg epit

o et il “‘”xi hehal and mesenchvmal eclls late 1 e
of < hingomvelin and th
hintobigic feature 15 the
which are large pale foam

weovieminn Piek eells
nvolve practiealty 4l organ:

;\)]3 of characterstie apperrance and which

The h case u:

g e b :{:::l:‘ ;f;{;(\-]a‘rsf n mfe]l\nt\ but s msuhous w onset 1he

neth T o OF heeks or months or may do poor
gradunlhy stop eatingand e ta lose weight in 1 t;:t- arb:kflr\:,:!:
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becomes enlirged e Iver and spleca become mrhedly el irged and the
pitient appears to be dehvdrited and amiented  Tymphdenopith
occurs m about half the pitients and a vcllowish brown pigmentation may
occur on the e xtensor surfaces of the cxtramities in about one third of e ses
A mwongolowd expression s frequently noted, and the mfint lo es the
ability to st up or hold up the hend Votor power 1s lost usunlly without
rcfles changes although about onc fifth of patunts develop ngdity anl
by perrcflosia and ny stagmus oceurs i one aghth (57) In about €0 per cent
of casts 2 cherry red o reddish brown spot surrounded by gruvish zone s
found at the fovea centrabs The optic dise mav be pale or atroplic ani
blindness 1s 1 frequent late sign 1here 1s rapid mental detenorttion anl
the cluld m o become 1diotic Yormting 1s froquent and fover mas appes
in the Tate stages Doath usaally occurs withn a fow months of inanttion or
mtereurrent mfcction In s summary of ease reports m the hteriture
Videb teh (57) noted that 33 por eont of patients dicd dining the first veir
and an additional 43 pur wont during the «ccond vaar

Nsemann Piek o distase is cortamb rare 15 only 75 to 80 ¢ 1ses huve been
desenbed Videbieh (57 58) accepted s satifactory the dingnostie ditt
on 73 enses Ihe sex imedenee was equal there bemg 34 males and %
femalcs the rest bemng of unrcported sex The condition 14 apprrenth more
frequent mmong persons of Towish wnecstry as 28 piients arc reported to
be Jowish 26 non-Jewish and m 18 cises the rice is not reported
famihal incidened kas been reported with ecrtamty i at Iowst 10 funihes
9 of these presentimg € affected sibs and m one fumh 3 cluldren were
affceted In at least 4 addittonal fannlies there 1 presumplive cvidenee of
affccted sibs although the dirgnows was not proved Ihus m newrh
onc tlurd of cawes there 15 2 Justors of onc or more affected sy The
mfantile form of Niemann Pick s diseasc has not begn desenibed w more
thn one generation of a family 1 rom the dita av ulable 1t seaus sife to
conclude that a rire recessive gene 15 responstble for this eondition the
homoz gote s bemg affected and heterory gotes being apparenth normal

In ddition to the mfantik form of Niemann Pick s discase there 33
also a muelt rarcr form occurning i adults At least two chmealh proved
ciscs have been deseribed i cluldren at age 8 scues and there are on®
or two reports conecrming adults that arc 1 bit doubtful chmealls Howe H"'l
unquestioned eases 1 two brothers aged 29 and 33 veurs nure desent N)
s Phandler (40) One brother died of ecrdental rupturc of an enlirged
spleen and the diagnosis of Niemann Prek s discase was adequatdh
pros od at wtopsy  The sceond brother entered o hospital 2 vaars Itter
with hepitosplenomegih shight jaundicc dvspuen ankle cdom pnl\lnc
themy and an aente bronelitis and dicd m heart fmlure  The cre uP
Jdecompens ttion and polyeythenut wore probably the result of extensiy
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D lmo D ITmo D 3mo
B Calitis

Fig 4F ™ emano Tick s diease Ped pree of fsmly with 1no eases i one sl bip Te
affected ol idren are iss ¢ of the seron 1 marnage for botl fatler and motler Ialf stawere
ormal parents nere ot consanEUInEOUs

pulmonary mfltration With Niemann ek oells There wis chermeal
demmonstration of sphingoms clin storige and the dignosis seems proved
bevond question In the fanmls of these patients 3 <tbs had dsed i infancy
of unknown causes and one sister died at age 11 Three sibs refused exam
nation Two brothers had enlargement of haer and spleen with low serum
cholesterol and high fatts acids Two asters and one brother showed
mmor abnormalities of serum cholesterol and fatty acuds desenbed b
Piindler as mucrosymptoms  In addition a cousin and 4 nephews and
nieces shoned minor serum hipd tbnonmahties The posability of a domi
nant pene 13 suggested by Phindler with the minor varitions representing 1
carrier state This viewpomt has been attached by Thannhauser (54),
who pomts out that a drngmoas of \emann Pick’s disease hus been proved
only for the two brothers dving of the disease s this famuhy 1s at present
umque judgment must be deferred Careful biochemical iy estigation of

apparenth normal velatives should be carmed out m any smalar fambies
that may be discorered

AMATROTIC IDIOCY
The terms

idioey and ) wlar o, are
apphied to & group of at feast two and perhaps four ehnreal svndromes

tht are sl ic i mans respects and probably hased on a hipd disturbance
m cells of the centril nervous srstem The four graups usualle desentvd
wre as follons

1 Infantile amaurotic wdioes (Tay Sachs disease)
? Late wfantile form (Bielschow shi)

3 Jurentle amaurotic whoey (Spiekmever Yogt diserce)
4 Late juremle form (hufs\

Tay-Sachs disease (nfantile anurotie 1diocy) 1y rarehy appear
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becomes enlarged The hver and spleen become marhedly enlrged and the
patient appears to be dehvdrated and emaciated Lymphidenopb
aceurs in about half the pitients, and a y cllowish-brown prgmentation mn
occur on the extensor surfaces of the extremities i about one-third of cases
A mongolojd expression 15 frequently noted, and the wfant loses the
abihity to sit up or hold up the head Motor poner 1s Tost usually without
reflex changes, although about one-fifth of patients develop ngidity and
by perreflexia and ny stagrius occurs i one eighth (57) In about 60 per aunt
of cases a cherry -rcd to reddish-brown spot surrounded by a grayish zone s
found at the fovea centralis The optie dise may be pale or atroplue, and
bhindness 1s a frequent late sign There 1s rapid mental detenoration and
the child may become idiotic Vormting 15 frequent and fever may appear
1 the late stages Death wsually eccurs withm o fen months of mmtion or
mtercurrent wfection In his summary of case reports in the hterature,
Videbaek (57) noted that 83 per cent of patients died during the first yerr
and an additional 43 per «unt during the «cond 3 car

Niemann-Piek’s disease 15 ccrtamly rare, as only 75 to 80 cases have been
described  Videbaek (57, 58) accepted as satisfactory the diagnostic dits
on 78 cases The sex madence was equal, there being 84 males and 33
fermales, the rest bang of unreported sex The condition 15 apparenth jore
frequent among persons of Jewish ancestry, as 29 patients are reported to
be Jewssh, 26 non-Jewish, and mn 18 cases the race 15 not seported A
fanubal meidance has been reported with certamty m at least 10 famltes,
9 of these presenting 2 affected sibs and i one farmiy 3 children were
affected I at Jeast 4 additional fambes there 1s presumplny e ey idence of
affected sibs, although the diagnosis was not proved Thus m ey
one-third of cases there 15 a Iistory of one or more affected sibs The
mfantile form of Niemann Piek’s disease has not beent deseribed m more
than one generation of & farmly T'rom the data asvailable 1t seem safe to
conclude that a rare recessne gene 1s responsible for this condition, the
homoz; gotes bemng affccted and heterozy gotes heng apparently norm!

In addition to the nfantile form of Niemann-Pick’s discase therc 1s
also & much rarer form occurring m adults At last two chmealls prov ed
cases have becn desertbed 1 eluldren at age 8 sears and therc are ot
or two reports concerning adults that are a bit doubtful chnreally However,
unquestioned cases in two brothers aged 29 and 33 vears were deserihed
by Pfandler (40) One brother died of accrdental rupture of an enluged
spleen, and the dugnosts of Niemnn Prek’s disease was adequ b
proved at aotopsy The sceond brother cntercd a hospital € vears hiter
with hepitosplenomegaly, shght jaundicc, dyspnca, ankle cdema, pohiey -
themta and an acute bronchitss, and dicd i heart fatlure The cardie
decompensationt and pelscythema were probibly the result of extensne
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< at nge 3 or 3 vears and

T 5801‘15 - S’P;ih:;:‘“: rtl?:i‘l:;::\‘: \].\lr\:‘\cf] ?\'\w wf\m\m\“ arc e,
F
msi:\:‘;i;:\; and other cerebellae syms whieh are not \\\\;wm:"m\‘\\\\l
1@ the mfantde cases The cherry spot b dll‘f :\Imcul(-\ 18 not found, bu
v be optic atroply and puentation of the retin

\hf;;‘\: ‘l‘:\le ;u\‘:mlc {or adult) type desenbed by Bty 36) 15 alw Tare ll'.
wsnally begng between age to snd 2o vears and progresses vers slowly
\lental deterioration and convulstons appear early, falloned by tremor,
muscular fimdits and cerebetlar 1 pe ataxn The ptients usualh haye no
Yous of 1ison but relimtis pigmentosa s been desenbed w relitnes
{ smnmars and comparrson of the chinical features of the dinerce 1 the
four age groups s gven by Rothstein and W clt (43)

Both Tav-sachs and Sprelwerer Yogt types of amavrotic whioey huve
been considered Jamid dieaces sinee the earhiest cises wete desertbed
3, careful genetie study of the Juventle vamets was made by Sjogrn (37)
shuning the dieise 10 be due te a ample yecessne gene homozs gotes
bemg affected  Among 145 sibalupy contumng affected cluldren, the
patents wete first coustng i 23 wmstances (16 per cent) and vlated wother
wis m 96 famihies (18 per cent) In all cases the pirents wire normal
The pubhshed data rigarding Tav Sachs diseise were summarized by
Nome (48) this amalvss also produemg sandacion evilence for action
of tsunple recessne gene Tav Sachs disease has been desenbid 1 tne
sets of monazs gotie twins both twins bewng affected n both pairs (28 26)
{Loncordance  disease in monoza gotse tains offers additional ey idence of
genetie eatsabion

The evidence al o supgests that the recesstie genes responable for
Tay Sachs and Spielmeser Vogt s discases an nat

Tn ¢ ol
[

& & dum 1w 12 months and age at death
from 7 10 30 months wiile 1 the Sprelmerer Yogt tipe age of oneet

ranged from 2 4o 11 venss and age a8 desth from 9 to 23 sears VMost
umportant 1n <pite of the la

rge number of mulhiple cases withw sthshups,
#) istances have been sneountered of occurrence of botk the 1'\\-51("\5’
snl Speeltoeser Vogt hpes witkim one famihy Tt scems bhely that the
pithologe changes und basie defeet liged etabolsm wyy be very
«ummlar or sdentrcal in alt farms of amayrotie idiocy as Globus (16) suggpe st
tut that the wbscried chineal differences justily separition mi’f lls’
Tu Sichs and Spielmever Yogt tipes which are probabl genet “l?
“i’\m}[\w; ’fhe sz»ml‘led tranutional types described by B\elwhi\wk:rx:n:\

Ws have nt been adequatels studied geneticalls

s to wlether theee typey may be caused by gﬂdchhoml g::;s ;[;\‘:‘\u}l::;:::
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within the first two wechs of fe but more commonly hasits onset Letween
the $th and 7th months 1he nfant at first becomes listless does not feel
wdll, and motor rretions previoush aequired become wether and the
lost There 15 1 slowly progressive foss of muscle power until the infant
becomes compldels hdpless with soft and flabby muscles Tt will vonlh
be noted that the chiid his beconre blind but unusutl wcurty of hewnng
ms appear, with the chuld starting 1t the shghtest notse Later museuhir
spistiaty and hyperreflesis may appear, with musele toitchings an!
convulsions and deecrbrite ngidity his heen often ob erved There s
waght loss wd unacrttion wnd bulb e pilsy ¢ventuidly mikes nomal
feeding unpossibk The discise 1s 1w 1y s frtal the majortty of cises dhng
between the 2nd and 3rd yerrs Jhe elissical cherry red spot 1t the nneut
15 seen in most cises but may sometimes be absent

Detailed deseriptions of the pathologic changes have been gnen by
severdd mvestigitors and the findings ire summarized by Tord (13) The
brun 5 frequently hard or leathers i conwistcnes  The ganglon cclb
throughout the entire centrl nersous svstem are swollen ind the e toplasm
appears findh granulie or hvaline Speenid stuns demonstrite fhat the
swelling and distortion of cclls 15 duc to sccumnlition of pid droplets
Trge balloon lihe swellmgs apperr on the dendrites Danyehnation
wppeirs which secms to be secondars to cell deatraction  Hhe nnerogl 4
and 1strocy tes undergo probifcration and distention The v wseular system
remains unchanged  Lhe macular chinges ate due to m dentier] processit
the retwal ganglon eclls with secondary optre nerse degener thon

Lhe chueal eourse of the yuvemle varety Spelmeyer Yogt dis
sunlar but <hracterized by Titer onsct and slower progression Lheonct
1s between 3 1nd 10 years of 1ge most commonhy bekween 5 md 6 year
¥ oss of vision 15 usually the first sign and according to Sjogren ($7) mw be
constdered the first stage of the disense and w1y 1t about tno vears Che
second stige s charncterized by tome and clome conynlsions ansd 8N
mental changes hirgels rratabalits loss of cmotionl control and per
sonahty changes Defimte mental deteriorition follow s with progresor
to dementry Muscle migidity urd tremors appeir ind progress to p arndy s
Athetord movements may occur Death occurs wathm 19 o 15 vears
psually m comvulsions or from mtercurrent wfection Ihe retd feaens
m the quvenile form e often more diffuse than m the mfannle l\I"'l
and a durk brown pyment 1s often formed In some crses the rtn?
Jesion m1y be quite diffusc with pigmentation rescnbling that m retint
os1 Sceondiry atrophy of the optic nerve occurs wmith rps

(e 18

{18
1l
plgnl(‘nl
loss of viston

The Jate mfantile (o
by Dhielschowshi 15 quite rarc

r Cirhy quscmile) form of amwrotic idrory deseribed
and scams to be mtermediite betwecn the
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apen as Sachs (1939) soggesied vmbll mose extensive binchermual sl
genetic data are av atable

GARGATLINS

Gasgorlnea somefunes hnown as the {unter Hurler svidrome \;\“ﬁq
Upochondrods sirophs, 18 & dwense of chuhiren usnally charicterreed by
grotesque apperrance dnatfing, mental retardation and bone (h:\r‘\::‘ )
Uthough 1t 15 generalhs agreed that the condition 13 Tsed on & miinbohe
disturbance there 1s some question 13 1o whether Yhe prafary defect 1w im
Upd or 10 earbehy drate met tbokam

The earler wrvers sl agreed w classing gargoyhsm among the
fipdoses 85 the utopsy materl consistenthy deraonstrated sbnotmad
storage of @ mater! muing some hpd reactions to stas Mdespringd
defects tm collagenous tissues were demonstrated, these bassues contuning
colls of grestumed fibroblast ongn enlarged by depasted matenal Smlar
changes were often deserthied 1 ganghon cells of the brmn  somehimes

voe o cwlin was tound n prechieslly 4l twies exoept mne eclls

Brinte suggests that the lipud disturbance muv be secopdan to the
abrormal formation and storage of the wuenpoly weckurides

Chmealls the svdrome nchudes mental defeet and multiple deformies
of bone often resulting i dwarfing Bnstation of extension of the ettremy
ues Skl delormities As fhoscolions or Iordows hortiess of the neck, and
whansctensue radiologme findmgs The ¢ we facied 13 churacterntic
Additional frequest Srdings include hepatosplenomepaty, corneal douding,
W pertriclionts bernia and deafoess Frea o teptent cases ams one feature
may he abunt and the diagnoss 13 basid on the encxastence of <oyeral
fraturcs 3 fomne fruste Yas been deseribed with mider abnormakties and
Jervin t2) has drcusw d the diagnostie problems encountered T mdsa (33)
faas ensphiaszed the Ynquener of exrdiorasculir myobvement seportmg

cvslenee of iy m 1) of 18 patients exammed with 4 of § fata) cases
dying of cardie fuiluce
Gargmbam was prorapth recognuzed as 2 ay
mlial copthtion In 1042
Nalpern and ¢ urbis {187 collected o, .
lata an 40 sibstupe
Containmg 57 affecterd children 82 v afoe ~ "P Lo thr Werature
3

vy et

« nslem aned of
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they reprewent modified varictics of one of the two biae types nould be
pramature

RELATIONSHIP OF TAY SACH'S DISEASE AND NIEMANN PICK § DISFASE

There has been conuderable diseussion concerming 2 possible relttionsh p
between the Tay Sachs vanely of amaurotic 1ioey and Niemann Tick s
disease, and the situation 1s stll not entireh clear Chneally they are
distingushcd by the confinement of abnormality to the centril nervous
svetan an Tav Sachs’ disease and the prescnee of both neurologie ani
generil viseceral mvolsement m N\iemann Pick’s diseise Rothstem a1
Welt (43) discussed the problem at length and coneluded that this s the
only safe busis of cimel distinetion of the two conditions Thisis at be t
w arbitrary distinetion but has been useful chinealis

The pomts of sumilarts that have heen widdly discussed are as follons
The two clinteal pretures my be quite similar, with age of onset spee!
of progress and time of death being sumlir Both scem to occur with
mercased frequenes in the Tewish rice suggesting o lgher gene frequencs
here than n other ethme groups Retmal msolvcment with the chert
spot at the macula and bhindness occurs m 60 per eent of eises of Niemnn
Puck o disease Although Rintelen (42) holds that the eherry spot 1> not
p tthognomonte but ts the resull of decretscd trunisp irened secontdim
to ginghon cell destruction from am cuse 1t must be emphasized thit
the cherm spot Dins not been desertbed m amy dis 1e other than the
two undcr consderation However Iuntelen (49) fecls that the retint!
changes in Tay Stehs 1nd N\iemnn Pick s dist tses may be drsbinguished
histologically  The closc simlarity or adentity of the Tustologie changes
i the bram has been repeatedh (mphasized (43) Thannhaser Benoth
and Remstan (56) have performed chcniieal studies on a brun of each
group and hold that the stored hipids are chenmeally different sphingomseln
bemng mereased 1 Nemann Pick s disease but not i Iay Srehs Khok
(27) ks 1solated a new group of lipids from & Tav Swchs brun called
gangltosides damonstrating these to be constderably elevated m LaySuchs
and only moderitely cles ated i Ntemann Pick s disease

Irom the genetic viewpomnt an important item of evidence 15 the fct
thit crses of L1av Sichs and Niemann Prek s dise tses have been rported
m sibs (12 50) Thannhauser (54) ruscs doubt concermug the diigno 15
1n some cses beese of the hick of detarled elcnmerd anals ses nd o
presses the optmon that the hipid disturbanee 1s basically different m the
two conditions In the writer « opmion this question remams unse ttled
It should be pomted ont that the reportcd chomieal diffirences st on
studies of onlv onc or two brans 1 each condition 1he posaibnbits of
gepetie wdantity of fay Siehs and Ntemnn Pick > discases must be hept
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marized Dy stating that no differences related to genetic
;‘\mc:::r‘: found for 11 of the 14 agns tested, but three guve positive
results ‘The signs showing correlabion with genetie pattern were (-m'm]n\
cdouding dwarfism and deafness The frequencies of these «gns n the
three groups of patients are @y en in table 35, Yogether with Yhe Srequenties
of two additronal signa showing ne correlation, hepatosplenomegahy and
fimttation of extension of jouits of the extrermities
1t 15 thus seen that corneat elouding has not been desenbed w any case
that may be identified as <ex hinked by pedigree, wiile 1t 15 found m B3
per cent of those that mav be entificd ns recessne Pwarfing i Jesy
frequent m the sex limhed group than in the recessne group, ahile the
- e e

msmum talues as amy charactenstic not specificalls mentioned w2
recorded as not present Corneal clouding particularly may have been
overlooked as many patients in the recessise and mived groupe were not
eammed with the bt lamp 11s fostunate that particolrr attenhion was
given to corneal examination in the sex hinked fambes
The question of consangwmits of the parents of affected cluldren 15 of
interest in connection With any uneommon recessive gene The frequenct
of consangumty should be mereased among parents of the recessn ¢ group,
but no werease sould be expeeted sn the sex hnked group Among the
189 <thshups studied the pavents were reported to be ki in 14 famhes
74 per cent) In six instances the parents were first cousins and 1n 8
wstanees more distanth related or not speaificd exactls Tache af the
resulting sibsbips contamed an affected female and may be recogmzed as
nm)-esuel’l‘wo add\l\uxlml s{hsh\pi contasmed onby one affected ld, «
male and would be meluded m groy, y
the patients presented mmen\gyﬂa’;jrz; u”;‘l’;: 6;5’";"" e aanees
con<anguineaus

TABLF 18
Frequency of ol vl « gns verated 10 geretie pattern
Growp 1 Group2
Focessve s | IR0y uxed | Mat or hnked
< .
- 2 w9 2 =T buiiy
——— ]
—
der cont r s
Comeal clow ing L s s " "5'
Dinarfing 19 e
Deaf exs ! 52 i
pa Wk omegaly w2y b
da ot timatat on l 86 e
oo 3 2
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Lenz, alvo obtmmng satisf etors agreeshent with the autosomal reces ne
by pothesis In imuning these data 1t was noted that the <ex raio s
unequal, there bemng 9% affected males and 32 affeeted femnles mmga
el square vilue of 116 4 reason for this significant exeess of affeete]
maules was sought, and m the Iterture <even fimilies were found with
fanuly Instorcs sivmg dar evidence of the custence of 1 sey hubed
Fecessive gene (8 14,24,34 35 38 40) Tt will b noted that all but oneof
these haye appeared smce the date of the summars by Jervgs

It thus secmed uppirent that there must be two genetically distmet
forms of girgoslism, one due to an autosoml recessise gene ant He
other due to 1 scx inhed recessite gene The hterture was revewtd
and reports were found concerming 252 eases, 168 of these beng mal s
79 fumalcs and 5 of unreported sex Lhis give an even greater evee s of
nues thin that obscryved by Jorvis O = 321, p < 00001) [he ealeuks
tions of the corrceted rino of affccted to normal cluldeen m complt
stbolups sccording to the methods of Bernstun and Lenz were repented
confirmng the findings of Jervis Tt 1s apparent however, that a rito
of onc affected to three normat cluldren would be approvmated b &
scries of families where the affceteds are those homozs gous for 1 recesne
genc and alo by 1 serics where part or cven all of the affecteds were mal s
exubiting a sex inhed defect The heterogenaty of sueh mived data woull
be recogmzcd by n aberrint scx rrtto wath an excess of affected males o
by pedigrec cxaminition If st should be wsumed that all of the evecss of
affected mals (89 eises) 16 due to mclusion of sex hinhed stbships m the
datr one would conclude that approuimatch one third of the total eases
of gurgoy ism arc due to scx Inked genes and two tlurds due to sutosomtl
LECessn e gines

Bectuse of the rither wide v wabihity of elmic il findmgs m thns syndrome
a tabuliion of climeal signs was mode to cheek for possible correlition
between genetic pattarn and chimeal pation such as Al (1 2) b
demopstratad m perone  atrophy and in retinitis pigmentost 1he pro ence
or absence of 14 chical signs was tibulted for a sores of 247 patiens
1he patients were sep irated into three groups s follows Group 1 consists
of all patients both male nd female m sibships contammng at lewt one
female It was felt that all of thewe are cortamly sunple recegsiee craes and
96 patscnts £l into this group Group 2 consists of opls male patients
familics with onlv one or two affectcd males and no aff cted femal s This
group represents a mnture of recessive md sox hhed cascs that cnet
be wentificd as to genctie mcchamsm by pedigree alone and contuns
130 ¢ases Group 3 conwists of 21 affeetcd mals m the scyen Jumit
prong clear evidence of sex Imhage on the bisis of pedigrec dita 'lih"
detmaled walysis of these groups 1s proscnted (dsewhere (1) The rewalts
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o Idopathic familial by perhpema 15 rare, the affected chldren being
homozs gons for an aufo-omal recesuse gene Asymptomathic clevations of
total serum hipids have been reported in otae relatives, rasing the possi-
bibty that, the heterozs gous state may be recogized by chemient studs

3 There 1s no cony memng ey idence that genetic factors are of importance
1n the etiology of the Hand-Schuller Chnetian sy ndrome

4 Gaucher g disease 15 due to a rare autosomal recessine gene, affeeted
mdnduals being homozy gous

5 Niemann Pick’s diseise abso represents the homozy gous stale of a
vare antosomn il recessine gene

6 Amaurotic idiocy must be subdinided mio at ferst two groups, the
fantide or Tay Sachs type and the uvemle or Sprelmeyer Vogt type.
Both tvpes represent the homoz gous stafe of a rare recessine autosomal
gene but the cvidence suggests that two dufferent genes are mnohved, one

PN I o

N .

LS it and the other due to 4 sex hobed recessne gene The sex-
taked form 1s charactenized W absence of corncal cloudmey infror agt
P .
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matings were 1 fumtlies where witosonn! reeessne genes are jrobabh
mvolved and nonc are reported i famhes with the sex Imhed tpe

Tour fumiis were encountered cont nnmg twin purs wath one or both
affceted Cordes and Iogn (10) reported two sets, only one of each par
being affected One st 1s clearls dizygous, the affected twin Temg make
und the normal partncr fomale In the other sct both twins ave femal
but no data regrrding zygosity are v atlable Nonne (39) reported 4 pir
of twins, both fomles and both affccted It 15 stated that these tsims
resemble ¢ich other strongh  but other evidence of monozvgosity b
friking Sartor (45) presents an addibional dizs gous pur, a male beng
lected and a fennile co twin normal

We therdfore conclude tht the syndrome of girgos lsm may he diled
mto two genctically distmet varicties one autosomal recessive anl the
other sex Iinhed tecessive The reservation must be mde that it as
possible to distingursh between a sex hnhed recessive and s hnatel
dommant gene without examnation of the offspring of ffceted make
d datr enticl for this pomt are Iehing In the absence of any dita to
support sex hmtation at 1s assumed that the mutant gene 1> on the un
purcd portion of the \ chromosome  Abhout two thirds of patients fal
nto the autosoml recessie group and about one third into th sev hnked
group Chmicallh the sex linked group 15 cliiracterized by absence of
corneal clouding and with only one third of the patients bemg dnarled
but with 1bout 43 per eent being deaf In the recessive group cornet!
clonding and dwarfncss e usual cach occurring i about threc fourths of
paticnts and with 98 per cnt showing one or the other while dealness 1
uncommon occurring t only 5 per cent of patients

SUMMARY AND CONCLUSIONS

\ surtey 1s mad of the dita mailible i the hterature concernng
hereditary factors i the etology of the discascs of hprd metaboltsm
Lhe following conclusions seem pustified

1 Ihe groups of primrs xinthomas charictenized by dley hon @
cholestcrol mcludmng v anthelisma xanthoma tuberasum et phinum tendon
aanthoma vanthom of blood vcsscls and fanubial In perebolesteremi ar¢
genetieally only differcnt manifestations of the same dise s here termed
cssentril Iy percholesteramic xanthomtosis In the heteror gous state the
vesponsible gene praduces hs percholesteremya which m v be asymplom e
or associated with nunor aanthom ttous mantfestations but probibh

ywes tLs carriers to atherosclcroms cspeeially of the coronary arteries
mato

f scrum

predispo
In homozy gous state the genc causes the more sexerc forms of xantho

a5 mamn of these patinds having sovere blood vesse ] mvolsament often
with earh death by coronary arteny thrombosis
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Dr C Nasn Hruwpow (Closng) 1 thank the discussants for therr romments With
regard to Dr King's question regarding the enzy matic bisis, the work that i availallomthe
hterature, so f1r as I hnow, 13 quite fragmentary Most of 1t has been concerned with analves
of the abmormal lipids which are deposited within the nervous system ot withn the Iner and
spleen, and I am not aware of any serious work on the enzymes wlich ges any chareut
1den s to Just what ss happcnmg at the enzyme kel

With regard to Dr Scott’s question, agun, I cannot gnve un answer as to just whit the
Irochemcal effc et 25 on the nervous sy stem, 1 most of these conditions Of course 1n Gauelers
Niemann Pick’s, and Try S1cl's dise 1se, there 19 an anatomue diruption pitticululy with
volyement of the ganglion cells With regard to gargovliam there s storage of an at nornal
substance withtn the brum, and I assume that 1t 1 Dirgely a phasiologieal mtter of di ruplin
of tlie motor pathways by the abnormnl storage materal

With regard to Dr Schut’s question on Gaucher's disease urtamly, the met Wolrm dxs
take an abrormal course The substance, herasin, wlich 1s forned and sl 1 as conted
with the glucose molieule, 19 an abnormal one It does not occur 1 normal bruns p anv
appreciable amount and cannot be recovered from the blood even m affected v lualy
Ccrtamnly, 1t scems that some enzyme prolably withm the cell may he absent or mr firected
resulting i formation of an abnorniil substance wInch the bedy 15 unble to wse and wheh it
therefore stores within the eells
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PHENYLPYRUVIC OLIGOPHRENIA
(PHENYLKETONURI V)

GEORGE A JYRVIY

PhemIprrnie ohgophruma, condition charactenzed In mental
deficieney and unnary excretion of phens Ipsruvie aod wag firt desenbed
0 1938 by Folbing (28} wha reported 10 cases in Nornay and (stiblihed
the baste bichemical featurcs of the diserse Shortly thereafier, crses were
regarted w 1 ngland (81), France (99), U 6§ \ (49) and Diter, i mans
othier countries Table 17 gives the number of e1ses thus far re ported

The dwewe ongmally known as wobcehtas phenylpyromsen’ (98),
wos later denoted phen pvrunic ohgophrema (49) m order to tmphasize

S e

R IR I DU ERP

mto fine with that of ather compirable binthennel abnormalities such as
cvstnuriy and afkaptonuria The two terms
and phens et are used interck \
The purpose of this presentation is to veview the present hnowledge
concerning ehimcal biochermen), pathologic and genetse aspeets of the
disease This review 15 based on personal Sndings i sowme 226 eases, and an
the dita which hive teen accumulated in the bterature durag 20 years

phemdIpyrinue aligopheenin
\

INCIBENCE

The merdence of phens Ihetonuna may be ass swed feom the data op the
fréquency of the conditun among institutionatized mental defectives
"These data e presented i table 18 The total percentige among 48,336
dfectines 15 064 Uomever, 3t may e scen thay there are mnsulc::xhlo
percentage van ions among the varioys meestigators

e fromn ke e of Whe mple pamnned fhcse varatuons vy by
xplamned W differences i the eompesitian of the sample Since pheml
ketonunes are mostly low grade defectives sarvess @ wmstitaliens whaed,
eontan arge nutnbers of whots Wil vield Tagher Beceentaone T “

359
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TABIF 18
Incidence of phen ket nuna ameng \nof Jubionolized defortiets

Number of |
Drlect vex b3
IR T~
Py NN SN IS Ry ———

P | 4 wson | oger | gy
Yot fi } E 1 4300 LR EE ]
::.:}:‘: 81ty 3 oy 16 323
Levy fursy 8 {Us 4 1408 5 ten
Ford RSN Lo 3 0 50
Munre "8 | Fngland 2 437 » e
Bates E 3 | Foalmd 2 30 3 o 33
Cosie T o0 {bglant 33 B ofag
Turp & Duchese 97 | Tronee a6 t il :
Rivern Storber 50 ) France 30 Tl
Delay et a1 27 | rance LS 1ol 3
Lus 0 8 | Ttaly 2,09 1 otow
M D 319 1 sy
Brugger ¥ switzerban { 163 1 0ee
Fulling ey af S Nammny 2 400 R
Lston b B Sqedin PN B g
fasen 8 | Denmark R0 8 oo
Cant s 16 | Austeatia ¢ e 2 fom
ferwera, 7 Bzt 30 1 oy
Mactio "0 French Copagy 2% 4 fom
Meldienty "% New Zealany ' 190 2 1w

Totaly 18 546 310 b

e o

~————

In Nornay cert fn wolated #F0Ups of population show g Jugh merdency

of the disease (33,

¥ ate ACCePLs the figures of ¢ G4 per repy {tabk 18 ag FeRTRY Rtati o
of the merdence of vhenvhetonuns 4 the defertiy e toulation and | per
cent the merdence of defec {13 es9 he genpea Population, then the moydence
of pthems leetomyny, 1 the go

neral populatioy ™ fie asaumed t b of the
order of & per 10y pog (0008 poy gy Honovar ¢«
.

- “WUIE0 5 el 78,

LY per copy Phem etanunes PWong 2007 fon grade (dcg;o'l):\(\:
eamned the Modence of Joy grade efectyy s bemg «bout g T cont

the generaj Population the menlence of ult; be 1!\ {; .
otder ot 2 ¢ per 100 000 T, probabygy that the ve Sgure 13 somy, ',h .
biseen we 50 extrempes of 00pz Per cent ang 4000 > ottt
otder of § pey 100000 In 430 Lated States o
ws

Pheny Hmwmma wo

cent, ot of the
“ome 6400 Bheny Wetaran tete sould e s therfore,
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TABLE 17
Cases of phenylpyruric olgophrema

Author Reference Country No pateats
—————— ] e ot
Jervis 50 Us i 24
Josephy 5% US A 16
Levy-Persy 65 Us 3
Frazier 43 USsS it
Ford 2 US 5
Alvord, ct al 2 Ust H
Mautner Quinn® b2} vSa &
Colien Kozmnn 1% USA N
Warthen, ot al 100 USaA 2
Dann, et al 25 7saA i
Munro 8 Inghnd 83
Conre 22 Fnghnd 1"
Woolf 102 I'nglnd 6
Bates 5 Inyland 3
Bickel Gerrard 9 Fagland 1
Rhein Stocber 60 France T
Delay, et al 928, 20, 30 France M
Turpiw, et al 96, 97 T rance ]
Brugger 14 15 Switzerland 4
Mester w3 / Switrerhind 2
Lepow | et 77 Switzerland 1
Klew 60 Switzerland 1
Papiro 80 Ttaly 3
Loty 67 Ttaly 3
Luswo 1 gy 2
Andream 3 Taly !
Mazzar 72 Taly 1
Schrappe 72 Germany N
Stenborn o5 Germany 1
Follng, et al H Norsas 4
Lassen 63 Denmark 9
Larson | 6 Sweden 8
Cantor 16 17 Austealia ®
Meldicatt } 7 New Zcland M
Penrove 85 Canada s
Coquet, et nl 20 Belgiom 2
Ferniera 37 Brazil 1

L.

* The rematning ptients of this serics were pressowsly reported by Jrv e {50)

unhnown w Jewish populations only one fannly having been rvpurl:‘]
(18), and m the Negro race in which only one ¢ 1ne has boen found (1')l
Tmally, geographical distribution of the defeetine population N:\mmc(‘
might be of some significancc In Lngland, for mstance, the discase 1s more
frequent i Wales and Lancashire, and rare m the Tlome Countics (78)
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TABLF 19
Distrebution of G n 320 phenylhctonurica
DI vt A Rk it ey
1Q Below 10 u» nn -0 a% N0 6 0 Abose 70
Auriher 2 8% £l 3% R1% T ) 3

Per cent 4 76 £ 1% ° e 1 wy

found Over 90 per cent of the cases are fur hured nndd far shnned aith
hght blue eves Strikag mstances of blomd pliens letonunes n dwrldy
prgmented people of Siethan o Spanish descent Bave been reported (50, 96)
T¢ should be noted however, that dark-esed, dark hared pheny Thetonuries
are obseryed occasionally A case of a full blooded Negro hns been reported
(37} and another 1 a Puerto Taean child of mixed Negro-Spimsh bload
was personally ohserved Cowie and Penrose (29) studied spectrophote-
wetriendly the hatr color m phemIhetonurics as compared with sibhings
and other members of the family and were able to demonsirate a relatune
dilution The relationstup 1f amv of the defectne prgmentation to the
metabohe abnormalny has not been determined, although the role of
aromatwe ammo-acd tncluding phens lalanune, w the formation of melantne
pigments s hoown The clamm that  the hghter the complexion, the lower
the 1 (7} could not be confirmed by personal obseryations The <kin 1s
usuallv soft <mooth and fine m texture The patients show a tendenes
tonard developtag dermatutis {6 23 26,29, 38 45 46,79)

On neurological exanunation, over a third of phenshetonuties shos no
sigmficant dessation from the normal In about another thned, neurologenl
signs ave present which could be interpreted as somewhat abrormal, these
wnefude nperactinats of the deep refleses mild myusendar by pertonterty,
ankward gat Jhight tremors and oceasional aduentettaus ooy ewenls
More marked newrologieal mantfestations are found roughly 1n 30 per cent

of phemvihetonunes the posture s often stooped ( mthepord atr s 1 0
the gatt sg =t 22

htperutin
absent Ve

o vwu ven and the refleves are slugmsh
Tn‘m!n\‘s of the outstretehed hands, ocrasonally dffuse to the whole li:fnl\
may be gresent v ths group and urposeless mavements of hands, ofu‘r;

~mdat i $vpe Lo whetor) mevements are obsersed These mandestations
1

are usualiy stationary The presence of e} ala)

vurvt el pretuce s thay of
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Sex drstnbution

Of 465 paticnts 228 (49 per ent) are males ind 237 (51 per cont) fe
males No sigmficant difference 15 observed  therefore 1 the sex ds
tribution of phens Thetonurr

CLINICAL SYVPTOMATOI OCY
Wental defect

All nduwadunls cxereting pheny Ipyruvie aeid are pparcatls nentally
defective PhenyThctonurin m mentalls norma] mdisiduds hs not been
reported however there are no sursavs of Dirge sogments of normal
populations with the cxecption of 4 person il unpublished exammation
withnegitine results of some 10 000 s oung healthy men m mthtar seryice

The distribution of the mtellgence quotient 1 330 patients m whow
exact psychometrie dete e waidible s seen m tible 19 It mn readh
be secn that the maority of patients ire of low gride mtelgence o
distinetiy e patterns arc notice ible usualls n the psy chometric exanmmntion

Of considernble nterest 1re the few e1ses of borderlme and dull norml
ntelligence 4 patient described by Cowie (22) had an 1 Q of 76 on the
Binet and 90 on the Porteus test In another ese reported by Brugger (14)
the1Q was85 Ihe puticnt deseribed by Colienctal (18) had i1 Q of 69
and was able to support hunsclf and Jus family A bov 7 veurs of agt
(personal obscryation) showed m IQ of 86 Jus sister ilso 2 phenvi
ketonune hid an IQ of 20 showing that strmhing differences withie the
same farmb m 1y oceur

Progressive mental deteriorition has been noted by some myvestrgitors
(7 71) and the disenst 1s elassified 1 the group of progressn e deterioriting
conditions of the brun (7) Howover persanal obsorvation o a g
number of cases over 1 period of many ycirs shows that mental deterior:
tion does not occur as a rule 2lthough in an oce 1stonal pitient a moder ite
drop n I Q may be obstrved It ks been dlumed also that mental defect
devcops only after the first verr of lifc (4 9) but no convineing et whenee
has been brought forward 15 vet m favor of thus mtcresting Iy potl esis
whieh would be of great importaned in the therapy of the condition

General physical development 1s usuallv ummp ured  Stunted stattre 18
oceasionally founl (43 €0) but conudcrably less frequently thun among
non phensIhetonunie mdivaduils of compirable mental ley el Grosy
phsies] difeets are not commonhy found In fict 1t 1s not unusual that
phent [ketonurses m infancy and childhood 1re singled out for therr attrac
e features Howeser wideds spaced mersor teeth (23) epreanthus {(49)
pes plinus (23) and pirtinl syndactsly (23) are mentioncd m single cascs
The head 1s often slighthy reduced in si7e no charietenstic shull shipe 1>
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TABLE 19
bution of 1 1n 830 phenylh
e T
19 Below 10 nmo n ke 3140 41 %0 5)-60 Above 30
Nurher e | 88 a2 3 3 7 4 3
Per cent 37 26 12 m » 2 1 on

found Over 90 per cenl of the eawes are far-hawed and (.\'lt«kh}uul with
light blue eves Strihing instances of blond pheny thetonumices in darkly
pizmented people of Sicthan or Spamish descent hav ¢ been reported (50, 96).

~ o
AN .
was personally obsersed Cowie and Penrove (21 stuhied spectrophioto-
metnealfy the hair calor @ pheng Betonunes as compared with wiblings
and other members of e lamuly and were able Yo dewonstrite u rddn e
dilution The relationship, 1f any, of the defectne pmnentation to the
metabolic sbrormatity bas not been deternuned, althongh the role of
aromuatic ammo-neud, meluding phent lalanme, 1n the formation of melanimne
pigments, 1s hnown The clam that ‘the highter the complevion, the lower
the 1Q " (7) coutd not be coufirmed by personal abrervations The hinos
usath soft, smooth and fine 1n texture The pitients show a tendency
toxard developing dermatibs (6, 23, 26, 29, 38, 45, 46, 79).
011‘_ nrum_!ngxml exgmination, over a third of phemMhetantiire e =,

“eevis ol e deep reflexes, mid muscular hypertomenty,

awkward gait, shght tretors, and occasianal adventihious wos ementy
More warked neuroly

gical mantfe<tations are found roughly n 30 per cent

of phenstketonurics the N i
st . SR
the gt 15 g posture 15 often stooped {*pitheeoud arrsmlan
hvperactine . ’ T
abent M y
Tremars n‘f““‘e nuls\u:\‘\ d‘lm‘\ seuserved and the veflexes are stuggish
c!

ey be precent ir iy :.t: mad‘s, veeaswonatly diffuse to \h_e whala hady
silar m ¢ )
are wmalhy
phenomsna heve been sh-es;rd . st useLnolany, echopravia and stuporous

festations are more samen- Delay, et al (20) Whethor 1o o
cor

cer

i
215 s Learologienl preture 18 thay of
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stationry soverc ecrebral paley with diplega, contractures and pyram b
signs

A certam perecntage of patints (not abov e 10 per cont) shows pachotie
eprsodes chiractarized by restlessncss, destructive and noisy behavior
In 2 patient, personalls ohscrved who showed pertodic psychotie eprso les
no rdditionship could be stablished between psschotic behavior anl
cxerction of phenmyvl dernvatines

No case of the disc wse w ts found m a surv v of the congemtal doif (66)

I pilepwy 15+ common feiture of phamyIhctonurir In 418 pients m
whom this symptom was looked for, 105 (25 per «nt) hud convulsions
Ihe epileptic tachs arc usualh nfrcquent and occur mosthy n mfiner
and uldhood Severe prolonged epiiepsy 1s the cxeeption Ihe clectra
enceplt togrum n pitients s often abnorml (75), even n those chowng
no climierl ¢pilepsy

PATHOIOCICAT TINDINGS

Fssentialh negitive findimgs i the central neryous sy stem are reported
i autopstes 1y ultble m the btertture (20 38 60 62 81) aswddlwsmive
biopsies (78) In onc of these cases (84) there were numerous fibromta
along several nerves 1 finding whieh remmuns unique Diffuse neuron cell
lesions of the retrogride degeneration type are deseribed m ¥ case o)
Corscllis (19) and mtcrpreted ather as ev idenee of complicating pellagr ot
tentativels nd with many reservations 1s connected with abnormlities of
protemn met ithohsm

In contrist with these cssentidlh negrtne findings e the lesions of
mvelm reported by other myestigators Ahvord ctal (2) desenbed demsels
nation of optic cortrco spimal and cortico ponto cerchelitr svstem m 120
months old phenvihctonuric Tn another pitient 5 vears old thare was
Iight stawning of mychin m the optic ners ¢ and spintl cord  The exammation
of three adult ¢rses showed demschn ttion and ghosis hited to the optic
duastma i one mstance Bendt (7) 1 twe cases (both dult patients)
found stething demyelinition of the centril white matter as well as of the
white matter of the cerebcllum and «pmil cord with accumuhition of
mvelin balls  Ihis st finding was so marhed in degree tht the condition
was comp ired to 1 storige disc ise ( macromoleenlir sy ndrome Vil

I1ve c1ses of person tl obscm ition were studied for Instelogreal ev wlence
of myvehn changes In four all adults no demselinition was found the
fifth 2 boy 3versof nge there w 1ssome p eness of myehin in the temportt
Teglons 18 compared with other regions of the centrum semroy ale

The iterpret ttion of all these findings 1s not clar Tts possible that
Alvord s (2) findings re the expression of a retarded mvchimation but

whether spearfic of and due to the mctibolic disorder of pheny the tonuri i
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1s uncertan smee httle 15 known ibout svehntion i severds petarded
fants Strking demielimation s desenbnd By Bendy (G et be the
eceeplion stce 1L was not obsers od m am other case reported In this
connection 1t 1s interesting to mention 8 peronilh observed phemd
ketonune showing no neurologieil mmlestations who 2t the age of 28
vears developed & progresane dieise chatetertzed by motor deficit and
tmental deteriotation Post mortem the tvpieal festons of chulder ~ dise e
swere obsersed grossh Whether this cast Tepresents 1 chanec combmation
of the two conthtions or 1 further evudence ~ugESng 3 tondencs o
meln degeneration m phem Iketonuns  ondy wditional obwrvations
will indieate

1t appears 1 concluson from the dita avulible thus fr, Wt no
defimte statements cin be made concermng worphologiest lewons of the
central nervous wustem which underhe the stnking mental ntardation
characterstie of phemyipsyrnae ohgophrenta

Pathologeal findings outside the central nervous sistem ane bitted o
scattered observations Hypoplasia of priutir and testicles (60) Tk of

chromophilic elements of the prturtact glind (1) fatty degeneration of the
ter (25 71) have been reported

BIOCHEMICA] FINDINGS

Themlpyrunic obigophremy 1 chiracterzed biachemcatly by the
preseace of abuormaily ngh tmounts of phens Tadyome and s densatnves
w the Yoy Buds

‘Pkeny?alumne can be demonstrated by 1 irious methods ncluding (1)
\( ‘\e nration method of happeler dler 397 and its \anows modifications
a 10 01) (2) muerobiclomenl assars 85) i (8] enzn natie cony e rwan of

e qgm;o 0 into the corcespanding amene (93) Onlbs the List method 1o

i\:‘t::a(;“:\: ‘;:\l\‘\‘n‘:\a))am‘n;’ the other 1no measuring tho s deamnated
wh shouy!
it o o e shou) he remoted by extraction pror to the determ
‘:‘\“&‘}\er:‘::a; ;; Thent thetonuries phem lalanine s present m guintity
o (‘xzw A 103 gm per 24 bowr (52 3> 90 53 02 101) while the
i gt wm normal mdn g luals averiges 016 gm (36) In the blood
g o eent ?"n‘\li: Per cent an found as comp wed with a rangeaf 03 15
6183 ng per :‘:’t“:“‘\“:("j 39 52 99 101) Inthe gpnal Rl valuesof
ot ot en reparted (12 22) m wweat § 10 mg per
Phenylpyrunie ged
may be

Wdrsaone (D 157 € g5 11 3 1y + v 85 15 24
demonstration 1w s mple the kit ;6 2 e cent) T
~iliutson to the ac 1\ﬁml\mnercsu!; e e of fome sblorde

311 inintense green color This reaction

dimtropkensl
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cm be applied to the quantitative determination of the heto acid i the
urine (8, 87) and the blood (56) An alternatve method extenanely used
but less spearfic stuce 1t measures the total heto acids, 1s brsed on the color
reaction obtuned by alkahzing the hy drizone of the acid (43)

In the urine of phenylhetonurics phentipyrunic acd 15 present
quintity sarying from 093 to 2 gm per dav (25, 32 38 51, 73 83 101)
m the blood, from 02 to 14 mg per 100 ml of blood (56) No heto ads
hue bon demonstrited m the spinal ! Tn normil mdiaduals oo
phenvlpyvrunic 1ad cin be demonstrited erther in urme or m blood with
the vl tble mc hods

Phenyllactic actd w s volated for the first time from the urne of ¢
phemilhetonuric by Zeller (103) nd repcatedly determined i unne
(9 25, 54, 101) Its v 1lues are bhelow those for phemIpyrunie acd el
from 25 to 75 per cent lower It should be noted however that the quanh
tative methods used thus far are not entirelv siutisficiory since som¢
pheng lacetic acrd 15 tlso determined i the test used

Phenylacetic acid w ts demonstrited for the first trme s the uwne 1y
Woolf (102) It 1s present mosth conjugited with glutamme (102) md
partly with gluewranme aaid (unpublisked) m amounts sumlar to or lower
thn, phenylpyruvic rwid Quintititive methods are not entircdy satis
factory smee some acid 1s Jost durmng the process of extraction The sod
also present m the blood (unpubhshed)

Other metabolites The presence m the urme of phon thtonunes of an
umdentified cther soluble keto aaid which reduces Briggs reagent wis
reported by Berrs and Woolf (8) 1 substince with a VP 200 222 grong
an amalysts C 6314 11460 N 1403, nas nol ited by Dobrimer et 1l @4
d 1 possibly sinnlar mitrogen cont uning met iboltte w1s damonstrited by
Cowie (23) The presence of abnormally lugh amounts of p hyvdroxs phenyl
lactie p hvdroxs phenilacetic and o hndroxy phem hieetie 1ad s been
reported (18}

Tt his been clumed (71 73} thit abnormally lngh amounts of ammo
acids other than phemvlalamine are present i the unine of phenylheto
nurics the condition being conscquently elassificd in the group of amne
aexdunin tagether with Irtncom s syndrome ind Wilson s diseise (18)
Ilowever chromttographie wnalysis of ammo wds m phem Thetonunc
unne using Moare and Sten s techmque (76) showed that the only amno
aaid present in abnormal unounts 1s pheny lalinine (94)

Ferding experiments

The effcct of yamous dicts upon the content of phum hilame and 1its
dervatives of the bods fluids m phenylhetonuria 1s of consider hle sig
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mficance Proten stanation reduces considerabls  the unintry l"“‘l’“l
of phem Latsnme i metabobites (1) Pratonged feeing of an adequ ‘l“
det contamng all idispensable mmno actds but phemiddumne results
n the dwappearince of wrmirs phenilpyravie and and & reduction to
normat of phentlalintne output (4 9} Diets neh m protems increase the
wrinars excretian of phens lahinme and deratives (1) Symtir effeets ure
woted tn the blood content of hoth phenslalimne and phensipirusie
acid (o1 56)

Feeding DL-phensddanue results a conauderable weretse of unmary
exeretian (20 40 51 83) and mereuse of bloo § content (40 52) of phem i
Qanme and metaboktes The 1 form appers to eanse greatiT nerease of
urmony output than the T form (51) T should be voted that fecding of 1D
or DL form {5 10 ;) to normal medssduals produces <hght hetonuris,
whie the same amount of the L form 1s completeh metabolized bt the
norm\{ orgamism When protems are fed the higher the phens!ihinime
content of the protem the greater the onty ut of phen lalwnne and phens t
prawnvie actd This can be easih observed by feedimng equnialent {in Nz}
amounts of gelmn {phettlalamne coplent O 405 per cont) of et
(pheny lrjanmne content 45 5 per cent) (51)

Feeding of phensipy runic aei} to phensWetonunes resulls i an ineresse
of urmary output (51 83) an1 hlood content (56) of the keto aerd some
50-73 per cent of which 15 excreted as such In norma) mdindutds the
pereentage exereted after feeding 15 siguficanths Jess (56)

Feeding of pheny flactic aexd has results sumlar to those of phem Ipy runic
aod (51) Freding of phenvlglycerd phemipropsomse and phem breetic
s ls causes no changes i phem delanme o pheny Ipvruvic unnary output
(51} o effeet 15 noted following wRestion of 1 rosme and ats Qerss ut es
(p v drows phemyiprrunse doby droxs phens latanine homogentisie aid) or
of other amme ands (51)

In order to eomplete the biochemcal picture of the dsseace a few
mx;m\lnnﬂi\’\\s o\s;er\ almn: ;m\ be quoted

erum bt et an | hudney protems from phers Iy
vield no .L\ﬂ‘crenﬁ from the normal m phensial m,m.p mnlv:l‘:;‘: \‘ c| :,:“:,’.ci\_s

- st e smutoanee desenve confirma!

ffigher than vormal s alues m the Plasma glabuding have been repe ed s

Bram o gen consuimplion ts Jow {47y peed (61)
It has teen o

oyl i\:‘ (;‘a\mw.l that teuts for b patie functions shem ot n

The ob er
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e be apphed to the quantitative deternimation of the heto 2ol im the
urine (8 87) and the blood (56) An alternatn e method extensnely used
but less speeific since 1t measures the total heto acids 15 based on the colr
reaction obtuned by alk thzing the v drizone of the acid (44

In the urme of phanthctonunies phenslpyrunie actd 15 present m
gquintity varving from 03 to 2 g per day (25 32 38 51 78 83 101)
m the blood from 02t 14 mg per 100 ml of blood (56) o heto acids
have been demonstrated mo the sptoal fud In normnd mdinsduad 0o
phemIpsruvic acid <in be demonstrated either m urme or 1 blood with
the avadablc me hods

Phenyllactie acnd w 1solited for the first time from the urme of 2
phemikctonunic by Zeller (103) and repeitedh determmed m unne
(9 25 54 101) Tts values are bdow those for phenyipyrnae aod wsually
frnm 25 to 75 per eent lower It should be noted howcrer that the quink
tutne mcthods used thus fir are not «ntirdh satisfictors smee some
phenmlicctic weid 15 also determmed m the test used

Phenylacetic actd was demonstrited for the first time m the unne by
Woolf (102) It 1s present mostls conqugited with glutamne (10%) anl
prth with glucurome acid (unpublishcd) in amounts similar to or Jower
thn phanlpyruvic acid Quantitabive methods are not entirch st
factors smee sotie zed 1s {ost during the process of extriction The aeud s
also present m the bload (unpublished)

Other metabolites The presence i the urmc of phens lhetonuncs of
umdontified ether <oluble hetn wid wineh veduces Brggs ragent 83
reported by Berey and Woolf (8) A substanee with a MI? 200 22 (v ing
w walyers C 6314 11460 N 1403 was wolited by Dobrner et 1l (39
and a possibly aimular mtrogen contumng metabobite w 1s demonstrated Y
Cowne (23) 1he prescnec of norm v Ingh umounts of p hvdross phem!
lactic p Indroxyphemlicctic and o hyvdrony phem liectic 1eid has been
reported (13)

It ks been elumed (71 73) thit abnormiih high nounts of amin®
acids other than phemylidmme are present an the unine of phem theto
nuries the condition temg conscquenthy elissificd m the group of amuo
acidurie together with Frinconts svadrome and Wilson ¢ disciee (i3
Iowever cliromatographic analvsis of ammo acids w phens Ihetonune
urmne uang Moore and Sten s techmgne (76) showed that the only unme
acid present m abnormal amounts 1s pheny Lihme (94)

Tecding expertments

The effcet of 1 rious diets upon the content of phamlalimne and its
dersatnes of the body fluds 1 phentiketonuriz 1s of conaderible &
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phens Ihetonune wnnes of m Wndroxyphenslacetic and m 1;‘1 d:‘“\ ::‘;“3“‘1
tactie and wineh are alwavs \’re~enl]m n;wkrn‘nl ::-‘:E] ;)0\\ d sURR
+ hatson 18 af-o defectin ¢ 1n phent hetow
" ‘;::‘:r;:ahk:m:i the relationshap f any of the wmetal olie error ﬁ»‘{hc rh?\\:\‘\l(
symptomatelogy 1nd partientar tothe mental deficieney 16 st um‘u‘ .
1§ one sccepts the Wpothews of 2 causal relationsyp + nous possinlitn s
present themsehes for conaderation
1 Phemlalanie deficienes  The metabolism of phemltinme an
essentidl ammo id bemg impared, defective strictuce of protems,
patbicalarty braw protem tway result Agamst this hvpothess s the
fuding of normal phenslalamine content of varous tiswes 1 phens)
Letopunia (11) The possbibty temains howeter, that phem)ihinme
M not be aylable at some cntical stage of developreent of the hrim,
for wstance durng myelmogenesis, thue explaning the myelm dedeet
which has been describedd 1n the disease (0} This powibility, to be sure 13
pureh speculatise na evulence of any tvpe bewg avanl shle to support it
¢ secondary tvrosme defioenes Themldamwe bowmg o souree of
furasne m the notmal W the phensihetomune less tiraune 19 aunlable
thn i the normal {gainst ths possbilty 1 the findmg of normal iresme
valie m the blood of patients and the fact that the addition ta the diet of
large amounts of trrosine for as ong as © nionths {23) produces no change
i the climead preture
3 Touc action of phemhlanme and dernatnes Jn faver of thig
Dosstbeits 15 the finding that experimentally m the gron g rat the addition
to fhe dhet of phem Yelamine (3o per cent) reaulls in the death of the ammat
(unpubbished) In one patient wn adequate diet tors low 1n phens latamne,
produced an spprecuable wnprovement i the mental status and when
phens falamne was again gren an immediate and deanatse detenoration
Wy ebserved (9 A suollar phenomenon was obwerved B Xrmstrong (4)
Thes mterrsting obeersatians deserte confismation ¥7ct e A eshiprtory
thenselecs were unsble to duplicite them
 tlos tosie v pothests 1s confirmed the metabohte responstble for the

toxie effcet shoukd be wlentibed The finding that there 55 no correl tion
between phem hilanme phemIprrnie an

d phemy Hactie and

TQ (0% 56) woull suggest that thess m‘:'l"lboh(es are no(;.m:\‘;,::l\x?:;‘

atthough m o cases mildy defectsy e phem fketonunics were found 1

exerete very Wtle phentipyruvie nend 23 43y Phenvlatetic acid hins } .

tuenminated I Woolf (101} and p by drow slennt wod o redror hx-er;

comspounds by Boscatt and Bichel (19) but the data wre t A phety

Watrh smy defimte conclusions 00 seanty to

The ¢ stipet poscbidits finalls should be stressed that the rel

of the metahol ¢ error 10 the chucad s mptomatolog 1 not g m:ll:{\slup

ong
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tion Scdimentation rate has beon re ported to be mereased (71), an ohsenia
tion not confirmed m 20 pursonal eses Incresed cretne output has
been described (89)

"Lhe problem of the btochemical nature of phenylhetonuria his been the
objcct of conmderible mvestigrtion Severil hypotheses huve Leen
adyanecd

1 "The crror consistsof v block i the metabolism of pheny lal e at the
stage of phanlpsruvie aad (83), the unmetibolized vad would then be
cxercted m the urine Ihe prosence of Lige wmounts of plicn il mme m
the blood, the ability of the patients to amm ate the ke to aed (52) and the
gencrally aceepted fict thit plem Ipyruvic aeid1s not & norm i} metabolte
of phamhilimne m ke this by pothesis mmprobble

2 The error consists af 1 abnorml rac iz won of phemhihinne, e
naturidly occurnng L form e mg converted by the phenylhetontne
orgamsm mto the D form which 1 subsequently deammated m the hdnevs
nd excreted as phemypyruvie aad (41) 1he finding m the bods fluds of
prtients of onlv the L oand nover the D form of phenvlalimne (41 8)
seams dufficult to reconaile with this hy pothesis althaugh there rem uns the
possibihty that deammation occurs at a very fast rite, preventmg the
accumulation of mycasur ible amounts of 1Y pheny lalunne

3 The error consists of a block age in the com erston of phem ilame into
trrosine the unmetabolized nnina 1eid would then accumul ite m the bods
flud and be cxercted 18 such or as ats de wnm rted products phenIpyrunie
plienyllretie and pheny leetie 1eid 3)

The followmg findings scem to support this Inpothess In mormal
mdnidunls, but not i phenslhetonuries the mgestion of phent halinmne »
followed by & tamporary merease m the blood of t3 rosme Teacting sub
stance (53) In normil mdividuils but not m phem Hctonuries feedmg
of 1sotopie phemy Ialanme rowults m the presonce of considerable amounts of
labeled tvrosne m the blood protans (99) In the nornil but not m the
phentlketonuric liver an enzvme «vstem 1 present whieh eatalvzes the
cony ersion of pheny Il mme mto ts rosme (57

- falare

e
very partial conversion of phonyllinime wto tyrosme mayv be expluned
by the prescnce of & still unhnown alternatine metibolte pithway It s
pnwhle also that m the phanlhetonuric defochive cnzvimtie syvstem
mlubitars are present or cof wetors absent (99)

Tt 15 tempting to consider thes charicteristie f ulure of paraliydrov lation
as strietls speific for phenmvhihwmne n fact antiprrme 1 normndh pary
hydroxs lated by the phemylhctonunic (99) However the absence in
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93) In the Bernstem method 15 the number of chldren per sindvp,

n, the number of s member ks, £, the number of affected chuldren

5 member sibships, 7, the theoretieal expectation of ffected elnldrin
ap

b _} g s pu

cach & menber sthelop which 15 guen s the formuh

assumed  prion 1o be 025 on the recessne npothesis and g = '] -p
The quadratic error w15 2,{q — srg”) In the Wewberg methend, 0, v the
nursber of ¢ member sbemps hawang ‘probands’, & thar wamber of
affeeted children. 3,18 the thearetical expectition given by the formula

pi-U-AU = o, npresents the ascertawment mte!
1~ (1 -y

plp ~—
and 15 expressed by the ratio of 3%’7—:—‘;—) as gnen i dable 4 In the
Tanz method 0", 18 the reduced number of 5 member sithiips abtained by
adding for each famiby the ratio of probands’ to affected children, p s the
number of probinds n the s member sibships

Tt muv be scen that 1n both Wemberg and Lanz e thods, the dificvenee
between expectation and observanion 1s will witlan the standard error
For the method of Bernstewn shuch 16 cotreetly applied onh shen the
matenal s collected at random and not as 1 the prosent case, watl &
certmn chotce the difference 15 thtee times the standard error

It appears m conclusion that the appheation of adequate statsshien)
methods mdicates a ratio of affected to normat clvldren compavble with
the hy pothests of a single tecessive autosomal gene

Mating of affected indrrdnals

Becwse of the very nature of the disease, it 1 not Lhels that mam
phiens thetonunes salt have offspring There are i fact, onlt 5 ;nstances of
mating of phent thetonunes In three personil crces the fowr off\pring were
narmal thus conforming to expectation on the hur the wgle
the
ence
) 1 h grade phen { .
u o Tuge u1a righ grade phens etosune woman
In two other famibes the mating of an affected with an apparently nocmal
mdinidual resulted 1m two normal and tyo afferted (50), and one normal

aud one fected ofigming (18) 07 the hspothesss of 2 smgle 1
gene thee crces e Lo

be explawed onk on the ha

ridhy aceept thle ncuy

that i esther famih the apparenthy norawal garent was \\v\cm::;::::
t

ther S e s th i these fanithes « mode of wnhentance

o record ewists of the mabng of two affected indi iduals
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The tno phenomen, brochenuel and mental defect, may be the expre <o
of 1 geme action, plewotropre m nature 1 he role of the gene m the determu
nation of the biochemmc 1l crror 1 seen i the gemie actinity of svnthesis of
the puirticular enzvme catalszing the conversion of phens Itaniac to
tirosie It s hnown m fict that the field of action of the gene may be
restricted Lo a single chermeal step in the metabolism of an ammno acr 1 (45
The role of the genc i the detcrnmnation of mental defet 15 nat dewr bot
other examples of genctically deteenucd types of mental retardation
arc known

CPNEFTIC ASPECTS

Suptrfieial exammation of the climed dita cdearly shows that phem}
Ketonuria 1s often n fanmhial disease Out of 266 abships i which suffiescnt
daty are 2 nhble 46 per cont have two or more affeeted sthy 1t the
sibships with onlv one member are excluded the figure rises to 53 per cent
The crude ratio of 1ffected to norm 1l sibs in the total sibshaps s 62

In Jarge scries of patients (41 50, 78) analvsis of data has mdicited thit
environmental agencies plav no signific it role i the ¢ s ihon of phent!
Letonurny wnd tht the conditon 1s csed by a single autosomal recessne
gene The genetic studs as fralitated by the fact that (1) the identifiertion
of the condition 1 simple and exact heing marde by a chemieal test (2) the
charieter scgregates sharph affceted mdriduals beng entirdy different
biochemrc il from nan affceted ones (3) the disease fulfiils the requirement
of bemng + wuty e a brologteal (rochewnel) sensc

It sccms of intercst to anth ze all dta as ulable thus far m the ight of
this hvpotheas by taking mto conwderation (1) the correeted vile af
affceted to normal cluldren in the sthshap  (2) the rite of pitern 1l consan
gumty  (3) the distribution of the condition among coliaterd rehitives

1 Rateo of affected {o normal children When both pirents are norma)
(heterozygous) asm almost 1l the cises of pheny Thetonurin the theorelical
pereentage of ected chuldren 15 25 per eont on the b pothess of 1 sngle
autosomal reeessive gene Tn table 20 the results are gnen of Wonbags
sib and proband methods (83) 15 applied to phen thetonune fumbies &
1 the number of wibs m the fimly ¢ the number of fceted aibs p the
number of pruniry cises ( proband ) from wiich the mvestigabion of the
fumbh started G ewes usually observed m omstitutions or hocpxtn|~)
It may be scen that the pcrecntage according to the  wib method 1527 4,
the difference betwaen obiserved vilue and theorctictl (ypectation bemng
within the stmdird error The pereentage according te the probnd
method 1522938 the difference agun bewng withwm the st ndard error The
Ihtter method 1s more Appropriatc to the ts pe of famly material presented

In table 21 the matenalis arranged according to thrie a prion methods
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= = 100 = = 3787 4 25T
Rl AT W
Yrol an{” method
Ipt - 1
P=100

24
=100 —= 238 1 266
Tpls —~ 1) 992

Famhes 1 to 136 are {rom personal ol seration 135 10 192 are [rom Munro (39} 193 ta
14 from Follng et a1 (411 The ofher tamshies ate T the lolloning references 2 to 233
(33) 223 t0 22) (€3) 230 to 233 (92) 234 to AWT (16) 239 20 (W0) 240 2N (T W ta
2 (T1) 21610213 (101) 249 220 (13) 221 (29 252 (30) 253 (31) 231 (1%) 233 (°9)

236 (100 2,7 (61) 238 {60) 230 (19) 260 (671 361 (20) 267 (5, 263 (°3), 64 (AS), 263
69) 206 (9)

2 Rale of consanguumify Consangmmty among parents was found m 8 of
the 146 families personally observed (3 3 per cent), n 3 of the 47 fanules
described by Vunro (10 per cent) (78) and in 4 of Folling s (41) 23 sibups
(17 per cent) The percentage of these combined data 158.33 Other 150l ited
instances of consangumity have been reported (27,60 74) Itas well known
that the ratio of the frequencs of a condition in offspring of consanguincous
marnige 1o s frequencs m offspring of unrelated marmages 1s Tugh in rar

1
recessne conditions Using Lenz formula (93), ﬂm where a 15 the
metdenee of couwn marniage n the general population (abont 3 per eent),

and p the gene frequency of phensiketonuna or the square root of the
mardence of the condition in the general populition 0 004 per cent (sce
page 261} the expected merd of

whichisclose 1o the obsers ed ineadence 8 per cent g Tperent,
3 Destribution of the condition among relateces other than sibs Datr o

hialf stbs nre avartable for 63 wmdn iduals (41, 50 78) 63 were normal ,

theoretieally expected The two exceptions occurred in one fanuly “‘he’l:
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THREATMENT

Taies of the fact thit several vtamins are of sigmificance in the tter
mediry metabolism of amine acids thimne (50 mg/dar ) meotyme nerd
500 mg/davy pridosme (3 wefday), atrevorum {actor (3 me/dn )
ascorbic acd (100 mg/dan ) were admunstered for one week or fongr to
patients hept on mtrogen constant diet No change w18 observed 1 the
output of phensldernatnes (unpublished)

Glutame acd was used with marked improvement of mental per
formances by sote i estigators (31 68 71) These results e not been
confirmed (101) Personal observafion of pitients who were gven Tngh
doses of ghutanne aeid for sever d months was hewise negative Adrna
carticotropic hormone and eortisone admmstrition produced merease of
phemilernatues output for a few davs but no improvement 1 mental
con hitton (unpubhished)

The extraordinart results of feeding + dirt very low i phemy Ialanine
14 9 have alreads been mentioned (page 266) Remarhnble 1s the ense of 8
pitrent {9) sho showed relapse i his mental status whenever the diet was
supplemented with phemialamne Transtuson of 4 pitient with large
amounts of blood from a normat donot was attempted 1 one case (30 31)
without demenstrable results on the metabolie errer

The demonstration that the cnzyme <istem whieh catabyzes the con
version of phent lalanmue mto tsrone 1s defective i phem Wetonuna (57)
mahes 1t possible 1 the futnre to attempt a trertment of the metabole
arror Af not of the mental defect with enzvine prepatations

\lthough the disease 15 clearh genelic m nature preventine measures
are Lmted in scope Sterdization of affected indiiduals appears hardls
yustified i the majority of cnses sinee proereation 15 sharpls homted by the
mteflectual condition of the patients Stenbization of the heteror goteo
theoretreally pustifiable f detection of the carner status could be posuble
weuld insolse the staggermg figure of 1 ver cent of the general population
{86) There 1s sufficient ground howeyer 1p discourage parents of phem )
titg:t&:ia‘:ror:\ having other children and 1o advise members of phen]

ulies against consanguineons marnages

DISCUSSION
DrP w1

&
af tlat son

Dz & Nasn ffixsvon (W nston Salemy \ € The carein] an e {1y ony
= st {fxenvon {0 Sddem N ] i Tl anl deta fe U imvestigat
!
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TABLE 21

1 priore methods

Bernstein Wemberg Lenz

s
. | t | xne ! myng o | v | vante | mywta | o0t l » | ey |m’.n'.
134] ss) 30000 oousi| 34| 3100 000300 54 3100 o0
2455) 70 6286 671 55| 63) 6512 6694850 57| 55 ;s: 59
/511 ) 6615 1841)50] 75] 7063 8504283 56| 56001
41451 68| 6583 1800 49 66| 69 16{ 963 [3300 52| 5559 %
5{29] 50| 4589 1657 27| 48| 49 49 8 10| 21 16] 33| St 128
6loa| 45] 40150 17orfe2] 5] 4561 660|150 91| Wwene
7T(10] 22| 202] 97010 22| 2261 $91| 842 15| 1701 817
8 8} 19| 1778 88y 8| 19| 198 $75| 466 11§ 1036 548
ol 4] o] o978 552 4 1078 200)] 316 7| 769 436
100 50 16/ 1323 796 5 16| 1455 295( en] v| 68 58
) 8| 5] 861 541 3| 5] o4 177 250 4| 719 43
120 8] 12] %20 406 8| 12] 1003 18] 00 4| 28] 186
B[ 1] 4| 383 esm1 1 4 35q| 071 oex 1| o83 037
— ‘ 432 | 897 06| 117 (v[ — | 428 r 42 osr 56 26 ! - ‘ 312 [315 19] 8983

Bernstein method  Daffercnee (432 397 06) 3593 Standard error 108
VWenberg method  Differinee ($23-423¢03) 169 Standard error 75
Lenz method Difference (312-81519) 819 Standard error 94

the father hnd marned two sisters, both matings resulbing in some affected
duldren A study of the merdence of the disease among cousins of affected
chnldren would be of mterest, but complete data are avalable only ma
himited number of cases (10, 50, 78) There were 2 affccted cousms m the
personally obsersed matcnal, and 210 571 cousms examined by Munro (78)
These figures conform to expeetation on the recessne hypothesis, the
theoretical percentage bemng of the order of 03, assunung the madence
of the discase 15 0 004 per cent

TLankage

Although the materil provided by eases of pheny lhetonuna 1s partict-
larly switable for inxestigation of possible inhages, no conclusive e wlence
has been obtamed m this field Data suggesting hinhage between the
disease and the ABO agglutinogins have been published (23, 78, 85) but
this linkage, if present, 15 nat close enough to permut wlentifyng the
lieterozy gous state of the condition

1t has been suggested that the hetcrozy gote for phens ke tonuria Jhows
tendency to become psy chotic (82) but data on large werics of fimilies have
fatled to confirm this interesing hy pothesis (50, 78)
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3 \\":!“TI:\“ G o Creresazest § Sallolignlmni fen frruvica Giotn pachurt e
coarputel 82 07 105, 1953

5 Anustrong M 1) Tersonal communication

5 Dates R M Theee eases of phenmyipyrisic ehgoptremy 3 ment 8ot 80 27 225
1939

6 Bovwar 6 Dol frewa fumlprrumca o fenidehetanuns o misbaitn b Filng B
sper & Frenat. "> 69-893 19a1
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With phenyfhetonuna B ochem 3 In press
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muon gen Sebwrr Arch Neurol Pavchiat 49 62-69 1040
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that Dr Jersis hns summanized concerning the genctics and biochemustey of pheny lketonun
m1y well serve as & model for work i thes fickd Tl whole story of phenylketonunr from
the fiest recogmition of the metabolte defect as a cliuenl enttty to the pipomtig of the
defect to the absence of a speetfic enzyme responsible for comversion of phenyhlmge ity
t3rosine 19 a very sigmficant one Severnl yeary ago Punroe pomted out thit no single gene
wdentified as heng responsible for any vancty of mental deficiency accounts for as much s
1 per cent of the total load of mental defeet m our populition It scems hhely that there
should be a numiber of other specsfic sy ndromes st concenled m the large rest fual group of
undiffercntiited mental defect Cortamly the tecitment of mental setaedation s one of
the discouraging aspeets of theripcutica Hope for improy cment m tis field hes in worh such
as Dr Jervis has proseated, amed at discoverig the speetfic abnormality underlymg the
condition The newer hiochenucal technques that hase been descloped reeently, meluling
the use of ridionctise 1sotopes and analywis by paper chromtography, may welf offes nen
tools for comtmed genetic and achenncal attack on other problums n ths group Tie
s estigations that Dr Jervis haa described in conncction with pheny Thetomri1 shoul 1ot be
loohed upon a4 a untque sittatron applying only to a small fraction of meatally retand
patients, but as a model of what might wll be sccomplished by applymg these and othet
approg hiasques to other problents thit now rearun obscure

Dr C Grex Kine (New York N Y | I would ike to ash a question—w hether there 15
any evidence that phenylaliune tolcrince tests might become a means of detecting the
earniers prenatally It would seem to be quite an nnportant devclopment in terms of the
mnagement of these indnrduals of such 4 tost coulil be controlled

Prestorst Hoostk Wo have a question from the floor from r Mark Zeicrt of Freeno
Califorata * Please diseuss the effect of jrundice on the urue test ™

Dn Grongr A Trmvis (Closimg) Concerning the feeding of a low phenyhlinme dit
the fiest expertment w1 done by Bickel 1n Frglind 4 dram stic mprovement tm behu ¢
was noted 10 a Ittle el one year of uge When phemDilinme was agim addod to the det
the Dchay tor changed agun dematically Dr Brckel wrote me that he w18 not able to coufirn
these results i another patient Dr Armstrong in “alt Fahe City obtmned sumlar eesults
1 8 young child who was fed this diet over a pertod of sty monthe We have started st
expcriments but so far we have not scen much result as far as 1Q changes are toheerse
Inany event atiscertamly very anteresting that for the first tune one ean mfteence remarhat e
the behayvsor of a patient by changing s dict

With regasd to the fact that most pheny the tonurics are of the blonde type 121w sl
that there 15 a very close relitionship between przment fortn ation and ty rosne metal dw
However n phenylketonuna I would be anchned to think there 19 no connection Heineen
metabolic abnormhty 1nd Tick of prgment It would Le difficult m fict to explun the
ocension 1l prescice of pheny hetonura i individuals with dark shin

Canceruing the very import int question ashed by Dr hing about the posablity of
teetg the heterozygote this would be of course n fundamental prece of rusearch in phem!
ketontma Thus f1r, no biochemnenl diffcrence has been found §etween heterorygous of

fnows

d

vormal mddividuds )
Concerning the question of jiundice ferete ¢ Moride uas grse a grecu calor ue wlerie DI

Otlice brochemical tests are neccssary in such cnses and the hydrazone of phenylpyrnie
J should be dentified Lhe grecn chandc test a8 sery uncful for screemng pumoses
RETIRINCES
1 aumwess A 4 Colonmetric estimation of phens Itanine i some biologienl proructs
J Biol Chem, 155 291 208 1944

acH
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CHAPTER \MI
NOERITANCE OF' NEUROMU SCULAR
THE I\ RSEAS

FRANR JT TYIFR

The more common hereditary dicorders which mvolve the neuromuse ulir
apparitus otn be dinaded for comemwnee snto the muscuttr dystrophies
and the newral atroplues In addition to thest dionlers aflecting the
anteele celts nnel the nerve tssues respectivelh there are cortam functional
shrormahties winch affect the neuromuseulir svstem such as penodic
paralysis

T thus veport studics af the inhenitance of neuromuscultr disease 1 the
Laboratory for the Stady of Hfereditars and Metabolie Disordors wall b
wmmized In most st inees our pproach has been the careful stuby of
all available metahers of a pedigree m whick a given trmit > hnown to oecar
By anahvus of these dat the pittirn of heritaned of stveral of these
dnorders ks become quite duar In addition 4 more accurte picture of
the chmcal chirietensties of the disorders his been obtained beeause ¢
has been pos ibie to m ke 2 wide random sunphing of the chineal mapfes
1avons of the genette trast This ehimcal mformation 1 2l of great ad in
sientifyng the munnmally affected and m exeluding from the presumably
alfected group subjects who has cother ts pes of neuromusenlar discase Lack
+§ arcarate primary data frequenthy fins fed to confusion i the ol der
literature on thus subject

tmong the several hundred patients with musenhir dyetrophy whom
we bave oheerved all but six he the chiractershies of one of thres redy
tiels common wyndromes faciasepulohumeral, childhoad or m otome
&y strophy (1)

Some vewrs aga we presented o buge pedigree sn which mine cvees of
facwoserpulohumeral dyvstrophy (Bgs 47 an! 48) were found (2) The
4 mmant charatter of the wwherstance 1 ths pedigree 15 ey dent, it g
ronfirmed by the anihvws of the chuldren of the bathrose matings in
tible 22 s trait 15 exsily, recogmizahle 10 adalescent patients or 1 older
\t\;:: w:\“:u; 1 extremels 1 lr:-'lhk\ mls wevent A< mdieated m table 22

e o e o o bl

grees in whiel fewscapulobumeral dstrophy 1 presant i
of Medicine Lnteern y of Ltah Sehoal of Medmpe
!/

Erom the Department
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1§ €0 88, 1947

Atk G Boltgophrenie phemipy nnvque ou mahidie de Folling tan Med Poybel
103 837 35,1045

Parwro ' 1oligofren fonilpirnvien Lavoro Neuropsichiat, 8 101 197 1%1

Peanost, T S oo easts of phemIpyruvse amentin (PhensThetonum) Janeet 1
28 28 1035

Pesnose T8 Inhcritancd of phemIpy rusic amenter Tanect £ 19% 193 1933

Prarose T S an Quastrn, T IT Metabolie studies in pheng lhetonurn Bocl 1
T, 81 2cG 274, 1937

Pranost TS Penpheraluierse tumors in a case of phens fhetoruny Tancet £
1930

Penost T S A search for Imhage between the A 1 O agelutimogens an] phem!
ketonuna Amer T Nent INE, 70 & 1945

Pearose [ S PhemsIketonunia Problonis in T ugones Tanect 7 949 053 1940

Povovowsat M, Diacirz P oasd Ditnvnr 1T Metholes de dong d Laewde
phanipyrseque dins Turme Bull Soc Chin Biol Prewe 20 104) 1054 1917

Purscor B A Bowrn F Brecuen 4 anp Warnson 1 Vicrobuoltogend determa s
tion of T and D phemslalinine and of pheny Ihetie aed J Brol Chem, 191 ¥
1940

Pocr © 1A The wee of eroatime ercitimine ratio § Ment Ser 96 210 213 199

Rurts M oAb Sroenst B Comsersation des urines contenant de Tactle phemt
pyruvique © It Soc Biol Pans 127 807 S0% 1936

Roce T aso Micnee R Note sur Je dosige colonmetnique de
ks protans Bull See Clum Biol Paniy 25 813 817 1946

cnmsrer O Zur pathologische Phy siologte des Phens lbrenztrabensauee
Nerventrzt 27 175 180 1959

Sartiz B Methodih dor medizmische Friforschung under beson Jerer Beruekt
achtigung der Psychnitnc Leipzig Thieme 189 pp 1936

Stern W 1T Personal communieation

omrrsnory ko Ohgophrense hombimcrt mt
92 81 8¢ 1951

Tiresy R Daawwo 1T Deensve 1T swvp Dreniree 1 Présentation clnique
Qun mihd attemt d oligophrane phimylpirusique Ann Med  Poyehol 10
C53-07 INT

lemis B oo Dicaese H oL ohgophrdnte phény Ipy ruvique R
enlrnce Sum Top Pans 27 315 334 1915

Upewerienn 5 avn Coorrst T R Assny «f 1 phemylatamne as phens] thylanme
alter enzymatic deeatboxalition Apphiewtion to 1se topre storly ¥ Wol C(lom
207 953 060 1953

Topseriesn & The hydrovyhitton of phens lhinme and antipy rine 1n phenyfpy e
ohgophrenna T ol Chem 703 961 966 1903
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TABLE ¥
Nermal and dystroph ¢ ch ldren of back eross mat ngs 1n facwowapulokumeral progresnce
museular dystrophy
Phrootype s Observed l Catetated
ormal (dd) us 196 5
Dhystrophe DS o 136 5

» simitar number of patients In each the pattern of mhentance equalls
dearly domomant We Bane alwo shsenied the trat w13 addivional pedy
grees of whuch a smaller group of people could be exammed However, 1n
each the data are consistert mith even {hough not extensne encugh s
prove a dominant pattern of whentance Althouph we have not detnon
strated mdubitat nples of new of this trsit they will un
doubtedly appear Tlowever m the lightof the bumgn character of the trmt
and the nearh normal reproductiveness of the affected members onh
rare yutants are tequired to mantamn the present high population et
dence of this disorder

Chydhood progressive muscular dystrophy has been ohsenved w n
{arger number of pedigrees (3) but in fewer total patients than the previous
disorder Mam of these pedigrees tfig 49) show the disorder i muliple
wale chul Iren of 4 female line Such a pattern suggests sex hinked recessne
mhetstance Analysis of the pedigrees in whieh multiple eases han e occurrd
{table 23) shows that half of the male chuldren of the female Line are

drstrophue Such data leave hittle doubt of the sex finked recesan e charae
ter of the trait

In a number of additional pedigrees howerver single cases ar, m one
exammple 2 paw of Wenitical tnins bad thys disease The number of normal
taale offspring (nine or more) of the female hne was suck as ta pyahe i
bughty wmprobable that the recessiie trait hiad been transmatted for many
generations w the female lme (fig 50) Of the posaible explations

?

ok
o
©

v

5

Fig 3% Pedgree of
From Proceed ngs of t
Amerea 1951 [y pevm



€10 condimon vasown T 0 DEOM MFAWCY ORIADEAL TEARS
O sen uwrvamm % Eeawnco 41 ey

Fig 37

2 g5uEslEny

;.

Figs 47 and 48 An extensne pedigree im which facioscapulohomeral dy strophy occurs 4%
a typical domuant trut (I'rom “Proceedungs of the First Medieal Conference”, Muscular
Dystrophy Associations of America, 1951, by perausson)
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CABLE %4
utoton vate of ¢h Mhood progressire museular dystrophy
§ (leolated Pat ents Lornun Liah 3981 W10 XS o yg 0
152000 (T Cf romosomes m Livh 1931 1940)

Mutaton Rate = Lg (1 ~ fertihty) Frequeney of trutsn \ales

1S (Totel Patients born m Ltah 1931 100
18 (Totsl Patients honn 11ah 793 2L
=13~ O = o [Tatel Males born i Utab 1231 19401
=83%Xw?

The thurd common tvpe of museular dystropht, nivotonie dsotrophy,
has becr ob erved in 18 pedhgrees Two of these are sllustrated m figure 51
Ygatnl we see that the trait passes fram generiton 1o generation directhh
and without regard to ses The wmheritance 1n the pedigrees which we hatve
obsered 1 tepical of 3 somabie dowmnant it Hawener, these pedigrees
tentd to Le touch shorter than those observed m [rewoscapulokuecral
dsstrophy The reduced effective fertiity of these patints is probubls
responable It results 1 part from the severe disability present at an earh
age i some pitients and m prt from the gonadal disease wluch 15 a part
nt the trat Like frooserpulohumeral dustrophy s 15 an extremnels
saaable v sk sowe affected members showmg onh mimmal mam
fistations Ygamn the most careful and detaled cluneal examunation of
Patients 1» required to tlentds the mummally affected patients and to
exclude those n:th ather diserses
Gue problem wlich has been the subject of consderable argument
reently 1s the question of the entity of msotoma congemith with myvo
toma Whystrophuen {7) 3t 15 unquestionably true that most patients with
:}l\‘ﬂzﬂhng\; \ﬂ:(s;::m dy stroplue features In adwibon, patients are ovc wion
hgrees of myotonie dustzopht tw whow nw otoniy 1s the
onh apparent anomaly On the other hand pedigrees hay

¢ heen reparted
m which none of a sizeable group had am destrant ¢ .
ok

T 1 I
Ik e

an sty %
£ig 61 Dommant mhentance of wyolonse dystrophy in twa pod grees
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TABIT 23
€1 Hhood progress ve n erlar dy troply
Ind luals nd e ¢ Ine from fist emae
Number of

& ndreds Females al s Vie
Gbnoymal) | (nommal | Gfxe

Mt ple et erts 11 eacl ped gree 5 ¢ oy o

Tolatel s rts P 110 110 13

that can be proposed for these appirenth tsolated cases the oceurrence
of new mutitions secms most rersonable wd e leal ttion of the data by
two teehmques (table 24) viekds the sume s 1lue of 9.5 X 10~ of the frequency
of mutations (4) It musl be recognized however that the sume elnedl
mamfestations might be determmed m these pitients by some compl tely
mdependent genctie mech inism or by same non genetie factor

Ihe elmeal recogmtion of chuldhood ds strophy 1s relatnely ampl 1
has ustlly been culled  pscudols pertrophie  progressse muscehr (s
troply but muns paiticnts with ficiose pulohumer ! dsstrophy md afw
with myvotone dyvstrophs as well 1s prtients with eertun other diserses
so Irvve pscudohs pertrophy of muscle (5) Onr term childhood alo
has obvious objections « g we have recogmzed patients with frctoscapule
humer 1l dvstrophy as Cirly as age seven and severe mntfestations of tte
clnldhood sarcty mav not appear untl adolescence However ot does
avoid the confusion cansed by such terms as Duchenme which have been
used m the tcrature m rcfaring to mmy diffrent truts and the clumst
and no morc «itisfactors terms wlich have been proposed by others ©

67

I (‘)___g
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. mmimw

Fg 50 Arroltelex npleof ¢l 1Moot Jysteojly mag taree 113 ny otbernon i
1 ale clilfren of tle female | e (Fron Ircecl gof the Birst Mc et Conf rence
ropl3 Assocntio s of Atierea 1951 13 pern s on)

AMuysculrr Dyst
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domumant mhentance Tlowerer, they have depended on the famih s
tortes as recorded wm Toutme hospital charts In spate of the undoubted
excellence of the hospitals concerned we believe that such data concerming
the mherttance of human traits zre unrehable

The bmnve obsenved o small nurber of patients without a fustory of
\msolsement of other members of the famihy who have the shmeal and
pathol i of prog ¢ muscular dyvstrophy and who
Quffer from the three groups desenibed The group 15 heterogeneous The
small number of patients yoakes speculation about their posuble genette
merhamsias upproductine

1t 1s our experience that most patients who on superficial exumination
appear to have progressine museular dystrophy and vet do not fit am of
the common 11 pes on tmore careful study prove to have 2 dhifferent divense
{1} We have most frequenti found this dhfferential dingnosis duffienlt m
patients with polvan ositis or infanbile muscular atropht

Two tpes of hereditary newral atrophy ave relatinely commnon Thesw
are peroneal muscular atrophy and mfantile muscular atrophy  Mam
patients with peroneal muscular atropby also hmie sigms of long tract
maltement 1n the sprmal cord  \ varets of combunations of lessons has
been obscried Clinteal findings suggestiv ¢ of corticospanal extrap remdal
pasterior coluton cerebellar and basal ganghion Yesions have heen obserypd
™ vanious combinations together with the distal atropby and sensory
changes characteristic of peroneat atrophs The vanability within 2 peds
gree 18 considerabiy less than that obeerved between pedigrees 1t would

appear that each 1s the effect of different mutation or of multinle yar
closely *

Tn near

mhent

that thes

result frc v vvar g csanstieath related but sndependeny
mutations

Infante musealar atrophy 15 an extremely vapable diccase which
runges from the rapidhy fatal discase of mfancy deseribed by Oppenhberm
o the more slowly progressne netral atrophy beginming 1n ehildhaod
Some of the patients stabwlee at greater or lesser levels of
sunvive to adult hfe We have observed onk a smell number of af
S;x;lh\rm w each of the pedigrees in which ne htve observed lh:: Qt:::?
. :“d:‘(‘ae:: s:‘:;‘;. ‘s::]r:)lzrl:o llll:w rz;po;{«l by Brandt (19) anl hhe 1:15

males and a higher number of aff;
than woul | be expected for & smple re o bhings
datn b ¢ cessive trait Becruse of the hmated
ooy r:;:l“:ondusmn concerning the nature of the mhertance

disability and
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Fig 62 Fxtenuve occurrence of paramyotonin 1 a pedigree

toma (g 52) Thus it scems probable that rare genetieally distnet exam
ples of myotoma congentta and paramy otonsa do occur but ther chnteal
differentiation from the more common myotonic dystrophy can only e
accomphshed with ccrtamty by carcful exammation of a considerable
number of prtients all of whom demte ther trait from a common souree

As one reviens the hterature and reelassifies the published pedigrees of
progressive muscular dystrophy 1 which & considerable number of paticnts
have been carcfully exammed, one finds that nearly all fit this aimple
classification and the mheritance 15 conststent with the pattemns winch we
have observed Julie Bell (8) and Madelaine Brown (9) have published
reports w hich deny that dommant inheritance occurs commonly 1 musce
lar dystroply In each of these sertes o Iarge and «xcellent hospital expert-
cnee has been reviewed without the discovery of an example of apparent
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congenita bt n which certam mdisdanly eventunlly developed chmctenstic :\op'll,lnt,
angns such 55 e sern in the fully developed e1ses of dhstroply sagatodea Sa we e
that these 10 discases are varants of the aume disease process The same 1 almost certmndy
trus of prrasmyotanue sunee all exses of myolomn are miade wore by cof 1 and the fact that
some show msotoma only when vold, 1s not § think 5 necessary renson for elasaiving them
asa separste eutits However we woul }agres wath 3y Tl it although ne believe thewe
e canditions to be thffc r t manifestations of the sate dis e, yot, an chineal syndevites,
Dy seem to us 10 he distinet 1 these aatural ostars and course: fencr, we sugret, (hat the
hole shou! § be called the my otemic snedrome” and the three climent tyes Should be referret
10 8 the dstroplya myotomca myatonts congeruta snd paramyotonty forms There 4
guod degh wore wiormation but { wowt take wp your tane ith it ties mortung

Presmext Hoonzr We have tao queshions from the floor the firt frow Dr § fondon
of \ew Yotk City who poks  In Charcot Mane-Tooth discse, what per eent of sbhings
ay contract the diease> The other 13 {rom D Morton Hand, “Ilas 1F Tyler noted the
asousatun of peromen) nyuscular atrophs and facimcrpular dystrophy 1n the samn fannly *

T F 11 Thes (Chhang) 12amintere ted m Dr Walton s resyily, and have tnfy one or
tha comments 1 relation to thern First of all 1 what we hnve cafled chilthood Wy steophy,
e base ol obsersed n small yumber of cascs of ymptomatie anset 1w adolescence Llow

ever they Ive occutred i our setics In patients scattered thraugh the Tanibies m wlach

1spical enses ocenr and e have had 1he good fortune 1n at least ot of theee cases to have
been afife to exam no anar ot = =1

L iy i patients wath tacoseaputohumennt dystroply, eeurmng enly lews frequently
Sath s At i

T would e to emphasize that w what L s about myotona conpemts and patams otonsa
Leing separate beases [ would upls only m those earcumstances m which 1t 18 paside Lo
;\:w that & Large wumber of rases belonging to & single pedrgree faad to devalon e 1+
e
w .
]

U B AL U U W WL trt as approvimitely the expected 50 per

et Derasonat apparentiy 1solated cises do ocewr Whether the} are new mutants, so‘l:c

ofher genetic mechaniam of result [rom & non genElc MechAntm o wab =t =

¢ )
.
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DISCUSSION

Dr Jons Warrox [Newcastle on Tyne, Ingland] It gives me very great plensure fo be
able to diseuss Dr Tyler’s piper ths morming partly because of my own mterest i the muu
lar dvstrophies and partly beevuse I am very ghid to be abl to congmtulite Dr Tshron
Tus (xtensive work and fus presentation this mornmg, and alo on the metteulous w1y in whch
he has colleeted such an enormous volume of data

M own work during the Tt thre years in the Department of Medieme m Newea lk
under the dircction of Profossor Nattriss, was concerned particularly with the museur
dystrophies, howeyer, Tam afrmid that eur pedigrees for somewhat ol sous rensons areven
much less inpresase than Dr Tyler's Nesertheloss, we managed to collect mformtin
about 136 cascs of muscultr dystrophy of which T wae able to exanne 114 persomlly

So far as el isafication 15 concerped, T wonld lihe firstly, to mention the ey lohvper
trophic’ type which Dr Tyl deseribed to you We have about 60 cascs of this type Te
evtdence 10 several fmilics confirma ks suggcstion of & sex hnked recessive type of wheat
ance, but, m common with s expertence, we alo desenvered 2 Tirge number of st e ees
1 our pedigrecs Sinee we blieve that our s ries approaches complete ascertsment of tle
caves of myopathy 1 Nerthumbetland and Durham, T think that we, 100 can canfrm Yt
tlus 15 a gene weth a vers high mataton rate

So far as this ‘pscudohypertrophic type of dystrophy 19 concerned, our endence f 18
scx inhed recessive factor ltes partly 1n the pedigrees and pietly i the fret that i two fym
fes by extensive blood grouping studies we discorvered that certatn patients who pugporiel
to be legitimate were, in fact dlegtimate In these tno families there were affected maks 1y
the same mother, but by diffirent fathers This confirmed that the disease was transmtted
by the female

Our only dimgreement with Dr Tyler’s chasification of thew e
cluldiood” As hie says the term ‘psendohypertrophic’, hts obyious olyections sinee i
pucudohs pertrophy 15 not mvanable Toweser we fecl that the term, clildhood’, has il
dunds antages beeause 1 three of our pedigroes showing n cloarly sex Jinked recenise P o
mltenitance, the discase did not begtn untd Jate it the sceond or early i the thind decade, ant
et 1t still showed the eharactenstie elimteal prcture and rate of progress of the “chil Thood
caces whieh D Tyler lins deserbed We would prefer o call thus the Duchenne type of et
cular dystrophy

We would however agree completely with Jus chssificatson of fc fotmera! dy3
traphy, we too have found thit this condition 15 inhentted as n dominant VMendeltin trut
In one fumily only thete was some suggestion that it might Tea scx Tinted doppnant sioee
1t eccurred cxelusinely m femnles

Dr Tyler mentions the juvemlc type descnbed by De Frb an wlich
mvelvement, and the shoulder giedle museles arc first myohed In other
first affects the pelvic gedle 10 erther instance the condition begins usually lite m the second
decide or sometimes a good deal hiter Die Tader fects that these eases arc mre Unbike I
experienee we T 20 patients of this type and ne feel that this s undoubtedhy a w]vw!\l‘l:
group This form 15 gencrally tranemitted as a simpl recessise gene, we have calied 1t
“lunb gardle” type e

Thus, 03 far 23 our evidence 15 conee rned we think there are three bisic types of muscul

differsng genetically and chimeilly first, the Juldliood or as we prefer to calh 4
a% a sox hinkedd reeessne
fauo-

ases ps hts use of the term
ucudar

there i no Dientt
crses the disene

dystrophy,
the Duchenne type of musculir dystrophy, wlich 14 transmtted

factor, secondly the hmb girdie form wlnck 13 an autowomnl seccastve, and Hurd, the

«capulolumeral, » buch 13 domm int
‘q‘a far #s the myotonic cases are concerned, we are agun o shght dagreament »1 hPr

Tyler We e a number of fumles which precented with & el uetare of ngatoni



CHAPTER \VIIT
THE HEREDITARY ATAXIAS
JOUN W SCHUT

TNTRODUCTION

Of the degenerations of the central nervous ststem a group of mhented
disorders mav be designated as the hereditary ataxias Thew discases
have, as the basis for svmptoms of meoordination, erther a prunary degen
eration of the posterior eolumns of the spinal cord or the cerebetlum and
1ts neura} pathways Other consistent features are the progressive nature
of the aflection a descnibable inherited tendeney, its onset after birth, and
s varability m chmica) and pathologic features  However, degeneration
m the prramdal sistem 1n the system of lower motor neurons m the
bram stem and spmal cord may be associated and result in a more severe
disabiit than coordimation disorders n some fanuhes Optic atrophy may
be the mbial sign overshadowing signs of defieit 1 other arens \everthe
less the term hereditary ataria 1s most deseriptine for the term desenbes
ino features of the disease wuch are the most consistent m the Liternture

GENETICS

Friedresch (27) desenibed the first fanuly of hereditary ataxia in 1863
This type of ataxia according to Bell and Caranchael (7) may be recessine,
domimant or sex inhed Sex hinkage appears in the pedigrees of Mastin
(53) and Turner (83) The tvpe of hereditary atawa deseribed by Fred
reich usually appears before the age of 20 ls absent decp reflexes and
some sheletal deforouts  Ataxias appeanng after the age of 20 usually
have preserved reflexes and a dommant hereditary pattern This varety
15 most frequently referred to as hereditary cerebellar ataxia Bell and
Carmichael (7) called this variets spashic ataa’ an

These two chmieal varieties of hereditar:

3 atava have been shown to b

associated i the same ped: o (5.

et ¢ e pedigree :mh here:im:) spa:‘uc paraplegia (74)
Doas usnally a recesspy

del:;ﬂ‘l:‘ Haldane (31) showed recessive spastic paraplegia to ll;d::‘cﬂ

mmed by a partally sex hinked gene, the dominant vanets 15 pmbablr\

YJohn W Schut MD V1§

Rese:
Galesburg Thusors arch Psychiatrst Galesburg State Research Hospatal
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CHAPTER MW III
THE HEREDITARY ATANIAS

J0HN W SCICT

INTRODUCTION

Of the degenerations of the central nervous st stem 2 group of mhented
Qisorders man be desymated as the hereditary stavas These diseases
have as the basis for svmptoms of meoordination either a pnmary degen
eration of the postenor columns of the <pinal cord or the cerebellum and
its neural pathwars Other consistent {features are the progressive nature
of the affection a deseribable inhenited tendency its onset after bith and
s varabilits 1a chinteal and pathologic features  However, degenerstion
m the pyramdal sistem n the svstem of fower motor neurons n the
bram stem and spinal cord 10ay be assocated an i result m a more severe
dabihity than coordination disorders m some fambes Ophie atrophy mas
be the mtial sign overshadowing sigms of deficit in other areas \everthe
less the term hereditary afamia 15 most descriptive for the term de cmbes
two features of the disease which are the most consistent 1n the hiterature

GENETICR

Friedreich (°7) described the first farmly of hereditany atawa m 1863
"Thas tvpe of atata aceord ng to Bell and Carmicbarl {7) may be recesne
dommant or sex finked Sex linhage appears i the pedigrees of Mastin
(23) and Turner {83) The tvpe of hereditary atama desenibed by Fried
resch usualls appears before the age of 20 has absent deep reflexes and
some sheletal deformits  Atavas appearng alter the age of 20 u<ually
have presersed reflexes and a dommnant hereditars pattern This varets
s most frequenthy referred to us heredian cerebellar ataxa Bell and
Carmuchael (7) calfed this vanets spastie ataxia

These two chinreal vaseties of hereditar,
y atauia have been shown to be
x:snmmd m the same ped gree with hereditary spastic paraplega (74)
dpnshc parapleg a appeaning wdependently 15 usually Tecessive or o
ormmant Haldane (31) shoned recesstve spastic paraplegia 1o be deter
mined by a partially sex hinked gene the dommant Yanety s probably
Jotn W Schet, MD MS

Galebong T Research Paychiatnat Galesburg State Rescarch Hosp tat
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autosonat Sinee the review by Bt and Carmchael (7) m 1939 severd
large pedigrees have boen published (3342, 74 89, 00) Publicition of
these extensive peehigrecs pornnts 1« comprehicnsive pretare of the disonder
with ats ntey family varnons and mode of mhentinee  The pedigree
reported by Beers and Chcaver (5) showed liereditary wtanst dddorminel
by 2 paetndly sou Imhed gene with 28 por eont erosang over The evilenee
from four famihes (5 42, 74, 89) mdic ey a v arects of domm nt here htany
alng s pardndly swxhnhed o addioon Mere s an aren of hsowhos
chmedly and pathologicadly rcdrted which are duc to mutitions on the
N\ chromosomc  They are sex hnked Iredrach s ann pulidh sy
Imhed reecssine sprstic paraplegae, progressin ¢ peronel musenlir atroph
retimtis pigmcntost, pscudohy pertrophie musadhir dystrophy ind Tebars
optie trophy In the Itoriture fannhes hve appoarad with exch one of
thesc disorders and stasit combined 1t 1 mtercsting, that those rchiad
disorders arc duc to muttion of ganes on the stme chromesome It ma
mean thet ather ther pithogenesss s amthr or that defeets m relited
enzyme systans underdiy the progrossive degencrihon wlich 1s common
to them b L and othar videned ippers to mdicate that herdran
atva 1s heterogonons

Ihe penetrmce of hereditars atnat 1s close to 100 per cent Rureh
at i appears m members whose prrents were apparenth normt W
demenstred w the pedigrees reported by Brown (16) and reibel (62)
certun parents of the aflected members were without atavi Bran (13)
tttempting to cxplun thes phcnomenon postulited that the dommint gae
m these fimthes was asssted by a homory gous sct of acecssory genes
Hercdity of thus ty pe allowed for Litant forms of dise 1s¢ and the appearnce
of ataxin depandent m part upon the gencbic constitution of the mte
Bddland Carmchacd (7) mentioned 2 controllimg factor and Haldme (33)
believes a rire modifier deprosses the appearnec of the discise i ecrtam
mstwces Van don Bosci (89) monttons a finudy where the atvat apped
screrd generivons and they beg e o w0l hke @ compllich pon {rant
domm it Popenoc ind Broussc e (61) thought modificrs were responsible
for altcritions m thc (\prossion of the mut it gene Ciusmg chnges
penetree and anatomie locthzition of the deganeritive process They
axtended thor theory m an (ffort to (splun abortne forms Leces and
Scholz (1) enlisted the phavomenon «f multiple allchsm to oplun vant
tion that (sts between manbers of soparnte atanie famihes Howener
mter fanndy v anation 1s hardh graater thi mir fumly yarttion tending
to show that genetic and o environmant ) modification 1s pportant 10

of the diversc mamifostations

“}l]lljlll"::lll(:ln(,’lrmuhuol {7) who reviened more than 1000 Cases of ataxrt
from the Dtcriture 1 1939 prosent a roview of the genctre chariclarnics
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of hereditars atawia Thed set up dngnostic entena o wentafy snberited
disease and  distmgush recessive and dommnant  tipes W use of
these entena Thes separated three different €1 pes of hereditary ataxiy,
the first tno 1 pes were distingutshed from cach other by the presenct or
absence of the pateliar kuee jerh, into categories desgnated 1rwdrewds’s
ataxsa and spastic ataxia’ The third 1vpe, heredtary <p wstie paraplegny,
was the dingnosis attiched to affected mdindusls that had no ataxit
Thet then made comparisons betneen the «x groups of hereditary atay
distingwshed by these eriterin From their data, 1t can be determuned that
the group desgmated as spastic ataxua of the domnnt Tereditary category
hala v inable age of onset \ graph of onset ages showed that there were
three peaks one at 10 to 14 vears another at 3o and 39 sears and another
hetncen 60 and 63 vears The latter could he the late cortiel cerebelire
atrophy 11 pe as meattoned by Richter (66) These studies show the genetic
vpe of atatia more smportant n deternunming the nge of onset than the
chineal tvpe Thus for the type of ataxia deternuned by the recessive geoe,
age at ohet as usually below 20

Bell and Carmichael (7) showed the mutant gene lowered the general
hie expectancs by about 16 years It made hittle diffcrence of onset eccurred
atavoung age the duration was roughhs the same ths 1s not true for all
veported pedigrees however (33 42) Sigmficance nas attached to the age
of anset w detimgusdnpg ehimeal 1pes beense o tugh correl thion w s
found betsween the onset ages i «iblings Tinhage with 4 number of anin
somal charictenatics was attempted by Bell (3) and by the writer (32)
No evidence was found for hnkage with amy of the defimtch snl prited

2 st genehicists feel thit the observable diffor

nees m the ona t of the disease hetween pavent and uld s monh duc to
the sclection of dita {70}

CLINICAL
General principles
The chrical sewsstogie findings whith one mine ~v

P

[OTEY

o acvsorsymptoms and signs which distingmish 1t fram

!
R ::m; :::;::c: ‘g:‘x; xsl cn}led ‘erx biotspe intra famth s amabion w 4 be
mter fads differences Sibiy
ehmcal p etures The stge to which th ng‘}):\,a:risi:ﬁ;i\:;iﬂiu:c“
deter

tava has

mine the neuralogie findin, -

. 5 € ONe 3t cxpeet to ehiert Cert

charactenstic of ety stages others of the Iate stages this \\:l‘l“;;(fm ﬂT;‘
epend
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autosom il Since the review by Bell and Carmichael (7) m 1939 severtl
Iarge pedigrees have been published (33, 42, 74, 89 90) Publicition of
these extensive pedigrees perits 1 comprehensne picture of the disorder
with ats autrr famly v arnions and mode of mhentance The ped gree
reported by Beers and Cheaver (5) showed hereditim 1t it determine d
by a partially sos lmked gene wath 24 per ecnt crossing over e evidence
from four fumbics (5, 42, 74, 89) mdictes 4 v ety of dommant hacditarny
ttnae s partially sy hoked  In addition there 1s an arrny of dworders
cluneally and pahologicdl rdited whidh are due to mutations on e
N\ chromosome They e sex hinhed Iriedrach’ atin partndh sev
Imhed reecssive spastie pirplegi e, progressive poroneal musenhr atrophy
rctuntis pigmentost pacudohiy pertrophic museulir dystrophy wd Teber s
optic wrophy In the hiterature fumbics hwve appeared with ¢ach one «f
thesc disorders and at wat combned Tt 1s mtcresting that these rated
disorders are duc to mntution of genes on the sunc dwomosome Jt mv
men that ather therr prthoganests 1w smhir or that defeets m rhite!
anzvine svstans underl v the progressive degenerihion which 1s comnton
to than all s and other ¢ndaiee appears to mdic e thit hereditany
atnun 1s hoteroganons

1he penetrinee of hereditary dtavin s dose to 100 per eent Rarch
at v apperrs mmamnbers whose parcnts were apparently normil s
demonstrated m the pedigrees reported by Brown (16) and Irabel (B?
certam prents of the affccted manbers werd without ataxn Brun (1%
attempting to cxplun this phcnomenon postulited that the domin tt geie
w these fanulics was ssisted by a homozy gous et of eees-ory genes
Heredity of tlus ta pe llowcd for Yetent forms of dis 14 and the ippearnee
of atraa dependent i part upon the genetic constitution of the mate
Bl and Cannchacl (¥) mentioned 1 controlling Iactor and Haldwne &)
bdieves a rire modificr depresscs the apporned of the disgnse an cota
mstuees Van den Bosel (89) menttons a family where the ntasit shapped
scvernl gencrttions and than begin to 1et ke n complcteh penctrmt
dommant Popenoc and Brousseau (61) thought modifiers were responsit te
for alteritions m the (\pression of the mutant gene ¢ iusng changes M
penetrnee and watonne lacizttion of the degoneritine process lhl‘I
etended thar theory m o «ffort to (xplun abortine forms Leers ant
Seliolz (#4) enhsted the phenomenon of multiple alldism to aplun vant
tinn thit csts between members of sepirtte atavie famlies Howeser
wmter famuhy v rnition s hedhy greater than ey famly varntion, tending
to show that genctie nnd or (-nr\xromncnl'll modificrtion 15 important 1n

diverse mamifestations

c‘q]‘;qﬁl‘:::;)(;frtxlxlltchlx:rl (7) who revienwed more thin 1000 cascs of ptasm
fmn: the litcrature m 1939 present 4 review of the genetie charactenstics
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hereditary spastic pariplegia and hereditary ataxia assoctated “\t}x optic
stropby where the atrophy appeared abruptly as m cases of Tebet’s oplic
atropby and retrobulbar neuntis These obsersations remove a barrier
ensting between the optic atrophy assocated with the hereditary stamas
and the optic atrophy appeanng ndependently :\ppnrcn)ll) 1t bears on
the nterpretation of the disease process alco, as have ‘zcute’ mamfestations
1 the coyrse of the ataxin Such acute phenoment are rare, it 1s more
charactenstic for the symptows to be slowls progressive

Ophthalmoplegiss are sometimes assotiated with oplac atrophy e the
fanuly of Sanger Brown (16) Pupils that fail 1o react to hight or wecommo
dation are sometimes found Wethntss of the external rectus muscles may
be an iolted extraocular musele wenkness Inioliement of the facial
nerve can be bilateral or umiaterai, m famihes where bulbar symptoms
predominate weabness of the face eauses alteratians in expression or fascren
lation (74) Lighth cramal nerve involvement appears 85 a sign ssociated
with the coordinatine disturbances in certam fammbies 1t may be absent or
associated with other symptoms appeaning i the late stages When earh
1nvols ement of the bulbar cransal nerves takes place changes in the charac
ter of the cough or m modulating the voice mas be an carly svmptom
Signs of imolvement of the twelfth cramal nerve leads 1o atrophy anl
fascienlation of the fongue often assomated with more dulfuse mumfesta
tions of fower motor neuron disturbances 1n the bulb (74)

i was mentioned that the ffth eranial nerve was nsually without chan, e
However Biemond (10) reported a famly m 1047 whohad m addition ta
a degeneration of the posterior columns extending the entyre length of the
cord ateophy of the cerebellum and fifth cramal nerve Ths combination
of ssmptoms and pathologic findings seems 1 set this herediar «f ennaca

s nenne .
It
in these ataxias

I

buL s occurrence 1s quite constant

Pyramdal system

v et n ataxa makg
(,:;::;::(“8 §n\§m\ Tt has bean nsed to clussify the ataxias by 31;;; ?n:
who employ ed the presance ar absence of the patellar hn
ec
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ent upon the family studied For mstance, optic atrophy which 1s charac
tersstic of the Jafc stages m most famihies with hereditary atavr occurred
as an imtial sign m the family reported by Sanger Brown (16) Disorders
such as difficults i swallowing statte tremors and muscular atrophy are
manifestations of the Inte stages as a rule

Incoordination

Symptoms nd signs of Incoordmation are most frequent reflecting
changes taking plice n the cerebellum 1ts pathways and/or the posterior
columns of the spmal cord Because of the frequency and promnence of
such signs as impheate these structures the term atavia 1s npproprml(‘\\
deseriptive ts semanbic ders abion indicates disordered moyement A gatt
isturbance 15 often the first sign of cerebellar dy sfunction Gross incoordt
nation 1s seldom present the ataxta 1s mild and hy permetria mmor diree
tional errors and discontinttity and slowness of moy ements charactenze 1t
Violent mtention tremors arc rare  Adindokohmesis 1s seldom present m
the carlv stages A specch disturbanee may occur with other mtnl svmp
toms iswith mamy cerebellar signs there may be mtermittency mfluenced
by 1 co-exrsting pt rumd o 83 stem disturbrnee

The cramal nertes

The cranmal nerves are often severely mvolved Of the twele cramal
nerves the first fourth fifth and the cleventh nerves are seldom affecte 1
However the sceond tlurd sinth seventh eighth minth tenth and the
twelfth nerves are often molved m variehes of hereditars atavia The
motor components of the third seventh nmth and twelfth nerves ar
sometimes meluded m 1 affeetion of the antenior hor cells m the spinal
cord or they mav be mvolved independently The sccond eranal nenie 1S
more frequently v olyed than others Van Leeuwen and ¥ an Bogaert 7
discussed the assoeiation of hercditary ataxia with an affection of the optic
nerve and distinguished three vareties

Leber s hereditars optic atrophy 1s a dommmnant sex hnked disease which
myolves the optic nerse exclusivels However Ferguson and Critehles (5]
and Behr (6) report famlies where the promment affection was that of &
hereditary optic atrophy where certtin members demonstrated n addmon
symptoms of ataxit Optic atrophy and atava appearng in the snm:
fammly show a fund unental relitionslup between the two disorders ,
distnetion between the two tspes of degenerative disorders had been made
on o clneal observation that in Leber s optic atrophy the disorder ap
peated abruptly, it resembled 1 ats character of onset the optie nou{lm
seen w certan vancties of multiple sclerosts Recently, however liw "‘
staff (9) and Van Leeuwen and Van Bogaert (88) reported famihies of
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ataoa They may oceut i nienshers of a fumly who eseape the actuldes
eqse

[neontimence 15 somelimes a svmptom of he Ivier stages of alvan s
cevtam faomlies 1f present in the mnther or father ataxic it may be trans
Tutted to thew chuldren (74) The sign of exaphth tlmos, dilated pupis and
retraction of the upper evchds, form a distmct feature of the disense w
certam fatuihes A intolerance to cold 1s frequenth present (38, 42) On
the other hand, an opposite phetiomenon m1y be pre<ent, the ataxie patient.
1 hing that s woom be hept cooler th s, ecamfortable temperature for
normat people (74) The geiterit nutntion of the pitient sec wngly has no
connection with the dise ise Mlarked obesity in certam cses of aban may
wtertere with ambulation while on the other hund, the pitient mav he
come emactated There 5a tendencs to tichcardia constipation, and pale
mort coot skin Extension of the atzxe process to the basad ganghy and
related nucler may cause pgrdits or static tremors whaeh are tsuatly uld

ASROCIATED CLINICAL FEATURES

A chiniel pathologse feature often assomated with 1 nedrach s atiaa s
a disorder of the heurt Rchilere (72) resiewed cardiae abnprmakites which
are assactated with this ataxin He performed a general postimortem an one
cwe of Friedrerch s ataxiy which showed ity necrows of the heart a
diffnse chrome miersiitid moerolits an adenoma of the prutan and
perssstent thymus tissue The electrocardiogram 1s often diagnostie, tn Jendd
ane there 15 1 negatie orasoelectne T wave In kad three, there xs’usuall\
2 small @ wave The sawe tbaormfities are present wm \;-\\! twe I Yead
three an mierted T wave 1s seen and precordial leads shiow a tendeney for
the T wave to be mverted These PCG abnormalitses nere found unrel \(0‘
to sex age and onset 1t was noted that members of the same fxuls \\\(\‘;\

Fredraich s atann tended to show the same 1 0G trremgs These findm,
mn be assoenited waith other canhiobulbar s mploms sometimes e
whit for death 1 Friedrerch s atays Tespen

’E‘he wmeidence of asomated extraneuril al nawe

2y review
o L ueiied of the assoery e
g\ \io been elioted for Wsexplanation They dicp 1‘[‘10“ ooy ot s bl
mhage and tno sepa b onon of
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Jerh as the sole eniterion in separiting two tspes They mention that uung
this chimea) finding 1s v ahid beeause the pattern of refles actis ity was estab
bished early m the course of the disease The hnee jerh of byperictive m
the imtinl stages of the 2t scldom changes through the course of the
disease However, @ hyperietinve Aehilles reflex mav disapperr m the ite
stages and should the disease be prolonged past the phase where ths reflex
begins to become hypoactise the hnee yah mav thso be meluded i ths
extension of the disese proecss 1he progressne myol crngnt of the poste
rior columns and/or roots m the lower lumb v and steril 2reas of the spmal
cord 15 probiblv responsible for the Tue disappetrines of reflenes m the
lower extremities

Muscular atraphy

Muscular atrophy, reflecting changes m the anterior horn cells 15 vers
frequent Usually 1ol ited groups of muscles tre myolycd nd this teads to
be a4 pattern m ccrtun finhes Most commeonly affeeted are the muscles
supplied by the ulnnr and perone:l nerves  The museles of the upper arm
nd shoulder girdle m1y be mvolved Sjogren (79) m hus restew of atnn
m Sweden st ated that musculir atrophy was common m the Tt stages of
ataxaa espeertdiv m I nedriceh s at v

Sensation

A st cre disturbanee m deep sensthihity 1s wsually present when all deep
rcfleses e tbsent Such o combiation of symptoms s constantly present
wm cises of Iredrach s atwat beng a necessiry elmerl forture of this
form Disturbinces i poetion sense and m the porecption of vibrition
scnsthility ate seen m ths varcty of 1itans In other forms of ataxit the
disturbance 1 decp sensibility ind position sense my occur Jate m the
course of the disease or be 1t function of the durition (76) Insolycment of
superfici 1l sensibility 15 less common wpotty weas of dimmished sensation
to pin and cotton my be present m the fect of ttvvaes m the later stiges
of their disease Lhe subjectne sensition of pun 1s unnsul however
Llippel and Durinte (41) reported promment lumbar nd gluterl pun
followed by anesthestuin seittered arcas of the lower extrenuties uetrtm
members of the pedigree they studied

Wescellancous elinical features

)

Sleletal deformities are the most common extra neura! abnormahits Pes
ewvus and seolu are often ¢ lered mecessary ¢limel fottares dis
inguishing 1 redreich s ttaaa from the hereditary corebellar form How

cver, such deformulies ilso occur n the donmnnt v iriety of hereditans
y
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cerehellar structure wh ch usually exclu les the floce 1tus (archicerchellium)
The po tesor 0 dl ne structures are usually unck anged al o The most se
vere affect on 131 the supenior 2a 11ateral portions of the cercbellum Thus
leaves free of prtholog ¢ el ange the roof nuclet and its efferent fiberslea 1 ng
1o tle me lulla oblongata m the juxtarestiform bo Is

2 Tle postertor columns This afferent sensory sy stem of the spinal cord
3 degenerated in Friedreich s atax a

A
Fg &sp
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PATHOI OGY

I ven though hereditars waxiv 1s variable i its pathologie mamfestations
an indicttion ¢ists that certam arcns of the centril nervous system are
more vulnerible to the degeneritive proecss than others The frequency
with whieli various systems are mvols ed will contribute to our understani
mg of this disease and assist n a elassification

Distribution of lesions

1 1he cerelellum  The ecrebellum with its afferent and efferent svstem
of ncurons 1s the most frequentls myoh ed structure of the central nersous
svstan In heraditary atixis the deganershon taking place may be pnimans
n the cortes of the ecrcbellum or mn the afferent neurons which led to it
Ihe microscopie detal will usuilly determmne which vanety of cerebell
degenerition exists The proposed clissificition attempts to divide cere
bellar degenerations mto four different ¢itegorics de pandmg on the loealiz
tion of the process m the cerebellum  Regardless of the category n which
these degeneratine processes are placed there 1s a locihization within the

Fig 63\

Frg 58 The salent patl ologc fentures of ol vop ontocerchellar atroply ore patfologe
oo aa A Waln ol cleatl stn of fler ed 1 ol lor gata sl ow

2 hody B De

C D sappesr
nated slver X

v of The Aroed

275) Tt « fgures are putlsted ty tre ccurt 3 Wl ouug
¥ recy I st tute of Patl ology
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Atutbances Van Leeunen and Lo Bogrert (88} reparted caminnations
of vavious forms of ataxr »ith 2 heorder of the basal panght ﬂ\ruc:unt,
which appear 1 the late stages 11 the condition Teported by Denus B m\;n
(19) hereditary sensory radieular nearopathn, s to b madudud wath hle
ataxias asa yanets of peroneal muscalir wrophs there custs a tipe w ek
15 semsory m mabure Mowever, the Adutnbution of losons 1 hevedtany
atata miolie the motor svstum for the most part

Pathologie processes m heralitary alaxa

Orton (60) Fassified herehitary disordurs of the nervous svstem wio
Ahree groups differentiated by microncope detadd Thev are the (1) agenepre
group characterized by congemtal absency of the nhole or parts, exem
plified b mucrocepb it and including hvpoplasias () paragenelic group
are dysplasias or heterotopt s where there s nolach of numerieal des elop
ment but 3 fatare wm nlomate dfferonbation or distnibubion ” of newrons
Both of these abnoru thities my hve ittle s mptom itology wnd are recog
wized at bieth as statie neurologie defieits
These two tvpes of hereditary nervous diorders ire distingmished from
the so called (c) catagenetie disorders to which hereditary ataxia belongs
Clameallh wd prthologie iy there exts a sharp line of distinction betneen
s group and the other two groups of developm>nial mistikes However,
mvestigators n thys field seldom mast thit such a <harp distinction exists
between the anomadies or developmental d fects and the progressne de
generations of the cemtral nervous syster Fren Orion (80) who sug
gested this group stated that this catag netic categort  consints of cases
m whick a defective development results in degeneritine chnges
lewts (15) states  that cerebellar mrldeselopment 1s charictenstic of
Mane satewa ” although this prtholome change has seldom been de erberd
for it “edlezager and Golltem (70) state  the consensus fysors the
‘!;\g\n of this neurologie disorder wholhv or chefly on the bass of an anom
:‘ :(,ﬂ; \‘:r:‘:t\?:c;xmu:‘ of the central neryvous sistem, Schafler (71)
legencrations xfe ::m:::\?:‘:ﬁ; e Powig 0 the eredo
e el e sl enta e o,
ground uj o which the dsease process smplants dectt e T
Thie ners ows s stem winch des lops hereditars 1t 1s usualty Qevel
mentalhy sound T a5 unie etialogie signiien ! eon
s frquenth found as cmz\m;l \nti“ the “::l“x\(\] :'sdt“\:“‘:["nl(‘n(ﬂ oy
presnt Clmedhs watonus smperfectiy 3 o \‘ sd be constanth
product wo spas of rogres e neatologe pheno cosered 1t byrth and
meatd defoet underhes the ment I som dewlop
agnesta ioud ] prodluce & pm;;g::s:‘;;:;i::cr Wons  total perebe e
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3 Ihe pyranudal system  Lhns affcrent motor svstam 1s molied
heredtary spastie pplegur Degenerition e this svstam and ats com
b ttion with affcctions myols mg the cerchellum and or posterior columuny
his ld to the term spincecrebellir degencrttions first comed by ol
larct (54)

4 Lhe lower molor neuron Degenerition 1s ths svstam of neurons b 1
promment featurc m most varicties of hereditany atwat The pattern of
amn otropliy 15 scldom genershized m miturc (67) Certun fanihes m be
charicterized by hiving combined with the 1t nic «vmptoms degenerition
of the svstem of lower motor neurons supphing the peronc 1l musculiture
ealled Charcot Marte Tootlr s dhiserse  other fimlics miv mamfest de
generation of this svstem of neurons i the bull Tor mstance m the fult
of ntania which the wrter studied affection of the soventh tenth and tle
twedith eramal nerves wis 1 promment feature (76) On the other hand
the family reported by Sanger Brown (16) was charicterized by totl
ophthalmoplegit

5 Other lestons Optic atrophy 15 not mfrequent m hercditary atexia
espenlly the hereditars cerebellir form An affcction of the acoustic pene
3s also common espeerally m vareties of ataain associated with sensort
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Qisturbanees $an Leeusmen and Lan Bogert (83) seported combmattans
of \apsous formas of ataan with a di order aof the beaal gingle struetures
which appear m the late stages 3f the condibon reported by Doy Brown
{19) Leredatars sencors radicular neuropithy, s to e toeluded with the
alaxiasas v aricty of peroneat musenbar atropht, there cxitsatipe v fuch
15 sensomy w ature Nowerer, the distribution of ksions w horeditary
ataxia ol the motor <t stem for the most part

Pathologic processes w hereditary alana

Orton (60} clisafied hereditar disorders of the nersous Gstam into
three gronps differentiated by mcrascopie det vl They are the (a) agenelie
goup charactenzed b congemial absence of the wholt or parts, cxem
phfied by microcephiba and seluding hvpoplasis, (b) paragenelic group
are dy splasias or Licterotopias where ther 15 no Yack of pumeneal develop
ment but a farlure m nltunate difflerentintion ot dutrihution  of ncurons
Buth of these abuormilities m 1y hve hittle v mptomatology and are recog
ized at birth a5 static nevrologie deficits

These two s of heredstars neryous disorders are distingurhed from
e so-called (e} catagenetie duorders 1o which berediinry atuxns belongs
Chaeally and pathologealls there ewsts a sharp hine of distisetion between
this group and the other tno groups of dovelopment ( mistakes Howeser,
imestigtors m this field <eldom inwist that such a sharp distinction exists
between the wnomlies or devefopmental d fects and the progressine dle
generations of the central nervous svstem Fuven Octon {€0) who sug
geste { this group stated that thus cxtag nehic cutegors  conwnts of eres
*&:\1:21;5: ﬁf\mne} duselopment results w degneritne changes
oy aau\; esuht ntl (‘;reboﬂ n‘(nn\d:w\npmem 15 charutonstie of
o S nﬂ :uﬁ 3 G( u,slm((\o omie chinge bias seldom been desentu sl
ongan f tins e \i dng’]’c d:sz :d er‘ml (E)‘l?) <t «va . the L;J’mwniu\ fuors the
v or precisposition of the (‘:x:‘lr‘n\ “::z‘\ln: :‘\ :;h N lu'u:o( i,
tists several oy to-architectonie yariition i N hiflr @)
degenerations o states ot i ons a8 pretdispoang 1o the hearalo

hese anomahes represent a defeetive stratym

a
m:!rmmorplmlngm stigm of degeneration which forms the fertaly
gm’:'n Spon which the disease process smnta e » e

“Up bR e atasig pnst b }
A [ bt const anth
ot ml“:‘;‘“‘ f'maxom:c saperfictions are discovered at sth gnd
180 of progres ne neurolns
e phenomen
wental defect 1y krles the “ e e devclon

progressie degencritgns total
. ons A
Fen <13 houl} produse a progressne syndrome ol sexebedior
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The nucroscopie detml of the anomalies arc unlihe the progressive de-
generative conditions of which hereditars ataua 1s representatne In
normal bramns there 1s often evidence of normal vartion and defects m
various areis without chinical manmifestations Qrton states that mentalh
defeetive mdnaduals have (a) quantitati e reduction (b) arrest m mugra
tion and (c) arrest 1 differentintion of neurons These phenomen tahe
place m the early development of the cerebral cortex and the diordered
construction has halted and long since produced its maxtmum chmeal
effects If such gross mistakes in desclopment fail to produce progressine
degeneraitive fcatures how can the evidence of mmor defects found asso
ciated with the ataxias be interpreted as responsible for the progresase
degenerative process?

1 ke mrcropathology of hereditary ataria

1he pathologie changes which neurons undergo 1n hereditary ataxia w1s
deseribed by Jendrassih (38), Nissl (57), Marmesco (51), Schaffer (71)
Hosshm and Alzheuner (37) and Bielschowshy (12) Nassl deseribed the

chronze cell alterttion  the pathogeness of which 15 discussed by Mant
nesco and agrecd to by Schaffer (71) m hus work on the histopthelogy of
the hereditary degenerative disenses The ehrome ccll alteration of Nas
ts charteteristic of hercdstary atania as well as hereditary ophic atrophy,
progressive spinal musculir atrophy  spastic parwplega and other de
generations of the ecntral nervous <y stem

The first stage of the process 1s sneling of the neuron which 1s accom
pied by a loss of tigroad or Nissl substance Marmesco (51) behcved that
certain msults altered intracellular enzy mes crusing this autoh tie hydrol
s1s of the tigroid substince and beeause more molecules were produced
mtraecllularks the osmotic prossurc mercascd the eell imbnbed water anf
swelled The process damages the cell membranc which is unable to hold
the nccumulated water The cell then shrnbs the nueler hecome distorted
the result 1s ¢ selerotic cell which has been changed from a rounded ot peit
shaped bads to an angular pyrinud with a narroned elongated cllipticsl
nucleus staming dirhlv with amline dves The apical dendnite 15 sometumes
tortuous

Schafler (71) also describes changes in the neurofibrils of the neuron in
these p ithologic processes Clumpng first takes plece folloncd by frig
mentation, and finally the fibnls break up into dust hke m teral

I POTHESFS FOR TIF PATHOCENESIS

Among pathologic proccsses enlisted to explun degeneritine dusorders
Orton (60) mentions three posstbilities m fus review of the histopathologs
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of the beseditary degenerations (a) anamtion, (b) intoxication, and (¢)
seaility Ragmond {62) 1s the author of the hvpotlieas \ha}. o precocious
senshty operates m the heredo-degenerations Lloyd and Newcomer (38)
mention that Wilhamson thought the postenor lateral arcas of the spnal
cord 1n Friedrerel’s diease wis tavolted because 1t had & different <aurce
of blood Bailes (3) showed Vessels in tlus area were more suinerable {o
age changes than others of the cord Tggs (67) diseusang W sleon amd
Dean's paper on hereditary ataxia in monozy gotie tams stated that the
seleetne degeneration could be asenbed to localzed v aeeulr abnormahiies
ot defects i the distribution of + rious blood vessls Marburg and Ries
{49} 2.0 state that the distrbution of lesions correspands to curtain arters |
supply arets They state, 2 noxa’ trasels wito these vesstds Tloren nod
Martmez (47) dicorered a developmental defect w2 embrno wnohang
the posterior columus which they thought syzmficwnt i producing the
fesions of hereditary atawa The Vogts (Ceale and Oswcar) have designed
a theory for selectnv e degeneration ¢alled pathochists 1t 1 based upon the
ebweration that mam totums have a selective action sueh as eatbon &

sulfide for the basal gangha (Richter, 63} lead for the radual nerve, the
tetanus town for the tngeminal nerve ete Gowers (30) 13 responsible for
the term abiofrophy Gowers believed the degencrating tissue was develop

wentally mperfect had a lack of itnd endurinee or an whented submero

scopic devel 1 defect logies have been drawn between
the phenonienon of abotrophy and mechamical devices T dinger (22) spoke
oftasa usingup {Aufbruch) and Bing (13) as an effcct of wear and tear

Qs raen

deg ' -
?\f :s made even \h:ug‘lx l;":ﬂ‘“‘! A S e
wentical appearance to am\hiro;? a(\e\;muﬂ;“) o o prosent i
el quahity s true quality s dis
A fundumental defect extsts in such an analogy as emphasized In Lan

ang (33) Yle states that weanng o
e sates ha g out 15 to be expected of materal which

1 The stuation, how
, however cannot be applied to
l‘;:s\:: ;’)1»:; :(:; !l;ew hase the capacity for <ff s\ nthesis Th\sl;:mmn\
el v tng from non Inng matter If the I ing organism can and

S reconstitute wself 1t 1s diffieult t
0 under
13 necessary 1o aysume that the tmech o acn o o I

amsm of weanng out i
ot g out or the aging
. :ﬁ :‘:c(:\aﬂd effieieney of some recanstruction mechamsm 1t
have temmng ml:c::::: b]: defined 1 specific phy siologic terms 1t will
of e ‘ i s have been comvenient onies unable because

I
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The il site of lesion

Whetler hereditary atiain represents a primary disorder of the cell bo b
of the neuron or whether the mivelm sheath of the ans e Inder 1s the ate
of mstial mvoh cment 15 unscttled Welte (91) + m den Bosch (89) ant
others bchicve the mitinl site of affection to he the termmal part of the
axon, descnbing changes of the cell body as second iy, stating they were
typieal of retrogrde changes (chromatolysis) when the avon 1s cut On
the othcr hand othier workers in the ficld hasc entert uned the theory thit
the degenerntion commenees i the ncuron the death of which causes de
mycdimttion In cortun mstanees the nature of the disease has heen de
termined s multiple sderosis wlich s considered 1 disewse affectmg the
mvddin sheath Trchtenstem (46) records the differantial enten for dis
tingusshing primary i sccond iy demydhmiion

Ihere 15 evedaee to support a v pothests thit two separite diene
entities eist, one detny elinating i nature, the other attaching the nerse
cell primarily Iluss (34) sought to distmguish ricdrach s ata from
lereditary cerebellar ataviy, stiting that the former was one whichmvolved
the myclin sheath, the Iitter the norve edd body In ecrtun enses of 1ned
roch s atavsn thore 1s Joe thzed demy dinabion within the posterior columns
of the spinal cord which corrcsponds to the devdopment of the myelin
sheaths mn the anbrio wlich was dgeted m four dffcrent stages by
frcpmshy (813 The mmtin] locrhiz vtion of fesions in two varsetics of amnril
atava m rabbits (1) and nuce (21) was m the vestibular system o trut
which 15 one of the ¢ irhest to mychnate m the cmbrio The order of mn
climation 1s smular to the order of degenerition according to Dichie (21)
Such studies were possible by saerifiung these anmmils at v mous sbiges
of ther ataxir and noting the sequence of system myolsement Thev
studies are to bo continued n the future by attempling to detect loedl
enzime tetiaty n tissucs sulnerable to breahdonn  Uhs cvidence ten bs
to support the I pothesi that hereditary atisras a prim it disease of
the sheith of the s evlinder

The doctrine stitmg that the primary site of degenerition lies m the
nerve ¢l has cortamn supporting ficts In ccrtun v rcties of Tereditars
atian a degenerttion of the system of lower motor ncurons 1 the sprnl
cord and mudully takes plice 1t wes presant m cases of the famh the
writer studicd (76) The antertor horn cells suffcred (\ensive destruchion
assocrted with marhed gl v wcion The by poglossal nucleus had almost
dwtppe tred, bemng repliced by prolfcriion of ght and new capifines
1 he roots leadmg from the wterior harns were demy dinated but !“’"““"
degencrition of rootlets 15 seldom aceomp imied by glal reaction nroum,
¢the coll bodies The chnges e sembled those of poliotvelitrs rc(‘OL"”’““

1§ U prunars nerse cell diserse The distmibution ¢f the lesions does no
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cesemble dusetses recogmzed s prmartls demvelinatmg (a8 1 multiple
cferos s} but there nag 4 more selctive int alsement corresponidmg to the
musenl ¢ atrophs detected chinteatis

Clioncally 1 <shent feature detected m ull but a fes members of the
genealogy stadied by the writer nas a fasciculation of the tongue Other
1 culatare was affected stk prior to atrophy Aus chmead newro
lag ¢ sign was mterpreted as & cellular phenomenon beewse W1y sel fom
scen m periphieral neuritis or dise vse of the sheath of the axs ot Tinder

CLASSIFICATION

The subyet of ehissification of the hereditary ataxias s a diflicult festure
of this study Mam factors have contributed to the inconsistencies proent
i the attempt of myestigators to group the ataxias under appropmate
nosalogteal categortes  Although rare the hereditary ataxias have had
sufficient stud es and the reports in the hteriture have been extensine
enough to allow an understanding of 1ts chmeal pathologie, and genetie
teatures

Inherent w the ataue distase process and part of ats defimtion 1 its
rariability Certaim s stems are more hhels to degenerate mn tbe hereditany
atavias than others but the sequence of s ol ement mav be altered caus
g one svstem o degenerite before the other The same gene mav he
responsble for several dufferent chimcopathologe entities depending vpon
the aite of focalizihion Whereas the 1etual existence of the dicease 3 ener]
by a mutant gene the distribution extent and severts of the In on ara

“ a4y 1l woullal
wfluence attempts at classification >
In deseribing hereditary ataxitg a
group of consistent cimend and patho
log e eriterna shiould be established Refusal of one o 1n of e

ta b e

“« A S e al) that 1s necessamy
for comparions as for mstanee the Presence ne s . to allow

P [OIRR
mheritanes of the atrcias cn be traced 10 ‘f 1 regard 1o the mode of
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conclusions after a review of the sume disease These opposing conclusions
cn be traced to the use of different enitern to separte groups of atawn

A suitable classificition for the atanins or iy genetie disense with vaned
manifest tions may be delaved until the primary etiologic agent 15 dis
covered It will then be possible to group with 1t wdentical disease processes
mstead of diseases producing sumilar distribution of lesions 1 the central
nervous system A chissification of tlus nature would be on sound grounl
but 1t would entail establishing not onls the chromosomal loes of the mu
tated gene the type of mutation nd the mechamsm of producing lesions
as well Tor this reason such 1 clissification 1s pramature 2t the present
time

Ihere cust certun static genctic enteria upon which a fundmental
division of hereditary ataxii can be made (1e recessue dommant sex
hinked or partially sex linked) All gencticists agree upon the characten hie
distribution of disease prescnt when ataxit 1s dependent by one of these
detertminers Such a division may be arbitrary for some v estigators asit
employs genetic enteria which, however are less varable than ehinieal i
pathologie data For ataxiis where the mode of mhentance cannot fe
determined for lnch of numbers or where typreal mamfestations of the
disease seems to appear independent of heredits an undetermmed category
should be designated which will mclude the sporadic cases and otl ers
demonstrating ats picil mhentance Bell and Carnuchacl (%) were the fir t
to suggcst & division of the ataxias into recessive and domunnt categortes
They stited that such a diision often determmed the chmeal tvpe al o
suggesting to them that it may be 2 fundamental one

Another fundamental partition is one that mvolves the sequence or
localization of lesions i the central nersous system Three v aricties are
recogmzed depending upon whether the posterior columns (I redrerch >
ataxia) the ecrchellum and its pathways (hereditary cerebellar atava) or
the pyramadal svstem (hereditary spastic pariplegin) 1s the earliest and
severest mvolved Beciuse for each of these tspes it 1s charactenistic to be
combined with each other a pure form and intermixtures will be recog
nized dependent upon whether the disense 1s typical or atvpicil

In the formulation of this classification for the hereditary atawias hittle
has been mentioned concerning the evolution of concepts i complete con
sideration of the subject 1s bevond the scope of this paper however per
tinent works on the subject should be mentioned Besides I medreich s 7
and Marie s (50) onginal description of two fundamental v arteties of ataxur
Vollaret (54) nas the first to mclude hereditary spistic pariplegm and an
abortive vanets of Friedrach s at vy called Roussey Lovy s disease with
the atiuas An cxtensis e bibliography 1s present m his work for those who
care to review his concept 1n regard to the mitiation of the term  sptno
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cevebellay degenerations (05) Hassin and Harns (35) extended our
\iewpomts in regard to the hereditars ataxiis showingas others have subw
quenthy that ol opantocercbellar atrophy 1s frequenthy a vanets of hered
itary cerebellar atrua Bertrand (8) does not elude ths pathologe yvanets
with the ataxias Cortiea cerebeliar atropht 15 a variets of hereditary cenc
hellAr staxia as shown by Tuchter (66) Lichtensten (40) recopmizes these
o forms of hereditary ataxa but, becruse of the varation of these de
generative dueases he prefers o brond general grouping for the remmder
under the term, polymorphous neuraabofrophres * Welte (91) used the term,
spio ponto verebetlir atrophy for a vecent pithologe cisafieation of
hereditary ataxin To Bell and Carouchiael (7), honeser, belang the credit
for separating for the first tune genetic entities Van Bogaert (83), has
contributed extensivel to our understanding of these degenerations Ina
personal communication (86) he suggested & clasafication which recogmzes
seven forms of hereditary ataxin In a recent article the wnter (76) dealt
with the development of concepts in regard to the pathologie clasuification
of hereditars atavia
. A classification for hereditary atavas 1s proposed 1n outhine following
or cant with other hered: and speerfic
clinical prthologie entittes are meluded in a speeni eategors The proposed
classificrion has been dessgned to Surnih 2 framework on which the strye
ture of hereditars afaxit can be butlt N\o effort » 1s made to make the list
of or comb plete but the chssif aflons for

description of new and novel combin wions which 15 charactenstic of ths
disease entity

Classsfication of the Hered tary diarias
1 Recessse
A Fredre chsatann
1 Pure form—atasia ouset before %0 abeent ds
eep refl
Degenerst on of the postenor coluans o rellner bl delomtis

Internxtures or combinitions with
.~

B

B UDL ¢ atronbe ek

© Statusdyu,

' Retumt 1 pigwentosa

£ Progressive muwseular atraphy
b Pogesme bulbar poy

1
This terrn was firt comed by Dr Rolapd Vachay
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t Dementiy, ohgophrenn
1 Cataracts
L Stratal syndromes
1 Hereditary sensory neuropathies (Denny Brown, 19)
m Roussey Levy'’s disense
B Hercditary cerebellir ataaa
1 Purc form—ataxn, onsct after 20, preserved deep reflexes Degeneration of the
corchdlum and/or sts pathways
2 Intermixturcs, or eombinations, sith—
a Other forms of ataxii—ataxiis that are combined with posteror column du
guneration and/or pyramdl tract degeneration
b Optic atrophy, eachlcar involyement
c Fte (we ahove under Friedeeich’s atasm for powsible mtermistures and
comhinations)
€ Hereditary spistie preaplegre
1 Pure form—onsct with pyrimuchl tract drsorder m lower extremitics, mimmd o0
no ataxir Degeneration of the py rimidal system
2 Intermixtur s or combmations, with
a Other forms of ataxii—ataxins having either posterior column degeneration or
degeneration of the cerchellum and 1ts pathways
b Optic atrophy
¢ Fte (rferabore to combmations mith dhsnrders mentioned under I redweich s
ataxm)
I Dommant or dotunant partially sex Iinked
A Fredreich’s ataxin
1 Pure form—ataxtr onsct before 20, absent pefloses shefetal deformities Degen
cration of the posterior columns
2 TIntcrmictures or combinations with
a Other forins of atnxia
b Fte (see above lor possible combmations)
B Hereditary cerebellir ataviny
1 Pure form~atavin onset alter 20 preserved decp refexes
Degeneration of the cerebellum and/or its prthnays
2 Olnopontacerehellar atrophy (Masstn and Harns 33, Yeaggoner <t af, 90)
1+ Cortical ecrcbeltar atroply (Richter 66}
¢ Spmo ccrebellar tenet degeneraton (Ryddl 63, Barker 4)
d Degeneration of the braclum conyunctisum and dentate nueleus (Welte
ete)
2 Intermixtares or combmations with
2 Other forns of ataxii
Friedreich’s atavn—combinations of the above pathologe entities with
posterior column mvohement
Spastie parapelgi—pyratndal g stem myohement awsociated with the abome
cerchellar conditions
b Progressiye mnenlir ateophy
¢ Progressaive bulbar palsy
d Fte {see pravious bst for peswl le combin itons)
itars spistic pariplegea
¢ 1110;"‘::« fjru:‘mmzm.llor no ataxin onsct with pyrimsd il system disorder m lowes
extrermties, degeneration of the pyramdal system
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3 Intermixtures or combmations, With
a Other forms of atama
Tredrech s atatin
THereditaes crrebeliar ataxia
atroph:
\: ‘})I\I:‘ c(see \‘.’m%cr Eredrerch’s stana fot other possible combinations)
TiT Sex hnked or recessne partinlly sex Iinbed atavia
A Friedreich s ataxia
B Ilered tary cerebellar stava
C Heredutary <pastic pataplega
(A pire and a mrced form may be recogmized for each of these categt nes also, in the
ernture a 3ot linhed vanety of Frndomchs ataxa 33 88 s been desenbed anl
the reces e vatetr of spastic parspleg has heon determuned to be partially ex
unked 10 e mode of 1l entance 1)
IV Sporale ot atavas with atypical mhentance

GENETIC MECHANISMS I\ TNIEKITLD DISORDERS
Gene actirty

Genes hase been shown to be complex nucleoprotems which have the
properts of self dupheation  There 15 also a tendency Yo mutate or change,
and aftered chemical action results Genes can be thought to direct develop
ment and another funchion that has to do with chemieal activittes after
construction of the orgamism 15 complete Mam examples of gene con
trolled chemiea reactions have been documented in Neurospora, the best
example in mawa s where huvdroxy ition of phenylalanine fails to oceur as
a restlt of 2 mutated gene

Genes direct these chermieal events through the construction of specific
enzvmes, wtibodies, or proteins A mutated gene does not lase its fanetinn

£ o .

B wewon s uel secured from expetinental genctics, s hich
hase shown that an enzs me produrced by the mutated gene may be respon

sthle for dumaced sntensity of a eertain chemical reaction {17) Ths
altered enz me scems in cer!

wathoos ae Bt o Ulﬂm msn?«-; to cause mudirection of chemiea!
divease
stle ker
mstead
pathology
ffow a

&+ dilvits hidney thresh
b Yo o old to unc acd has een

d Brers (26) The Dalmatian Coa
ch hay
{;:n\(sr(;mo:lzc;;?g;:n ;.-xcrelmg ure aeid tnsted of allantop U:‘l:i‘(“:{f tbr\(
%) 10 be iwhented as a dommant The defe, i
et 15 1n the
of the Dalmatian dog to reabrorb une aed through the l:dnei 1:1‘:}‘::;:‘
&)
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for tying the ureters of these dogs allowed them to exercte allantom khe
other dogs Rmnngton (64) statce thns defeet may not only be m hadnev
tubulc eclls but extends to hep ihie cells an abnorml mhented perme b ihty
defeet to a speerfie chomeal substince

Recently Gibson (29) obtumed cvidenee for p deficiency m an enzsme
system n a familial methaemoglobinem v identificd as ‘coenzy me factor I
Methilene blue correets this defeet m vivo and in vitro T hts 1s an nst e
where o dircet redationship exists between genetie mutation and a defcet m
an cnzyvine systom

Tamhal pertodic pirvas 15 a dommant hercditary disorder due to a
disordcr m potassim metnbolism Pariodic paraly sis, oceurrng at rreguhie
tervals preapitated by msulin or glucose 15 dhnreterstic of the de cise
Low scrum valucs of potassium cxist during an attack, a depressed ewre
tion of potassien wnted es the attrch, and the paralysis promptly dis
appcars with admmstered potassum Bretand (13) reported one fnly
and mentions two others with this condition where ecrtan members hl
museul tratroply i additron 1he prraly sis occtrred less froquent]y among
those mdnaduals having severe atropin The exact meehinsm thit pro
duces paral sis i this hereditary disorder 15 unederwr fenn (€3) postultted
v defcet of the sodmun pump  the hypothctieal mechamsm that heeps
sodmm from the intcnor of the ¢dl The rdationshnp that potasaum Tas
to ¢ irboly dr tte mctubolism 15 probably myolyed as 15 the abnorml s
tribution of the son cvohed by miahe of ghicose or msuln Danowshi and
Tarul (18) mention that Jantz found the nomontzmg portion of potnssinm
to be decreased durmg attchs as though abnorm il binding of tho jon took
place  1he genctic mechanism by shich this nmutation ¢vohes a low somm
Tev el of potnssium ought to be cepluncd on the bysis of recognzed abnornt i
actisitics produced by mutated gones Inasmuch as genes produce (a) spe
ctfic profen mote tics (st the blood groups) (b) mflucnce hidnes thic<hold
or (e) producc speafic nzymes one of these defincd actnaties of gones
could operate m farmhial pertodic prealy s Abnormal bindig of the potas
s 10 conld result from the production of an abnorm l protan praduced
as a result of genctic mutation

A sumbhr hypothests fas boen suggested (20) to cxplun the abnormal
copper metabolism in hepatolenticular degencration Bmdng of copper
accomphshed i normal human sern by ccrulo plasmm a protan ('()ll<lll:ll
g thout 05 per eont of the plismry proteins Schemnberg and Gatlin (73)
found this protam deficent nr paticnts wath hepolontienl e degener ibon
belicving thus to be the primary defect Tree copper s present m the Wood
1 too great quantilics as 2 salt and sts necummlagion s ulnerible bisstes
s been postulited as produang thelcaons (20} Lhese authiors niso bchiand
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that the absence of thromboplastin s hemophtha v a simlar gonetic mech
anm

Familnl penodic paralvsiy and hepatole nhieulip degenerstion are i
hented disorders of potassim and copper metabolism that may e suntlar
1n one aspect Abmormal roneentrations of these 1ot coudd result fram in
appropriatt. binting 10 speasfic protemn moeties rendered abnormal m
structure or concentration through genetic mutation

Genetse mutation has been host ta wnolue cheueal events i humang
aniammls By anddogy the mecham m by which hereditary ataxiy pra
duces Jesions vould be sumltr m somie way to the tlustrations eited ‘These
examples tent to demanstrate a onc {o-one telitonsdip between the ab
pormalits produced and the genebie mutation Whereas 2 mutated gene
may {e responaible for 4 disease with different s mpioms and signs, and
diverse distribution of lestons e1ch \tructure involved must he related 1m
some fundamental manner

ATAMIA AND ACING

The precoetous senthity b pothesss of Ravmend (69) propased by hym s
the ynportant patholome process m the herediting st 1xas ks been ne
ceple { in principle tn Orton (60) and O Lears (38) Senescenee as defines)
11 Jeanag (487 1s & dynanne Process 1Ot 2 neaming out 1t e conca Har

o al U 18 apeq abke an spite of dfferent on can .

s cticaany ateat with those produced by
agwag has been made by mam m estigators Age changes 1 the contrd
nrersaus system have been desenbed by O Lears {58} sad B ufer {3) Man
;w col5}) stated the chromecelichange characteristieof heredo-degenera
tons was stlar to the cellube changes m sonide bruns Grton (60
Mentions the diffuse pang of my sz sk : )

eathis m the sacral and
et of the spinal cord 10 aging as prescat 1 <. < Humbar seg

wusitwm the
e o 1o \howu ot 100 Lot (49} The shan changes of the gtave
e Seeh i amng wde dyads Lg¢ changes are abo
e epression abich sppeses to mature quehl ] been
e (:»T“M atvae mdiadualy appeir older than thewr aclt h;“ -
= .
S i the perception of the sense ot sibration 15 ::mzfl;\ :
Mey
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for tving the urefers of these dogs allowcd them to excrete allantom Iike
ather dogs Rimington (64) stites this defect may not only be m hdnes
tubule cells but extends to hep thic cells 1 abnornnmherited permeabl ty
defeet to a specific chemical substance

Recently Gibson (29) obtamed evidence for 2 deficiency m an enzyme
svstem m a f il methaemoglobinenua dentified s coenzs me fretor [
\Mcthylene blue correets this defeet m v ivo and invatro This 1 an mstance
wlhere a dircet relationship exists between genetie mutation and a defect m
an nzivine system

Tamilnl penodie parilvsts 15 2 dommant hereditars disorder due to s
disorder 1n potassium met iholism Periodie parilvsis occurrmg at wreguhr
mters als preapitated by msulin or glucos, 1s charietertstic of the disease
Low serum +alues of potassium exist durimg an attack, @ depressed evere
tion of potassium antedites the attich and the paralysis promptly dis
appears with idinistered potassum Biemond (11) reported one famih
ind mentions two others with this condition where certam members hal
muscular atrophy i addition The p traly sis occurred less frequently among
those indus tdunls having severe atroplin The cxact mechnism that pro
duccs paraly sis e this hereditary disorder 1s uncloar Tenn (23) postulate ]
2 defect of the wodwm pump the hipothctical mechamsm that heeps
sodium from the mtcrior of the cell 1he relationship thit potassum his
to cirbohvdrate metabohsm 1s probibly myvohcd as 1s the abnormal dis
tribution of the 1on ¢vohed by intake of glucose or msulin Danowskt and
Tarul (18) mention th 1t Jantz found the noniomziyg portion of potasstm
to be deere 1sed during attrcks 2s though abnormal binding of the 1on took
place The genetic mechamism by wlich this mutation evohes a low scrum
les el of potasstum ought to be expluncd on the basts of recogmzed abnorml
wetivities produccd by mut ited gencs Inasmuch as genes produce (a) pe
aific protemn moteties (1s 1 the blood groups) (b) influence hdney threshol 1
or (¢) producc speeific enzymes one of these defined retities of genes
could operate n fambnl perodie paralvsis Abnormal binding of the potw
stum jon could result from the production of an abnormal protemn produc(‘d
as a result of genctic mutation

A sumlbir Iy pothesis his been suggested (20) to cxplam the abnorm?l
copper metiboliam in hiepatolenticular degenerition Binding of copper 18
accomplished 1m norml human <ert by cerulo plistun 2 protem u)nml:n
ing about 0 5 per cent of the plisma protems Schemberg and Gathn (74)
found this protem deficient m patients with hep ttole nticnl i degener wtion
belies ing this to he the primary defect Frec copper s present in the blood
m too great quantities as 1w wult and its wcumulation in vulnerable tissues
has been postulated as produemg thelcvions (20)  ©hese authors also behuve
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atvan (76) has been obsers od 1 certam mstances Lesons it thisarey mas
affect the noun hment of the Purkime colly Tt s nteresting 10 this cot
nechion that Richter (66) reported a fumhy of cortical ecrebiellae atrophs
appearing munh m wamen appro rwhung the semium There were Joeal
festons of cerehelfar cottex mvohing the Purkimge eddls and the dentate
naclens The type of whentance w (e ataxa s dommant, howover it
appearance y nomen mn be related to {herr more portant role w regu
{3ton of enlerum metabolism

Garland and Moorlonse (78) reporied a famube affected with a rare
hereditars sindrome characterized by atata of cerchellr ongm, eatarset
ant poor sheletal development The disonder was due to a yecessive gune
appareath 1t had been previonshs veported by Mannesco (2) 1 1831
an ! Sjagren 1 1947 wha reviened other famibes from Sneden Same cal
crum determinations were perfarmed by Manineseo who reported fow values
In these famibies & combination of cataracts defornnties amd ataxn sug
gusts 2 relabionslup between calaram metabohwm and the pathogunesis of
the d sease

Foley (20) reported a case of a womm nged 60 whohad cerebellir s mp
l’nmi She and her two daughters had 2 symmetnical caletfication of Ho

- wite ams teport re-emphaaizes the volneralihts of the
t ntate an{ striatum 1 calefic hon
Falter{63) states the first symptomof ealcium sntonication 2% altered re

flexes concerning posture Fiimwich (36) mentions the ynfluence < eazy e
actnatorsandinhsbitorswith age,andalso correlated them with phs lagenetic
devtlopment The mechamsms mamtaining tefietes regulating ﬂxi erect
posture are 2 late morphologie addition to the central yervaus s stom and
as such arc Bheh to be mote vulnerable to enzyme ihibitors The ::l‘

thdity of the central nervou
s system produced by ealewm d
v dence that the function of the central nersous < e

A\ Ay
up;n a closely regulated vomzed caleium Jevel e s dependont
the
tor
sho wugal 140} has
u o ds 8 tendeney Yo appea;
atum an} eorebellum but the snm--a:.l.)ir 7 the dentate muclews st

compamed by caloumn ¢ u tan v doubled moam apyya
I arpapedal spasms seen

persentilation alhaloss, fad 1o ocear 1n by mmta‘s’lez:wnrg:l.mm

na dim
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seen n the aged, a svmptom of dy sfunction of the posterior columns a
centril nervous system structure which scldom ese pes imvolvement m
the ataxms

A svstemabic study of the aged spinal cord w 1s made by Buley (3) who
mentions as charactenistic the following lustop ithologie findmgs (1) glioss
mercsed with age, (speentdhy i the fisacutus grialis, it was found n 12
of 15 c1ses that were past the age of 80 vears Agc ehanges m blood vessehy
were more promunent m the postcrior pirt (b) Corport amg et were 1
creased (e) Deposition of ¢ileum took plice m the memnges which were
frequently thichened (d) Other imvestigitors reported a shrunhen spml
cord () Pigment atrophy of the ganglon cells

Many of these pithologic Icsions associtted with age are smnlar m both
type and distribution to those of atani, especially (u), (b) and (d) Iow
ever, the seleetion of sy stans that the prthologic pracess of atina chooses
constitutcs an objcetion to the hvpothests Age changes may oceur smul
tancoushy n all tissues but 1ts consequences are selectne beense some
orgins manifcst dvsfunction biefore others Arcus senths and retriction of
gums arc svmptomloss but a suulie degree of age change m the postrer
columns may produce difhenlts m walking i the dark O Lears (53) be-
licves agings seleetive mentioning many ntellectu ully alcrt old men who
have signs of other regresstve somle changes Further evidence that the
process of aging and atasi nre sl m ther distribution of Iesions 13
thewr tendenes to ttuh functions and strueturcs which have deseloped
Lite 1n our phslogenctic deselopment

Relationship of calenom fo the ataxie and aging processes

Tansing (43) places mach sigmfic ince on the role of cilemm i the aging
proccss Mobilizition of clemm from bony stores tahes plice m agpng
Agmg 1s often associated with deposition of caleium n yarous arcas of the
body (3} membranc pcrme thility 15 altcred and bones beeome osteoporotic
(56, 78) ‘1 hemfluenceof the scx steroids espeernlly ¢strogens 15 very unpor
tant i the metabolism of calerum (56) Salter (69) inentions that estrogens
arc more dirceth relted to calennn metabolism m the fow! where the gz

sheletal formtion of the fetus The growth and prithyroiwd hormont «
yitamn 1) also affcets the distribution of eilemm (56)

Clawm metabolism may be mplieated i some v arietics of hereditary
ataxit Sugar (78) reviened the nflucnce of In pop irthy reidism on the
central nervous svstm stating that pathologic lcsions prosent m the brain
of these mdmiduals are often locahized m the crpilliny walls of the art
bellum A simlr loealizntion of the pithologic losion in ¢1ses of hereditary
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inhibnts gly coly s by stimuliting apy rase, an nzyme which breihs donn

ATP, thus decreasing the amount of ATP (adenosine triphosphte) wail
able for estertfication (84) On the other hand potassm has the opposite
effcet partially the rosult of 1ts mfluence on the enzyme prrusic phospho
ferase (14)

Knowledge that has recently been sequired through expermental bio
chemueal gencties has elucidated some mech iisms whercby mutant genes
produce discise, 1t has narrowed fields of endeasor m sewrching for the
ctiology of hereditary atav

DISCUSSION

Da STastey Cony [Buston Mass] In 1938 Anng and Cobf working on the ncurologierl
wards of the Boston City Tospital s1n an unusual serics of pafients suffurng from ‘prinssey”
musculir atrophy This experience was synthesized and lad to their prper i Medins 1
1935 where these diseases were elvified under the headings sporadic® or “fammlial - The
familal groyp was then divided mto disorders where (a) the lestony an primanly m the
muscles (myopathic ) or (b) pemardy n the nervous system (neural’ or ‘myel pathie)
The \arious syndromes were desenibed climeally and diseussed from the brological standg amt
Tt was emphasized that few diserses are so confustng to the plystcrn as the museuly atro-
plies Thex conditions hase §een desensbed under sueh sarsmg titles and with such newro
togieal meticulousn « that only the speerabist can be cxpeeted to heep the different s ndrome
clearly 1 mind Too often cven the neurologist mendy deseribes the chinieal picture antat
tackes to it n nime nithout seeing 1ts bwologcal refationship to other syndromes

In that earlier piper e chastficd the familtal nivopathies as follows

Amyotont congemta
Sporadic Progrowine muscular atrophy
Am; otroplie Literal <cleravis

Myasthema gravis

Family pertoche parals«is
Primary museular Mjyopithie ]i"rogrcs-‘ne musculir dy strophs
atrophy 3 otonia

Dystrophea myatonien
Tamilial

Tntantide musculir atrophs
Hypcrtrophic neuritie
Preneal musculnr atrophy
Famibal ataxen

My elopathic

Since then tew syndromes have been described that would come under myelopathe but
because these not only melude cases with lestons of the spinal cord Lut aleo of the trun &
lias been dectded to ws the term neural rather than myelopathic  To the neura group
have been ad Jed four more mun syn tromes fanulol spastic prealvss famifnl areflouts
cerebellar plus spinal ataxia and optic atrophs plus famiint atacta (fig 54) 3 fanly wath
three eases of arcflen 14 doscribed i which £940 ¢ascs erme to antopey gving (1 e pathelog

7 g C and Cobb S Muscular atrophies and allied dionlers Medicne 1935 14 77
See alsn Cobb, § and Bereday M Trans Amer Neurol Aswn 1953
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of this svndrome for the first time Ths was found to be hypertrophic neurapathy with sf ght
demyelinibion 1 the pyramudal and doreal tracts
It 1s empluisized that these eight mmin sy ndromes only represent t] e more comman exam
ples of 2 large group of elimeal mietures that have been desernbed These <sndromes scem to
be the functional rsults of various combmations of etgliteen localized lestons 1 the neuratis.
These eigliteen lesiona can be histed as

1 Retinal degeneration (R)

2 Optic atrophy (0)

8 dbrun lesion wath pupdiiey dysreflevia (1)
4 Qculomotor nuclear lesions (@)

5 Cerebeltar atrophy, nuclear (C 1)

6 Corebellar atrophy, pontile (C 2)

7 Cerbullar atrophy, ol ary (C8)

8 Cochlear degeneration (IT)

9 Degeneratton of dorsal tracts of the cord (D)

Degeneration of ecrebellar tracts (A)
11 Digenerition of pyramdil tracts (B)
17 Digenerabion of ventral horn cells (V)
13 Rachiculr neuropathy (N 1)
14 Hypertroplue neuropathy (N 2)
15 Scolosis
16 DPeqcarus
17 Fpilepsy
18 Dementn
(The letters 1n parentheses tefer ta the code 1n figure §5) The last four may be seconhin)
mantfestations <0 arc only hsted tentatunely
Different cominnationa of the first fourteen of these lessons have eaused the great sancdy
of syndremes described 1 the extenaive hteriture Our search has brought to hght desenp
tions nhich mght indicate more than 50 different coml nations the most distmctive bemg
Infantie museulir atrophy (Werding Hoffmann)
Eamiliil spastie paralysis (Strumpel Treud Jendrassik)
ITypertropluc neuropathy (Dejerme Sottns)
Peronenl museular atrophy (Charcot Mane Taoth)
Familial arefloan (Roussy Levy)
Familil atavn (1 nedreich) with optic atrophy (Behr)
Cerebellar ataxin (Manie) with or witheut optic atroply
Optic atroply (Leler) with %2 #3 X4
More rardy deafness pupillary arcflexta and retoutis pigmentost ar found i cort maton
with one of the eight listed
Several authors have tried 1o describe new  disenses’ without pathological dity and with
out un ferstanding that 1 hereditary diseases the genotype (abnormality of the genes) mas
he relatuely constant whereas the phenotype (dimeal mamfestation) may 1ary grently
Img to develop ! and ety 1 influences It s this hind of making of new
tdsease entities’ and syndromes wlich has so complicated neurologienl hiterature that oue
ot sco the forest for the trees  Ilus group of neural myopathics should be § ohed an a¢
one disease with many vanants Many have been alrendy desenbed Fut many more wilt
arc 1nd should 1ot then be listed as new but s expected and predictable on genetic grownds

3

BN D e @

Dr Rousan P Mickay [Chicrgo Hlmon] T am very ghd to comment cn Dr Schat <
wtomwsting poper Honever Dr Cobb hias <> well stated what T wished to <11 that peehaps
ive 12 only a perfunctory diseussion
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50 MOST PROBABLE GOMBINATIONS

oG OHG  OBHC

ca OBH

oa ©Qc

RH 0QR

8Q BQO

ND NDV  ONDV
spvy  BDVN

|V DVH

oB OBD

@0 NBD PNOB

aB POV

ov DVN ODABC

nH PND  DABC DABVH
GBR

GRH DABV DABCY
0BN  DABH DABHR

/./,N\ DAB 0DAB QDABC
WA

Fig 03 % ccrebellar tract digeneration B pyrumdal tmet degeneration, C, cerchellar
atrophy nuclear €2 por bellar €3 ol bellar, D, darsal teact d t 1,
cochar s by ph pathy Nz poot thy, O, optye strophy,
T mdbra lesions with pupllany disorders, & mdbram leaons wath ophthatmoplona, I\
retinal degeneration 'V ventral hom cells

€ B I O PandQmay occur alone but combinations, as lsted, are more commanty
found

As Dr Cob shomed you 1f we duscard 2l diagnostic categores and suoply consider the
anatomtcal substrates of vanous chimeal svmptoms and srgns that we see in the familial newro.
lome dworders we can construct a vast panel of stermns of chmenl abnormalty Now the
clinseal syndromes which we commonly recogruze such as Friedreich’s atavia, the Charcot
Mare-Tooth type of atropfis ol o-pontocerebellar atrophy, ete tepresent only somewhat
vanable constellations of these 1tems m the panel, Tt ere are so many 1ntermedigte groupings
0d s0 much overlapping between these vanous constellations, that neurclogists are alnays
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getting into argumnents as to whether a gsen ease represents the ateophy of Charcot Mane
Tooth, or Friedreich’s ataua, or what not As has been shown m the recent studies from
Guar, certam types of neurological disease, such s amyotrophie hteral sclesons which are
usully not considered familnl, may, m fact, become familial in <ome cases and ynder certain
crreumstances

T concept, I may boast, occurred to me quite mdependently of Dr Col bs formulihion
and I have even devised an atrocions name for thts whole group of familil 1 earologie d s
orders The term 1s polymorphous neuro abrotrophy, mntended to cover the whole group
Thys we may avoud this troullesome task of classtheation if we simply recogize the mfimte
sanability possible m such a genctic group Ve would then sunply consder eich puient as
we see fumm, as representing a ecrt un constellition of genetie defects

Cantrary to Dr Schut’s experience, T Iwve never seen I beliese the coticnrrnee of a
dystrophy and one of these fanultal neuro-abiotroplues I do not think tl erefore, that it w
ery dikely that the genetie defects upon which the two types of disorders are based cinbe
m any way smular or closcy relited to ench other They must reside at some distanee Lrom:
ench other in the same chromosome or perlips even i ifferent chromosomes

Iresipent Hooker We have n question from the floor, from Dr Russell Ayers of fowa
ity “Does Dr Schut adentify py ranudal teact with pyramdal ystem and f not, ]m‘(‘l‘f]‘:'
what docs he mean to mnclude and exclude when he employs the term ‘pyrami It system?

Dt Jonx W Scirwr (Cloung) T want first to thank Drs Cobb and Machas for or
discussion Time prohul ity any claborate commncnt on their pertwent statements Tn e
remarks as well as n my presentation emphias was pliced on the marked vambility of the
hereditary atasias and how this has mterfered with a suttable chssfication Many of s aze
ting of the mny futile attempts of promment mvistigitors to desertbe distmet nosotogic
entities In spite of this there are o swtable number of raws presenting ts preal ehnical puth>
fogic, and genetic fe 1tures whuclt <crve a3 prototypes with whuch ather cases not so typied
can be placed The disease however 1950 ran that grouping around these prototspes ks not
assunied any sigmfeance Only time which wall bring $itl 1t new studics and furtlier o weria
tions will assest n formulating a swtable dasafientron

In nnswer to D Myer's question I would bhe to state that when Irvferred to d genert
tion of the pyrmudal system [ implieated msolvenient of a particulr functional group of
neurons much as one would refcr to the system of lower motor neurons of the medully ard
spnal cord In this definition I would like to emphasize functional howcaer for the exact
anatome localization of neurons producing thes stercotyped wct of symptonrs has not been
1dentified for the ataxis Corticospmal or corticobulbar is probably a more apprepriate tefm
for 1t 13 1 svstem of neurons descencing from the cercbral cortes influencing the fipal comm 1
pithway Most of these fibers trnsel in the py ramudal tract of the medullvillongata «)lhou‘kh
thas teact probal Iy contns filers of suf cortical ortzin abko Less thin half the fibers of s
tract anse from are1 4, many of corbical ongm an from unknown aras Nevertheloss Nne
neurologre signs associited with a disorder of this systen produce a vonstant wnd well know
syndrome
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getting into arguments as to whether o given ease represents the atrophy of Chrcot Vane
Tooth, or Friedreich’s atanin, or what not As hes Leen shown in the recent studics from
Guam, certmin types of neurologieal disense, such a¢ amyotrophic Yateral sclerovs whichare
usually not considered famil, may, 1n fact, become Tamilial in some cases and un fer certam
crcumstances

‘Thws concept, T may hoast, occurred to me quite independentls of Dr Cobl’s formulihon
and I have even devised an atroctous name for thes whole group of familil 1 eurologie d «
ordcrs The term 15 polymorphous neuro abiotrophy, mtended to cover the whole group
Thus we may averd thes troubk same task of clissfication i we snply recogmze the whinte
varmbility posable m such o genetic group Ve would then simply consiler each patient a3
wesec hun as representng a ecrtun constelation of genetie dcfects

Contrary to Dr Schut™ experenee T have nover seen I belicse, the concurnice of 8
dystrophy and one of these famtlitl nenro alwoteophies I do not think therfore thatat s
sery bikely that the gunetic defects upon which the two types of dworders are bad e
many way snmlar or closely related to exch other They must reside at some dotanee frm
each other in the same cliromosome or perhaps even i different chromosomes

Prssipenr Hoosrs We have a question from the floor from Dr Rusell Myersof Jova
Gty Does Dr Schut identify pyramidal teact wath pyrumdal system and f not, prmw])}
what does he mean to melude and exclude when he cmploys the term  pyramudal system?

Dr Jonw W Scuwr (Closmg) I want first to thank Drs Cobl and Mackay for thar
discusaon Time prohubity any ¢laborate comment on their prtment statements In tar
remarks as well as m my prescntation emphasis was pliced on the marked vantl s of te
hereditary ataxias and how this has mterfered with a sutal e elasstheation Vany of us are
tirg of the many futile attempts of promment nvestigators to desenbe distinet nos e
entittes In spite of this there are n smitable number of cas s prusenturg typical churetl patho
logic and genctie features which serse s prototypcs with which other eases not ~o typieal
ean be placed The discase hawever 1 <o rarc that grouping arotnd thest prototypes hus not
assumed any sigmficance Only time wheeh will brmg wath st new studies and fusther obena
tions will aswist in fortnulating a suitable chssifiention

In answer to Dr Myer’s question I would like to state that when I rdernd to degenens
tron of the pyramudal system T implieatcd anyolvement of a particulir Tunctiomd group of
neurons wmuch as one would refer to the «ystem of lower motor neurons of the medully and
spinnl cord Tn this dehmtion I would like to emphisize functional however fr the ewct

loeal of newrons producing this stercatvped st of symploms e act leen
wdentified for the atavias Corticospinal or carticabulbar 19 prolably & mere appecpe e term
for 1t 15 a system of neurons descending from the corehral cortes nfluencing the finil ocmmon
pathinay ost of thewe fibers trasel in the pyramidal tract of the medull of longata 21t ough
thus tenct probabls contams fibers of subcortical ortgin ala Less than half the fhers of 1
tract arse from aren 3 many of cortical orggin anw from unknows areas Nererthdess the
neuralagic stgns associated with a disorder of thns system produce a constant an 7 well hnown

syndrome
RFFFRENCES

1 Aworms M Y The Justopathology of a new tspe of horditars loss of coordination at
the domestic rabbit Amer J Anat ¢ 183 1015

Ay, T W 4D TREEDY P & Fricdreich’s atavin combined with dutbetes metbtus in
sisters Bt med T2 1414 1933

3 Buwy, A A Changes with age un the spnal cord Arch \eurol Peschiat Chicago

0 299, 1953



34
THE REREDITAKY ATAXIAS 333

5 W ® M Tao generabiuns of herelitary o congemital atavis, s cimeal contnby
gon \ed Nent, 51 275, IRRT

50 Morsswer, P Lo malsibe de Fredrvich, etuds Physsoshinigu Thew de Yans, 1o

5 Mortaner P Dbéredoddégenéraion spruecrdaficne Fxtemt de 1Pyl pesbie
Vediow Chorurgieal  Svdeme mepeus 17052 1703 and 134

55 \rcouarers, R, Lamses, F N avn Mo, 05 Phyuology of ealoum metatolysm
Plask Rev 33 Qi 1938

5 \wm, b Mentional by Oston

55 OLeuy § T Ageiog wn the nersous system, Cowdey ‘s “Prallems of Sgong” ol 1v
% 1 Lanung The Wilhams & Wilkin Lo, Baltuere, Soled, 1052

59 Osstow I The relation tetween une acid sl allantom exeretion m habnds of the
Dalmatun hound Biochen T, 17 831 1923

0 Osrox & T The patliology of the hereditary wnd tamubial nervous and mentsl drunms
Arch Newrol Payehut, Clucago, 13 96, 1928

61 Porenor, P aso Brotasmnt b Mereditary staxia 3§ lered, 23 277, 17032

& Rarsosy P The refationshup of 11 ¢ so-called family drense< o  premature phyadope
senescence localized to cerfain orgamie svetems fancet, 1 1G9 1008

@3 Rrrver, 3 M The offect of ape on the cachohydrate metalivham of tissue hamogenates
4 Gerontol 2 915 1937

& Rometon € The mterpretation of biochenmeal dotail revealed by inborn errors
Brochemt e Syiup %3 Brochereat apects of gemties ¥4 ROT Williama p 16
Combudge Unnerdy Press London 1950

65 Iucnter B Depeneralion of the asal ganglia 1n me nkey s from ehronic catlan dualfide
pasonmg 3 Newropath K Fxper Neurol } 324 1945

66 Ricurer R Late eortwal cerchelfar atrophs A fotm of lereditary atsun \mer 3
Tuman Genel € 1 1950

61 Rices 11 Dhscussion of Wilson G snd Dean J  Heradibars staxss i idenbienf {wans
#fecting the cerebeflum an f onto maf ¢ 1 1 * chnseo-
putologe stady Awch .

4 Brogy, & Sur [anatotme
wonag de fa afpetnere + cw 1r e

6 Sarren W T Parothorosd and cxloum s Testhook of Ph

Armcoh

“ounders Co  Plalzdelplae, 1952 el p 155 W B

0 RomszmeER N S v Gotostety R Fredresch's
welltes N L State S WMed 0 313 1930 s atama awoctited aith dabetes

“t wcart A Newe Botrape 2ur Mikromorph

phologe und  Anat

eryng der Tnfantst amourotischen Jdsobe (1 58) (e nmm (;:‘«lwn‘mumu"
tchnen Whossbentephulons (5505 Betige 225 momphelome dos. Rloetonee e e
Zeat ges Newrol Psycloat 46 1 1930 e des Rlombencephatons

2

Agre 4 3 Ants B oo Dins
I Fredeeshs
e T 5w mederich's atagm and its candiae mamfrats
¥ Senzostne 11 v Goras DD
eficiency of ceraloply

et devesion (Nhon s ) Seeee £ 1 n
e ereditary atava Chieal st N o

e N St teal studp hrough six genesstions Areh N, eyrol,

T Scacy W Heredita el
Ty atava. A survey of vest:
o e —— . Hain chiaest, pathclome and oy
pxml :l b Inkape dnta on fise additona hereditaey factor e
“

™ Am 3 human Genet
Semr 3 N a0 Havwux: )
28, W Ueredtary at:
omon sty 3 Newopath G earl 7 105 gy Y L v of
, 105!



822 GINETICS AND INHLRITANCE OF NEUROFSICHIATRIC PATTERNS

73
&

3

a

38

39

4

-

4
4

=&

4

&

E

E3

+

%

+

&

Ginvon, Q H The reduction of methaemoglobin in red eclts and studies on the cause of
wdopathie methiemoblobinienia Biochera J, 52 183, 1948

Gowrrs, W R Alsotrophy Lancet, 2 1003, 1902

Hawowwr, I B S The pastial sex hinkage of receswive spastic paraplegin 3 Genet, §1
141, 1951

Huwnavr, T B S The rcdatine importance of prneipal and modifying genes m deter
rouung some human diseases J Genet , 41 149, 1931

Husaan, A Hoanp Tanen, Y Hereditary corebellar ataxte (Mane's) study m five
geneeations of a lamuly J Tgypt M A, 85 8, 1952

e, G B ¥ nedreicl’s atawn, histopathologie study (differcntiation from Mane's
ataan) Arch Neurol Psycluat, Chicigo, 37 116, 1938

Hissn, G B Olnopontacerclellar atrophy  Arch Neutol Psychitt, Clicago, 81 43
1036

Hoowrew, 1T P Brun Metabohsm and Cerebral Disorders: Baltumore, The Willams 8
Wilkins Ca, 1951

Tossuy, C V. oasp Atznenter, A Fin Beiteag zur Kk und pathologichen Ansto-
muscher Westpha! Stritmpeltschen Pacudosklerose 7 ges Neurol Pyelint, 8149,
1911-12

Tespryssie B Betteage rue Kenotns der hereditaren Krankhetten Disch Z Nervent,
22 444 1902

Kautarn, B J The genctie aspeets of mental disorders of ageing Comparitive ton
data on the myvolutional and semle periods of ife J Hered 48 89, 1952

Keenw E anp Suvanass B Batrage zur Chempe der Trpordosen B Uher die Matur
der Cerebroside der Milz und anderr Orgine ber der Gavcher Krankhieat Happe
Seyl 7 267 130, 1050

Krreest M avp Dexantr, G Contnbubion & Pétude des affections nerveuses fam
Diles et hereditaires Rey de med, 72 745 1892

Tanna, W M aan Gire 1 7 Hereditary spistic paraplega and hereditan atios &
fanly demonstrating a vamety of phenotypie mamfestations Arch Neurol Py
chiat, Clieago 66 816 1951

Tivsina A T Some phyaologieal aspects of ageng Physiol Rev

Trers H anb Scnocz B Korrelwtons pathologische Untersuchungen Die e
Ataxie Zeit menschl Vererb 22 703 1930

Trnis N D € Pathalogie processes in extraneuril aystems of the body m sarious
hereditary and famlial nervous and mental diserses Arch Newrol Pacluat Ch
c1go 13 47 1925 )

Treuteasters B W A Toxthook of Newropathology W B Siunders Compuny, Pl
delpluy 1039 ,

Troncy, F O wp Yartniz M M Malformacion medulr de un emirion de 25
solimetros 3 su importancit en 11 etiopithogenta de I heredo ataxia Rev ¢ ¥s
panols, 28 10 1038 X

Trovp T I aap Newcourr T S\ case of Inedrcech s atwar Arch Neurol P4
cheit Chieago, 6 157 1091

Maroune O ANp Rikse W Chronie progresane spina «crchello cortical hpodystrophy
affecung ccrtmn arterad supply areas 4 Neuropath Fxper Neurol 6 61 1919

Mamtr P Sur I hértdo atasie cercbellense Semame Med 13 431 1893

Manmpeco G Mentioned by Orton Ry meural 27 166 1922

Nnnpeco, G DRACASFSCO BT Asp Vaotrs 1D Nouvell mahdn famutile eare
tériske par une catrractc congemtale ot un arrdt du dovelopment somato netrn iy

chique L7Enceph , 26 97, 1931

31 274 1951
rhliche



CHAPTER NIV

SFIZLRES, BRAIN WAVES \ND I.\TQLLIGEI\'CE
1ESTS OF LPILEPTIC TWINS

WILLIAM 6 IFVNON AND DOSAID 16 IR

Heredits m eprlepsy has been & contron ersrl subject swee the tune of
Rippocrates Gur evi fence on the subject 1s from two sources
Frrst 15 the mendence of epilepst among the members of the epileptie s
immedate fammls as slreads presented by one of us (1) A group of 3231
patients seen in office or clinic had 20 000 near relitnes Among these 32
per cent had a tistory of one or more serzures L sumpling disclosed that
approximately one half had expersenced onls one of tno The remaming 1 6
per cent 1s three times greater than the madence of chironic epilepsy, 05
percent m the population of draft age in the Uiited States 1 epilepties
had evidence of bram damage prior to the first <etzure (v mplomatic ept
Tepsi) 18 per cent of the relatives had expenenced ope or more seizures
1t the patient had no evidence of prior bram damage (metabohe epilepay )
the mendence for all ages was twiee s great namely 36 per cent In the
metabolic group the meidence of eprlepsy among relatnes dechned pro
gressivels with increasing age of the patient at the time of the fint sezure
Thus 64 per cent of near relatives were affected 1f the epilepss of the
patient began wn nfaner but onlv 13 per cent if it began at 3¢ vears or
later & vatio of five to one Alstrom (2) the Swedish genehionst found an
wneidence 1 Sueden not significantls greater than that of the madence m
the male population of draft age of the Umited States The fact that tis
Patients began to have seizures relatn ey late 1n e would account for the
distrepaney betsieen hus results and ours Tn ours 57 per cent had the
wttial sewzure before the 2ge of 10 Our second source of evidence the syb
‘“,;;‘" this presentation 15 a study of 153 tnms with & histors of seizures
ago ;::E:;; x:m prx:;g‘r‘ess report on @ twin studs begun newrh 20 jears
ave dealt with 66 (3) and 122 (1) pairs of tains
From + T
n¥ren
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EPILEPSY TN TWINS

TARLF 25 .
D stnbul on of fwin 3 roposizs by ser and zygonty of propoaitt and by xex of co-biryn with ud,rm
numbers baved on o ser val 0 of 54 malest § females f und in §000 epilept er an,
as um ngone th rd of all { ancare m na ygot ¢

Tw o Proposina Male Cotwina Femate Co-twiny
Tl B . .
vl %] » (O] E ‘ ,a—_ o l E v
Male propont i {
A \MEZpars 0ls] ooy snl—- St el B
wiZpars sieal sutsisitiiwe] wla] en
T tl Males | sip3s) asclss o2v{ans }
i e
Female prapos fa |
aMZpars 19%85 159 — — =~ —

2 D2 s 33715311 030 16 265 4s1) % oes|an
Tolal Fon ales 1 95 96 298 ‘s sy ) P
e .ﬁ__‘___‘,

Total propest } 3y n w

]

of 117 proposits found 1o be twins after referral as epileptie 47 were mono
Sgobiean 1790 nere dizsgotre the correspouding distnbution of 56 relerred
with haowledge of our tnin studs was 30 and 26 respectvel The sex
Tatio of the groups was the sime The signtficnt exeess of mon
bars i the second group wdieates that selection did indeed ope
t some extent has biased oyr sample

Table 22 shoss a grouping of 178 propositi by sex and by zvgosty with
the sex d strhution of the o twins for each group Fxpected nunbers
have been caleutated qn the bras of the sex ratio of 54 males to 46 femnles
found 10 $000 eplephies of all ages (7§ and on the asswmption that one
ol of M Awins are monozy gobe {11) OF the 173 propositt 78 were male
and 93 female By x tost thee figures are probably sigficanths . rent
from the expected + alues of 93 4 males and 79 6 females (02 > b > (33}
n eating g relatne defient of male tsin proposts
. ::{ u”:; l;:]l;- :mp(h((\ 30 proved to be monozs gatre and 48 dizy gotie of

co-twin of the same sex and 93 1 co tw w of the opposte

X Among the fenqle froposity 47 belcnged to a monozy golie pur apd
1810 a dizogotse par Of the }

atter group 32 were of ke sex and 16 were
of nm‘msl\e sexes Comparison of the ohsere § o w1 o B

nzs gohe
Tite and

] s
emales) S nipared with

u
‘L Tatio of monozs gotie pairs 00 miles to 4%
males 1o g0 femates)

the sex ratto of fife sered dizy gotie tnans 23
shows no sigmficint difference (80 > P 5 20)
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The tot1l now numbers 200 but 27 purs have not been fully processed \
s aluthle feature of the study 15 1ts ongitudm ! nture Helpedjerhy s b
the fact that exuminations and medieal 1dvice have heen without charge
most of the twims have been followed for nrany vears and electroencepl 2lo
grums repaated it intervals In addiion to the dation 51 twm purs not
previously reported new and more det uled mformation has been obtuned
on mam of the cxrher c1ses This has made possible a more accurite cliss
ficrtion of some purs ind bis enhinccd our understanding of mtrajur
vamations During the pist two veurs the scope of the project his teen
expanded to a twin framh studs by including detailed exannn ttion of the
seizure Justory the L1 G s and the blood groups of pirents and siblings

Of the 846 persons m the studs, all but 57 were seen and e<imned per
sonally  1he attendng phs sician suppled the needed mformation about
these Llectroencephalograms of Loth twins were secured for all but 11 of
the purs Three purs had been reported by others (4 5 6)

The deusion respecting zv gosits was based on the usual phvacal com
prison such 2s height weight color of 1 uir and eves finger prints ability
to taste phensithiocarbanudc funneling the tongue, the tspe of placents
and membranes birth waght and the nature of congemtal defects if
In recent vears detuled blood groupimg of twins and their pirents was
carried out routinely for the following antigens 4, B, C D, F e e MY
S s ' ndn somc cases groupmg for hell Lewis and Duffy was done
We arc mdebted to Dr Fred IT Allen Jr, of the Blood Grouping 1 2l ort
tory Boston for cirrving out these blood tests which have greath m
cresed our confidence m the z3 gosity deterrminations We are grateful al 0
to the miny doctors near and far who have riferred epileptic twimn purs
to us for study

VALIDITY OF TIHF SAMPIE

The 1deal 1pplication of the twin method m medical geneties requires the
random collection of 1 lirge number of mdividuals with a given discaee
followed by inquiry as to how mans of tham are twins The tam purs ¢
then studted m detanl to determunc the pereentage of concord inet for v 1
ous aspects of the disease

1lns method w s folloned m the man m our study n that over twe
thirds of the s inple consisted of chnie and private patients seen on routine
referr 1l without reference to twinmng However we accepted for stu 1]\
wy twin pur if one or both members had & istory of seizures The s ml})) e
consequently may melude a number of twins who were sent because l]ul'
refernug phs siclan knew of our special interest m twins Possibis he won ]
consider 1 monozy gotic or concord int pair more mtercsting and ful to s;‘nll
an eqully important dizy gotie or discord int pur Our dita disclose 1a
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eenTY CONCORDANCE OF EPILEPSY

LU

Fip of Convordanee of 3 Tactory of epflepey W 133 tarn pairs watl respect 1o 2y praty
#6d Braw daunage priot 1o seizures Numbers of tnin pairs n this and the next three fgures
appear gt the base of the bars {or columns) pnd the pereentage of concondante at ihe top
The numbers concordant (trom top to Loltom} are 3% 12 30 and 15

Conrad (10) with 157 purs The former drew matenal {rom watitulons
w Atenca, the latter from  the entsre hosptal popnlation of Germany *
Netther had the adyantage of blood tvping of the electroencephalogram
Alsa, the <election with respect 1o zagosity was ynusual Of the combined
64wz purs, 26 per cent were monozigotic agumt 25-33 per cent for
all twin bisths and 44 3 per cent for our presint senies In <pite of these
hiferences there ts surprsing agreetent between these 20 year old reports
nd our awn with respeet to concord anee of epifepsy m monoz) potic pairs,
namels, 79 per cent concordance  Among diza gotie patrs, hanever, wide
dffesences wire reported, Rosanoff, 23 per cent, Conrad, 8 per cont and

ours, 125 por cent.

w - .
an .
2

s o rae b2 sumptomatic cases, 24 per cent (aganst ouy
512 and 20 per cent respectinely ds shown m the Jower half of figure 56).

In figure 57 the mfluence of 21 gosits and of bram damage are deaft with
separatelt The to

o upper bars represent twin patrs nitheut acquired bram
damage The topmast bar is for one-eg tniny Concardance i these 51
‘(‘:}‘:5'\:“‘2 DET cent Aong nne i nurs with an e 0T gy
o koo
) . . 2 others,
tan "Ttno-egg
ced gt et

The tha bott
m bars represent taw \
Rormahty of the s mun m pairs with an acquired bran ab

s Of 26 one-egg pawrs the concordance 15 g4 8
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Turthermore the sex ratio among dizy gotte propositi does not differ g
nificwntly from that found i ther twms (10 > I'> 05) In 2 monogrph
on psichotic and neurotic tllnesses m twins Sliter (8) his enticize | our
data because they  were apparently obt uned 1n the course of or hnary
clieal work and were not found through a svstemitic surves  Jhebas
mtroduced m sumphng was discussed abovc Tt 16 iteresting that Shiter s
more elabortels collceted sertes also had a sigmifient ¢xee ~ of funle
propostt, and s smple showed a sigmificint eacess of dizygotie pars
wherens ours showed an ¢xcess of monozy gotic purs 1he 1 nropern M/
rate of 025 (19) was used for ¢valuition of lus sumple md the \menean
M7 rate of 0 39 for our twms (11) The diffcrences muy redlect mtrmac
varritions m the distributions of the disc1ses by sev and tyvpe of twn
rather than differences m the methods of sempling e reduced yiibihts
of males results i 1 male female ritio of 124 100 s still born twms nd a
male female ratio of 128 100 1 twin deiths during the first veur of Ife
Possibly beewuse of this differential viabihity  the loss of males m twin births
15 exeessive and henec foner purs cont uning miles would come to our
attention This 15 m Lecping with our findings of a relativ e excess of mono
73 gotic female purs and a rel itive defieit of male co twins among dizy gotic
fernnle propostts Stice the studs bogm sty m des and three females hve
died

TWIN COMPARISONS

Iwins are divided mto three clisses with respeet first to the 73 gosif
of twms second to prior bran dumage and third as to whether sazure>
had been multiple and chronte or onh febrile or confined to onc or twe
Vic have observed the mvolsument of both co twmns with respeet to four
conditions first cpilepsy second the t pe of saizure third the branwanve
pattern and fourth the I Q Vith respect to the epilepsy  the distribution
of the three classes 15 displned m tible 26

CONCORDANCF IN FPITFIESY

1he two uppermost bars of figure 56 refer to zvgosity  [he concordanee

of epilepsy among 77 monozy gotie purs 1s 70 1 per cent and among %
dizy gotic concordance v 125 per cent The two lower bars rder to brun
dantge The concordancc among 88 pars without anteccdent brun dmage
15 51 2 per cent and among 75 purs with damage 1t 15 20 pcr cont In thn
comprrison the spread between groups on the bisis of zyvgostty 15 nore
than tnice the spread on the bsis of an acquired bram Jesion
Several authors Ive gren mtercsting cwe reports of onc or a fen

but only two reports have dealt wath a large number of

leptic twins
ey by Rosunoff Handy and Rosanoff (9) with 107 patrs and

cases These tre
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TABLE 26
Data concerning 178 farwn parrs with reference fo presence and chrumity of rerzures zygocity,
and antevedent brmin dimage

Concortant i 1 sconant
On | [_ " ek ‘m
o Due all
chronic} Roth o 103 erouga] M
R ] R
| i
]
Qe ep | Bran mtact
A N 3 st s } s frje jat
% 8] 7ol 196 58 peu 106 1Njionles
Brawn lewion ! ]
o s 15 Lo foy jo i |
%o Bajw2l o s 1lo lesslwo)ise
Total !
SNo 35 9 10 o4 1 £ 1 23 7’
% s jmrimoint we lsu!eoo 100 [ 433
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prs | No 2 | jols s fn g
% 426 63y 213128 97 ssmierelemlere
Brain kesson ! ! [ I
No § 4 ‘ 2 ] ol f 8 je 13 o,
1 % P86 408 0 {192 878 0 878 10|28y
Total | ‘ o i
f No "o 1y R R R TR !
% BT 3 10 ey s T W ss
{ !
R | |
N, isx l T om e s [ gy
% ny Tl‘rn‘l 520 29 51 *‘Uy|m‘5|\ﬂ
B )RR |
Yo |8 [ So ’u>m o |un
| (17,935 o 200 wo 0 'sgy
‘ Total | i {
Yo LU PR TR P sl
%
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' ~'s7£ 809 638 4o 399 89, 81 8
R S T

Mabed an] Lypy Oz are 24 yenry of §
FranHatker and n paternat uncle had hag
has petet ma) At the

reported by 11t and Wemrer (@) The poternal
e isth of the tatns the

cheonse epalepsy The (lald of Matel, the patent

Phcenta and membranes were angle hoth wey
oo 2 bl pounds & gugmented molo g n o Y o
ber hair o e nght

and s nght eyedominant wherey
 du
“‘" :\'}\‘na\'ng‘n *de The nght ear of one tamm eos

d 13 per seeund Sctivats th all oads huy especially i the rphy aceiputal
1ty 13 the greater

0 Mabel at the agc of 20 bung generalized towe<lonic 3n4
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CONCORDANCE OF EPILEPSY IN 173 TWIN PAIRS

NO ACQUIRED BRAIN DANAGE
42 1ee %

EGS
one st fizc 7 e e
i ] || S

CONGENITAL DEFECT
™o 47 128% e [

WITH ACQUIRED BRAIN DAMAGE

T e o
IWO ‘S- 12 2%

Fig 57 Concordance of epilepsy m 173 twin pans wath reference to zygosity m groups
without and with Erun damage prior to epilepsy The num! ers concordant for the four bars
are 45 6, 9 and 6 Data given i the top bar s divided i nu e purs with congental 1 run
defcet nll concordant and 42 pars 96 concordint without evidcnce of congenttal tram
defect

o
z
E
"
@

per cent Among 49 two cgg p urs, concordance 15 12 € per cent \sm the
previous figure, the spread between degree of concordance on the basis of
7y gosits 1s more than twice the spread on the basis of an 1equired lesion
The concordance of 88 per cent for monozy gotic undamiged twins was
ahmost the stme as Conrad s, although his group numbered only 22 agunst
our 51 Concordance of lus other subgroups was much lower than ours
Perhaps co twins who had only trnsient or febnle sazures n carh Ife
were not clussified as epileptic by Conrid

The data consolidated m figures 56 and 57 appeir m more detaal m
table 26

Twin purs that do not align themsely es with the majority groups deserve
speetnl serutiny. s mvolves first, the six (out of 51) monozy gotic umn
jured p urs i which only anc co twin has a histors of serzures and se cond
the six (out of 47) dizygotic unmjured pars i which both co twins hnve
such a lustors The v tuce of continucd scareh for pertinent evidence and
of re cxtmmations of the twin pairs 15 tllustrited by comparison with the
report made by W L (1) threc vears ago OF the 12 twin purs which then
were not in agrcement with the expected concord ince or discordance, si<
are elmmated from the present report The displicements hive not been
due to a chnge m the sazure state but ta reappraisil of zyvgosity or of
acquired brun damage Beese of the yvouth of some twins and the short
duration of the seizure lustory, prescnt discordance my n tune become
concordance Tlis would apply to both ene and two egg twin purs
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vears, Carcl bas been svwptom free Her F E G on npeated trals was normal untih & recond
g dunng sleep revenled apihe-wave dicharges Raren's T Q0 at the ape of seven years, was
9, Cancls, 05

Following are the sie twan prurs, all dizy gotie, which violate the cxpected
b betng concordant with respeet to epilepy

Litban and Torrame €t ate 18 years of age, one with trinsient, the other with chmme
epilepss Thurr preruatal perind was comphieated by the mother’s mudd tovemia AL the age of
190 Liian hal a senes of febnle convulons ovcr a 23 hoyr peril Four vearc agn a1 the
& of 14 Larraine began to Tave nocturnal convubsons These have recurred four 10 ten
(mes a vesr esprarally at Lhe tirme of some 1nfection “The most recent F F G0 '8 diplaved for
1w grioralied bugh voltage spike dictiarges w the waking and atypical rontal pike
ducharges in the dewping record Lorrune's recard hnd sumilae but exapgerated abhonmatities
The tracngs were wnw wally ahike for an undoubted dizgotic pase Sathar’s 1 Q wae o,
Torraine's 100
. Anthony and Patneia 1 g wre mne vears of age both with a hastory of L ok convilaons

- L} . » . Y ' v
D N T

. .0y
T pes a8 man Putnios bad tao fel

brile convulstons when aw mfant The firt ¢ 1 thrre
FEGS dptved for Suthony fast spike wave formations on oversentiition and for
Patrsna onky » tig buldup Anthom’s T Q was &3 Palnaa's w9

Al nand Jane Flr Jour gnd o hall searsof age an patients at the Vonwn Sate Hospital
P Roger Oterhetd sopenntendent A great aunt bad eplepes The tnime werm eight mecks
Premature weqght three Pounds 13%, ounces and lour pounds Ahree ounces Mental and

ph;nm) Telanltion was noted after & few months Tomc convulaons begrin in Voth bxans
:’:.q\,‘ first yesr B2 dence of severe congumtal dufiet of the Tram resulted 1n mitutional
on

u\m'lp sed foan Gat are nine svars of age both with o bistory of febmi convulons 4
D‘ ermal sunt and & maternal unele fiad “eizures i nfancy  the latter dying at 31 monthe
Pother maternal munt fuad severe fatnting epsodes The wans wer born altet & 60 hour

frhnle comulaian at 16 mionths and & tota of ?
Pl w s a total of mix or might Joan's
R \\—‘::\: 2'3n mo‘nlhs vr‘(lh atotafof about 15 Phallp<F £ G was normal, Joan's had mans
e boy'y was 94 o1
Yondend L s Q %as 90 theee pomnts abore s Sintes

aped 16 vears w

}[}m\: epinpy o chreme K;:!md! [m,\\u.(:: ;}l::::n::\‘\r: Blrhﬁmh lia‘\\!vun of Baltinore
et 3

o . N

tre

basa

©otwor swizures Yhe P LG
wing
nted sovirmt ¢ ma o

»

Tun aug oF Hon s han paroccrmat, tugh voltage Ao

oo 15, 6120 Tid are 16 earg of age The Gather fa
BTN %A% present in the mother ter

by % %aves and two per

Fipiih ; “cennd spike nave diechargns
SR G oot o the s pros e only g o et 10

ouninal ol narmalgy of
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lasting 45 mnutes, Attacks have numbered approvumotely 15 but have been absent folloning
the prescription of Milantin T ulu has been seizure free

Joseph and Tames Fee are 40 years of age As a boy Joseph was rendered unconscious by
@ blow on the head The twins have been foltoned clincally and electrogrplucally for the
pist 15 years Joseph at one time ey d an hysterseal liemi Since about the age
of 18 he has had many modequately described periods of unconsciousness While servng an
oight year prison sentence for impregnating a consenting giel under the age of consent al
though hus twin was imolved also, Joseph has had imidequate medication and frequent con
vulsions and psychotic outhursts the latter probibly psychomotor scizures Both twins have
migrune The I Q of Joseph at 120 13 two points above that of Tames The F F G s of both
werc considered normal until a sleep re cording of Joseph disclased slow spthes i the temporal
areas James also 1s neurotic A hustory of what might be automatisms 1+ too vague for wents
fication

Robert and Richard Rea , referred by Dr Madelune Brown when list seen were 14 vears
of age Robert had experienced perhips a dozen tome conyulsions and some penods of am
nesta 1n the past four years His 1 Q at 102 nas three points at ove hie brather’s who had
had no seizures The T E G ’s were normal and the same except that Robert s had a pareyys
mal, big buildup with hyperpnea

James and Joseph Whi  aged four were examined by Dr Ruth W DBaldwin of Baltimore
sho supplied the needed nformation The mother had chuldhood convul tons and now his
migraime One of her five chuldren had febrile consulsions The Tibor listed for 10 diys with
intermittent bleeding James was second born breech presentation He had cxperienced one
setzure a month hefore hus fiest visit He fell ta the floor was unconscious for severa] mnutes
Ius face very blue e was confused afternards and did not ecem hunself for several divs
The P} G 's of both boys werc constdered abnormal Lecause of frequent paroxy sm of Ingh
voltage four per second waves and persstence of a g bwldup after cesation of hyperpnea

Jane and Flune Wil are seven and a half years of age The fither had funting spelis’
childhond and at 27 years had a tome clome eonyulsion following a venous puncture Of his
sesen siblings two had febrile convulaons and a third famting spells 4 nicce of the tatns
mother had convulstons to the age of siv The mother and also her mother and sister have
migrune The pregnancy was complicated by toxemin with albuminury with weight ineread
ing from 97 to 16% pounds Following dehvery the mother had a series of perhaps 15 comul
sions Placenta and metbranes were single Jane the patient who was sccond born offered
the most difficulty Ter seizures autonomic in nature began at the age of five There was
nausea and vomiting elevation of arms and eycballs and uncomsciousness for a few second¥
1f standmg she would fall be palhd brefly unconscious and for an hour woull have photo-
phobia and sometimes headache There might be only nawsea and abdominal pan After &
sear, frequency of attacks increased to two a month and consisted of a piercmg €y rap !

breathing nundity pallor and gigging or vomiting Such attacks might oceur in sicep Under
v ' P ~ntte Blpe lihe Jane 13 subject to moton

somtting but no diserete stzures

d excessive buktup on hyperpnes
o m the

Elame’s first EF G also slon was the more al normal because of sprke discharge
Jeft temporal lead The fathers record displiyed shight downess The mother’s 15 more ab-
normal because of slontng and six per second poutise spihes Jane’s T Q of 99 was three
ne's
pu‘;‘\':sr::‘::d}‘cl:rol Yon are now 15 years of nge A maternil cousn has epilepsy haren at
f six began to have petite absence  ttacks recurred dozens of tumes duly the dug
firmed by the F ¥ G They disappcared with persistent use of trmethadione
a5 well as the fast spthe-nave discharge, have been absent for sever

the age of
nosis betng conl
(Tridione), snd they,
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twns a total of 241 times (more than one tipe s represented 1n 69 pirs)
The aserage conenridance of all tpes 15 50 8 per cent for the A group and
139 per cent for the B 2 r 1o of mare than five to one (not ch 1rted)

The last tno pasrs of columns demonstrite that concord mee extends
61 to combmations of seizure tpes Indecd, when one co twin has hoth
gran) and pelit mal the concordance 18 76 9 per tent m group A and 779
per rent 1 group B In a large non twin scries, ptients wath a history of
both grand and petat mal had the most epiptic niates (7) The low
ontordance of combined grand mal and pss chomotor sevzures (st pur),

454 per cent 1n group \ and 6 6 per cent m group B, reflects the greater
pithologic abnormalits iy olved

CONCORDANCE OF ELECTRICAL PATTERNS

Farly m ther studies of the electroencephatogrum, Lennox and the
Gibbses called eplepsy & svmptomatie paroxsamal, ccrbral dvselinth
ma In 1939 and agun i 1940 they (12, 13) ponderd 1o ats v alue m the
study of heredity  \fter examining 71 nonpileptic twms, they (14), 1n
195 snnounced that the brun wave pattern 15 an hereditary trat If
these conclusions are correct the concordance of eleetroencephalographic
dochurges not due to <ome acquired condition, should exceed the con

CONCORDANCE OF € £ G. ASNGRMALITY M 138 TwiNg

one €66 wo acoures I s oteen vema
WRAN Bauase

9%

% H ax
B O A
»
w0 33
Fe 1 G MY SLOW 5"""40 ST_O1stuy
Grog 4 u:,:::“'““'* oL FEG ot normality 1 154
Pebtans 14y o colamns for G,

twane The hateted columns
- are hr
W i up B The tumbers concondunt tor Qe columna eft to

2
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Pachgrount freqaereies Al ugl therc 4 cor cordat e for el psy teel sl sozunsand
tle 1 F = patterns are di cordint

CONCORDANCE Ol SFMIZURI TYiky

Does heredity determme sunph the presenec or absenee of epilepss m
any form, or does 1t detarmine the type of sazure? In figure 58 twms are
divided into two groups, first (group \) are the monozy gotie twins without
acqured brun dimage prior to the first sazure (the strped columns)
Sceond (group B) arc all other twins (black columns of the clart)

Lhere tre 144 purs with a istory of grwd mal i one or both Grand
il oceurs i both of the o twims im 86 4 per cent of thosc m group \ hut
m only 17 per cent of thos m group B Corresponding perecntages for 42
purs with pehit mal nrc 83 3 per cent and 8 3 per cont and for v with
psy chomotor scrzures 44 4 and 13 6 per cent The role of hercdits tppears
to deercnse progressivels m the three groups petit mab geand mal anl
psyvchomotor Stmplc petit ml (petite ibsence) 1s less hhely than other
types to have a background of ncurap ihologic ksion  The three spanie
seizure ty pes—grand mal petit mal psy chomotor— appear tn the sanes of

CONCORDANCE OF SEIZURE TYPES

R r s wo

ACQU RED DAMAGE

Bl o oteer TS

PERCENT ©

GRAND MaAL PETIT AL | PsvcWgmoToR
fag £8 Corcoclatee of sirire tiges € L s ath g ol stepes are £ e Cooap
wan tral

raltan 8%

' co ¢ rdance
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tepectinels T contrist wath the theee pur secon 1 sprhe-wave dncharges,
these forms are often assocrnted with pathologrc lesions

For all serzure i charges {the fourth pur of colamns) the roneond ey
{r 4 group s 77 per cunt and Sor the B group 1e 3 per cent The Fist twe
ool s represent E¥ G records which were normil oe howed onby an
dnormally fast or sin donmnant bickground rhathim Cancordine of
these non & earfie an L mnor abnormahities 1s irge and does not diffee much
for groups Land ©

The strong ev1 fence of lierecity or freh of it for certim brust wase pat
tems 13 m opte of the handieap of time The adtony of eplepas nnd of
sanous 3vpes of seszures cosers Voirs whercis Vectraonephatograping
reonsd ngs extend for minuies onlv Mso seizures expenenced in the past
do not dimymich 1 number wherets the presint eleetroencephinfogrmn ma
contam fewer abnorm ihties than when seiztres were active vhe gubt wmve
discharge of petit mal espemali lends 1o vanuh ax the person beewmes

adalt
LIKENESS QF DETAILS OF ELECTRICAL PRTTFRAS

w?hm mare especialh convinemg pomt remuns In monozs gone tuns
b olulc\ldenmufhram damage the three per second sprhe wove patterns
teattedd n mamy of ther <mafler detarls such ns dintribution through

[t
he sarions Jeads the relatine amplitude of spibas und waves and the con

Awt KT buboTW g G B B0 Gu o ¢ BoceTra,

AL s el |
st e NN

W»'W!\W\W\‘I\W
Lo e g AN e
m‘-wmwwww
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Fon
EEGs of Dan of #nd D1t Cac (From Lennox § by permission)
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cord wice of epilepsy m general ind of any speeific form of eprepsy 1n par
ticular

Paroxs smal bursts of high voltage w wes abnormilly fast or slow (seizur
disch irges) occurred 1 one or both of 105 twin purs In figure 59 these
arc divided mto groups A ind B as proviously The sercened columns repr
sent the 30 monozy gotie twins without acquired bran dimage, the black
colummns e all other twins 75 i number

The two columns on the left represent the elcetraencephalogrims of 92
twin purs onc or both of the co twins heving a three per sccond spihe w e
ischarge which we regird w disgnostic of petit mal eptlepsy The con
cordance 15 94 per cant m group \ and only 6 per cent m group B The
number of twm purs of group \ with other ts pes of serzure discharge s
smill, onlv sin wath slow spihe wasve and aght with ugh voltuge show
wves or sprhes Tence concordances shown for these pitterns i figure 59
must be mterpreted with ciution The number of persons in group Bn
adequite If these two groups are combmed the concordance 15 13 and 14
per cent for the slow spike wave and for slow waves or spihe discharges

ONE EGG TWINS I YEARS FH PH NEGATIVE FREQUENT DALY ABSENCE

ce-sm:z KATHRYN

Mm/wwvw MWWWWW

o NI~ A
WNA\W\ mmwwmwwm
PO A

Fig 60 wcsar Constance ard hatlryn M\ It €} and succeed ng frures the letters
refer 1o th o et t of ekotrodes T frortal T tex poral AT arteror temp rl P pan
Q ceatal etler T 0 or R gl VMor polwr rec riagasusc t The sgmal at

)
ctal ans povelts a1 [ fhe hme it the bott n <senls (From Lo v 1 D

the left measures 50 mic
pemnssmn)
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Fig 63 FFGs of Cynthia ani Cathrin Mar

a5 amoesin some Yasting an honr or mote Olwervedd closely e has een Tlfn! log!?:. x'::;
tentary fanng etach might be ether petit mat or paychomotor episades ‘; e 1! i
EEG was not distinctive 1t during <heep there wert § nicf, genershized .);« s 1 L

vellage pries an1 hagh veltage <low waves “uch u discharge 14 equivocs l\:l p'!v!l‘nr nf
didinctive alternate cprke ware formations Whatever thar wterprelation sumbar .‘m \:l‘g\"
e o the wsking record of the normal tain Herbert He dif not doep Lut b ml\ \nr
Trely of beer some 12 howrs before the recondimg These tains abw illustrate the fai um| o‘
shrome epilper to u uence & patient’s 1 @ Scores from Weelider Bellevue te<ting (verbal

pefortanee an! the full score) were asfollows Herbert 89 82 and 96, Hubert tlepatient,
93 a0 06

In goup B there were 24 twins with a slow sprhe wave dischrge m the
PEG of at least one co twin  Among these, four monozy gotic twins had

ahustors of bran damage w one (the epteptie) co twin The followmg
80 cases represent these four

Figure 63 represents tracings [rom the reconds of Cyntlua and Cothryn Mar nune yea¥
Masmongitie twins The brain of Cynthaa prod abfs was mured at burth Focal nght « ied
cocubine seures were frequent the prewmogrum diphyed difated sentncles snd her I G
72 5047 onts bulaw ber unaflected swter The spihe ware tichargs seen espeenlly
the hft paretal an ) pecrpital leads are of the slow reregular \anety wheteas the recond of
b wnafected twin 1 telatively normal

Fgure 64 compares tracings frorm the ocerpital leads of hent and Rerrs Tay monory gobie
e stat ol g, The mother has mugrasne hent has erebral pabey and a kR hetmiparens
e 3t 10 months When Lour venrs of age he ha § three prolonged fel rile convalaons bor
TIN5 3¥ats he has been sul ject. & number of taes a month 10 mnor serures 1n which he
S0 ks foghtened 13 pale and gulps repeatedly He retams consciousness but after about
* tuntite sviptoms end and the hoy hies down and steeps <yundly tor un hour or so Tle1s
eeebebavior prollem Tie 1 Q 1935 which 15 22 powmts bebsn that of fus unaffected twin
ot sloep there were many shar trphiasic sprhes  the nght oceypatal lead some followed

¥ 8unp Ry 5 wakag recond show e only selatsve mictisits of the lft occipitat les §
GYNFTIC MECHANISMSG
h;«)x:‘i !!mml monozy gotie twins helps us to estabilish the degree of inherita
. dor Phpw, and the percentage concordance m monozy gotic twine

»1F practical purposts, equal to the penetrance of the gene or genes, hut
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tour of the waves The point can be made elear only by viewmg sumples
of the tracigs We reproduce short sections of records of five monozy gotic
twins, three with three per second and two with two per second sprhe-ware
discharges

The three with fast sprhe-wave discharges represent the 15 {out of 16)
twins in which there was concordance with respect to the prmeprl K F G
abnormality.

Y rgure 60 reprovents the dysthy thima that attends the onset of petite abence 1 mono-
7ygotie 11 year old twiny, Constance and Rathryn MeN Proquent duly attachs Jnd bon
presunt for three years Famly and personal histories were unrevcaling On Thdwone mediet
tion chimenl serzures disappeared but spihe wave discharges continuedd, neccstating the
restmption of mudiertion Thar I Qs were Constance— erbal, 10, performance, 119 anl
full score, 110, hathry n—verbal, 101, perforniance, 111 and full score, 106

Trgure 61 thapliy 3 spike nave serzure disehiarges 1n the F F G " of both D and P
Cav , monozy gotte 15 year old tums At this ime Danie] had had two and Davad, four con
vulstons A defimte history of petite absence (disercte blickouts of consciousness) could et
Le obtaned The boys confessed to brief perteds of dizziness Probably these comneded with
miore prolonged periods of sprhe nave dischirges thn thove that appeir i the figure Ther
I Qs were Damel—verhnl 85, performnce, 77 and full scare, 80, David—verlal 9¢, per
formance, 78 and full scare, 86

Figune 62 contuns seiure discharge from the reconls of monazy gotic twms, Herbert and
Ilubert Bur, agd 28 vers Herlert (tft hand pancl) has had only tso convulsive siizures
at the age of aght and eightecn: Hubert beginmng ot the age of 10, had had approvmately
800 grind mal and 100 peychomotor sctzur s, the latter characterrzed by periods of coi fiaon

2 GRanD waL 300 GRAND WAL 100 PSTCHOMOTOR
neasear  2een 2 83 st nusEAT Sun aseer
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Tros some taes
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Fig 62 1FGsof Hubert and Herbert Bur
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Fg 63 EEGs ol Cynthis and Cathryn Mar

anlagness some b ting an hour or more Ot served ) el b b heen nﬂ\‘ tn fie e‘ {f‘\“::
suntary darng whick might be enth ¢ pet t mat or pescl omnte £ epreodes Wubert's ‘l ko
FEG wacnot d tmctive o during shep there were Enel, generahire 1 disel anmes ¢ ‘;\
lsge i s and bigh voltage fow waved Such 3 discharpe 16 equinacal n ¢ p’n--!'nt 8
orty ® alternate p ke-ware formats s Whatever thetr soten retaty n similar o 5 ‘\r‘gn‘
rurw the wabirg fecord of the normal twin Werbert He diln Usleep Tut tad bl
) ol beer some 12 hours txfore the mconting These taine sl illustrate e faslure of
e #pkpey to nfuence a patient s 3 @ Seotes frm Wechaler Bellevue testing (verbel

Tiemsary and the f ll score} were as follows Tlerbert 89 99 ani 06 Tlubert thepatient
P Band g0

In group 8 there were 24 twins with a slow sprhe wave dieliirge the
SEG of a1 least one co twin Among these four monozy gotie twins had

VBistory of bevn dlamage wn one (the epleptie) eo twm The foltowing
8 emes represent \bese for

Figun 63 mprescats tracings from Uhe records ot Conthun and Cathryn Mar moe yeaf
+ 4N b nins, The brasn of Cynttua prot atly wus snured at dirth Eoeal nght st led
st tzures pere froquent the provograrm dephiyed d \ated seutricles an dber ¥ Q
U0 pona belowr her anaffeeted wster The spthe-wmve dicharges «cen eperuatis
Ve 368t parctal ang oetp tal leads are of the slow trreguler vanety whemans tle recond of
1 wmslhcted (1 relatnely mornal

0 64 e tracvags from e oecygutat ko bs of hemt as 4 herry Toy  sionnay golt
vy old iwing The mol or has migrane Sent ) as cerel ral paley nnd & Lt hemparesd
e o 10 muonthy When fue years of age he had three prolonged fel o ccovulsons Fer
oy be byt heen sud oot bt of s & month. 1o ot s i7res s o ek he
o Skt 13 pofe e gl vepeatedie Ml reta o consct suenees |t atter abu ot
e (U0 e 1 Khe by hes Ao and dley 3 sou Wy for an hour or a0 He 11 1
e el o prct o s ¥ Q178 whach 1522 pe ntebel w that of ki unaffected {min
D16 S thore were mamy sharp nphiase xp ks 1 1o nght occrpital lea | some Folloned

"I Rery ¢ wakang tec e showed ante relsting snactuity of the Lt ocer tsbfen

CENFTIC MFCIHANISHs
Rista frgy

MR Muhozy
blts of ¢

£otic 1w ans hiekps us to establish the g gree of ishentn
" epsy and the perctnidge concordance i monozs gohie twins
F practicat Durposes equl to the penetrince of the gene or genes, bt
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they tell us nothmg sthout the mechamsm of its mherttance On the other
hand the frequenes of concord mt dizs gotie twin pur» ean be of some use
m tlus respeet In o teut which depends on either a sigle domimnant gene i
or a pair of recessine genes aa the discord int paurs nust result from the
mating of laraa and/or lar fa 1lus may be simphfied further for 4 d s
ease such s epilepsy with a discase rite of one half to one per ecnt Among
dirvgotic twins 1 the ese of a rire dommant gene \ practically all the
discord it pars will result from faraa matmgs In the Cise of a pare reces
sine gene @ fax fa 1 the only mating of importancc m producmg dis
cordant purs Rife (15) has shown that for twmns rindomly sclected and
subscquently studied for a gnven trut we should expeet concordrnce m
dizy gotic p urs to has ¢ maxamum of 33 per cent for a sunple donnn nt and
2 mrumum 14 3 per cent for 4 simple recessve His techmque cannot be
applicd to our data smee we dwavs knew one twin ws pileptic

In our cise with full (xpression we (xpeet masimum concordanee of
50 per cent 1 dizs gotre twans for simple domm nt and 2o per cent for sunple
recessine mhertance These maxumum s alies will be reduced by such
{rctors as meomplete penetrance and varnbihity of age of onset Tor ept
lepsy using the 70 per cent concord mee found 1n monozy gotic twins as &
mersare of penetranee the expected concord mee in dizy gotic twins waull
be about 3o per cent for a dounnant and thout 17 per cent for # recessne
gue W hile the observad concord tnee of 195 per cent fits the I pothests
of supple recessive mhertance better than smple dommant it docs not
Allow us to rulc out altermitine genct e Ty potheses

The wtr uterine situ stion of twans 15 very different from that of single
pirths In the ganerdd popul ttion only about one person m 50 Tias expers
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cneed thes special prenatal environment Hened wngu thfied statements
about the degree of hertabiity of a trart ennot be made from twn daty
slane "These suggest that prranatal emrenmental conditions, to wlach
dnphe twins are esposed  greath inerence the tondenes to (lepsy
<ome of the factors which mav mere st the concord ined i dhizy gatic purs
abare that of sit ings ave the wnert wed incudened of foxamny pramatunty,
beedug breech presentation and other olntetrienl comphieations which
are all more cammon sn 1sin births Tn prenatal bie a sepous meult nupht
be expecte | ta affect bath twins more frequentdy than a recurront meult m
the same mother i two pregmancies that resuft i singte bieths

Further elaboration of the mechamsm anats detmled fimly sudies of
turger numbers of pitwents The present studs 15 heng (xtended 10 inelude
the parents and sbhings of the wins with recording of seizure histony R
bram wave patierns, blood groups and certmn other phy wieal charucteris
bes in whick the toode of whentanee 15 straght forward The roufung
data dould perunt a <earch for groetic hinkages

THE ROL} OF NATUREL AND SURTULRE IN VENTALITY

o \fhn(al deterioration 15 & prme doraciensie of eplipy treneral
y xed m s of { tume statement anderhes much of the ol stigima and
@ dsenminatory laws that plague the (pileptic Laws aunet marmge

Prestppose {ransmisston ot onls of
What are the facts> oni of eplepsy fint abo of mental defect

i}
mr: have secured wtelligence tests of 130 of the tam pars Indivadu o}
M; "rang;e front 20 to 146 In the two Signres that follow the scares of
mhm: of “ﬁh puc are plotted as a single pomt If seores of the two
— o:;:; te ;amedlhn poit will fall on the diagonal \alue for the
st affected co twin 1 plot
n\;d s g pacted €0 s plotted on the abseissa Three comph
igure §
hmu;d >18.0f 60 monoms gotic twin paurs The left bl 1 of 36

wil
Amage Sy mhols cluster o —

fose to the diy, ! Whan b

a5e cheo ronal o both eo twins
. \h:' ;:‘::1\ :{if:;'ml aqs shown by the dots the werige salues (ndictted
relicent of g Iﬂn' 75 &£ $2.and 909 = 34 with u correlition
chron g eplepas andn‘hmno pars shown by crosses one co twin hs
e thag 1o e « other has cither been serzure free or has had no
et star) mye e res The averages for this group (ndicated by (he
0 = 38 and 104 & 46 with a correlation cocthaent of
Thy

““\‘e«: ‘”53::13\:( duplay s scores of 25
Dathologe by,

N
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TO SCOHES OF 60 MONOZYGOTIC TWINS

Hop .

NO PRIOR BRAIN DAMAGE

ok PRIOR  SRAIN DAMAGE
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WoST AFFECTED GO~ twWiN
8
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oR

@ B0TH CHRONIC SEIZUAES  AVIASGE
4 ONE CHROW C v DTWER MOWE
o TRAXS €

I8 OF EPRLEPTIC

36 10

T e LRI Lt T TR R L
10 OF NON EPILEPTIC OR LEAST ABFECTED CO~Twin

J1g €5 T Q scores of 60 monozygotic tums In tus chart the dots represent thuns it
which hoth have chronie cpilepsy  The erosses are for tho ¢ m which ope co twun eitier g
only transient or no soizuees To the left hand panel the large ercles inchcate the average of
ench of these tno groups the uppermost beng for tans when both co tams hase curonie
cpilepsy The dingonal represcnts an equality of the two twins The I @ of the epileptic or
the more affected of the co twine 14 pliced on the ordmate sealc The star dots and the ot
rows pointing from the sule ndicite the aserage values for the cases in each pinel

I'igure 66 contains the I Q scores of 67 dizs gotic parrs The Jeft half s
of 33 dizy gotic paurs without acqured bram damage There 15 wide scatter-
ing of symbols, but the average I Q value denoted by the star, 1s close
ta the diagonal The average I Q of the most affected 15 89 & 49 and of
the least affected, 92 == 6 2—a spread of three points The correlation
cocflicient for the group 15 63

The nght half 1s for pairs m which one of the co twins bas s
dagnage Scattering 1s more w 1despread and the jomt average 1 Q sfar
below the diagonal, with the most affected scoring 71 £ 51 and the Jest
affected, 97 &= 83 Tlus denotes a spread of 25 pomts i fivor of the an
The correlition coeflicient 15 39

A rough measure of the degree to wlhich heredity 1s responsible for the
+ apatrons m mtelligence between twins can be calculated from the correlt
pon cacfhelents as Tolrmger’s mdex (16) This 1s (4), which measures the
proportion of vanation due to heredity ina given trart, w here rvz s the

uffored braw

damaged co twn
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Fig 66 10 wores of 7 dzrgotie twins the kit and night land portions {ir thos re
spectnely without and with prior hustory of |t damage The croeses pot te 1 @ scons
o both co-twins Tn each cnse only one co-tnan h1s chrome scizurea

wtrachss correlation coeffictent of monozsgotie and oz of dingotic
tnims~h = T2 = Dz
1 -y

For the twins without brun damage—h = 82 ~ 646 = }%’: = 49

For the twins with bram damage—h = 01 - 895 o = 1¢
TS T 60

ﬁ:!(:{:m\‘lull (49) of the vanation of I Q  the und imaged group 1
o eredits compared with one eighth (12) 1 the group with bram
T

o :; :qm;no the relati e effct of heredity and of serzures on intelligunee,
bl P’;\{\lla\e k for the two groups of tsins without antecedent beun
tom sl 1 € first group 1 which both co twins have chromie seizurt s, 1y
N ml:) make caleulation of the mdex worth wlile \s wn alternatne,
- mmm:'cﬂ:- results securedd by those who hnve studied normal hnm:
s ‘};Ne with our second group 1 which one co twin s chrome

the other 15 se1zure free or has had no morc than two
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IO SCORES OF 60 MONOZYGOTIC TwiNS
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Fig €5 1 Q scares of €0 monosygotic twine In tlas chart the dots rpresent tums m
which hoth lmve chrome eplepsy The crosses are for thow n which anc co twin aither has
only tranwent ot no sazures In the loft land procd the Lirge erches mdicate the average of
cacdiof these two groups the uppermost Femng for twime when hoth co twing have dheeme
«pilepsy The dirgonal represents an equality of the two twins 1o T Q «f the epileptic or
the more affcted of the co twins s placed on the ordmate scale The star dots and the ar
rows potnting from the sude ndierte the average values for the crses m ench paned

Tigurc 66 contams the I Q scores of 67 dizy gotic pairs The left half v
of 33 dizy gotie purs without acquired bran damage There 15 wide scitter-
mg of svmbols, but the werage I Q value, denoted by the star, 1s close
to the dingonil The average I Q of the most affected 15 89 & 4 9 and of
the least afficted, 92 & 62—a spread of three pomnts The correlation
coefficient for the group 1s 65

‘The right half 1s for pairs i which one of the co-twins has suffered brun
dumage Scattermg 1s more widespread and the jomt average I Q 1s far
below the dmgonal, with the most affected scorng 71 &= 5 1 and the least
affectcd, 97 & 33 This denotes a spreid of 25 ports in favor of the un
dunaged co twin The correhon coeflicient 15 39

\ rough mcasure of the degree to which heredity 1 responsible for the
\ imations m ntelligence between twins ean be caleulated from the correlt
tion codlizents as Holzinger’s mdex (16) s 1s (&), which mesures the
proportion of varation due to heredity moa given trut, where rvz s the
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Fg6r 1 Q scores of 7 dizygot © twins the kelt and nght 1an | partions {or thase o
speet wely withowt and with prior history of tra n damage The croves spat te 1 Q) scona
“lbolk eotuine, 1o each case o1 Iy e co-twin Bas ehrowe serzures

mirachss correlation cocfficient of monozsgotic and rmz of dirsgotic
trmg—f = T = TOZ
1—rpz
For the twins withy b
out bram damage—h = 82 — 6316 = a3 = 49

For the twing wath bram damage—h = 07 308 _on 12
. 1- 39 €07

hn
du:‘l;:‘oukl}mlf (48} of the vamation of I Q@ m the undamaged group 1s
P credits compared with one eighth (12} i the group wath bran

T
. :}::m:;ne l:hc relative effect of heredits and of seizures on wtellizence
g Thmﬁ(t k for the two groups o twins without antecedlent brun
o e € Brst group in which both co-twina have ehronte seirures 5o
—— lakﬁ l:\:h caleutation of the imdex worth while \s an alternatye
B :c z): resulls seeured by thase who have sturdies] ne rmal twina
mmml;:" lhm with our seennd group i which one co-twin has chrome

e other 13 smzure free or has had no more than two
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097 - 165 _ 112 _
=y

1~ 765 2%

Tor this group b =

1lus value of 74 approxumates the salue 67 obt nned by Wingfiel 1 (17)
for the Iolzinger mdex Newman et al (18) obt uned 2 value of 68 for the
Bunct test Tus means that i our purs with only one co twm chromeally
ffceted as o normal twins nture . twice 1s powerful as nurture In
other words, i the abscnce of bramn dunage epilipsy doces not affect men
tulity adyersels

We conclud, therdfore tht the mental stite of persons with metaboli
cpilepsy, s with persons i generdl depends munly on their heredity
Whicther or not thes huve sazures 1s relitivels unimport int of comphcy
tions such 1s a cerebral thrombosis or brun triauma from 1 fll arc absent
In acqured (svmptomatic) epilepsy, on the other litnd brun dimage is
m unlhy responsible for both ¢pilepsy and mentldeen Agun the resultant
cffect of genetic and acquired forces determines hoth epilepsy and mental
ity
Qur present contribution suffers from the small numbers mvolved The
effective appheation of the twin method to problems of humm genchies
requures the development of o1vstams for routine recording of twin mdex
c1ses m hospitals 2nd depirtments of vital statistics An associttion such
15 this might sponsor such 4 register of epileptic twins Tailmg this we
mwite the cooperation of members who cncounter tnims n ther practiee

Results of studies such 1s this when apphied to questions of marringe
nd culdren must be viewed m proper relittonship and perspective for
example how docs the degree of mhenitince compare with thit m other
Mnesses? Wit other destr ible truts may outweigh i tendeney o serzures
what are the genctie truts of the partner 1 muriage, what 1s the posa
bility for preventing the conditions that activate an underly mg tendaney
to sczures nd af epilepsy comes what rc the chances for controf? As
with other questions that myvolve the eprleptie this onc must be Iughhy
wdinviduilized  \ature and nurture each vires m mmport ince Some
epilcptics should not pracrete others decidedhy should

CONCLUSION

With the ud of fricndly referring doctors plus an offer of frec examimn
tions ind treatment we have studted 173 twin purs subjcct to sazures
\mong monozi gotic twms without prior brum dunge the concordante
of eptlepsy botl absolute and compared with other twins 1s Ingh this
Ingh concordance extends to the type of sazure and morc ymportanth
and expliaitly to the three per second spih¢ wave pattern of the dectro
encephalogrmn Lhe degree of concordnce 1 dizy gotic twms porits h|! a
simple recessne Intelhgence tests of 130 twin pairs indicate that mtt h
gence, hhe (pilepsy itself, depends on heredity or on brun dimage, o
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oth but 15 not unportantly affected by seizures Many conauderations
entet into the question of marmige We believe that wmost eprlepties wlio
o ty marrs 2nd rear elnldren should be cncouraped to da so

DISCUSSION

Da Ansows L Geeeir [hew laven, Conn) Tnodilhetoaldat el compenmt s
PSPoT 15 A very umpres e demonstration of the preeyn of the duselopmental mechanans
of behavaor which operate 1 normal s well 18 1 patholipeal conditions

T our studes of monoz gotic tains we have heen alle ta subject fhe patierns of narmal
ehsvr to munute analysis of cinema records And we have often found a remarkat oy fenbits
msuch as p <peed the s tmung of the extensam of the
wex finger the patterns of staie chniling and of fine prehiension n yfant vnms In ove pur
of tams of sehiool 2ge we e found detaded 1 fenties 1 the wpeling of words Deep

wested mechanis;s govetn the correspon lences in the doyelopmental monpl logy of Lehavior
i noral tews
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. 937 — 765 172 -
Tor thus group b = T e s Tt

Tins 3 due of 74 approvimates the value, 67 obtuncd n Wingfiel 1 (17)
for the Holzinger index Nowmwn ctal (18) obtandd a3 tlue of 69 for the
Bmet test Tlis means that i our purs with only one co twin ehromerlly
affected, ns m norml twims, naturc 1s twice as powerful as nurture In
other words, i the absence of brun dumage epilcpss does not affect men
tility adversel

We conelude, therdforg, thit the mental state of persons with metabole
(pilepsy, as with persons i general depends manly on therr heredity
Whether or not they have sazares 1s rdd el unnnpartant if complien
tions such as 1 eerchril thrombosis or brun trum from a fll we absent
In required (svmptomtic) eplepsy, on the other hand, brun dumige 1»
manlsy responsible for both ¢pilepsy and mental deeny Agun the resultant
effect of genetic and nequured forees determines both epilepsy and mentil
ity
Our present contribution suffers from the small numbers myolved The
effective appheton of the twin method to problems of huntin gencties
requires the development of svstems for routine recording of twm mdex
cases m hospitails and departmonts of vitil siatisties An assocribion such
1s this nught sponsor such a register of ¢pileptie twins Pmling tlus, we
mvite the cooperation of mambcrs who cncounter twms tn thewe practiec

Results of studics such as this when pplicd to questions of marmge
wnd chidren must be viewed m proper rd ionslup and perspective, for
example, ow docs the degree of inhertt nee comprre with thait n ather
Hlnesses? What other desirble truts miy outwagh «tendeney to setzares
wht are the genebic truts of the partner m marnage what s the pow
bility for preventing the conditions that actiy 1te an underly ing tendeney
to seizures, ind 1f epilepsy comes what arc the chinees for control® As
with other questions that myvelve the (mleptic tus one must be highbs
mdnvdualized Nature and nurture each saries i amportinee Some
cptleplies should not proereate others deardedhy should

CONCI UsION

With the aud of frrendh rcfurring doctors plus an offcr of frec examny
tions and tretment, we have studied 173 tam purs subject to suzures
Lmong monoz gotic twins without prior bram d unige the concard et
of ¢pilepss, both bsolute and compired with othcr twine s lugh Hos
Ingh concordance itends to the type of sazure and morc mportanth
md exphently, to the three per o cond spik¢ wave pettern of the electro
encephatogrum The degree of cancordance in dizy gotic thins pomnts |1;Iu
simple recessne Intelligenee tests of 130 twin parrs mndicatc that mtclle

genee, ke epilepsy 1tsclf, depends on heredits or on bram damage, ot
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wete sble 1o reeal) That & parent wso had attehs of *aeh hendrehe’ af &
s e nature Lenniox contrasted thus group of 425 el iche patients w nh
a vantrol group of nurses, medcad students, and pusedineous patients,
among whow 11 per cent were ablc to recalia parant w whmgrune hod
arhes

INCIDENCF OF MICRAINE HEADACHE

Tn the const leration of an hereditary trant, the snodence of Wi trant
m the general population 15 of mterest and sgmficanee In the present
studt 1t has not been attempted to colleet new data on this avpeet of
mgene Honever Lemnox (9) based on fus ann exgrrience of findg an
taeidence of mugrawne of § 4 per cent n s control group of 1000, and on the
dules of Bahveat and Minked (1) wha found the menjence of wngrame
different soeral groups varvng from 37 per cent 1o 13 5 pur cont mde w
coménative estumate of 5 per cent as the mewdence of mygrame i the
imml population Weider et al (12} 1 a group of 10 000 voung m les
‘«:\;:d a:;ncrdcm\‘ of 9 per cent of frequent severe weapieitating head
'mm; - :o :;\ a studs of 15 000 patients m general prichies G (7)
(S)mm‘n:‘ enc‘e of 8 pur cent of mugrume headache whereas katz Hagh
o essing the private office records of 3 00D consteutng patients aver

ears, found an incidence of 22 per eent of angr une head iehes

PIRPOSE OF Tiiw STUDY

The
hem;h!"{le:cs(s that mugrame 1s not onh fanull but 1 ako an
rat has been supported, and a defimbion of st mode of mhen

tance has beea i
fom 116, m\xyn';“m"d by statistieal anlvsis of Finwhy pedigrees obtuined

TASIS OF SELECTION OF PATIENTS FOR STUDY

The

Nmplaf::::fs :‘““‘l‘l “’!" 5[‘“‘(3 had come to the New York Hosmtal
rere headaches

were selected for thys stuls on recurting welh over mans sears Thes

merne dentepe e the baws of the following defantion of
ey et L} Ss vsualhy umluterat i ouset sometnnes be
than e o sﬂ"alu;e he end of the attach Attacks were from less
it i ! avsin daration The headache attachs were asso
and m s %amm and vomiting as well as with photopholna
benraneg e ’me of the atticks were ushered 1 by seotomatn
——— ‘e: piresthesia ar speech disorder Some attachs were
111 bt of ’lgo paflor excessne sweating and chillmess " hese
the o ‘mm“r eatures did not all occur with ¢ ich attack Some of
Bermore gt :l::;: 1h;;lr)\cad rwches at the time of menstrutson l«u‘:
s the course af the headache v 1s altered by ergot



CHAPTER XX

THE FAMILIAL OCCURRENCE OF MIGRAINT
HEADACHE A STUDY OF HEREDITY

TUFTEN GOODFIT RICHARD ITWONTIN, «ap HAROID G WOLFF

The patient with nugrune headache commonly reports that some
othcr member of s fanuhy has smular hedaches The mugrame svndrome
has long been considered frmilial, and some mvestigitors e presented
fumilial occurrences as evidence of 1ts hereditary character In 1873,
Livang (10) 1n Ins monograph on megrun’, commented on the frequent
oceurrence of imgrame 1 the relitives of s megnm' patients, and ob
served that this disorder was often transmitted from parent to child,
especially from a parent to those cluldren who i othr respeets resembled
him Christiansen (2) was of the opimon thit migrune 1s o dominant
hercditary factor, based on Ius obsersabion of the very Jugh percentage
of lns patients with severe migraine who had near rdlattves wath migramne
Ulrich (11) studied 500 cases of nugr une hoadche and believed thes all
mheritad 2 migrune constitution, and that crcumstances such as alcohol,
nfection, fmguc, worry and want do not cause migraime, hut preeipitate
1t i such patients Fitz Hugh (3) suggested that migrune 1s a constite
tional! predisposition of the mditidual to reict with headache to a vanety
of stumult which, 1n the non migrainous members of the population, produce
no such comp rable effect

FAMILIAL OCCURRENCE OF MIGRAINE ITF ADACIE

1riedman (4) studied a lrge group of climie patients with migrame
heidache, 65 per cent of whom gave 2 famly history of migrame Balyveat
and Rinkel (1) stated that the factor of heredity in mmgrune was ungues
tioned, and presented four detailed fannly trees showing the occurrence of
mgramne m two and three generttions Griham (5) in a study of 46 patients
with nugramne headaches, reported that 80 per cent of them give a lustory of
hav g rdatiyes with migrune among immedintc fannlhy of siblings parcnts,
aunts, uncles and grandpircnts Lennox (9) found 61 per cent of a group
of 425 patints with migrame hedache at the Boston City Hospatal, who
Tl e New York 10 pital an the Depurtmants «f Meba  (\ennl ) an | Py
nitry Cornell Lnversity Me hieal College New York and from the Ie prrtment of Zc 1 g3
and 1) ¢ Institute for the Stu 1y of Human Varnton Columl ty Trveraity New York
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FAMILIAL MIGRATNE IEADACIIE W7

were able to recall that a parent atso had attacks of ‘ach twadache’ of 8
sl nature Lennot contrasted this group of 425 head iche patients w ith
2 control group of murses wedieal students, aud e lhneous palients
among whom 13 per cent were able to reenlla puront w wh ingr une head
aches

INCIDENCF OF MIGRAINE NEADACHE

In the constleration of an hercditary trat, the madenee of the trut
1 the general population 15 of mierest and sigmficnee In the prosent
studh 1t has not been attempted to colleet new dita on thus aspect of
ngame Hoserer Lennox (9), based on hus onn experienct of finding an
wnerdence of migrasne of 5 4 per cent 1 his control group of 1000, atid on the
stubes of Baly eat and Rinke) (1) o found the incudence of migrmne m
dfferent soctal groups varving from 37 per cent 1o 135 por cont, made a
oneersative estunate of 5 per cent as the nadency of nugrame n the
gemeral population. Weader et xb (12) m a grovp of 10000 \oung miles
found an madenes of 9 per cent of frequent severe inciprentating hicad

ches Who 1o study of 15 000 Ppitients w geteral prictice Grus (7)
‘g““d anmedence of 8 per cent of mgrame he wdrehe where s Fitz Tugh
(u)‘“ revien g the private office tecards of 4 000 consteutne paents ener

vears found an imcidence of 22 per cent of migrune heid iches

PLRPOSE OF THIS RTCDY
Thy
e ivpothests that migrane 35 not only fapmbul but 18 also an w

erited
hn(sh;\sn;,‘,:has Beent supported and 1 defimtion of its made of mhen

nindicated by stat;
o g atistieal anab sis of f iy pedigrees obtmined

BASIS OF SELECTION OF PATILNTS FOR STUDY
m:h; patients selected for study
v Pamng of severe he wlaches e

e wleeted for this studs on L
Digrame headpehe I

had come to the New York Hospital
curriag wsanlly over many sears They
o ‘T h'm; of the followmg defimtion of
com w48 nsualh umlateral i onvet sometunes be
than f“%“:‘:’:gl:z |)etlu59 the end of the attieh  \ttachs Were from less
cuted wry a“mﬂlem avs n durition The hoadache attacks wore asea
and g Chngﬂaqnxmn and vomiting s well as with photophobia
manogs “““A\m‘nme of the attacks were ushered 1 by scotomata
S Pazesthesia or specch disorder “ome attachs were
1 houg of e 180 pallor excesane sweating and colhiness Theve
e nammen pmm!r bcaiura i 1ot alt ocenr with cach attack Some of
thermgre o m:‘ ad thete headaches at the time of menstruation Fur
ances the caurse of the headache was alered n crygor



CHAPTER \\

THE I'\MILIAL OCCURRENCE O’ MIGR \INE
HEADACHLE A STUDY O HEREDITY

HETFN COODFIT RICHARD IFWONTIN 1o HAROID G WOLFF

The patunt with nugrune headache commonly reports that some
othcr member of lus fanmby has stmlar headaches 11 e migrune syvndrome
has long been considered faunhal and some myvestigitors hase presented
fanmlial occurrcnces as evidened of ats hereditary character In 1873
Twang (10) m Jus monograph on megnm  commented on the frequent
occurrence of nugrame m the relatives of s megrm patients and ob
scrved that this disorder wis often transmitted from parent to chid
espeailly from a parent to those children who m other respects resembled
hum Christiansen (2) wis of the opimion that migrune 1s a dommant
hereditary factor bised on his obsersation of the vers high percentage
of his patients with severc migrune who had near relatives with nugrune
Ulrich (11) studied 500 cises of nugrame headache and believed they all
liented & mmgrane constitution and that eircumstances such as aleohol
mfection fitigue worry and want do not cause rgrune but preciptate
1t m such patients Itz Hugh (3) suggested that nugrune s a constiti
tional predisposition of the ndivtdual to react with hexdache to a vareh
of stamuli which 1 the non mgramous members of the population pro luce
no such comparible cffcet

FAMILIAL OCCURRENCF OF MIGRAINEF IIRADACIIF

Iriedman (4) studied 2 large group of clume patients with mugrunc
hedache 65 per cent of whom gave a fanuly history of nugrame Balveat
mnd Rinkdl (1) stated that the fictor of heredity 1n nugrame was unques
tioned and presented four detailed fanuly trees showing the oceurrence of
migrune m two and thrce generitions Graham (5) i a study of 46 itrents
with migrame hedaches reported th 1t 80 per cent of them g ea hustory of
havmg relatiyes with migrame among immediate fumly of sibhngs parents
aunts uncles and grindparants Lannox (9) found 61 per eant of a group
of 425 patients with imgrame hoadche 1t the Boston (ity Hospital who
Treatles YkTlopt]l IteDir s 1M1 (enlgla 11y
hiatgy Cor el T 1 er ity MiclCollge Ne Y th ar 1frc atte D partre t 17wl g
anlitle Tist tute fortle Stulv of Hu o Vor ¢ 1 Colr Falea by Ne Yok
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M
(ILTAL WICRAINE MEADACHE

Py 6 Fanilk god gove of & male patient. shoning mugrvne headache w3 generations

Fis 9 Famly pedigree of & kmale patient showing mugemme headache i 3§ aud 3
herations

l:rlms of ampliiing and corrohorating mformttion given by question-
¢, 200 bt Jelter § copy of the questionnatre 1 as follos s

Dare
Naue

MIGRAUNF FADACHE QUESTIONNAIRE
N M 700 meall 10 the bet
. migr ne beady

of your abilits any members of your famly who have or hase
Bose the headaches

ches® Please tist ol of your relatives w heating those aho have hal or
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amune tartrite, and 2 fanuls Justory of sumlir attieks was obtamed from
83 per cent of the 119 subjects (6, 13)

Because of their oy ulabibby a5 residents of New Yorh Cits tnd vt
cmty, 90 clune patients of the New York Hospit il were requested fo
come for wn mtcrsies 1 regand to thar migrame hodaches Ien of the
request letters were rcturncd  address unknown 8 patients could not
come for an mtervien, to 4 letters there was po repl, nd 3 patients
who cune for mtervien were disearded because thes had no hnow ledge of
thesr fannlics Dhus, 65 of the 119 patients studied had been tre led for
mngramne headache during the pist two vears m an out pteent chme of the
New York Hospital

There was mother group of 80 private pattents who liad st some
time during the previous 4 sears consulted one of the aythors (IIGW) m
regard to thewr mugrame hodaches Because the majonty of this group
hsed at such 1 distance from New York that 1 personal intersien thi not
scen ferstble mformation about therr relatives was requested by means
of a mmiled qnestionnmire, wineh was accomp insed by an exphnators letter
Fourtcen of these were returncd marhed address unhnown , and to 12 there
were no rephes In addition to answering the questionnare 25 of thew
priy ite prtunts cune for personal mtersiews From the ranuning 29
mformation w1s obtancd from the questionn ure ind Jetters

METHODS OF COLIFCTINC DATA

Y ach one of the group of 65 chime pitients w1 mtersiened m person
for the purpose of questionng lum or her, abont the occurrence of hed
whes similar to lus or hers, 1n other members of the fanals T ich patient
was first ashad the gquestion  Does anvone clse m vour Fimly have
grame hewdiches simplar to vours?  He was then ashed to desenbe the
relatine s headache or if lie could not da this he was asked to get such a
deserption from the relatrnve himself or from another member of the fun
Iy 1le number aud sex of siblings and eluldren of the pitint and of hus
prents and grindpircnts (where possible) werc recorded 1 wh prient
was urged to visit nd to commumente by telephone and letter with any
rddative who might be 1ble to extend or corroborate mformation abont the
occurrence of mgrune m othcr members of the finuls  The authors m
turviewed 34 relatn es of tins group of 63 chime patients either m person or
by telephone in order to amphfy mformation gnen by patients

A funls padigeee as illustrited mn figures 67 and 68 was drawn forcuch
patient

As mentioned above nformation thout tugrunc heidaches m the
relatises of 34 privite patients wis obtamed by means of a queshion
nare and letters The percounl mtersiew with 25 of s group was a
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equpment mght g e expression 1o headache m one em wyonment and not
manoter Ao the mere § et of hving onc or bath parcits with wmegeaie
way be an emytromment 1) mfluenct eonduon e 1o migr une n the offpring
Nooportumits his vet offtredd Yo tst the oetareence of mugruncn wieh
off png teared by foster prrents wathout mugr nne

Furthermore the method of obtammg formtion about the eccur
renee of imgraime hetd rehie m othier members of the fatudy, Iy askng pr
tents to repall such illacss m relstnes both tewporddlhy md spuntl
dstant mav be seriauds tnrelible, espeenith smee the complung of
paninthe head fram a v amets of causes ewn be chicited from approvmntdds
8apxrcent of the populztion Howescr, there 1s an unmediite advantag m
tetms of (he probable rciabihits of data obtuned from porsons with
Fane hen lache Such pecsans are wsuallh chnewcterzed In their perfee
tean thesr exeessive feclngs of responsiilits and their need 1o perform
# rextetity fe and meticulous atention to detl, (9,11, 13)

DFSCRIPTION OF DATA
_‘Of the group of 19 proposstt (1 e, patient inforiners) 48 were males,
'\ “‘e‘w ;z‘ma]es Trshie of the male and 2 of the fem iles were phisicnins
“‘enﬂ;v Ll;u'n ssere emploved, and approamatels Balf of the women
- ander of the women reparted themstlses as housewives Mges of
Froup rarged from 16 to G 1 ears, and were distnbuted us follons

Aregroup  \umbet of pat ety

Bro2) T
20030 »
EIRTEN 13
$6.¢0 40 15
FIRTES 2
461050 *»
siliolss 17
36 to.50 ’
610 6s ¥
Sigte
orm adole:::mh bered has g headaches i chilihood
1o the fan.
343 mat
fra ne} .

>0 patiy b uution o el in o w v mgrnne was s follow

M““"“:)“hs\t:ax:um;\:mg‘” with mprame 66 patients had from 1 ':(:‘3
I patients g"ad }c 22patientshd from $ 40 7 redatnyes with migraine
2 which thesp sta rom B ta 19 relxtives with mgrame In the £ mlies
fispring nces of migrame aceurred there was a total af £32
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Mother

Tather

Brothers Total number Hon many with mgtame headaches?
Sisters  Total pumber How many with mgenne headaches?

Mother's mother

Mother's father

Mother’s sisters Total number with mmigrame headiches?
Mother’s brothers ‘Total number with migraite headaches?
Father’s mother

Father's father

Father's sisters Total pumber with migrane headaches?
Father's brothers Total number with nugrune headaches?
Cousins on your mother’s side % with migrane headaches?
Couuns of your father's sule & with nugraine hevdiches?
Your children
Your spouse
In addition, ean you or your panents recall, or can you obtan tformation ahout mgrime
he i! In great dparcnts®

Theneser possible, information about the occurrence of magraime i the fimly of tle pt
tient’s spause Was also obtamed

These 119 patients gave evadence that they had made careful effort to
venfy ther statements about their relatives haying migrame headaches
In 34 mnstances, as mentwoned ahove, the authors were able to mteryvien
siblings, chldrcn, or parents of pitients, either m person or by telephone
to amphfy the description of headaches, and make 1t certam that they
actually had migrame headaches VMany patients made visits and tele-
phone calls or wrote letters of mquiry to relatives who Ined at a distance
It was thus that it was possible to obtam information, from suryivng rel
twes’ deseriptions, of the occurrence of mugrame headache in three, four
and even five gencrations of a fammly One patient was m bossession of
the diary of her great grandmother, who had fathfully recorded her recur-
rent meapacitating rigrame attackhs There were 12 male and  female
phy sweians m the group who took special e to verify the accurrence of
wugeane headaches i thar relatnves and 1o construct extensise famiy
pedigrees One woman wrote to a sury ning grandmother m Irelind whom
she had never scen for information about her father's numcrous siblngs
A male pattent whose father had 10 siblmgs and mother 5, m e many
farmly visits, and carrted on correspondence for several months with aunts,
uncles, and coustns scattered from Mame to Californin, until he was sais-
fied that he had asscrabled a correct pedigree

COMMENT ON HETTABIIITY

Iy dealng with these human cimeal data 1t was recogmzed that genetie

conisols were laching Tt was appreciated that an identical hereditary
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Comment

Data showing the occurrence of mugrame headiches n fammbies far
tas three, or mote generations have, 16 a number of Iy evigators the
pact strongh suggesied the hereditary natuee of the mgeame trut More
sigeestive evdence of the hereditany nature of the trmt can b sety,
toreser w0 the summanzed data presented m tible 28 especialh beewise
Wi evdent that the probabults of having migr une hewdiche m offtvpring
neregses s1th the numbcr of parents affected Therefore, 1 order to
establisk the significance of these datn as regards the hercditars aspect of

the m grawme tratt, genetic concepts of heredity und mode ol inhertance
bave been applied

APPLICATION OF GENETIC CONCRFTS AND MODF OF INUERITANCE

T was assumed that the trait of suygrume b dache was nat inherited
A chi square test of homogeneits was applied 1o the flcrances between
the actually ob erved and the theorctically expected frequencies of mis
graine in the 832 offspring 1 the familics of the 119 propositi This compu
fation rev ealed a probability of less than one chance i a thousant that such
h;at;;m;:uki oceur if the assumption of no ihentance werd true {see
. mrhe )l»d ;rdure stated poartirely, 1t 1s lnghly probabile that nugeame
o, n’l;l“ i urthermore 1t 1 reasonable to assume that nngrame s due
frmmndsxc‘; gcnl: whose penetrance 18 approxim ity 70 per eent Tene
ooy of 2 es the abilits of 1 gene to be sufbeienthy actine 1n the develap

TEARISRL 50 a5 to show ats effect 1n the final phenoty pe

TABIF 29
. Measure of thentance
e ety e propentes s ly ot e n faml)

3 o Ony
T [ o | e | 2, | roue
pnng age I —_——

g allected Ot <erved I s { [NV RV e
¥ pected [ LIRS A B
o Iifference sy 41 [
n
PPNg non-affeqted Oheened \ 189 \ =0 , °n 0
Exgected 5% 205 »
e R I S R
Totals
| 300 & | 8
Ot w3, Qenned — Prpectedr
ety of Freted =3935 Guth2 DI)P = <0001 Ty ervlore
mgrmnets nhentey
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TABLF ©7

Qcer rrence of migraine 11 generations of the ped grees

Generat ons ales Females Totals
1 9 15 24
2 20 2 13
3 13 27 40
4 4 5 9
5 2 1 3

There were reported to be relatives with migrane m as man as 5 gan
erations of 3 of thes fanmbes 4 ganer ttions of 9 fanmlics 13 generhons
i 40 familics A summary of the occurrcnee of migr nne in the generibons
of the pedigrees 15 shown in table 27, and ex unples are illustrzted w figures
67 and 68

Figure 6715 the famly pedigree of & male propositus age 65 a phs steian
who was able to venfs to Ine satisfaction the diignosis of imgrame head
aches 1n 14 of his relatives, distributed among 3 generations Figure 68 1s
the pedigree of a famale propositus ged 42, who had 11 relstines with
nugrume, distributed among 5 genertions

EFrom c<xanunation of figures 67 ind 68 the namber of off pring
fumbhes having members with mugrame cn be countcd and thosc off
spring having pirents with nugrame ein be counted sepirtchy from those
whost parents do not have migrunc also the total nuntber of offsprmg
has mg migrune cin be counted Such counts wcre madc for exch pedigree
of the 119 propositi 1able 28 summarizes the merdence of migrune herd
1ches imong the 832 offspring n the fanulics having members with m
grume thus umong 265 of these offsprmg having nerther parent with
mugrne 76 or 28 6 per cent had mgrune of 502 hrving one parent with
nugraine 222 or 44 2 per cent hid migrane and of the 65 offspring hoth
of whose prrents were ffccted 45 or 89 2 per tent had nngrune bead

rwches
TABIE 28

Ocor rrence of m grar e 1n the o] Idren of famil es hat ng men bers wrth m gratne
L —

Parents ha ng m gra ne

Ch ldren I il
o parent One parent Both parents
———————— —— _ Oneparemt , Sothpare
Total ¢ mber of chillren 265 502 65
N urol er with megrare 78 222 35
23 ¢ 412 692

Per ces t witl migrame
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The figure of 70 per cent penetrance was obtamed from the fact that of
the 65 offspring of parents both of whom had migrane, onlv 45 or 69°
per cent, had hewdaches On the assumption that nugrane 15 due to 1
recessty ¢ gene, 100 per cent penetrance would result 1n 100 per cent affected
offspring when both parents had ugrune

If rmgeame were dependent on 1 recessive gene with 100 per cent pune
trance, we would expect 25 per cent of the offspring of two heterozs gous
prents to show the trut

In order to rule out possible aceidents, such s phenocopies pedigrees
nith one affected person only nere diseirded Data from families of pro
posit: were corrected for bias usmg the method of Haldane (8) \figrame
w15 found m 15 4 per cent of the sibs of the propositi and m 37 per cent
of the sibs of affected mdis idu 1ls who were not propoaitr

"There are two mun sources of error 1n these datx reflected m the per
centages of 15 4 per cent for the frequencs of migrune an the sibs of pro
posit1 and of 37 per cent for the frcquency 1 the sibs of non propositt
Propositus data are Tow beeause the 1ge of onset 1s relatisely Tite—m
generil over the age of 20 for ahout h1lf of those who have migrame On
the other hand = bras in the oppostte direction 15 that the non propositus
drty e too lugh beeause all he idaches i older relaty es remembered by
propositt m1y not have been migrune " although effort was made, as de
serthed 1hove to exclude these by msistence on eareful deseriptine data

When anthsis wis carred further, combiung the cdeulations for
gragositt and non propositt weighting by the sunple stee and correcting
for penetrnce the propartton of affected offspring from @ mating of 10
heterozy gotes turned out to be 29 per cent On the biws of ealeulations
of the van mee of the estimate this 1s not significant!s dhfferent from the
expeeted ratio of 25 per cent mamfest thion of 4 recessise gene

Comment

Thue vosts the slternate possbihity that magrame hendaghe ys due tea
domin mt gene with partid panetrmee rather thin to 2 recessve one The
dificulty of such v by pathesis 1+ that at 15 essenta il untest ble Sed w
assumption ¢in be made for evers human trait without mspeetion of the
At snce @ domnant trut with partial penetr ince can evplun any sort
of data Such 2 possibilits must then beleftopen it the sune tine relizing
that it 1s an unfruitful and untestable by pothests

SUAVARY

to
r therefore hughls siguificint exsdenee has bean offered
T e mut one further

demonstr ite the hereditary charaeter of mugrtine and to per!
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tos e correcthy that the mhenlanee of the mgrune headiche trmt
thrvugh & reccsave gene Math 1 penetrancy of approxum tel 70 per cent
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n many nstances remumng well within acceptable and ostensibly healthy and successful
adjustment most of the time Such andividualy, honever, alten meot therr threats as they
pereense thetn with 2 eapacity to develop attitudes which prevent them from making & reacon

abl adjustment and from releasing their tensions 1 a predictable way Tt 1s this aspect of tie
mduadual mvolving rigedity of attitudes and over-cxpenditure of encrgy which ean be modi

fied, that I think expluas why there is not & hundred per cent of persans sith hoth parents who
have mngrune headache, who themselses develop mugeane attacks, and why many mdiaduals
cither spontancously or by contact with a phy~ieran can modly therr attitudes and behavior
and thereby alter the frcquency aud ntensity of this panful state
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THE GENETICS OT PSYCIIOTIC BEHAVIOR
PATTERNS

FRANZ T RATLMAN

INTRODLCTION

Alongmiththe ady ent of modern pst chiatey at the end of the last eunturs,
i became nece <any to look for genetic components m the etology of
psvehotie behavior patterns The rationale of the resutant myestigitne
work rested on the obsers sble fact that not all hwm e bongs showed 2
tendency to mental disorder simpls beeause thiy were sntermnttinth ex
paed to the hight, of the moon This abscryation ndheated the nieed for
research mto possible gene-controfled deficiencies wn the structure of
appatenth il adaptable types of personahits  but the cxecution of the tash
proved to be neither symple nor populir

Bu s very nature the genetic approach (nded those etrefree duvs when
mental lness for nant of a better lbel was called Junacy and aseribed
fo the distarbung effect of an dle goddess In short genetie studies made st
stpossible to mawmntain the comfortible if not comforting notion that a

ih eval D force in human evstence contratfed the destiny

anl affairs of men through psichie contagion from abote or some other
Rystersous means

Vaple proof has been accumulated during the mtersening s ears to sup
Port the tenet that the potentialities of a major sy chosts wlile dependent
an certam charactenstics of the buman speces and teading to van m et
pression according to ethwie cultural ot general ccological group differcnees
of mankind are not actualfy concomtant with any of these brotd designa
tons 1t 2s undemable that only human bemgs are able to respond with 2
true psychosts to distressing environmental crcumstanees Yet there 1g
«bun lant evidence to show that not all of them nill do <0
Many persons are capable of adapting themselses to extreme stress con
dtions without developing a progressive psichous despite the fact that
they may come trom fanuly untts or cultural 1reas which produced a severe
Tsichiosis o different memt er of therr group On the other Land some
Department of Sed cal Cenet ¢s \ew 3 e ot v

ork State Prgeh
Veelok 2\ ¥ ¢ Frack et Inst tte Columbua Un ceraty

357
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of the vulnerable persons just seem to shde into 2 psichotie bchavior pat
tern with no previous listors of unusuil stress

To be sure many quantitatise and qualitatine diffrances e be seen
not ouly 1n the psy chotic symptoms ¢stablished but also i the bodiy de
fense reactions mobihzed agunst them By the sime token no one nould
deny that an unfavorable ensironment mav preaipirte o gren tpe of
psy chosis 1n & cortatn number of non resist it PLISOITS OF converst I‘y that
mentabillness may have an adverse ffect on the soenl status of the famthy

Nevertheless, the meidenee of mental disorcder 15 observed 1 all sg
ments of the humn popultion regardless of soatl economic or cultural
status It occurs mn slums ais well as i roval famuhies, and not ¢ven psyelin
trsts can be surc of having onls well wdptable offspring Indced exeep
tionally fine parents are hnown to have had o scuzophreme dild
there are many schizophrenie mothers who hwe phenotypically normal
children

Generally sperking psiehotic bohivior disorders scem to follow selective
patterns of distribution and cannot be cxpluncd ather by a umseral
speetes valnerability or by general cmotional group expertences Smed these
disorders affcct onls some members of some fanulics under nearks el
conditions of stress 1t follows that the oy to persisting obscurilics in thar
ctiology must be sought n certam speaific dis irrangements of those maturt
tional, mtegrative or regulibine functions wlich determmne the adiplive
capacitics of & human orgimsm

Genctically, 1t has to be demonstrited thit the tendeney to devedop a
severe psychows 1s speaific m nature tht it follows a stutsticalls predic
table pattern of distribution and that 1t mereascs m proportion to the de
gree of blood relationshup to a famuly member affected by the grven type 6f
psychosis According to the prmeiples of orguue mhcntance gene con
trolled phenomcnt cannot tahe place without the factor of blood rdt
tionsinp

INVISTIGATIVE PROCE DURF

In procurmg cvidence for a shdmg seale of morbndits or expectaney
rates correlated with the degree of consanguimity two rehible proee dures
are avalable One s Wemberg s (19) svstem wlich consists of the proban 1
and stbship methods Lhe other i the twin study method Wanberg s
procc(]urc sechs to determine whether or not a given trut occurs more
frequently m blood relitives of v strtsshiclly represcntative number of
closing chimeil evidence of that trni than 1t does m the ganeril

crsons dis
P more precistly 1 group of persons not related to mdex

population or,
cases by bload

The twin study method provides an equally effectn ¢ ssmpling procedure
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Tasdhtion the e of this method makes 1t posable to studs adjustine
varitions d splaved by hfferent genotvpes i & controlied environment,
6t by & constant genoty pe under the influence of different enyironmental
con { tioms

s mav be expected however twin studies have certam lumtations
o D ficulties anse 1 particular when an atlempt 13 wade to separnte
annhsitoal s diate eny i ar t from the heredi
fary components of Ins existence, or when there 1sa tendeney o postuliten
one s fed trpe of crusalts m the relationship between genehic and non
genet ¢ mfluences There 1s no doubt thit even 1 one-cgg tsin partners
each basa complete ego of bas 0w Onee he has come through the ordeal of
be ng born he 15 tuolomeally undistingut<hied from single born imdwiduats
Obsionsh however (neegg twins cannot be separated hefore they are
bom nor evn they be provided with two mothers of different age, person
At or status of health

Lihewt tno-egg Lwims are no more dissimbir genotypcativ than
brothets and sisters and like them are rarely rused n different cultures
Therelote even fraternal twins are unithels to fall into the extremes of
poss ble genetie and cultural differences For this renson they are tnmted
n therr usefulness as control subjeets when 1t comes to trats which are
kno 1 to depend largely on the environtment

In vtew of the ! of probl « tered m the anahisiy of
fam b dita on pss chotie behavior patterns 1t 1s wdeed fortunate that the
ahantages of the W einberg and twin studs methods ean be combuned 1
procedure winch extends the number of genots picath dissimiar sibstup
£roups 16 be compared under sumil ir conditions of eylture and home mibiey
iy € SI¥ groups compared by means of the twin famuh method are otiesegy
sb‘;“h;‘;l\ t;:;g tains of the syme sex twoeegy tsms of oppostte sex, full

sihs and step sths This method bas beep paed most of our

::n reeent famils studies At the present stage of knowledze an § torhn ot

RECEAT RFSEARCIL DATA
The statistieal details of our analy 5 of th

schizophrenye (923) mamnie depressine {75) t’;::;“‘:ﬂb\";;::::ﬂl‘ls\(;goses -

mex families were presented an several recent publicationg (h )]) fain

B0 10 11} Tt seoms desiradle therefare o emahgon: Tiere the gonn?

:;:qx::\w ferences 1o be driwn from these data aswll as from a f’i\f“nﬁﬂ

o reports which have appeared n the meantime partienfarly 4 —
wser (2) Rado (18) Schlz (14 Slater (16 17) anq Stenste:lt‘(llng o
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Tlswser's study of a total of 134 smgle born sibships with two ps chotic
parents imncluded the offspring of 54 mtmgs of two clearly seluzophreme
(34) or two clearly mame depressine (20) parents Winle the pschoss
rates of the offspring were generally somewhat lower than those reported
by other mvcstigators, they full between 30 and 40 per cent, which 15 dis
tinctly lngher than the cxpectaney of persons with only one selizophrenie
or manic-depressive parent

Lven more strihing was the fact that the psichoses observed m the
children seamed 1o follow stricth the pattern set by ther parents The
cruenl theory of speafic genetic mechantsms for the two myor types of
psvchosis was thercby confirmed Agreang with this finding the results
of our own study revealed netther 2 twin paur with 2 scluzophreme psy
chiosis m one member and 1 mame depressive psychowis mn the other nor 1
sigle manie depressive mdes fanuly with an wthentie cise of schizo
phrema among the pirents and siblhings of the mdex cises On the whole
the recently pubhshed obseryations of Sliter (16, 17) ind Stenstedt (18)
pomt n the same direction

The obsery ed trend therefore 15 tow wrd an mereased madence of schizo
phrama i the relitives of schizophrenie dex cases and toward an m
erease of manse depressive pavchosts m the relatives of mame-depressne
mdcx eases Only the relatiyes of persons affected by w myolution il type
of psi chosis tend to show an merease m both s olutional and selizophrene
psvchoses \s mdicated by expectaney rates varvmg from 6 0 per cent for
the sibs and two egg co twins to 60 9 per cent for the one cgg twin pariners
of i olutional mdex enses the merease m myolutional ps choses 1 rather
pronounced

The sclizophrenta rates for the sume group of famihies although <ome
what 1bove those for the general population are conaiderabls lower than
the rates obseryed for the rel tives of schizophreme cises The inedence of
mame depressine psychosts m these fimmlies 1s not mereased at all In
other words there 1s no evidence of a genctie relitonship between the
entity of mame depressive paychosis and the « mptomatologs of myolu
tional melanchoha or sumlar non perindic forms of depressive behavior
the 1 olutional perod

Genetieally 1t may be mferred that the developuient of an wrolutronal
psycfxmls requires not onls thee ipacity for sury s al into later vears 1thout
psvchosis but also a certam form of emotion1l mstability which reaches
the threshold of a psy chosts only under the age speeific impact of cumulitive
ronal strun and msceunts  that 1 n combmation with progressne
al adwptibalits The chmeal specifications of this type
¢t espeerally by the charactcnsties of schizaid per
Iy 1dentified as the least resistant phenoty pes of

emot
nnparrment of gener
of mstabihty are m
sonahity trats genetica
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heteron pous carmers of the scluizophireme genotype The unphication here
sould seem 46 be that the prmepal genetie dernation of olutional
perchosis 35 from an ndyrect rhitionship to the entty «f schizophreny,
and not from a spenvfic trpe of predispostion producng a pretieulie ua
patrment of the adjustine plasticrts of agang persons
By contrast the potenbabies of & eyehe payehonts, when adequatels
defined are d stinguished by the speaific abihty ot a group of vuinerable
Persems 16 eveeed the normal yange of smobionsd responses wath cxtreme
but self himuted mood alterations The morphologeal substzate of the grven
& \fanction scems 1o be assotnited with o subile dinturbinee w & noure
harmonal e ntrol mechamsm which ordinindy protects min s cmotional
Hetrom harful extrumes of affectn e responses Vbt tegndtors mstabalbis
produced by thes disfunction has been diown to be corrlited with the
genstie factors for pout and disheles with 2 relatanedy Jugh degret of rewn
tance to tuberelosis and with a genera) tendency to obesity wnd Canchia
saseslar dusorders 1t shoull be stressed howener that present wmfonun
fion a5 to the hochermeal constituents of the underhing mnotype ny
wle“ 23 the range of 1ts compensators adaptinenes s sull far from com
plete
Regandiny, the wode of whentanet Wuch daswfies the potintyd yvidner
ety of (velicalh reactng persons the sy whible evidence points ta
snple autosomal dormpince with wrompletr penetrmee In A% studies
conlucted so far agmficant differences have been obiserved betseen the
genemal poputation rate which usuath does not exered © 4 per cent and the
worb dity rates for refatitcs of e clie mdex cwes Accordimg to Stenstedt «
fam b data (Stemstedt. 181 the expectimes of the yarents whs wn | ehil
;*:;:;:f ated & probands apy > 15 0 per cent In our tum
ade (haflmann 11) the comparatne sthshup rates have shonn
;;K!mns from 167 per cent fot the half sibs 10 22 7 per cent for the stbs,
AL e el W o n
The retane m(\‘m"cnf\ “‘t“ts\r d\e m\ e 23 4 per cent
argehy e hﬂ:\“u( of the disarder s modern populations scems
rs of selection Which redue the reproductsve rate of

the carrers without affecting the social level of thetw s {halimann

Stenstedt) At least there seemws to fr np tendency tas.
of the d

tvprenl of sehnzoph ard a soertd decline

fanabe s

v surieren behay i
Melabol ¢ distarbance 1 the enz matie sange The (‘z;s(‘\‘('\:("‘:\s b a
bty can be desertbed psy chods ramicaily as b person s lml:\hc:: \\ \l]‘m‘r
obea
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part of the mulicu m which he Ives” (Himsic 3, p 249), or as an mtegratine
pleasure defiereney which leads to adaptive mcompetence (Rido 19)

Neverthddess 1t bas heen shown by Bracdhind (1) Hoskns (7) nd
others that the primary physiodynamie substrate of the dismtegriling
process tv m & state of brfing obseunty  Addition 1! uncert unties 1rc
redated to a wide rainge of varithons i age of onset the duration wd per
ststing seventy of chmaal symploms, md thewr v wrvimg distrtbution b
tween the scxes

Irom a genetic stndpont, the speefic homoganaty of the penotype is
mdicated by the obscrvation of diffrant types of symptom formition
not ouly 1 one gg tvm partners md other members of the sune fumly
unit, but also mn affccted mdnidusls at different times 1he theor of 2
reecssive mode of mherttane 1s particularly supported In the distribution
of the disorder m affected fumlics, which 1s hhely to be subject to fictors
of selectron i mating and reproduction and by an exeess of consinguincots
marrages among the parents of sehizophrenics Tn this cannection 1t should
be noted howcrver that Penrosc (12) and Schulz (14), in particulr, Trave
not been fully convineed of the apparent uniformity and simple recessive
ness of the mam genoty pe

I he fact that the prevalence of scluzoplirema m normal popul itions and
probind famulies differs sigmficantly 1 undisputed  In the bsence of
speertl conditions of mbreeding the generil expeetancy 15 no lower than
07 and no lngher than 0 9 per cent 1l correspondng vate for relatives of
sclizophrenses vartes from 7 1 per eent for half sibs, through abaut 14 per
cent for full stbs and two egg co twins to 86 2 per cent for onc (gg twn
partners Clnldran of one schizophirene parent hve an expectanes of 164
per cent while the meidence among the parents of sclizophrenic indet
cases 1s 93 per cent Net to one egg co twins, the cluldren of two sclnzo
phreme parents have been found by all iy estigitors to have the Tughest
expectaney of the disc s

The pronounced sariibility m the chinsenl expressions of the genoty prett
dy ~function apparently depends on the mteraction of generil conststutional
modifiers and those preapitating outside factors which arse from uncon
trolled unperfections m the structure of modern societies Ve wurable
correlates of this graded dc ficienes 1n resistance may be seen m the epeits
for mobahzing effectine mesodermal dcfense reactions m the compensitors
paner of the athletic component of phyvaique and m the ability to mantun
« stablized level of body weight
The mam howoz: gous yaritions m the phenotype range from a degree
icient for the completc control of the bisie dvsfunction
liwry states of schizowd person ity changes nd relitivels
to extrunc lack of reststanee ciirictenzed by

’
of reststance sw

through mtere
auld pss chotie processes,
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1t} dhontegration o dewth Twing under ordinars condivions, heters
ongus vwners can onlh hiave either o schizond or & normual W pe of per
«ushits Towes er, 1f exposed to extreme stress of to the effect of such toxie
compounds as mescaline and hsergre acid (Hock, 6), heterazy gates and
Bith resetant bomorsgotes man bregh, down wath a s(uzophrenia Yhe
teact on ssndrome or & venl schizophrenic provess, respectiv ol

Asfor possible genetic cletments at the toots of prychonenrolic frmis and
sarints prgehosomaee culnerabtldtier, tt ¢m onky be menttoned here
ws ng that current nforaation w tlus staportant vy of psveluatne
genetics 15 the least complete In Fasench s opion (33, many hfferenth
formulated theonies of neurosts are on the same dusersptive level and are
toncerned with the same fundamenta) dimenvon of perconakite In e}
faboration with Prelt (4) Ve wns one of the few wmnestigators of psveho
negrolic reaction patterns (autside the Gield of enmunalitn ) ta avad huselt
of the apportuntties afforded by the twin study method On the bass of
thorstuds of 25 one-egg and 25 tno egg pairs b 1sench and Prell clasaified
the beurotic personality fictor as o tiologieal and Jargely gene speafic
&bt estimiting the genetie contribution to this neurotic umt predisposy
ton at 80 PeT ceny

Accarding to Slater s twin obsersthons (16 17) pstchoneurotic ssmp
toms are less closels related Yo a gnen tipe of stress than to the basie
pessonabity Hiss woshing hy pathesss 1s that wuch personality vanations as
defermune psy chonewrotic reaction patterns are graded in their type of
datethution and are somehon Araceable o the effecy of poh gemic herny
nte Broad as 1t 15 this theors scems pluusible enough to mdicate the

M‘:}f of much additional work by means of well-orgamzed twin famly
Stud es

Theomes of simple d

of recessiy cness are also tusie when
1t cotmes o mental disorders whach are pecuhar to the semwm, wih the
Possible exception of some specific 1 pes of pre semile brawn atrophy (Sy gren
etal 1a) Appacenth the chology of the usual forms of 5 spnile Prychasie
# Based on an imterplay of complex deternuming factors umong which are
g susveptible personafits traits reduced adaptine plasticits, and those

fene spearfie bnochermical phenomena which conire) 2
P gronth and dechine

FTMMARY
In concfusion 1t may
yrmaples in the formaty
to delve mto the substrat
While ps chods namse ~ .
vhenomens etpenenced W gesiete approach aums
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at supply ing adequate answers to questions of why a particular memberof a
partieular family at a prrticular time will undergo these particulir ex
perienees, and why other manbers of the same umit will not

In <o domg, genectic studies have m many nstances sueceeded m con
firmmg the behdf, at lost theoretically, that mental disorders are both
prevantable and potcntially curable At the stne time, such studies have
agun focused attention on the importance of sy stemtic and well balaneed
upproach m anyv attempt to rerch the given goals It 15 now clearer thin
ever that onlv when attitudes of optunistic complacency toward the causes
of sevcre maladjustment gnewas toa rcabisticawarcness of the incomplete
ness of hnowledge regirding the genctic aspecets of psychotic behnror
patterns, will further significant progress be made

DISCLSSION

Dr Notan D C Fewts[New York \ 1 1 Ishould hike to emphastze what you are alreads
aware of that this brief report 15 a vers concontrated account of many vears of research that
Dr Rallmann has made on the subjeet

T thunk we all reslize ton 1 viow of the attatu e of contemporary povchiates that an al
most overnhelming amount of factual evidcnce must be aceuraulited to estal bk any aceept
ahle genctic theors of mental disorder Pay chogenic theories are now f1vored and hol 1 that the
hercdity factors presented by others may be more apparent than bisc or are othersise ex
planable Stnce disturt ances in the funly bte and other human ens tronmental factors affect
the cluld adversely the idex of social ihentance rather than gene mhertance 1s preferred
However 1t should seem obvious to those who have read or heard such evidence as hs been
presented today  that psychogemce fictors alone do not evplam Dr Rallmann’s data on mon
ozygotic tnms a3 compared with those on dizy gotie parsand sibs It would seem that most of
the prejudice aganst genetic imhentance stems from a feehng in the realm of wish fulfillment
Dased on the wdea that acceptance of genctic factors would create an attitude of therapeutic
hopelessness

Those who have folloned Dr Kallmann's publicattons during the past years hnow that he
recognizes and includes other factors m the orgamzation of the total behuor pattern anl
snsists that therapettic procedures are most important

Another matter should te mentioned I amalies of pattents suffermg from disor fors that are
prumnly genetic such as have been diseussed today should be informed as accuratehy as
possible A sigmficant number of thuse families would soluntarily himt the famly size or
merease 3t as the case mught be 1f they had some facts at their disposal They might therel y
reduce the contribution to these diseases nnd also would be m a better positton to care for the
cluldren they already have

Another aspect of the problem concerns stffe rers from these disorders themeelves who may
Iine with misconceptions and msinformation resulting i n serious psychologcal handicap, (;u‘
removal of which would afford <cnsiderible relief Many such persons are nat aware of ;xt‘
possibthties of prevention of modification nor do they understand that there are yarious cl
grees of cxpression 1 nearly all of the inhertted disorders that ace hnown about at the presen

tune

Cratnstay Yarrenors 1 have receved a question from Dr Rety  Iow does Dr Rall

answer the enticism that monazy gotic tnns ns th ¢ result of physical 1 Tentity pm-nmll
“::‘:"dcq ete create n unique socto-envrrotmental sctting whech favors conconlant mental
athitu

disturbances® '
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1 uoul] sloThe to ask Dr Kallmann 8 question, hearng on the predupasition to develop
shuzophrense ilness, For mat years clpicans have bren ntere<ted 1n & so-calied scluzoid
peronality In the Amencan textbooks and 1n the oral tradiion 1n Amencan peychiates, thie
torm has come to mean something apparently quite different logieally from what Thouler had
mmm! 1t has come to ynpls rather more a sclusive Butistie dipasitian, aseral 1a some
a3 whereas with Bletdur, 1t L have understond him correetly, 1 meant sometbang contrssted
ith the syntonse duposition, a disposition on the part of the schizoud person to expencnce e
383 more boowel organized ambiguous not sa clearly petcerved fashion, whereas the avntonse
person beats out of (e, perhaps a hitle artificnally, » rather highly integraled expenence at
ach ghace of hus existence

Tam very cuncus to know 1f, 10 the genebic studies beaning on predispoution, exther of thee
cucepls of the schizoi] personality scems justafied by the facls as haviuga close telation to the
oncurrence of schizophrenie tliness

T have one more question here IWhat 1s the actual incidence of nfientance 1n mane
depressne duorders, snd sumdardy, genetie Tactors 1 schizoaRective dusorder™ This 1
fromDr $ | Fpstewn of Roston

Da. Fawez § Batzaaws (Closing) The thought prosoking comments of De Lewis da not
st 10 be 1 need of Lurther elabaration They penetrated to the cote of the ancient natuve
m;lm controsensy and { am sure, were appreessted by all of you because of their farth
Tghtuess

Dr hety’s question was dealt with as a erucial 1ssue 1 the ongimal report and thus can be
answered by underscoring some of the previous statements Tt w correct that one-epg lwing
fim 4 uaique socio-eovironmental unit which may Tavor the manfestation of conconlant
wental disturbances by providing sundar precipstating elements of causation  Howeyer,
parental attitu les snd other & fentures of the setbi g of (wwm;
pars or ordinary sets of sibs have not been found 10 differ so distinetly a3 to explasn a dse-
ordance rate of approvumately 83 per cent, tat adult torms ot scluzopbrensa sn the abenre of
menzvgonty (sunilar heredity) The same 18 true for neas)s 60 pef cent of one-cgg tamns with
Tepect ta very early \pre adolescent) forms of schuzophrenia In the vast manty of thece
dixcontant sets tao twins (or sibs) hive w1t the same mother an} the same Tather and are
fusd with suniar methods of torket traiming and other uplnnging procedurre, Although we
fj,' Padn great deal of sttention to potential factors of modiication in the b }sevmmor g~ 3
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at supply mg adequ ite answers to questions of why a particulir member of 4
particular famils at 2 particular time will undergo these prticular ex
periences, and why other members of the sume umt will not

In so domg, genelie studies have m miwy mstances succeeded 10 con
firming the bLehef, at least theoreticalls, that mental disorders are both
preventable and potenhialls curable At the same time, such studies have
agam focused attention on the importance of a s\ stematic and well balaneed
approich m any attempt to reach the given goals It 1s now clearer than
ever that only when attitudes of optumistic complaceney toward the causes
of se ere maladjustment gin e way to a realistic awareness of the meomplete
ness of hnowledge regarding the genctic aspects of psschotic behavior
prtterns, will further sigmificant progress be made

DISCUSSION

Dr Mot D C Tewis(New York N 1] I'shauld ke to emphasize what y ou are alreads
aware of that thes boef report 1s a very concentrated account of many sears of research that
Dr Rallmann has made on the subject

Ttk we all realize too sn va*w of the attitude of contemporary psyehiatrs that an sl
most overnhelmmg nmount of factunl evidence must tenccumulated to etablish any accept
able genetie theory of mental disorder Psychogemie theories are now favored and hold that the
heredity factors presented by others may be more appirent than baae or ar othernise ex
plunable Simce disturbances in the famihy he and other human environmental factors affect
the cluld adversely the wdea of <ocial mheritance rather than gene mbentance ts preferred
However 1t should seem obyious to those who have read or heard such evidence as has been
presented today that psychogeme factors alone do not explun Dr Kallmann s data on mon
o73 gotic twins as compired with those ondizy gotie pursand sibs 1t woul } veem that most of
the prejudice agamnst genietic inheritance stems from a fechng m the realr of wish fulfillment
based on the idex that aceeptance of genetic factors would create an athitude of therapeutic

masts that therap Jures are most

Anothier matter should be mentioned Famlies of patients suffening from disorders that are
primarily genetic such as have been discussed todas should be informed a3 nccurately ax
possible  { sigmficant number of these families nould soluntants kmt the family aze or
inercase 1t as the case might be 1f they had some fiets at their disposal Thes might thereby
reduce the contribution to thew diseases and also woul I be m a better position to eare for the
chnldren they already hue

Anather aspect of the prol lem concerns sufferces from these disorders themsefves: who may
Iive with misconceptions and mismformation resultng in a scrious psvehologicat handiesp the
removal of which would afford consi lerable rehef Many such persons are not aware of :;m
posaibilities of prevention or mod: nor do they unde d that there are \)nnnus et
grees of epression 1w nearly all of the inherited disorders that are known about at the presen!

tune

Crsmatan Warrenony T have received a question from Dr Rety  How does De Rall

roann answer the eritierem that monozy gotie tnans as the result of phyaical wdentits parental
n

thitudes ele , cpeate & umque socro-environmental sctting which favors concordant mental
athitudc 13

disturbances®”



CHAPTER AXIL
GENETIC ASPECTS OT' ADAPTABILITY
1 BFNTIRY GLASS

Itss rather commonts said that man excels all other spectes adapta-
bl tr, and that this, and almost tins alone, mrks his evolutionary supen
enty and enttles bum to a place i the vanguard of wolutionary progress
[tss starthing, then considering that adptalahts 15 achnowledged to be <o
mportant an ey olutionars —and so pecubarhs & Twman~trut, to find that
sery httle imestigation has been made of its genetic baus This 1 partly
through 4 faure to chnfy the relevant concepts, and parth through a
falure ta develop and apph effective methods of genctically anahvzing
the problem The farmer should by ously precede the fatter in the general
estigation of aduptalnhity

Paut Wetss (14) hs noted the dual me wung of the term adaplation,
rhh sometumes 15 applied to the state that rewults from appropnate
adustments to conditions, and sometimes to the process whereby the
adjustments are brought about To resolse this ambimuty , hie has proposed
ta call the state that 1s achiey ed adapirdness, wd to reserie the term
adaptation for the process Thos usige will be followed here

Hadaptation means the effectne pracess whereby Iy ing organisms make
°r undergo apprapriate adjustments to conditions this may either be
temporary by means of modifications of thewr ongmal state made by
n Inaduals or groups or mav be morelasting by means o
of the species or population through the action of nat
mutations Adaptabilits mav be defined as the capaes
changes whether temporars or lastin
tars change \dnaptability has
conlused mearing On the one hand the
Uniformby by -
beings possess
the eve by wie

v v anptatity ha
become geneticalls fixed being the common produc
oceur within the

t of alt genotypes thag

pectes On the other hand there mas e genelic vanga

Bilty 1n tha, respect wathin the wpecies (1 ¢ hfferences begy een vanous
- L) of even within « population

{ genetic changes
ural selection on
1 to make such
g whether indisidua) modific ition
also come to have n dual, somewhat
¢ capacity toadapt may he nnccowen 1

w7
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extsts at this pomt on the elimenl chssifieation of sehwzosd personality types, mmly became
of the lack of adequate diagnostic eritern

Wath respect to Dr Fpstein’s request to repent the sertes of percentages offered as to “the
actual ok d m mante-dep e disorders”, nuny T re-emphasize that the
observed concordance rate of nearly 100 per cont for one egg tnin purs s prob:bly an artifien]
masitnum value, due to the fact that out <eries of manie depressse tamn 1ndes Cases consnts
only of hospitalized patients For the haf «ils, full siblings and dizs gotie co twing of mame
depressise subjects, the comp irable expectancy rites are 16 7, 22 7 and 25 5 per cent, respec
tisely Nearly 60 per cent of eyclic index cases come from matmgs of one normal and one
manie depressive ot cycloxd parent Aecording to Stenstedt, the total “morbtdity nsk for
manic-depressive paychnsis” nmong the parents siblings and clnldren of manie deprevsne
index eases (caleulated collectively) 15 aliout 15 00 per cent
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tvpes of differences m eapanties to tespond Studes of genetie cifferences
m smple physiologeal responses ought to preeede the studvy of genetae
Wherencos 1 sunple refleses and sturhes of the latter should precede those
of more complex a pects of learned behavior
Tt moght be espected that hereditars differences m rdativels <unple
capacities 1o respond wenld have been studied m the human speeies to a
cone derable estent but this 1s clearhy not the ease  ipart from the m
eshigation of tasteblindness to phem Mocarh umde Ytle s been done
anlesen that condition 1s not attnhutable with certainty to a wngl gene
diffevence The difference hetw cen eweasonds md negrouds i the hiereditany
diffeence 1 shan eolor has ako not been comphiteh anahized genctienth
although it seems certam that the number of gene differences conevrned 1
fex (one 1o three) and that these genes act additively Yt hasnot buen
determined whether these ramalh dificrenliated genes certamly possess
adaptive value and if so whetlier they substitute adaptedness for adapta
bty by mutual replrcemnent or on the other hand by supermposmg the
genes causing adaptedness upon a now mashed but sl preseut constells
ton of genes responsible for the adaptabibitn In other words do negroes
still possess the underl ing capacity to darken 1 shin ealor upon expasure
fo ultrasiolet radiation? The most recent and extensne reviews of the
subjeet of shin tanning lewve the ansner unelew (3 43
For mamy types of simple response 1t 15 not ¢ en hnown whether there
15 geneticallh determined portion of the obsery ik varabnhty or whether
#15 entirehs attributable to environmental conditions A broad sunvey of
tharactersstie types of response ought to be undertthen nith ths 1nd in
view Anahises of pedigree dita would require tremendous Iibar withont
& tertamn return  whereas the tvpe of imve tigstion of mdiniduals under
tahen by R 7 Willams {13) and by group at the Unp ersity of Texas m
:";c ‘:s‘! lse\m‘xl sears re;eals m‘mcndon’s and charactenstic wdividual
rabiiits without providing assuraned of s gen
Cama the cn tnom comtrs) method et st oc ded b Gt e o e
¥ ad Thempaon
(8) an1 by Blaheslee and Banker (2) 15 sumpler and far more promisp,
A brief diseussion of tins methed mav be found m the exeellent analy :
b Price {10) of primury Lrases 1n twn studies The method seems to e
e
Been first practiced I Walcher (13) and ¥ loasser 8) who tedted f}
effect upon 1 pur of nesborn presumably monozy Zotie tamas of } -
9 ferent positians either on the bk or an the sufe for most of 44 e 1
They succeeded m demonstrating that the former pouty l[) the time
ofhead hap sgmficantla on made the n loe
marde the 1 fex of bead sh
more readily possible to i

EREFETITE [
tian Thus one twin s index decreased in 16 dal\s fmmb;;r;’;:‘:’;gﬂ;g «(hrvo
* {more
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(e, differcnees between mdividuals 1 capacity to adapt) lor cvmple,
m the species Homo sapiens, certmin ¢thnie groups appeir to POSsess genes
that mahe them almost umforaly dark shinned regardless of where they
Itve, whercas other cthnie groups possess genes that endow them with the
capacthy to form melinie igment w the sk, but m large amounts onls
if and to the cxtent that the shin 1s exposed to ultrwiolet radiation To
make the necessiry distinetion between these two types of conditions, T
propose to cill the cipraity to adapt that s umformly possessed by all
members of the species homogeneous adaptability and to cnll the diversified
ty pe heterogencous adaptability

These rdations clearls mply something about the respective environ
ments the fixed and myanant teat e be adaptive onl wn i cavironment
that 1 respeet {o the relevant conditions 1s also relatnels fived and m
varint, the vareble adaptive trut s daptive m redation to a v nable
«nvironment  The interplay between the evolutionary and ontogenetic
aspeets of this relwtionship has been admnrably depicted by Paul Weiss

If orgintsins were ndly preadipted to fit precisely one partienlar det ul 1 course of
hifc thetr chances of ever encounterng just that one expected course henec of sur
smang would be mfuntesunally small Here then 13 the it beyond which evale
tionary prefitting may not go without doc ming 1t= ereatures T« precision of fit must
nat exeeed the preersion with which futur condations ean be precicted and smee pre
dictalality 15 but a1 otf er exprossion for the regulsrity of past reettrrencs we reahze
that what an organtsm 1s prefitted for 1y ats evolutionary endowment s merely a
statistical norm of conditions the ston Tird range of which is reltniely constant the
ndiadint mamfestations of which however vary at randam from case to rase Th

gross bines are predetermined but the detals are left indetermmate for the i due Tl
orgamsn to fill in according to the continge ncies it wall meet

(krom fdaptat on pp 8 9 John Romano, e1)

‘Fhe capraits of ergumisms of particulr speetes to respond i a certain
appropriatc manncr to v change of conditions grades from the stmplest
sorts of pli siological responses, through troprsms and smple redfloxcs, mto
comples wstinets and puttoms of conditioned reflenes nutd 1t reaches 1
mavmum m the conscrous belvior of the most intelhgent vertebrates
The possibilits of making o genetic analy sis of differcnces m such eapacatics
1s lwuted, however, as m all genetie anal ses, to those diffcrences which
east betneen forms that miy be hybrdized At least for the present, we
must continue to operitc on the assumption that differences of larger
magnitude . capraties to react depend ypon hereditar factors of the
came nature s those whieh cm be demonstrated to produce differences
withm single speaes or between specics that muy be mtererossed It alwo
seems most hihely that progress n understanding the ganebie bivs of adap

tne caprarties wall be derny «d from studies th it i cstigute fist the sunpler
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to 40 per cent below the recommended allonances of thiumn One tvan of
each past was gven 2 mg of thianun dails over and above the amaunt
contained 1n the regular home diet, the other twin rectning a plaedsa,
ar{the tuwns were mersured in height and woight and werd g en varous
weatal fests At the termination of 47, wonths, the tumn fed twins
seented to show 1 significant superionts 1n weight and height, and perhaps
o manual desterity and retention tests But after @ months no sigmificany
dfferences were apparent In spile of the negative rostlts, this was ap
elegant demonstration of the method, and pernuts the conclusion that
ferage north American homes the dahy supplermentation of ehildren's
dits wath thiamun 15 not Iihels to influence phyvsteal or mental growth
#ithin 2 9 months’ penod

Unfortunately, the co tain control method has up to now heen hmted,
 buman geneties 10 the studs of diffcrences 1 the offects of warly and
dhferred trunng or of paralle) tramng by different methods, of n very
fex paurs of tuins Cattle genetiests (e g, Bonmer and Hanwson, 5, Nuw
f:a(.md Dairy Board, 9) m Swedan New Zeal wd, Scotland, the Umted

ates and ehewhere have hegun to us to greater effcct the wuparglelted
“permental matertd provided W nature i the form of monoz gotie
Bas although even in these rhitively long torm exponments, the pro

oedare hus usualls been stmph to expose one tsim to the expenimental
oot tabe te* vt °

§orrump)c n B
et and the other P v su plinia Al LB IR0 00 WIS e

ept 1n adjrcent stalls during the course of the expeniment, and the priney.
Pal charieter studsed was gun wm body weight
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dolichoceph thic) winle the other s nerensed from 8508 to 8835 (more
brachy cephalie) Although the changes were quite umformlv producible in
wditionf eises (three purs of dizy gotic twins md 1 series of other new
born mnfants) the permnence of such erly treitments remauns question
tble

A modern wd perfceth plimned example of the co 1win control metho 1
was reported by Robertson latham Walker and Wemver (11) wlo
studied 36 purs of monoz: gotic twins (1ged 713 to 151, vears) over @
persod of 41 months and 25 of these purs for 1 full 9 montt s Of the 36
paurs 5 were living m well to do lomes 28 were of fur to mo larate ar
cumstances and 8 were poor Half of those cheeked were eating diets 20

PRECISION TESTS

SER AL NUMBER NATURE OF EXPER MENT
OATE YoTaL
NAVE AVERAGE
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1040 per cent below the recommended allowances of thiatmn One twin of
each pair was guen 2 mg of thanmn daly over and above the amount
contamed 1 the rgular home diet the other twin recunving placcho,
and the twins sere measyred 1 height and weight and were gven vanons
meatal tests At the termnation of 41, months, the thiwnun fud twang
cemed to show a stgmficant supenionits 1n wetght and height, and perhaps
m manuat dextents el retention tests But after 9 months no sigmfieant
differences were apparent In spite of the negative results, this was an
elegant demonstration of the method, and pernuts the concluvion that m
average north American homies the duils supplementation of children’s
diets mith thiamun 1s not Whels to mfluence phyweal or mental growth
witkin a 9 months’ period
Unfortunatels, the co twim control method has up to now bheen hmted,
w human genetics, to the studs of differences i the effects of early and
deferred traming or of parallel traming by diffcrent methods, of a vers
few pairs of teins Cattle peneticists (e g, Bonnter and Hansson, 5, New
?enhm\ Dam Board, 9) 1n Sneden, New Zealand, Scothnd, the United
States and elvewhere have begun 1o use to greater effect the unp iralllled
experrmental matern! provided by nature mn the form of monoz gotie
twins, although even m these relatively long term experiments the pro-
cedure has usualls been sumpls to expose one twin to the expermental
condition to be tested while Leepmg the co twin on standard conditions
iorlevnmple 1 Bonmer’s mvestigations one twin was hept on a standard
i
l:pla\:(:(:he other placed on a suboptimal diet The two co twins were
hacent stalls durng the course of the expenment, and the prinei-
pal chracter studied was gun n bods weight
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dolichocephalie), while the other’s mereased from 8308 to 8885 {more
brachy eeplilic) Although the changes were quite uniformly producible m
additional cases (three purs of dizy gotie twins and 1 series of other new
born mfants), the permnence of such early trcitments remums question
able

A modern and perfectly plned exumple of the co twin control method
was reported by Robertson, Tathum, Walker, and Wewer (11), who
studied 36 purs of monozygotic twimns (aged 715 to 15!, vears) over a
perod of 415 months, and 25 of these purs for & full 9 months Of the 36
paies, 5 were Ining i well to do homes, 28 were of fair to maderate e
cumstances, and 3 were poor Half of those cheched were eating diets 20

PRECISION TESTS

SERAL WUMBER NATURE OF EXPER MENT
DATE ToTAL
NAUE AVERAGE
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A smple prliminars studs of this hand hos been wndestaben dustug the
past vearm the Mergenthaler Labor itonies of Brology at the Johns Hophins
Lusser iy, an 1 will <erve to lusteate the powmts just made \ puar of
Sentor undergriduate students, monozagote twins Potnd v bisth aned
edveated 1 Smatzerlind were much mtcredtal w bumm horedity and
offered thetnnbies s subjects for the evpermment Prcvious dhagnoses
<howed them to be unquestion ihiv monon gotie, although one twin 15 2
nches taller thon the other One twin commeonhh tnkes the tead aml
womenfiat more aggres e disposition. but mteligened tests ndnunisterad
b a psycholomdt who ealiabarsted gave them hoth o rating of 119 The
bovs ere ashed to repeat the test (Weehaer Bellovud) nvng an alternane
form and each one w s scparatey ol i yust before Marting that hus co
tnm b § dome 90 powts hictter on the first 16t Qne tain was slinwash
daturbed fn the news the other esprosed T balief Uit an evror must
ke been mde The first 1ade an & pownt Towet score on the second st
than Bs co twin The one who was diturbed and affected 18 1o score was
the generallh more disturbed and less emotionally stuble one of the pur
Ths tvpc of expernment g (s micresting but not mdefimtely repratuble
results and demonstrates what might e done m nndsamg th guncie
component of the more complex farms of buhssor

Catmpler situ wion w 15 <hosen for mort tepeted study et @ muscutae
1 il peeciston test A6 69) was duvdoped it condd be man off n hias
than theee minutes and after some pricticd for purposes of std iz wion,
@ was deewded 10 studs the tffiects upon e rosp e of cuffeme, 1o wlueh
tetler twin was accustomed The gunernl pracuce offcet s shown
Sgure “0 4 Tt 1s evadent that mprovement withy prictice over o poriod
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In short term experiments, on the othor hwd a much more «fheient
expenmental design may be amploved The tno co twms may first be
studied undcr stand ird conditions, and the lovel of mter tan 3 bl
determmed Than twain 4 may be subjceted to the ypenmental v arnible
while twim B serves 1 control followng whielt the cxperment mw be
repeated with twim Bas the expermiant i ammal and twin A as the control
The results, averaged over 1 sufhicient number of trnls, mdiette (2) the
degree of scmilanity 1n vesponse to agiven stimulus made by mdisidunls of
the same ganotype and (b) the degree of vanabihity under standardized
conditions charactenistic of individuals of the sune genots pe and a given
degree of sinulants of past (xperience A control group of mdnaduals
sclected at vrndom from the «une populitton and  corresponding Lo the
twmns moage and sex will further mdicite the degree of s wnbility m the
responsc to the sume stimulus to be found, within the sime sex and age
group 1 the cntire population Studies of additional p urs of monozy gohie
twins would be desitable to define the upper and lower linuts of varibility
found to exist between two indn idunls of 1dentical genoty pe wathimn 1 given
population In thus regard 1t should be emphasized thit whercas Gesell (7)
was fully justificd m pomting out thit the stuady of a sigle pur of tains s
hughly llumimating he was not correet i his behef that the mcthod Dills
outwide the (ileulus of biometries  The genctic variabilits m the expretsy
of response within 1 population e be most fully revealed by a studs of
the variance hetwean purs of twins m compurison with the vannee within
purs of twins 1¢ between co twmns
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GENETIC ASPECTS OF ADAPTABILITY R}

Asunple prehminany stu b of this Jand has been undertahen durmg the
pastrear m the Mergenthnler Labortorics of Biology at the Johns Hophms
Lmerity, an1 will serve to Mustrate the points Just made A paue of
“ent v undergraduate students, monozs gotie twins, Polish by rth and
eluested m Switzerland were much mleresled m human herebin and
offered themelves as subjeets for the expenment  Presious diygmoses
sbored them to be unquestionably monozs golie, although one twin s 2
wrbes taller than the other One twin commenhy Aakes the dewd and as
omewhat more aggresais e disposition, but mtelbgence tests admmstered
by 2 prchologt ¢ who colliborated gave thum both a rating of 119 The
bonswere ashand Lo Tepent the 1wt (W ethiler Bellovue) wang an alivmatne
form an each one was <epiratel told Just before starting that his co
trw had done 90 pounts better on the firt test One thin was obvionsly
4 turbed e the news, the other expressed his bebuf (it evror must
bave been made The firt made an & pomnt Lwsr score on the ~econid Jest
than fus eo twin The one who was disturhed and affceted us to score was
the generaffs more disturbed and less (motionalis dable one of the pase
Ths type of experiment @ves mtcrestmg but not indefintely repeat tble
olts and demonstestes what might be done m anabzing the genetie
conponent of the more complex forms of beh vaor

A smpler atuatic n was chosep for more nt parted study Farst o musenhr
stad precision test (fig 69) was desdloped that coutd be run off n Joss
Han thee mpules and after some pracuee for purposes of stindardizabion,
nwas deculed to studs the efects upon the response of caffune, to \\h\d:
;"‘““‘Y- thin nas acemstomed The generil practiee effect s hown in
B0 70 A 1t 15 evident that mprovement with prictice over a persad
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of 150 nunutes was ghly sumlar in the two twins 1igure 70 B shaws thet
consumption of n large imount of w 1rm water by onc tnin but mot by the
other, had no cffect on the seorcs made oy the subsequent pomo 1 Tagure
71 A reveals the effect of the consumption of o considerable amount of
coffce by one twin but not Iy the othar Winle the contrc] twin showe l a
charretenstic stecady mmprovonant o seore  the oxpermental subjeel
showed first a sharp deercase 1 preersion about half an hour after taking
the coffee then o very stribang mcrerse to mavimal preasion about 11

hours after takang the coffce and fim iy a decline untal the loved of the
control twin was rewched Digure 71 B shaws that exacth the sume type
of response occurred when the twims reversed thar roles Tigure 72 A and
B shows that the sme charctenstic (ffects were produced after drimbing
cold coffcc mstcad of hot  Tampetature of the flurd hid no mflucne on the
response Ligure 73 A and B shows that the same elvu weteristie responses
were made by both twms when the tests were condueted with ewpsules
cont umng rospechvehy 5 grams of eaffune atiate or 5 gruns of hetose
The ¢ ipsules were identical i apporinec nd the twms took them and
were tested m separ it rooms Tmally figures 74 4 and 74 B raval the
result of admmistering Tietose or eaffanc Cpsules respectinedy to control
group In gencral the subjeets i the group gettng the ltclose cipsules
show o practice ffcet but t ¢ marhed v renbiity m thar responses almost
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B2

1a¢TOSE

CAFFEINE

R N I T35 0 80 uo 30
TIME IN MINUTES

Fg *§ The responses to 5 gramns of lctase or eaffe ne et -
students an | imstructors tes
oton test an ) witd out reg
fsle was wmeluded among -

1085 tndicate the respeclsve tuues al which 11 & cap ules were taken

obseures 1t The variabhits e the group taking the caffeme 15 so great that
0 9 sternatic trend ean be observed

here 15 an extenstve hiterature upon the phirmacologieal effects of
affeme Tt 1s not apparent how the clearly defined responses of the mone
I gotie twins ave Lo be related to well known facts such as the folloning
that caffeine mereses the basal metabolie rate, the etrdiic output, and
the coronary flow and that i large doses it will induce fever by inereasing
musculir tone and reducing heat loss, that it increases gistric scerebton,
that it 15 2 pronounced diuretic that st decrensts cerebral blood flos , and
that 1t increases posttive conditioned reflex responses and decrerses thewr
ettinchion by lowening mternal nervous mhibition The studs of the suc
cosstve chinges w these Tespects 1 the same pair of twins would perhaps
reveal some interesting correlations

Vleanwhile the conclusion appears to be valid that the wentits of
response to eaffune on the part of the twins rests upon theie wlentuts of
genots pe and common expenence To generalize safely, one would need
more studies of pawrs ol monozigotic twins both reared together and
rewred aprt vet even & single expermment with a result such as this waplies
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a very strong nfluence of heredits upon the niture of the response to
extend this tvpe of experiment il design to the studs of such responses as
reaction tume to visuil, auditory, or tactile stimuly, and the mfluence of
extraneous factors such as fatigue, seems an obvioush promsing method
of begmnung the study of the hereditary basts of adaptabnhty

DISCUSSION

Dr Frunk A BEvet [New ITaven Conn ] The only exeeptions Iwoul{ make to Dr Gl
very stmulaling paper are two i number  Although in generalat 1s prol ably true that prol-
Tems of heredity ind Lebavior are at present most frustfully attached by dealing with the
sinplest sorts of relations we en find 1t 18 nevertheless & f1et that quite effective research has
been conducted with fairly complex forms of hehavior such as maze lewnng n the mt and
truling behavior m hunting dogs

Sceondly, it strthes me as pusleading to mply that amy tvpe of behavior, or any morpl o
logieal character for that matter 1s enfirely controlled by geme factors As has Leen pomted
out earlier 1 these meetings the most powerful gene comlmations do not act 1 vacuo ani
must have nongenic materl on which to opurate Fusthermore tle action of genes on non
geme substanee occurs m a surround ar ensironment which 1s never totally mert or licking
1n effect upon the final outcome of interiction betwcen genes and nongenie maternly

I I may be permitted a sentence or two of propagandizing I nwoul 1Tike to call the attention
of this audicnce to 1 body of evidence recently summanized 15 D Calvm Il an one chapter
of the HANDBOOK 01 FXPFRIMFNIAT PS5y CHOIOGY edsted by Dr 8 S Stevens
and published 1 1951 Descnl mg a new discpling which e proposes to call py chogencties”
11all brings together a lirgy. number of studics on the | ehavior of lower ammls a3 a functin
of the genotype The arm charr debates about hercedity and environment whieh us 1to le

of more ripid rapproachement between two mmportant seientific diseiplnes

Dr Arvowp I GEsFLL [Nes Haven Conn] The method of co twin control m a sense
falls without the realm of chissic ) solute mensuration Tt 15 1 eomparitive climeal method
an expenmentt device for vnlyzing, Frogenetic problems Nevert! dless 1t has @ umque hind
of biometnic v ity and even statistical 3alidity when cne con wders the vast sumber of
\ariables which are equated 1n a single pur of haghly identical tnins Tl e nick potentails of the
co tuin control methed are comymangly shown 1 the ppur by Dr Gliss

Dr 11 Ben1iey GLass (Closing) In regard to e shahit matters of digrecment raved 13
Dr Beach I wont endennor to reply to the first onc at all becanse I suspeet that it s quite
possible thit T rmght be proved wrong Still I think that sunple problems have recened
relatrely o httle mvestigition with this type of experimental mateml that they at last

melusion
de;e:: puzzled by what w1 stated to Fe the seccnd disigreement | eewuse I thougt t that i
o+ nan wording T had Leen very Careful to disavow any tendency whatsoever to d(:(‘nl‘x h'

1 many of the papers biore LIS OHC HULCY Wt e dva v
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orepvronmenta nature of & tratt 18 entarcly without mesnsirg, on s the Liad of question that
one shonld not ek

T teporse to Die Gesel T fully agree that eachi pase of 1 fentieat tnine you study i an
eportental stuation ke thes 1 & nuque sxperanent. 1t € should tabe snther pate of aion»
ot twins nd test them 1 means of tns saroe expenment for the tespons Lo ealluwne i
qute wnkhely that they will show the same charactenstic dipression followed 13 merased
preesom m the tesg, but T expeet At ev woulf show very great sumbinty Over a suff
cients large muher of pates of monoza gotic twims We can then gel a measure of the vanance

Yetween panrs of toms and e vananee within purs of towns which will make a meanngful
statst cal cowparison
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a very strong influence of heredity upon thie nature of the response To
extend this §pe of expermmental design to the study of such rosponses as
reaction tume to visual, auditory, or tactile stimuly, and the mfluenee of
extrancous fuctors such as fatigue, scems an obviously promnsmg method
of begmning the studs of the hereditary hass of ad ptabality

DISCUSSION

Dr Frave A BeaatNes Hawen Conn ] ‘The ondy excephions I would make to Dr Ghise®
vury stmmliing paper are tho n mumber \though i g ners! it 15 probabls true thit prob
lems of hercdity and 1ehavior are at prosent most fratfully attacked by o ding wath the
simplest sorts of relilions we can find st 18 nevertheless a frct that quite effeetn e research has
been conducted with farly complex forms of heliivior suck ns maze learmng m the it and
trulmg behasior i lanting dogs

ccondly, 1t strihes me as muslending tommply thit any type of behnor or nns marpho-
logeal eliaracter for that matter, 1s entirely controlled by gomie factors As has beent ponted
out cather in these meetings, the most powerful g combinitians do not act m vaeno and
munst hve nongente meatenial an which to operate Furthermore the action of gones on non
geme substance oceurs i a surround or envitenment which v never tatally mert or Liching
m effeet upon the final outcome of micraction butween genes id nongeme mternils

11 Tmay G permtted a scntence or two of propigindizing 1 would Iike to call the attention
of thts audience to a body of e \idence recently summinzed by Dr Cibvn il m one ehapter
of the HANDRBOOK OI' '\PERIMINTAT PS3CTIOTOGY edited by De S S Stevans
and published m 1951 Deseribing a now dnaphine whiels he praposs to eall psy chogencties*
Ialt brings together 1 large number of studis on the bchnor of lower ammals as a funchon
of the genotype Hhe wwm chie debitew about heredty wnd enviranment whick wied to be
cammot 1 petelologic it books and gourmls are geadully being rphieed n Gt accounts
of expermenta] (vidence such as that swmmanzed by Tll Those of us wha are inchined to
ward a biol gical approch 1o psyelologieal problens find ths trend r wsuring nd promismg
of more rapid T1ppro iehement botween the mportint scentific diophnes

Dr Arnoip I Grepnk {New ITaven Conn] The method of co twin control m a sense
falls without the reatn of issie absolute mensuriticn Tt s a comparatine chmiead methd
an gapenmcnt il dostee £ir an dy 2ing bioge netie problems \everthelow 1t ks 2 wmgue Jond
of biometrie v ity and cven statistiesl sahdity when ane conmders the yast mumber of
vamnbles wlieh nre equated ma smgle pur of laghly identieal twans The rich potentuls of the
eo twin control method are convinangdy shown m the paper by Dr Glhiss

Dr I Benmes Grass (Clovmg) Toregand to the shebit mattors of disigreement rabsesd b
Dr Beach L non’t endcwor to reply to the first ane at all becruse T suspeet that st bs quite
posable thit T mght he proved srong ull T thank that smple probley hnve meeuned
rehtaely <o lttle mvestigition with s bipe of ospermiontal materal that they at ot
deserve melusion

T am puazeled by Wit was stated 1o be e second disygreenient beeausd T thought that m
iy onn wording T hnd been surs crrcful to dixivon 1y tendaney whitsseser to doserbe be
Jyoralirats ar awg other e of truts as cotgrely hereditars o cntieely environmental and
T qpoke of morozy gotic twins as having & common genotvpe and 4 ocmmon evperience ©F
course, 1t 15 mpossible to sepirate these 1 am 1o complite agreoment with whit his beenwnd
Jnmany of the ppers before this one, namely tlat the oxdinary question about the hwreditary
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an existence which the child stmves ansionsds to mantam Tt amght In
Detter ta speth of st as alonenest rather than 2 withdranl The patent s
an unrelentsng guardiin of Ins privacy Whin be 3s %t 10 msdd b om
behappr, <le i 3 tune, phay with his toss When There i mterforeney,
led regirds it aslong 13he en When the intrusion bevomts 1 amwslent,
T fiehts 1t off w3t atrumss shch appear to be the noult of pame rithee
than anger
The utistic ehikl ever rendy to fund off ather persons” encrowchmants
on s capsulated mner word d, 1 equalls foerfal of hippemngs m s sur
oun Iings which might neeesatate 2 n waptation—that i, & taoddic v
ton—u his prrt Chnges of rontine of the furmtuee wringument w he
room of the actustomed ronte shen he iy taken for 2w b Can precipitate
amsgor buest of doep distress The sight of 3 hroker 2v 2 eruck an the
wall ot some othier deviition Srom completoness as eoncenved by the child
can hecome 1 disturbing exprnence, long remembered and brooded over
The patient 15 extreely cautions m enlargng the scope of his tetsvdtios,
which are itted 1 number nd repeted agun and agun Rossting m
novafions fie struggles to bve m a statie world and much of Jus behs sor
1s governed by a powerful devere £or the preserration of snmeneer
Honeness and ob cssine msvtence on sameness are the o prnep
dagnostic enten of earfs mfantle nutinm A other & mptoms cin be
eplaned on that basis Tliere 1s no felt need for communieation Some of
the chil lren have remuned mute though the rire wtlermees of © whole
Sentence in emergeney situttions certunky prove the sbilits Yo store up 1ad
use fanguage It takes the spething elaldren o long tme before thes enter
upen s thing resemblmg orthinan comversibion Y arroted phirtees are ree
tamed and later i a sort of delaved echioliha emplovesd exacth w5 band
“ven With the wame mtont tton thin wecounts for the p! enomenan of pro
vomunal reversals whieh persints for several veass Thus when the chuld
wishies to fbire he mas echo ¢ sontned wed often by bos mother Now 7
(romat, ot Sentweon e s v g o
h mees not iitended for
ComIBymIC stion
o Bt 0 A e b o, e
e w e He s shatifol and mmbly yn ds
Randuing ¢} them 1e hes & phesomenal memon for artangements wad
after davy recunstract a complex bloch devgn He ¢ bepome ““ d ean
objeets 1F ey do mt conform ta hys vreeaucesved pattan () g;\ ;‘ .
il fren scol Yea the star Shped prece of the “egutt formband lm\ of the
A -:lum up m the shy shert stars bdong sard heegue 1t
aus are the peeutuinties of antitie o drey, T4
degree and w the number and nature of accessors :‘ f;;‘z‘;; ;\\S:‘ ic;‘\::s‘] 1:



CHAPTER XXIIf

TO WHAT EXTENT IS EARLY INFANTILE AUTISM
DETERMINED BY CONSTITUTIONAL
INADEQUACIES?

TFO KANNI B!

Early mfantile autism was singled out m 1038 as a psychotic illness
presenting a sct of charaetenstics worthy of special conssderition The
first observations werc reported m 1943 (1) Since then, a sufhaent number
of patients has been studied mn tlus country and abroad to subst mtizte
the unqueness of the syndrome Qur own case materal (2, 8, 4, 5) now
comprises exactly 100 children who can be so diagnosed with reasonable
certainty The common denominator consists of certam essential feiturcs
m a combmabion not encounlered m any other disese

The first signs are noticed some tune durmg the first two vears of life
It would be difficult to pmpomnt an cxact time of onset Itis probably stfe to
say that the etncrgence from the neonital stage of hiological helplesstiess
15 not, as m the average mfant, accompimed by a progressnely diffcr
entiated contacl with the human cnvironment Many mothers reeall thit
they have ncver been able to ‘reach’ their elild, who 1w apithetieilly?
m lus enb and did not displiv an mfant’s nsual anticipatory reaction when
someone came to pich him up Persistent absence of response to verbal
address has almost mvarably ereated the suspicion of deafness, which nas
latcr dispelled by otologictl examinition and other esidences of normal
hearing acuits  \s the cluld grew older the lach of response to attempted
psychomctry gave the mpression of a markedly madequate mtedlectuf
endowment, 1t must, mdeed, be assumed thit, prior to the delincatton of
the o3 ndrome, antishe ehldren were regardesd as soyv o mental defectives

Thus carly self 1solitton has been compared to sehizophirone withdraw o
The analogs 1 not imcorrcet 1 5o far as the chmical appe wwance 1s one of a
chuld out of contact with the people about hum It 15 true tht the hustortes
of three or, at most, four of our paitients mdic e some prelummary e wh
ng out of affcetine tentacles which were pulled i more or Ioss abruptly
withm a few months beforc the nd of the second scar But m most
stances there never has been any real rdationslup with the mother or any
bods els¢ The 1sol ttion s nol so much an (vent ora process as it 1s o status,

T Depariments of Puyclaatry and Peduotres Schu i of Meleoe The iy Hyghine U

rersity Baltemore, Md
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A statsstical e aluation of the role of heredity 15 not ersy 1f one thuks
esclosely in terms of psvchotie itiness To assure rrisamal aceuracy, we
Tave, for the purpose of Mis Wi esuigation, himted onrselues to pareats,
gandprents, uncles and aunts, and siblings

Of the 200 parents oult one had a myjor mental iingss, n postpartum
porchoss followmg the lurth of her antnhe child s older «ibling One mother
and one father were alcoholies, and one, whoe s a responsible secretarial
posttion 15 eprleptic. One father, a pronunent Lywver, had iwiee mterrupted
fus vollege studies becanse of anviety neurowis Another fither, n well hnown
sauntint, had consulsions in mfanes and has marhed diptal tremors

Of the 300 grandparents, 1 patermii grandfither, a paternat grand-
mother, and a muternal grandfather commtied smeide One mateenal
grandmother had an unidentified nervous breahdown® at 50 vears, and
one had Friedrerelt’s ataan. One mtern il grandfather, a noted perchol
ogst was an obsessn ewcompulsin e person, another had & nervous bre k.
down at 30 vears

The numher of the pirents siblings and entries about their nstonies of
agor sinesses are contaned 1 70 of our cise records Of the 373 uncles
and qunts thus accounted for a maternal aunt and a paternal undd were
schizapbreme one paternal snd ane maternal aunt were depressed, tno
maternal aunts sere feeblemmnded two othiers (sisters) had a fear of leas -
g home a paternal uncle had a pw chotic eprsode while w college, and &
maternal uncle and a piternal uncle w ere hospitahzed for mental iness the
nature of wich could not be speerfied Hr the mlormants One maternyl

were 8

o e w i o Mental
detectnes

Of the children s own 133 siblings, 117 were considered normal Of the
others one e1ch had epilepsy scmory aphias meptal retard ation, speaific
reading disabilits cehae dhscise and Chostim Schitbler s disense One 1
saud ‘m five perslied from thamms death One can be dos o at 1

e was I it

marked sehwzoid tendinaies 1 fus behavior . @ brother nho shows
These figures mdicate that from a genetic pownt of view, 1t would }

dilfeult to e s micanmgtal ot e correlation, hetween et et

Atk and the occurrince of pachitne nd neurologiesl e mfanine

Patients anecstries Howeser our attention has becs drasn (o s in the

Shich seem Lo us 1o be of great wgmBeance certin items

Fhe autistie childron come from mtelhgent sophuticated stock OF th
(o
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velopmental lustory and the two pathognomonic features of ~loncness and
mststence on suncness are alwayvs present and imdispensable for the in
clusion of as cluld i the categors of curly infantile autism

‘There has been justificd puzzlement about the nosologiel position of the
autistic llness Van hravelen (6 7) sww mott an oligophrent with con
comtant emotional defects  This 1ssumption ean be disproved by the ob
servation that « few of the pitients who functioned at an wdiot or mbeeile
level in preschool 1ge, achieved mtellhigence quotients of well over 100 m
thar el teens The possibility of pren ttal organic dumage his been con
siderad but thorough phyvsical ind hboratory «xmmations hwve viedded
no consistent cluc of any hind  1he redrtion to sehizoplirent t 1s more dhifh
cult to determme 1b1s possible to regard crls if while autiemas the carhest
form of this illncss the spearfic fortures of which we mfluenced by the age
at which thay develop Mahler (8) his distingmished conyimemgls between
an autistic ind «smbiotic form of mfinble psyvchosis depending on the
ty pe of mother chuld rdationship Tor the time hang it seams practieal to
follow the wdvice given by Stern md Schiichter (9) to study wbism (s 1
spectfic phenomenon A\t v rate the wnclusion of these dnldren m any
bro tder dingnostic group would seem at present to shove such a studs out
of focus nd to ignore the desclopmentl and symptomtic peeulianties

Of the 100 cluldrcn of our <cries 80 were bovs wd 20 were girls The
number of publishcd cises other than out own 15 too small to allow am
companisons But the ritio of 4 1m the rgest existing collection certamly
mdieates a male predomnance

The vast majority 19 made up of cluldren of esther Anglo S1von or Jewsh
descent Not lcss than 27 were of Jewish orgin Lhere was only a small
sprmhling of patints who cume of Itihan Irench Germin Scoteh or
Insh stock  Clirific wtion of this 1ssuc may come n the not too distant future
from the fict that obsersations as vet too sportdic ir¢ begmmng 1o be
reported from I urope i countries

No generithzations can be made on the brsis of the patints phyvsicl
condition or the circumstances surroundmng birth Difheult Tibor was re
ported n 11 cascs preeipitous m 2 prolongcd m 7 ind placenta prievian
2 1 ourwere ddivercd by Cacsaren section mad one sustamed 1 fraclurc of
in arm at birth Difficaltics in breathing were stted to be present w3 of
those and m 3 others who were delivered without mishap As for conge mtal
anomalics one hiid 1 clubfoot onc had stribisnus One hov begwm having
grind mal seizures it 5 yeurs of age Iwelve were reported to huve becn
emuture of these 8w cighed less than 6 pounds 1t birth
Ihe position n the order of birth was distributed 15 follows At the tunc
15 werc onlv children 43 were first born 23 were sceond

pre

Lien last seen
‘1‘3 were third and 6 were fourth or fifth
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e, but tavely step down fron the pedestal of adulthood to ndulge 1n
ch ik pln

The soud crevted b the abmence of wholthe wrted wtercst m people 1s
occup ed v 4 devotion to duty Vost of the Eathers are, wn w sense, biga
m ts Thes are wedded 1o therr b at Tt as muel as thes are narried
tothewr wives The yob m {ict, } agprionts Many of the fliers remnd ane
of the poputir conception of the et nunded prafissor who 1s <o en
gro el m Jofiy abetrachions 1t hitle room i Jcft for the tnfling detuls
of evers tay lnmg Obsessee adherence ta set tules serves most of the
prrentsas 1aubstitinte for the enjor mont of hfc

This obneweneness 1 @ magor cantnbution ta the napeeanat meeh
amzed relition with the cluldren The pirents apparenth neapable of
dirning pletvare from the chutdran 1 they are, woth for the attaument, of
goolne s obodience guit good eating e irhest possit e control of Cimna
fny {arge voctbulines momory fuits The chuld s exsentudiy the abject
of an mterestmg experiment and (an be put sade when he s not needed for
th < purpose

It evn bie <aid ondy of & few of the autistic children that thes word we
Tected w the wnse w wlich this term 8 commonty waderstood ¢ luld
branng was an accepted part of the pirents coneepion «f mitrmomy \o
contraceptine precantions et taken wd thare Was not oven 8 flecting
thought of ahortion Yet the pirents did not scem to know whit 1o do with
the chuldren when they had them They Liched the » trmth which the baties
nerded The culdren did not weum 1o fit nto their established schane of
lning The roothers £t duty hound ta Crm out to the fetter the tulcs snd
Teguiations whiek they were grven by their phvsienns Thoy were anaons
todo a goo§ job and tins meant mechamzed semied of the band wt ol o

Y owawenne
Senaimost twice asmany ptients itemerges with even Zretr eonssteneoy
anielirity
It has boen sad that the desenbed parent d behavior toward the autistic
chldren could he merels an understaindible reactian 1a 0 e

g

£5u8 the e renims tht theee P |r‘m\< are !h(“lll::xj; l"‘i;l*;f('l“:‘“ﬂ‘“\;rn( -

thes are and that thes would be knonn as such even 1f fh, P]“’]\  that

Bud i sotntie it Theresa rowmblinesYelnern heem k“ had never

O chuldren oxeept that therr aloofness b s 10t re ‘dm; l;\:‘z:m( that
nss pro.
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100 fathers, 96 were high school geaduntes Of these 87 had been to college
74 were college graduntes ind 38 had postgraduite trumng Lwo of the 4
who did not fimsh high school were immigrants from countries m which
thar poor cconomic condihon precluded sceondary scheoling the fither
of onc of them bexme munierpd band Icwder e lirge by Asregards oe
cuprtions  there were 31 business men 12 enginecrs 11 physieins {in
cluding 5 psvddntnsts) 10 hwwvers 8 tridesmen, 5 chemists 5 army or
nay officers 4 writars 3PhD s m the sances 2 Ph D 5 m the human
1hies 2tcachers 2rabbis ind one ¢ 1ch 1 psy chologist 2 dentist 1 publisher
vforester md a photogr ipher

Of the mothers 92 were high school griduates Of thesc 70 had been to
collcge 49 werc college griduates wnd 11 had postgraduate trumng Not
less thin 70 had been retive i 1 variety of ende wvors md some continted
their ocenpations after marnage Jhere were 17 sceretanes 16 teachers €
business women 6 hbrariins 4 artists 4 social worhers 3 writers 3nurses
3 telcphone opcrators 2 psichologrsts and one eich a physienin t lawver
vehemist + P D m the humamtics  physiotherypist ind 1 laboratory
techniciin

To tlus iy we hrve not ¢neountered iy one wbistic duld who cime
of unmntelligent parents 1his fact guns added meinmg if the personahties
of the parcnts e subjected to careful scrutiny: Tyven though a study of ths
nature scems to dude the reqmrements fer statistical depo ition 1t s sife
to sy thit at least 85 pa cent of the fitlers ind mothers present smhe
chareterologieal fo itures «f a specifie nature Vuch eaution has gone mnto
the ey aluttion which rosulted i the est ibhishment of this percent ge figurc
Tt 1s further necessary to mention thit i cvery one of the 100 cises at
Te st one of the parents conforms to these chiracterologictl cniter

As a rulc the parents of our wtistic children are cold humorlcss per
fectiomsts Most of them e not comfort ible m the presence of people
they prefer reading writing pammting mahing music or just thinking
They are polite md digmfied people who are ampressad by serioustess
and disdunful of small talk They deseribe themschves ind thor mantal
partners as undemonstritive M atemmontal hfe ts 1 rather cool and formtl
affur there 1s no glunor of rom ince i pretarit il courtship noimpetuous
ness m postnuptial mating  Ihe parents treat each other with fltless re
speet talk things over ealmly and earnestly and gise to outsiders the nm
pression of nutual lov ity .

The parents behvjor tow ard the dnldren must be seen to be fully ap
wed Mrternad Lick of ganume wrmth 1s often conspienous 1n the

vsit to the chime M of the fithees har s LKnow 1lierr antistic
obscrve objee

prect

first
fuldren 1hov are outwardhy fricndh admonish teach
<
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Ueh but rarely step down fram the pedestal of adulthood to idulge n
il b glay

The suid created I the absence of wholdhe irled mnterest n people s
ceeupied by a devotion to duts Vost of the fathers are m 2 s nee, b
©sts They are ned lod to therr ol at et us much as thes are marrsd
folhersnes The job in fiet, Las prioests Many of the fathers ramnd ime
of the gopular coneeption of the abuent mundol professor who 1 a0 the
& i Dits abstrictions that hitl room i 1 ft for the tniling dctule
ofeveruiar Taing Chweasvd adherenes to <t riles serves most of the
preatsasd athutitute for the cngoy mont of hite

Tht obwes iveniens 15 a1 yor contnibubion to the supcromil, mech
2] yelation with the dhl fren The prrents appreonth anepable of
foming phe2stire front the ehakfre nasthey are, work for the atinmment of
£xdne « ahedicnce equsct good cating Curhiost posablc conteol of cmna
ton Lirge vocabularies memon o e The dld s ossntrdh the alsgeet
ofan ttresting experiment snd can be put asude wlen he s 108 nee sled for
s qurone

Tean be il raly o
Jeeted 1 the sep ¢ 1n
bearng was an areepteq
falraceptise precants
thought  Faborty .y y
e rom when they
Deeded The ehul fren
g The £ others fel
Tegilaticns which phen
fn 2ol ploanty
tendired by 4 nverenn

Ths et f the p;

fafes of the avtishie daliren that thes were
whieh this teem v commnonls g lorstood (@151
1 part of the pirents conecption of matnmony \p
ons wire taken anid there was not even a fAecting
€t the parente el not seem to hnow wh 1t to do w1l
hufthen Thes lackerd the s senth which the Nibyes
Tl ot semn to fit into therr extal bishe I weheme of
tduts brand to marn out to the b tier the rales apd
were gven by therr ¢ by wierana Ihey wire anxions
Bis meagt mechanized o e of the hand whidy ys
SCentic s gaae [ ne atatien attrmdant
ATRLY prrvonalitiey was deamn and repeted ¢ n,
"“m"nlh»banu{rhuf-m.:mn:{vh» fer 3oae s \r,wlfnl wclnf’
:{I:‘Lr::‘l e armang patients o creevonth even greater ennaretene
shl\(\t:,: ‘;':; ;1;;0-“ the dewe bt arental bebavics 1 war!the antige
merels an understandafle peact; 5 1t

the e apring «
cErrprnae I o nderd ey bosem gbar g

t wroll be iy

Aathat theve (aerntenertiaknfef
Tthee a alf be ko VN as ey
M There tea oy nHinre Frta
PELE IR the £ 4 g Paees hag

Aetack e por (1o 48 12
rven i ey byt rpper
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portions of a psy chotic illness One 1s tempted to think of them as success
fully autistic adults, 1 the sense that they do a creditable job m therr
chosen occupitions and quite a few hive attamed sufficint recognition to
be histed 1n some of the Who's Who compilations

CONCLUSIONS

1 Thysical and liboratory exammations have failed to furmsh any con-
sistent clues regarding the constitutional background of early infantile
autism

2 There 15, 1n the families of autistic cluldren, a remarkable pauaity of
psy choses and handicapping neuroses Considerably fewer than 5% hue
progenttors or other hin who can be so designated

3 The autistic children come from imtelligent, sophisticated stoch Not
less than 94 per cent of the pirents, both fathers and mothers, arc lugh
school graduates, 74 per cent of the fathers and 49 per cent of the mothers
have completed collegc

4 The vast mayorits of the parents, though competent in their chosen
voertions, are cold, detaclied, humorless perfectionists, more 2t home m the
realm of abstractions thin m the world of people They deal with ther
fellow men on the basis of what one might call & mechamztion of hum
relationships They treat their chuldren about as meticulously and imper
sonallv as they trcat their automobiles

5 The parents themsclves have escaped the psiehotic proportions of
therr offspring’s alonencss and sterile obsessiveness It 1s possible to speak
of them as successfully autistic adults

6 One 1s, therefore, led to think of a fanmlal trend toward detached ob
sessive, mechanical hving At the sume time, 1t should not be forgotten
that the emotional refrigeration which the children experience from such
pirents cannot but be a lughls pathogenie clement m the patients’ early
personility development superimposed powerfully on whatever predis
position has come from mnheritance

7 These proyoc i e findmgs warr it further rese wreh and ol wsaifietion

DISCUSSION

De Notav D € Tewis [New York N 3] Dr Konner answered m part the question
I had 1 mund If T understood hum corrcetly there were no neuroses or psychoses nmm‘\{g
the parents of these autisbic children but that 1 great majonity of the parents “"el n],, ]
detached perfectiomsts who \\cn; -I:t h:)me m’ll]le redlm of 4t stractions e mn lieated tha
reptesented successful autistie adults
t“clsgvflflm‘:p;oerlxe mean or could he wsume thit these parcnts are qualitatuely sclizo
hremics of that vimety designited by Rretseluner s the cold ngl perfectiontst typ e o
b omihits? Not psychotic m the usunl sense «f the term lut of a seluzoplirenic
Sd“sllo,:‘l‘nl::: that has 1 cen arrested 10 1ts progress by certun compensations 1nd adiptations
con

that have been aceomphished
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Coumyns Warrsnors De H B Rickanbon asks Dr Kanner “In the admintle
studs ol Dr Ranrer, what 10 the e dence for & penetic {actor, as dwtwgueshed from a (audial
factor, that 19, the atlitude of the parents®”

Dr. Leo Kawnze (Ulosing) Regurding Dr Lewivs question about shat T mean when 1
say that the parents are suecessfully autishic adults T would <ay that thewe prople function
1 society end 1n fact, function with such distinction that the are often at the top of swen
tdic srtnbie or commetcial enterprises Vet they have mayor problems which make them
diffcult parents a9 far as their chaldrn are concerned The auteder woul 1 he very much 1m
preseed Uy these people s well fanctioning and well adzusted adults Tecause of thas, T do
wot {bink, that we could posabls think of them as «chizoph m teems of the schizeph
puthos

A¢for Dr Richandvon’s question, I do not believe that 1t 8 possibl to mahe a sharp dis
Lnetion between what 18 genetic and what 1s famelinl in terms of parental attitudes and ther
ellect on the hibren Tn fact a« T have mdieated, <ome people have wondcred whetler the
parents’ reactions are not the effcct that the clulilren have on them beeaww of the elul nn's
difficalties What we do have 1s & group of clul Iren presenting a special, unique, unduplicated
synimme and mast parents, or lie vast maygonts, do present tie genenal picture Theretore,
we must assume—ns a matter of fact we must be convinced—1hat tus mitter i steelf ys not
sigrificant 1 M e onrl 3 ol mmaes F4L o= @ = % B

Tt alu .
wiaras e

e bave tuew wsta on hand and larther efforts will show 4s 81t we c1n make of the data
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portions of a psychotic tllness One 1s tempted to think of them as suceess
fully whisbic adults, in the sense that they do & ereditable j0b 1 ther
chosen occupations ind quite 2 fen have att uned sufheient recognition to
be listed 1n some of the Who's Who compilations

CONCLUSIONS

1 Physicil and laboratory eximmmations has ¢ faled to furmsh any con
sistent elues regirding the constitutional bachground of early mfantile
autism

2 There 15, 1n the families of autistic children a remarkable pweity of
psychoses and hndicapping neuroses Considerably fower than 5% hae
progenitors or other hin who ¢an be so designated

3 The autistic cluldren come from mtclligent, soplisticated stoch Not
less than 94 per cent of the parents, both fathers ind mothers, are ugh
school gradu ttes, 74 per ecnt of the fithers ind 49 per cent of the mothers
have completed college

4 The vast myonty of the parents, though competcnt n therr chosen
vocations, arc cold, detached, humorless porfectionssts, more at home i the
realm of abstrictions thwn m the world of people 1hev deal with their
fellow men on the basis of what one rmght eall * mechamzation of humn
relitionships Thev treat their children about s meticulously and imper
sonally s they treit their antomobiles

5 The pirents themselves have esciped the psichatic proportions of
therr offspring s alonencss and sterile obsessiveness It 15 possible to speah
of them 15 successfully autsstic wdults

6 Oneis therefore led to think of 2 famulid trend toward detiched ob
sesstve, mechameal living At the same tiune, 1t should not be forgotten
that the emotional refniger ition which the children (xperience from such
pirents cannat but be 1 nghly pathogenie ddement the patints earhs
personthty devdopment  supertmposed powerfully on whatever predis
position has come from mherit ince

7 Lhese provocitive findings w vt wnt further resereh aind chissifieation

DISCUSSION

Pz NoLsx D € Tews {New York N Y] Dr Ranner answered mnput the quests n
I hed in mund It T understood ham correetly tlcre were no neurowes or psyclioses amor g
te parents of these autistie chilfren ut 1t a great majonty of the pasents were col
tacled perfectiomsts who were at home in the realm of al tenctions Tle miiented that
these perhaps represented succes ful autestic adults

Ty that docs he mem or eonl ] 1L aswne 111t fese purents are qualititrsly sehzn
phremes of that yamely designated by Rretselmer as the call mg @ perfects o1 b type ¢f
scluzor | personhty? Mot psychctie m the usial s nse of the term tut of v schiz plrme
conshitnbion that has }een arreste 110 1ts progress 1y ecrtun comy ensattor s an 1 1iaptations

th 1t have been accomphshed

et
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success of these efforts 1s the pralongation n hfe expeetanes at arth, from

for wistance 58 3 vears for a male irth and 40 3 for n femate birth m 1850
1 Massachusetts (9) to 63 5 vears for a male and 71 verrs for a femile m
1950 (2) \ good deal of this merease i hie expectancy 1 non speutfic,
bt 1t affects ofl hinds of wdiniduals But [ suspeet that a sigmificant por

Von s sdeetine msohang not onhy those with gross defuets rferced ta
above but also iyt lnals who are wherenh less Vigorons somatieath
was that modern medieine stll has ddficulty defimng o the extent that
phsteal defects an § Tek of resist et to the biologeal haz rds of mianey
and chil thood are imhented—and agna 1wl not stop for a detatled docu

mentation of this point—~we must recogmize a second dvsgenie mflnence

S Differential fertilily

Tt ;e be regarded as well estabhished thot the vanous oceupational
groupsof many Western countries differ with regard 1o s erage performance
o the so-callid intefhgence or aptitude tests Fo what extent this reflects
mnate differences between the mdins lunls comprising these groups, and to
what extent 1t 15 a consequence of cultural and educahional factors 1s nat
now clear Vost, students of the subject although unwillng ta yveach any
quanbtatne jadgments would subsenbe to the statement that on the
arerage professionat men for example are mnatelh somewhat more mtelh
gent than unshalled {1borers T emphasize the qualification, on 1 ¢ arerage
You are al famliar with the extensne oy ert 1p n the curses deseribing 1the
frequenes distrbution of wtelhgenee 1n these tno groups

It 15 also well established that aserage fertiits differs i mam countries
from one occupattonal group o the next wath thase groups whose a1 era;
performanee 15 Jowest on the eotsentional intelliganee tests t .

ending to

extubit the h ghest fertility
“t'l\'::“\r;& “E:: «‘l‘l‘\ “z‘:l :‘:g\o body of daty mdicating that genetic factors are
dindnal s mtetbgence although here agun for o

1a
\f\’“\ of rewsons the present datr searech permt precise ouar ¢ ta
state

gent
nte

11 g £xposure to tomzing radial
The fourth and fast dy gemie nfluence ta be mentianed 15 the increasing

expoure of the human

pectes to diagnostie  therape

° peuatie and my

";;t;‘:‘s lof l\omzlmx,z eudiation The av ulable evidence mdieates that c\]:-‘:r‘\

els fon de es this may be expected ;

" pected o merease the rate of

bT el as mosk mutations are deleterious in their effeets this eat‘) \s“n\")n
expected ta improve the genelie potentilities of man errech



CHAPIFR \\IV

THL APPLICATIONS OT' GENETICS 10 ITUMAN
PROBLEMS

TAMES 3 NEDD

THT' BACRCROUND OF FUCENICS

Tor some veurs now there hive been recogized four lnes of evidence
suggesting th it the gencbic potentilities of the hunnm speacs were at lewt
in some cultures subject to cort i long ringe mflucnces which could onls
result mthe detenoration of these potentiihities These so calle | dysgene
mflucnces muv be summirized s follows

1 Jar

The physieal eonfliets betwcen ndividu ils or small groups of widiiduals
which must be wssumed to hive been the duef hind of strfe m the el
davs of mmn and from which the stronger or the mor¢ mtelhgent mry usu
v be assumed to have umerged the vietor must be regarded 1s an m
strument of naturtl sclection But at some pomt 1n the earth s histors men
bnded together m groups which i therr elashes with other groups were
represented by ndiduels aboy e the werige in ment thty and physique
Lo the cxtent that mentd ind physica] tributes e nhented the aner
genee of 1 group especnilly designted for military dutics 1e wm ey
must be considercd dyvsgenic

2 Relaration «f natural sclection

The relixation of nrturil selcction wlieh s occurred m recent times is
pz‘r]) 1ps most obviousls wppirent i cenncetion with the mere wed chanee
of survisal of mdividuals with cort un scrous pliy sieal defeets No matter
what onc s concept 1y be of the org imztion of socicty m the » orld over
100 000 vears 1go 1t 1s certun thit persons with these sertous phyvsicl de
fects were mueh less apt to Ine to reproduce then thin now Our compis
sionate societs  md partienl il Western culture wath the s due it plices on
the mdividual human hic 15 devoting i nad sing proportion of 1ts medied]
cfforts to the well bung of mdnduals who beeanse of congemt tlor con
stitutioml defects formerly were habld to an Qv doath One index to the
N NEAED

Ter 1130 c Ittteol e Bolgy U arety £l gn A
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Inpart the argument for our igmorance must pmcccd on an ntutive basis
You camuot thseuss problems of whose evistence you are wniww are-——m
Intuttive feching 15 that there are many such problans 1 hasten to add, n
defense of the field of i\ estigntion wath which so mant of us are dentified,
Ahat T bel eve Lremendous strides have beew made, and that we e re il
1m & farorible position among those concerned with human biology  But
the fosal record sugge ts that man’s evolubon his extended over a period
ot roughls o nlon serrs What forces staped mum during that long pertod
are still fargehs a nntter of congecture The serious studs of him in geneties
15 searechs fifty vears old Our horizons seern o be ¢xpanding on an x
ponential seate I for one am extrumels reluetant on the basis of our proeent
Balf hnosdedge to tike even the mitid «teps tonard what mas b termed
sf-directed eyolution  Amvone suresing the problans of the worlld tod
cannot fiefp but set numerous ex imples of what happens when man alters
a natural equilibrium for proxumate reasons without appreesating the nl
fumate consequences We deforeat aver graze andmproperhy eulinatethe
Janl and it disappeirs into the sea at a really appalimg rite We deereve
diseare through samtation the control of fumine and medical advances,
with the cwmesgence of the so-called population problem We sntrodued an
ammal on the basis of inadegu nte ccologicaal knowledge, and it beeomey a
pest whose control ki alone eradication costs mulhions of dollars But,
mas be grgued the mudern hutnan genetient s much too sophinticated to
fail mta such traps T wonder just how sophutieated we will appuar fifty
Aeats fron now

2 The second yesue which deters me from 1 program of negati e euge nes
st I propo ¢ to ¢l the problem of the dividing Iine 'Therc are certmn
anfortunate smdnidu s who penciealls speang ean never be regrded
asamthing but a hatahits to the human species There are others who by
equaily objectine standards possess an sl high degree of thit phns
o1l Vigor wnd witelleetual abiliy and stability whieh mahes them an asset
10 the spectes The great majonts of mdnaduals honever f1ll into an
o the o o e et oo ey P of Vi
Contantly pmpracsed b Lom sftoo o Qoo § il deveibe bater are

nth nupressed by how often one dewls iy arior
than wn black wed wlute w considering the py
h“{“m" action bised yn genetie Lnu\\lc(ﬁn pros wnd cons of a course of
tatime (3 b particularhy emphas

Prowng sudgrornt o the relatine ‘Y’ﬂuc‘l‘t‘;\::nlr,nf I’)n 'm!(nl)s mherent
H

s shades of gray rather

suelngence musenlar strehgih ete ) there ar;m\ an b grded nerght,

six fundunent a)ly hffereat
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THF FUCENICS MOVIAMENT

The four distmet Imes of evidence which I hayc just cnumerated hae
been apparent to intcrested obsersers for mny vews Out of the concern
of these dnduals for the fature of mn has grown the eugentes niove
ment, which may be brodly defined as an effort on the part of man tom
prove lus hereditv. Two great subdi isions of the eugenics moy ement must
be rccogmized numely so cilled positive cugentes amed at encouraging
the rcproduction of those whom the cugemaist considers Lo be genetic 15
sets, and so ealled negitine engentes aimed at discouraging the reproduc
tion of those whom the cugenicist considers geneticalls unfit

I behieve it fur {o state that m the pist the eugenes mosement has
derived a great del of support  perhaps the major source of 1ts support—
from those mtercsted m neryous and ment il diserse s s real not sur
prising  Lhe papars of the pist two days provide ample documentation of
the importance of genetie factars m the ctiology of nervous id mental
discase This could not help but impress stsclf on those mterested m the
field In view of the difficult therapentic problems presented by the diseases
we have reviewed it 1 underst mdible that the dea of dunmmshing the
amount of this dise 1se n the nest gencrition by mesures mmed at Jnting
the reproduction of certam members of the present generttion should find
reudy sol

One measure of the extent to which those concerned with disc ises of the
nervous system have «ntered mto the field of negative eugames emerges
from a consideration of the so ealled cugenies laws of many states These
laws are almost exelusively concerned with mental diserse W shall return
later to the question of the soundness of these laws

1 he contraindications to unmedtate cugenic actin

Not ¢vervone 15 satisficd that the evidence supports the thesis that
geneticlly speaking the human spectes 1s on the verge of losing ground if
mdeed 1t has not done so alresds  But if one gr mits that thests thont must
e admitted that eugemics vy vstrong emotional ipper! Lhe thought which
1 hope to develop in the remunder of this paper 1s that emotional appent
notwithstanding 1t s mmpcritive that we proceed m this field with extreme
ewtion Lor wlile there 15 no problem which in the long run has greater
significinee than the prescry ition of our ganctic endowment therc ire fen
problems which e surrounded by a more thorny sct of 1ssues We turn
now to a consideration of some of the 1ssucs

1 The fiest and saentificalls most compclling reason for appro whing
cugenies 1th circumspection hasto dowith our red it e 1gnor ince of humm
genetics In part this 1gnor uee 15 detnonstrahle 1 vorm where we turn m
the field of human he redity we encounter mportant unsolsed questions
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suler the developments m the Third Rerch which were Justified 1n the name
ot eugente procedure s to wppreciite what I me i Such are the posabilibes
of genebie segregation and recombmationthat ¢ el of us wiy almost be sand
to conclitute a wuque genetic minority of one What coalilion of nunorities
aill deede what other cothition of minontis 15 undemrble? Twil grant
(hat these ave certwa rare wdraduals extuintmg one of & comimation of
dowunantly inhenited patholomel conditions conecrmng whose undeuribil
Ay 98 prrents there would be ner wnmunty of opumon, hut how «oon,
agan do ne Jeave thit aren of our hnowledge where things are either black
orshute for the aren whert wa we confronted with v wous dades of grn?

These remarhs could be mterpreted as an unnillinguess to fie eortam
wonal tesponsfufties §ecanse of o fear 1t our Aforts mewres, shen
hat pos tuhits 1s actuafly wherent m ff forms of hum i sotal actnaty
To this 1t can be inswered that there are different serfes of necessity for
action for ifferent areas of seeial actntsy The need for laws governg
martiage property holding and the controd of atonue energ 13 fae mare
pressng than m cugenie il considertions

THE RATE OF CHANGE OF CP\F FRRLQUENCIES

Tnmy reluctance to espouse positive or negati e eugemc measires at 1he
preseat time { find conwolntion for what some masy term a too mtelectua)
wn fectsion m 4 consideration of the time wcalt on winch the frequenes of un
dewrable geres ehinnges Yot s assume for the moment that certam ar
Bl designsted proportions of mdniduals sath serous diseases due
primandy to sunple dominant or recessine nhertance coudd be pres cute
cach gesierstion from reproducing The numencal consea onens ¢ v

es gy v mnented tratt bas a freguoncs enth
Uy
of 1m 108 <r 1 m 1600 8¢ will assume thit selection 1s 1 no w 1y mun(err

bilmnced In mut iton Let us eonsuder first < dotus 0t frat 4 <
fizure 7> complete sleeton ygunst that 1emt no m wtter whether ;‘!"“T\ -
ity frequency «f 1in 1000t 10 1000 will by soushy resylt m(ln\l i —
tog af tht teut ma wnglt generstion Tloweyor for 2 nut (e o
complete selchion agunst e demmant traits 1s unhkel ’n‘r o s
the resafts of 50 per et negdine sederton ot 43 afy e cousudes
5 the dedme s quite appreaat b Slower If nedt ne m":‘;:ﬂ“url‘m ﬁm\;»
sl
fcrent 1 o
n o il
C LT tent and

wherted trat the pictare ay shaws m figure 56 1 ver

qures atmod ive gener o, of compilte negifne sl b,

frequency af areecssive trut with an ftril frequency ;;"h“
on
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ranhings possible, If we consider three genoty pes which are being tested
three different environments with respect to some quanhitative trait, the
number of different rankings possible 1s 10,080 The general formula for
calculating the number of ways in which m genoty pes may be ranked m »
environments 1s
mn/!

mhn!
Atm = n = 10,thereare 7 09 X 10" possible different patterns of response
Given, now, two or more different human genoty pes with respeet to some
quantitative trait, and a numbcr of posstble <nvironmental situations, 1t 1s
apparent that for truly intelligent eugenie action we are required to hnow
which of the many possible patterns of response to different environments
these genoty pes exhibit T submit that 1t will be the work of a few years
before we are on top of this problem with respict to any quantitatn e huwman
trait

The situation rapidly becomes more complex if we consider not a single

characteristic but sex eral at a time In the sumplest case of two criteria, two
genoty pes, and two environments, there are 72 different possible response
patterns The general formula for the number of different ty pes of iter
action s

(mn1)*

m'n'h!

where m and » agam represent the number of genoty pes and enyronments,
and L represents the number of different criternia under consuleration

Several y ears ago Muller (6) dcalt with another aspect of this problem of
the dividing line, when he drew attention to the fact that the average
human 1s probably heterozy gous for a mimmum of eight sem dommnant
genes with shght but deleterious cffeets when heteroz gous There are un
doubtedly wide varations from mdidual to mdiadual m the averige
number of these genes present A person with a high concentration of such
genes Just as dufimitely may transmnt a genetic handicap to his children as
may an mdividual with 2 serious pathological trait due to a single domimant
gene Iow m any just scheme are the two to be equated? A policy of negt
tave eugenics based on our present incomplete knowledge cannot help but
be diserimnatory, mn the scnse that it would single out for action the ob-
viously handicapped, wlile failing to touch others even more handreapped
But in less apparent vy s

3 The third thorny 1ssue which mtcrposes @ barrice between mscdf and
gatne eugenic action at the present tune 1s concerned W ith

postitive or ne
1 sociological implic itions of cugemics One his only to con-

the political and
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Fg ¢ The eficctne s of o0 and 100 per ent negatine selction agun L 8 st de-

temned 1y Lomazagon 3 for a 9 gle recesuse g e larting with an s tratt frequer ey

ofetor Lfhper cont or 1§ per cent tmodibe 1y pormnc s 1 £Dr Nbe yon Vof ton Hepeds
RNt

In the foregomng £ e dealt antircds wath negdne sdechion 1t as ap
pasent tht with the exception of an undesirable tr due 1o n simgle dany
want gone cven rather Qrong negatne selection agumst eertam 1 pes of
mhented disese will not greathy, alter the fry auenay af the genes Tespon-
sible for the \ wmous disenses for severnd gonerations %} urmng now 16 pos
B eugimes wnte most of the doseible trasts for which a socety mght
Ridto sclect uppear to the otont 1t they 1re ganetie {0 be determmed
by many ganes wgeneral the cmgesin gene frequency which result from
bostin e ddection wilt be cven Sower 3w gl Aeds then, thit ecen what
would be gencralls conmdercd a strong progr um of pastne and/ar nega
tive cugomes wall gre b alter the genebie campostion of the hum i speercs
Tor the newt severad gencmtions Obvioush thy, generalization does not 1
chude the possbihty of dristic me regres directed agamit retypn ol 1y
segmenta of the populition "TRe
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gCOMPLETE NEGATIVE SELECTION

509 NEGATIVE SELECTION

PHENOTYPE
FREQUENCY , COMPLETE NEGATIVE SELECTION

(PERCENT)

509 NEGATIVE SELECTION

GENERATIONS
ki 70 Tie effectineness of 50 anl 100 per cont 1egitive selection agunst 4 trut de
terminc 1 by 2 sing! domunnt gene stirting with an mitial trait frequency of extl er 10 per
cent or 01 per cent (nod fied 1y pernn si1 of Dr Nils von Hofsten Hereditis 87 157
1951)

correspondingly more generations at lower mitial frequencies or with lesser
degrees of negatnve selection

Flsewhere I have summanized the waulable mformation conecrning
human mutation rates (7) There 1s reason to belieye that the averige rite
of mutition per gene per generation m man 1s m the naghborhood of
1 X 10 3 wd mu well be somewhat lugher 1igure 77 tihen from von
Hofsten » paper llustrates what happens when negatnve selection 1> op
posed by« mutation rite of 1 20000 Ilie flectiveness of the negitine
seleetion 1s now very serioushy dunmished

Vany undesirable truts s for st ince certam types of mental de
ficeney mas depend on the interetion of genes at two or even more dif
ferent Joct It can reidily be shown that under these eircumst inees the rite
of change m gene frequency under negative selection 15 ¢ven slower than

when only one gene1smyolsed
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their ot Yren are potrh equipped to discharge ther abligttiony ws prirents
o comples sacwets The first may be termedd the genchie argamant,
the <econd the socwological These tao arguments frnve not atwms been
hept seprte Wewall nat be coneernest here with the soviologse b argument,
vk examme stenlration from the gonchic pomt of sun In pacang
it might be pounted out that m addition to the eategories of dividusls
rmentioned above, the eugenic lans of sesen states proside for the sterliza
ton of habrtunl cenminads the lans of eght states for the stenbzatuon of
motal degenerites ind the 1ns of pme states for the sterthzation of sexual
offenders and perverts The mchusion of such indivsduals s (ugemes
las cant onfh be regarded ns an unfortunate eurv.ovet from the warh,
wnentical davs of eugemes

b enfization may be voluntan or imvolunturs Where stepbizabion man
legally he made compulsory the law provides a number of sifeguards for
the mdint lual concerned White these safepnards sve wapressine 1 eannot
help but wonder whether the scgment of the popultion involved yo i a
position to take adiantage of them Where sterhz ition 15 supposdh on a
valuatart basis the fact remans that relewse from the wstirntion may
someimes be refated to whether or not sterthzation bis been performed, a
factar which certamb mtroduces an clement of persuasion

What nO% can we sw concernmg the cffetiveness of present dn
sterdzation procedures® At tins powt I should hke to quote verbatun
#rows a chapter i a forthcomme book by Dr W 3 Schull and nnvwlf 1
showld a 1d m passing that the forcpomng presentation his alpah drang
heavtly an that samme chapter

Figures compiled by the Yluman Betterment Assoctation of Amenen

Ine rereal that m 1947 there were 1232 afficnd stembzations m thes
counrs and 2 1948 2922 Thewe stenhzations myvolved the msine angd
the frehlenunded 1 abiout equal numbers During tho-t same two veirs
the number of children born m the nited States was 2699 910 and
8 5% 068 respetineh Tt 13 consersatinels estunated that at lewt 0§ per
cent of the population i fechlenunded and at least 12 et cont develop
the mor pes choses whick mas be used ax an mdication for stertfization
Accordinghy 1w be estunsted (@ scev round numbers {neglecting for
the moment the fag between time nf b Ak 2nd teme of Sterihization) thiy
about 3 per cent of the fecbleminded ad 2 per cent of the mene RS l]
e perm ettt o aerell Trom parenthood s ¢ pesplt of present steni "
tion procedures In mamy 1 (s honeter tear ' Tilies

s ndands
o fuced e or more defectn e chitddern bue dees
The faet 1s often Yost syght oF Mzt the s
e a
1a) defectines have feantih 4 j m(e:ull)((w!am tepes of men

A
1h
difficult to obtawn accurate estimates as tegatds the msalne Tl:e :\“t\\l\l s
alion
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Fig 77 A compans o of the off ctisences of enu pletc tieg tive election agamst a reces
sive trast with an titeal frequen y of 1 per cert a) when there 1 n mutation (e ken ) ne)
anlt) wlen thc mutation rite 15 5 X 10 5 (sol 11nc) (MoLfed by permis 1on { Dr Nily
von Hofsten Ilert litas 37 1,7 1951)

A CRITIQUI OF I UGENIC STTRILIZATION

Twould Iike at this pomt to digress long cnough to consuler the so culled
cugente sterihztion Twvs T andman s (8) survey of the pertinent kgish
tion 1 this country dicites that some 32 stites hive 1t ene time or
another prssed what arc often loosely termed cugeme tws  ulthough n
five states these Tiws hve subscquentls been declared unconstitutional
Most, of thesc laws werc pissed prior to 1930 1 what muy be termed the
first flush of eugenic enthusiwsn The three ol vsses of mdividuals who are
prrtientardy ffceted by stenlization laws are the feeblantnded the msane,
and the eptleptic Tt 1s argued that mismuch 1s these mdnaduals tend to
reproduec ther kind—an argument to which we shull return Iiter 1t s
«ound preventive mediane to mbiapate the bieth of childrcn who run 2
very sigmficntly wercsed msh of beeomimg state charges It 1s further

argued that these unfortun de mndndu s, regardless of the cihber of
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therr chuldren are poorls equipped to dischuirge thur obbgations as p ‘:"\(‘l““"
1n our complex societs The first mayv be termed the g nrlm‘urmu‘ “,
the second the sociologienl These two arguments hive not alwayvs ml
Jeptseparate Wewillnot be concerned here wath the soctologieal angument,
but will examune sterthzation from the gunetic paint of vien In pasong,
1t m ght be pomted out that m addition to the eategories of ndiduls
mentioned above the eugente 11ws of seven states provide for the steriliza
tion of habitual crimunals, the laws of eight states for the sterhization of
moral degenerates and the laws of mne states for the stenhzation of sexual
offenders and perverts The mnclusion of such mdivaduals m a cugenies
{1 can onhv be regirded as an unfortunate carr -over from the aarhy,
unentieal divs of eugenies
S erlization mav be voluntars or mvoluntars Where stenlization mas
legally be made compubors the las provides n number of safeguards for
the mdivdual concerned While these safeguirds ar¢ impressive, I eannot
belp but wonder whether the <egment of the populition miolved v a
poction to take ad intage of them Where sterihzation 15 supposedls on a
voluntary basis the fact remawms that release from the mstitution may
<0u etimes be related to whether or not sterthzation has heen performed, a
factor which certainly mtroduces an element of persuasion
What now can we s concerming the effectivencss of present dny
stenf zatian procedures® At this pomnt ¥ should hike to quotc verhatuy
Irom a chapter n 1 fortheoming book by Dr W 3 Schull and mn~Jf 1
shoull add m passing that the foregoing presentation his tlrewdy drany
beavily on that same chiapter
Figures compiled by the Hlumn Betterment Awociition of America,
Ine reveal that n 1947 there were 1232 official steribizations i this
country and 1n 1948 2322 These steriizations myvolved the nsne and
Abe fechleminded m -bout equal numbers During those sune two yerrs
the number of cluldren born m the Umitcd States was 3699940 and
335 088 respectnvely Tt 1s consersatiely estimated that at least 08 per
cent of the population 1s feeblermnded and at leact 12 AT cont
the major psh choses nnch may be used as an mdication for stenhiztion
Accorfmgls 3t muw be estinated n vert round numbers {(neglecting for
the moment the lag between time of birth and time of sterthzation) thay
about 3 per cent of the feebleminded ind @ per cent of the msue we e acly
:(-ar permunently barred from parenthood as 1 resuht of present steriliza
ton procedurcs In many cases however thes indi wluals have alre udy
Pro luecd one or more defective cluldreyy
The f1ct 15 often lost sight of that the
tal defcctnes have significanth decm:;‘\sq::\:' (:,; C:i“‘r:(;;nlw of men
difhieylt to obtuun accurite estimates as tegards the msal’ ction Tt 1y
ne The sity;

develop

ation
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15 more clear cut a3 concerns the mentally defectne \pprosmatels 20 to
25 per cent of these unfortun ites fall mto the idiot and srubcerle catgon
It 15 uncommon for such mduduals to reproduce (1 8) It may be pre
sunied that this has been the cise for centuries Assuming that theswe
sndisyduals reproduce to no greater extent tn those artifienlly sterihzed
reproduce prior to their sterilization 1t 1s apparent that mitural stenhzy
tion msolves some seven or eight times as mny people as the prosent
legislative stemlizabion  There 35 evidenee that the avtrome degrecs of
mental defeet are more often due to smgle gines than the borderhne tyvpe
of defect We have secn arlier that negatine selection 15 fir more effectne
agunst truts determined by single genes than agunst trats determmed
by scveril genes It follows that at present natural sterthzition 1+ mam
tunes more effcctive thn legal stenihzation It further follows that present
dn stenhization programs are mthing a vers sunl contribution to con
trolling the numbers of the nsme ind mentally defectine

The finaneial wrgument has often loomed Iirge i discussions of sterihiza
tion programs It s stated that sterhzition 18 sound cconomieally beerse
1t m thes 1t possible to releise mdiniduvs who would othernise be institu
tionalized & public expense and also prevents their (unborn) children
from becommg public charges The first argument 1s difficult to evaluate
for when such persons lenve the mstitution they muy become public
dirges m thar locil communities The steond wgument 1s on somenhat
dearer grounds It Iis been cstimated thit m the Qe of the feeblemmded
cch stenlization provents i nverige of 25 births (10)  Umong the grotp
on wlich this estimate w15 hised 36 per ecnt of the eluldran born prior to
sterihzation were feeblenmnded (4) Assunung that these bieth rates con
tinue, then the steriization of each 100 mentally deficrent mdroduils
results m the prevention of the buth of some 90 feeblenunded clnldren
The advoeates of stenlizition progrims argue thit my such deerease s 2
step m the nght direction

There are those 1 tlus country who ire activels engaged m furthering
the cuse of sterthzation on an expanded seale There are undoubtedhs
mdisadual eases 1 which sterliz ation 1s destrable as mueh on <octalogical
as on genetie grounds It woull scem however that before am attempt
gets under w v to persu wle Targe numbers of the population cither here
or tbroad to submit to stcrlization 1t would be wll to serutimze the basie
tenets carcfullh. Thue 1s noted above the tlrec groups most commonly
Tsted m state statutes as aubje t to sterhzition are the fucblominded the
msane nd the epileptic: The empirieal ik figures for thes three grﬂlll‘:
ne quite diffirant Where ts the anpirre psk that 2 |"(-chlumnclodI plm‘x:
ill ot s pastreulw barth produce a fecblemmded chuld i 15 noted abor

n the uclghborlmod of 35 per cent the correspondmg probability in the
1
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easeof ep Yepss b3 currenth pliced at 8 to 6 per cont One cannol belp hut
sonler about the wisdom of legrlation treatng these two disenses i a
cmlar fashion or, for that matter, the rocons for mcluding epilepsy
orgnally when there exict 50 miny other serious dise tves W th comparabie
or even greater crapinieal transtmenion figures

PRACTICAL APPLICATIONS OF CFNFTIC TRINCIPLES TO
NUVAN PROBEPVS

There are then, reasons for sehous reseryations toneerning the mitis
ton of large scile eugeme programs 1s these are wsualhy understood at the
preent time But vou mav then sk 1f not cugumces 1 the nsual senee,
then what 1f any are the immedinte practreal apphi itons of such genehie
Lnonledge a5 we have been reviening these past severad davs? 1 stress the
word gractical sinee T am sure none would question the profound nnpact
of genetsc knowledge on our understanding of the forees that shape man,
#5th s knowledge 15 pertinent to the fields of muhieme psichiolom, soet
obgy and so on

The practical apphications of genetic hnowledge are at present chyefhy
teofold having to do with lepal medicine and with genetie connselhing
18 legal medicne genetics 1s of value primanly 1n parentage problems
cans feration of this rather specialized brineh of genetic hnowledge would
fead us bevond the confines of the present paper On the other hand sone
thing should be smd about genetic counsellmg This mas be defined ay an
attempt to render and mterpret i an unbiised fashion o statement con
cem ag the probalalits of the appearance tnnd course) of mherted disense
i a particular indinadual As the problem ususlly presents stself, the par
€013 of a child with disease which mny or my not be genctically Il(:l ermined
Tqued 2 statement cancerning the probabiity of a repebihion m syb oo
auent chil lren Or an divrdual with 4 diseace thought 1o be determmed
# whale or part by genetie factors requests information concern: n;“
Probabalits of the same trat ppenng in a child Agun with :"G e
an mherited dicerse of late ouset us Huntington s chareq (h:c o
may amse as to the probability thit a particular mdu dual Heston
fﬂr;nl\ wift devcfop the choren ™ » charae

n the hroad sens  genetic counselhin
\m‘\gmund +§ the mdnsduals miohed In other word ot SR

\;
requires attention 1o e tetal genetic pretare rapha o COUntelling

that brngs the mdnadual to the counsellor s :"::W‘r than the smgle trug
ntion
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There c¢n be no doubt that family planning 15 an integril aspect of the
culture which we here share The dommn it factor 1s undoubted!s econonue
However, somewherc on the list of other fictors we find n 1tem libelled
probable niture of offspring  Inerersmgly the luty recogmzes that the
appearnce of discise i an mdividual 15 not alwwvs 1 blind ciprice of
fate, but sometimes the result of naturil Iws It 15 2 legitimate function
of the gnetiast to provide the mterestod indivadual with the best possible
msight mto these Lins Otherwise stated people will plin famlies on the
basis of what knowldge 1s 2y ulable to them better thes have acenrate
genetic hnowledge at therr disposal than half truths id superstitions

It his been our axpertence at the Icredity Chme of the Univer 1ty of
AMichigan thit not mfrequentls tow urd the end of n mterview the indi
sidual mvolved requests i authontative statenment from the counsellor
as to the desiribabits of hwing children This mny stem from confusion
m the face of complex probabilities or an «ffort to shuft responsibility for a
possiblv contentious deaston Such 2 recommend wion leas ¢s the field of
genetic counsellmg s T hwve defined it md moves over mto the ares of
cugenics T must confess thit the dividing Ime 1s sometimes poorls defined
but we Iike to thmk we cxn muntun 1t

I am sure that to mins of vou I tppear to be straddhng the fence tah
mg on the one hand 1 stand gunst premature attempts to mfluence the
reproductive course of individuals with heredit iry dise 1se and set advoet
mg ttempts to edueate such persons concerming the pattern of trsmssion
of the diseisc attempts which cinot help but influence reproductive
behavior in some cises The dividing Iine between negative eugemes and
genctic counselling s here defincd as Tsee 1t myolves the issue of whether
onie attempts to mipose a course of reproductive behwvior upon the pa
tient If in consequence of genetic counselling the patient and/er spouse
reach 1 deeision to it f iy size that 1s the patient s privalege 1 would
not ittempt to mfluence such 1 decrsion either way But to go one step
farther the Jaws of the state permutting there we cises where I'n ould be
willing to be 1 member of 1 board of three cerbfying wn mndn wdual for
sterihzation af that wmdwidual s request Tor mstance just 1wst neeh I s
a voung womm with muld epiloia whose first ind onlv <hild had a severe
form of the discasc She wis m the curly stages of her second preguanet
She ind her husband were of averige mtelligence and modertte me s

1he fiest child hid been 4 severc economie drun Possessed of the faets
this couple requested A termimation of the pregnaney with a sterihzation
of the wife This would apperr to be a v alid request

€I OSING REMARRS

Lach vear both the possibilities and the complexities of eugenies become

ore apparent Our knowledge of the forces that iwve shaped man cannot
m
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be de etibed as anvibing but frigmentary Our coneepts of hum i muta
ton fates are based on the parti) sudy of the hebavior of o fow dozen
peos Whchmn or mn not he representatng. Oue inoranes of the hands
of sclectine factors which b betn important m the pist and arc mpor
tant fodu 1s profound From the long rmge pomt of view thae s notng
more mportant Ahan the presees wion, and perhaps the mprovament, of
those genetre attrthutes that have cirned man to s fivored postion
And nothing ¥ can think of could do the unfoldmg study of hann hered
itk all ats browd implieations, more harm than premature attompts
toapph that knowledge in any dogmatic fashion to as complex an eue
s man has ever tachled
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