


ANNALS OF THE NEW YORK ACADEMY OF SCIENCES
VoLoME 57, ART. 6  PAGES 615-962

Editor "
Rox Warpo MoveR

; NUTRITIONAL FACTORS AND LIVER DISEASES
BY

K1.AvS Scrwarz (Conference Chawyman) C H Brst M Bzvans § M R Brveemck,
TF ™ =~ "D H fomn axm W ¥ Fap vmes T € Tapm @ € R —

Consulting Edilor
KumE Scaware

NEW YORK
PUBLISHED BY THE ACADEMY
May 10 1954

vy

[’ te



AC, OF Scr, Cl
(mededin 1815 N
C-lI, 1954
Prana’em‘
Jomy Van
Pre:lb’enl-E(e:{
M4 URIcg [
7 x'ce-Prme/
ELMORE
c g Secyelary arye.rpond,ng Szcreln’y
Rogg pA Nicg! Junpp B
Tt 1y, Lty
DONALD ar EEN]AMIN oy WALDO Uivpg
Llectey a2l
1952-195¢
Wllr.z,u{ L CL{ARLEs & 1oy
 corg [1953-105¢
EDw, EEApp
Bogryg PRI-:GEL e Jomy TDRJ(E!’ICH
Vst
fomy 5, Co; RSE B a5 DUGey
HIIEVA){DOLIA’\Irivg Mazop ABRARY, SLAvy
mercz C‘omm//ez
RDEN 1! TAy R, Cha,
Cornoy 4, X RD o F5 . F. Ligmy
Ezz‘cﬂlx re Dzrer:/ar
Euvicy THony, MiINgp
SECrpp, OF g, T a3 ne:e,,ax;r
THOMg N way, ER, e AVGELINA Rosg AESSINY, §, G
.!‘EL?’IDV or Bro;
g Korgg, Chairpygyy wf 4 KOPROHSKL Sarday
brVI:lov or ¥rcy,
SAdygy, A, PECk, Chairmgp DsAy g OLIVE, g, il
SECrp ¥ op p:rcﬂaloc
NEWagay OOPINGARAER, Chatrmgy ERTA 5 g KY, Serdtay
SECTr0y or AXT kg,
moms, 7 Katr oy LA‘\'DGRAF Seoretay
tov or PH’:IQ: “4¥p HL’JIIJTRY
CEcr, 4, Enng, Cha, Ly DENTOY, Seorday
SEQ‘ID v oczy ‘DGIMPIIF 41p JIEI'EOI?DLOC
ERNEsY J szzs’nr, Char 1A¥Nagp, B, 517y
.YEQ'ID'I 4. EIIATICA‘ H.‘IVEI’-RI
s}:msmug B Ly, VER, G Davip g T2, Sty
d Lol hy, <k montp, dungg
e P ‘ﬁ:be::‘:l;g;;mswf el g
t e A| are
S S St
g o)



ANNAIS OF THE NEW YOI'R ACADEMY OF SCIENCES

Vorume 57 ART 6 PiGEs 61> 962
ay 10 1954

Fd tor
Roy Warpo Mincr

NUTRITIONVAL FACTORS AND LIVER DISEASES*

Cons 1 ng Ed ra 1Co fere ¢ C ama Kiavs S arz

————
CONTENTS
In du nl eNeos suTa 1 an Cmho Byk w6
Tatl Faty Liera 1Cerl

Exmerme a DA ena n nl e an L e C hes an &m

D a Fa osAH ngTh De nn ByFopSTar 3

TheSqueneo Paho ¢ L n nh D ow fipennala
adCrhos B WS 1z Hae T 633

The Lo Faos ByCHBETC C Lasav J IHRo 616

Lp p T of\ amnB andOhe Fe ByVerriDs b t
Ca nomaand R e Le n nChon Cho De n B D

S mov oD H Crer >

Hepaom Podu aMeb P gBnnen I B\ m

1 oN 68

TheLfl  of \ureom nAdmn a nu n b 1ool D Bl ad
Pan a2 Du  Bya rch pLay € apeN £ CO Nk rR oD
R Er E Jones s

St yo h Wo dS ua ononkwrhoke 7 JF Br & 69

Th Pahoog o D ayL Dseae nTopa t BJNED M

Cma \p so heTeamn o huash ho ByIl C Tr 7

V_mnEandCao rodsn heB odPam nh ah kB H T &

T Moczz A DI M S mow 73

i ofNu ona 1 e Dsease—Humana dT  n I

¥ ADCR T ¥G BERT 37

F ne\ ynlfa L nHnalnans 5JC a %o J

T k& s

TheQu onof heRea elmp aneofPo nan La M b h D
opmn o Fa Lie anlC bhos nMan B Be M N o 64

Rela eEf o Poen ndL op Su an hTen Nu
m € how nla B Axr ®J P En Jr Iv 1 Mox
GRE Bs ns 7
L rs c PRETA ]
PR e s .

ket P dedb” g N4 m

vi3



.

Protein Metalolism in Patients with Cirrhosis of the [ wver By GEorcE J Gasuzoy
176

JrR 4B Crarres S Davipwos
‘Treatment of Infantile Cirrhosis of the Liver with Antibioties By P hrisiwa Rao

86

Metabohe and Nutntional Patterns in Alcoholism By Jorck MARDONES 78
The G Concept— 1 Defictencies and Alcoh By Rocer
7 Wittus 9

“utntional Aspects of Ciithasis in Alcokal sm—F flect of Punfied D et Suppkmented
with Choline By GERALD B PRrLirs axp CHAriES S Daviosow

Part IT Liver \ecrous

The Pathology of Dietary Liver \ecrosis—A Preiminary heport By Geoecr L
Fre EEH

Dx&z(:;g '\Iclhods for Induction of “ecrotic Liver Degeneration By MARIAwE &
9

D etary Hcpahc Necrosis in the Rat—Absence of Cirrhosis Following Recurrent Epn o

sodes By F W HOFFBAUER AND BERVADINE WITTENRURG

“The Effect of Enviranment and Mode of Feedung and of Resring on th Production of
T N Narran 862

Acute D etary Liver “ecrosis in the Rat

Lffect of Different Makes of Casein on the Production of \cute D etary Liver Necros s a6

n the Rat By J M Narratmy

The Influence of the Fndocrine Ghnd> on the Development of Acute Massive Liver 73

ByJ] M R BEVERD
Factors Protecting agamnst ch!ar) Necrotic Liver Degeneraon By Kriats
Scuwarz
Enzyme Abnormalities Associated nith D cmry Necrotic Liver Degeneration i Rats
By RoBERT E O1son AD Jaurs § Drvas
‘The \anthine Oxidase Factor (Moly bdenum) Hy W W WesTERFELD AND DAN A
RICHERT
Studies on the \ature of the \anthine Oudase Factor By Epwarp C DE henzo

818

889

896
905

The Effects of Liver Disease on Certamn Aspects of Tocopherol Metal of sm i VMan o

By GERaLp KLATSAIN

Phospholipide Synthests i Liver Metabohsm By W Lk CorNitzEr

Anuibioties and Liver Injury By PauL Groroy

Germfree Amimals and Liver Necrosis By T D Lteney J A Rexniers Pur
Gyorey avp M FoRBES

Hepanc Inyury Due to Con 1 tioned Sulfo —\mlno Acd Deficeny By Hans Poprez
J pE ta Hreres avp Drerer Kocw We

Chnical Evaluation of a High Proten th Carbnh) drate Restncted Fat Diet
the Treatment of Viral Henatitis By N C LEoNF Frane Rarver Wininw €

919
92

932

936

Ry VA



i
Fatory ,, B‘ofkmu an,/)l’uwm, A’uﬂonalinwuen Arityyy, ang etadop,,
L “ref o fromaq Sty »/Eealt/:, Br%i, Ricd
o

huﬁm

the foy
basey % the Tesujty of Ay e nmmmnon Tt 15 Quate Certay, thay, m
Clen, S¥adry, n

and g, oC % 3 m, tuaf), lagumsucpo on i Do Varigyg diegy,
& torg hicy are pmtecr»e (e be}ow) CCoreyp, thus o r-cyy Separy
e Onfer,, this e, teg



618 Annals New York Academy of Sciences

parts, one being devoted to fatty Iver and cirhotic diseases and the other t
necrotic Iiver injurtes  Each mamn part, i turn, was scheduled ongnally t
present first the results of animal expenmentation and, secondly, the chnca
wmvestigations of corresponding nutnitional liver mjuries m the human A
certamn smbalance 15 evident, however, since experience with human fatty Inver
and curthoss due to malnutnition 15 abundant mdeed, whereas knowledge of
human necrotic liver disease due to malnutrition 15 quite madequate as yet

Nutritonal Liver Disease 1n Humans (Rwashiorkor)

It has become quite clear that nutritional disease of the Inver occurs very
frequently mn small chuldren and also m adults, especally m tropical and 1
subtropical areas, as part of the so called kwashiorhor syndrome  The dis
ease constitutes 2 wotld wide problem It 1s one of the most important dietary
defictencies m mankimd today  This 1s not yet sufficiently reahzed m some
countries, partly due to indifference and partly due to lack of mformation
and of communication It 15 often fatal and poses difficult and challengmg
problems in the field of climcal medicine and m nutntion research  The dis
ease 15 not really new It has been described under a great vanety of names
for example as kwashiorkor ? culebniffa syndrome policarentiaf, maflignant
malnutrition, distrophie de farineuse, and as far back as 1906 as MehInahrscha
den?® The African term Lwashiorhor has been officially accepted by the Jomt
Expert Commttee on Nutrstion of the Food and Agnculture Orgamzation
{FAQ) and the World Health Orgamization (WHO) of the Umited Nations

1In the hiver, the major features of hwashiorkor are fatty wnfiltration and ar
thosis  These changes are apparently intimately related, if not 1dentzcal, to
fatty mfiltration and curhosis m areas with temperate climates, particularly
among alcoholics  Tor this reason, the nutntional theories of the etwology of
alcoholism, as well as the dietary aspects of the ongm and the treatment of
alcoholic fatty hiver and cirrhosis have been considered as pertainng to the
general theme of this volume The dietary factors which protect agamst
human fatty liver and crrhosts have not been elucidated as yet

Etpertmental Nuiritional Liver Disease

In expenmental ammals, dietary Iner diseases (2 ¢, liver mjurnes produced
A ’ - 10 Mo the

n
]

describing “hemorrhages throughout the Iner and “clear signs of icterus ’
which were produced by a cystine deficient diet was not reahzed until much
Iater When du Vigneaud and his associates produced Iner necrosis m rats
on ammo acid diets 10 1939 they devoted only one paragraph in small prmt
to the description of the phenomenon? Between 1939 and 1946 dificutties
were encountered m the differentiation of these two types of liver diseases,
and the resolution of these difficulties was seriously delayed by the nternational

saientific blachout during World War 11
In domng experimental research with punfied diets, we have, allegedly, the
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Thus it became obvious that the group of dietary factors which prevents
necrotic Jier degeneration 15 completely different from the group of factors
which protects agamnst fatty liver/crrhosis  Furthermore 1t could be shown
that substances which prevent the development of fatty liver and cirthosis
such as cholme, betame, precursors of one carbon umts, vitamin Bz and folic
aad/atrovorum factor enhance the development of the necrotic Iver myury ¥
On the other hand, cystine, which protects agamst pecrotic degeneration, ac
centuates the fatty Iner/cirthosis syndrome  The situation 1s summanzed
n TABLE 1
Regarding the Relationshp of Exp al and Human
Nutritional Liver Disease

1t 15 evident from this monograph that the vanous phases of expermmental
and of human nutntional hver diseace can be put together in such a way that
a great number of parallels become visible  Thus 15 particularly true for the
fatty hiver/ctrrhosis diseases  Howener, there are alsa obvious discrepancies
As to necrotic Iner myury, the situation 15 much less clear, the occurrence of
nutritionally mduced necrotic disorders in the human remains to be established
I want to state exphcitly that the obvious parallelisms do not necessanly

B [ G i

~ W Tamnnt o ante oAl ad

clanied  Knowledge of human nutritional disorders of the liver, by com
panson, 16 much less advanced  The more or less close parallelisms betneen
human I er dhsease and the two mam types of experimental dietary Iy er imyury
have of course led to conj and to p d of the question
of how much human liver disease 13 mduced putritionally and what might be
done with liver protecting factors in therapy As long as we do not Lnow
all the dietary factors necessary to protect, these questions cannot be answ ered
Early hopes, for example, that choline, which 15 protective agamst fatty liver
and curhosts m the rat, Would prevent or cure fatty lver and curthosis ths

Between different species or even between different strains of the same hnd,
differences m the relatn e importance of these vanous essentials are naturally
bound to occur, and ne should not expect the human to respond m all details
exactly as the rat does

The conclusion which can be drawn from this example 15 that much more
careful studies are necessary before the true relationship between expenimental
and human dietary Iver mjury can be ascertamed. Such relationship 13
bound to exist, but at present we can not recognuize 1t precisely It 1s hoped
that a full exchange of knowledge and of opinians—often controvetsal—will
behelpful to both the laboratory mvestigator and the chimician  This exchange
1s what has been attempted here
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hus 1t became obvious that the group of dietary factors which prevents
ecrotic fier degeneration 1s completely different from the group of factors
hich protects agamnst fatty Iner/arrhosis  Furthermore 1t could be shown
1at substances which prevent the development of fatty Iver and currhosss,
awch as choline, betawme, precursors of one carbon umts, vitamn By and fohe
1d/citrovosum factor enhance the development of the pecrotic hiver mjury 4
n the other hand, cystine, which protects agamst necrotic degeneration, ac
ntuates the fatty lner/curhosis syndrome  The situation 13 summanzed
TABLE |

Regarding the Rel kap of Lxpersmental and Human
A tdrstsonal Liver Disease

It 15 evident from this monograph that the vanous phases of expenmental
1d of human nutritional liver disease can be put together i such a way that
great number of parallels become wasible  This 15 particularly true for the
tty Iner/carrhosis diseases However, there are alsa obvious discrepanties
5 to necrotyc Inver myury, the situation 15 much less clear, the pecurrence of
itntionally mduced necrotic disorders in the human remains to be established
want to state exphatly that the obvious paraflehsms do not necescanly
dicate true identity of biochermical and pathological events mvolved
Much has heen achueved 1n expermmental nutnitional Iiver disease even though
ere are still many important guestions and problems which have not been
infied  Knowledge of human nutntional disorders of the hiver, by com
nison, 15 much less advanced  The more or less close parallehsms between
iman liver disease and the two mam types of expenmental dietary Iner mjury
ve of course led to con) and to d: of the question
how much human Liver disease 15 induced nutntionally and what might be
ne with liver protecting factors m therapy  As long as we do not know
the dietary factors necessary to protect, these questions cannot be answered
uly hopes, for example, that choline, which 1s protectwve agamnst fatty liver
d cirrhosis 10 the rat, would prevent or cure fatty hver and curhosis m the
man have vot been fulfilled. This bas led some to discredit the nutntional
e of approach  Smce then we have learned that numerous factors other

Ferences m the relative importance of these vanious essentials are naturally
und to occur, and ne should not expect the human to respond m all detals
wctly as the rat does

The conclusion which can be drawn from this example 15 that much mare
eful studies are necessary before the true relationship between experunental
i human dietary Iner mnjury can be ascertamed Such relationship 1s
and to exsst, but at present we can not recogze 1t preaisely It 15 hoped
it a full exchange of hnowledge and of opiions—often controy ersial—will
helpful to both the laboratory mvestigator and the chmcian  This exchange
ahat has been attempted here
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Tazze 1
Basar Drers Tarrovep e Crrbnosts axp Necsosss Expeancewss

| Besatdernos BassddetNo 2 , Otber baseld ot
{
Casemn 4 0%+ . - .e
& T TR T
Salt musturet 40 40" 40
Cod fiver ol 20 20 20
Vegetable atit 30 30 30
Corn starch 810 86 96 -
Sucrose — — to 100

* Leached

** Leached 40d hot slcohol extracted
1 Osborne and Mendsl

$Wesson ol

of surviving liver cells remam  When thys picture and the hepatic cirthosis
described by us* occur together they appear to be essentially unrelated to
each other, the hemorrhage and necrosis bewng superimposed on almost any
phase m the development of the cuthosis  Rarely 1s there any evidence of

' ! N ! the hemor

h 15 shown 1

TABLE 1 It consisted of leached casen 4 per cent, Osborne and Mendel salt

mixture 4 per cent cod liver ol 2 per cent Wesson o1l 3 per cent, and com

starch 87 per cent A vitamm supplement, consisting of 100 micrograms of
L ~ iy .

gmalm vitarun E. The most sey ere anuno-acid deficencies were probably of
the sulfur contarung cystine and methionme, although threonine was also
severely hmiting for growth At the time these expeniments (summanzed in
TABLE 2) wete carned out we were greatly mterested n the effect of alcohol
consumption of the exacetbation of the cirrhotic process Ior this reason
this particutar group of amimals received, from the tune they were placed on
the experimental diet at weamng 20 per cent alcohol as the sole source of
fimd The effect of methionne, you will note, 15 compared in the table m

each case with that of a somewhat lower percentage of cystine  This repre
' Fee  =Tes  wlaer Agwas pomnted out

*sions are clearly dif

els of added cystme
the modence of cirrhosis increased while the inaidence of necrosis (except at
the 004 per cent level) decreased  Choline chlonde (20mgm per rat per day)
protected agawnst arshosis but not agamst necrosis  Methionme, bemg a
precursor of both cystine and choline protected agawmst both types of lesions
when gwen m sufficent amounts The only exceptions to the general rule
were three animals recerving chohne and cystme  Two of these died after 201
and 245 days respectively, on expenment and showed shight liver curhosis
The thud died after 296 days on and showed b f and
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reported by Schwarz® that the dietary liver necrosis which he had observed
many hundreds of animals over the previous several years could be prevented
by the admimstration of vitarun E - His method of developing liver necrosis
1o rats was to give them a diet contammg 15 per cent of alkal: treated casem
as the sole source of protein There was a high incaidence of liver necrous
with no lwver arthosis  The prevention of this lesion by vitamun E together
with the more recent report by Schwarz® in 1951 of the ewstence of a third
factor effective aganst dietary liver necrosts, strengthens still further the case
for the etiological and morphological separation of the two types of liver lesions

By 1944 then dietary cirrhosis and dietary necrosis had been fully described,
a clear differentiation of the two types of lesions had been made, both on mor
phological grounds and on the bass of their separation by dietary means, and
diets had been described on which necrosis alone developed  In addition, st
was I that year that the identification of a second jactor agawnst dietary
necrosts, vitamm E, was announced.

Before leaving the histonical part of this presentation, however, perhaps one
additionai fact should be recorded  Himsworth and Glynn,' in 1944 published
the first of their senes of papers 1n which they corroborated many of the find
mgs of earher mvestigators In the same year, Glynn and Himsworth® de
scribed 1 some detail an extensive postnecrotic scarring which followed mas-
sive necrosis m some of thewrrats  This fesion had not been obsery ed previously
and indeed cannot easily he obtamed with the diets which were 1r use 1n most
laboratomes at that time It 1s particularly important to make this clear since
Himsworth and associates appear not to bave clammed the pnonty whch s
therr due for this interesting observation They appear, imstead, to have
credited vanous Amernican pathologists with including 1t i the earher descrip
tions of cirrhosis

"TABLES 3 to 5 show the results of some further studies 1n our laboratory
They were camed out m collaboration with Dactors Kenueth Endicott and
Ralph Lilhe who made all of the histological exarmmations  The basal diet
and the vitamin supplement used 1n theg experiments were the same as those

Tase 3
I or DrerAzY D ™ rAL LivEr CIRRHOSIS AND
Necxosts (WATER oD L1z)

Basal duet No 2 4 Chafine* + Cyst et G er

- - - Curr - _— -
g::: -~ —  Nec G~ - =
- Nee. —  hec Cur  ~ _— =
Carr - N Cure - PR —
Cur ~ -~ — — [ —
- Nec. —_ - Curr — —
Cur Nec —  Rec Curr -
Cirr Nec —  Nec Carr -
- = - - Cirr —_ -
- Nec — — . - -

+ 70 oz chol e chlonde per rat per dsy.
1 A onal 0 1275 cystine 1a dict
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Taste §
Smnury or TABLES 3 AvD 4

No of rats { Car I e i Ae

Basal diet No 2 (water) 10 6 H 1
Basa} diet No 2 (alcobol) 10 5 6 2
Basal + Chohine? (water) 1 o 4 6
Basal 4 Choline* Enlcohol) 10 0 8 2
Basal 4 Cyslmez water) 10 7 D 3
Basaf 4 Cystinef (alcohol) 0 10 1 [}
Basal 4 Choline* and Cyﬁlm!; E\\z!u) 0 o 0 10
Basal - Chohne® and Cystine§ {alcohol) 10 o 3 7

R R L e BT a7
Tapie 6
Errecr or Promury LEveL

Casen ‘ No ofrats ’ Fatal tudaey Cure %3 ’ Nee %* [ Der

4% 10 0 40 20 20

6% 10 [ 40 50 20

23 12 8 82 55

10% 12 42 0o o

12 21 4 44 25 S6

19, 1 27 2 0 75

16% 1 36 [} 0 100

18% 1 18 0 0 100

* Of those not dying of kidney lesions

prepared, even so-called “vitamun free” casem, has been shown by Schwarz
ta contam Factor 3, which prevents Iner necrasts, and of course contains also
cystme and methionine  Both of these ammo acids, as has been mdicated,
help to prevent the necrosis while methionne 15 very active i the prevention
of currhosss  TABLE 6 gives some of our data on this pomt  In this group of
experiments, the diets which were used contawmed leached and hot aleohol
extracted casem, 4 to 18 per cent, salt mixture 4 per cent, cod Iner o 2 per
cent, Wesson ouf 3 per cent, and sucrose to make up the balance  Vitamuns
were gnen as in the earher experiments  Yvater was the source of flmd A
number of these anmmals died from the acute Lidney lesions ﬁrst’described by

} cent, no cirrhosis on levels of casem above 14 per cent, and no necrosis on levels

of casemn above 12 per cent  In passing 1t might be noted that the suggestion
has occurred frequently i the lterature that rapid grow th is essential for the
development of Lidney lesions  Rapidity of gronth is certawly a factor, but
we have had no trouble 1 cbtammng fatahties from ths Jesion routmely on
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Tanez 8
Erzecr or CoupostTion oF Far C or Drer ov D or Kiovey
Lesions
Nooffats [ Acutelesions [Heslngar scars|  Neg
Steanc acid 67 .‘57‘;, 573 %
Palmitic aad 49 39 20 41
Oleic and 48 17 83
Soybean o1l 8 0 100
Soybean flskes 8 37 25 37

basis of these results we should Like to propose that the level of nboflavin in a
duet, not completely adequate m other factors, may influence the development
of hver curhosis

T'nally, T should like to present the results of some experiments on the effect
of the composition of the fat component of the diet on the development of
fatty hvers and on the development of hidney hemorrhage and necrosis  These
studies were carmed out m collaboration with Doctor Kenneth Endicott who
made all of the histological exammations The general plan of the studies
was for weanhing Wistar or Sprague Dawley rats to be divided according to sex
and htter and given one of three experimental diets ‘These diets contamed
casem, which had been leached and extracted with both cold and hot alcohol 4
per cent, modified Osborne and Mende! salt mixture 4 per cent, cystine 05
per cent, sucrose 81 5 per cent, and palmutic, steanc, or olexc acid 10 per cent
Tn a small experument covered by the last two lines in TABLE §, soybean otl, or
soybean flakes which were prepared by the hydrogenatton of thus particular lot
of soybean o1, was substituted at the same level for the 10 per cent of fatty
acad  Both sexes of rats were used, the ratio m each group bewg roughly three
nales to one female In the case of 36 animals, 12 from each of the first three
groups, the expenment was termmnated after 10 to 14 days and the ivers were
analyzed for total fat In the cas¢ of 35 additional ammals 1n these three
groups, the experiment was termmated by sacnifice of the animals at 16 to 21
days The remaming 93 rats divaded betneen the three groups were Lept
on these three diets untu their deaths which occurred after expenimental periods
ranging from 11 days to 216 days  Asmay beseen from the table, the incidence
of acute Lidney lesions ranged from O per cent for those receving oleic acid to
39 per cent fot those receving patmitic ac1d and 52 per cent for those receiving
steanc aad  Were we to exclude the ammals which were sacrificed, the re-
sults would be even more stnhing  None of 22 ammals on oleic acid, 52 per
cent of 29 animals on palmtic acid, and 69 per cent of 42 ammals on steanc
aaid shoved acute lesions when the expentments were pernutted to proceed to
the death of the ammal It wiil be noted further that the sesults of a small
expenment, carried out with unhydrogenated soybean oil and with the same
lot of o1 hydrogenated to a form known as soybean flakes, support the idea
that the degree of saturation of the fat or fatty aad which makes up the fat
portion of the diet imfluences very greatly the inodence of this fatal acute
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Discussion of the Paper

Docror Pavr Gyoroy (School of Medicine, Unirersity of Pennsplramo
Pinladelpiua Pa) The distinction of acute hepatic necrosis from chromc
fibrosts, as first proposed by Doctor Daft and Doctor Sebrell, has proved to
be a very useful and fruitful concept  In expenimental hepatic mjury In rats,
the etiologic dietary factors for necrosis and cirthosis appear to be definitely
different  In our own laboratory, we have obsened mdependently of Doctor
Daft and Doctor Sebrell the beneficial effect of cystne and methionine
experimental necrosss of the iver and the mjunious effect of cystine regarding
arrhosis  Nevertheless we have abstained from a clear cut separation of
necrosis from currhosis for two reasons (1) In toxic hepatic imjury, the hepato-
toxin 1n large dases may produce necrosis and, m small repeated doses typical
Laennec’s curhosss, and (2) Cystme m amounts not much i excess of the
therapeutic dose range will not only prevent but produce hepatic necrosis

Later, 1t has heen found, first by Schwarz, then mndependently 1n our labora
tory, that hepatic necrosis 1s preventable not only by sulfnr-contamng amino-
acds but also by vitamin E This rassed the question whether necrosis 152
sumple or conditioned deficiency
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can be studied m a greater number of animals because the lesions make their
appearance withm shorter pertods than s the case in dogs  All the findings
to be set forth briefly below have been previously published” 3 ¢ % 1 or are
mpress *®  Thus paper will consist therefore, of 2 summatton of our conclusions
based on these studies Data concemng dietary methods histological tech
mques and photomicrographic evidence are given m full m the publications
mentioned
1 Intracellular phase of the accumulation of abnormal fat 1 Iners of choline
deficient rats  “Iniracellular lipohepatosis™
Within a few hours after allowng rats access to diets Jow m choline stainable

fat appears w1/un many of the Iver celle  The fat 15 clearly mtracellulat m
position and at this stage, 15 seen m greatest amount within parenchymal

Fiopre 1 Comparew thri urE2 _ Early fibros s n dogs re ult o { om atrophy and fibrot ¢ replacement
of fatty cysts T gure 5B n Ma Lean and Best ©

cells 1n centrolobular and nenportal regions  Stainable fat droplets may not
accumulate m portal Iiver tissue untd a later stage  Even such an early mant
festation of the hepatic lesions of choline defictency 15 1 accord with the path
onomy that the effects of this dietary abnormality are always first observed
and are present 1 greatest degree n the nonportal regions of the lver  This
anaple as we shall see holds true at all stages ncluding those of adsanced
rthosis
Many terms have been used m the past to descnibe the abnormal accumula
on of fat m the hvers of choline deficient ammals  Such have cluded fatty
\ange fatty infiltration and fatty degemeration In our opmon nome of
iese phrases 15 free from ambiguity when used to describe the lesions
:patic hvpocholinopathy  Fatty change might imply merely a change m the
ate of the Iner hpids but we hnow! that the fatty droplets represent an
-cumulation of excess fat brought to the hyver from the ingested food The

”
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formed n the following manner Progressive enlargement of fat globules within
neighboring hver cells compresses the adjacent mtervening segments of their
hmiting cell membranes (which have been caught between the globules) mta
morphologically single tenuous septa By 1ts formation such a septum con
Jons the parent cells but still separates the adjacent fat globules and prevents
them from coalescing  If the globules continue to enlarge they eventually so
stretch the mterposed septum that 1t 1s torn ~ As a result, the fat globules in
the torn cells coalesce  The resultant pool of fat 15 enclosed hawener, by the
crescentic remnants of the cytoplasm of the parent group of cells which are
still hinked together The nucler of the cells appear essentially unaltered
deen te the fact that thalm ¢ mew —1 s

T

te

tissue but 1s contamed withm a sunple, epithelial cyst  Fatty cysts once
.

pathological voutes to be desenbed  When fat 5 no longer exther miracelbalar
or intracystic, 1t appears to constitute a grave menace to the health of the

ammal

3 Eviracellular ipohepalosis ruplure of fally cysis and formalion of irabeculae

It has been observed repeatedly that the disinbution of fatty cysts i the
Ivers of choline deficient rats presages that of the fibrous trabeculae which are
formed later This juxtaposition ts not merely fortuitous for the evidence
clearly mdicates that 1t 1s the dissolution of ruptured cysts that produces the
trabeculae  Tatty cysts form mitally as already mentioned around the
centrolobular radicles of the hepatic vein  From here they extend m annular
chams which link adjacent central vems Thev apparently follow this course
by virtue of the fact that if they extend into any other portion of the lobular
patenchyma they will be advancing more or less directly towards nearby portal
arcas The progressive sites m which fibrosis develops are 1dentical with those
m whch cysts previously have formed  Trabeculae result from condensation
of the parenchymal and stromal remnants of ruptured fatty cysts  This con
densation of cyst remnants occurs wheneer the cysts lose their fatty contents
Rupture of cysts over 100 micra in diameter (as measured 1n paraffin sections)
15 apparently nearly alnays accompaned by escape of fat  Large ¢ysts are
covered with a fine network formed of bile capillaries and sinusods which
ongmally ran between the hver cells that have taken part in the formation of
the cyst wall The larger the cyst the more estensne this networh, and
accordingly the more Iikely that some component of the latter will be torn with
rupture of the cyst wall  Asa result free communications may be established
between the lumen of the cvst and those of sinusotds or bile ductules  Fat may
be draned from the cyst by exther of these two routes, and the remnants of
the emptied structure condense mto a fibrotic residuum  In this manner the
annular chamms of cysts connecting adjacent centrolobular regions progress
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realized that the sites of fibrosis are actually nonportal with reference to bloo
supply  In microsections of cirrhotic Invers obtamed at autopsy from alcohol
patients we have observed that the parenchyma around termmal porta
venules 1s usually qulte free of fibrotic lcsxons,"‘ allhough the Iarge conductm
vemns n these cases frequently were d by pathol 1 amounts ¢
fibrous tissue  This suggests that the distribution of the trabeculae 1n al
coholic airrhosis 1n man 1s also peripottal only 1n a geographic sense and that
1n this respect as well as perhaps 1 others dietary cirrhosis in choline deficien
rats 1s the morphologic counterpart of that found in alcoholic man

5 Modular hyperplasia

After four or five months of choline deficiency, focal areas of hyperplaci
throughout the Iiver become promment features mn microsections In thes
areas which surround the termunal portal venules, mitotic figures may be fount
with ease  Frequently, cells mith two three, or exen four nucler may be en
countered  As a result of this prohferation nodules of compensatory paren
chymal ussue are formed and they project, on the surface of the organ thu

teristic hobnail ap; which 1s such a striking featur

of these ll\ers when examuined grossly  Growth of the nodules results 1n com
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fungs, and Jadneys where microscopic evidence of their damaging effect has
been noted® *  Other organs may well be miolved m this phenomenon, and
1t 1s possible that the artenosclerotic changes in the aorta, carotid arteries, and
coronary vessels which we have reported m choline defictent rats'? may be
another result of fat circulating 1n the blood stream m this obviously pathologic
state

We have followed the regressive changes which regularly develop m fatty
hepattc cysts of previously choline deficient rats when lipotropic factors are
restored to the anumals’ diets*  Intracellular fat 1s mobilized within 2 matter
of hours, thus rendening the cysts particularly promment Weeks, and,
some nstances, months, of choline admmistration may be required before the
fat within cysts 1s absorbed by the cells forming their walls Once hpid regans
this mtracellular position, dietary cholime raprdly effects 1ts disappearance The
fact that cysts may remam for relatively Iong periods i previously fatty Iners
even after therapeutic measures have removed all ntracellular, stamable fat
offers 2 diagnostic a1d i the 1dentification of fibrosis of those types which may
have been imtrated by hpohepatosis We have examned sections from one
hundred consecutive, unselected cases of cirrhosis coning to autopsy m the
Department of Pathology at the University of Toronto, 1n an effort to evaluate
the possible diagnostic significance of residual cysts within fibrous trabeculae
Almost without exception, these mtratrabecular cysts were present m cases
of arrhosis in which the histary clearly mdicated that they had been associated
at some time with hpohepatosis *

Fatty cysts are the cytometaplastic links between lipohepatosis and crr
rhosis  In miniature "
findimgs m Iners of
ncreasingly fatty, fit
formation and rupture of fatty cysts1s by condensation of their remnants, the
direct cause of fibrosis  As the livers become increasingly fibrotic their total
fat content, as assayed biock Iy d This pt 15 ex
platned by the concept that the formation of the fibrous trabeculae 1s dependent
on the escape of fat from the cysts and thus eventually from the hver via either
the biliary or vascular systems These events would lead one to expect the
total fat content of the liver to vary inversely with the amount of fibrous tissue
asis the case  This relationship 1s probably emphasized by the fact that new
tissue In Teg 1on nodules rarely und pp ble fatty change The
concept of the formation and natural history of fatty cysts permits an apprecia
tion of the pathogen:c relation between excessive fat and fibrosisinlivers  For
mation of fatty cysts and condensation of their ruptured remnants mto fibrous
trabeculae implies 1pso facto that the fibrosts 1s the direct result of overloading
focal regions of the Iner parenchyma with abnormal fat Tt 1s apparent from
this that the mere presence of exen appreciable amounts of fat i the Iner wall
not necessarly lead to fibrosis  Tibrosis will result only 1f the accumulation of
fat 15 so great that rupture of cells produces cysts which 1 tum, disintegrate
This explanation mav serve to help resolve some of the apparently conflicting
conclusions which have been previously drawn concerning the crrhogemic
nature of hpohepatosis
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Diseruasion of the Paper

Docror1 N Dunin (demed orces Tushinte of Pathology W ashington D ()
In the hegistry of Hepatie fathalogy we have hud the opportumty of scemg a
Iarge number of cases of human hver wisease studied by needie bopsy and on
the basis of this experience we hane boem led 40 conclussons which are same~
nhat at sanance with those of Doctor Hartroft  We have now seen bopyy
material from over 400 cases of portal cuthosts {1 e, so-catled nutntional or
afcahohe esrrhosis) and {rom a similar number of cases of fatty metamorphosss
with o sathout fibtesis  We should summarize our expenence as follons

(1) With rare exceptions, we hne not observed *fatty cysts o man com
puradble to those described m rats by Doctor Hartroft,. When present, te
cysts wese munute, extremely few wm aumber and not related to fibrosis

2} On the contrary we are of the opmion that fatly metamorphoss of itself
does not lead to hepatic necross or cuthasss  We have seen cases of faty
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Inver studied by serial biopsies which at the end of two or three y ears still fauled
to show significant portal fibrosis let alone curthosis

(3) In our experience, fatty metamorphosis of the Liver in any one patient
may come and go without appreciably affecting the degree of portal fibrosis or

cirthosts
. '

factors which causes the necrosis also happens fo cause fatty metamorphosis
Fatty metamorphosts without the basic factor of Iner necrosis does not Jead
tofibrosis  On the other hand, we have seen extensive necrosis of liver without
appreciable fatty metamorphosis yet this will be followed by curhosis

“This type of airrhosts comes about as the result of two mam processes in
crease of collagen and nodular regeneration of Iner cells (a) The diffuse
necrosis of hver leads to a fauly difiuse but somewhat irregularly distnibuted
ncrease m collagen not only m portal areas but particularly m the parenchyma
which tt traverses n thin bands  (b) In the absence of the ongmnal reticular
framework to guide the regenerating Iner cells the newly formed parepchyma
grows i the form of roughly sphencal nodules without proper relationship to
pre existing hey structures such as portal areas and central vems  Indeed the
tralobular bands of collagen may be partly respensible for this abnormal
architecture by formung a new but haphazard framework along which the re
generatng t1ssue grows

(5) The acute necrotizing phase 1s characterized by a faurly diffuse degenera
tion and necrosis of hiver cells many of which are transformed mto Mallory
boedies  Accomp g this 13 a mod: amount of nfl tory reaction
scattered throughout the lobules and involving portal areas as well  Fatty
metamorphosis may or may not be present At this pomt three things may

- Lo & ant

ant da ntha

Doctors Hartroft and Dubm  Studies with Doctor Hans klias based on three
dimensional reconstruction nd geometrical analysis have convinced me that
there are seseral pathways along which fatty Iiver may proceed to curhosis
formation  One pathway 35 that which Doctor Hartroft has esplored by his
thorough and ingenious mvestigations I fee! honever that this occurs
T Mf ~stsare found

the marked

N o aros1s results
from collapse of the fatty cysts or from the formation of collagen fibers 1n the
sicimity of the Gysts  The second pathway 1s the result of necrotizing and
fl y changes compl the fatty Iner, somenhat stmiar to the
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cysts thewr formation, rupture, atrophy, and condensation of stromal remnants
mto fibrous bands, describes a sertes of steps by which excessive accumulation
of hepatic fat Jeads to traumatic rupture of distended cells and to fibrosis.
We have seen many mstances 1n rats where the conditions were such that the
lipotropic deficiency, although severe enough to cause accumulation of fat 1n
Iner cells, was not sufficiently extreme to produce fatty cysts and their se
quelae, mcluding fibrosts and cirthosis It 15 equally true that, once curhosis
15 established simular degrees of * nontraumatic” accumulation of fat could come
and go, as Doctor Dubm states, without appreciably affecting the degree of
currhosis
In the expenimental ammal subjected to dietary choline defictiency (uncom
plicated by 2 concomtant deficiency of tocopherol, cystine, and methionne),
there 15 no doubt whatsoever that a curhosis results In these ammals, the
consensus of opinion of those expenmental pathologists who have studied
the Iners i detall 1s that necrosis of parenchymal cells 15 hardly ever seen
W e are using the term necrosis here in the sense meanmg acute or sudden death
of tissue It 1s apparent, however, that the slow death of cells or atrophy,
associated with rupture of fatty cysts 1s, i a sense, necrosis, tf the term 15
used with this broad meaming  We prefer, however, for the sake of clanty,
to reserve the term necrosis for the sudden acute type of cell death charac
M there
than
uc al

CRE T L I R

Doctor I‘opper has excellentl) summarnzed the pomts regarding the patho-
a-T en find o mal p = ammepmant  thoman of
, 1 1 !
. -
In all attempts to correlate the amount of fatty change with the amount
of fibrosis and/or cirthosis m sections whether of the experimental anumal or
alcoholic man, 1t 15 well to emphasize that there 1s abundant evidence
that the greater the fibrosis the less the amount of fat  This mverse correla
tion 13 agam reflected by the “Life story” of fatty cysts seen m livers of cholmne
deficient rats  The more cysts which rupture, thus allowing therr contamned
fat to escape from the liver by one or more of the pathological routes we have
described (Hartroft W S & J H Ridout 1951 Am J Path 27¢951-
991) the greater the fibrosis resulting from their condensed parenchymal and
o1 - PR

and arrhosis  If 1n additzon the ammal becomes sick and fails to eat for a
penod before death orf 1t 1 treated with adequate diet and lipotropic factors
much of the fat 1 the cirrhotic hnver will be mobilized (Hartroft & Sellers
1952 Am ] Path 28 387-399) Residual mtratrabecular cysts may not
be numerous and almost certamnly will be small, but m the expenmental






THE LIPOTROPIC FACTORS

By C H Best, C C Lucas, and Jessie H Ridout
Banting and Best Department of Medical Research, Unsersity of Toronto, Canada

The nutnitional role of choline was discovered! ? m 1932, so that this year
1t comes of age as a dietary factor Cholme was the first of the accessory
food factors which was shown to protect the liver, 7 ¢, 1n 1ts absence from the
duet, pathological changes appear promptly m the hepatic cells The work on
choline, as 2 survey of the Iterature clearly shows, stimulated great interest
mn hver fat m the effect of large accumulations of fat on hepatic function, and
m the part played by other dietaty factors in the protection of the hver

The very general and broad title assigned to us here has made us somewhat
uncertam about what 1s desired  The topics to be dealt with by our learned
coll on this preh program leave us but little 1n the way of
definite responsibility, and we are therefore quite free to discuss certam general
aspects of our subject

We are all familiar with the fact that choline, betaine, methionine and under
some conditions, vitamun By and mositol, protect rats mn varymng degrees
aganst the development of fatty livers In the absence of cholme from the
diet, many species of animals have been found to develop this abnormality
The rat,} 2dog,* * ° ®mouse? 7 rabbit,? hamster,® calf,”® pig,! and ducklmg?
exhibut fatty hvers when the diet lacks sufficient of the lipotropic agents choline
or 1its precursors Some of the classical lesions are ilustrated 1 Professor
Hartroft’s presentation (page 633) In some species, such as the gumea pig,
1t1s very difficult to produce an abnormal deposition of fat tn the Iiver by feeding
diets low mn choline 1) e must always keep in mind that interference with the
function of hepatic cells by means other than deficiency of the lipotropes may
lead to fatty hvers  Fatty Iivers of gminea pigs on scorbutic diets are proba
bly not attributable to a lack of dietary chohne

smnilar renal lesions have been reported m young pigs'® and calves!® The
failure to produce this hidney lesion 1n young mice and puppies, both of which
develop fatty Iners readdly enough reveals a problem which may possibly re
quire ded study A mvestigation and companson of the
relevant enzyme systems will undoubtedly help  An imnteresting sequel to the
renal leston 1 rats 1s the appearance i later life of hypertension ¥ “This has
not yet been reported 1n other species  You are also familiar with the farlure
of baby chicks,’® turkey poults'® and ducklings® ' to grow and therr tendency
to develop shpped tendon disease on choline defictent diets In our eatly
studies on the effects of choline mm preventing and cunng the pathological
changes m the diabetic dog, we mentioned “areas of beginning fibrosis” which
did not appear to be as favorably affected by choline as the fatty changes™

646
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THE LIPOTROPIC FACTORS

By C H Best, C C Lucas, and Jessie H Ridout
Banting and Best Department of Medscal Rescarch, Unsverssty of Toronto, Canada

The nutntional role of choline was discovered! 2 m 1932, so that this year
1t comes of age as 4 dietary factor Cholime was the first of the accessory
food factors which was shown to protect the Inver, ¢ e , 1n sts absence from the
duet, pathologcal changes appear promptly m the hepatic cells  The worh on
chohne, as 2 survey of the hterature clearly shows, stimulated great interest
m liver fat, n the effect of large accurnulations of fat on hepatic function, and
m the part played by other dietary factors in the protection of the liver

The very general and broad title assigned to us here has made us somewhat
uncertain about what 15 desized  The topics to be dealt with by our leamed

1l on this h program leave us but hittle m the way of
definte responsibiltty, and we are therefore quite free to discuss certam general
aspects of our subject

Ve are all familiar with the fact that choline, betaine, methtonune and, under
some conditions, vitamn Bya and inositol, protect rats m varying degrees
agamnst the development of fatty hvers In the absence of cholne from the
diet, many species of antmals have been found to develop this abnormality
- L . . v - Taoer m

Hariroft’s presentation (page 633) In some species, such as the gumnes pig
1t15very difficult to produce an abnormal deposition of fat m the hiver by feeding
diets low 1n cholme ¥ W e must alnays heep in mund that interference with the
function of hepatic cells by mears other than deficiency of the hpotropes may
lead to fatty hvers  Fatty livers of gumea pigs on scorbutic diets" are proba-
bly not attnbutable to a lack of dietary chole
3. W e rlt. oL

La homarmban s | dna & m

simar renal lesions have been reported in young pigs' and calves*® lhe
failute to produce this hidney lesion in young muce and puppes, both of which
develop fatty vers readily enough reveals a problem which may possibly re-
quire extended study A comprehensise s estigation and comparison of the
relevant enzyme systems will undoubtedly help  An sequel to the
renal lesion v rats is the appearance in later hfe of hypertension ¥ This has
not yet been reported in other species  You are also famuliar with the faslure
of baby chicks '® turkey poults'® and ducklings® ! to grow and therr tendency
to develop shipped tendon disease on choline-deficient diets  In our early
studies on the effiects of cholme m prcxentmg and curmng the pathological
changes in the diabetic dog we mentioned “areas of begmning fibroais” which
did not appear to be as favorably affected by cholne as the fatty changes®
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not qualified as lipotropic agents although they do modify the requirement for
cholne and methionine  Thiarmne, caloum, vitamm A or any other dietary
essental, in whose absence the food mtake and rate of growth are affected,
may also affect the cholme requirement  We cannot call all the essential food
factors antilipotropic agents The lipotropic effect of the antiblotics cannot
be due to change m food mtake as Gyorgy has shown, but there1s stilt a pos-
sibility that a change i absorption may play a role  The consideration of the
antibiotics later m this monograph s of pertment mnterest

To continue our discussion of the term lipotroprc, since a fatty liver is alnays
a forerunner of the curhosis of cholime deficiency, one can properly call the
precentize effect of cholime a hpotroprc effect  Can one say, however, that the
curatn e action of cholne on a fatty cirrhotic liver 15 partly or wholly lipotropic?
It would appear certain that a part of the reticulum or fibrotic tissue actually
disappears as an end result of choline action, but 1t can not be stated at present
whether this result 15 secondary to an effect on fat to the regeneration of hepatic
cells which the disappearance of fat may make possible or to a direct attack on
the fibrous tissue

Another nteresting question 15 rased by the finding 3 ¥ that, under certam
conditions large accumulations of fat may persist for long pertods i the hver
without the appearance of fibrosis In our own expenence this has been ob
served 1 experiments m which vitamin Byz prevented the development of
curhosis  This effect of vitarmn Bys was first reported from Gyorgy’s labora
toty, but the details of tlus particular aspect of their studies have not yet
been published  Doctor Drill wall be discussing the role of vitamm Byz m lipo-
tropic phenomena Ve should like to mention however, our recent finding
that rats may be maintamed wath vitamin Bys on low choline diets (9 per cent

protem and very low ln methwmne) for 16 months without cxrhosis but wth
o Va8 romeem N T= e ot

.
[ ' I
1
Gyorgy's" ongmal report  This raises the question does vitarmn Bys specit
cally prevent the cirrhosis, or does 1t act by mcreasmg the biosynthests of
PR

. e
! - 1
1
be that itamin By, acts by increasing the rate of turnover rather than merely
reducing the amount of liver fat?

In confirmation of Salmon Copeland and their colleagues ® # 3 we have
seen a dramatic effect of vitamun By on the renal Jestons 1 young rats yet m
others on simlar diets with a lower ‘lipotropic background no beneficial
effect whatever from By was observed  Simlarly, 1n older rats others have
demonstrated that by alteration m the dietary background one may ether
reveal or fail to ehiat the lipotropic effect of vitamin Byp 2 25 20 &

In attempting to account for these observations we have 2ll been forced to
recognize the mportance of several nutritional dilemmas  The first of these
has been appreciated for some time and will be discussed more fully later,
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Tante 1
Diet 1 Diet 2
Cacenn 8% | Casen 6%
Gelstin 127 | Peanut meal (Ale extd) 30
Total protemn 20 TotaJ protein 21
Total methionine 360 mg | Total meth orune 360 mg

(Copeland & Salmont)

amuno acids i Diet 2 permits good growth  But when growth 15 umproved the
choline requirement 15 increased and, at the same time, the amount of dietary
methionune avatable for lipotropic purposes 1s dimmished Thus the second
diet produces fatty hvers of greater seventy than does Diet 1 and produces
them more rapidly  The increased rate of production and greater seventy
of the lesions caused by Diet 2 15 seen most dramatrcally 1n the development
of hemorrhagic kidney lesions 1n weanling rats

TABLE 2 presents the composition of the protein motety of several other di
ets that have been used in our laboratory when still more severely hypolipe
tropte conditions are desired

The last diet shown 1n TABLE 2 contamns less than one third the quantity of
methionine present 1n the widely used and severely hypolipotropic mixture of
30 per cent peanut meal (extracted with alcohol) and 6 per cent casemn suggested
b) Copeland and Salmon 4t Diet 6 causes very servere signs of cholme de

A B¢ a4 manre et T o choar tha math an ne

been used by many workers, 1s not nearly as hypolipotropic as one contaming
20 per cent arachin or as one contatung 12 per cent arachmn with 2 per cent
fibrin or 8 per cent peanuz meal plus 8 per cent of soybean protem Yetall

ma f R+ 1M o 100 N oatam

many others were slow to appreciate
When one attempts to compare the curatrie propesties of lipotropic agents
and protews 1 experimental or clinical curthosis, one really needs at least four
groups of expermmental ammals The charactenistic features of the four
dietary regimens to be compared are shown In TABLE 3
A protemn mixture for the first diet {A) mght be 6 per cent alcohol extracted
peanut meal plus 6 per cent soybean protemn  This contains 9 per cent of
<an B a3 .

on 50 per cent of alcohol extracted peanut meal plus 5 per cent soybean pro-
temn (total protemn 30 per cent, methionmne 350 mg)  To produce Diet D one
mughtadd 150 mgm pL methionme (making the total methionime about 500mgm ,
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TABLE 4

E G
High protein (low quality) Better quality protein
Extra methiomne (DL)* No free melhlogme 2dded
No added Cholne No choline added

r 4
High protein (low qun[lly) Better quality proten
No extra methior
Choline ch]cnde Choline chlonide

* A smount necessary to make the total peth ouine 1n D ets E and G equal

We attempt to resobve the first dilemma mentioned earlier by providing
barely enough methiontne to meet the requirements for growth and make the
unsupported and, we believe, unnarranted assumption that none would be
used for synthesis of cholme This dilemma 1s further complicated by the
well established mcreased need for Lipotropes when the growth rate 1s aug
mented by addmg methionme We should attempt to meet the more com
pheated second dilemma by using just enough methionne to elminate the
first dilemma and just suffictent vitamumn By to satisly other than hpotroptc
requirements, ¢ e, trusting that none of either the vitamm By, or methionme 15
“msappropnated * for lipotropic purposes The experimental evidence sug
gests that this ideal also may be impossible of attamment

and part of the second, would be avaided  Failing this, we must try to find an
othernise mnocuous chemical that blocks the enzymes transferring the
methy! group of methionine to form choline  Fven more helpful would be
the discovery of a substance that would selectrely block methylation of
amunoethy alcohol  This would resolve our present dilemmas and permit a
breathing space unti) some new comphications are revealed
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LIPOTROPIC EFFECTS OF VITAMIN B;. AND OTHER FACTORS

By Victor A Dnill
T+ ayne Unswersity College of Medicine, Delrot, ach

Our nterest 1n hipotropic substances other than methionine, casein, or choline
followed the publication of studies of Gillman and Gillman on fatty livers in
children with pelagra! By means of serial biopsies of the hver, they were able
to demonstrate 2 marked lipotropic of hog stomach (Ventricultn)  They also
reported a partial hipotropic effect of liver extract and a mmmal effect of
brewer’s yeast

A sunvey of the hiterature showed a lack of knowledge concerning the Iipo-
tropic effect of such supplements m experumentally mduced hiver mjury  Hog
stomach had not received any experimental study  Wath regard to lver ex
tract, an early study by Rhoads and Miller® reported that Liver estract only
partially restored to normal the abnormal hver function produced 1 dogs by a
black tongue diet  In 1942, Gyorgy and Goldblatt® studied the effectiveness
of a liver concentrate m preventing dietary currhosis m rats and concluded that
the “Iiver extract was completely meffective m preventing hepatic mjury’
The hver concentrate used m this later study was not commercial hver evtract
but the fraction of an aqueous liver extract soluble in alcohol ~ Yeast bad re
ceved somewhat greater study but the results were conflictmg® 4 * Our
first study, therefore, concemned the possible lipotropic effect of hog stomach
Tiver extract, and yeast

The fatty livers were mduced by a normal protemn—high fat diet or a fow
protemn—Ilow fat diet (TaBLE 1)  Each rat also recewved a daily oral supply of
the B vitamuns as follows

thamn 20 4z
nboflavin 25 g
pyndompe 20 ug
calcum pantothenate 100 48

Vitammns A and D were supplied by adding 5 drops of oleum percomorphum
per Ao of dret

In the first study the following supplements were admmustered to rats re-
cerving the hugh fat or the low protemn diet (a) crude lver extract (Lally, 1
USP umt per cc), 1 cc subcutaneously 3 times a week, (b) brewer’s yeast,
025 gm per rat per day, mixed with the diet, (c) hog stomach (Ventriculn),
05 gm per rat per day, mixed with the diet ~ Control groups of rats recerved
the followmng (a) choline chlonde 40 mgm per day subcutaneously, (b) DL~
methionine 40 mgm per day subcutaneously ~ One group receving the hgh fat
diet recerved 8 per cent additional casem 1 the duet, the content of com starch
bemng decreased by 8 per cent  Smmularly, with the low proten diet, one group
recen ed an additional 0 5 per cent casem m the diet to control the small amount
of protein added by the vanous supplements

Untreated rats developed a marked fatty change, followed, depending on
the length of the study, by fibrosis  The complete effectis eness of the cholne

624
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Tanize 3
Lirorgoric Errecr o DirrErewt Virasay Bi ConcewrraTES Prrpazep Frow Lvm

Do amimals ] Dier ‘ ,?,:::}::ﬂgfg,l Liverfat gm
Exp 1, 66 days
4 Normal - 56108
8 High fag - 24605
1w Hugh tat 10 7808
Exp 2 50 days
6 Normal - 63 :£08
7 High fat - 153420
s High fat + x4 10 131101
5 Highfat + ¥4 40 138%£127
5 High fat + ¥2 10 UI£135
5 High fat + 2 40 104£09%
5 Highfat + #3 1o 74088
5 High fat 4 %3 40 78062

of thewr choline content  Of all of the supplements Ventriculm suppled the
largest amount of choline namely, 18 to 2 1mgm perday  Although thelne
extract completely prevented the fatty changes 1t suppled approumately

- T e

for hipotropic effects

We then observed that certam vitamun Bz concentrates prepared from Jrve
were also lipotropic #  The activty of such extracts, however varies quitt
considerably 1 The extracts were myected three times a neek 1 terms o
therr vitamin Bys actnity and the total amount of extract admimstered wa
usually 0> cc three times 1 week  The lpotropic potency of such extract
can vary from mactwity partial effect to complete prevention of the fatty
changes (TaBte 3) These vitamin B,y concentrates supphed only 02 mg of
choline 2nd 008 mg of methionine per day, an amount too smajl to explam
therr Jipotropic activity  One concentrate of vitamin By, prepared from strep-
tomyces broth was studied but proved to be too toxic to clearly evaluate lipo-
tropic actnity A growth promoting factor which has been highly punified
i o wn TV ad Ce QA Rlae I 12 Thys substance
ntrate seems to have
dy (tabie 4) The

higher dose of the extract however, was somewhat tovie
In view of lipotropic effect of iver extract and vitamin By, concentrate and
the fact that thewr activaty could not be explaned on the basis of choline con
tent further studies were designed using the high fat diet, 1 which small
amounts of supplements were admmstered m different combmnations to rats
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TasLe 4
Frrect oF ViTaxry Bj; CONCENTRATE 0¥ Rats Tep A Hicr Far Dt ror 30 Davs

Aomsls Det Bucooe (3 X week) Liverfat 7
3 Low fat nene 702 £072
5 Hgh fat none 239 x140
s H gh fat 03 cc 184 =028
3* ‘High fat 08cc 119 £ 439

“Two an mas dicd on the 12th and 26th davs

TaBiE § -
ErrECT or SwaLL Dosts 0F SINGLE SUPPLEMENTS ON LAVER FAT
o

a1 g o at d o upplemer Days
st | somataer | Mgildet | MG | forve Dose | ofern

shoun
10 148120175+ 149 131%17] Bi 1ug 30
81068 0311288 +103273 =112 B 25ug% | 61
8-10 | 84 & 105267 = 1 83|26 2 & 2 54 Bu 10,g 30
Mex08 B 105ug 30
6 - 189 198 183 & 2 54 Bi 104 64
10 |48+ 120175 %149234% 185  Cholme 10mg | 30
‘ 261%238 Cholne 20mg | 30
6 - 189 198164 2 127 Tohcacd 25mg | 64
|21 0% 381 Fohcaad 250mg | 6
163 3 219 Citrov fact | 2300umts | 64
[16 8 & 1 671 Citroy fact | 25000 vmts | 61
6 |63+0292090 114207185  Inositol 20 mg 33
\ 18 9 & 2 38| Tnositol 40 mg 3
8 |58:4£027 192:£ 167164 % 172 Aureomvan 50mg 31

6 times per meek.

recerving 2 high fat diet The amounts of supplements administered were
simlar to those present either v hver extract or vitamin By concentrate
Although small amounts of each matenal present m hver extract may be m
effectne by itself 1t may, when given m combmnation with other materals,
demonstrate hpotropic activity The smgle supplements studied were Biz,
By, cholme folic acd ctros orum factor, mositol, and aureomycmn  Each
of these alone (TABLE 4) n the doses used were neffective m preventing fatty
changes n the hyer of ammals fed a high fat diet * ¥ 15 Gyorgy and Rose also
reported that crystallme vitamin By, was without hpotrapic effect m ammals
fed a hugh fat diet  They did, however, obtam a partial hpotropic effect of

Ol renal nemorThagic necrosts 1 Tats ¢ ¢ Uur attempts to demonstrate &
spaning effect of B,, on choline m the hpotropic studies were unsuccessful (TABLE
5) The doses of choline were graded and were greater than the amount of
cholme present m Lver extract or vitamin By, concentrate® Thus the lipo
tropic of liver extract cannot be explamed by a sparing effect of vitamm Bye
on the amount of choline present A combination of cholme and vitamm
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TABLE 6
Lerect or Croune, Vitamry Bia, anp VITAMry Bis, oN LivEr FAT o Rats FED A
licn FaT Drer

No anmals Duet ‘ Choline B ' Bw ‘ Luverfay
mem 3 e e
Experiment 1, 30 days
10 Normal - — - 48:£120
10 High fat — — - 175x 149
9 High fat 05 10 - 190+ 18
10 High fat 19 10 — 235x12
10 High fat 20 10 - 189+22
Frperiment 2, 64 days
6 High fat — - 189+ 198
5 High fat 20 — 10 01 =22
Experiment 3, 72 days
4 Normal - - - 52207
3 High fat — — 28721
6 High fat 4 | 2 - 192£0:

Taste 7
I 1rotroric FFFECT OF CHOLINE, VITAMIN Big AND By IN CoMervaTION WiTi ToLic
Anp CirrovoRTM FACTOR

No ammall  Diet ‘ Cholne [ By | Buw | Fohcaad | Citrov factor Luerfs
mg *e g ] %
Cxperiment 1, 61 days
6 high fat - - — - ey 189+ 1
6 High fat 2 1 — - 2,500 169 4 1
6 High fat 2 1 - —_ 25,000 141
6 Hgh fat 2 1 - 25 - 12t %0
6 High fat 2 1 - 250 - 1140
5 High fat 2 - 1 — 25,000 107 21
5 High fat 2 - H 20 - 105+1
Cxperiment 2, 72 days
- 4+ Normal — - —- - it 5204
H High fat - —{ ~ — - BITxE1N2
6 High fat 2 1 — 2 - Hex112
7 Hhgh fat 4 2 — 25 - 1434078

By, was also meffective’ and vitamm By, does not exert a spanng effect on
methionme in lipotropic studies'® {(TABLE 6}

During the past two years studies were also performed with folic aad or
citrovorum factor i combmation with choline and vitammn By, In the
previous studies the Iiver extract supphed an average 1 2 pg and the vitamun
By» concentrate an average of 003 ug of fohc acid per day  The addition of
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Tane 8
Lirotrorte Treect oF CroLe \1tawmry By, Toue Acp anp InositoL
Chol ne By Folcact | Tnostol Lver tat
Nowmm | pa ! Chalne | By ] Taleac! ! oot ol [ et
Capenment 1 92 Days
Tz | Nermal — - - 632049
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folic actd to the choline and the B,; produced a partial lipotropic effect " This
effect of fohe and could also be ohtamed by admnsienng 25 000 umits of
atrovorum factor with the Bz and choline, and vitamun By, was also effectine
m replacing vitamun By, m such a combmation of supplements (TABLE 7)
These three supplements were not as effective as liver extract, for m each study
the Iiser fat was only returned about half way to normal
In the earlier studies, the liver extract supplied 09 mg of inositol per injec

Duscussson

The establishment m 1948 of the lipotropic activity of liver extract in rats
fed a high fat diet demonstrated that factors other than choline can markedly
nfluence the fat content of the liver © The lipolropic effects of vitamin By,
concentrates prepared from Iver are also not explamable on the basts of choline
content ® ** That vitamin By was important was demonstrated by Schaefer
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and co worhers who reported a sparing action of this vitamn on the cholne
requirement of rats and chicks ¥ 3 Vitamn By, and other factors may act to
alter either the rate of synthesis of labile methyl groups or the process of trans-
methylation, but the exact mechamsm of such effects 1s not known It 1s now
known that the methyl groups of choline and methionine can be synthesized
PN 1oa PP, N 1 m o p

v '
\ [
' 1
concluded that supplements of vitamin Bra, folacin, and homocystme did not
prevent the renal injury and death of weanling rats (40-50 gm ) 1n the absence
of a dietary source of labie methyl groups 2 The vanation 1 results may be
due to the difference in requirement among the strams of rats ¥ "

Other studies have also shown that vitamm B, 15 necessary for the methyla
tion of homocy stine to form methiomne A diet defictent m +1tarmun Bz mter
feres wath the ability of the Iner to convert betame and homocystine to metht
onme or chohne and homocystme to methionine® Jules, Stokstad and
Broguist observed that vitamin By was necessary for the methylation of
homocystine to obtain growth 1 chicks fed a methionme deficient diet ® *
This action of vitamin By, depends howeser, on the amount of methyl groups
available Vhen weanling rats are fed a diet deficient m cholmne and metht
onine 1t was obser ed that choline alone will prevent the renal mjury but gam
n body weight 1s very shght In the presence of choline Schaefer and
nowles?® observed that supplements of vitamn By» 1lone allowed an adequate
gam m weight, mdicating that the synthesis of methiomne from homocystine
was facilitated  When, however, the amount of methy] groups was hmited by
a further reduction of cholme mtake both vitamun Bj, and folacm were re
quired to allow adequate growth

A deficiency of felic acid m the chichen has 2lso been reported to interfere
with the methylation of homocystine ® and still other studies show the need
for both folic acid and vitamun Bi,  Schaefer and Knowles™ showed that
supplementations of a bisal diet with homocystine, betame, and ammoethanol
failed to support growth or prevent renal mjury  VWith 0 41 per cent betame
and 005 per cent ammoethano! m the diet the addition of vitamm Bys pre
vented renal mjury and permittedt good growth Viith a lesser amount of
betamm and amunoethanol m the diet supplements of both vitamm By, and
fohc acxd were required to prevent rend mgury and allow growth  Such
weanling rats fed deficient diets abo develop fatty Iners  The addition of
vitammn By and folic acid suppressed the accumulation of fat m the Iner of
rats fed subprotectrve levels of cholme

Of particular mterest 1s the relatior acd to choline ovidase and
betame aldehyde ov hich are 1 transmethy l1tion reactions
from choline been rep ious groups that ammno
pterm 2 fohe mbubits >actity ¥ ¥ 3 YWl
hams® has showr rnon e ovidace ac

twity but also o nd anaerobic
transmethylation t It ++ folic acd
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plays a part m the comversion of choline or betaine aldehyde to the actual
methyl donor, betame, and 1ts transmethylation to homocystine  Stebol ef o
bave found that a deficiency of folic aid 1n the adult rat reduces the capacity
to utihze glycine or serme for the production of choline  During vitamun By,
VaF o cmme el om0 1 voaw
" . " e ‘
L . o . [ o
extract, the various substances present m liver extract were admimstered alone
and 1n \arous combinations  The amount of each supplement was equal to
or shghtly greater than that present in liver extract or vitamin By, concentrates
The small amounts of cholne or vitamun Bz present in such Iner extract were
Lo £oe o ~ IR

1o enable a sparing effect of vitamin B;, to be demonstrated  The further
addstion of folic acd ta a combination of vitammn By and cholme produced a
partial reduction n liver fat  The amount of folic acid used was about ten
times that precent in Iner extract  The folic acid was not effectne alone and
had to be used in combination with choline and vitamin By The further
addition of esitol or aureomy cin failed to mfluence further the deposition of
fat 1n the Iiver  The best results, therefore, have been obtamed with a mix
ture of these three supplements and there must be other factors m the liver
extract that can nfluence the synthesis of labile methyl groups

With regard 1o other diets and results, Gyorgy and co-w orkers reported that
Iner extract may enhance the eflect of casein or of methionine m treating ex
penmental arrhosis® and that vitamm Bys does not affect the production of
necrosis with a necrogenic diet ¥ Using normal diets, Popper®® has also found
that vitamin By concentrate will mhibit the fatty changes and depletion of
P T T .

cessation of carbon tetrachloride, however, brought about a more rapid reversal
of the hepatic damage  Hove has also demonstrated that yitamn E or vita
min By, can mcrease the survival, under certamn dietary conditions, of rats
recewing toxic doses of CCLi®  The choline ouidase activaty of the hiver was
not mfluenced by vitamm E or by CCly@

Aureomycm may evert a spanng effect on vitamm By, as measured by
grawth tesponse 1o rats and chickens# 4 ¢ and Gyorgy has reported that
aureomycin can evert a hipotropic effect and an antinecrotic effect 1n expent
mental ammals¥ ¢ Tt 15 generally assumed that aurcomycin given orally
acts to alter the bactenal floor of the gut  This may occur by a decrease m
the number of £ colt in the gut and a simultaneous mcrease in Bacrllus meg
athernom an organism that can produce large quantities of vitamin Byp ©
In our own studies, the admsnistration of aureamycin by mjection did not 1m
prave the partial hpotropic effect of folic acid, vitamin Biz, and cholme
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The problem becomes more complicated by nterrelationship bets een corts
sone, vitamin By, and folic acid  Cortrsone will mcrease the excretion of
vitamin Byz in pigs fed a'sitamin By deficient diet and thereby reduce body
growth and survival 8 Vitamm By, or aureomycin can largely counteract the
growth inhibitmg effects of cortisone n rats ¥ Cortisone can also replace
pteroy lglutamic acid and aitrovorum factor for the growth of Streptococes
Jaecalrs and I exconostoc crlrorortem and can increase the growth inhubiting effects
of aminoptern on Leuconostoc crirovortm =

Summary

The lipotropic effect of Iiver extract or certain vitamm By, concentrates pre
pared from lner cannot be accounted for by therr content of choline  Using
various supplements i the amounts present n these extracts 1t was found
that a combimnation of choline, vitamm By, and folic acid produced a partial
lowenng of Iiver fat 1 rats fed a high fat diet  In the absence of any one
supplement from this mixture Iiver fat was not even partially reduced  Vitz
min By, could be replaced by vitamumn By, and citros orum factor could replace
fohcactd  The further addition of mositol and aureomy cn was without added
effect m lowering hver fat

Investigators have shown a certam relationship of vitamin By, and folic acid
to the synthes:s of labile methyl groups and to their use 1n the transmethyla
tion procedures as judged by the growth of ammals or the prexention of renal
myury It 1s evadent that when diets are prnmanly designed to produce fatty
changes n the Iner, a factor or factors other than cholme, vitamin By, and
folic acid are required to allow mamtenance of a normal Iiver fat
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Discussion of the Paper

trat on and purificaiion of Tactor 3 from natural sources especually from en

zymatic cosem digests we have found that certam fractions do ot protect.
aganst dietary necrotic Iner degeneration but actually eshance development
of the disease  We have accumulated much evidence thit sources of methyl
groups such as choline and betame and also substances which are catalytically
mvolved 1n one carbon unit metabohsm such as vitarmn By; and citrovorum
factor have such an enhanang effect on the development of hver necrosis
(Schwarz Introduction page 617}  According to our conception that there is
an antagomstic balance between hyer nectosis on the one hand and fatty Iner
and circhosis on the other hanl we have tested our Iner necrosis-accelerating

fractions for proteciive activity aga nst fatty infiltrat on of the lner  In pre

dentitied constituents the exact nature of which awaits further eluaidation



LIVER CARCINOMA AND RELATED LESIONS IN CHRONIC
CHOLINE DEFICIENCY*

By W D Salmon and D H Copeland

Department of ntnal Hushandry ard Nulreiron  Agreculiural I'vpen rerd Staron of e
lada na Polytec nee Instit e 1uburn 1la

In studies of the pathology of chronic choline defictency m the rat, the de
velopment of various types of neoplasms was observed 1n a sigmficint per
centage of expenimental antmals Some of these results have been reported
by Copeland and Salmon 1n 1946, Engel, Copeland, and Salmon n 1947,2 and
Schaefer Copeland, Salmaon, and Hale i 1930% Oser 500 chrowme choline
deficient rats have been studied m this laboratory  Since the finding of neo-
plasms mn these ammals was most frequent n the Inver, 1t 1s the purpose of this
paper to describe the sequence of lesions culminating i the appearance of Iner
carcinoma  In another series of experiments, chickens were used to determme
whether 1t would be possible to produce neoplasms by chronic choline deficiency
m a species of ammal other than the rat  The fatty changes, cirrhosis, and
neoplasms of the hver, as nell as some kidney changes which des eloped, are
compared to corresponding lesions m the rat

The general procedure followed and typical choline-deficient dtets used 1n our
laboratory have been described in previous publications ! *

Hustologic Studies on Luers of Chroac Choline Deficient Rals

Fatty luers and cirrhosis The livers of rats that died during the first four
weehs of the expertments were swollen and quite light i color  Microscopically
there was a marked accumulation of fat umformly mvolving all lobes of the
liver, and apparently all the Inver cells  On the other hand sections from the
fvers of rats that had been on the choline deficient diet for as long as three
months showed a zonal distributson of fatty infiltration with marked accumu
lations of fat m some areas forming peculiar architectural alterations ! These
are stmilar to lestons described as fatty cysts by Hartroft and Ridout ® In
later stages of the deficiency, the amount of fat appeared to decrease as cir
rhosts advanced m extent and seventy  Some lobules of the liver conttmned
considerable fat but others seemed to be composed largely of newly regencrated
Iner cells Ceroid was present m all cirrhotic Iivers but vaned m amount
Mitotic figures were found mn the curhotic Iners mdicating that regeneration
of new parenchymal cells was takmng place at a rapid rate  There was a pro-
nounced vanation m the size of the iver cells Bile duct proliferation was
seen i a majonty of the Iners

Veoplasms of iier  In the Iners of all the rats that remamed on the choline
deficient diets for exght months or longer sex ere nodular curhosis was obsers ed
Large regeneratton nodu]es 0> to 1 om m diameter were common  Tumors

#Publ hed with the apj ro al nf the D rector of the Alabama $er cultural Exper ment Staton  Thewo k
s TOpOELES, ek by amts e e A Tan Cancer oty WP The Tecommracnaat on.of the Comn liee
onrowthef the Na onal Resear b Cn\m(l from the Nat onal Cancer Inst tute and from the Nutr t on Founda

he quthors are also ndsdted to Dr Wllam ¥ Tace Pattology Deparaneat Un vers (7 of M s 55 172
Med e Sheay foc n ¢ nanterpretat on of the m croscop ¢ mater
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developed 1n a sigmificant number of cases. The madence of tumors of the

liver m the rat vaned i the different experiments from 16 1 to 30 per cent with

an average of 23 1 per cent  The tumors vaned mn size from 08 to 3.5 cm m

dmmeler and were of a different consistency from the regeneration nodules

cmp = mam of nna of tha Luar t more 1o inctrated 1 FIGURE 1

2,3, and 4

varnation 1n

tumor  The

alveolar arrangement and general appearance of the cells in some areas seem

to pomt to a bile duct origin, but in most cases the cell ty pe suggests an origin

from hiver cord cells

Histologic studies are bemg continted on all tamors that develaped m chronic

choline deficient rats i an attempt 1o determune which of thesc tumors are

definitely malignant  Special stams were carried out on most malignant or

“possibly mal * Jesions  Hi of the mall of

many of these “tumors” 1s a matter of judgment Ve have attempted to be

conservative by grouping many of them under the classification “atypical
regeneration nodules

In many tumor cases, invasion of the mesentery was noted grossly and ver:

fied mcroscopieally  In some of these cases, hittle or no connection was noted

prove that these structures were blood vessels  Howeser, this did not elminate
the possibility of these structures representing lymphatic invasion  The ap-
pearance of the tumor nodules m these areas suggests that, as the tumors spread
1nto mesenteric tissue, they maite the production of a limimng fibrous wall
One slide 1 each of two cases did show definite vemn mvasion  With the ex-
ception of these two cases, the stroma of the tumor blended too well with the
fibrous wall for that wall to be a blood vessel There were proliferating bile
ducts at the edge of some of the tumor 1slands

An mteresting feature 1 the study of periodic acid stams on sections of the

B B ') v

o large amount of collagen n the cirrhotic, nontumerous portions of the liver,
but 1n the tumor proper, there nas a relatively small amount around alveolar
structures In slides prepared by Toot’s modification of Bielschowshy s
reticulum stam, there 15 a charactenistic alveolar pattern 1 some parts of the
tumor which 1s typical of epithelal ongin

Mo fibrils ansing from tumor cells were demonstrated by phosphotungstic
acd stam  There was some PAS positive matenial i some of the macrophages
m the cirrhotic livers which 1s probably ceroid

All the blocks of lung tissue from cholme deficient rats with liver tumors are



666 Annals New York Academy of Sciences

e
=M

3 3
" aLs S FBINS Gy ,,Caq“.‘?-'%'
E AT R ARG AW

Ticurz 1 Photofraph <) aw ng the ty| cal gross appearance of a I ver tumor {rom a chol pe-defic ent at
Reduced to three faurths 5 tusl s ze

Ficoxz 2 Photom oftaph of g sect o of the ! ver tumor Nustrated n yiovRe I Ja th s area the tamor
eclis form ductike  teu Tures Hematorvimand cosmstan X230



“gv
AT ard
-~

667



~

668 Annals New York Academy of Sciences

being recut  In the process of this siudy, two cases of pulmonary metastases
from Iiver tumors have been found  In each case, an embolus was found ma
blood vessel m the lung 1n addition to the metastatic nodule of tumor tissue
A photomicrograph of an embolus of tumor tissue (from liver tumor) 1 2 blood
vessel 1n the lung of a cholime defictent rat (no 14065) 15 shown 1n FIGURE
5 ‘The pulmonary metastasis from this Inver tumor 1s illustrated m FIGURE 6
A pul y blood vessel c an embolus of tumor cells (rat no 14067)
1 ll]ustra.ted m FIGURE 7 The pulmonary metastasis from a liver tumor m
this rat 1s shown n FIGURE 8

Although only two cases of pulmonary metastases from liver tumors have
been found to date n our choline deficient rats, this serves to prove that at
least some of these tumors are mal e Ml of the
two metastasizing tumors did not differ materially from many of those 1n which
no metastases were found

Iistopathology of the Livers of Chrome Choline Defictent Chickens

Microscopic studies of siides prepared from the tissues of 103 chronic choline-
deficient chickens and 33 control chichens fed the same duets supplemented with
03 to 06 per cent choline chloride have been made The chichens remamned
on the choline deficient diet 28 to 133 weehs (average 78 weeks) The control
chickens remained on the diet for 44 to 133 weeks (average of 80 weeks) Of
the 105 chickens, 38 dev eloped neoplasms of various hinds which were multiple
i 12 chickens  No neoplasm was found in the 33 control chickhens

Falty luer and cirrhosts There was considerable varnation 1n the gross ap-
pearance of the livers of the chromic choline deficient chickens The Iners
vared in size, the majority of them being very large and fatty  An interesting
feature of the fatty livers was that the entire Iner was usually not mvolved
Scattered areas on each lobe frequently were of a normal, dark red color, the
remamnder of the Iner having a hght colored, fatty appearance  This was con
firmed by mucroscopic studies of slides which showed some areas of normal
hver tissue smmediately adjacent to but sharply demarcated from, extremely
fatty areas (,1GURE 9) The normal areas may represcnt regenerated liver
tissue although they had the of d hepatic p. hyma
Gross nodular arrhoss so frequently found m the Iners of cholme deficient
rats was obsenved i only two cases, but frequently was observed mucroscopt
cally (FIGURE 10)

Aeoplasms of liwer Lestons resembling tumors were found 1 23 cases
Eleven of these were classified as atypical regeneration nodules, 10 as cholangio-
carcmoma, and 2 as h dothehoma  The gross ap of ane of
the Iner tumors 1s lustrated i FIGURE 11 The tumors vared 1n size from
08 to 3 cm m diameter The microscopic appearance of the liver tumors 15
lustrated in FIGURES 12, 13, and 14 There was a differenice n the arrange
ment of the cells m different parts of the tumors varymng from closely pached
cells nathout any apparent order to well formed glandular and ductal structures
In some cases the neoplastic cells closely resembled liver cells, but 1 most
cases they were anaplastic  T16URE 12 illustrates one of the tumors m which
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the cells are so compactly arranged that cytoplasmic borders are not s
The cytoplasm of the tumor cells does not stain as dark as the adjacent |
cells  The nucler have wrregular shapes and contam ene or two nucleolt
,111 the tumors, there were areas in which the cells were arranged m alve
Pertodic acid stam reve:
un less gly cogen than the:
like structures contamed ¢
siderable amounts of pink staiung matenal, probably mucus, thus beng ¢
patible with ductal ongin of the tumor Mucicarmme stams demonstr:
only a small amount of mucus  Mucus was not demonstrable i atypical
generation nodules or carcmomas with c]osely packed cells  In shdes prep:
by Foot’s modification of Bielschowsky’s reticulum stam, there was a he
reticulum network throughout these tumors with a charactenstic al\ew
pattern  The reticulum fibers ded between
1 the epithelial sland, but cbaractensncalb did not Ne fibrogha ¥
demonstrable in the sections of Iiver tumors stained with phosphotungstic:
hematoxs Iin

.

Increase tn Iron Posttue Pigmenl 1n Luer and Radney of Chrome
Choline Deficient Chickens

In studies of the microscopic appearance of tissues of chronic choline defic
chickens, an excessive deposition of pigment was observed 1 the lners
Lidneys Large lattons of mtracellular and extracellular pigment %
observed 1n the livers, but 1 the kidneys the pigment was mostly mntracelly
The mntracellular hepatic pigment was occasionally seen n histiocytes but
marly m epithelial cells  In sections stained with hematoxylm and eosm,
pigment was found m the form of yellowtsh brown granules varying shgt
m s1ze and depth of color and Ily appeanng as i te mas

Iron stmns  The pigment gave a positive reactzon for mon (Turnbt
blue) A photograph of an entire section of Iner illustrating the posttive t
reaction 1s shown i FIGURE 15 It 1s of interest to note that the atypical
generation nodule m the center of this section did not contam pigment, |
there was a large amount distributed throughout the rest of the lver
similar distributron was observed m the case of the hners that contamed tum:
A shide of hver containmg a large amount of intracellular and extracellular p
ment 1s shown in FIGURE 16  The pigment m the epithelial cells 1s i the fc
of fine granules, but the extracellular deposits are large and small aggrega
of granules  The general distnbution of this pigment 15 ilfustrated in ¥16U
17 A photomicrograph tllustrating the deposition of 1ron positive pigment
the convoluted tubules of the kidney s shown m FicUre 18 A shde dlustr
g the difference n the amount of pigment m the comvoluted tubules a
collecting ducts of the kidney 1s shown 1n FIGURE 19

} The pigment gave the positive stam reactions for 1on and was, therefo
= P
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bility was further eluminated by the fact that ussues fixed by three different
fixatives gave the same reaction

Dascussion

The mamfestations of choline deficiency 1n the chicken were somew hat daffer
ent from those of the rat under the conditions of our experiments  In contrast
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to the uniform accumulations of fat in the livers of rats m early stages the
chicken lners were not umiformly fatty In some cases entire lobes of a
chichen Iiver contained very httle fat even microscopically  This feature may
account for the fact that nodular ctrrhosis was found to myolve the entire Iner
m only two cases and that in the majonity of cases onlv scattered areas of the
Ivers were curhotic.

A defimte hemochromatosis (defined as hepatic cirrhosis with ron depos ts
m the Iner and other organs) developed in approumately 2> per cent of the
cholne defictent chickens while more than normal quantities of tron positine
pigment were found m the Iners and hiudneys of nearly all the birds  Shdes
of the liver and hidney from control chickens fed the same dret but with chol ne
added were carefully checked for the presence of the pigment  These was2
small amount present n some of the older chichens The amount of pigment
m the controls was ectremely small in comparnson to the large amount m the
deficient chichens  In contrast to the excessne pigmentation of the hyers and
Ridneys of chronic cholme deficient chickens the livers and kidney s of choline
defictent rats showed only d of the The hvers and
Lidneys of the choline defictent rats however did show a definite merease 1n
1ron positre pigments over the Iners and kidneys of the control rats  Only
munute traces of the pigment could be seen m Iivers and Lidneys of the control
rats

Warren and Drake” have discussed the relationship betw een hemochromatosis
and primary carcinoma of the Inver m man and have published a pertment
bibliography  Gillman, Mandelstam, and Gillman® have described the pres-
ence of large amounts of sron pigment i human cirrhotic hivers m Afnicans
whose diets appeared to be madequale in quality

It should be pomnted out that the diets of the rats and chickens were free of
+itammn Byz and that the rat diets were also deficient mn folicaaid It has been
shown mn this laboratory that vitamn Biy has a definite chohine spanng ac
tion? 10 1 Yie have not found tumors m the Iners of rats recerving choline
deficient diets supplemented with vitamin By

Summary

(1) Studies have been carried out on chrome choline deficient rats and chick
ens The most promment Jesions have developed 1n the livers and hidneys of
these animals

(2) In the rat Iner fatty mfiltration has developed consistently and has
been followed eventually m 2 large number of cases by cirrhosis and 1 some
cases by tumor formation Pulmonary metastases from Iner tumors were
found in two rats

(3) In the chicken Iner focal rather than generalized reactions were usually
obsened Tatty changes and cirrhosts were common  Lesions considered to
be hepatic malignances dex cloped m 12 cases with 11 others showing  atypcal
regeneration nodules

(4) Increased pigmentation with an iron positne pigment (hemosiderm)
was obsen ed m the Iners and spleens of the choline-deficient rats and chichens
but was much more severe in the chichens
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HEPATOMAS PRODUCED IN MICE BY FEEDING BENTONITE I¥
THE DIET

By J Walter Wilson
Department of Biology Brown Uns ersity Provdence, R T

It 15 the purpose of this paper to report the occurrence of hepatomas i mict
fed a complete semisynthetic diet mixed with an equal amount of bentonite by
weight  The details of the expertments and the evidence that has led to the
tentatsve conclusion that the hepatomas are the result, i part, of an mduced
choline deficiency are to be reported in detail elsewhere! 2 Bentomite 1 8
[ U e S T I L f tec sof

! I ! ! ng

.

Mice can adapt themselves to eating a diet containing half 1ts weight of such
mert material as Ruffex or banum sulphate with only a shght decrease m
grow th rate (FIGURE 1) Where bentonite makes up 25 per cent of the diet
grow th 1s also nearly normal, but with 50 per cent bentonite m the diet growth
15 almost completely suppressed (F1GURE 2) The muce continue to Ine hov
ever, and grow very gradually for several months, but do not reach a normal
size  Smnce the muce eat as much food on the 50/50 Bentontte diet as on the
50/30 Ruffex diet, fadure 1o grow 1s not due o manition alone

Histological studies reveal that after the first three weeks there 1s more or
less fat 1n the livers (PLATE 1, 1), apparently depending on whether or not the
mouse 15 gaming weight  This 15 m keeping with the general observation that
even on a dset free of lipotropic substances the I er may not contain fat if the
animal 1s not growing  The fat appears first as fine droplets but soon many of
the hver cells are distended with single large drops  Eventually after three or
four months there 1s some fibrosis with progressive loss of architecture (PLATE
1, 2), although typical ‘hob nail* cirthosis has not been scen  There 1s also
the accumulation of masses ab h pigment, ly cerod
(prare 1, 3)

Hepatomas have been found m all but one of twelve mice that i three ex
periments have been kept over 200 days on the diet  These are typical bemgn
hepatomas of mice much like those produced by repeated CCly treatment or
occurrng spontaneously in C;H mice

The fatty Iinvers fibrosis ceroid and hepatomas present a picture much lihe
that we have previously reported n ruce mamtamed for several months on 2
diet low m protem and deficient in cholme? The symptoms develop more
gradually and the mice mamtam a more thnfty appearance On a cholme-
deficient diet, at sporadic interals mdn idual mice suddenly become anemic
and die, so that only a few have been kept on 1t long enough to develop hep-
atomas It seems possible that 1n these sudden deaths, toxic matenals pro-
duced by the intestmal flors may be mvolved  If so, they may be removed by
the bentonite which might account for the more thnfty condition of anmmals
on the 50/50 bentomte diet

678
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DIETS
600 100 % BASAL

[~ #88 50,50 RUFFEX-BASAL

000 60740 RUFF EX-BASAL

35 | 000 70/30 RUFFEX-BASAL

40

WEIGHT OF KICE N GRAMS

ALL DEAD
s
1 ! 1 H ] vl
] 10 20 30 40 %0 60
DAYS ON DIET

Ficoar 1

Wehave found that added choline w1l prevent the development of the fatty
Iners on the 50/50 bentomite diet, but that normal growth 1s only partally
restored (FIGURE 2)  When the amount of casem 18 doubled at the expense of
com starch, growth 15 aiso partially restored and the [ ers do not become fatty
(ricvre 3)  This would be true of choline deficiency m both cases  When
1 per cent dl methionme 18 added to the 30/50 bentomte brsal diet, however,
the mice develop fatty lners and fail to grow (FIGURE 4} As a tentatwne cx
planation of this anomalous result, we suggest that the bentomte removes
dibasic ammo ands, and that the added methionine precipitates an ncipent

et lals Thaamerp? et — £ admamae 3o 1
. ] . P

' . . , N
that described for rats deficient 1n essential amino acids, which we have not as
yet been able 1o cure

It seems then that the deficiency 1s not a simple choline deficiency but
may wnolve other essential basic matenals removed from the mtestmal con
tents by bentomite Tt would bie expected that some of the larger basic mole
cules would be taken up and beld more firmly than inorganic cations, for with
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BIETS
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NB ©15% CHOLINE
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ro 1 1 1 1 -
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Fiovee 3

muce when tt ey have been fed a dict contaming a carcmogenic azo dye for a
fen neeks®
N f

enlarged Iiver cells are placed on a normat diet, rapid growth resumes and a

spectacular wave of mitosis occurs m the biver which mveolves the Jarge cells

as well as the small ones (PLATE 2, 3} The large nucler are obviously poly

plmd for they have very wule angled spmdles and very large numbers of
The d 1 PLATE 2, 3 has a few chromosomes

that have farled to reach the cquatona[ plale From lhelr size the numbers on

the plate must be great -

Many of the figures are

anaphase and telephase (pL.
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DIETS
©OD 100% BASAL
000 50/50 BENTORITE-BASAL WITH 0 5%
METHIONINE
000 50/30 BENTONITE-BASAL WITH I %
40 METHIONINE
©¢#50/50 BENTONITE-BASAL _

WEIGHT OF MICE !N GRAMS

o to 20 30 40 50 60
DAYS ON DIET
Frauer 4

this <ort 1n other cases where mutosis occurs m the mouse Iner 8 They occt
also when the liver, regenerating after parttal hepatectomy, 15 radu(e
Whether they result in viable cells with abnormal chromosome complem®
and thereby play 2 role n carcinogenesis as Brues suggests,? 1s an interesti?
speculation, and 15 worthy of further mvestigation particularly m hght of t
obseration of Hauschka and Levan® on the occurrence of abnormal chromt
some numbers 1 ascites tumors of mice
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Prate 1
1 Fatty Iiner of mouse on 50 50 bentonite basal diet with 1 per cent methionine for 4% days  Oculdi



'5‘ v
et

121:"’

4

2
o ta

()

b

&

9
1)

3

)
B AP e AN

.
»
T4

i
-

o

%

R

Mad







Wikon

Hepatomas by 'eeding Bentonite

Ptz 2
ot v

687



690 Annals New York Academy of Sciences

Cholesterol - mg 9% 2
Alkaline Phosphatase Units No 2155

250, ——Total Cholesterol
o— —eEster Cholesterol
*-~-=Lipide Phosphorus
°—-—Alkaline Phosphatase

200

150

Lipide Phos. mg%

100

1

2 3 4 5 ¢ 7 B8 9 w
Weeks Receiving Aureomycin

mu.:d:d Effect of autcomyc n por ox upon the serum | P dsand stkal ne phosphatase act vaty of pancrat

duct I gate og no 215>
Tegression took place and the concentrattons of serym Iipuds leveled off at 2p-
provimately 50 per cent of the peak values These were still well above the
control concentrations The serum allaline phosphatase activity rose some
what during this pertod but did not approach the 1mitial value

Dog No 266! The pancreatic ducts of thys dog were ligated 44 wecks pror
to the antibiotic experiment Like the preceding ammal this dno resnonded to

aureemt amoa 1o 3
due 1 1
serur

v &</ Lite mavimum changes were reached
n four weeks but were not as marked as in the previous animal, corresponding
more closely to the Plateau values These aheranons, however, were sustamed
for an additronal 10 w eeks at which e aureomy cin was withdrawn from the
diet  There wag an wwent r 1
alkaline phosphat.
Dog Vo 1921

previous to this e L2 Showed the customary low blood hpids and
high serum alkaline phosphatase actwity (FIGURE 3)  Three weeks after the
administration of aureomycin the serum chaloctas -3 1 3 ~hamg

- ‘iuie control and peak Jevels At this time '-h;
ammal was gnen datly 6 meg of vitamun By, subcutaneously and 5 mgm. o
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Cholesterol -mg, %
Alkaline Phosprfitaose Units No 2661

50 — Totat Cholestercl
~—e Estcr Chalesterol

spide Phosphorys
o—— Alkaline [hosphatase

100

150

Liptde Phosmg
100

50 = .

Aol

e o

N o o o g

7 o_n 12
e _1e
No Aureomyein

Fiooze 3 Efiect of aureamycm per o1 upon the serum bip ds and alkaliae phosphatase activ ty of pancreat ¢
auct | gated dog po 2661

v 2 3 4 &8 &6 1
Weeks Recewing Aureomycin

folic acid arally m addition to the aureomycin  ‘The serum cholesterol and
Lipid phosphorus promptly yose to peak levels and were mamtamed at this
pomt for three weeks Alkaline phosphatase actmty also fell to its Jowest
level Upon withdrawal of the aureomycin from the diet while continumg the
above vitamin adminstration, the serum lipids fell and the allalme phos
phatase actvity rose These results mdicate that the lipotropic action of
aureomycmn exceeds that of the vitamin By; and folic acid It should also be
pomnted aut that, one year previously, no effect on serum Iipids or alkalme
phosphatase activity was obtamed m dog 1921 or m one other anmal by the
oral admimstration of 23 meg of vitamim By plus 5 mgm of folic acid, nor
by the subcutaneous admuustration of 100 mecg of vitamin Bue alone, or 6
meg of vitamm By plus 4 5 mgm  of folic and  No antiblotics were given
at that time

In searchmg for the mechamsm by which aureomycm Was exerting 1ts lipo-
tropic effect, consideration was given to the possiality that, through its ant
bacterial action, less methy] acceptors may be formed  Although httle 1s
e v S L I R s B

excretion of ergothionemme  The possibility of other methyl acceptors bemg
molved m this condition cannot be elimmated

Inview of the reports by Huerga and Popper® * that the major portion of a
test meal of cholme 1s converted to trimethylamine and its oude by mtestnal
bactena and that this conversion can be mhibited by
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WREKS
Fioure 3 Effect of aurcomycin alone and 1 conjunct on with yitanun B 5 plus folic ncid upon the serun
#pids and alkaline phosphatase activity of pancreatic duct | gaied dec o 1931

TaBLE 1
Tuz EFFECT 0F AUREOMYCTN INGESTION UPON TiE EXCRETION oF LRCOTIIONEINE BY D005
Wi LiCATED Pancreatic Ducrs

Wecks receiving Weekly excretion of ergothioneine {mg )
aureomycin®
Dog 2155 Dog 2661 Dog 92
none 862 810 725
1 1251 508 978
2 900 1078 883
3 1es2 1444 655
1011
5 1373 o
*10g datly for the first d weeks and 0 75 & daily for the remainder
with antibiotics, some of total tr hyl excretion W

y
made 1 some of our treated ammals No conststent depresston of chol
destruction was found durmg prolonged aureomy cin therapy If less chol
were bemng converted to tnmethylamine or 1ts oxide, the action was tempor
and of msuffictent magnitude to explan the hpotropic effect of the antibiot

Drscussion
These limited data indicate that yen does have & Iip acty
3 when given per o5 to dogs with Ligated pancreatic ducts, as shown by a mark
*WearelndebtedtoDr ) dela Huerga of Hektoen Institute Chicago Illinous for these analyses.
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s 10 serum cholesterol and phospholipid levels and a dramatic fall in serum
alkaline phosphatase activity  Conclusive demonstration of a hpotropic effect,
however, depends upon by er biopsy studies  Such eypetiments are under way

The malnlity of aureomycin to mamtam a normat level of serum cholesterol
and phospholipids as do lipotropic substances such as choline or methiomine,
way be explamed by partial bacteual adaptation to the antibtotic  In view,
honever of recent reports® ¥t that the admmistration of aureomycin or ter
ramycmn may cause a fine, fatty nfiliration of the Iner ths latter possibility
has to be taken into consideration  Nevertheless, 0 appears from our hmited
data® that fatty mfiltration of the tver mduced 1n the dog by the antblone
per 12 15 ranmal f present at all but more anmmal> are needed to setile the
question  This 1s tn ageeement with the finding of Lepper ef ol *" that a very
large oral dose of antibiotic 15 required to produce fatty lnver changes in mice

Gyorgy and hus were the first to d that aureomy ¢in and
other antibioties exert a lipotropic action when fed to rats Tecewmg a low
protem low cholme, Iigh fat diet® and that the same antibioircs delay the
onset of Wver necroms when sats are fed a necrogenic diet*® ® The recent
-a re b ee o vom 3 .

m rats suffering from a chohne deficiency or m dogs with a defiaiency of pan
creatic exocrine s d with its ant bial actton  This
[ B

tion of chohine and meth by the bactena }
Schaefer et ¢! ¥ and Bumns and McKibben® have reported a hipotropic effect
- RN R o

ar v tamon R PN

aureomyein however at a time when the hpotropie effect of the latter had
de 7oA PR

under the same conditrons  This suggests that the degree of chobine deficiency
or the bacterial flora of the mntestine may be factors mAuencing the hiputropic
effect of vitamm By and fohe aerd

Summary
(1) The oral admunistration of aureomyem to dogs with Iigated pancreatic
ducts has a hipotropic effect as mandested by a marked nse 1 the existing low
of serum choll L and lpud phosph to values h
notmal - The elevated serur allalwe phorphatase actwuy falls sharply

* A gormal dog way ¢ ven by mouth £ 0 g aureamycn da by for § weeky d 978 0 da Iy f t
. ToulverTp LA S RS foct
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(2) These imd and enzyme changes reach their maximum in three
wechs and then recede and level off at some intermediate value
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SURVEY OF THE WORLD SITUATION ON KWASHIORROR

By] F Brock
Department of Medicine, Unnersity of Cape Town Cape Toun, Unon of South Afrca

A world survey 15 of value m this scientific monograph because the study
of the ecology and epidemuology of kwashiorkor* may provide useful cluesto
the etiology and pathogeness of cirthosis and primary carcinoma of the huma
hver

The term “kwashiorkor” now has, for better or for worse, the sanction of the
Jomt F A O/W H O Esxpert Commuttee on Nutrition, which has quoted
and § bly endorsed the view exp { by Brock and Autret that 2
wide and general apprasal of 1ts nature and relationships suggests that it
the most serious and widespread nutritional disorder known to medical and
nutntional science ” In the African contment, the term has been accepted
almost ly as replacing “mal ‘malputrition,” “mfantile pella
gra,” *diboba,” “mbuak,” and other local names

No attempt will be made 1 this commumcation to trace the history and
details of this syndrome and 1its bibliography except m so far as they &
relevant to the title of this monograph Brock and Autret® have done thie
and have made achnowledgment to the pioneers m this field Africa They
defined kwashiorkor as seen 1n the African contment m the following terms
“It 1s recogmzed that the syndrome cannot at present be accurately defined
and that 1t merges mto other nutritional syndromes, such as marasmus and
Mehlnahrschaden, but 1t 1s felt that its prevalence and umportance Justily 8
tentative definitton as follows

“A nutnitional synd (or synd ) found among mdig Africans
m which charactenstically there occurs

“(a) retarded growth in the late breast feeding, weaning, and post weanmng

ages, with

“(b) alterations in sk and hair prgmentation,

“{c) oedema

““(d) fatty mfiltration, cellular necrosis, or fibrosis of the liver,

“(e) a heavy mortahty 1 the absence of proper dietary treatment, and

“(f) the frequent association of a variety of dermatoses

““Some combination of the above features appears to be fundamental other
clinical features are so frequent as to be domunant 1f not fundamental ” f

The Afnican aspects of kwashiorkor were brought up to date by the Secon
Conference on Nutntion called by the Commission for Techmcal Cooperdiot
mn Afica South of the Sahara (C C T A) i November 1952 at Fajar
Gambza Vwest Africa” The Jont F A O/W H O Expert Compittee 08
Nutrition®? held 1ts third session at Fajara immeduately after the C C T
Conference The members of the Commuttee had the advantage of her

- —aphs
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Lwashiorkor and covered by the general term “protem malnutntion” as e
fined 1n the report *  a state of 1ll health occurning where diets are babitt
ally poor 1n good quality protem, while they are more nearly adequate 1 cale
nes It includes deficiency of protem foods, imbalance of ammno aads, 2
deficrency of accessory food factors associated with protemn metabobsm It
1s most easily recognized when calorie mtakes have been relatively high fon
the use of starchy foods

Because no one name commands general acceptance to cover the “proter
malnutnition” syndromes of the American tropical belt and because the Jozt
F A O/W H O Expert Committee on Nutrition has been melmed tochd
them under the heading “kwashiorlor,” I have compromused m this oot
mumecation by groupmg them for convemience under the term “Amenc
Lwashiothor ¥ T could not use the plam term “kwashiorkor” because ona¢
count of the apparent difference n sequelae, I have ashed the question whetber
kwashsorkor and “Amenican hwashtorkor” are the same disease? In spi of
difficultzes which will be discussed, I believe the apswer to be i the affrmatie

A brief summary will be given of present knowledge m regard to the Iner
lesion or lestons gssoctated with kwashiothor  Thus falls under two headus®
(1) the pathology of the liver m kwashiorkor 1n childhood, and (2) the Lver
lestons of adults 1n the areas of prevalence of kwashiorkor and protemn malnt
trition and the possible relationships between these adult lesions and thot
of the children  Brock and Autret reported that the hver pathology of Afnct
kwashorkor d of some t 10n of fatty mfiltration, necross, &
fibrosis These three features showed varous combmations, and there B
much experimental evidence that all three may occur separately and mde-
pendently as f tons of dietary defi The exp ta] eF
dence for the separate ongmns of fatty mfiltration and necrosis are reviesed
elsewhere 1n this monograph f There can be no doubt that the P"’“s’scS
described under these two terms are quite distinct, but 1t should be emphas!
that even the “dissolution of fatty cysts” deseibed by Hartroft m his Lper
hepatos:s 15 a form of death of cells ¥t was m this wide sense that the Inet
feston of kwashiorkor was described by Brock and Autret as “fatty mfiltrati®®
cellutar necrosss, or fibrosis” It was mtended to leave the pathogenests o
open question The avaiable evidence certamnly suggests close analogies
between the Iner lesion of kwashiorkor and expenimental fatty hiver currhos’s
but 1t would be premature to press this companson too far  This subject
discussed further m the section on defimtions (Appendix, p 709) Workeré o
kwashiorkor m Afnica have mclined strongly to the concept of the independen®t
of fatty ifiltration and of fibrosts  Both Gillman® and Davies® have reco
their views on this subject  There seems to be no reason why the fatty wflt?
tion of kwashiorkor should not be permanently reversible on provision of 8
proper diet, and the problem of continmng fibrosis 1s discussed in a Jater section
of this communtcation.

Brock and Autret m their Teport stated that “3t can be accepted as 5easo?
ably probable, from their world distribution, that cithosis and primary €7

i 1 See page 623
/
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Prumory Gver cancer (G Berman 19521

2

Fioyzz 2 World prevalence of pr maty carcinoma of the hiver

Without detracting from the value of Berman’s work, this map can be
enticized both artistrcally and scientifically i ats “black and white” characte?
The figures given m FIGORE 3, prepared by myself, show that the differenc® n
madence of primary hver carcinoma could be better represented by 2 gradod
mergng from black through grey to white as we pass from the tropics throy
the pigmented residents of temperate climates to the European races Ber
man’s map can also be criticized on the score that he produces no evidence that
the prevalence of primary carcmoma admitted to exist m South Chma cot
tinues up to North Chima as represented on his map .

If these two maps are compared, there 15 considerable correspondence b
tween the Jatter and the world map of kwashiorkor as far as Alnca, Todity
China, and the Far East within the tropical belt are concerned but 2 notable
discrepancy with respect to the tropical belt of the American continent®
Does this blank i the tropical portion of the map of merdence of pnmlf);
Inver cancer reflect actual condtions, or 1s1¢ due to faiure to record and repott’
War® said, “Near and Far Eastern races have a greater madence of Inef
cell carcmoma than those of Europe or the Amertcas ?  Berman's symmary ¢
firms this, and apparently there 1s no contrary evidence

I have sought unsuccessfully m the hterature for information on this pout

and have questioned and corresponded with those who might hnow The
1 v \ v s . B — + o world
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Fiouxe 4 Liver ¢ rrhosis expressed 43 a percentage of autopsies tn arens of bigh and low [zadence A™
of Liver qamage associated with sKdstouic oF 1om Fch ¢ sehosss And b ton 43I0 £7¢ sbowd

for example, claim that among 261 adult Afnean (Bantu) subjects dymg*sed

den and rapid accidental death” only 12 6 per cent of livers were hlS!D]DElCau);

normal  Such a figure cannot be compared with figures from other parts o
31w o

J
tha tarld ¢ nra hogtalan anl omeoam L st O flmand

I

. r
than s macroscopic rate of 2 5 per cent v
On the other hand, Baver and Kerr, although they record only 55 cast$ o

“advanced cirthosis” 1n 29,593 specimens, nevertheless record that, m 19
of those specimens 1 which lesions of S mansons were found, “peripo
reactton” 15 always present and ranges from a shght hepatitis through vanow
degrees of fibrosis with chronic mflammation to severe cirthosts And 1
2298 further specimens showing malanal pigment, there were 23 per cent with
“penportal reaction” Admittmg that peniportal reaction 1s not synonymoss
with cuthoss, 1t seems that the figure of 35 cases of “advanced curhosis” ke
whole senes represents a very conservative estimate of the actual madence @
arrhosis in Brazil

The gap covermg the Amencan tropical belt n the world map of cuthesS
of the liver constructed from published mformation 1s very obvious, and agatt
the question anses, a5 1n the case of the map of primary carcinoma, as to whe 'd'
this gap 15 real or only apparent? The opmion of some of those who have ba
expenience 1s that 1t 15 only apparent  Until 1t 1s filled 1n, 1t cannot finally be
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ment with protem leads to rapid fat reduction 2nd a flooding of the smus
with Iymphocytes, but does not affect the fibrosis and cell accumulatu
These may persist for many years, 1f not for life, and m an African appeat
be a “hallmark” of kwashorkor Why they should be so persistent, whe
1s well known that 1n other conditions quute well marked fibros:s of the b
can disappear, 15 2 mystery, but 1t suggests that there 15 contmumg L
damage of some sort ”  If this view 1s correct we must ask what the natur
the “continumng liver damage of some sort” referred to at the end of Dav
quotation 15 Is 1t contmuing protemn malnutntion, or do other curhotig
factors which will be discussed below play a part? No other defimite evide
for the progresswve evolution of cirrhosis of the liver out of African Lwashior
has been recorded m the hterature The Gillmans® say, “We have very
mformation about the reactions of the hivers of Afncans between the age
six and exghteen y ears, because duning this age penod, for some still unde
rmned reason, temporary but acute episodes of nutritional disease are T
Biopsy 1n one seven year old chuld revealed that the mncrease in hepatic)
may commence at this age  We know most certanly that the hepatict
content mereases rapudly after the age of eighteen years  Aswehave mdica
primary hepatocellular carcimoma may and frequently does supervene betw
the ages of sixteen and twenty years and may occur at an eien younger &
In other parts of the world, progressive currhosis of the hiver does not appes
be an mevitable sequel of syndromes resembling kwashiorkor  No evide
has yet been published that the Mehlnahrschaden and starch dystrophy
Europe progress to arrhosis of the Iner In the followmg discussion, 1t
be seen that “Amencan kwashiorkor” has not been shown to be assoc
geographucally with a high maidence of adult liver curhosis My collesg
Doctor P Suckling and Professor ] G Thomson m Cape Town, have

laborated with me i searching m biopsy matenal for contmumg evide
of cirrhos:s of the liver n chuldren recov ered from kwashotkor among the C
colored (non Bantu) population of Cape Town (Brock, 1949) SO“f&f:
- \ . \ e

cirthosis of the liver after 1t has been cured and provided that the subseqt
diet 15 satisfactory and crrhotigenic agents are not prevalent On the o
hand, there 1s very convincing evidence that, m certam parts of Africa, atIe
fibrosis may persist for many years, 1f not for ltfe, after chnical recovery ff
Lwashiorkor m the presence of “contmuing liver damage of some sort’’
“increase 1n hepatic iron "%

Does American kwashiorkor produce cirrhosis?  ‘There seems at presen!
be very little, 1f any, evidence that Amenican kwashiorkor produces arrhe
In fact, the absence m the literature of evidence for a high pres alence of
mary carcinoma of the hiver and of cirrhosis of the liver 1n the American trop
belt may be regarded as mdirect evidence agamst such a supposition
matter must, however, be left open until further evidence accumulates
further accumulation of evidence should confirm that these two disorders
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and the Gillmans’ “cy tosiderosts” concept. Tt is felt that the use of the tera
“haemochromatosis” by Strachan® and by the Gillmans® for the sderote
atthosis of the Bantu people of southemn Africa 15 confusing smce the balawe
of evidence suggests that these cases are quite distinct from classical haemo-
chromatosis %

Primary ler cancer or primary carcunoma of the hiver These terms are vad

F bly and are p d to “hep " and “bep m

cmoma” m this communication because the former tenms are wider aud
precise cellular type of carcmoma 15 not always specified i reports from &t
areas of prevalence In all probability, however, the prevalent condition &
usually a hepatocellular carcinoma

Peliagra  The term “infantile pellagra” has been speafically rejected o
favor of Awnashiorkor, and a few words should be sa1d about ats use w relatos
to the prevalent chmcal syndrome m adult Bantu subjects m South Afna
which 1s linked by the Gillmans® with the siderotic enthosis which they ol
haemochromatasis  They do not define the “pellagra” they are describisf
except m the negatne sense “Ye are of the opmion that, unless the dermatos?
18 present, then the nutntional syndrome should not be regarded as pellagn.
They clearly the lity that pell may ofc
In several different patterns of complex metabolsc distutbance resuftng fiom
different dietarv pattemns, but use the term mdiscrimunately for themall B¢
see, in Cape Town, peilagra m Cape colored people, of mixed but predommanﬂ)
non Bantu blood! which 15 ndistmguishable from the classical pellagra d‘;
scribed m Southern Furope and the Southern U § A We see also “pellag®
n Bantu subjects whch 1s apparently mdistinguishable from the “peliag?
described by the Gulmans In our expenence, the disease 1n these tso &
ferent races 1s very different and 1t 1s confusing to call them both pellagr
prefer to call the latter vanety “Bantu mainutrition with peflagrous der
matosis ' At least 1t ought to be called “Bantu pellagra” to distingush £
from the classical type  To mention only a few of the differences, pellagna
the Cape colored people 1s not associated with siderotic currhosis nor wath &
increased susceptibility to primary carcinoma of the liver  The same 1S e
of classical pellagra 1n Southern Europe and Southern U § A “Bantu »
lagrins’ 1 South Afnica on the other hand, have a high meudence of siderot
arrhosts and primary fiver cancer

Necrosts  Expenmentally fatty hiver cirrhosis and acute necrosis of th¢
liver appear to be quite distinct processes as 1s evidenced hy the dwisiot o
the proceedmgs of this conference between these two feadings a8
been a tendency among experimentahsts i dietary Iner damage to confine ¢
term ‘necrosts’ to the acute necrotic vanety mstead of using it m s wider
meanmng of ‘death of cells’ from any cause This trend may be useful
though 1t 15 etymologically dublous It 13 necessary, therefore, to emp’ﬂﬂ";
that Brock and Autret m their report used the term m 1ts wide sense “dufh

regard to kwashiorkor undoubted] » expenment
.
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Duscusston of the Paper

Docror Scirwagrz I wish to congratulate Dr Brock on his very outstandng
review and on the remarkable achievements which he, m collaboration with
other membersof the Jomt F A O/W H O Expert Commuttee on Nutntion, has
accomplished May I be permitted, hownever, to remark, that to my kpoxl
edge there 15 no conclusive evidence that kwashiorhor 1s just 2 protemn de-
ficiency I may be wrong, but it seems adsisable to sound a warmng agamst
the general acceptance of this idea  For practical purposes, pamCﬂ]ﬂﬂY for
mdoctnnatmg and trainmng less educated populaces, the designation of kwashd
1othor as @ ‘protem” deficiency might be of value This, howeier, shouk
not distract the attention of a scientific forum from the fact that the therapeutc
benefit derived m a deficiency disease from protemn foods or even from an
(umpure) protem ttself, like casemn, does not necessanly mdicate that this
disease 15 caused by lack of “protem” as such  The effect can equally well be
due to trace factors contamed m these protemnaceous materials, of also from
one ndiidual protemn building stone  The quantitative separation of itz
muns from protemns s extremely difficult  Finding or prepanipg vitami free
protemns for vitamin free diets has been one of the most senous obstacles 1t
sitamin research during the last 50 years

We Lnow that, with the exception of fat soluble vitamms all mportant
dietary factors ma) occur n nature in more or less firmly bound forms In

any cases autolytic enzymes are required for their liberation and 1n some

stances, for example 1n the case of biotm, hydrolysis nith strong acd mut
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THEL PATHOLOGY OI' DIETARY LIVER DISEASE IN
TROPICAL AFRICA

ByJ N P Davies
Department of Pathology, Makerere College Vedical School, and Mulago Mospital,
Rampale Uganda

The only form of dietary liver disease m tropical Africa about which 1t
possible to speak with any preciston 15 the extreme fatty infiltration which
seen 1n kwashiorkor  In a flond case of this disease (e g , 1na child of aboutty
years of age), the Iver, while not very much enlarged, 1s a tawny ellow
buff color or, m a very anemic child, may be stone colored, due to mtense fat
mfiltration  In older chuldren, some degree of mcreased fibrosis of the ln
may be appreciated  Not all children with kwashiorkor have such a degr
of fatty nfiltration, for in some there may be httle or no fat

The changes 1n the Iiver m kwashiorhor, as shown by biopsy and autop
studies, go through a sequence which results 1 permanent alterations to
structure of the Iver  In West Africa, attention has been drawn (Aufiret2
Tanguy, 1950, Sihveira and Jelliffe, 1952) to the presence of gross fatty anfiltt
tion of the Iner in very young children Such lesions are not commor
encountered among young children m Uganda and where there 15 any 2
precuable degree of falty change seen m the mfant Iner, at 15 usually cenb
lobular m distribution ~ So far as my experience goes the Iners of new b
Afnican children and of neonates in Uganda do not differ appreciably fromt
Irvers of European children  Apart, therefore, from the presence of mal!
pigment, which after a while acts as a cony enient delmeator of the boundart
between Inver lobules, the African Inver m those first few months of e, 3
the child 15 growing well (Welbourn, 1951}, presents no sigmficant c}:anBB

! i 1 0! oo

At
. "

a . 1 -t 1
' . . :
first at the periphery of the Iner lobules This 1s alnays the case m chuaf
where there 1s no mg factor, e g, tubercul Tn complicated c¥

the mitnal fat deposttion may be centrolobular or irregularly sited, vanws
from lobule to lobule Where this has been recognized by a study of bops
matenal, the attention of climicians has, on several occastons, been drawn to
the presence of a hitherto unrecognized mfectnn e conditron {Davses, 1948, 19:0)

Provided there 1s no such complhcating factor, the mitial locus of the f2t
deposition 1s n the cells at the periphery of the liver lobule, though the cells
of the lamina lmtans round the portal triads often remamn free of fat for2
considerable time  As the climeal condition deteriorates the penphem) it
droplets mcrease in size and the cells down the smusouds toward the centrs
vem are progressively mvolved till 1 a severe case, practically every cell s al
of fat and some small fatty microcysts may be seen  I'IGURE 1 shows 3 pact
of two Iner lobules with a portal triad and two central vems with fatty mflt?
tion of the Inver cells the larger lobules of fat being m the outer parts of the
lobule Dark malaria pigment 1s seen also, collected chiefly at the perphen

T4
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Wath the infiltration of the fat mto the Iner, certain other changes are notice.
able The lymphocy tic mfiltration of the sinusords has been mentioned but
these cells and many others become concentrated i the portal tnads The
most plentiful cells are lymphocytes, but plasma cells and macrophages and
neutrophil and eosmephil polymorphonuclear cells may also be present the
latter two types bemg plentiful in cases complicated by a septic mfection ot
ancy lostomuasis

Such notable collections of cells m the portal triads are seen in F167RE !
As you can sce, there 1s a constderable degree of fatty mfiltration with the mod
intense fatty deposition n the pertpheral cells of the Iver lobule  The portd
triads are crammed with cells and they are also present to some extent along
the periphery of the lobule  The cellular mfiltration of the portal triads seens
to be one of the persisting alterations in the liver because, except m the earh
months of Iife, 1t 15 very rare to see an African Inver which does not contamal
excessive number of cells m the portal triads  In additton, comma shaped
nucle1 are present in fair numbers 1n the portal tnads, and these are probabh
the nucles of fibnoblasts  They do not seem to occur, m the early stagesal
least, outside the portal triads

The third change that takes place 1s 1n the reticulin framew ork m the pe
nphery of the lobule The fibres thicken and sphit and reduphcate The
change takes place round the perrpheral cells and 1s most marked at an early
stage near the portal triads, but later it 15 apparent round the whole of the
periphery of thelobule  The lamina limitans cells are separated by the l)nclm{
ing reticulin and they and the perpheral cells appear to undergo a process®
strangulation for some of them disappear with collapse of the reticulm frame:
work  The reticulm undergoes collagenuzation, so at an early stage, the lobila
outline 15 accentuated not only by the malatia pigment, but also by the ret@
lin thickening, and collagemzation Fioure 3 shows such fibrotic chanf®
The Iiver 1s moderately fatty, the portal triads are bemg jomed one to anothe
by the reticuln thickening and collagenization This accentuation of t
Tobular pattern of the Itver 1s never so marked 1n chuldren we have studred that
it could be called a cuthosis and these changes all occur round the lobul
peniphery  In a few cases, the collagenization 1s so marked that all the portdl
trads are linked together by fine strands of fibrous tissue, more remmiscent
of the liver of a pig than a normal human lner In his studses of the fatté
Iiver 1n cases sth tuberculosss, Saphir (1929) remarked on the developmert
1n a small percentage of his cases of such a true unilobular type of fibros#

In time, should the child sunvive even without treatment by a high protest
diet, the fat will dunimsh and slowly disappear from the lner even ® sthout
any marhed chinical smproyement, and 1t can be removed more speediy b
feeding a high protein dret  Under both circumstances, the fat dimnshes
and disappears first from the centrolobular regions and last of all from the
peripheral cells  As it leaves the fibrosis often seems to mncrease and beco™
more apparent  The cells after the fat has left, exhibit the same hypoo' !
plasmuc ap as before 1t d  Though the reiculin thicheruns
and fibrosis seem to start with the fatty mfiltration, the relationship 1 &0
tamly not simple It 15 a tume relationshsp rather than a causal relationshP
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S metimes there s severe fat mfftrabon with mmmal tbrosis  sometimes
marhed hros s wath hittle fat mbltratan anj the cavse of the fibrous anais
ch dann particularly as Waterlos (1931) has shown i West Mnes that a
smlas tpe of Lhrasis can develop i the Bver without fatty mfilation  Our
wxpenience dewds us to sup pose that there are at Jeast two sebs of causa) factors
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the next along the boundary of the lobule TIGLRE 4 taken from a Iner
biopsy shows this lesion which I call a *stellate fibrosis *  The smooth outline
ot the portal triad and the lamma imitans are distupted by these fibrous seats
m the vast majonity of Afncan livers T once suggested (Davies 1918) that
theee lesions were the ‘hallmarhs” of hwashiorkor  In Lganda, they are not
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found before the weanmng pentod and they are almost unnersal aftersard
so that some changes take place in this pertod that mark the period if not the
disease
It would, I think, be most unwise for me to speculate on the possible causes
of the fibrosis T do not think the fibrosis 1s a result of the fatty change but
whatever the cause the stellate fibrosis 1s a persistent lesion and I thinh 1
continues m a slow, stealthy fashion to mcrease i the absence of fat from the
Iner MNor have we any very clear 1deas on the exact causes of the faty o
filtration except a very strong suspicion that 1t 1s somehow hnked to theatrophs
of the pancreatic acinar cells and the other cells which lose proten by ennme
secretion  The histologtcal esidence we have accumulated suggests that the
pancreatic atrophy precedes the Iiver changes and that the fatty mfiltration of
the Iiner 15 2 transient though umportant episode 1n the disease  The pamar
myolvement of the pancreas has also been shown by Veghelys (191) B
the precise connections between the pancreattc atrophy and the fatty mfhn
tion of the Iiver have not been discoyered, and to discuss them would taker
outside my field
1t 1s more important to chscuss the relationship of the changes mhw ashiorke
to disease of the Iner in later fe  We are most 1gnorant about the conditio
of the Iner m the later years of Afncan childhood and the earlier years ¢
adolescence  But during this peniod, and ndeed for the rest of his Ife tt
Afnican 1s eating a diet qualitatively httle better than that on which he &
veloped hwashiorhor A diet low 1 protem, especially anumal protew 2
high 1n carbohydrate 15 all too commen  Yet currhosss of the Iner s rarel
seen m childhood m Uganda nor m the early years of adolescence Pubert
with 1ts grow th spurt dees not bring out a fresh crop of hwashiorkor cases 20
we do not know why thisis so  Perhaps puberty in Africans 1s more delaye
and the grow th spurt not so marked W e know that the onset of menstryal 0
1s delayed M , we must ber that the end: changes !
died Bt
2d mma
1 Indee
much earty WOrk oN LIS Wsease was largely devoted to the study ol adult cast
The atrophy of the pancreas and of the intesties 1s just as marked and the
15 the same fatty mfiltration of the liver though this 1s not so extreme
major difference lies in the much greater amount of fibrous tissue present!
the Iner, a considerable mcrease m the stellate fibrosis  In some €25¢5 1
regular strands of fibrous tissue cut off groups of cells at the penphery of &
Iiner lobules  Both chntcally and pathologically, some cases merge into Latt
nec arrhosis but the connection between these states remarns obscure
gross fatty mfiltration seen tm cluldren 15 not \ery frequently encountered !
adults and we have no evidence to suggest that our cases of Laennec currhot
have gong through a long continued stage of fatty nfiltration m adolesce™
Tron prgment 1S not present in unusual amounts m our cases and the ool P!
ment seen 1s a brown | 1 1on 1y due to a lipochro™
1 substance
Laennec arrhosis 1s quite frequently encountered in Afnicans  Among 2
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autopstes there were 115 cases as well as 74 cases of postnecrotic Scarnng
Analysis of these cases has shown (Davies 1952) that, contrary to expectations,
v A sae P P PR P

and probably to protem malnutntion

1 shall, 1f T may, conclude this brief presentation by summarnzing our mawn
problems as I see them The frequency and importance of kwashiorkor 1s
now well recognized  The basic lesion seems to be a selectn e atrophy of the
enzyme secreting glands affectung the pancreas the smalf intestines, and the
salvary and lacimal glands  We do not know the precise cause of this atro
phy At an early stage in the disease there 15 an intense but transient fatty
nfiltration of the lwer, the fat droplets occurring first in the peripheral cells of
the liver lobule, which are the Jast to be freed of fat  We do not know the
cause of this fat mfiltration, 1ts relation to the preceding enzyme cell atrophy,
or the factors that enhaace its removal from the Iner  With the fatty mfiltra
tion there occurs a floodmg of the portal triads and to a lesser extent the sinus
ouds with inflammatory cells the lymphocytes beng especially promnent
We do not know what they are doing  There 15 also the reticular thickening
and the fibrotic process near the portal triads and around the lobule periphery
The cause of this anans elecidalion  We do not know how this contmues to
progress n the absence of fat from the liver, the significance of this progres
sian 1ts extent, or 1ts relation to Laennec cirthosis We do not know the
cause of the great frequency of Laennec airrhosis but we do not think that it
15 a sequel of nfective hepatitis  We also do not know the causal factors of
carcinoma of the Iiner although we suspect them to be endocrmal  Malnutns
tion, Iner disease, and hormonal alterations seem to he fundamental to our
understanding of disease 1n Africans  They are being mvestigated by only 2
few wadely scattered scientists
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CLINICAL ASPECTS OI' THE TREATMENT OI' KWASHIORF

ByH C Trowell
Mulago Hospial and Makerere College Vedcal Scl ool Rampals, Uganda

TERMINOLOGY AND ErI0L0GY

Although this paper discusses the climcal aspects of hwashiorkor, 1t ¢
of all necessary to discuss briefly etwology, for this determnes the appro?
the problem of therapy There 15 now general agreement that a di
chmcal and pathological disease process, called knashiorhor, 15 very cor
m certam tropical countries  This condition occurs mamly m young ok
and follows the prolonged consumption of diets which have Jached vanet,
m which the proportion of protemn, especially that of ammal engmn has
low, whereas the proportion of carbohy drate has been high ~ These dietsa
have rather a low protemn calorie ratio and the amimal protein calorie ra
alwaysvery low Tt s considered that this unbalanced diet was usually
m amounts sufficient to satisfy the child’s hunger, but more informat
destred on this mportant point At a certam stage n the illness, apf
decreases and anoretta begins, so that a decreased mtake of this unbal
et often then occurs (Welbourn, 1953) At this stage of the illness, th
also impaired digestion and utilization of all foods The intake of fats
usually low  Children whe develop kwashiorkor have been recewvmng
or no milk, erther of human or ammal ongn, and very hittle protem of 2
ongm  The condition 15 therefore treated, cured, and prevented by £
diets rich i protem I should also make 1t clear that certain of my colle
m Uganda consider that older children and adults may occastonally !
from a simlar or an allied disorder, but this paper 1s confined to a stu
the disease m young children, among whom the condition 1s far more cot
because of their high requirements for protemn and alhied substances

Kwashiorkor 1s one member of a big group of discascs referred to 2s th
eases of protem malnutrition It would appear unwise to speak of hnasht
as merely “protemn deficiency” for there are many varieties of proten
ficiency even among children  For wmstance one type of protem defic
occurs m nephrosis and 1t 15 quite distinet from hwashiorkor In addit
18 quite uncertain how far calone intake, total protemn mntake, one of
amuno acids, or vitamms are responsible as well as other substances &
or unhnown but concerned with animal protem or with protemn metabt
It 15 also not known why an adequate supply of human breast milk, whicl
rather the low protem calorie ratio of 15 gm to 100 calones 1s so hghly
tectine against hwashiorhor (Gyorgy, 1952)

A noncommittal term such as hwashiorhor (W ilkams, 1933), 15 ther
preferred In many areas of Africa mn which there 15 hittle cows’ mulh an¢
protemn nich cereals the peasants have noticed that healthy, breast fed b
often develop a serous iliness shortlv after complete weanmg In T

j tropical countries as m Europe until Elizabethan times breast feeding
®‘Thanks are duc tn the D ¢ tor of Med wal Ser ces Lganda for perm 55 on to publ sh th 5 papeT.
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continue for two or three years and often with congiderable benefit  This
was often possible m Africa under the conditions of mantal life which were a
part of polygimy, but conditions and customs are changing rapdly I a

people of the Gold Coast, among whom Doctor Cicely Williams was working
when she published her accounts of this disease (1933)  Other tribes have
othet names and about fifty different terms have been emploved by different
doctors  These names often refer unfortunately to multiple defiiencies,
possibly those of the vitammmns, and these terms have crept into the herature,
especally that of South Amenica  Yet treating these cases mamly by multiple-
vitamm therapy often results in fatalities

Recently 1t has become clear that Czemny & Keller (1906) were descnbing an
1dentical condition m Germany under the name of Mehlnahrschaden  Thew
descnption of the disease, however, was very incomplete  No changes were
noted in the psgment of the hair and the pancreatic lesion was not descnbed
so that subsequent wothers, such as \éghelyr (1948, 19:0), who almost re
discovered the condition n Hungary and called 1t “nutntional edema,” were
unable to ydentify thus disewse wath Mehlnahrschaden  The old and correct
teaching of the German pediatricians was hept alne and developed m Ttaly,
where Trontalt (1952) has confirmed the presence of the pancreatic lesion and
the hair changes i this disease {called starchy food dystrophy” m that coun
try)  This disease 1s present n nearly 5 per cent of children 1n Southern Ttaly
The presence of the charactenstic ‘enamel pamt dermatosss” and “flexural
fissures” of hwashiorhor has however not been described 1n any case of Vehl.
nahrschaden, or “starchy food dystropy ”

In the literature of the United States a few cases of hwashiorhor probably
have been described, such as that of McEnery (1933)  Itis difficult to evaluate
the more numerous reports on the cases of ‘nutnitional edema” seen m young
childeen 1n the United States and in ather countnes  In cases of “nutnitional
edema™ m mfancy, there has not been described the dermatosis the fissures,
the dyspigmentation the pancreatic leston, o the high mortality, which are

h features of kwashiork “ tional edema’ was asenbed
at one time to protem deficiency and 1t 1s probable that many cases of this
discase, especitlly among young children, were cases of hwashiorhor, and were
not cases of hunger edema due to calone deficiency , or beri ben due to thiamine
deficiency, all three of which are different vaneties of *nutnitional edema >
The latter 1 not a sutable term for Lwashiorhor, for some severe cases show
no edema and muld cases of hwashiorkor never show any edema

wobably very common m Tamy iropcal countnes Tt v, however, dificuly
to define (Frcurs 1) Thus, Welbourn (1953) has found signs supgesine of
mid hwashiorhor m 46 per cent of the children attending chsld welfare chinies
near hampala, Lganda Wheeever possible, treatment and prevention of
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the mulder disease should be by vegetable protein, for this 15 cheaper and more
plentaful s

Tur CLINICAL PICTURE OF A TYrICAL CASE or SEVERE KwASIIORROR

This 15 so distinctive (Trowell, Davies, & Dean, 1952) that a duagnoss an
usually be made as soon as the case 15 seen (FIGURES 2 and 3} The chids
sertously 1ll and 15 usually from 9 to 36 months of age, although typical casts
can occur outside this range  The weight and height are always very sub
normal  Mental apathy 1s always present and peevishness on bemng disturbed
1s usually noted  The appetite m advanced cases 1s always very poor The

bd, 13 usually ded Und, d food 1s passed In bulky or loew
stools, which are usually frequent Diarrhea may be very severe or absent
and depends on the food eaten  Subcutaneous fat 1s often well preser ed durmg
the early stages but 1s lost later if life 1s prolonged  The muscles waste eath
and teverely 1 this disorder  Edema 1s usually present, but may be absentar
shight m cases othernise typical Edema tends to be generalized, the fect and
face bemg mvohed early  Effustons mto serous sacs are absent or S)l{ghd[ L
. - " A~ fallure
Casts
s shows
some change n 1s texture, becorming soft and straight It 15 easly shed of
pulled out of the scalp  Some change and loss of harr pigment 15 usually but
not always, seen, but this change may only be mdisputable m those whose harr
previously was black  Dyspigmentation, however, occurs m all races what
ever the color of the harr Some change m skin pigmentation may occur
Generalized hypopigmentation especially obvious around the mouth may be
seen 1 Afncans  Races with a white skin usually show no change but genet
alized hyperr tion has been oc Lly described

‘The various eruptions on the shin are complex and should not attract 10
much attention Like the changes i the mucous membranes they are &
sentially variable  Usually they are only seen as a termtnal condition 1m Ve
advanced cases  They are not present i all cases even at death The ot
dermatosts which, m my opmion 1s peculiar to kwashiorkor 15 best described
as “enamel pamt dermatosis ' (FIGURE 4), or “erosne dermatoss *’ smee, &
though ongmally likened to the ‘crazy pavement” of an old English garden
path, this 1s not a happy comparison and the latter term has been usc o
describe several different shin lesions  ““Enamel pamt dermatosis’ appes®
almost exclusinely on areas exposed to much pressure, especially 1f thus &

bined with any or the sweat which 1s common i 15
tropics  This dermatosis has a definite cvolution At first, small pup®
stans darken rapidly mto hyperpigmented, rased, burmshed plagues 2
these appear first 1n the mguinal and naphin areas and over the bony pro
nences of the legs trunk arms and head (FIGURE 5) These plaques hav¢d
sharply defined linear edge  They enlarge rapidly and coalesce, then pr ;
to loosen as with some underlymg mosture and peel thus disclosing P2¢
croded, maist areas of ran shin  These plaques neyer appear m responst o
sunhight, although i many respects they resemble the eruption seen in cerd’®
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cases of acute pellagra At times, erosions may occur i any of these aress
with httle m the nay of preceding plaques  These erosions are easily dismsses
as areas of intertrigo, which mdeed they are At the same time, ma few 2
vanced cases, very deep fissures occur 1n the flexures, especially if sustame
flexion of a Jumb causes pressure on the crease i the shin ¢ Flexural fissures,
therefore, appear in the armpit, front of the elbow, back of the knee, andb¢
hind the pinna (FIGURE 6), and at the angle of the mouth, where they resenbl
angular stomatitis, but they are deep fissures which bleed and neser appe
sodden “Enamel pant dermatoss,” “erostve dermatosis,” and “fewr
fissures” have nat been described, as far as T am aware, n any other diseat
Al commence healing within a few days, if not hours, after giving skim mi
protemn

Large areas of glazed and “crackled shin” may occur 1n areas exposed t
wnitation and 1o dryness This skin shows httle tendency to desquamat
spontaneously i large plagues unless the condition 1s very extensne and !
subscquently well treated This condition, often called “mosmic sk ¢
“crackled skm,” would appear to be largely a nonspecific sign and may occt
In many states of undernutrition and responds to an mcrease i the diet I
my opimion, these conditions tend to be more severe m any disease of prote
malnutntion than n states of undernutntion

In addition, a pellagrous eruption, even with vesiculation, may accuf 8
the peniphery of the limbs on areas exposed to sunhght and to wind s
most common 1 children taking much maize, but st can occur on other diet
This dermatosis only occurs as a termimal mamfestation a few days or v “}
bel - h
of ¢
m
(Gillman & Gillman 1951), or in Ttaly (Frontali 1952), where 1t 1s accompant
by hyperpigmentation of the exposed areas  The latter iy estigator has show
that this dermatosis responds rapidly to small doses (large amounts are \e!
dangerous) of niacin and only very slowly to shim mlk powder, which, howeve
contams small amounts of tryptophan and of the Vitamin B complex
explams why cases at one time were considered to suffer from “m(nnnleupe
lagra It must also be admitted that transitional conditions betneen "¢
amel pamt dermatosis® pellagrous dermatosis and “mosuc skin” are fo
quently seen  These three shin conditions appear to be allied m many. “"’l
They all appear in response to some external mjurious agent They tend 10
hyperpigmented  They all tend 1o desquamate, although to different degre
and at different rates

It 15 not for me as a chnician, to say much about the stellate fibrosts hiel
m Uganda affects the portal traxds and appears first in certain cases after t
fatty hner of acute hwashiothor n childhood  This 1s deseribed by my ©
league Professor J N P Davies in this monograph (page 714) One thig
certam and that 15 that ths stellate fibrosis very slow ly increases durmg 1t
childhood adolescence and adult hfe while the patients show 1o SIE%s ¢
severe hwashiorlor but tahen 1s a group they continue to secen ¢ the s
diets with a low protem caknie ratio  The diets do not differ from th
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taken by mfants It 1s only the requirements which have altered Int
opmnion, these persons often continue to show signs suggestive of mild kna:
10thor, that 1s to say, they are underweight and have dyspigmented hawra
a shightly low serum albumin and a high gamma globulm ~ I'rank cirrhess
the liver, unassociated with alcohohsm or manifest tropical disease, 15 1¢
common i Uganda, even in young adults i the third, fourth, and ffth decad
In my opinton, progressive stellate fibrosis often leads to frank arthoss
Uganda, and all vaneties of transitional forms are seen  Acute necrosis
the Iiver, n any form, 1s very rarely seen ;n children in Uganda Tt oo
1n adults and may lead apparently to cirthosis It 15 umpossible and unde:
able to do more than mention necrosis here, largely because necrosis of f
Iiver has been reported as occurnng m knashiorkor ~ This 1s extremely dou
ful, except possibly a necrosis of dwidual hepatic cells, and almost no ref
ence can be traced to this m any engmal communication on hwashinrkor

It 15 not proposed to devote any further tume to a consideration of the of
signs of vitamin deficiency  These are seldom seen except in the term
states of Lwashiorhor, and 1t should be noted m passing that signs of vtar
deficiency seldom occur m children or adults dying of general undernuint
due to calorte deficiency  Vitamm A deficiency appears to be very common
cases of knashiorhor in Asiz  Riboflavin defictency 1s severe on maize due
Both scurvy and nickets are smd to occur, but are rare, especially the latt
m most areas Thiamme defictency has not been demonstrated 1 Afn
but 1s considered to be present m some cases m Italy (Frontals, 1952)

It will be noted that, m all this description of the climcal state, no refere!
has been made to the Iner  In many cases of knashiorkor, the Iner does!
appear to be enlarged during hfe, and there s little data to suggest that i
degree of enlargement has been assessed i cases commg to autopsy
Uganda, 1t 1s seldom enlarged durmg hfe or at postmortem Abdom
distension may obscure enlargement On the other hand m certam parts
the world, moderate enlargement 1s often detected during hfe (W aterlov, 19
Altmann, 1948) and I have seen cases showmng enlargement in Keny2
Sudan, Nigena, the Gold Coast, and South Afnica If, however, the Twver
any severe case of knashiorkor, whether enlarged or not, 15 biopsied, mal
fatty mfiltration 1s almost always seen  In nominfected cases, this commen
first, and disappears last, at the periphery of the lobule, that 1s, near the pot
vessels Any direct transttion from the fatty liver of acute hwashiorhor
frank airrhosis (meaning gross disorgamzation of Iner architecture by ﬁb”‘
tissue and nodules of hyperplasia) has never been recorded n an) part of
world m kwashiorkor 1n infancy

1t 15 perhaps as well to close this description of the chinical prcture by ™
that the majonty of cases of hnashiorhor m tropical regions have somé
fection present

Many of these such as the hookworms, deplete the body of protetns 3
tncrease the dietary requirements  In the majority of cases, i my opin
1t 15 very doubtful if these tropical infections play any sigmficant part i P!
duerng hnashiorkor and recent worh (Welbourn 1933) suggests that, evert
the tropics bouts of respiratory mfections are the commonest diseases

ot
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preciputate an attach of sexere hwashiorhor  In many cases, these mfections
PR T P

are severe or produce fever, 1t 15 essential to treat them while admmstering
suitable dietetic treatment

This clmecal picture would not be complete without reference to the bio
chemscal changes  These are regarded as constant features and 1t 15 desirable
that communications on this disease should include biochemical dat1 The
most constant changes are a marked reduction i the serum albumun, i all the
pancrealic enzymes (Thompson & Trowell, 1952) and 1 the plasma esterasc
and plasma hpase (Srmnasan & Tatwardhan, 1952), 1n serum amy lase, cho
linesterase, and alkaline phosphatase Tt ere are also a reduced blood urea
total cholesterol, and ester cholesterol (Dean, 1952b) I ceding with protem
rich diets produces a charactenstic biochemical pattern of recovery, which 1s
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I'ttie TREATMENT OF (4SES OF SEVERE RAWASHIORROR

The mortality rate in untreated cases with edema and anoresa 1s almost 100
per cent, and little improvement was effected unts! pathology and biochemstry
had afforded some insight into the mechanisms myolved  In the tropics, at
one tune, these cases were ascribed entirely to some tromical mfection or to
congemtal syphihis, and treatment remained unsucressful until the diets were
also wmprov

was erroncously focused on the vitamins especially those of the Viammn B
complex and on Iner extracts  \o <erious advances were made 1n treatment
until pathology (Dasies 1948) afforded some insight nto the difficults of
digesting food, 1nd expenmental work, largely in the Umted States and m
Furope focused attention on the fatty Iner  Although the use of known
tipotrophic factors has on the whole proved disappomting, yet workers m
the tropics felt that this dice1se was probably an aspect of protemn malnutntion
The detection of the pancreatic leston of the reduction m their enzvmes and
of the changes 1n the small mtestine have 11l helped to explun the difficulty
m digesting food

Treatment remamns diflicult although the mortality has fallen to below 10
per cent m unmfected cases  Deaths are usunlly due to collapse soon after
aumission or very serious infections, such as a fu/mmant pneumonia or tuber
culoms  The extreme morevia the diff culty in digesting food, an intolerance
to all fats and to many carbohydrates and sugars mcluding glucose and lac
tose makes treatment difficult  Sham milk powder of, m the most «cx ere cases,
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calcum casenate (2 more punfied form of shim mulk protemn and one whih
contams little lactose), combined with a smitable form of carbohydrate, re
mains the treatment of choice and may imtially be given by tube-feeding  The
principles and methods of treatment have been set fornard recently by Dean
{1952a) It 1s important to start treatment of the infant somewhat slosly
with about 20 gm daily of protem, denived from about 60 gm of ordman
skhim milk powder  Tor calories nothimg appears better than fully nipe bananas,
which are well tolerated as m celiac disease  After a few days or weeks de-
pendmg largely on the character of the stools, the diet can be mcreased ven
slowly, until eventually children of two years are recevng about > gm of
protemn per kg of body weight (after loss of the edema) and over 100 calonts
per kg That 1s to say the diet has about 5 gm protem per 100 calories 3!
most all the protem, at least at first, being derived from ammal sources  Dean
(1952a) has reported cures with vegetable protem supplemented by vitamss,
meluding Bz, but 1 advanced cases shim mulk protem remams the most
efficient form of treatment

Within 2 few days, a definite response occurs  The general condition 1

v T dwresis occurs

“enamel punt

Is improve but

tend to remam bulky and contam undigested food, and duarrhea 1s apt ©©

recur 1f much carbohy drate or fat 15 taken and after every suceessi ¢ additon

to the diet  The pancreatic enzymes increase, the serum albumin nises \erv

quickly, the gamma globulins increase and tend to remam hgh for a very long
period of time {Anderson & Altmann, 1951)

As asscssed by sersal liver biopsy, fat starts to disappear rather stowly fro®
the center of the hepatic lobules, that 15 around the central ven, but even aftet
4 to 8 weeks of treitment, a certain amount of fat 1s often still visible at the
peniphery of the Tk 1o RTT b and Balad amaw b e dalyer extracts
all exert a hpot ' s1¥
whether any of 1 - 149
Tt 15 doubtful of special supplements of methionne or choline have been demo?
strated to accelerate this slow lpotrophic action of whole animal prote
although, 1 Chile, Meneghello and Niemeyer (1950) considered that somé
acceleration occurred m wnfants given > gm of choline hy drochlonde datly, ¥
addition to 35 gm mlk protem per kg of body weight

It 15 but natural that 1t should be desired to study the effect of other nutr
ments, such as mdinidual amino acids and vitamm Bys but thisisvery dnfﬁc‘tﬂl
1f not dangerous, 1 severe cases of kwashiorhor for, unless they receine shat?
milk protein they soon die It 1s, therefore, essental to take cases that art
less cntically 311 prescribe a diet which will prevent further deterioration but
which will mamtam them i almost a statronary condition during a test perX
of 10 to 20 days and then to add the single nutriment, the effect of which it
15 desiredt to study  In actual practice, this 1s dufficult and dangerous Ob.’l
servations so far bave not demonstrated that supplements of methionme &'
recovery  No other ammo acid has been tried by more than one obsen el
No chnical response to vitamin By has been unequivocably demonstrated
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The admimsstration of this vitammn even parenterally does not improve the
anemia which 1s usually normocytic but may be shghtly macrocytic  The
bone marrow 1s probably very seldom megaloblastic as i permcious anema
Tt 1s wsually normoblastic or macronormoblastic  The anerma does not re-
spond to folic acid or to refined Iner extracts but 1t sometimes improves slowly
while recenmg won  Anemia 1s seldom severe unless some mfection 1s 1lso
present It 1s probable that the anerma 15 due to protem def ciency and re
sembles that present i cases of massive albummnuria

A marked feature of many cases of severe hwashiorhor 15 that progress 13
almost alway s slow and many months often elapse before the child 1s normal m
every respect Mo reason 15 known which wilf explam the very slow gam of
weight usually encountered dunng the later months of treatment In this
respect the recovery of cases of hwashiorhor appears fundamentally different
from that seen 1n children of the same age who are recovenng from a period of

v

YT Com alewcent kwa b whor show ng pot bel v tha ) mbs and pale ba



732 Annals New York Academy of Sciences

undernutrition and calorie deficiency  Appetite 1s apt to remamn mdiff
and drarrhea 15 easily provohed mn all cases of Awashiorhor The fuur
gam weight rapdly has not <o far been explaned by any mfection, or
ureversible change m the pathology or btochermstry  Probably more 2
tion should be paid to the intke, the digestion and utilization of food, smce
probable that the first organ to suffer and possibly the Jast to recover it
gastromtestmal tract  The pancreas and Inver are possibly affected later
this sequence reflects the high protem requirements of these organs  Clim
these convalescent children haye swollen abdomens and thin imbs (F16Ts
as tno Amertcan doctors noted (Payne & Payne, 1927) when they dest
Lwashiorkor tn the New World, but unfortunately for them, they suggl
no satisfactory title and called the complamt “Edema disease of Haitr”

In conclusion, I should hike to state that, if T were ashed what chnical
are of the greatest sigmficance in hnashiorkor, T would answer, without he
tion, “Appetite and mterest ” In the el decrease of appenhte, shu
almost abolished m all cases of scvere knashiothor, this disease differs fu
mentally from undemutrition on diets, normal in the proportion of the \a
nutriments, but reduced tn the total iamount  In kwashworhor, there 13
desire for food and little mtercst in hfe  These are the stigmata of hwasho
Ts this a response to the fatty Iner or, as I suspect, due to some change 1
functions of the hypothalamus, together with 1ts numerous ner ous conneC
and subject to various forms of chemical control?  Why should appetit
crease possibly at an early stage on diets having a Jow protem caforie T
How does shim milk ponder stimulite hunger m = child dving of Lwashiot
Eventually, 1t stimulates mierest m hfe and, when a child with Kwashi
smules, he 1s well on the w1y to recoven

Swummary

In recent years & diease process his been desenbed m young mfants
commen m tropical countsies ind whenever the diet of 4 young child con
a low protem calorie ratio espeettlh 1t the proportion of ammal protem ¥
and that of carbohvdrate s hish The disease 15 considered to be 1dentic
Mehlnhrschaden and mumy <ises hve been described as “nutritional edel
The latter term desinibes two or more disese processes firstly, undemuts
termmating 1s hunger edemy m which the diet although ba!l  >d muts

portions 1s smul i mount wmd deficient m unly n ca * secot
Lwashiorhor produced wuilh by 17 ot hugh v deet,
m amount 1dequite o ~insfy v 1y the la st
fat accumulte 2t the penpl m'(; ¢ lobule and 1 toc¢
parts of the fobule  The fner T ut often « i
Kwashiorhor has 1 charcierst 1 rochem “
yecovery

The chmerl preture 1 Cases of or m chil
This s very chareternsnd althougl s,8an
deficiency may appuir At mearly Ltis

" organs whi the Thest pro affec

B
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atrophic changes and loss of secretions by the small intestine pancreas and
fatty changes in the liver

These features all respond to protem rich diets especially milk proten and
amumal protein, and 1t 1s doubtful if any specific response has been demonstrated
to methionine, choline vitamin By, , or folic acd  There 1s uncertamty con
cerning the mechamisms and the factors which are invohved  Amimal protem
especially nulk 15 still the best treatment of advanced cases but prevention
an 1 the cure of the more numerous mld cases must e i an ncreased intake
of vegetable proten fortif ed possibly by factors unidentifed at present

Apathy and anoreva are the stigmata of hwashiorhor and scparate this
d seasc process from that seen n undernutrition on a chet normal in 11s pro-
portions but reduced 1 1ts amount, thus producing a disease process i which
calone deficiency dominates the response of the body
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VITAMIN E AND CAROTENOIDS IN THE BLOOD
PLASMA IN KWASHIORKOR

By H C Trowell, T Moore,and I M Sharman

Vulago Hospstal and Makerere College Medscal School Kampals Ugonda Dunn Vuim ed
Loboratory Unwersity of Cambrudge, and Medical Restarch Conncrl Cambridge, Enlond

Deficiency of protein has been generally accepted as one of the mam factors
in the development of kwashiorhor  Other dietary deficiencies which mght
aggravate the want of protemn therefore deserve attention  Experiments witt
animals have clearly demonstrated that their ability to subsist on diets lov
m protem 1s nfluenced by the allowance of vitammm E Thus Dam! fourd
that young rats which were gien a diet grossly deficient n protem sunvned
longer when they were dosed with vitamin E than when they were left undosed
Various other workers confirmed the beneficial effects of vitamm E m 85
gwven diets low in protemn both upon the body weight and in preventing dental
abnormakities? * ¢ & In view of the severe mjury to the Iner 1n hwashiorker
special interest may be attached to the finding of Schwarz® and others? $that
vitamin L protects rats agaimnst the hepatic necrosis which 15 otherwise It
duced by protem deficiency

Tt seemed desirable, therefore, to try to obtain evidence on the vtammn £
status of patsents with knashiorkor by estimations made on the blood plasm?
Spectmens were sent by air from Uganda to Cambndge, mostly in 1950 but
afew in 1951  The plasma was shiken up with ethanol and hight petroleum
and total carotenoids were estimated by their yellow color i the extract sepd
rated after centnfugmg  The extract was then evaporated, and the residue
was redissolved m hot ethanol  Cholesterol and other sparmgly soluble sulr
stances were removed by freezing and again centnfuging and “total reduos
substances” were estimated in the supernatant solution with ae’ dipyndy’
and fernc chlonde ¢ vitamin T * was measured as the difference between the
total reducing substances and the correction appropnate for the carotenotd
Tor purposes of compinson, estmations were also made upon specimens
plasma from heaithy male Atrican adults and from a few healthy mfants
Specimens were also tihen from adults suffering from pyomyosis, which»3
disease charactenzed by degeneration of the voluntary muscles and the for
matwon of abscesses

From 1Btk 11t will be scen that lower levels were found for vitamm E 2
kwashtorkor (average 0 67 mg per 100 ml ) than m healthy men (znemgeO‘?l

o The reduction of carotenotds
100 ml as compared »1°
more noticeable  Seves®

of the specimens of plasma g inve cxtrcts w red quite colorless 1o the
eye  Thelevels mpyo it ako fell be Tues for healthy subject®
both m vitamin |+ wds

Trom these resul ppoar aither ahe of vitamm E 08
carotenoids 1s fow 1 Tor tht t 1r efficient
absorption from the crmge by 1dence O
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Tastz {
Caroteno Js Tocopheral

No.of cases)  Av age # 1o mb g, 1000 =L

Range | A | Raoge | A
Reashiorkor fants 12 28 14 51| 303106067
Normal Mncan infants 2% a1z ] 07 {0140t 10
Normal Afncan adult males " U o Jaorl oo [oss17 o0z
Tvomy ouitis n adults 1 V1w Blodisjo

low values for the vitamm L has already been found by Darby f al® in pa

disease, cirrhosss of the hver, sprue, cehac disese, and diarthea  All patients
with these diseases had thewr lowest readmngs in repeated ohsen ations within
the range of 006-0 25 mgm  The 1 1lues found 1 hwashiorkor, therefore, may
seem no lower than might be expected in a disease which 15 charactenzed by
damage to the hyver and general impairment of the absorption of food  Tts
perhaps sumpnising that the ranges observed did not differ more widely from
those found 1n pyomyesitis a disease m which mjuries to the Iner are less
promment than m kwashtorher, but m which & suspicon of vitamin E de
fiency rmight possibly be suspected from the muscular degeneration  Pre
sumably the frequency of fever influenced the levels in this disease

Evenif we regard the reductions in vitamin E and carotene mamly as sec

senations n a case of sprue It cannot be ruled out, therefore, that a second
ary defictency of vitamin I’ may be included among the numerous comphca
tions and aggravations which are mvolved m the progress of hwashiorhor
Ourery law v alues for carotene suggest further that the vitamm A status may
be endangered when the reserves of the preformed yvitamin which are presum
ably stored during lactation have been used up

Summary

Low ralues for vitaman T and carotenoids, probably related to smpaired
powers of absorption, were found in the blood plasma of Afncan mfants sufler
mg from kwashiorkor

The possibibity of the oceurrence of secondary deficiencies of subnormalities
of vitwmuns b and A as compheitions 1o hwashiorhor should not be overlooked
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ASPFCTS OF NUTRITIONAL LIVER DISEASE—HUMAN
AND EXPLRIMENTAL

By Joseph Gillman and Christine Gilbert

Depariments of Physiology and 1natomy, Umiersuy of the Wstuatersrand Transraal, and the
B trtion Rescarch L mil of the Countrl for Sctenivfc and Indusivsal Research
and o the Unfocrssy of the B sicalersrand, Transeact

In this communication we propose, first to examme the relationshups of
hepitic fibrosis Lo antecedent fatty change and to necrosis of the Iiver in mal-
nounshed human beings and m ammals fed varnous diets and, secondly, to

[P PN et R A
'
' Patert e o oo ey

The Falty Liver and Hepatic I'brosis

A fatty change can be found 1n livers of malnounshed infants and children
admatted to hospital during an acute nutntionil brexkdown (Normet, 1937,
Bablet and Normet, 1937, Gillman ef ol , 1945, 1951, Waterlow, 1948, Van der
Sar, 1951, Qomen, 1951, Altmann, 1948) Ry sc‘nal biopsy examination, we

Six monthly buopsics of the Iners of mfants and children who have left
hosputal after recovery from an acute nutntional breakdown show no evidence
-

e S R

miant and child pellagnns admitted Lo hospital, we arenved at the conclusion
that although fattv hvers may be associated with many diseases fatts change
15 more [requent and s ihely to be more severe in Afncan infants admtted
10 hospital with nutritional edema or infantile pellagra than in children of the
senera! population

The fatty liver in mfants suffening from nutritional edema and pellagra 18
therefore of relatively acute onset and 1n a sense 18 similar to the itencely
falyy livers observed i well nounshed children dying four to eight days after
an acute attick of “summer diarrhea™ or after severe burns T ike the other
events aswciated with the acute eprsode, a fatty lner 1s an espression of 1
relatnel sudden and profound disorder of metabolcm occurming 1n 2 mal-
nourshed infant (Gultman and Gillman, 1951)

One question now arses whether the fatty lver in any ww mfluences the
dervclopment of fibross At the outeet, we may say that portal fibrosie, or
more thn usu1l amounts of fibrous tissue, i the liver occur frequently in

37
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adult Afnicans (Gillman and Gillman, 1951) It now remans to attempts
correlation between the frequency of hepatic fibrosis and steatosis

Twenty five of 261 African adults (1e, 9> per cent) dyng accfental
showed gross portal fibrosts as compared with 11 9 per cent of 177 adult Afnce
pellagrins admutted to hospital In the general population the maidence o
the fatty Iner n Africans dying from accidental causes was 2 7 per cent

In the Iivers of 79 adult females over the age of tuenty years admutedto
hospital during an attack of pellagra, 66 (86 per cent) contamed some stanabe
fatand, of these, the Invers were moderately or intensely fatty in 33 females *
percent) On the other hand, some fat was detected mn the lners of 62 (81
per cent) of 94 adult male pellagrms 1n our senes and, of these Iners 33 (b
per cent) contamed moderate or abundant amounts of fat ~ Apart from demo
strating the greater madence of fatty change mn females this analysis ©evé
that a fatty Iner occurs much more frequently in pellagrins than 1n membe~
of the general population

We are led to conclude that there 15 no prima facie case for clamung th
existence of a direct causal relation between the fatty Iver and hepatic fibrowe
n the malnounshed African  The evidence adduced m this connection 5
follows (1) The fatty change in the Iners of mnfant and adult Afncans wd
relatively acute onset, (2) After the acute episode the fat usually disappees
from the Iiver, (3) Sampling of the livers of the general population at all 2%
affords no evidence of a persistent and progressive fatty change, (4) The e+
dence of hepatic fibrosis mn the general population of Africans cannot be cor
related positively with the frequency of hepanic steatosts  Taking ths evidenc®
1nto account, we affirm once more that the fatty hyer, per se i the mn[m;‘“
1shed infant and adult African suffenng an acute nutnitional breahdown P'-‘:
no direct role 1n promoting the high incidence of liver disease Jahnnntsbu!t
Subsequent to our own study Dible (1951) mdependently armed at the ton
clusion that esen i London there was hitle evidence to show that fatth ®
filtration of the Irver was a precursor of hepatic fibrosis  But 1t has been shosT
by Dible (1931) and by Gillman and Gillman (1951) that a fibratic In¢f m:
undergo a fatty change m which case 1t might easily be possible to mmustake
sequence of these two reactions and to regard the fatty change as precedt
the fibrosts

The frequent coexistence of fat and fibrosis in the same Inver has Jed to the
generally held optmion that jong standing fatty change mn the Iners of amm‘ﬁ“
on yvarious diets 1s an essential precursor of diffuse hepatic fibross (Hmsw orm
1947)  This view 1mplies that the fat filled enlarged hepatic cell occlude> "
arculation through the lobule and eventually results i necrosis of the Pi°
chyma Necrosts i turn 1s said to stimulate the connective tissue re;\cuo“:!t
an essential precursor of hepatic fibrosis Tt would thus appear that, V
fatty lner asn the necrotic Iner to be mentioned below, necrosis 15 the '™
cursor of hepatic fibrosis

From our own obseriations 1 anunals we have demonstrated that Cﬂ““(‘
diets wall favor the des elopment of an extensn e fatty change which can P‘"‘I
for approuimately 300 days without amy evidence of fibrosis (Gillman {'fn 1

11953)  Since 1t 1s possible to disengage the fatty change from fibrosis 31
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tows that the accumulation of fat and the overgrowth of fibrous tissue 1 th
~cparate processes which are not necessanily causall
1brosis can be disengaged from steatosis  Fac
dently of the other, and each requites special cor
ditions 1f the apprapriate reaction 1s to be set mto operation  Nutnition
experiments in nimals have shown that as a rule, fibrosis only supervenes in
faty Iner if the latter 15 progressine and long standing  Such a relationshy
we have shown does not eust m malnounshed Afncans  Although nutntio
Mays a commanding role 1 promoting the frequency of fibrosis 1 the ma
nounshed African 1t does so in other ways than by exciting an anteceden
mtense fatly reaction
Ve wish 1o pont out that the fatty change i the hiver may | articipate ir
directly m the development of hepatic fibrasis  An intensely fatty lwer 1
pellagrins is indicitis ¢ of an acute metabolic disorder  On each occasion whe
the Iner undergocs a fatty change, there 1s a hatabolic process of greater ¢
lesser severity which has as one of 1ts consequences, irnitation of the reticulc
endothelial system  Repeated irritation of the reticulo-endothelial syster
over many years often bemnning in infancy, can, 1n <ome circumstance
culmipate 1 portal fibrosis

Necrosis and Hepatte Fibrosis

Acute necrosis of the liver has not been established i infant 2nd adu
\fricans admitted dunng an acute nutntional breakdown It 15 true th

wg to autopsy  We would hike to mention that the admmstration of thiam
to one of our bl d diffuse necrosss of th
hner recognized from fragments obtained by puncture biopsy (Gillman an
Cillman 1951)

There are other arrcumstances however, usually those associated with acut
anowia which may contnbute 1o necrosis of the hver (Gillman and Gillmar
1948}  In the first place the frequent use of open braziers to heat 1 ventilate
huts 1n 1 shacks dunng the winter months Jeads frequenthy to carbon monowd
posomng In a small <enies of 23 cases of fatal cubon monovide poisoruny
we obseryed hepatic necrosis m two cases <unvinng for longer than nine hour
Secon Iy <evere hemorrhage resulting from industrial or other acadents an
frem as<aults dunng drunhen brawls produces severe anove reictions n 1)
Tnver  If such inhnduals sunnve for a few days the anovic reaction ma
eventunlly culnnnate in necrosis Ve reported two cases of extensive necros
of the liver following severe hemorthage n forty races of multy le injure
Tt must be remembered that many of the caces died wathm 4 few hours of th
wjuny but they dil show an intense reaction 1n the form of vicuohited an
phinthike cells which as we have shown can go on to necross  Stmtar plan
The cells a parently  recede the necrosss of micctine hepatitis as shown ¢
perimentaly by Ko Hart e of (1952)

Thirdh, severe infections especialiy those associated wath lobar and bronch
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pneumonia, often precipitate jaundice m the African  In some of these e
comung to autopsy, we have found necrosis of the Iner  Fourthly, prior totte
ntroduction of antihiotics, itensive and often imdiscrminate use of arseus,
ostensibly for the treatment of syphihs among the Africans, may also o
tribute to the production of hepatic necrosis e mention this becawsed
the numerous sesere reactions we have observed 1n Afficans receiviag arseng
who were suffictently indisposed to be admitted to hospital But notalip
tients, even though mdisposed seck hosprtal treatment after arsenc therps
The untovard reactions experienced are often regarded as part of the tres
ment  Fifthly, the frequency of tuberculosis among the Afncans 1 Joha
nesburg and elsewhere 1n this country 1s so great that s regarded as a ma
health problem Extensive tuberculosis of the liver 1s a common findng
Even when less extensive, we have found more than suggestne ndzcatior.
that tuberculosis can contribute to a low grade but widespread destruction d
liver tissue

In this connection, we should like to mention that Straub and Schabey
(1950) have drawn attention to the frequency of hepatitis, allegedly due to3
virus, 1n malnounshed Indonesians  Perusal of their protocols chsclosed thst
m every mstance cited, a large or small focus of tuberculosis m the hung ¥
noted ~ Straub and Schaberg regard the prevalence of hepatic fibrosis &
Indonesia as an mteraction of two factors, namely, malnutntion and wirt
infection  While we are not entirely satisfied that Straub and Schaberg b f
made out a case for virus infection in the Indonesian, ney ertheless, mVEs 7
the greater vulnerability of the liver to tnfection m malnounished ndndush
1t seems to us that the role of the tubercle bacillus, as an etiological agent &
the production of hepatic necrosis and fibrosis 1n malnounshed sndnaduals
has not been adequately assessed  Moreover, 1t 15 our opmion that not onlh
aarus mfection and tuberculos:s but also parasitic infections, such 3s schbl;'
somiasis and malarta, as well as other infections, includmg those respo"ﬂ"
for lobar and broncho pneumonta, may contribute collectnely, ether duecth
by destruction of Iner tissue, or mdirectly through the production of 5‘?‘”,'
anoxua, to the greater madence of necrosis of the liver m a chroncally
nounshed population

Although we have seen cases with acute and subacute yellow atrophy of e
Iser 1n Africans, 1t 1s impossible, 1n the absence of further laboratory Hm‘"“
tions, to incrimvnate the virus of mfective hepatitis  Besides the use ¢
medicinal herbs by Africans has been repeatedly suspected of promoting ]
tensn e necrosis of the Inver of the type mentioned above

As 1n the case of the fatty change necrosis has been regarded as a prff“m’
of hepanc fibrosis  However, 1t 1s important to realize that fibrosis not 2%
automatic response of the hver to necrosis Necrosts can be dxsengaEEd fron
fibrosss Both 1 man and m ammals 1t has been repeatedly demonstra\
that, even after extensne mjury to the lver, regeneration may be compke
[Dible ot af (1943) Lucké (1941), Cameron and Karumaratne (1969 0%
(1940), Gullman ¢f al (1952 b)] On the other hand, we hare demonstra
n ammals that whether or not hepatic fibros:s will supervene m a Inve? %
has undergone extensne necrosts of dietary ongm 1s not only a function
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necrosis but alo of the diet  If, after necrosis has declared uself, the ammals
are stifl mantamed on the deficient diet, recurrent attacks of necrosis are to be
expected  In this context, provided the amimals survive for any length of
time, hepatic fibrosis and even nodular hyperplasi2 are almost mevitable con
sequences  On the other hand, if necrosis his declared atself and the antmals
are then gven access lo a balanced ration, regeneration of the liver 1s usually
complete and fibrosis 1s prevented  VMoreover, by allowing the ammals access
alternately, for varying periods to the necrogensc and to the balanced diet,
1t 1s possible to pmduce avariety of pathological reactions n the liver  These
can be ac of necrosts, and
fibrosis  Gross dmomon of liver structure can be ene of the end pictures
(Crllman ef af 1952, 2 and b)

1t 15 evident from the latter expeniment that, altheugh survival of animals
{ed a necrogenic diet can be prolonged by occasional feeding for hmited periods,
of a balanced ration, the Iner stll remains vulneratle and can still be grossly
disorganised on a later occasion  Clearly, the more chronic forms of hver
. v ' f . .

to dilferences m the abnlity of rats to take advantage of the good dret, which 15,
i turn, determned by the extent of pre existing lner and other organ damage
wmposed by the necrogenic diet

to regeneration in better fed ammals  Diet then may <ene to increase the
frequency of hepatic fibrosis in two ways firsth, by tendenng the hver more
vulnerable to novious agents and especially to the effects of acute anowa,
and <cconily 1y promoting fibrosts once necrosts has super ened

Onie question still semaims unanswered Why 1s there such variability m lner
pathol gy n different members of the <ame malnounshed population®  The
answermay be given, in part, in terms of the subtle dufferences in diet consumed
by meml ers of the population, the extent to which each individual may gan
aceess ta better food duriag times of plenty , the presence or absence of vanous
micchions including pneumoniv, tuberculosss, malzma  schistosomnss el ,

and the extent to which occupation and Ining eonditions expose tndn luals
W severe bher mjury
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In addition, the difference in the reactnity of Iners of maloounsied »
dn1duals probably has the same basis as the differences obsersed i the lex
of scemingly well nounished patients contracting mfectrve hepatitis durzg
the same eprderme  Of those suffering from infective hepatitis, some may safie
a mild attack and recover rapidly, others develop hepatic necrosis which beus
completely, whereas m still others the necrosis may go on to fibrosis Inthes
instances, the virus of nfectne hepatitts merely served to espose underliLg
differences 1n metabohsm of affected mndniduals already ewsting eved befure
the disease was coniracted  That 15 to say, although cases contracting ofe
tive hepatitis but reacting differently to the virus had ready access to2
diet and were not showng signs of malnutntion, such ndividuals were probab?
utiizing their food m different ways  After all, 1t 15 well known that te0
indis duals, consummng similar diets, may put the nutrients to different ue.
One mdn rdual may increase rapidly 1n s eight and another may remain thin

In this connection, we may recall the classical expenments of Chanofi2!
s associates (Chaikoff et al 1938, 1948, Gillman and Chathof, 1945) b
demonstrated the altered utilization of food tn thyrordectomized, hypophy <t
tomized and pancreatectomized dogs Fatty livers dev eloped 1 all thee
ammals while consuming a diet nch m hpotropes and adcquate to pravett
fatty Inver when such diet was fed to normal dogs However, the fatty In?!
of the dogs with one or other of the endocrine glands ablated could be pre
vented by increasing the cholne intake m amounts which ordinarily would B0
be available 1n an average diet ol

By analogy, human subjects suffermg from yarymg degrees of subduuk
hypothyroidism or of pancreatic disease will not utilize the same food 1n 1¢
same way as another indwidual with a normally functioring thyrond 0 p'\';
creas  Indeed, as revealed 1n the case of hypothy roidism, nutritional ¢
may even supervene on a diet adequate to mamtain an tntact organsm 1n g
health (Gillnan and Gillman, 1951) If then, two mdnaduals, one it E::
health, the other suffermg from subclinical hypothy rowdism, ate Dboth f"
summg the same diet, the diet will 1n the one case be adequate and 2° .
other, deficient  If these two indniduals both des elop an attach of ofect “

hepatitis divergences n hepatic reactions are to be expected m. the same ¥
as has been shown m the case of the reaction of lix ers of animals subsistmg @
different diets and poisoned with the same concentration of chloroform v
divergent reaction of Iners to the same sttmuly, therefore, 15 dependent ot
prevailing metabolism  The latter 1s not only a function of the diet consu™
but also of the way the nutrients are utilved  The utihzation of food o
1s dependent on the functional integnity of the 1 anous organs and tssies ’l“
the way these vanous components of the organism are functionally nels
(Gillman and Gillman 1951)  The difference in Inver structure obsery '
random sample of a malnounished population, therefore, can be e(Pl‘““ed
the same basis as mentioned aboy e in the case of infective hepatitis o
In addition however cunsideration needs to be given to the number
previous nutntional breakdonns the age at which the first breahdown occw! o
’lhe extent of collateral organ damage precipitated by nfections, €, as ¥

m
d
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as to the particular economic curcumstances of each ndmidual from birth
until the time the byer 15 examined

‘The scarch for an understanding of the mechanism underlying the prevas
fence of hepatic disease and more especially of hepatic fibrosis in a malnounshed
population demands a wider appreciation of the complex factors mvolved in a
Lialogical reaction  As will be indicated in the final section of this paper, the
approach to the problem of nutritional disease 1s not to be sought only in terms
of single factors

Methodologrcal Consid of Autritional I
It has Lecome common practice among experimentalists to design dhets i
such away that the presence or absence of a specific factor may decide whether
ot hot spontaneous Iner disease will emerge, or whether or not the Iner will
be protected agunst tovic agents s a consequence, they have identfied

With the exception of cystine, the general trend has been toward accepting
twer disease as the conserquence of & lach of one or other constituents i the
diet  The inclusion of 1 per cent cystine n the dict can lead to estensne
hepatic necrosis and hemorrhage within a few days (Earle and Victor, 1941)
In this 1nstance, a causal relationship can be established between the contents
of the dict and the onset of Iver necroms  Tven m those diets where the
ibuence of a particular factor can be shown to be related to a particular pattern
of hver reaction, oo hittle consideration has been gien to defining the tvpe of
metabolim promoted by the diet which 1 the first nstance allowed the
particular factor to be all important in determning whether ot not the mtegnty
of the hner would be muntyned  If the emphaws 13 placed mandy on the
. P e . -

of choline and evstine (Glvan ef of, 1915), or alpha tocopherol (Hlimsworth
and Imdan 1919, Grorgy o ol 19-0) or by antibioties (Grorgy, 1951), (2)
Necvosss of the Iner i rats fed on the low proten dict usext by Tove of af
(1919) may he prevented by tocopherol but not by methiomne, (3) Necrous
of the Iner 1 rats fed potato «tarch and food yeast (low 1n protems) may e
prevented by alpha tocopherol or methionine, but not by cvstme (Gillman
eral 19322) (4) Mffuse necrows can oceur even on high protem d ets lacking
satamm A and (it but alpha ph and can be § 1 and
cured by the ad htion of vitamn A (Gillman ef ol 19321)

1 18 quite clear that, m these different aircumstances the constituents of
he diet rthier than the intrinac ‘needs™ of the orgamivm han e been collectively
te<ponable for smposing a metabolism which required the further inclusion of
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a specific factor m the diet for the prevention of liver disease Moreowr
we have demonstrated that 1 so-called low protem diets factors other tha
protem can decrease the mcidence of hepatic necrosis Himstorth (1%
wrote  The most discordant results were recerved and 1t is no exaggen o
to say that at one time or another ey ery dietary component save carbohydnt
has been mdicted (as the cause of Lver injury)* We have smce shown th
even the nature of the carbohydrate can modify the mcidence of nea
{Gillman ¢/ al 1952a)

Clearly then the constituents of the dret play a commanding rolem cres ¥
the conditions for makimng a specific nutrient a lmiting factor i a nutr tox
syndrome If the significance of a particular nutnent is to be assessed 1t
equally mportant that the conditions be established which allow the nutre
to occupy such a commanding role 1n prey enting or promoting a disease prect
of nutntional ongm  In support of this opinion we should like to pree
some of our own obsertations on the presention or the facihitation of the fat
Inernrats

Using maize as the mawn constituent of the diet a fatty Tiver ts much m
easily produced 1n rats than 15 hepatic necrosis (Tante §) 1f maue alont
fed to adult rats (4L 1, Diet 1), i the absence of any mtercurrent infectt
or nterference with food intake consequent on injury to the teeth 2 fs
change commencing as early as the sixteenth day of the expenment declat
steelf in [RRN 3
Iner
may be
maize a
tion of other nutrients however 1t 15 possible even mn young rats 0 PV
consistently a fatty change m the liver (rasie 1 Diets 7,8 10 and1l) 1
most mtensely fatty livers were found m young ammals fed Diets 10 anﬂ‘
and the least intensely fatty i rats fed Diet 7  If the salt mixture1s omt
{Diet 9) the fatty change does not appear in the Iner  Apart from congest!
no other gross or microscopically demonstrable pathology 1s evident \

It might be argued according to the views expressed by Handler and D‘j
(1946) that the absence of the fatty liver i young rats 1s due to the fal
of these anumals to grow to any extent Ve have observed fatty Iners mr
fed 10 per cent brewers yeast contamung an equnalent of 03 per cent adt
cystine and potato starch even though the grow th was scarcely different 1
that of y oung rats which failed to des elop fatty Iners while subsisting onm
alone Then too we have produced a fatty change in the lners of you
ratsona diet consisting of 10 per cent vitarn free casem 30 per cent O
50 per cent sucrose 4 per cent agar 4 per cent salt musture, and 2 )"e’:
cystine together with an appropnate vitanun mucture  The grovth of o
animals was of the same order as that of rats fed Diet @ 1 which the ST
ture was absent  In the latter animals (that 1s_those on Diet 9) neiber
fatty Iner nor hepatic necrosts was obsersed  Clearly then netthe? thefs
change nor necrosis of the Iner 1s necessanily a function of a mmmum amo

t of gronth i the conditions of our experment
The quality and quantity of protems m the diet are generally behered
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determme whether or not fat will accumulate in the livers of expenmes
-~ I DU SV

that our own nvestigations reveal the unsettled role of protews i promolz;
or preventing the fatty Iner

From TABLE 1, 1t 1s evident that the fatty liver develops in young ntsk
Diet 7 and Diet 11 In heavy weight (adult) rats, maize alone 15 efiaemtat
fatty liver producing diet  If we examne the protem content of all these &>
{(TABLE 1), 1t 15 clear that 1 our experiments the fatty hiver was produced
protein concentrations ranging from 8 1 per cent to 15 per cent In the ey
of the maize alone (Diet 1) the fatty hiver could be prevented or cured byth
admmsstration of 50 mg of methionme per rat per day  This latter chsery
tion would seem to mdicate that, even m diets with over 15 per cent prote:
there 15 still a lack of methionmme or of protems contarmng an equualeatt
that amuno acid  T'urther confirmation would seem to be avatsble rro'ul;
fact that by mcreasing the casemn from 5 per cent to 20 per cent 50 fhatt
total amounts of protems reached 29 per cent (Diet 15), the fatts Inerw
prevented

When, however, maize and 5 per cent dried shimmed mulk were fed o
(yielding an over all protemn content of 9 1 per cent), the Iner did pot shows
fatty changes (TapLe 1 Diet 4) Simularly, when a diet contaming Elg
and 20 per cent shimmed mulh powder (TsbLE 1 Diet 14) yielding2 ol
620 per cent protein was fed to young rats, the fatty liver was agn
vented Tt might be argued that 6 2 per cent of dried shunmed mulk prot
provided sufficient methionime to prevent the fatty iver On the other
5 per cent dried skimmed muk in the maize diet (Det 16) contans abﬂ\;“
third the protemn in § per cent casein  The latter diet favored the acumt®
of fat and the former did not  Five per cent casein contains mote meﬂ““‘:
than does S per cent dried skimmed milk  Yet the dried shimmed yolk 5%
effective m preventing the fatty liver mduced bv a predommanl]y maue .
It should not be forgotten however that, whereas casemn 1s & Pure PI”
dried shimmed mulk contamns n additton to some protemns, other ¢t
which constitute approuimately 69 per cent of the dried skimmed m! .
other factors were apparently as mmportant as the small amount of prot
n presenting hepatic damage It 1s imperatnve to stress the fact that :
shimmed milk. or even whole milk cannot be regarded as consisting 0%
protems however efficient dried shunmed milk may be m treatmg m“’““"’;
infants 1n Uganda [Dean 1952 Trowell et al (1952), Editonal {Bribsh .
J,1952)]  Since we have already indicated that the omisson of salts m‘
matze diet can prevent the fatty Iver (compare Diets 9 and 10} 1t fu]lo\vs‘
explanations of the complex chemmcal processes underlymng the product®
the fatty Iner in terms of single factors are untenable

T'rom these seemungly paradovical observations 1t 15 evident that as
re v T . fw

+rients ©
The
settmf
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. L e e

~ e lo

sty aug e
ronstellation promoung hcpnuc ste:tnsxs (commm Diets 10 and 11 with Diets
el ab am af b fatts shanne e thars

pected 1 nutntional invesigations  ‘Thus, the addiuon of 10 per cent tood
yeast o potato starch results m 93 per cent madence of hepatic necrosis
soung rats, whereas 10 per cent food yeast and 90 per cent maze meal s -
\amably assocated with severe deformuty of the bones  Obviously, the food

yeast maze camb provohes the patholomeal changes in the rats by v irtue
IR v ~ £ Cain T athan vnele emage
- de

By devoung exclusive attention to the debeiencies of maize, the peculiar
properties of the constituents of mauze are quite naturally overlooked Ttis
common hnowledge that zemn, the maim protemn of maize, contains hardly any
ysine and practically no tryplophane  Protemns which contam considerable
-
published iformation, the unbalanced amine gcid content of mawve 1s less well
appreciated  Six amuno aads namely glutamic acid, tyrosine, phenylalanue,
proline, lencine, and wsoleucine account for 78 per cent of the total amino acids
m zemn  In this connection, too, 1t mught be added that 62 per cent of the
smino aads of ghadin of wheat are made up of glutamic aaid, protine, levane,
and 1soleucine. This disproportionate concentration of some amino acds
<an have scrious cansequences for the organism and, undoubtedls, can acquire
lovic properties ;n <ome dietany settings.  Seaeral imestigators have disclosed
that, 1n appropnate circumstances, feeding excessn e amounts of one amno acid
€4N excHe severe tovc reactions i experimental ammals  One need onfy refer
to the acute necrosss of the pancreas following the exnbition of excess tyrosine
Hueper and Martin, 1943)  However, cven i physiofogical concentrations,
an ammo acud such as cystne may be required in some dietary settings to pro-
dugce bemorthagic nepbritis or acute necross of the nver (Grffiths and Wade,
1939 Morcover, it has been shown that an excess of one anuno aad, such as
ghane calls for an merease i the preroyiglutamic aad i the diet 1f the
gtowth infubiting effect of Ehaine ts to be prevented (Dnnmng of of, 1949)
That 13 to say, an abnormaih hgh concentritian of an amino acid s'nrpcru
the need for particufar sitamins and other food fictors 1 amounts which are

u\u( of proportion te the requirements of the organivn subsisting on a diferent
et
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determine whether or not fat will accumulate in the hvers of
ammals  The numerous reports published durng the last decadeafford |
suppart for this belief  Without wishing to reopen the entie problemof
relation of protems to the fatty liver, we should like to mention at the s,
that our own Investigations reveal the unsettled role of protemsn
or preventing the fatty iner

From TaBLE 1, 1t 1s evident that the fatty liver develops  young nis
Diet 7 and Diet 11 In heavy werght (adult) rats, maize alone 1s effents
fatty liver producing diet  If we eamme the protem content of all thesed
(TABLE 1), 1t 15 clear that 1n our expeniments the fatty hver vas produced
protemn concentrations ranging from § 1 per cent to 15 per cent. In dee
of the maize alone (Diet 1), the fatty hver could be pres ented or cured by
adminstration of 30 mg of methionine per rat per day This latier obser
tion would seem to indicate that, esen in diets with over 15 per ceat prote
there 1s still a lack of methionme or of protemns contammg an equivaler!
that amno acd  Further confirmation would seem to be avadable o7
fact that, by increasing the casemn from 5 per cent to 20 per cent 8 that
total amounts of protems seached 29 per cent (Diet 15), the fatty bv¥f
presented

When, howexer, maize and » per cent dried shimmed milk were fed ©
(3 1elding an over all protein content of 9 1 per cent), the wer did not shov
fatty changes (rast 1, Diet 4) Sumlasly, when a diet contznny gh:
and 20 per cent skimmed milk powder (raBrE 1, Diet 14) yeldinga
620 per cent protemn was fed to young rats, the fatty fver nas agt
vented It right be argued that 6 2 per cent of dried shimmed ik P‘;
provided sufficient methiontne to prevent the fatty iver Ou the other
5 per cent dried skimmed mulk i the maze diet {Diet 16) contams about
third the protem m > per cent case:mn  The latter diet favored the acoumu?
of fat and the former did not  Frve per cent casem contains more methic
than does > per cent dried skimmed milh  Yet the dried skimmed ik 8!
effective n preventng the fatty Iner induced by a predomnantly maz®
It should not be forgotten however that, whereas casemn 1s & pur |4
dried skimmed mulh contamns m addition to some protems other f8
which constitute approximately 69 per cent of the dried shimmed milk
other factors were apparently as ymportant as the small amount of pr
n preventng hepatic damage It 15 imperatise to stress the fact hat!
shimmed milk or even shole milk cannot be regarded as consisting O
protemns howeser efficient dned skaimmed mulk may be n treating malnot?!
infants 1n Ugandz (Dean 1952 Trowell ef of (1942), Editonal (Bt
J,1952)]  Since we have already indicated that the ommssion of salts
maize diet can prevent the fatty Iner (compare Diets 9 and 10), 1t follo s
explanations of the complex chemucal processes underlying the produttt
the fatty Iner in terms of single factors are untenable

Trom these seermngly paradoxscal observations it 15 evident that 28%
case of the production of hepatic necrosis a mummum number of nutnents
be present 1n the diet to promote the accumulation of fat 1n the Iner ’
ture of the metabolism stimulated by these nutrients provides the st
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In searching for protens to supplement maize 1t 15 not only desmtles
find protem contamng sufficient amounts of lysine and tryptophare ¢
care should also be tahen not to mcrease still further the already h g ledd
glutamic acid known to be present n maze  Our expermental studieshs
led us to assert ref ly that, although a number of food factr
1s required by the organism to promote growth and differentiation the prcs
requirements of the organism for any particular food factor area functiosd &
quahty and quantity of the other constituents of the dret

In the present state of knowledge, we may affirm that generalizations b
on particular expertments about the requirements of organisms for partic
food factors are not only unjustified but can be grossly musleadg m the =-
agement of nutritional disease {Gillman and Guiltman 1951) Such geoen
zations are all the more to be condemned when they are founded on shortte
experiments or merely on the growth curves and survival of the anmals.

Equally unjustified are the assertions of Brock and Autret (192) that &
skimmed mulk 15 synonymous with protem  As mentioned above appIT
mately 30 per cent of dried skimmed milk consists of proten  We ourstht
have demonstrated that, whereas dried skimmed mulk may assist m the 5
recovery of pellagrous Infants, thus confirming the ongmal observatums
Waterlow (1948), the addition of an equivalent amount of casem had no "
beneficial effect N

The constellation of factors governing the ntegnty of the lner and nh;
tissues 1s now so great that any claim made for the efficiency of 2 part¥
factor m safeguarding the liver and other tissues can have only 2 limmted 2
pheation In approachmg the problem of human malnutrition 1t 15 ﬁif
to remember the timely obser ations of Adolph (1943), made m COB“‘:
with water metabolism “No sign from heaven 1s likely to powt out on¢
that unlocks the elementary activities The theory that & smgle 3"":
exists for a physiclogical activity does not appear now to be substantist
Moreover, there 15 no means of recognizing a regulator even 1f examin’ !
specific volley of nerve mpulses or an 1solatable extract are poSSibk lmh’
the cham or elements 1n a complex  Repeatedly 1t 1s found that masy !
vary simultaneously, each one 15 as central as any other and only by ¢
venience of thought is one exalted above another

References
Aporer E F 1943 Physiological Regulatio ues Cattel Press
frmooee A 198 cln ll’mcgECap! By 33 o 22
ABLET ORMET 1937 Bull acad méd (Pans) 117
Brock J F & M AUTRET 1952 Kwash orkor SnAInr_!- World Health Orgas®
Monograph Senies _ (8) _Geneva
Cramrovy G R & W E A KAxomaRATNE 1936 ] Path Bact 42 )
Cumzorr T L C L Convor &G R Brserp 1938 Am J Path 14 101 o
Caszorr I L T Guuwn C Enreuan I F Rrvestaer, & F L Reromes?

Deav R F A, 1952 Brt Med ] 791
Doz I 1 ioat eme Al § ey .
e CMiCHATL, &S P V Smestock. 1943 Lancet 2
y Duoome ]S CK Keiw DL Dav &] R Teornm 1949 Proe Soc. Bt



Waterlow & Patrich. Enzyme Activaty 51

besng must be accepted.  When we use the word “actiity” m this paper, we
mean activity 1n rifra under stated conditions

1In theory, there are sexeral ways in which enzyme activity or concentration
might be affected by dietany defiaency  Since enzymes ate proteins and,
therefore, precumably in a state of rapud turmover, the rate of renewat of the
enzyme molecule may be reduced if the supply of dietary protem 1s madequate
There s indeed, ample experimental evidence that deficiency of protem or of
single amino saids can cause changes 1 the enzymatic pattern of the ceff,
some enzymes beng reduced, other sclecinely presened ®¥  Although no
clear picture with phy siological meaning has yet emerged from this work, 1t
reasonable to suppose that 1n man as m animals dictary deficency may cause

qualitatine changes, if not actual in the y of
the celt

Another posuible effect of malnutrition on enzymesis a hind of disuse atrophs
Potter, the purpose and of enzyme assays, wrote “The

determination of the amount of enzyme in a cell woul L have no value whatever,
were 1t not for the fact that the amount of an enzyme 13 probably closely e
fated to the extent of s use™ He was considering the enzvme pattern
relation to cell growth and specsalized funcuion 1y 13 only a short step from
this wdea to the possibihity of a foss of enzyme from fach of substrate, the con
verse of the adaptive enzyme formation that 1s known to occur inbactena, and
of which there seem to be some examples in mammalian tisues? M If such
a process does occur, the effects of protein deficiency should be most apparent
n those tissues which are most active i the formation or metabolism of pro-
tein It 13 perhaps, more than 1 comadence that in hwashiorhor where
protem defiency plays a promment part the chimeal and pathological evt
dence shows that the organs most affected are those whch are hnown on physt
clogical grounds and from isotope work to bave the highest proten turnover
namefy pancreas liver and gut It 1s clear that f the synthetic mechamsms
ate damaged, erther from lack of components or fram disuse, the condition must
become progressively more difficult to reverse  This may explam why euch a
fong time 1s sometimes needed to restore the matnourished body to normal
Not only do the bulding blocks have to be cupplied, but the syntheue ma
«hinery maust tself be rebuilt

Fmily enzvme actinity may alwo be affected by shortage of essentual co-
factors™ ¥ This point needs no elaboration  In this connection howener,
the work of Jacquot™ recemphasizes the difficulty of making deductians about
the brhaviar of the whole ammal from the results of expenments i titro
e has shown that, even m fatil pundown of biotin deficiency  there 15 no
change in over all nitrogen metabaolism or in the output of uren in the urine

The<s are rome af the speculations underhying this work Tt 15 clear that
aven il hanges W mIyIIe AT 31T foamd e teTpreation Wil oo e
easy

Matenal and Methods

All this work has been done on mfants between the ages of six mwonths ani
two yeats. The plan of imvestization was simple  As oon as pussible after



ENZYME ACTIVITY IN FATTY LIVERS IN HUMAN INFAXTY

ByJ C Waterlow and § J Patnck
Vedscal Research Council, London England, and Depariment of Phynalogy, Lm arsir Gz
of the West Indses, B T

This paper 15 an account of work i progress, presented i the hope tha 1
may gne some clue to fruttful hnes of attack m the future  Moreover, 22
the work 15 1n a provisional stage, we shall perhaps be forgss en if moreatteniw
than usual 15 gnen to objectnes and methods, rather than to actual resls

Our studies on the activity of enzymes in the human Iner are based on
very stmple 1dea that if, m man as n ammals, structural damage to thelit
can be caused by dietary means, that damage should be preceded by 3=
abolic change or biochemical lesion  If a proper perspective 1s to be kCPt‘x E.D:
&
tt
tr
Tuludy, tueleluze, De IELMIMATe L0 TEZATU IVET INJULY NoLdsdtouarps &
butasa particular example of the effect of an adverse environment o glandik
organs throughout the body  This aspect has been very hittle studied £
rat  Secondly, 1 the case of the Inver, although the broad sumilanties 8
suggestive, there 1s not an exact correspondence between the types of ¢
produced experimentally m the rat and those found clmically m 3t R
I er n man differs from 1ts analogue m the rat both m pathology and mfﬁWs
to treatment In man, the fat is penpheral}! n the rat, central? Ths
ference 1s surely not without sigmficance In man, a high prote diet 1‘,
particularly milk, seems to be more effects e 1n removing fat than euther choll
or methionme? Again although human diets 1 many parts of the ¥
are low n sulphur amino acids, there 1s no good evidence that massive pea?
of purely dietary ongin occuts m man  On the other hand, som® types
lner damage m association with malnutrition ot a low protem sntake
which as yet there 1s no experimental analogue, have been described B.5
These mclude pigment cirrhosis in South Africa ¢ infantile cirthosis M In
and serous hepatosis in Jamarca ® For these reasons ne must be uuuous‘
applyng to man the results of animal expertments, a conclusion that 5
ported by some of the biochemcal data reported mn this paper

Few people however would now deny that there 15 such 2
tional Iner mjury m man  In the search for what the Giltmans” have &
the “altered metabolic regulations” underlymg the structural chang®
seemed best to concentrate on the dynamc aspects rather than t© m"f
the levels or concentrations of metabolites 1n the tissue The study o
zyme actnity promised to be a useful tool, more sensitne than b class!
Iinver function tests and going nearer to the root of the problem Thm?
well be, of course a great dfference between the activity of an enzyme meast
1 tilro under standardized and artificial condipions and the actiiy %
natural environment in the bodv  In the former case, we are measurng ®
1t can be made to do not what 1t actually does This hmmtation for th°*

750
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being must be accepted. When we use the word “activity’ 1n this paper, ne
mean actvity 17 nifro under stated conditions
- v v,

sngle ammo atids can cause changes m the enzymatic pattern of the celf,
some enzymes being teduced, other selectnely preserved™? Although no
clear picture with phy siological meaning has y et emerged from this work, rt1s
reasonable to cuppose that, 1 man as in ammals, dietars defiaency may cause
qualitatne changes, if not actual disruption, m the enzymatic machinery of
the cell

Another possible effect of malnutntion on enzymes1s a kind of duuse atrophy
Pottes ™ discussing the purpose and justification of enzyme assays wrote “The
determimation of the amount of epzyme n a cell would have no vatue whatever,
were it not for the fact that the amount of an enzyme 15 probably closely re
lated to the ettent of its use' He was considering the enzyme pattern m
relanion to cell growth and <pecialzed function It 1s only a <hort step from
this 1dez to the possibility of 2 loss of enzyme from fach of substrate, the con
erse of the adapti e enzyme formation that 1s hnown to eccur inbactena, and
of which there seem to be some examples 10 mammalian tissues! ¥ If such
a process does oceur, the effects of protein deficiency should be most apparent
n those tissues which are most actne 1 the formation or metabolism of pro-
tem, Tt s perhaps, more than a comadence that n Lwashjorhor, where
protem definenty plays a promment part the chmeal and pathological evi
dence <hows that the orzans most affected are those which are known on physt
ological grounds and fram 1sotope work to have the highest protemn turnover,
namely pancreas Lver and gut It 1s clear that if the synthenc mechansms
are damaged, esther from lack of components of from dicuse, the condition must
become progressinely more difficult to reverse  This may explam why euch a
long time 15 sometimes needed to restore the mafnounshed body to normal
ot only do the bulding blocks have to be supplied but the synthetic ma
chinery must itselt be rebuilt

Fiozlly enzyme actiity may also be affected by shortage of essential co-
factors™ ® This pomt needs no elaboration. In this connection however,
the worl. of Jacquot!? re-emphasizes the difficulty of malung deductions about
the behavior of the whole ammal from the results of expenments i nfro
‘He bas shown that even m fatal pyndotm or biotin deficiency there 13 no
change m over all mtrogen metabohism or m the output of urez in the yrine

These are towe of the speculations underlying this work Tt 1 clear that
even if changes m enzyme actavity av¢ found, thew mterpretation will not be
easy

Materral and Methods

All this work has been done on mfants between the ages of six months and
o years, The plan of mvestigation was simple  As soon as possible after
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ByJ C Waterlow and § J Patnck
Vedical Research Councsl, London England, and Department of Physology, Unuerssy
of the 1t est Indies, BW I

This paper 15 an account of work 1n progress, presented m the hope t
may gne some clue to frmtful lines of attack m the future  Moreorer
the work 15 in o provisional stage, we shall perhaps be forgs en 1f moreath
than usual 15 given to obyectu es and methods, rather than to actual ret

Our studues on the actnity of enzymes in the human Iner ate based¢
very simple 1dea that 1f, 1 man as m ammals, structural dsmage to L

rat  Secondly, m the case of the Iner, although the broad suuusiu
suggestive, there 1s not an exact correspondence between the types of
produced experimentally m the rat and those found chmcally 1 m®
lsver in man differs from 1ts analogue m the rat both m pathology andme
to treatment In man, the fat 15 penpheral ! m the rat, central’ T
ference 1s surely not without significance  In man, a high prote de
particularly milk seems to be more effective in removang fat than esther ¢
or methiomne® Again although human diets m many parts of the
are low m sulphur ammo acds there 1s no good evidence that masshen
of purely dietary ongn occurs in man  On the other hand, some bl
Lver damage 1n assocation with malnutntion or a low protem n
which as yet there 1s no espenmental analogue, have been described 3
These mciude pigment crthosis 1n South Africat infantile curhosss 1
and serous hepatosis i Jamaica ¢ For these reasons we must be caut
applying to man the results of ammal experiments, a concluston that
ported by some of the biochemscal data reported n this paper

Ten people however would now deny that there 1s such a thug 35
tional liver mjury m man In the search for what the Gullmans” have
the “altered metabolic regulations’ underlying the structural chan
seemed best 1o concentrate on the dynamuc aspects, rather than fo ®
the levels or concentrations of metabolites i the tissue  The stud)
zyme activity promused to be a useful tool more sensitne than the
Iiver function tests and going nearer to the root of the problem Ther
well be, of course agreat difference betw een the actiaty of an enzym¢ e
in ritro under standardwzed and artificial conditions, and the actmty
natural environment 1n the body  In the former case, we are measuri
1t can be made to do not what 1t actually does This lunitation for tt
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so that clearly our sample may not be representatne  We have not felt 1t
Justifiable to try and get morc than one specimen at any given time  The best,
therefore, that can be done to solve this dufficulty 15 to take two separate frag-
"mm\s from the same specimen {when enough tissue 1s avarfable) and make
o . /S PCUP A

! from one lobule to another rather than from ene large area of the lner to
another  In general, such compansons have shown good agreement hetween
duplicate homogenates

The second difficulty is the basis of representation. Enzyme activity 18
usually expressed per miligram dry weght of tissue  In our matenal, dry
weight must clearly be corrected for fat, and probably for glycogen also, but
even when this 15 done, a true picture may not be obtamed  As Kosterhtz?
and others have shown, 1 malnutrition, the lnver cell loses a large proportion
of 1ts cytoplasm, although the size of the nucleus temamns anchanged A
dummubien 1 enzyme activity per cell (which, presumably, 15 what matters)
mght, therefore, be masked by an mcrease m number of cells per unit weight
| At first sight, the solution seems to be to use desoxynucleic aeid as a standard

of reference  Tn our matenal, however, this 1s open to two objectians  In the

first place, 1t 15 weii known that there 13 a fugh degree of polyplody in the hver
Although this 15 normally less marked m infants than m adults m our cases,

. oo v

3

TN,

P . ' .
. relatively true for the rat, but it 18 very far from true m man  Esen m ap-
parently normal fivers, as many as one thurd of the cells are nonepithehal cells,
and this proportion may be mcreased m the absence of any gross pathological
+ leson  It15 common m our cases to find infiltrations of lymphocytes m Iners
that are otherwise histologeally normal
Tor these reasons although we have measured the DNA content of the liner
m a number of cases, we cannot regard 1t as a satisfactory standard of refer
ence  The hest basis 15 probably protem mitrogen, provided there 1s no sig
nificant dilwtion with inert protem, such as collagen Nitrogen figures are
ot yet arailable for the cases reported in this paper, and therefore the figures
are expressed on the basis of fat free dry weight without correction for glycogen

Resuits
Of the vast number of possible enzyraes, only a few have so far been mves.
tigated These have been chosen on two cntent_thewr physiological impart
ance, and their concentration or actwaty Ve "¢ expect 10 detect changes
. - ooty  thisis approaching the
" reacon that we have
“ticularly sensi
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the baby s admussion to the hospital, biopsy of the liver was done by the tan-
pleural route The baby was then placed on 2 high proten duet, consstry
mamnly of milk, and biopsy was repeated after some four weeks Dunngis
time, most cases showed 2 marhed improvement m general condition
gamn i weight, although a few were refractory and improved mud
slowly

During the past three years we have mvestigated cases of several diffee
types In some babies the clinical picture 15 domunated by severe ne,
loss, with no specific signs, and with a liver which, histologically, shons I’E
deviation Irom normal In others there 1s a fatty Iner This isun
accompanted by edema, with low concentrations in the plasma of total prte
alburmn, and choline esterase  These cases may well be regarded as exsmp
of kwashiorkor, although the charactenstic lestons of shin and mucosae seecet
be less common m Jamaica than in some parts of Africa  Yet other cxsst
form o the clinical and pathological prcture of <erous hepatosis as deserl
by Hill * In these, there is well marhed hepatocellular degeneration 1!
Iner In general, however, ne have avoided cases with evidence of advan
Iner damage, as the mterpretation of the findmgs 1s ikely to be etre®
difficult, and our mam 1nterest 1s 1n the detection of eatly changes

In the present paper we have confined oursehes to cases with fatty In
Even m such a restricted group, honever, no two patents are exactlv al
Until much more matenal has been accamulated, 1t 15 not possible to &
them as a group, to average the results, and to evaluate them statisticalld
1n the laboratory Ve have thought 1t best, thescfore, smply to des™®
few representatne cases which illustrate the results obtamed so far
of the danger of bias wherent 1n such a method A further dufficulty ‘5;
of obtaming control matenal from completely normal chldren The
that we have been able to do 15 to use each case as 1ts own control, Comp’
the results before and after treatment

Details of the methods of handling the tissue and of the techniques ¥
for the enzyme assays are ¢ . atr ¢ mE
ments have been done by
and Holter?® This, m cor
1t posstble to do duplicate assay s of six or seven different enzyme 53«
gether with estimations of fat, protem, and nuclerc acids, on some 3mg
wetght) of lner  This amount of tissue 15 large compared with that v
some worhers®  For the present problem, however, there 15 10 advantagt
further scaling down the amount of Iner used On the other hand aliber
more than 3 mg 1s often available, 1t 15 unwise to count on more than 'h:&\s
mfants 1t 15 not possible to msert the biopsy needle as deeply as I ad 1t
that the pieces of tissue obtamed are small ~ We also regard it as essentss!
at least half and 1if possible more should be put aside for Justological €@
nation

Before going on to the results 1t 15 necessary to consider th0 tech?
points of some importance  The first s the question of sampling €rTo" In
mg of tissue represents only about 1/150,000 of the neight of the whole

{fr
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0 that clearly vur sample may not be representatne  We have not fele 1t
justifiable to try and get more than one specimen at any given time  The best,
therefore, that can be done to solve this difficulty 15 to take two separate frag
ments from the same specunen (whm enough tissue 15 avaiable) and make
two such come from powts in the liver
Jonly a few mdl\mems apart, hul at feast they represent dhfferent lobules
The hustologrcal findmys suggest that the pathological processes with which
"weare d:a\mg are essentially duffuse  Although there 1s some vanation, 1t 1s
from one fobule to another rather than from one large area of the Iner to
another  In general, such comparisons have shown good agreement between
duplicate homogenates
The second duficulty 15 the basis of representation  Enzyme actinty 13
Tusually expressed per mubgram diy weight of tissue  In our matenal, dry
weight must clearly be corrected for fat, and probably for glycogen also but
* even when this 13 done, a true picture may not be obtamed. As Kosterhz?
and others have shown m malnutrtion, the liver cell Joses a Jarge proportion
of 1ts cytoplasm, although the size of the nucleus remains unchanged A
- dimunution m enzyme activity per cell (which presumably 1s what matters)
might, therefore be masked by an increase m number of cells per umt weight
I At first sight, the solution seems to be to use desoxynucleie acid as a standard
e v -

apparently as a response to myuty Thi fact destroys the bawc postulate,
that the DNA content per ceif 1s constant ~ Secondly 1t 15 generally assumed
waphatly by biochermists that the iver 1s a homogeneous tissue  This may be
relatively true for the rat but st 1s very far from true i man  Lven i ap-

m a number of cases we canmot regard it as a satisfactory standard of refer
ence  The best basis 18 probably protem mitrogen, provided there 15 no sig
nificant dilution with mert protéin such as collagen Nitrogen figures are
not yet avadable for the cases reported 1n this paper and therefore the figures
are expressed on the basis of fat free dry weight wathout correction for glycogen

Resulls

Of the vast wumber of possible enzymes only a few have o far been mves-
tigated  These have been chosen on two critena their physiological mport
ance and their concentration or activity Ve cannot expect to detect changes
n activity in enzymes with a Q02 of less than 1 because this 18 approachmng the
lower lomut of sensitivity of our methods It 15 for this reason that we have
vot studied xanthice oxidase an enzyme which seems to be particulasly sens:
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Tanze 1
CoMPARISON OF THE ACTIVITY 0F SoME Liver EnzyMes 1v Man oo Rar

Man* Rat
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4 50
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f
e Yus 55 1
malic, Q0 207 L
glutamc, Q05 9
Transanunase QCOf 278 L
Choline esterase, QCOz 8 i

+ Tae Sgures 1n this colursa are the average of results obtained in recovered cases
1t Female rats

tre to adverse dietary conditions,” 7 because even 1 the rat its actnitv
low and 1n man, so far, we have not been able, in prelunmnary trsls, to meass?
1t with any accuracy

Since there 1s almost no information m the Literature, the first need s mg:
some 1dea of the pattem of enzyme activity in the normal human Iner
has been said, no strictly normal control series 13 available and thereh
we use as a temporary standard of companson, or yardstich, the avers®
all the figures obtamed m recoered human cases The results for aghte
zymes, compared with those found by the same methods 1 the rat, arc 5"‘”;
m Tasie 1 The difference m actwvaty of the oudative enzymes on the cx
hand, and of transammase on the other, 15 too great to be c(p]amcd by chan
vartations of samplmg or by errors of techmque There seems to be ﬂ’“ﬁ
difference m enzyme pattern between the twa species, a differenct b
raises problems of some mnterest It 1s clearly unsound to consider eadlﬁ::
zyme m solation The presence of ong m high concentration must "
the activity of others  The low level of succmowndase must, 1t % ould setmm
a limiting factor 1n the actmity of the Krebs cycle  Transaminasts mnm“
fere with this cycle by removing or adding substrates at three stages P}""“"l
oualacetate, and a keto glutarate These substances are, as Braunstei® l;“
1t % at the metabolic crossroads, and may be mmportant Imks through ® b
the activity of one enzyme system can control or affect the raté of apo!
At present, we do not Lnow very much about these interactions, but the z":
difference that has been found between rat and man 1s at Jeast 2 stumulus
further myestigation Tt suggests that the normal metabohc paths ma}s f
haps ot be the same m the tr.o species, and supports the pomt of vie xlr!:”
put fornard, that we must not expect the effects of a given type of malnute!
to be 1denttcal "

These considerations form the background to our problem We mus!l:w
turn to the effect on activity or concentration of Iner enzymes of malnutr!
mn general and of that type, m patticular, which causes fatty mfiltration
do this, we can draw on the expenence of some 30 cases inv estigated the P
but shall present, m detail, only the results obtamed mn three pabies W“
severely fatty hners that have been studied recently (zaBLes 2, 3 2
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expressing fat as & percentag  © * * i
fat, F, 15 caltulated as a per here
$ = nonfat sohds and W = It

seems more Wummatmng to gwe the ratio F S, and this we have done m the
second hine of the tables, taking S2s 100 On thisbass, the fat content n Case
3 was some 20 times normal, whereas expressed asa percentage of the net weight,
1t was only 13 tunes normal

This degree of fatty mnfiltration represents a gross perversion of metabolism
which 15 not at all zeflected m the figures for enzyme actity  There was a
reduction in the plasma concentration of nonspeafic or pseudo choline esterase
Tt has been shown i earhier nork® ¥ that, 1 such cases, the liver esterase 1s
also reduced, roughly pars passté nith that m the plasma  Low levels of lwer
and plasma esterase are very constantly found m mainounshed mfants, but
thus does not seem to be refated in any way to the presence of absence of a fatty
hiver  Rather 1t seems to be assomated with severe weight foss and general
malnutntion Tt 15 also found, as 1s well known, when there 15 advanced strue
tural damage to the Liver, as m curhosis

The dehydrogenases show rather vanable results  To the first apsy, the
actvity of the lactic enzyme was low 1 two of the three cases shown  This,
however, 15 not a constant findmg  In three other cases with fatty lLiver, the
il levels were not low  Malie dehydrogenase on the other hand, was
present in lugher concentration m the first than 1n the second specimen  This
has been 2 rather consistent observation, not only m these, but m other cases
also ‘The same 15 true for transarminase  In 11 out of 14 cases, transamunase
actvity was higher ;m the malnoursshed than in the treated Iner It would
seem that both these enzymes ate not only very actwve, but are well presened,
even selectively preserved It would clearly be unwise m work of this hand,
to confine our mterest to enzymes shich are reduced by dietary deficiency
The fact that some particular enzymes are jealously retamed may equally be
of ugmficance  The figures for glutamic dehydrogenase actvity show much
scatter, and we have not yet been able to draw any conclusions from them

8o far, ot very mony measurements bave been made of cytochrome re
ductase actvity It 15 too soon to attach any sigmficance to the shightly low
figures found m the mtial biopsies of Cases 1 and 2 The results are included
here 1n order to demonstrate one pont only that, in Case 2, there was a fair
concentration of this flavoprotetn enzyme 1n the liver in spite of the presence
of severe signs which chmeally are attnbuted to anboflavinosis

In the case of sucainovidase, the results again are varable A very fow ac
tnaty, howeser, like that found 1 Case 3 has been observed m some other
babies who were severely malnounshed with or without fatty ver Ve can
not feel the same confidence about these results as m the case of the other en
zymnes, because on two occasions there has not been satisfactory agreement
between duphcate homogenates To admit the possibility of techmical error
or artifact need not however be entrely a confession of fasfure  Artifacts
can be significant  The mstabiity of the Krebs oy cle enzymes probably anses
from the fact that they ave parts of an arganized structure parts which cannot
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work if therr interrelationship 1s disturbed  Succinondase, although lesslabie
than the others, 1s a member of this group both functionally and structuralh
since 1t 15 found only m the mitochondnia  In the assay of such enzymes sue
some degree of organization must be preserved, we are one step nearer tocm
ditions 1 tn0 than when measurmg the activity of a soluble enzyme suchas
transarunase It 1s concewvable that the effect of malnutrition (that s, o m
adverse chemical environment t 1110) may be not to Teduce the amounts of &
zyme molecules but, 1n some way, to destroy their organization of to make it
more easly destroyed under the conditions of the 1 t1fre measuremer:tsL

particulates 1s not the same m the two spectes Histologically, both mk
chondna and basophil substance are much more sparse m the ‘human liver b
in that of the rat Thus 15 confirmed by prelimnary measurements that %
have made of the nbonuclexc acid content of the hver ™ In our cases, s
verylow The ratio of RNA to DNA was zhout 1 1, compared with aboutd !
m the rat  Because of the doubt raised by Rossiter and s colleagues® 2t
the specificity of the color methods, and because of the possibilities of artfact
ansing from working m a tropical chmate without a cold room, we have pet
poned pursuing this mvestigation further until a eritical exammation of the
methods has been completed TFor this reason, we do not present here dﬂg';
on the nucleic acid content of the fatty Iiver But the pomt has been ras
m order 1o emphasize agam the need for more basic mformation about the bt
man liver o
In conclusion, i these fatty hivers the activity of those enzymes which bt
been measured 15, on the whole, well mamtamed ~The only enzymes ®
have been found, m these and other malnoutished cases, to be reducedc;“
amount are the nonspecific cholime esterase and perhaps succmnoxidase Tb\he
changes seem, however, not to be related to the fatty Iner per 5, butto 2
general state of malnutnition of the mfant There may well be 2 conntf‘mu
between such a reduction m enzyme activity and the semt 1rreversible %
which some of these mfants seem to reach when malnutnition has been s
ciently severe or prolonged  The fatty liver ts only one element m thisp C'“’:;
and not necessanly the most mportant Although the term ‘faity hm\nn
disease™ has 1ts uses (it might be a more appropnate label for Case 1 tht
Lwashiorkor), 1t must not be used to mmply, as one of us did five yem:f;'
that the fatty liver ts the dormmnant feature on which a prognosis can be ]
This position can no longer be held  When these babies die, I all kaehlﬂt G
1t 19 not the fatty hver that kuls them, but something else which, for &2
2 better term, we can only call generahzed protem malnutntion  The ST
of this does not necessarily run hand m hand with the degree of fatty mfrt
n the liver s
Since there are many vanables m this climeal picture, the collection of “hi
that can be d d and analyzed, 15 a slow process “‘k":h’,
apologize for presentmg, m the meantime, a piecemeal account of wor
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has been done on such a small number of cases  Our justification 1s the hope
that others will pursue this path, so that knosledge ma) be gamed more
quckly

APPENDIX
Methods

The byver specimens are obtamed with a Vim Silverman necdle mserted by
the transpleural youte The nfant 15 gven paraidehyde per rectum before
hand and 2 per cent novocane 15 used to nfiltrate the shin at the poimnt of
wason  The tissue 15 transferred from the needle mto we-cold salme A

,, -

there 15 enough tissue to make duplicate homogenates, and each picce 1 werghed
on 3 quartz fibre torsion balance  The balance that we use was constructed
n the laboratory according to the prnciple illustrated by Strong®  The only
modification s that we do not fuse the fibre to the beam, which 1s extremely
Afficuit but seal 1t with a spenal Tesin {Araldne, made by Atro Research LAd,
Dutford Cambndge, England) This bas prosed very satisfactory The
zero of the balance has remawmned unchanged for 18 months  The only dis
advantage of this method 15 that 1t 1s not possible to coat the balance with
platinum by pamting with chiotoplatinic aod and flamimg in order to prevent
the accumulation of electrostatic charges  However, at the level of sensitivaty
at which we wark, and 1n the rather humid chimate of the 1sopics, ne have not
had any trouble from this source Ve have not aimed at a sensitivity greater
than 2z With 2 mg of tissue the error of weighing is still much less than the
other errors of the chemical or enzymatic measurements.

One piece, after weighing, 15 put over phosphorus pentoude to dry, and te
serghed the next day, to give the water content  This prece should 1f possible
weigh at least 1 mg | fresh weght, or 34 mg dry wesght, although the chemical
measurements can be done with less  The dried liver 15 put mto a micro
Soxhlet apparatus sumilar to that described by Kirk ¥ extracted with hot ether,
dried and weighed agan  This method of measuring fat content by duffer
ence after ether extraction gives results that are a ltde fow It 1s certamn
1hat some of the phospholipid 15 left behind  In the normal hiver, this method
gnes a fat content of about 3 per cent of the wet weight, compared wath the
accepted normal value of 5 per cent  The difference 15 consistent, however,
and 15 of ittle ymportance for our purpose since the neutral fat does seem to
be taken out quantitatnely

In the past we have used this dned defatted tissue for measutements of
nucleic acids and of protem mtrogen  The dry specimen »as homogemzed and
extracted with hot trichloracetic acd, according to the method of Schueider ?
The final volume of extract was about 30 cu mm  Tota) nuclec acids nere
measuted n the extract by ultra viclet absorption after diluting 235 times with
wates o this way, the TCA blank becomes neghpible  DNA was measured
by the diphenylamne reaction  As this reaction 15 not ery sensine i nas
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necessary to have a final volume of not more than 20 cu mm,, and ths o
volved using a rmcroscope colormeter ™ RNA was measured by diferenst
After extraction with TCA, protem nitrogen was measured in the resiueby
digestion and nesslerization

The other piece of tissue 15 used for the enzyme assays, and should wegh
not less than 2 mg e homogenuze n a volume of 20 cu mm, and amats
tissue concentration of about 10 per cent If less than this 1s used the s
curacy of measurement suffers for those enzyme systems, lihe sucizoudis,
which have a low QO:  The tissue 15 homogemzed m 1ce cold 0 83M sucree
1 a tube 2 to 3 mm 1 diameter The pestle of the homogenizer 1s madedl
glass and 15 rotated by a motor The conditions of homogemzation are ket
as standardized as possible  During homogentzation, which lasts only for®
seconds, the tube 1s beld i a large brass block previously cooled on i

Once the homogenate bas been made, 1t 15 necessary to notk quekh o
the enzymes imyestigated so far, we have not found any loss of actwity 2
nlact tissue that has been left on ice for several hours, but 1 a homoges
some enzymes do become mactiated at an apprecuble rate on stant
notably succnoudase The dehydrogenases, transaminase and o
esterase seem to be stable for many hours  Immedsately aftes the homog®
has been made ahquots are remoyed and diluted for the assays of debydro
ases and of cytochrome ¢ reductase For the former, the dilution 82
1n water, with a tissue concentration of about 5 sg percu mm. For thels
the dilution 1s made in 0 88M sucrose with 4 tissue concentration of 2b0
sg percu mm  Two sets of measurements can then be done simultaneot
one by spectrophotometnc the other by gasometric methods All the g
metric measurements have been made by the Cartesian dner techmgu
Lmnderstrgm Lang and Holter, as modified by Waterlow and Borrow,” ant
Borrow and Penney® This technique 15 sensitive, accurate, and verst
and the apparatus neede - - et
time needed to fill the di
to fill and measure more
to 60 munutes, the hmitations of fatigue make 1t difficult for one person 10
more than about 16 divers i one day

Assay Methods

Gasometrsic Al assays have been done at least n duplicate In the
mstance the conditions chosen have been those which have been \\orkfd]
for assays on rat Iner  Whenever enough time and epough tissu¢ have
available, measurements have also been made with varymng concentrat of
wlmin ter e vaee Tt e wsamred Yk e vpumim cond !
are the same for man and the rat

Succnordase  The method was that of Schneider and Potter ™

Duver fllng (FIGURE 1) Bottoms drop 05 ul of 2N NaOH  On M¢
wall 09>l of a mixture contammg cy tochrome c (Wyeth) 25 mg P
AlCI; 3 X 107\ CaCla25 X 10°M  Homogenate 1pl of sucrose hov
ate, strength about 10 per cent  To this nas added 0 25 4l of a mutur®
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ifop contammg cytochrome * Readings were made for one hour A blank
7as always run conlammg all reagents except succmatc beeause at this high
15508 the Q0: =110 2)

Transeminase  Our method 15 essentially Lbat of Ames and Elvehjem?®
n which the reaction measured 15 the formation of glutamuic and ovaloacetic
«c1ds from aspartic and o keto-gh acds  The oal 15 then decom
wsed, and the CO, output measured It was found however that actvity
vas often not linear 1 relation to the amount of tissue heing less with large
imounts The same effect nas found when the tume of meubation was vaned,
he actwity being relatively less with meubations of 15 or 20 mnutes than of
i or 10 minutes It 1s probable that this anses from the position of the equbib-
um point m this reaction, which 1s reached when about 34 of the aspartate
ind eketo-glutarate have reacted’® The effect has been reduced but nat
thromated by creasing the concentration of substrates  The strength of
the homogenate has been Lept as constant as possible and measurements have
een made in duplicate with only one strength of tissue meubated for 5 and 10
minutes For decomposing the oxaloacetate we have used a solution of
» phenslenedtamine mstead of amlue citrate  With this, evolution of €Oy
1s complete 1n zhout 5 rnutes  Anulne atrate has the disadvantage of be
ing only, so that 1t cannot be placed as a discrete drop on the diver wall

Duer fillmg (vicure 2) Lower drop GS ul of M/1 p-phenylenediamine
m N/1 HCl  Homogenale 1 xt of homogenate diluted to 2 per cent with
083M suctose  Upper drop 025 ul of a puxtare contammg aspartate 0 3%,
aketo-glutarate 037 phosphate buffer 015 M pH 74 Homogenate and
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upper drop mixed by applymng a negative pressure after equilibration. lov
drop mixed by applying a positve pressure § or 10 runutes later  COzoup
1s complete m 5 to 10 minutes

Tor the blank exactly the same filling 15 used, but the two mxtings are am
out m mmmedtate succession so that the incubation time 15 zero

Choline esterase  Duer filling 125 ul of homogenate To this 1524
durimg the filling of the diver 025 4l of 0 19M NaHCO; and 03 pl of 257
cent acetyl cholne  Gas-phase 52 per cent CO, mn oxygen  Dhvers gis
under watet by the technique of Waterlow and Borrow ¥ Readugsaretat
from 15 to 45 munutes after the moment of adding the acety! choline

Spectrophotomeinic Methods

Delrydrogenases  The lactic, malie, and glitamic dehydrogenases #
measured by following the reduction of DPN  Density measurements ¥
made at 340 mu with the Beckmann spectrophotometer The detals ot
method were kindly supphed by Dr J S Stromunger of the National Insti
of Health The amounts of tissue used for the assays were of the order
5ug for thelactic dehydrogenase, 2 ug for the malic dehy drogenase, and 50.‘
for the glutamuic dehydrogenase  The final 1 olume was, in all cases, o1th:
Results are expressed in terms of QO; This calculated from the cbsent
density changes by the use of Ohlmeyer's figure of 6270 for the molecy
extinction coefficrent of DPNH, ¥

DPN-Cylochromec Reductase This enzyme was measured by 2 ““l‘:
adaptation of the method of Brody ef al® Tn thus method the amount ¢
duced cytochrome c 1s determmed by measuring the optical density at 2201
The amount of tissue used was of the ¢
0110ml  Results are expressed as QO
observed density changes by the use of t S
lecular extinction coefficients of oxidized and reduced cytochrome ¢
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THE QUESTION OF THE RELATIVE IMPORTANCE OF PROI
AND LABILE METHYL IN THE DEVELOPMENT OF FATT
LIVER AND CIRRHOSIS IN MAN

By Bruce M Nicol*
Colonsal Medical Service Nigersa Bresssh W est Afrsca

The hypothesis that fatty liver disease and curhosis 1 xoan 1s G
nutritional deficiency has never been proved,® ¢ but many clinicians i¢
1n temperate chimates hold the view that the lesion develops i alcoholics
they cease to ingest a good muxed diet  Imy estigators working thet:
behieve that a low intake of protein 15 an important factor tn the causat
“kwashiorkor” 1o children® % 2 Trowell® has stated that anunal pt
15 particularly mmportant 1n this respect

Amimal experiments have shown that at least part of the hipotropic
of protemn 1s the resultant of the opposing wnfluences of cystine and methy
that a deficiency of cholme leads to fatty hver, and that hepatic fibrosist
from chronic interference with the utilization of methionwne *  Other nv
iterrelationships are mvolved m the production of fatty lver m 20
Cystine exerts a positne effect on the accumulation of hver fat only f
15 Jow 1n macin,” and vitanun B12 and folic acid have been shown to 1f
the metabolism of choline and methionine 8 Some evidence suggests
umdentified factors may be present m the protemn molecule which affect
fat deposition® ¥ 1 A factor, as yet umdentified, has recently been P
from casein and from certain yeasts which protects rats agamst dietary ne
liver degeneration V7 12

The present communication deals with the incdence of hepatom¢
fatty liver and curhosis i three W est African tribes and m one group of 12
sumular wealthy native traders as related to their diets and other environ®
factors

Methods and results A general description of the mvestigations carme
1n Nigeria between 1947 and 1951, and the methods used to determine ot
mtakes of Nigerian natives, have been published elsenhere 2 ¥ The 4
of the tribes were formed of all the mhabitants estimated to be over £
years of age in three small villages i the tnibal areas  The traders Iné¢
town of some size m the center of the Niger Delta  Citnical enlargeme
the Iiver was diagnosed 1f the organ was palpable two fingers below the ¢
margmn mn the mdclavicular hine, the subject lymng on his back and brea
normally  Asates and jaundice were encountered occastonally in ass0¢
with h ly, gy 1 and fe were seen 0CC2sio;
males, sprder naevi were noted m a few natives nho had pale skms and
cular wasting was a promment feature of the more advanced ¢ases
tomegaly was found at all ages but more frequently after the third det
The lesion was obseryed more often m females than 1 males, but the differ

s
* 1 am grateful to the Inspector General of Medics] Se o s on to publish
204 to Bodior Alsws Semars hanens] Tart s BT 5 TS0 DT B ¥
Belpin ts preparat on
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as not statstically sigmficant Infective hepatitis is 2 common disease

hroughout Nigena Such cases of liver enlargement were excluded from

has study

Spec\mcns oi hv:r ussue were obtamned by needie biopsy or by lapnmmmy
T e o n b Wpmasnmanal  tho prmoane ant b ctplar

. e e ' R

o - -
a the sections

‘The weidence of hepatomegaly m the four groups, together with the prevalent
sarasitic wnfestation rates, the calculated daily mtake of alcohol, and the fre-
juency of a past history of transient jaundice are shownm 7asLe 1 The con-
umption of alcohol, a habit freely mdulged by men, women, and often ¢hil-
Iren, 1 highest in the traders, 1 which group the medence of enlarged liver
s feast The total parasitic load 1s approximately equal in the three tribes,
md 1t 18 beheved that nutnitional demands made, and any hepatic damage
aused, by parasitic tovns or the parasites themselves, are hhely to be of the
ame degree 1 each tnbe  Chinical disease and pathologica) states attnbutable
1o specific parasites are seen less often than would be expected from the numbers
»f natives who carry these organisms The cadence of hepatomegaly 1s

Tastz 1
Tue TNcmrnce o FIEPATOMECALY Tir2 PRFVALENT PARASITIC Inrestatiow RaTes o
DALY ALconot. CONSTMPTION, AXD Ttk FREQUENCY O A Pass HISTORY 0F TRASIENT
JATYDICE 1 TEER W EST ArkicAx TRIRES AND 1N ONE GROU? O WEAUTY TRADERS

Trades | Dot | fokes | Datarkers
oo war | o | ey
% % * %
Incidence of hepatomegaly 3 3 19 °
asites
stosomes 1 o 2 43
E histolytica 4 8 3 3
Ankylostomes 3 96 9§ 6
Ascans 17 0 3 5
G lambha 3 4 b 13
Dracontans ¢ I 0 1
i
Toaloa 4 4 3 0
ancrofty 0 Q o 3
Splemc index (chuldren 2~10 years) 17 17 2 17
Previous hustary of tranment jaundice 3 3 6 6
L] s " ]
Alcohol consum uunﬂvera e daly witake of
Home brzvredp 5%)g i 0 Q 3
Palm wine {1 %) 120 103 50
Local spints (60-709) 20 107 13
Tmported beer (4-695 100 [ 0 9
Inported mz.\!_v {S8-"0%) o8 o b { &

¥ Rumbery exnmined cincally
J Rl susthesct devolsateohos cntent

< b umber sl fodbvidualy foumd to B carv e ol parasite o7 it ova not al uflrio fom e dsense 33
#sult of the wnfetat
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Taste 2

CaLCULATED DALY INTAKE OF NUTRIENTS OF THREE NIGERIAN TRIBES A%D 0F (NEG
or WEALTIY TRADERS

Protein
Growp (| Fet| Cho (e Thamet Rbo [npen | Y[ pet o |0

An Jveg
e [& |g [ 1y mg mg mg |mg {mg| 26
Traders S0 (348 |473)92001 1021371847120 102
Ians 68112 (39 | 379 [ 5700 { 0 30 {0 68 { 12 1 { 40| 241230
Tsokos 20|26 |43 (421 [ 7400 {069 |0 65| 89|30 [
Dakarkerns 2)85|24)595| 00)370]098)250) 34|57 B
Contribution to calor es () Composition of drets by we ght
Protein Fat |G Proten Fat b
Traders 112 258 630 131 134 u
Taws 16 16 4 690 161 78 | X
Tsokos 81 171 748 90 34 4
Dakarherrt s 73 809 123 34 | ¥

*11u of Yitamin A taken as equ valeat 1031 u of Vitamin A tn the form of carotene
No allowance made for destruction of Rutrients by cooking

least m the traders (3 per cent) and greatest m the Isoho (19 per cent;
corresponding figures for the Ijaws and Dakarkerns being 8 per cent and
cent respectisely, the difference between the rate m the Isobo and 1
other two tribal groups beng significant (P = 001) A correlation bet
hepatomegaly on the one hand and a presious history of jaundice or any
sitic infestation on the other hand was not found
Full details of the foodstuffs eaten are gnen 1n the appendic Tt
culated daily mtake of nutrients 1s given in TABLE 2 It will be seez th
amounts of ndrvidual nutnents vary widely from group to group, I
from the use of different staple foods 1 the different regions of Nigen2
traders’ diet 1s dered to be bly adeq but the three tol
ets each show grave dehciencies of one or more nutrients A low mtz
protemn, however 1s the only feature by which the Isoko diet 15 disting?
from the diets of the other two tribes The Isohos mgest 46 gm of ¥
daly, of which 20 gm 1s derived from animal sources, the Tjaws’ diet
on - ¢ Py 1 Dakarkems &

s calculated *
numerous analyses of the amino acid content of foodstuffs, choosing 28
age according to species, soil, and chimate  For these analytical data, Is
debted to Dector M Autret of the Food and Agricultural Organization
ficient data apphcable to African foodstuffs has not been found from
assess the cystine content of the diets  The results, together with the am!
of protein mitrogen mgested,* are given m Tapte 3  Comparison 1§ o
tween the essential amino acid composition of the Nigeran diets anddf
quirements of man advocated by Rose® TaBcE 3 also includes an estioy
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Tantz 3 .
Rose (1939)
Nutrleot | Taden | Bews | Tokes | Db
131 ormwn® |Allowsnce
3600 | 3600 | 3000 | 2200 | w00 | 2000
Lo
oy sl n| 2
Vegetable 3 12 26 55
e it acud (g) 6 1 S| w3 || sd | ud
1 0
scental aming sads (¢ g5 | 13 et HER RS
1 11 | 22
553? 08 | 16 53 581 27 1( 21
fethionme 11 ] 22 20 22 [ 124 13
Phenylalanine i1 ] 22 is 300 191 34
Threorne 05 | 10 34 330 181 31
Tryptopban 03 ( 05 10 g8 | a6 | 09
Vaime 08 ) 16 45 | 41| 241 45
Chahine (5 ) 092 | 065| 0e0| 065
Incidence of hepatomegaly (%5) 3 8 19 9
M n mal regu e

Y Does et Telude a0y TOTPTOReLn B 11ogen preceat 1 the foodstufs used

the choline content of the African diets, which has been made from such pub-
lished data as are avalable® 7 @ 11 Far some of the foods, the cholme and
arnwno acid contents had to be dcrwed by analogy

If Rose’s daily d, the only of
essential amino acds detectable are those of methionne d\e diets of the
traders, Isokos and Dakarkerns and of phenyalanine 1n the Iscko diet Of
the eight essential amima acids, each group mgests more than Rose’s minumal
requuements for the maimntenance of mtrogen balance m bealthy adult Amen

v v - T “en o

reason does not exist to suppose that the Dakarkern diet contams considerably
more cystme than that of the Isokos

Discussion The data presented above show that the only feature whereby
- ve A f

E

of the liver undoubtedly results from mnvasien of the organ
by parasites as m amelne hepatitis and schistasormasis and part of the total
medence of hepatomegaly in alf groups 1s due to such causes but these jesions
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are mamfested by focal necrosis and abscess formation, patchy fibrosis 2
associated regeneration of hiver tissue, not by fatty méitration and undormer
thosis A large percentage of the sections of hver from individuals suffen
from hepatomegaly m this series showed the latter picture It has b
ponted out above that the meidence of parasitic mfestations does not paral
the maxdence of hepatomegaly, and 1t 1s beheved that nutritional factorsacon
for the varying incidence of this clintcal feature 1n the tribes under conside
tion

In view of the above discusston, and as a low mtake of protem 1s theo
feature by which the Isoko can be distingwmshed from the other groups o
sidered, a further argument 1s advanced to explam the lugh 1mcidence
hepatomegaly mn this tribe namely, that some untdentufied factor, which ot
1n, or 15 assoclated with, protemn 1s involved 1 the protection of the Inerfr
fatty mfiltration and curhosts, and possibly also from the effects of paras
toxms and alcohol  The existence of such a factor has been suggested 1
1 cited m the duction to this paper  Such a factor would 2pp
to be present and active both i vegetable and anmal protem and therelc
15 unlikely to be refated to vitamin B12

Summary (1) The madence of hepatomegaly (as defined) 1 three
genan trbes and i one group of wealthy nati e traders 1s recorded toget
with a description of the diets eaten, the hustological appearance of theb
Iestons, the prevalence of parasitic mfestations, and the alcohol consumpt
of each group

(2) The mmportance of dsetary protemn 1 the etwology of the disease lsj
cussed The evidence obtamed does not support the view that lack of i
of the essential ammino acids or lack of labile methyl i the diet 15 of tmport2
m the development of fatty hiver and curhosis i the groups mvestigated-

(3) It 1s suggested that some unidentified factor, which occurs 1 assor
tion with both animal and vegetable protem, plays a part m prevenb®d
development of fatty iver and curhoss 1n man

APPENDIX
AVERAGE DALY Foop CoNsUMPTION o NIGERIAN PEASANTS AND TRAY
{AbuLTs)
Foodstul Scientific name Tradess | Taws | Tocko? j
' ¢ [
Wheat four (70%}) Tetcum volgare Host| 70 f — | —
Cultigen -
Ruce mlled Oryza sativa Linn 61 — | T
Rice home pounded Oryza sativa Linn I =l 5l-
Afasze mature yellow Zea mays Lsan () iy
Maze mpmature 0| - 76
Guinea corn Sorghum vulgare Linn - —| Zin
) Bulrushm llet Peustum  fyphowdeum |~ |~ -
1] -
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ArpENoX (contsnucd)
AvERAGE DALLY Foop CoNSTMPTION (cvnlmuad)
Foodstulf ¢ entific pamE Traders s | Isokos Daks
s 1 s 1]
ssava ‘Manibot unhssma Pohl
four o |18 | U3 S
starch 102 2 | 11z | —
“fufu’ pedll IR IR Wt
fresh tuber TR N
am Dioseorea sativa Laon a0 | &l 68|
ocoyam Chocama  antquorvm | =~ 2] —1 4
Schott
Laffir potato Plectanthus €p D I B I L
Sastain green use paradss ca i Tl el ul—o
3anana Musa sapientium Lind nt =1 -1
Sneet potato pomoea batatas Lina 2l ol =15
Cow Vigna smenss Tl -] Bl
Tak frat Y e mteger Merr | T =
Groundnuts ‘Arachus hypogaea Lian o —
Tocust bean cabe Parkaa flicondea Welw - = 1
Tumplan seed Cucurbita $pp 3| — -
Coconut kernel Cocos nucdera Linn 2 — =
Ol bean kernel I’egtaduhn ,crophylt] — |~ s
Dika nut kemnel oo g gabonepsn Ball | 1} Y P
Koia nat hernel ¥ola accuminata Scbott 3 1 1]t
& Endl
e nut husk Buty rospermum parkit R R R
hea nut o1l - - - 1
mions Allwam ceps Linnt Al - =1
jhra fresh e e cudentus Lana | 6 | T -1 2
Jura dried S Z) =4t
ted sorred fresh, hibiscus sabdanda i e
Red sorrel dred I

Sreen leaves
Peppers
wed
ry,
fresh
green fresh
Baobab leaf fresh

Baobab frutt
Tomato fresh
Avocado peat
Mango
Taura

Guava
Paapaw

Qrange
Custard a7}
Pt
Beef
Autton

Corchorus spp amazanths!

5
Capsicum frutescens B)

e
estuary and Tver

ind other

3

2

5

Adansona &ptata B |~
Juss

Lycoperscsm esculentus | 4

Persa smericana Mill 26

Mangiera ndica Linn 20

Detarum sencgalense —_
Gmel

Psidnim guajava Lioa 4

Canca papaya Linn 12

Citrus sinensis sp 10

Annona reticulata Linn 7

28

62

96

12 |

o

1

fowe

el

lel

1w BV1w
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ArPENDIX (confinued)
AVEBAGE DA1LY Foop Consusprioy (conhinued)
Foodstuff Scientsfic pame Traders| Lam
3 14
Pork, fat 16 -
ont - -
Monkey, dried Various species -1 -
Rat meat Cricetomys gambianus - -
Rat meat Thryonomys swinderanus|  ~— -
Pangolia Mamis longicaudata - -
Porcupine Atherurus afncanus - -
Frogs' legs Rana mascarenensis - -
Alrican spail Archachatina sp 3 -
Palm weevils Rhyncophorus phoenicis 1 -
Snake meat VATIOUS species - =
Sheimps, dry 2 1
Pranns, fresh - 4
Oysters, local — 7
Aver 4 -
Eggs 10 -
Caterpillars — —
Sugar cane stem Saccharum  officnarum | 26 4§
ann
Palm o1l from Elaeis gumeensis | 36 21
Jacq
Marganne, imported 51 —
Jam, importe: 8 -
Sardines, tinned 3 -
Allk
sweetened condensed 5 -
evaporated 28] —
local, sour -~ =
Palm wine (m)} from Llacis gumeensis and] 120 | 102
bra vinsfera
Natwve beer (ml ) from sorghum vulgare and| — | —
penisetum
“Tlhat gin” (m! ) 20 | w
Gun, tmported {ml) 26 -
Whiskey (ml) 23 -
Brandy (ml 3 -
Beer, imported (m] ) 0w | —
T S -
3 —
Nut (Uxhobo “ewoie’) - 1
Natrve salt 4 4
Tmported salt 10 1

Beock, J I

Cuatrierp, C

Davinson, C § &
Fyeer, R W

Vo B N

Geneva
Craxwow, H [, G T Mrus &A P Prarr
103

Washington, D €
G ] Gapuzpa
1943 ] Nutrition 25. 44
FrercuEr, J P, C H Bes:
Jukes, T H 1931
Kocs Weser D & H Porrer
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RELATIVE EFTECTS O PROTEIN AND LIPOTROPIC SUBSTAR
IN THE TREATMENT OF NUTRITIONAL
CIRRHOSIS IN RATS*

By Arthur J Patek, Jr, Inin C Plough, and Margaret Bevans

College of Physscsans and Surgeons, Columbis Umieersify, Dew York Walter Reed Brd
T ashington, D C , Gold aler Memorial Hosputol, hew Yok

It 15 established that rats fed diets low 1n protem and deficent m!
substances develop fatty changes and crrhosis of the Iver It has sbo
shown that the addition of cholme and methionipe to these dicts prvent
development of the lesions  Fewer studses have dealt with the treatme
mutntional cirrhosts once 1t 1s fully developed

The first reports on treatment of detary cirrhosis in the rat wer the
Lowry, Daft, Sebrell, Ashburn, and Lithe? * After producng crrho
weanhng rats with a diet contaming 4 per cent casem, Iner biopsies ren
formed, after which the amimals were placed in tno therapeutic grovy
recerving the basal diet plus 40 mgm of cholne daily, the other receth
figh casemn diet contammg either 30 or 50 per cent casem  Ina short
study, animals were swenficed at intervals up to 42 daysand, 1 2 longer
study, at mienals up to one yew Companson was made sith
biopsies In both groups, the addition of chole to the basal diet an
change to a higher casemn det brought about disappearance of fat g
t1on of Iiver cells, but no apparent decrease in the amount of connective [3

Sellers, Lucas, and Best? tested varous dietary regumens on youss
rats with curhosis of the Iner mduced by carbon tetrachlonde poss
After a moderate degree of cirthosts was produced, a representatie samp
sacnficed for control studies, the remamder bewng placed on the test a
12 10 13 weeks  In these experiments, the addstion of cholme, of mﬁh‘f
or an ncreased proportion of casemn brought about disappearanct ¢ &
generation of Iner cells, and loss of connective tissue 2s well These !
seemed to be equally effectne It was concluded, therefore, that the
twve effects were attributable largely to lipotrap t

In a more recent report by Gyorgy and Geldblatt,* employmng # targ®
of rats doubt was thrown on the effectiveness of lipotropic substances
particularly m advanced stages of the disease  Because of the hagh w0
nvolved, biopsy technique was abandoned, and their obsenations were
largely upon sampling aiter 75 to 150 days of treatment In those 3
with moderate degrees of curhosis Jtpotropic substances seemed 10 €
curative effect, whereas in more advanced curthosis, the addizon of thes
stances to the basal diet was much less effectie  Best results were ob
by @ combmation of casemn and liver extract

The problem was re eximuned because of the divergent resulls Int
peruments to be descnbed nutrttional cirrhosis was produced 1 the 52
duet patterned after that of Daft, Sebrell, and Lilhe *  An attempt was™

N 'P":;s;rl:n b8 been grasted by the Journal of Experunental Med cine ta repriat zases 1 3 3

} w2



Patek et al - Effects of Protein 3

e 1 awasl fau 63 . oy protern and of hpotropic factors separately and
-ease process These studies suggest that tugh
uative effects greater than those attributable to

cholune and methionine

P g D

and biopsy technique, despite the attendant mortality
Mlmmdm %o = £ e e a3 .

alic wukly Suppitiments UL PRILONIVLEL Ol duU alptia tocophero!  Lhe
. amimals were permitted to feed ad hdium
‘The plan of the expenment 13 shown 1 TABLE 2 Cholne was mired with
the diet m 2 proportion of 05 per cent  The average daily consumption pet
rat was 40 mgm of choline  Methiomne was added at a level of 0 8 per cent
The average daily consumption per rat was 64 mgm  This was estimated to
, be equivalent to the methionine content of the 30 per cent casem deet
Results  The calone mtzke was essentiaily the same for those on the 4 per
" cent and 30 per cent casemn dhets, hut their rates of growth vaned markedly,

CoaposiTivy or ExperueNraL Digrs

‘Low-pratein Tigh protein
e send Yo cent
' Vitamn fres casein 49 Viseun free casem 00
Lecystioe Lecystine 5
Wesson ol 95 | Wmen 50
Sait misture 30§ Satt mustare 30
Carn starch 87 5 | Corn starch 615
)
TABLE 2
PLaN OF EXPERIMENT
Grovp Bo Fotepenod (16-19 wks.} ‘Treatment penod (15 19 wka )
1 | 4 per cent cusem diet Bopsy 4 per cent caten dit + choline
+ met!
2 | 4pes contcasem diet Bopy  Hpercent s di & cholsze
3 | 4petcent easem duet Bopsy 30 per cent s diet
3| dpercent cosom Gt contro) | Buopsy & per cent chsrn due
§ |40 per cont cascn it (eontrol) | Biopay 0 per et casen ‘Gt + chotine
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those on the 30 per cent casem dhets shonmg a sharp acceleration of gror
Unexpl- =1 '
30 per ¢
unsatur
dermatitis was but partially arrested  Of 143 rats employed, 69 died g
the foreperiod  In this early stage, death was due chefly to bemo.
cortical degeneration of the hidneys, presumably from choline deficenry
others died within one week of the diagnostic biopsy  There remamed 01
switable for testing vanous therapeutic dets
During the period of treatment, there was a sharp reduction m death ¢
all groups, once the animals survived a entical pesiod of about two neeks. 1
death rate was higher 1n those fed the 4 per cent casem diet supplemented
chofine and methionine than 1n those fed 30 per cent casein dets
Companson was made of histologic sections obtamed at the tune of biﬂi
and at autopsy  Only those specimens were compared m which animas
cenved treatment for at least 10 weeks  Sixty animals satisfied this cateno
‘The results are shown i Tape 3 The tabulation 1s restricted to fath
filtration and changes m connective tissue, since other changes are &iffeslt
compare n a quantitatne fashion Certam trends seem evident. Fi

PRSCIEDE

per cent casemn, with or without added chohne  Fibrosts appeared to m"i
i rats on the 4 per cent casemn diet, despite the addition of cholne and met
omne  In contrast, those rats whose diets were changed from 4 to 30 P“;:
casemn showed either moderate regression (group 2) or arrest (group 3 ¢
process  In this small group, 1t 15 doubtful whether the differences betv

Taste 3 140

HIsTOLOGIC APPEARANCE OF LivER As DETERMINED 7oR SPECIMENS AT BIOFS

Avropsy*
- Fatty whltration | Comertvetss!
s S

Blopsy | Autopsy | Biowy A7
—_——— e e | -———e| | )
t |4 per cent casan + cho- | Absent ° 4 T
line + methiomne (18 | Mimmal 310 By
tats) Abundant 15 4 H 1
2§ 30 per cent casein + cho- | Absent 2 10 7
line (21 ratg) Munimal 8 nof gy
Abundant 1 0 [N
3 (30 per cont casen slone | Absent 0 Tl ob e
(12 rats) Minimal 3 4 5 H
Abundant 9 1 Ple
4 |4 per cent casein control | Absent 0 0 0
(4 rats) Minimal 0 [ !
Abundant 1 4 H
S | 30 per cent casen control | Absent H 5 [
Er Afunimal 0 ol i
Abundant o [ -

s
* Ounly thote specimens are compared t which anumals yeceryed Qetary treatment for 10 oF RO
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amino acd composmun of casem  Such amuno acid mixtures appeared to be
as eflective 1n promoting repair of the hiver as any of the diets employed above

Evaluation of results 1 always difficult, and comparison with other studies
15 hazardous because of dufferent experimental canditions  ‘There are several
possible exy Possibly d i the 30 per cent casem
diet 18 more effectively utilized than when it 15 added as a supplement to the
low casein diet Possibly other ammo acds play a r8le m the reparative

process
In within the cond of these exp the slud:es suggest
6 fln fardmn nf o e b m mm 2 e Gt e G pate w foremanl
. . . . . - .t
. Lo f . PR
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Discussson of the Paper

Doctor P Gyorey, Prutapeieiua It 1s too much to ask to expect identical
results with benefical prophylactic measures m the therapy of the same condt
tion, such as cuthosis In prophylactic expenuments, the efiective factors
should and will prevent the development of the major speaific metabohe and
anatomical changes  Therapeutic efforts, on the other hand, have to deal with
the arrest or even regression of already exssting metabohic and anatomical
disturbances  For mstance, m the case of curhosis, the progress of fibrosis
has to be checked or even r:versed n nrldmon 10 the repair of all other con
current pathol in arrhosss, not only the
Iner but often other organs as welt, sud\ as the ladney and endocrine organs,
among the latter especially the gonads, are found to be imohved in the over al}
disease  In decompensated Inver disease, ngh protem diet may even be 1n
Junous Just as exercise may be harmful in decompensated heart disease  Pro-
tem, or hpotropic substances may be beneficial n the further progression of
the disense anel pachans . the recnvery stage




PROTEIN METABOLISM IN PATIENTS WITH CIRRHOSS
OF THE LIVER*

By George ] Gabuzda, Jr t and Charles S Dawidson
Thorndske Memorsal Laboratory, Second ond Fourth Medscal Sermces (Barsrd) Bods(v
Hosprtal and Department of Medwsne Harvard Medical Schoot Bosien Hosr

The pathogenesis of hepatic crrhosts ts, In some measure, related to pri
malnutnition  Contranwise, established liver disease may affect pur
mcludimg the metabe - £
obseniations relatmng
thosis of the Iner  ~
cerning this aspect of nutrition 1 Inver disease, and a presentation of daten
previously reported The presentation of data denved primanly fiom
laboratory 1s done with a full realization of the valuable contributions cfet
many of which have been ated m previous publications

The data presented were obtained from the study of patients
the Thorndike Metabolic W ard where specialized dietary and nursing
are avallable  All of the patients studied had advanced cirrhosis of the

d with chronic alcohol and an madequate dietary mtahe
presented obvious clical and laboratory evidence of p:!rt?ﬂl'-h)”m-”“)"5Es
disease 1n varymg stages of activity and chromaty In many stand
clinical diagnosis was confirmed by needle biopsy of the hiver, or 3t “em

All of the patients were allowed ad hbuum ambulation on the wa e
bemng confined strictly to bed. None presented chmeal or hbmmmm
dence of cardiac or renal disease, nor was any study complicated b}’“i“ -
diarrhea, gastromtestmal bleeding or febrile illness  Although aorse’
be 2 promument symptom of liver disease, thus factor does not wfuenct ot
tabolic data presented smce the patients were mamntaimed on constant s
of food as indicated  The methods of metabolic study, the various analy Y
procedures, and the cimical Iaboratory tests mvolved have been desent

revious publications i
v Consldle)ratmn of the effect of well established cuthosis of the In!';ng
the metabolism of protem 1s presented m the followmg sequen® o b
tabolism of dietary protemn, (2) the utihzation and excretion of ammt; o
(3) the untoward consequences of the admmustration of ceriat ﬂ“] e
substances, and (4) finally an evaluatton of these data as they’ apply
dietary management of patients with this disease

1 Proletn !
yad
That digestion and absorption of ingested protetn 15 normal & Pﬂ‘ﬂm s
arrhosis of the hver 1s indicated m FIGURE 1, which demonstmleso e
nitrogen excretion 1s not increased above normal over a rangemv o
mtakes of from 0 to 100 gm daily For example the patients mnges! ’a
€ 2
. Estigat o red Disease. Armed Foroes €204
G R e e g e R R
‘and"a part from Mer. ny Rah
1 "N eleb Fellom I Tateraal Bedic ne of the Nat onal Rescareh Cownt 1 -
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Sevels of dictary protess soiake

]
of protem daily escreted fsom 07 to 14 gm of fecal nitrogen daily the normal
subjects from 05101 6 gm daily ranges of values whuch ate comparable in the
tiogroups The analyses of feces fot nitrogen were made on from one to five
PO « v

of absorption and metabohsm of protem tn severe cuthosts '

During stud es designed primanly to elucidate the role of d etary factors on
the cautse of currhosis? 7 the urmary ntrogen excretion was determimed durmg
periods in which patients ingested food providing calonies but essentially devord
of protein mitrogen The mmmal unmary mitrogen excreted under these
circumstances provided evilence concerning the rate of breakdown of en
dogenous protemn  These data are presented 1w TaBLE | Three of the pa
tients were gaven diets contammg 0 7 to 21 g of mtrogen and provid ng 2300
to 3500 calortes daily as catbohydrate and fat  These patients excreted from
23 gm to 47 gm of urnary mtrogen duly  Stool mitrogen excretion was
ahout 06 gm. dally Tour other patients recening 1600 calones as glucose
salution orafly and from 02 to 03 gm of mitrogen dails excreted 21 to 41
gm of urmary nitrogen dady  These values for urmary nitrogen excretion
under conditions of minmal mitrogen intake mdicate that the catabolsm of
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TABLE
Creritosts OF LIvER Mrervar NrrroGEN Fxexsrioy

o~ N trogen gm per day faversge)
Patfent Days of study | Calomes daly
Isake | Unoe
IS 7 3500* 21 47
MPD 1 2500¢ 03 27
FC 13 2500% 071 23
}l M 10 1600** 037 29
1C 4 1600** 027 21
s§cC 5 1600** 0 3% 25
ws 5 1600 00 41

33t and carbotydrate
ucose
It'n: 0 trogen conta ned n chol ne chlor de g ¢n orslly dur ng days 3 to 30 Inchusive 1 el
value
¢ Th s 1 trogen was coata ned fa chol ne d hydsogen ¢ trate ¢ ven orally daly
1 Bst mated

“endogenous ’ mitrogen was not accelerated  Further, the mgcsr.longm
grams of glucose (20 per cent solution m water or in salne) provded s
calories to prevent the utilization of significant quantities of nutrogen
the energy requirement under the conditions of the study o
The data to follow. concern the utilzation of dietary protem by patiest
cirthosis of the liver  Although many studes mdicate that panenls?“

can be attamed with moderate mtakes of dietary protem SUES®> > ““)“ oA
patents are able to uulize dietary protemn and that they a1¢ protel ;pm
All patients mgesting four grams or Jess of nitrogen daily are 1 ngz‘\“ e
gen balance Al patients recetving 12 gm or more of nitrogt® & di 5, &
positive nitrogen balance  Most patients given 8 gm of nitrogen A\ ;3,
m positive mtrogen balance It might therefore be consewatm)’m
that most patients with cirrhosts uncemphieated by other disease W! :«u
utrogen balance #f provided with daily diets contamning 12 gm © i e
gm of protemn) and adequate calories  These data indicate that even o
ceptional patients with the highest requirement for protetn wouldfﬂ\:;w
nitrogen equbbrium if gnen about 9 gm of mirogen daily (56gm © v
although most patients require less than this amount palat
That protein mtakes of 75 gm daily will mantam positive mtroged et
\ m patients with severe Iner disease 1s further ndicated by mtroze?
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data obtamed by the study of 16 additional patients with astites who were
gven diets providing adequate calonies and mimunal mtakes of sodium for
study periods of from 15 to 30 days each A summary of the data obtmined
from these studies 1s presented m TaBLE 2 Nitropen balances n this group of
patients ranged from 4-1 6 to +6 8 gm daily, and averaged +38 gm. dmly,
none being 1n negative bajance under the conditions of study  Thus, the pro
tein requirement of these patients for the maunamance of mtrogen equilibrium
or positine mtrogen balance may be greater than for normal mdmduals but
18 fow enough to msure positn € mitrogen balance when 75 gm (or even 56 gm )
of protem s given dadly when adequate calories are also provided  “High”
protein wntakes were not necessary to achieve a positive balance

The data presented do not mdicate that there 15 maximally eficient utiliza
tion of dietary protemn by patients with liver disease  Compansen of these
patients to equally undernounshed mdwiduals without hver disease with re
gard to the efficiency of utiization of protein anaits some means of adequately
evaluatmg an mdividual’s state of protein nutriion  Our chintcal smpression
has been that, nuttitonally 1t 1s more difficult to rehabilitate patients with
chrome curthosts of the hver than patents wha are underoursshed due to
starvation  The problem, however has been approached m another manner
Setected patients with evidence of severe active hver disease were mamtamed
on constants diets, and unnary nitrogen excretion was followed for 40 to S0
days dunag which progressne improvement, as judged chmcally and by
fabaratory tests, was mamfest A progressive decrease 1n the unnary exere
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TaBre 2
NITROGEN BALANCE SIxteEN PATIENTS Witht Crrentosts wite Ascres, 1530 Dan St
PER PATIENT, 2500-3500 CALORIES PER DAY

X trogen m pec day

Det ' Unae Stool Bdua
Range 10 8-13 8 4589 1015 +1 643
Average 123 75 10 +33

tion of mitrogen was evident The data obtained from the study of tmop
tients 1 this mwanner are presented in F1GURE 3 These studes suggest st
defect m the utilization of dietary protem m the presence of actn ¢ diseser
a more effictent utilization with ymprovement

2 Amno Acids

The plasma concentration and the daily urinaty excretion of af‘phlmy
mitrogen were normal (TABLE 3), and the quantity of each of the ten® esseats:
amuno acids excreted 1 the urme by patients with currhoss of the hmhk
been found not to differ markedly from that observed i normal mdmd!:;
mamtained on comparable diets$ # The most marhed deviations from
normal noted were an increased excretion of methionme and of u')‘meh“ et
a decrensed excretion of 1solencine  The wmnereased excretion of thest {0¥
sential amino acids was not considered to be nutritionally hmuting nof tost
the patients’ requirements for them This 15 substantiated by the f“ﬂ"x‘_
deetary supplements of methtonine (and choline) to enhance mtroge? b
i patients with hepatic cirrhosis ¢ However, the falure to obsene §=
deviations from the normal pattern of unnary ammo acid excretion "
mply that the mtermediary metabohsm of each of the amino 2ads 1 et
normal

In order to define further any abnormality i the urinary excretion Omj
2ads by patients with curhosis two additronal methods of study ¥¢
ployed® One of these, designed to determune the effect of mncreases 2 Ji
Protemn ntake upon the urinary excretion of amimno acids dexmmsmt:wk
Increases in protein mntake did not result i the urinary wastage of a2
Duning the other the effect of the sevenity of the liver disease upon the e
excretion of the ten ‘essential * amino acids was noted by observing the nd
tions 1n their urnary excretion which occurred concomitant wth ¢ [
improvement n patients provided with adequate and constant dmsz‘d,ﬂ‘
gresstve decreases in the urmary excretion of these ammno acids were pot M;
gesting a more efficient utilization of amuno acads with 1mproyed livet m:ntﬁ
‘The cencluston drawn was that the actaty of the patient’s disease o B
the urmary excretion of these ammo acids more than did alteratio™ 2
dictary protemn mtake These data indicating a decreasing urmary & bt
of amino acids with climeal mprovement, and the studies ‘mentioned :cnﬁ'
shich mdicate a decreasing unnary excretion of mitrogen under s o5
trons of study suggest the presence n patients with severe Iier diseas®
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Taste 3
Prasita anp Urive ALpma Asnno Nxocey

Patients with clrzbosis Nonal st
Plasma, mgm /100 ml
No pts 12 35
Range 2746 2648
rage 39 3
Unne, mgm /24 br
pis 15 0
Range 84-258 119
Average 171 I
Tame 4

PrLASMA ALpira AMING NITROGEN (M¢ PER 100 ML) FOLLOWING INTRAVENTS Imow
ML 15% Protens HYDROLYSATE

Aternfus o8

Before mfus on

Patients with cirehosts (8)
3

2743
Mean 37
Normal subjects (5)
Range 35458
Mean 40

or other digestive distutbances may require the provision of nutnents b #7
teral feedng  Smce the patsents with damaged hners might ot
amino acids normally when given parenterally, the advisabality of ad
amno acids to these patients has been questioned  For these reasons 5
were undertaken to evaluate the tolerance, excretion, and therapeatic o,
the mtravenous admimistration of solutions of anuno acids of prote’ b At
sates to patients with cirrhosis of the lner  Their tolerance 10 e “s\h
trax enous nfusion of a protein hy drolysate (300 <c, 15 per cent schz\;lvE
not grossly abnormal (TABLE 4)  The clearance of amino acids mmd: ey
by the patients was only shghtly delayed as compared to normt 1 ‘;
Furthermore, 1 one study, a progressive rse m serum alpha amma DI
concentration did not occur tn a patient recewviag 100 gm of smzo ?
travenously daly for 18 days * w8
Further evidence that intravenously admumstered amin0 aads a«“‘
tabolized comes from the mitrogen balance studies over 2 t0 4 weeks b
patients with actrve cirthosss of the Iner, given a solution of ami a‘:
travenously daily as the sole source of nitrogen, while they “.""Ei‘g\ﬂ;r il
a with od¢
1 dud not &
In addrtion improvement 1n the liver dlseusle, as evadenced chnsealh ;v]

laboratoty tests of Iner functions, was observed durmg this Pe b
pattern of the mfused amino acids which were excreted into the w™

mups £
ol
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that patients with liver disease are not able to remove ammonia adegr
from the blood due, for example, to possible defects m the mtenred.
tabolism of glutamuc aad

Thus, although the mechamsm of the reaction noted in the pateats
crhosis of the liver gnen the mtrogenous substances is not clear thed
suggest that the ad ration of these Is may be harmful ax
offer additional evidence that a defect i nitrogen metabolism exsts.

All patients gnen mtrogenous substances did not develop the ut
reaction and, although all patients studied presented evidence of seven
chsease, whether or not a patient had a reaction did not relate to Tiver fu
as measured by the usual tests  For example, only two of s patients
the dietary protemn mtake was mcreased to 150gm daily deseloped 1t
symptoms!®  Subsequent to this study, three additional selected patient
been observed who displaved neurological signs attnbutable to iwae
cietary protemn mtake Even this inadence of reactions following 4
protem 1s sigmficant, since large quantities of dietaty protem az¢ ktqv
recommended 1 treatment On the basss of the ohservations ated, ¢
visability of providing large quantities of nitrogenous substances mt
dietary protem to patients with severe Iner disease, cspecullv thos
hepatic coma may be questioned

Summary

Data havebeen presented which demonstrate that the absorption ofm
was normal 1n 28 pattents wath arrhosis of the hiver  Studies of urmaty
gen excrenion 1n seven patients given 1600 to 3500 calones and diets pre
mmmal mtakes of mtrogen mdicate that ‘endogenous” protemn Wﬂsf
tabolized at an accelerated rate  Each of 32 patients studied demont
posittve mitrogen balance when provided with 75 gm of protem .
fact, most of these patients mamtained positive mitrogen balance, Ft
vided with 50 gm of protein daily 1o a caloncally adequaté diet X
ditional patients also matntamned positis & mitrogen balance when giie? a
quantities of amino acid solutions mtravenously as a sole sourc of N“
“High” protem mtakes were not necessary for patients with wel e
arrhosisof the liver toachiev e positive mtrogen balance

‘The urmary excretion of ‘essential’ ammo acids by patients wtha
did pot deviate grossly i pattern or m quantity from that observed
individuals given comparable diets ar intravenous mfusions of proté
ysate ‘The unnary excretion of amimo acids was affected more by e e
of the Iner disease than by the dietary protem ntahe Followg th
ntrayenous mnfusion of ammo acid solution their clearance from the
was only shightly delayed in the patients These data do not mply
intermediary metabolism of each of the amino acds or of the n
amuno acids 1s normal n patients with hver disease

A defect in the utihzation of mgested protem 15 suggested by the %7
greater protem requirement for the mamtenance of mitrogen bala® ¢
of the patients than that for norma) mdinnduals by the decreasts o

! mtrogen and ammo atid excretion observed with clinical mprovernst
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zimally, by the untoward reactions noted foliowing the admuusteation of mtrog
~-nous substances mcluding dietary protein
The studxes presemed do not wdicate to what extent the dxeiary protem

hen mmmeTatamacs av smm A Ser af rarn pet nf nat ante ek

soth this disease
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TREATMENT OF INFANTILE CIRRHOSIS OF THE LIVER
WITH ANTIBIOTICS

By P. Knshna Rao
Pathologsst and Superiniendent, Vsctorsa Hospital, and Lecturer 1 Pathology, Un
Schooty Bangalore, Mysore, India

Infantile curhosis of the hver 1s a peculiar condstion found 1 Indunch
The dsease commences insidsously between the ages of 6 and 18 months,
which period the Iner begmns to enlarge gradually up to a size of'lou:
fingers® breadth with a comparatr ely small merease i the size
In the last stages of the disease, there may or may not be jaundice, but
is an imanable sequence At the final stages, death 1 due to
hemorthage ;

In my previous publication (1941), 1t was pomted out that the pat
of infantile cirrhosss 15 that of Laennec’s (portal) type and that ‘lhf ¢
falls into tno stages It 15 mybelief that, in theearly stage, theress v o
of the Iner, ” . N -t 1 el
that, subsec
by Escheric
authors has discussed the view that lack of vitamm B factors, especully
m food, may be mvohed n producing arhosss of the liver Blf:h“
Prescott have said that milk 15 not a good source of choline (1946)

In my previous paper (1951) on the treatment of mfantile cmhos!;
Irver, 1t was shown that oral admimistration of choline and mjections o
tomycmn have proved successful — The object of the present paper is tox
briefly a further note on Streptomycin and the effects of other antD
the treatment of cirrhosis of hver

Streplomycte Many more cases have been treated with this drugs®
and the results have been umformly good. In fact, thishas become the
treatment for infantile cirrhosis cases m this part of India  The usual &
4 to 5 gm, mjected 1 daily doses of 34 to 3§ gm, continued over 3 ¥
15 to 20 days

Aunreomyctn - Four cases were treated with this antibotic. Aurer

s ds were used through One ful three tumes 2 day, §
total quantity of 150 mgm. of Aureomycin HCI was the routme 4o fo
cases, and advanced cases recenved 250 mgm. or more per d2y de
the usual complication, and the drug had to be stopped 1 the m
treatment for one, two, or even three days, until the diarrhea was C'l?h“l
All the children died  Therefore, this drug has not proved useful
ment of nfantile curhosis of the Iner 3

Terramycin. The next anubiotic being tried 1s Terramy cin. T‘;fd
m the form of drops, the powder being dissolved 1n the solvent SUPPIC
manufacturers A datly dose of 600 mgm 1s admunistered 1 three

* Work 13 bing camed ot bere m collaboratuc mscta Rao » Feltow of o
Research Bourd é%gmbﬂ) Lty D:&"n?& By the s Doy Research Lo ot B0
chohae Aot 1Ls basn 3t v Pt

The resuts woll be putished 1a coueeu bame ** O sod dho of the 2
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fosts  Six cases have been tned so far for the Jast six months  Marvelous
esults have been ohserved, In the case of four dnidren with an early stage
+f lver enlargement (abaut Z fiogers), the lver catae to narmal size by the time
7 gm of the medicine were completed  Tomes contamiog choline methionne
and witamun B complex were given simultaneausly as adguvants  Evenm twe
“other cases which were advanced with jaundice and ascites the results were

Remarks
4 ¥ am aware of the fact that the number of cases treated 15 very small to
+ draw any defimte conclusians  Tn accordance with my theory that £ cofs
18 esponsibie for brmging about the curhotic changes i the hver I tred 2lt
pthe vanous antbiotics that have heen proved to act agamnst Gus bactena
- L e ™

curhoss end as such & tnal should be carefully conducted and reported

Aoy

Summory
In this senes of cases 1n addition to Streptomgcn two new antibioties
Aureomycm and Terramyan have been tned m cases of mbantile cwrhoss of
the ler  Tersamycin has been found to be very efficacious m cunng the
, tondition
References

3
s 1 Bicxemu F LD Prescorr 1946 The Vitamuns m Medane 1 112 Fenemann

smdon
2 Rao P K191 Proc Indan Acad Sa. 18 310
3 Ra0 P R 1950 Indian Med Gaz 854) 150



METABOLIC AND NUTRITIONAL PATTERNS IN ALCOHOLIY

By Jorge Mardones
Instituto de sobre 1lcohol, dad de Chile Santogo Ciot

The reasons for considenng the nutntional and metabolic pattems mb.zz
alcohol addiets as dufferentiated from those of nonalcoholic persons are th
the one based on clntcal and the other an expenmental viewpomts  Theds
cal reason 1s that certam deficiency diseases appear with sigmficanth g*
frequency in alcohol addicts than m nonalcoholics  These are bver o
polineuropathy and other forms of thiamm deficiency, and pelagn T
experimental reason 15 that 1t has been observed 1n rats and muce that l‘J:
thetr diet lacks certan B complex vitamuns they increase thesr volustan e
alcohol mtake, thus showmg that nutntional factors can alter the appetiel
alcohol

Tn human beings, the nutritionat conditions depend, on the one hend, @
the charactenstics of the appetite, and on the other, on the ability to st
at. Tuse the term “appetite” not m the restncted sense of the desie toug
food 1 general, but to eat certan foods

Human appetite has a very comphcated mechansm, and it differs m &
person  Fundamentally, differences m the appetite are the Tesult of g
constitution, as well as of charactenshics acquired by espenence, Cd““:”
and pathological events In thew daly fluctuation, they are the restt
phystol | changes and ph logical actions *

Thus, if 2 group of persons shows a nutrtional pattern, 1t means that f
are, 1n the constituents of the group, certam similitudes in the factors affec
nut_nuoml ‘condmons, namely, genetic constitution, cxpfnencey. :f:‘:pj

md

exist m the social classes of low economc level m certain countnes i Wm‘:\
common factor of hmited ay ulability of foods 1s present  Obviously, & ¢
of this nature can be multiplied b

In the case that concems us now, however, i which we assume the
of 2 nutntional pattern n a group, not as the result of a dietary sun
because of the frequency of deprivation diseases, the problem lnﬂ“sf:i
difficulties because of the appearance of new vanables In fact, the d®
vatiations are now playmg a new role since, with the same deficient diet p
ent mdniduals show differences 1n the development of pnthobg‘a‘l "
quences  Such indmndual differences are produced pamculndy by &
constitution and also by the occurrence of pathological conditions

All the preceding considerations force us to conclude that, if thizmi dffg
tion symptoms are frequent in alcohol addicts, 1t means that the ldsh
feads the patient to consume a diet low 1 thiamn or that 3 refatio® ?‘}:
some other nature exists between addiction and thiamn deprnvation

§ 1t 15 possible that alcohol addicts are more sensitive to thiamm dep™®

788
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hat thiamun deptised persans are more jikely to become alcohol addicts  Mu-
18 muland:, the same can be s31d concerning liver curhosis and low proten
uet, 33 well as m the case of pellagra and nicotimic aaid deficiency

TLet us now consider each of these points  There 15 no doubt that, dunng
heir so cafled #benders,” aleohol addicts reduce their food mtake to under-
iutrition levels, and this may be the cause of deficiency diseases, but, on the
ither hand, we have to consider that undemutrition 13 frequent enough m
ertan popu\mons so that a mose even distnbution of these diseases may hc

T L e D e e R L) .

o f - et et

Obvicusly ene question must be posed first, nemely, does alachol mgestion
ncrease the sensitvity of dividuals to these deficency diseases?
Ccnc:mmg thiamun, it has been established by Lowty, Sebrell, Dnh, and

Uiituie, ToU SUUHL LU LA IEW Lilts PLUGIEI 10 ANy €ase, 1L 138 not been proved
R A Y . P

[ LU sy W
the d:v:)upmen( of l\\cse deﬁmn:y diseases, 1t 15 not the direct effect of the

that, a1 the same tume, favor both the deselopment of alcohol addiction and
the above mentioned diseases.

There 15 1o doubt that the psychalogieal factors which play 4 tole wm the
prthogenesis of 1lcohol addiction are sumlar 1o those which mduce other forms
of mental trouble  Itig therefure, netessary to assume that there are personal

«ondons faxorng the ifluence of these psychologcal factors toward alcohol
addiction
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Tt s now clear why 1t 1s important to review the expenmental ets th
convince us that other hinds of relationships ¢an exist between nutntow
conditions and habitual dnnking of alcohol

Richter and co worhers, in papers appeanng between 1937 and 1941 repore!
that when norml rits are free to choose betwcen foods, they cat s balad
diet’® and that they adpt the diet to the needs changed by experimentalerk
crine disturbances ¥ 9 or by v itamun deficiencies ' Rachter and Campbel®
on the other hand, reported that, under free choice, rats prefer a weab alohd
solution to tap water  Mardones and Onfray, 1n 1942 hwing tnmnd ther's
that a disturbance of the carbohy drate metabolism between Cs and G o
pounds could increase the desire for alcohol, studicd, with rats the mhe
of 2 dret deprived of thinmmn on the yvoluntary alcohol mtake  Thewr fird &
choned that, m these circumstances, rats sigmificantly increased the alostd
mtake  If these rats recerved 2 thiamin supplement, they improved ter
weight and general appeirance but they muntuned the high tevel alehy
mtake  If, however, they recerved a supplement of hver, meat, wheat g2
untreated yeast, the voluntary aleohol intake rapadly reached the normal k\:
Since the diet laching thiamm contuned autocved yeast, we clumed ¢
presence of = new thermolabile factor of the B complex which we desgnat
factor N Subsequently my associates and I reported that, if the supplen®
of thiimm w1s muntamed for some weeks, the rats decreased the volenty
alcohol intrhe which reached the normal lev el in about tuelve wecks, and ’),‘
1f normal rats were fed on a diet contuning autoclaved yeast plus thimn 4
voluntary alcohol mtake was mamtuned at the normal level On the oth
hand, rats fed a diet conttming only ten pure vitamumns of the B complex ll‘
showing & Ingh level leohol mtake, decreased the aleohol mtake m 3 815
way after supplementttion of yeast, regardless of whether the yeast wisal
clnved ornot  The thermostable factor present m ycast and lever respon®
for the decrease of the aleohol intake 1n these conditions has been called fact
Ni  Actually, these findings show that factor N 13 composed of thum
{thermolabile), and Ny (thermostable)

In the meantime, Brady and Westerfeld® reported new facts slong this Xm‘
These nuthors confirmed that rats fed on a dict deprived of all the elc-mcnl!1
the B complex ripidly mncreased the voluntary alcohol intahe, but they ober
that these rats decrersed 1t only temporanly after each continuous suf P’""’:
of vitamins  On the other hand, they reported that the same duet (h:\llrv
vented the merease of the alcohol mtahe 18 unable to mamtam it atalo? h‘
1n rats that hnve reached a sizable intake  ‘The authors suggested then L
this f1ct means that ‘nonnutritional factors comphcate the picture » Tee

The facts reported by Brady and Westerfeld were exphmcd lateron Y
stecher and co worhers' showed that a single deprivation of riboflaviny l‘:{
dovne, or pantothenate also increased the voluntary alcohol intahe of rats
that 1t dropped suddenly when the specific deprivation was mrrcclcdd .
fact led to the terpretation that the transitory drop observed by Bracy d
Westerfeld was the result of partial satisfaction of the deficencics that PT
duced the increase of the aleohol mtale  On the other hand, we have R‘P“‘l":
that, 1f a sufficient amount of y east supplement 1s giv en to rats with hagh le
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ol mtake, the decrease of the vofuntary intzke was permanent  Thus,
econd fact reported by Brady and Westerfeld 1s presumably the result of
L Ce A ML Tamgear Lt oLt

—rge n PRI

& SULSIALIE [iTesent 1n liver OF yeast that can decrease the alcokol wtake
A dae we om0 PN

be

nesium Jevel in bloed. Mo hwchemical reason bat been postulated to
am the yelalion between these findmgs and the excessive alcohol intake
coently Varehh Penna Alcamo Jobmson and Mardores® have mvoted a
ly of the carbohy drate metabolism 1n human aleohol addicts with the 1dea

a disturbance in 1t could expiain why the energy of the alcohol 18 more

D -
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available to alcoholics than that of the carbohydrates  Their finding
shon that the glucose tolerance did not differ 1n the group of aleshs
from that of social drinhers and abstamers but that some differences
the two groups 1n the blood pyruvate curve and m the blood acet
cunve after glucose ngestion are sigmficant at the 2 per cent levd
results cinnot yet establish the presence of a metibolic distu
alcohol addiction, but 1t encourages new stu lies along the same I ne

After this paper was prepared, I became nware of some nes facts
I wish to comment briefly as follons

Recently Lester, Greenberg Smuth, and Wu® reported a findmng @
feres with the interpretation of the oluntary alcohol mtahe 1t
obscrved that, if rats showing high level alcohol mtake were allowed
sucrose or sacchatin soluttons they decreased significantly the aleoh
Tt 15 not casy to mterpret this fact since those rats had free access
contammg sucrose, which means that thetr appetite for this sis
according as 1t was in solution or 1 crystallne form  On the other|

Pretation 1s complicated by the that the experutt

used showed a very Ingh level alcohol mtake, that the diet was low
hydrate, and that the rats were not actually depleted Inany &3
these results would necessitate study of the effect of nutntional mb
the selection between an alcohol solution on the one hand and s
tion on the other, mstead of a dry diet contaming crystallne sucro®

Twvo other facts hae been reported that are related to the prod
discussion  The first one was published by T B Simes™ of the IX
of Pharmacology of the Unnersity of Oslo  He observed that 13t
Iver cirthosis was mduced by treatment with carbon tetrachlonde
sigmficantly their voluntary alcohol mtake, and that this 1ncrease
sequence of the cirrhosis nduced and not of other pharmacolos &
carbon tetrachlonde This shows that a hver lesion can mduct
alcohol intake

The other fact 1s reported 1 this monograph by Olson and Du
page 889) They ohserved that, n the hiver of rats wath dietary 2%¢
degeneration there 1s an important depression of the pyruvate ouds

All the facts analyzed in thss talk induce us to behieve that yolunta
imtake 15 mcreased when a difficulty in the utihization of the energy
hydrates or fat 15 present and that this difficulty does not mterter
utthzation of the energy of the alcohol They also nduce us to sus
m some cases the excessnve mgestion of alcohiol 1s not the cause bu
seauence of nutritional or metahalie diificnlties
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THE GENETOTROPHXC CONCEPT—I\UTRITXONAL
DEFICIENC!ES AND ALCOHOLISM

By Roger 3 Willams
Unteersity of Tcm:,Aunm Tezos

Afull appxecumon of the genem\ and far reaching significanc® of the
trophic concept! 2 requires that we recast, f not revolutionizé: our 1deas regard
mg ho™ we should use slausum\ methods 1 © attempts 10 sohve b\o\og\ca\
and human problems
The evolutionarty pownt of view which enters mto ths concept S rat.
the current O imon of geneticIsts at every genotyP® determnes s ¢ nor®
of xeact\on’ to the envuonmem’ and that no species can adequa\:\y e &
the ez o

scribed 10 terms of 2 type pecumen 1t 15 also 1 accord WV
pama\ genetic blocks* * which recent evidence has md\cz(ed 1o be the ot

Tather thant the exceptiot ¢

1n the areas of phy sology PS! chologys prochemisteys and medi©2® aswel
as ph\losophy and the cocial SCIENCES we have puilt mto ou thikisé ‘\XQ‘

concept of the yormal ma* whom »€ regat of paramoun npor
have set 1t as our supreme 3% to understan W ypo
functions In the field of anmal biology: the rat, the guined
mander et pecome the center of ouF attention 15 1S

c
mcompau\:\e with the geneto ophic concept
Brok 1cal V! (ability 18 1eCOg! d by the b\o\og\cz\ fratermty 25 2 TROTE ot
{ess necessd W 1 extrene, ¥ s e (fficult e estabheh
nent of no However by prol statist! gment, 1S gects 5
smootbed out and we ¢ as 1t Were back on the nght track agA he ot
assumpty that the no 1 15 ! an lhmuE“' ad
¢hat abnor™ Les are b be o ed only ose who pelon: the ateB)
of the o s assumphion amiestly 135 be
clear 1 discuss? ~evertheless cep! et ®
the & ¢renched 1de2 of the 2] (or 1at OF B e ’PA
ars 16 oncept for ™ t Mo h ks 3
esearch pubheatt© 11 of the s of protogical soe!

15 attitud Tuch centers \ts attentio? on posed e
whose BV always he wathm the nor™ 1ange 4 m P “9"‘
another 1ded ® ) y trenc m ogica samt
That on the mer scopic level the celt 15 1€ center o nteres £ “:‘
cay wecan & certatn BO 1 s const cted d b s w
pare gone & ong WaY 4 understa’ dung bolosy

The fundare 1al reason ¥ Ly we €0 be normel n O
15 50 W€ A% develop gENer® fons which = sense 21¢ the esser of sce2
gerenuific P gress 1 th f hrotogy 25 1 other areas ™37 pewe o
red W™ ¢ the num? § vahd gen tof uch &
‘more ad! ced the enc®
ity

R ar nons U
1t s ™Y proad thest however that bwlogw.’l\ vana
9%
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mevitable, but those which are made without regard for human varmbility
are very hhely to be p and letel lead: Leo Loeb,” whe
has devoted a hfetime of study to vanability, has said that mdwiduality 1s
most highly developed in the human species, and this observation alone should
make us alert to its possible implications

Let us look hastily at a number of human problems which naturally fall 1
the hutherto undeveloped field of applied human biology Consider sex crimes
for example  Can one be at all sure that “the normal human being” commits
these, and that detrates 1 the area of sex physiology are not responsible? If
we admit that this 1s an area where deviation may be important, how about
the broader problem of sex adjustments 1n which all human bemgs are con
cerned® Can anyone say @ priors that these adjustments charactenstically
mvolve’ the normal human" and that the enormous vanability which Rinsey s
report brought to hght (much of which 1s probably basically mborn) has nothing
to do with these adjustments® Marniage and diorce, and hence our wholc
socnal structure, have deep biological roots, and it seems probable that the
enormous vanability 1n sex urges, inchnations, and predispositions are of para
mount mportance and that the very deviations (which may be found m any
of us) ment serious study tnstead of being smoothed away by statistical tech
miques

T should like to mterpose here another reason why man ' or “the normat
human being” has 1n the past been so much the center of interest  We should
like to think that, at the beginming of life we have an equal start and that we
are the makers of our own destimes  If many of our problems arise out of our
heredutanly controlled variation, we reach an “‘apparently gloomy conclusion
as Professor Dunn® puts 11, ‘toward which all results of heredity seem to be
dming us,’ namely, that our shortcomigs and hence our difficulties are fore
ordained and hence irremediable  This conclusion 15 by no means a vahd one,
and the genetotrophic concept pomnts the way very significantly as we shall
see later, toward 1ts demolition or at leist uts radical modification

Consider next, 1f you will, the broad problem of health as 2 field of apphed
human biology ~ How many so called metabolic diseases have their roots in n
born metabolic peculiinities? Weknow forexample that diabetes doesand, on
lheLhnsxs of present evidence, 1t scems probable that other metabolic diseases
N -t B .

e L,

PR . P -

ansserable question

If e concede that nborn vanabiity may be mmportant m connection with
metabolic direases what shall we wav about infectne diseases? Professor
Gowen of Towa State Callege has recently shown *by combining a genetic studs
of mice with a study of their responses when chatlenged with tuberculosis germs

of ranaag vrulence that the problem 1s three dimensional as 1s shown n
RCURF |
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It would be difficult to controvert the 1dea that all infectie diseases are
three dimensional m the same way
There are numerous other diseases not classified as metabolic or nfectne
for which the etiology has been for decades completely unknown or at Jeast
obscure  Among these are cancer allergies mental disease, alcoholism dope
addiction and many so called degenerative diseases
In all of these diseases a common fact may be observed The diseasts 3t
tack only cerfain indiiduals while others 1n the same environment escape cont
pletely  One member of a community may have cancer at a relatrvels early
age Another, who has the same occupation eats the same food breathes the
same atr, drinks the same water lves m a sumilar house, 1s exposed to the M€
sunshine and weather may Ine to be 90 years of age with no threat of the
disease A simular statement applies i the case of allergres

Some peop]e are
unfortunate, others are fortunate

One member of the commumty may 4¢
velop mental disease, while his fellows who have perhaps just as many harass
ments and frustrations, remam well balanced  Two mdividuals m the SJ"';
environment can drink alcoholic hquors to the same extent over a perod o
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years  One may, haweyer, become an alcohohie, an uncontrolled drinker, while
the other may remamn a heavy but well-controlled drinker When different
andsviduals under hospstal cond: are {ly given hine, most of
themt escape aftereffects, but some, for no known reason become addicts
Heart disease 13 a type of degenerative disease which attacks cerfamn indviduals
and not others, and there 15 apparently no environmental mfluence which de
termmes who will be the victim

What hypothesis regardmg these diseases can match for importance the one
which postulates that 1n every case the ndividual’s predispositions rest upon
bofogical deviations from the respective norms?  “ Why 15 the ‘normal human
beng’ subject to allergy? Why does the ‘normal human being’ become an
alcohohe?  Why does the ‘normal human bemng have heart dusease? *  These,
from the standpomt of our discussion are faolish and musleading questions
Far more t order are the questions ‘What deviations do we find 1 those
sbject to cancer? What metabolic peculianties make one subject to allergy?
What 15 different about certamn persons which makes them become alcoholics?
What kinds of deviations do we find accompanyng specific types of heart
disease? *

It seems probable that learning ahout * normal * charactenstics 1s only a
fist step  We must learn more and more about deviations and n order to do
thas, we must g e them serious and attentive study  We must not elminate
them by statistical treatment  Instead we must search for them and discover
ther nature  We must scrutinze them  We must find out about their fre
quencies and be continuously awate of ther existence and their possible m
fluence 1 belene convincing evidence 1s actually at hand which shows that,
mathematically and scientifically speaking no such thing exists as a human
b‘":g who 15 permat through and through  An indwidual may be normal’
- PR

ge, Kk, T ewis,

1) liprd phos
1 0L, 1¢) free cholesteral, and {3) 1 put 4muno Nloptt 4 lum FIGURE 2 and
the accompanying tabulated data 1 the ongimal article 1t 15 evident that four
tndividuals hie below the normal range (at the 95 per cent level) numbers 5,
18 29, 67, and one indvrdual, number 63, hes above thisrange  From FIGURE
3 and the accompanying data 1t 1s clear that there are tno indisiduals below
the narmal, 51, 56, and three above 24 42 61 But these are not the same
ndviduals that appeared abnotmal in FIGORF 2 They constitute a completely
new set of “abnormals” From FIGURE 4 and the accompanying data one
wdmidual number 13 §s below the normal tange and two_numbers 3> and 1,
artahove st Here appears another new set of abnormnls  enurely different
from the others

Te does mot take very much smagmation to conclude that if these 67 indi



798 Annals New York Academy of Sciences

© t i :V I ‘ O o . 1
-Il-lo | - -
L NSk {'V

-5

sl ” X[} [oX LsJ.,I,![
—25 X|Oo] XXX , o !
V] AXRIELKKK R
68 %% Rt

XX X XXX XXKIO ‘;i“

o XX XAXXX XXX XIOX
- 2 4 3 8 0 1 14 16 18
Petrol Ether.Soluble P

T ¥ T T T T T
50 100 10 200 20 360 330 400
Phosphatides as 235*P

N g |

o] -0y O X ns

t <=3 I ><_\§ [ 0

i _ﬂ 10 —

o IXIXIOIXIOL | L

XIX[OIXIO Of 11 st
OIXIXIXIXIO 5% @
XIXIXIXIXIO] X
XIXIXIXIXIX] IXIX] ;7(60 =
£) Xeoxx'lox><eox‘>‘<§oz<‘>_$o‘o_>ﬁo A

Free Cholesterol

Fiogze 3

viduals were studied further and if the senes of measurements nere ut?n‘.i:lﬂ
to include many dnerse 1tems, all of the 67 would be found to be abno -
1n some respect A substantial number of deviations are probably P"'S:‘ )
the makeup of each of us  Dextation 15 unn ersal and, if an sndwvrdual SLZ\I "
tumn up who 1s m the “normal range” with respect to everyitem 10 hus makeuly

» mdmidisl
be would be a most extraordmary and, in fact, a most “abnormal 1w
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This pomnt of view 15 further borne out by a consideration of the mdiiduat
metabolic patterns which we have studied at the Uneversity of Texas  Twelve
indiwiduals were measured several times with respect to 31 items 5 taste
thresholds, 12 salwary constituents, 14 unnarv items  Frc URE 515 3 drawing,
usmgpalat coordinates, representing the hypothetical case of an indi idu1l who
18 exaclty aserage with respect Lo every one of the 31 jtems  In F1vtRES 6-17
are the corresponding diagrams for each of the tnelve indniduals using as the
basis an average of the values obtawed from eich one

Tn the pattem of eack indwvidual, there are from 2 to » items in which thewr
disunctive values are one tenth or less that of the corresponding average values
In other words, the average, tahen as a norm 15 of the wrong order of magm
tude for some 1tems 1n the case of every sndrtdual in the group In this study,
every finding points to the nonewistence of the human bemg who 15 normal”
1 ali respects

n dering the eflects of en
food composition, temperatare light, mfectne agents, and drugs which may
combat them, altitude, noise, housing and clothing, home and social infuences,
#le~we are prone to think m terms of their effects upon the hypathetical ‘nor
mal human bemng,” and to distegard the biological varatton which mahes each
of us a mosuic m which greater or lesser deviations are the rule rather than
the excepnion

In the field of nutrition, emphasis on the concept that people, as a Tule, are

1 1ntl on human beings—
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consistently normal 1s particularly pertinent Indeed, of the population oo
sists essentially of normal human bewngs who have substantally dential
nutrittonal needs, then the genetotrophic concept about which I.am to spesk
15 1m ahd and must be completely disregarded

In the hight of modern bioch 1 genetics, b T, this unif mm
tritional needs cannot exist  Genes 1n a sense beget enzymes, and enzymes
require substrates in the form of foods and the metabolites dern ed from them
Smce the assortment of genes 15 distincti e for each of us, we must each hawe
a distincinve pattern of enzymes and enzyme systems of varymg efficences,
and 1t follows, therefore, that our substrate needs ase not the same, quast
tatively speaking  The widespread prevalence of partial genetic blocks! *or
therr equivalent, makes 1t reasonable to suppose the putnitional needs of exch
of us for calcrum, for leucne, for vitamm A, for riboflavin elc , are distmatne.
The vanabilities may be large or small, but they are mescapable Theress
reason, I believe, to suspect that the deviations are much larger than has tn
ditronally been thought They certamly have not been studied sufficiently 50
they can be dismussed as inconsequential

V1th this discussion as a background, 1t becomes easy to indicate the mex

ing of the geretotrophic toneept It 15 simply that seme m;d.w\d‘.uzls bef_a\ui

M

asaresult Tf, however, such mdwiduals are furnished an extra supph of ‘-‘;
stems which they mdividually need, their difficulties should disappear &
their status should be as though the basic genetic peculanttes drd not exst
We have postulated that numerous diseases of which the etiology 1s obsﬂl!'x:
may have genetotrophic ongins! 2 Such diseases by definition are of gtﬂtbe
ongm but are also nutntional (trophic) m nature and hence 1deally may
elmmated by nutrntional means e
A dlear cut case where the genetotrophic concept appears to apply 5 !
disease alcoholtsm which I wish to discuss briefly  Actually, the Ee““""sp .
concept grew out of our experimental findings while we were stud)'“’%
problem of alcoholism and hence i this discussion I have m a sense j2 it
the cart before the horse  This has been done dehiberatels, honever bﬂfﬁh “
the genetotrophic concept 15 much mare far reaching i its tmplications Lo
anything that could be said about alcohohsm, and I hope that the subJ‘:m1
alcoholism will not crond the broader aspect of the genetotrophic concf};z o
of your thmkmg I do wish to make 1t clear however, that our mw{ﬁnd

JS,

~tand

e cofl
We did however after a careful sunvey of the hterature, come to W el

clusion that potential alcoholics probably have inborn dierences which 2

to be sought out ¥ bolc
Our first attack consisted 1 a prolonged and detailed study® of the n::; T

patterns of a group of alcoholics who were not drmking at the tme s,

corresponding control group  The items wvestigated were more e
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TanLE
Tagrramios or Higiz A Low CRAZACTERISTICS IN ALCONOLICS 1% ORPER OF DECREvs1NG

SieNtnicance
Hgh Low
Sodunm (S} (99)
Hippunic acid (U} (99) Ganadatrophun, (U} {96}
Uric acid X Citrallne (U) (93}
Urc 2id (S) (95)
e (U) (93
Cotrate (U) (92)
Magnesum {B) (92)
Pugment/creatumne (U) (91) Fhospharus (B) (90)
Weak acads (U} (88) Taurine (V) (88)
Sodiem chlonde (T) (88) Bucillus sublslss (P) (88)

Mumbers 10 pareatheses are P Values for & Gerence between alcol ol caand controls (S = 130va U = urine,
B = blood serian T = taste threshold ¥ m phagocytic andex

but simular to theea 4~ 1
mcluded  ©

noted that ¢

oo

< 3 wae o Lnadd Seveldl evidences bearng upon st Identical twins

{PICBRES 16 and 17) were found to have patterns very much alhe ' indicating

the v s - 0 not change materialiy the

. all babies Inang largely on

Expenmental animals ex-

gty distinctive excretion patterns when on identical diets? and an

exiensive study of sev eral closely inbred strains of rats shows clearly that these

patterns have a genetic ongin @ All these facts pomt to the conclusion that

the alcoholics prabably were deviates of the sorts indicated by thew patterns
efore they bepan evores ants b 1

‘The othe
thenoh o * .
the existen
mhial colony
wt and
+ sther 10

e utits simutar to this one had been done before by Ruchter ™ and
Mardones " Brady and Westerfeld % and others The distinctne element n
ourstudy was that we ymored averages and concerned oursehes weth the drink
g behavior of snditidual rats  We found a high degree of indniduality
Some rats drank considerable quantities of alcohot the first nme it was offered
and every day thereafter At the other extreme some rus were tectotalers
Ope rat in the oryginal group drank. just a httle alcohol every day as long as the
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experiment lasted  Others drank a little at first and then after several week,
their consumption rose to moderate or high levels Others mcressed ther
consumption to much higher levels m two or three weeks In addition, some
rats were spasmodic drinhers—they drank heavily for a day or two and thea
abstaned for several days before indulging agam
Since these rats were on 1dentcal diets and their other environmental cond:
tions were the same, the results suggested that heredity was an important factor
in determinung their mdividual drnking patterns A study of other groupsof
rats, including six closely inbred strains (brother sister mated for many genera
tions), has given ample evidence to confirm this conclusion  Rats from differ
ent sources show wide differences m therr drinhing patterns and especally »
their responses to nutntional supplements Most inbred stramns of anuls
however, have not been bred for factors which cause uniformuty m alcohol
consumption and, hence, there 1s often wide intrastramn varation
Further experiments confirmed the findmgs of Mardones and co-worker,
as well as those of Brady and W esterfeld, namely, that dietary supplements de-
crease the alcohol consumption of rats  In fact, we found that the aleckel
consumption of practically all the rats in our origmal colony could be brought
to very low levels by admumsterng the hnown vitamins, including vitas
Byz, and linseed o1l 2s a source of unsturated fat acids, to ammals on an ot
wise standard diet  On a diet, margmal with respect to known B witam®
substantially all the rats would drnk alcohol at a high level, but when the
defictent nutrients were supplied, alcohol consumption often dropped dramatt
cally overnight and would continue at a Jow or even zero level thereafter
When the expenments were shifted to the use of another colony of rats
W 1star otigm, exactly smular results were obtamed, except that a much Jug®
percentage of rats wese “refractory” and contmued alcohol consumption "":
after all known nutrients were supphed m what was thought to be abul’ld-ﬂ‘t
amounts There was not the slightest doubt, however, about the dramab
response observed m the case of many rats duplt
It 15 desirable to pomnt out here that no two laboratories could hope 1o “gns
cate each other’s detailed findings unless they took extraordinary precaut "
to use rats of cxactly the same genetic origin  Very wide dnergences mza
eastly result from stram differences i the anmmals It may be well t0 empl
size, however, that masmuch as smilar results have been obtamed hun: i
of tumes, there 1s not the shightest doubt but that detary defiiencies It C‘P:d
mental rats bring about greatly increased alcohol consumption, and that ’“‘d)
ng these deficencies (which 15 not always easy or even possible all_ffm
s
ol
we
1n this respeth

1 ely effectnve
nboflatin, pantothenic acid or pynidoun are relatn ely holme are 39

but that deficiencies of other nutrients, vitamin A, biotin, and cl o
somewhat effective, as judged both by the number of rats responding 3{ ats
magnitude of the response  Studies pres ious to this one had shown ha
mm By 15 certamly a factor and that upsaturated fat acids probably 7€






806 Annals New York Academy of Sciences

which mdicate that subjecting animals to flashing hights and contimuous nose

can mcrease alcohol consumption The most interesting experiments dealt

with ‘teetotalers ' rats which on stock duets failed to drink alcohol. Someef
a B v LI o

! '
psychological stresses bring about physiological changes and 1t seems resson
able to suppose that the mtrcate stream of metaholism could be so changed by
psychologcal stress as to augment the needs for specific nutrients  Thus even
when psychological factors are mvolved, the basic change may be metabcle
and therefore subject to nutnitional influence
s o
. ' -
' ' ¢
answer 1s I believe a certamn and unequivocal affirmatie
It 1s needless to say that the gamut of problems which anse n comnectot
with consumption of alcohol—economic, social, health—are not all to be sobed
by any single stroke The one problem with which we have been prmatly
concermed 1s that of the driaker who cannot cunitrol hrs drhing the man
woman who 1s seemmgly forced by the first drink to take another and another
until he or she becomes ncapacitated for useful work It 1s our opmion and
the findings support 1t that such craving 1s essentilly physiological and ven
often beyond mtellectual control
T have come 1n personal contact with several mdwiduals, all of whom hade
terrific craving for alcohol (in some cases of many years’ duration) sho ha\h;
been transformed by the use of dietary supplements mto mdn1duals who U
drink moderately without excess not for a period of days or weeks but actuslly
for a year or more® The first ndividual was treated about three years 250
and as long as he has continued the recommended dietary supplements ¢
has been able to avoid drunkenness and, at the syme time, regulatly to
beer, his favorite beverage "
Treatment of alcoholism 15 complicated by the fact that, for some mdn xdul:
the enjoyment denived from drinking 1s so great that they would as soon }’2“
with therr right arm as with this pleasure  This 15 by no means true Dw
alcoholics  Some would gladly gre up aleohol entirely if the physical u:}\m;
allowed them to do so  People m general have to gamn some pleasur® 'hal
Iife otherwise they will not want to Iive and the alcoholc who looks fﬂnf“fm

book now m press ® I have presented evidence which shows that evét dl; e
with simlar trammg and smular educational leanmgs have e(tremelydjﬁ"mt
¢ want patterns and derive therr satisfactions from hfe m enturely h;d"
ways  The alcoholic 1s fortunate 1f he can cultivate reasons for Irving whi
not melude aleohol  For such mdwiduals I beliese there 1 eal hope

future  If nutnitional supplements now available will not curb oF obt

for ¢
tesale
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fashion I believe the case 1s also strong agawst the existence of mdmduk
who are thoroughly well Certainly, the great majority of people that I knox
are unwell in one way or another, whether they consult physicians regularly or

the general population 1s concerned

In a great many cases, 1t seems reasonable to suppose, the widespread man
festations of unwellness, lack of vigor, lack of adjustment, fatlure to matue
efc , are based upon the fact that each of us 1s a devrate 1 a number of diferert
ways Some of the deviations which we possess may cause trouble and mst
be understood befare they can be managed  Many of the deviations, howes,
are an mexorable part of hfe and cannot and should not be dispensed with
Even these desirable deviations, however, need to be understood of seareld
understand ourselves
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normal alcohol mtake 15 associated with genetic nutritional abnormal t es and,
consequently, with nutritional deficiencies  Why sbould aleohol, a substanee
which does not as far as we know, correct any of the nutntional defic encus
which may be present be selected by such mdividuals? The psychologal
effects of 1lcohol on the other hand, are well known and 1f one presumes thit
the alcoholic chooses this substance for 1ts inhtbating effect on cerebral processs,
one has at least a Jogical reason for its use  The emotional disturbances and
psy chological difficulties of alcoholics are well known and most carefully studed
data point to the fact that these difficulties have pre-eusted the alecholn
atself  Ishould ke toknow Dr W illiams’ feelings concerning these psy cholog-
cal difficulties and their relationships to the genetic-nutritwonal abrommalites
which he postulates

1 should ike to summartze briefly our expertence with Dr Williams smeihod
of treatment

A group of 26 patients was treated at the outpatient clinie with nutngon!
supplements weekly nterviews and n a good number of mstances was 3
tendmg A A as well The study was begun Oct 20 1932, but many of the
sroup were not seen until seseral months Iater bewng added as they appeared
at the chintc  Fufteen patients m this group are still betng seen with regulan ¥
and are not drinking as far as we know  Ten of the group have faled tore
turn and three are kno v to be dnnking heavaly ~ Follow up of the rema nd
seven has as yet, been unsuccessful  One patient s not attending the cln¢
because of job mtetference but reports by telephone  When last heard from
he was having no drinking problem and was continuing putritional therap!
Although there was loss of control this patient would not be cons dered evend
moderately severe alcohohe o

AN of the 26 patients studied reported a sense of well bemng whife o~
nutritional regumen

A great deal of psychotherapeutic relationship was present 1m this grovp
and our expenience shows that 1t 15 practically mpossible to avod this
one cuts the patient off short a strong resentment and hurt to the 1mag .
rebuff results and the patient almost myarably drops out However zmr
much as most of these patients had failed to control their drinking undﬂlumm\
lar supportive therapies in the past we were curious to see whether the 1nd .
of regmen to correct any mutrtional deficiencies would make supportive
apy any more successful

Most of the ten failures occurred m patients who wel Tt
longest and 1t may be that many of the 15 patrents stil m treatment \n T
been ohserved long enough for even the most prelumnary of &4 alusta ot
may be significant that the ten failures occurred i so short 2 period 25
months

Three patients were treated mtenstvely at another clume
1n October 1952 with a potent nutritional supplement and
down to the mmmum necessary for accurate observation
place at three or four week intersals The supportine 12
became apparent from the patients own remarks brel

One of the patients was a steady pathological drinker whose mel

re under greatsent

Treatment be®
visits pere bel

Such vsits 10
tue of such ¥

1y WS
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wterrupted by short periods of partial sobrety. He had followed this pattem

LU € 1 4L U IS | ALEBL SLALEU QUILE 1141 ALY L 4L LIE LIELVICWS WeLe vy Bupe
ful, and he would call for additional appointments between his regulatly sched
uled visits

The second patient was a severe periocic drinker, gomng on “benders” once
ortaceayear He abstained between bouts  He reported an increased sense
of well being during the nutntional regimen  Tour months after beginning
treatment, he went on a severe prolonged drinking bout, exactly the same as
thuse prior to therapy  For two weeks prior to this, he reported that he could
dnnk an occasional beer

The third patient 15 a compulsive periodic drinker with no control  His
only sobiety was attamed through taking church pledges and, usually he
anxiously awaited the end of such a period and promptly went on a hender
‘The onset of nutritional therapy comncided with such a pledge  He clauns he
generally feels better and although he thinks about drinking, there ts no com
pulsion  The pledge has not been m enforcement for two months now and the
patient 15 still not drinkang, the first time mn hus experience that this has hap-
pened  Although he feels the “plls’ h1ve helped he states that the fact that
he h1s had a physician at the chinic to whom to come has heen a great help
and relief to him, and he looks forward to his visits  He has never before
had any treatment
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normal alcohol ntake s associated with genetic nutnitional abnormalites 2zd,
consequently, with nutritional deficiencies  Why should alcohol, 2 substanee
which does not, as far as we know, correct any of the nutntional deficiences
which may be present, be selected by such mndividuals® The psychologel
effects of alcohol on the other hand, are well known and, if one presumes that
the alcoholic chooses this substance for 1ts mhibiting effect on cerebral processes,
one has at least a logical reason for tts use  The emotronal disturbances and
psy chologrcal difficulties of alcoholcs are well known and most carefully studed
data pont to the fact that these difficulties have pre-existed the alcoboln
itself T should Iike to hnow Dr Williams’ feelings concerning these psycholog
cal difficultres and their relationships to the genetic-nutnitrona abnormalines
which he postulates

1 should lthe to summanze briefly our experience with Dr W illms's method
of treatment

A group of 26 patients was treated at the outpatient clinic with nuttions!
supplements, weehkly ntersiews and, 1 a good number of mstances, was &
tending A A s well The study was begun Oct 20, 1952, but many of the
group were not seen until several months later, beng added as they appeared
at the chmic  Fifteen patients m this group are stifl bemg seen with regulants
and are not dninking, as far as we hnow  Ten of the group have faled tore
turn, and three are known to be drinking heavily  Follow up of the remainitd
seven has as yet, been unsuccessful  One patient 1s not attending the dme
because of job interference but reports bv telephone  When last heard from,
he was having no dnnking problem and was continumg nutntional therspy
Although there was loss of control, this patient would not be considered evenz
moderately seyvere alcoholic o

All of the 26 patients studied reported a sense of well bemg while o
nutntional regimen "

A great deal of psychotherapeutic relationship was present 1n thxshE"’P
and our expenence shows that 1t 15 practically impossible to avord (ms 4
one cuts the patient off short, a strong resentment and hurt to the lmﬂg‘ﬂ&
rebuff results and the patient almost s znably drops out However, “‘:m
much as most of these patients had failed to control their drnking unzicl"-'vmn
lar supporti ¢ therapies i the past, we were curious to see whether the m¢: :he!
of regimen to correct any nutritional deficiencies would mahe supportne
Apy any more successful

p%los{of the ten failures occurred mn patients who were under lmﬂ:;::
longest and tt may be that many of the 15 patients still m treatment ha\rL %
been observed long enough for even the most prelunmnary of eva[uﬂllﬂs .
may be significant that the ten failures occurred mn so short 2 penod
months

Three patients were treated mtensively at another clmic
in October 1932, with a potent nutritional supplement an
down to the mummum necessary for accurate observation
place at three or four weekh mtervals The supportne val
became apparent from the patients’ own remarks

One of the patients was a steady pathological drmher, whose el
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u & ardl uns patient stated quite frankly that the interviews were very help-
ul, and he would call for additional appomtments betw een hus regularly sched
led visits

The second patient was a severe perodic drinker, going on “benders” ence
rtniceayear  Heabstamed between bouts  He reported an mcreased sense
f well being dunng the nutntional remmen  Four months after begmning
eatment he went on a severe prolonged dnnkang bout, exactly the same as
hose prior to therapy  Tor two wecks prier to this, he reported that he could
nnk an occasional beer

The Wurd patient 15 a2 compulsne periodic drnker with no contral  His
nly sobrety was attamed through taking church pledges and, usualh he
nxiously awaited the end of such 1 pertod and promptly went on a bender
"he onset of nutrittonal therapy comcided with such a pledge  He clams he
enerally feels better and although he thinks about drmking there 1s no com
ulsion The pledge has not been 1 enfarcetnent fot two months now and the

Atemt o1

dd any treatment



NUTRITIONAL ASPECTS OF CIRRHOSIS IN ALCOHOLIS\—EFFECT
OF A PURIFIED DIET SUPPLEMENTED WITH CHOLINE*

By Gerald B Phillipst and Charles S Davidson

The Thorndike Memorsal Laboralory, Second and Fourth fediwal Serrices (Horcard) B o
City Hosprtal the Department of Medicine Harvard Viedical School Boston Yass o
l'gu IN’y,mlalldh‘:lmm of Arthrstss and Metabolsc Diseases, U S Public Heal h Serwe

cthesda

The assocation of alcohohsm and cirrhosis of the Iiver was observed well over
a century ago and 1s now generally accepted  That alcohol played an etolon
cal role through a direct toxic action en the Iner was the natural assumptionto
be derned from this observation until the demonstration that fatty curhoss
stmilar to that seen 1n man could be produced n antmals by means of Jow pro-
tem diets! ? Moreover, attempts to produce cirrhosts 1n antmals by the ad
mumnistration of alcohol supplements to an adequate diet hase been for the mot
part unsuccessful® As a result, the concept of cirrhosis in the alcoholic has
been reoriented toward the nutritional aspects, so much so, mn fact, that man
consider this disease simply as a nutntional deficiency

The ev1dence that cirthosss in the alcoholic 15 2 manifestation of a nutnbo
deficiency 1s not conclustve  To be sure, the reports from vartous parts of the
world which vnplicate malnutntion unassociated with alcoholism are umpres
sne! & But most of the patients with fatty cirrhosis m this country &%
chronic alcoholics, and even though dietary ntake 15 usually poor during pen
ods of imbibition alcohol has not been exonerated as an mmportant causati®
factor, although there s Lttle positne evidence to wmertminate 1t Another
argument for a nutntional basis for the cirrhosis of the alcohohc stems from
the therapeutic efficacy of the regimen proposed by Patek and Post ¢ Txhch
emphasizes a nutnitrous diet  But the success of this regumen m aleohol
drinking up tifl the time of admission to the hospital 1n 1tself cannot be ﬂd
tnbuted to the resumption of an adequate diet, as withdrawal of alcohol 21
other mfluences maident to | hization are incurred simul 1

Probably the most convincing evidence agammst an hepatototic actio!
alcohol has been the demonstration that the administration of alcohol 1 &
tion to a nutnttous daet to chrome alcoholics with her disease did not pre} "‘"
hepatic functional and histological 1mprovement in one patient® or emctfb-":
the liver disease of four patients already treated even though given foras ID“-;
as 6 to 18 months? Whether the alcohol consumed by these panentsl“mﬂ
quantitatively and qualitatively the same as that ingested before hospita
tron would not be ascertamnable ot

Thus although hver disease 1s certainly related to atcohohsm, st 1 S e
clear whether the liver disease of the alcoholic 15 a result of alcohol poIson™s
nutritional deficiency, or both

The discrepancy m our hnowledge of the nutnitional aspects
the lab y antmal as compared to man 1s hensible and 15 attrb! o
Lol e e S LD e AP RS
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Iargely to the greater hmitations of clinical investigation  As a result, we have
found 1t necessary to approach the problem of cirthosts in the alcoholic m a
negative manner  ‘This entails a study of the effects of nutrients on the course
of the Iner disease and, admittedly, 1s hmited 1n establishing cause

In order fo determne the effect of a dietary regimen on the course of the
Iner disease 1t 15 almost mandatory 1o study a patient with actne dicease, so
that definite changes 1n the hepatic disturbance, n one direction or the other,
¢an be discerned over a relatnely short period of tume Ve have found the
rost useful indices of activity 1n the currhosis of the alcoholic to be the <erum
bilirubin and urine urolalinogen concentrations and prefer some elevation of
both 1 the patients to be studied  The critenia that we have generally used
to evaluate the course of the liver disease fall nto two main categories (1)
hepatic function” tests, and (2) hepatic histology  Measurement of hepatic
size 13 so 1naccurate that the small changes expected 1n short term studies
might easily be missed

One of the principa! dafficulties m the evaluation of diets and dietan supple
ments in chronic alcoholics with active lner disease 1s the rapidity with which
these patients usually improve, m our expenence, following hospitahzation and
consumpuion of even ireager diets T or this reason, many studies dealing with
the comparative therapeutic eflicacy of dicts and dietary supplements in such
patients have been relatn ely unrewarding  Moreover evenif a supplementary
nutnent does not appear to augmrent the therapeutic value of a gren diet 1t
s nesertheless quite possible that a deficsency of that nutnient was responsible
fur the Iner cheense  Rather than compare the therapeutic value of various
diets and dietary supplerrents therefore 11 15 first smperatne to dissociate the
effects of diet from the eflects of alcohol withdrawal and hospitalzation on the
course of the lner disease 1 ¢, to determine whether alcoho] withdrawal and
h n themselves might amel the bner discase  In this re
spect the rapid 1mprovement referred to above 1s advantageous as 1 permuts
the short term studies necessitated by the mtoleratnlity of markedly dehesent
dets  1f 1t could be shown that alcoholics with active byver disease did not
mprove on a basic diet despite alcohol withdrawal and hospitalization but did
mprove on a more adequate diet, then 1t could be concluded that one or more
<onstituents of the more adequate diet was responsible for the improscment
Ininidual dietary factors could then be added to this basic dehicient diet to
evaluate the effect on the Iner discase  Any factor present in food which
Troves efficacious mght <erionsly be considered to plav an important etwology
@l rule in the genesis of the lner disease

This method of approach using deficient diets has been employed in this
laboratory for ceveral yerrs  The results of these imvestigations are reported
herewsth ” those published bemg summarized those unrecorded presented in
more detail

101949 Fehhards, Faloon and Dayudwon® studied the effects of a protein

free dhet ! withmt 1¢ls on the course of four chromic
alechalies with actve curhosis  Although the basic diet was essentafhy deven !
of protem (01 gm of mitrogen daly) 1t was chown 1o be capable of mamtaining
nattogen balance and body weight when 85 gm of punfied casein were added
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daily as the sole source of protemn * It contamed no source of the vitamn B
complex except cholne (30 to 100 mg daily)  The four patients nere provided
with the basic diet plus a multiple vitamun capsule (contaming vitamms A C
D, By, B;, macin, Be, and pantothenic acid) and a 500 to 1000 multhter nfus oz
of a ten per cent solution of amino acids daly  The average datly calone
tahe ranged from 1700 to 4500 calories  VWhile on this regimen for a penod of
from two to four weeks, all of the patients exhibited a progressive declne n
serum bilirubmn, two showed a decrease mn the size of the Iner and spleen and
m the one patient who was biopsted senally, there was a decided improvement
i hepatic histology  In one of the patients, moreover, the Iner disease im
proved despite negative nitrogen balance

Tn 1 subsequent study, Eckhardt ¢f af " followed three simlar patients for
from 8 to 13 days on the same basic diet with the same added vitamms but
without the supplementary amuno acids Each of the patsents shoved 32
mprovement m “Iiver function” tests and a decrease 1n liver sze Lot
biopsies performed at the start and finish of the protem free duet period revealed
no apparent change m fat content (by histology) except in one patient shote-
cerved added cholme for six days (12 gm of choline chlonde daly} Thest
results clearly demonstrate that rapid improvement m the lver disease canot
cur 1n alcoholics whule they are consuming a diet essentially devord of pmkmI
The possibihity amses that this improyement was related exther to the alcohol
withdrawal and hospitalization, to the protern free diet, or to both II;
noteworthy, however that the three patients described had stopped 31”"’;
mtake and increased food consumption for from 4 to 7 days before the stity
began  Consequently another explanation for the improyement must be con
sidered 2 ¢, that these patients may have recened enough of one or mot¢ bent-
fical dietary factors dunng the period just prior to study to mitiate and 60

erpetuate recovery

? To obviate this difficulty Phillips Gabuzda and Davidson® studzed d\r:;
patients with active crrhosis who were allegedly drinking up till the urntfm
study which started at the tume of admission to the hospital Eridence
this n two of the patients was the presence of Wernicke s syndrome Thcw“
tients were ginen no sustenance after admission except fora punfied diet {rﬂ;m
sisting solely of solutions of glucose and mimerals which was contmued for .
81010 days  One patent recened thiamsne, and another thigmime plus "; 0
tiple vitarns 1n addition to the diet  In contradistinction to the tindm;cIkt o
Echhardt et ¢l ! none of these three patients showed sigmficant mprove ol
m hepatic function swze or fat content (by histology) After msutuhu“nc
an adequate diet for a smular period, there was improvement i hepatic oot
tion 1n all three patients and a decrease 1n hepatic fat in two, the thurd P“Ls o
not showing a significant dimmnution until the biopsy taken after tno ““mw
the diet  The failure to mprove on a purtfied diet with subsequent m;]Pngm
ment on an adequate diet for a similar period tmplied that there was somet] e
the ad diet ble for the of the liver disease o
results would tend to relegate alcohol withdrawal and hospitahzation to sV
nate mfluences m this improvement  The failure to improve ont lhlsﬂl o
diet moreover affords the opportumty to assess the efficacy of ndrvidu
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trients added to this diet on the course of the Iner disease  On the basts of
the ammal studies, cholne and methionine would be logical factors to try
Studses of this sort using choline have been carried out and the results follos
Fine chronic alcoholics with evidence of actne Iiver disease, who were demk
ing heavily and eating poorly until the time of admssion to the hospital, were
followed on the Thorndike Metaholic Ward  No complicating illnesses were
encountered except mn one patient (H C), who developed transient fever as
sociated with a moderate degree of delinum tremens  After admision meas
urements the patients recerved no sustenance other than the punfied diet of
glucose and salme 1n four cases and glucose solution only 1n the one patient
(€ W) with evidence of fluid retention While on the punfied det, which
- 400

and
" \ghly
unpleasant but tolerated st Three patients had diarthea (J M, J D C W)
which stopped withm a few days after discontmuing the punfied diet In
addition to the punfied duet, each patient recened chohne® orally dady  This
supplement was discontinued at the cessation of the purified diet period except
1 one patient (H C}, in whom 1t was continued for 20 days thereafter  One
Patent (J D) recerved thiamme while on the punified diet because of the ding
nosts of Wermche s syndrome
Following the punfied eict period, a diet contaming approvimately 1600
calories, 50 gm of protemn and about the same amount of salt and water duly
z: was n the punfied diet was mstituted m five patients  In three of these
et i . v

E e

A N . .
Tetention, serum bilirubin thymol turbadity and flocculation, and urine urobit
wnogen and bile ate gnen i a previous report Serum alkatme phosphataset
%43 measured by the method of Bodansky 1* serum total cholesterol} as de
scabed by Schoenheimer and Sperry™ and by Abell ¢f af * and serum phos-
pholipid} according to Schimdt ef al ™ Liver size was estimated by measuring
the distance of the Inver edge below the nght costal margm in the mudctas icuar
Iine on mavimal wspiration  Liver biopsies were performed on admission un
the five patients and repeated semally on four  \Il biopsies were done trans
thoracically using the \1m Silverman needle and were generally unesentful
Tor seral biopstes, an attempt was mide to meert the needle at the site of the
Previous puncture
¢ resulls on each patient will be presented separately
Case Sindies

Case I Patient ] M wasa 51 year-old white male chronic aicoholic of 30
Years duration who nas hospitalized 10 to 12 years prior to waussion for jiun
e s VA I ity pn oy

3T authors are gratedul franad Harw 15, Chuef of D abet ¢ Clme Boston € ty Iwpatal, i wocse
nin S T R IR o
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daily as the sole source of proten ¥ It contamed no source of the vitamuy B
complex except cholne (30 to 100 mg darly)  The four patients were provided
with the basic diet plus a multiple vitamun capsule (contamning \itamns 4 €
D, By, By, niacin, By, and pantothenic acid) and a 500 to 1000 mihiliter ifus on
of a ten per cent solution of ammo acids datly  The average datly caloncm
take ranged from 1700 to 4500 calories  While on this regunen for a penod of
from two to four weeks, all of the patients exhibited a progressie decne n
serum bilirubin, two showed a decrease 1n the size of the liver and spleen and
1 the one patient who was biopsted senally, there was 2 decided improvement
m hepatic histology  In one of the patients, moreover, the hner disease m
proved despite negatine mtrogen balance

In a subsequent study, Eckhardt ef af ¥ followed three symlar patients for
from 8 to 13 days on the same basic diet with the same added »itamns bat
without the supplementary smmo acids Each of the patients showed at
improvement 1 “Iver function” tests and a decrease m Iner sze Lné
biopsies performed at the start and finish of the protein free diet period revealed
no apparent change m fat content (by histology), except in one patient whot
cenved added cholne for six days (12 gm of cholne chlonde daily) The
results clearly demonstrate that rapid smprovement i the Iner disease cane
eur 1 alcoholics while they are consuming a diet essentially dev od of pmttm1
The possibility anises that this improvement was related ether to the alcobd
withdrawal and hospitalization, to the protem free diet, or to both 1“5|
roteworthy, however, that the three patients described had stopped zlcol:!v
intake and ncreased food consumption for from 4 to 7 days before the studt
began  Consequently, another explanation for the improvement must be o
sidered, 7 ¢, that these patients may have received enough of one or more bene-
ficial dietary factors during the period just prior to study to mitate and even

erpetuate recove
P To obviate this rgﬂﬁculty, Phillips, Gabuzda, and Daxdson®* studied ﬁ“;
patients with active cirrhosis who were allegedly drnking up tull the “mfar
studv, which started at the time of adnussion to the hospital Evidence
this n two of the patients was the presence of Werniche's syndrome ’I‘heﬂ};;
tients were given no sustenance after admission except for a punﬁtd duet b
sisting solely of solutions of glucose and minerals which was continued fvf o
810 10 days One patient recened thiamine, and another thiammne Pd“sﬂs o
tiple vitamns 1n addition to the diet  In contradistmetion to the finy lﬂ;m
Echhardt ef al ™ none of these three patients showed signtficant “‘an‘eu o
m hepatic function size, or fat content (by histology) After mstltunl;‘m
an adequate dret for & smilir period, there was unproyement 10 hepfll;lf et
tion 1n all three patients and a decrease 1n hepatic fat i two, the thir );:Lso
not showng a significant dimmution until the biopsy taken after tao ® e
the diet  The failure to improve on a punfied diet with subsequent wmpre

n
ment on an adequate dzet fora sumlar period implied that therewas Wmﬂmrnfese
the adequate diet responsible for the ton of the hver disease  JE/
results would tend to relegate alcoho! withdrawal and hospitalization tosul )
nate wfluences n this improvement  The fatlure to improve on thisdlzm =
diet, moreover, affords the opportunity to assess the efficacy of mdwy
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tnents added to this diet on the course of the Iner disease  On the basis of
the animal studies, choline and methionine would be logmical factors to try
Studies of this sort using choline have been carned out and the results follow
Fne chronic alcoholics with evidence of active lner disease, who were drnk
mg heavily and eating poorly until the time of admission to the hospital, were
followed on the Thorndihe Metabolic Ward  No complicating 1llnesses were
encountered except n one patient (H C ), who developed tringient fever as
sociated with 2 moderate degree of delirum tremens  After admission meas-
urements, the patients recenved no sustenance other than the purifed diet of
glucose and saline mn four cases and glucose solution only 1 the one patient
(C % ) with evidence of fluid retention  While on the punitied diet, which
A P "

m .
unpleasant but tolerated it Three patients haddiarrther (J M, J D € W)
which stopped wathin a few days after thsconttnmng the punfied diet  In
addition to the punfied diet, each patient recened choline® orally datly  This
supplement was discontinued at the cessation of the punfied diet period except
m one patient (H C), tn whom 1t was contmued for 20 days thereafter (e
patent J D ) recened thiamine while on the punfied diet becuse of the diag
nosis of Werniche's syndrome

Following the purified diet period, a diet contamung approumatels 1600
calones, 50 gm of protemn, and about the same amount of salt and water dahy
s was mn the purtfied diet, was mstituted m five patients  In three of these
the ezlonic and protein contents of the diet were rmised to about 3000 calorics
and 75 gm, respectively, for a subsequent period

The measurements of hepatic function and size made on admussion were re
peated at appropriate mtervals  The methods for determing bromsulfalen
retention, serum bilirubin, thy mol turbidity and flocculation and urine urolsl
wnogen and bile are grven i 1 previous report ¥ Serum alkaline phasphataset
was measured by the method of Bortnshy ** scrum total cholesterol} s de
serbed by Schoenheumer and Sperey™ and by Abell f af '* and serum | hos
rholipidf according to Schmudt ef af1® 1 ner size was estimated by measunng
the distance of the Lner edge below the night costal margin n the midclniculir
Iine on maumal inspiration T wver biopsics were performed on admission on
the five patients and repeated serlly on four  All biopsies were done trans
thoracically using the Vim Silverman needle and were gencrally uneventful
For «eral biopeies, an attempt was made to msert the needle 1t the sie of the
DPrevious puncture

€ results on cach patient will be presented separately

Case Studies

Cese I Patient J M wasa 51-ycar-old white male chrome aleohiolic of 10
ytars duration who was hospatalized 10 to 12 yers prior to admrssion for jaun

3 hakioe ddrogen ¢ trate {Abbus ator es North Clicago Tl acls
S et e (At Lapmatr 1 et CLES Ty Bt oty o 1

- boratagy 1 term nat ons we el out
1 The buttvery are pever et e T 20 of of Pabetic Clisie Boston € @ Hnputal. in whow
oy et ey e 14 €
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dasly as the sole source of protein 1 It contatned no source of the vitamn B
complex except choltne (30 to 100 mg daily)  The four patients were provided
with the basic diet plus a multiple vitamin capsule (containing vitamins A €
D, By, B;, ntacin, By, and pantothenic 2cid) and a 500 to 1000 mhihter mfuson
of a ten per cent solution of ammo acids daily  The average daily caloncm
take ranged from 1700 to 4500 calories While on this regimen for a penod of
from two to four weeks, all of the patients exhibited a progressne decline
serum bilirubin, two showed a decrease n the size of the liver and spleen and
m the one patient who was biopsied serially, there was a decided improvement
n hepatic histology  In one of the patients, moreover, the hner disease m
proved despite negative mtrogen balance

In a subscquent study, Eckhardt ef af * followed three sumilar patients for
from 8 to 13 days on the same basic diet with the same added vitamns, but
without the supplementary ammo acids Each of the patients showed 21
improvement m “liver function” tests and a decrease m lner sue Lner
biopstes performed at the start and finsh of the protein free diet period re\f-ﬂfl

.
cur 1 alcoholics while they are consumng a diet essentially devoud of pmtehlrL]
The possibility anses that this improvement was related either to the alcohol
withdrawal and hospitalization, to the protemn free diet, or to both Io!h]?
noteworthy, however, that the three patients described had stopped alc db
intahe and mcreased food consumption for from 4 to 7 days before the study
began  Consequently, another explanation for the improv ement must be CD’;—
sidered, ¢ ¢, that these patients may have recen ed enough of ope or more bﬂ;ﬂ
fictal dietary factors during the period just prior to study to yutiate and &
erpetuate recoye

P ?o obviate this r({dﬁcu]ty, Thillips, Gabuzda, and Davidson® studied x&eﬂ;
patients with actne cirrhosis who were allegedly drmking up til the boX P
study, which started at the time of admission to the hospital vaden;‘ﬁ "
this 1n two of the patients was the presence of 1\ ernicke’s syndrome The ﬂ!;n
tients were given no sustenance after admission except for a punﬁed:;tt,‘mm
sisting solely of solutions of glucose and munerals, which was contimue 1‘7! o
8to 10 days One patient received thiamine, and another thiamine P;s o
tiple vitamns n addition to the diet  In contradistmction to the fin m:';u!
Echhardt ef al ¥ none of these three patients showed sigmficant JmP‘""['ml o
m hepatic function ssze, or fat content (by histology)  Alter msm:clmm
an adequate diet for a smilar period, there was (mprosement 12 }JPP‘l‘i et
tion 1 all three patients and a decrease m hepatic fat in two, the thur P;ebo
not showng a sigmficant dummution until the biopsy taken after tno e
the diet  The fallure to improse on a purified diet with subsequent “:}Fmg\ﬂ
ment onanadequate diet for a simlar persod implied that there was S0

the adequate dret responsible for the amelioration of the Iner disease ibort
Tesults would tend to relegate alcohol withdrawal and hospitahzatton to -
nate influences n this improvement  The failure to improve ort §lsdrz|a\ o
diet, moreover, affords the opportumty to assess the efficacy’ of mdn
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dice, anorexia, and weahness, and was told at that time that he had 2 ‘veg
shght crrhosis 7 Two years before admisston, his alcohol consumption was
augmented and food mtake concomitantly decreased For the three weehs
before entry, he felt weak and anoretic, ate very hittle, and decreased s alohal
ntake somewhat On admussion, hus hiver edge was 14 cm below the nght
costal margin, sharp but not very firm, and only shghtly tender There was
no defimte edema, ascites, icterus, spl ly, or spider tel

Results (raBLE 1, FIGURES 1 and 2) During the first ten days of hospualza
tion, the patient recenved the punfied diet and 6 5 gm of choline dihydrogen
atrate orally daily  Over this peniod, the bromsulfalemn retention, serum bil
rubn, and unine urobimogen, which were all abnormal on admssion, decressed
progressively  The thymol turbidity, which was very high on admission, lhe-
wise declined considerably, but since the thymol flocculation was consistently
negatne, this change may have been related to the steady decresse 1o serum
phosphohpid and total chol 1, which were also quite high on entry The
Iner edge was thought to recede 2 ecm dunng this time  Followang the
days of the punfied diet, the patient recewved for the next 30 days the 1600
calone-50 gm protem diet but no added cholme The waprovesment 1 the
above measurements continued so that after 30 days of this diet, those remait
ing abnormal were only a bromsulfalemn retention of 7 per cent and a hepat>
megaly to 8 cm

The admusston liver biopsy showed a large amount of fat with mymmal fibro
sts  There were occasional polymorphonuclear Jeucocytes but no mlrxceﬂﬂh}
hyaln was seen  Many of the cells appeared frayed and the aucles were ’fmh
and dark  Repeat biopsies done after both 7 and 10 days respectiv ely, o ; t
purified diet and choline disclosed a defimte but not marked decrease ml ¥
and many cells with two nucler, suggesting regeneration  The cells were ;3,
frayed and the nucler were more normal 1n appearance A biopsy take \(‘
10 days of the 1600 calorie 50 gm protemn diet revealed still less fat af‘d“;’:
taken after 30 days of this diet showed only a shight to moderate amount o ref;
many binucleated cells, and significantly more fibrous tissue than was appa!
on the previous biopsies £ %

Case 2 Patient S C was 2 48-year old white male chronc alcohohc of b
years duration who usually drank mtermittently m boutss lating 2t03 mu;\m-
and separated by mtervals of abstmence lasting 4 to 9 months He hag e
drinking steadly and eating ittle for § months prior to adnussion dﬂ er;
the two weeks before admission, he became quite anoretic and consime ‘;‘ o
httle food but confinued drinking  He claymed that he took 1to2 mﬂf "
vitamn pills* daily for 1 to 2 months prior o admission No history o };J
vious hepatic distutbance could be elicited  The admussion phiysical e"“‘; &
tion revealed facial telangrectases, palmar erythema, and an enlarged l“wr m
a moderately firm tender edge felt about 15 ¢cm below the nght costal m 535
No defintte edema ascites 1cterus splenomegaly, or spider telangiectas?
made out

iR
cotbc ad

* Queans (Upoh) Each capsule contame Yitam o A $000 U, 1 tasia Do o
mgm  thiam ne hydrochlonde 25 mgm 1 boflavin 25 mgm  pvr dox ne hyde" St vity 1487
pantothenate § mgm  n cotinamude 20 mgm (ahc acid 02> mgm and \itam 2 B2
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Sitose AND
PATIENT [ SALWE PO DIET pIET
90 | THmwme e
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Results (1ABLE 1, FIGURE 5) This patient was provided with the punfed
diet for 7 days  In addition he recened 65 gm of oral choline dn,)dmgﬂ;
atrate daily Jor the first 5 days, 975 gm daily for the Jast two 100 m;‘ﬁ;g
thiamine hydrachloride orally on the first day, and 20 mg orally datly over
next 6 days  On this regimen the serum bilirubin rose shghtly but Pf"’a'"’;
sively and the bromsulfalemn retention remaied about the same, althoug -~
large amount of dve mn the control specimens may have imvalidated this me: >
urement to some degree The urine urobilinogen, however, dropPed ""S -
precipitoush over ths period and, at one time, was thought to be absent M‘Zﬁ\
stools were all brown this abeence could not be attributed to mtrahepatic v
of bilirubin excretion It 1s noteworthy that the patient had profuse \“m
diarrhea while on the punfied diet and concenable that this disturbance I
fered with the production of urobilmogen 0

Tor the ne<t 3 weehs the patient was mantamned on 2 Iﬁ(mf_alurxw s
protem diet and for the four subsequent weehs on a 3000 calone-7> g‘an;bm
diet  After two day s of the 1600 calorie 50 gm protein diet, the serud 2
showed a significant decrease and after 7 days, the serum bilrubin Shv"xv‘hest
further decline along with a dimnution 1n bromsulfalem retentio? et
tests continued to improve ll the time of discharge  Liver size %33

4
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to measure, s the patient’s nability to relax frequently prevented detection of

marphonuclear leucocy tes and no defintte mtraceflular hyalin - The cells ap-
peared frazzled, and their borders were difficult to discem  Many nucler were
smalland dark. Repeat specomens obtained after 3 and 7 days respectnvely
of the punified diet and choline displayed essentially 12 e same abnormalities
except for a suggestive decrease m fat 1nd less frazzling of the cells  Aftr
7 days of the 1600 calomie-50 gm protemn diet, there was a defimite decrease m
fat, but no other changes were detected except for an improyed ccllulyr archi
tecture and an mcrease 1n the number of binucleated cells  The b opsy taken
after 3 wecks of this diet had much less fat and intracellular and cansiular
bile Many Innucleated cells were observed at this time  The fast biop s
<pecimen, which was secured after 4 weeks of the 3000 calorie 7> gm protein
duet, contamed only a mimmal amount of fat but copsiderably more hibrous
tissue than on the pres tous samples
Cose 4 Tatient C W was a 41 year-old white male chronzc alcoholic of *»
years' duration who drank 1n bouts usually lasting 4 few months each with
infers g periods of abstinence of about 3 months  He hid been dnnking
heavtly and eating poorly for 7 months prior to admission  He noted ankle
swelling, and diarrhea for about 5 diys and increasing abdomumnal guth for 3
duys before entry ‘There was no pasi hustary of any of the stigmata of Iner
diease, but he did haye ankle swelling 2 years before which dissppeared when
hestopped dnnhing  Phy sical examination on admussion disclosed a moderate
3mount of ascites and ankle edema and a firm smooth nontender by er edge made
out with dufficulty about 5 cm below the nght costal margim No icterus
splenomegaly, or spider telangiectasia was found
ro - he punficsd diet plus
1600 calonie S0 gm
. " e diet for 10 davs
While he recened the punified diet and choline tte <erzm bilirubn rose and
the urme urobilinogen tematned the same  Ne 1mitial bromsulfalem test was
e Alter only one day of the 1600 calonie S0 gm proten dict the scrum
bilirubin was significant]y reduced and continuerd to dechne over the next 19
v The bromsulfalem retention and urme urcinlinogen however showed
76 change after 5 days of the 1600 calenie 0 gm protem diet and decreased
<hizhtly, of at all, duning the remamnder of the study  The lver edge was du
«ht (0 palpate because of the ascites and the small changes nated are best
Ustegarded
Onhy an admission Iner biopss was done  Thes showed a moderate amount
of fat and masked fibrosis and bile duct proliferatm  There were small num
Yers of palvmorphonuclear leucocstes and scattered cells wath typraal 1w
tracellular hyalin
Case 5 Patient Hl ( was a 44 vear-old white mle who drank i «prees far
W years but sterddy for the 2 vears before ety Alout 4m mths prir 1o
afmuson he increased hs alcohol intake an £ r 2 months pr 1 10 2 lmie o
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< t
he was anoretic and ate very httle  He lost approumately 30 pounds n weigh

over the 3 to 4 months before entering the hospital  Dark urme was notcd‘ ’tagf
3 months, weakness for 1 month, jaundice for 2 weeks, and Jight stools for i
5 days before entry  There was no prestous history of any mamfzstauor]:ﬂm
Iner disease  Physical 10n at the time of ad: revealed a s]):er
ictenic tint to the skin with marked scleral icterus, a somenhat tender[xﬂht
with a firm sharp edge extending 11 cm below the nght costal margm, Sk‘;o-
gymecomnastia, and one spider telangiectasss No edema, ascites, Or Sp!
megaly was made out

]gmjrllx (raBLE 1, FIGURES 7 and 8) This patient was gnen the P“]':f_:
diet for 4 day s, the 1600 calonie 50 gm protein diet for 10 days, the 30%0 C: T
75 gm protem diet for 10 days, and the regular hospital diet for 28 ha)ﬁﬁl 24
addition, he recened 3 25 gm of chohine dihy drogen citrate datly for the oy
hospital days  After 4 days of the puntfied diet and cholne, there \\asbamm
n serum bilirubin and urine urobilmogen without a significant change m e
sulfalem retention  After 4 subsequent days on the 1600 calonie 20 gmt P&mm
diet and choline, the serum bilirubin rose even further and the bromsu!
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PATIENT “"‘fzﬂ DIET DIET
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fetention remamed about the same, w hile the urine urobnlinogen dropped it
davs fater, howerer, the former tno tests were decreased and, after that, all
three tests gradually smprosed so that they were within normal limuts after 52
d3ysin the hospatal  The thy mot turbidaty and flocculation showed no signtt
tant change over the first 14 day s but were considerably reduced » hen measured
U dnsafier entry

The 1utial hiver biopsy revealed a small amount of fat with a great deal of
mtracellylir and canlicular bile  There were occasionl pols mosphonuclear
leacocytes and probably a mimmal amount of wtrrcellulir hyalm T ibrosis
%35 5light 1n amount A sccond biopsy performied after 4 dns of the puriued
dietand choline showed o iscernable change except far & possible dight 1
@e1se in o morphanucler leucocytes  The biopsy tahen about a manth
hier, however, dadosed o fat but sul) an sbundanee of mtracellular and
@nalcular bile - No intraceflular iy alin of polsmorphonuclent leuenay tic i
{Fatun was scen  In contrast to the first tuo bopeics, there was marked
diffuse fibrosiy

Comment

Of five chrome aleshohes who were provided wit
104 saline) and chofine orally for from 4 to 10 dws,

h the punined diet {glacoe
the actave crthosis seemed
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tohave improved in 2and worsened in 3 Although 1t s possible that the lavter
three patients received a subtherapeutic quantity of choline, two ot nam con
sumed a5 much or more choline per day as did the two patients whe 1, rove |
Insufficient gastrotntestinal absorption may also have occurred smee twy
the patients whose Iner discase became worse had disrthea  Anot! 1 et v
to consuder 1n one of these three patients was a complicating eprsode of det num
remens, which may have contributed to the augmentation of the hepatic i
trbance  When these three patients were subsequently provided witha m re
adequate diet, however, the Iner disease improved, two of the patients showi
a significant decrease in serum birubin within ene and two days, respectavely
after the diet was instituted  This failute to improve on the punitied diet anl
choline with subsequent mmprovement on a more adequate diet imphes that
one of more constituents of the more adequate diet was responsible for the
mitigation of the active hepatic disturbance and suggests, m tum, that a do
ciency of the same one or more factors was important w the des elopment of
the hiver disease  These results corroborate the findings m a pres lous studh!
n which the circumstances were similar except that the purtfied diet was nt
supplemented with choline At least 1n these three patients, the factor doesy
not appear 1o be choline alone in the amounts given over these brief penords
of study  Neather 15 the factor just calones, as the more adequate diet was
socalotic with the purified diet  \What the therapeutic component of the more
adequate diet was, therefore, remaimns unhnown

Exen though three of these panents despite atcohol withdrawal, cid not
mprove until provided with a more adequate dict, the 1lcohol may stll have

N an mportant factor in the development of their Iner discrse I1s role
0 this respect might have been to (1) accentuate a nutritional dehciency b

being more deletenous to the hepatic cell conditioned by matnutrition
Improvement in the actise cirrhosis did ovcur m two of the five patients
luring the period of the punified diet and choline  That chofine mav :u\r
been the therapeutrc agent 1s <uggested by the relts of the previous study m
which the active ctrrhosss of three chrome alcoholics did not improve on the
puritied et wathout choline but did improve Fapulhy on an adequate diet
ek of adequate control stucies however prevents this conclucion, as i w
e possible that the Iner dierse of the patients n the previws <tu fy was
clated 1o different enologial fartors  fndeatl_evidence that mere than one
Mportant factor may be imolved m the treitment and posat iy the deselop-
rent of the liver dicase of alcoholics 1% provuded 1n the masked cufference ‘:{
responce of the I er dinease among the hve patents i the pre<ent «tudy wlile
B eas cns
fm‘:l':l:::?,‘xfn::x::ﬁ‘: the lner diease of the patients wha re<ponded
fvorably and those who th 1 ot m v ausunt for this !lh(lq\lnn‘ 1N respanee
it sre il 1y denne | With reepect to bver functiin, the onfy cuns dtert
dfference ws the hyher serum luliruhin o the m:rc patients whoe Iner fune
e gy wope g the pushed diet and chotiee gen W Witk remand

/
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hepatic histology, which was difficult to assess, the two patients who mproved
during the punfied dret and choline period had a larger amount of hepatic fat
than the others In fact, 1n the one patient who 1mproved the more dramat:
cally, the marked degree of fatty change was essentially the only hepatic leson
noted  The hepatic fat of these two patients, moreover, appeared to decrease
durmg the purified det and choline period, but a similar change was also noted
m one of the patients whose Iiver disease simultaneously became worse  Thus,
hepatic function did not appear to be related only to the fatty lesion, and other
elements of the pathological picture, as fibrosis, itracellular hy alm, and necrosss
require consideration  In support of the view that fat 15 not the only histolog:
cal lesion to consider was the marhed acute hepatic dysfunction present n one
patient whose Irver biopsy showed only small quantities of fat It 1s possble
that the response of these patients to various dietary regimens 1 related to the
type of hepatic histological abnormalities present, but the small number of
patients n thrs group forbids any rational attempt at correlation

One striking feature of the histological studies, which were done serially
four patients, was the apparent increase m fibrows associated with recovery
Although this change may have resulted from the disappearance of fat and con
densation of the remaning tssue, the marked increase in fibrous tissue argued
for a genumne progression of the fibrosis To support this umpression s 2
decided increase 1n fibrosts seen in one of the patients who mitially had only?
mmumal amount of fat  Although the deselopment of fibrosis could not be
related positvely to any histological feature, there were two bits of evidence
agamnst 1ts relation to fat (1) The patient with the most hepatic fat developed
the least fibrosis, and (2) the patient with munmal fat developed pronounced
fibrosis  What gave nise to the fibrosts, 1f real, therefore, cannot be stated from
these studes

Although not all of the actne curhosts of chronic alcoholics may be o the
same etiological bass, m the great majonty of these patients m our experience
this actne hepatic disease will improve rapidly follow ing hospitahzation of the
patient and consumption of even meager diets In the present study, e
active curhosis improved m two patients who recened merely glucose s-\[mz
and choline and 1 three patients who were given only 1600 calones andho‘
gm of protem daily  From our chmical studies, therefore we believe t ;
effective dietary therapy for the actie curchosis of the alcoholic 15 the wit
drawal of alcohol and the provision of an adequate diet

Summary and Conclusions

{1) Tnaprevioosstudy 1t was shown that the avtne carhess of theee chﬂl); M
alcoholics farted to improve when these patients were provided with 2 pur "
duet (glucose and minerals) but subsequently improsed when gnenal adeqults
duet for a simlar period  These results suggest that one or more constituer
of the adequate diet was responsible for this umprowement et

(2) In the present study five similar patients were simlarly folloned ﬂcm}:c
for the addition of cholme to the punified diet In three of the patients ch; i
did not appear to be therapeutic  In the other two patients, cholme may 53
had a beneficial effect
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(3) It 1s conctuded that choline alone in the amounts and for the lurt o
gen1s not therapeutic for the active Liver disease of all alcoholis Wie her
choline 15 of definite therapeutic benefit i some cannot be conclud ¢ 1 | ¢
data presented

(1) The marked dsfference 1n response of these patients to i ar 1
suggests that the hver disease of the alcohohic may be related to m re
etiological factor

cknouledgments

The authors are grateful to Dr G henneth Mailory the Mu r
c:{ Pathology Boston City Hospital for revientng the histolom | «

References
‘C\lggvml;’ 1999 The nutntonal aspects of Iser inury  Med Cn N A 23
? Hogsworty H P 19 Lectures on the Liver and 1ts Dacases Mo a1
Cambr Jge Mass
Hdaweerr UL ETA Jeuusen 19810 Viamn difeences and e b
alccholism  Pa yee T AT art ] Stud s Al 2S4S
‘b " Nutnt on an i d sease of the Iver  \ew

6. es1n Human Maln 0 on Crone and

Lreatment of al holccrrhossof h | erw hhghytamn
Mtl Bol Mel 3T 329-330

. davesu s L e tuu 4 au
K1",‘,"“""051) a1 stered humn serum alt um n an man ) (L Toveet 27118
b o & DN 24 Cumemy £ C 5 Duises
wcren R 1 Swwas € J Cowem
19 " Eficet of profe n stanat on an i of frote n fecd o5 6 he Tt coure ner
5\"\&!‘ e an11ver bitachem stry { three pat entaw hact ¢ fatt sl ehed - crrheas
n fnvest 29 227
W B 6 Jz(‘\iﬁn\ Jr A0S Dapms 195 ¢ njam ;;n«}.
:%‘- Piinfic Land un & leq 1ate d et on the coure of fa t Trrbos s 0 the al <
in Inyest 81 351 356 .
1 Boonsrr™y 035" Vo hatace stutes 10 Drterm a1 ol erum g b
o il he Seteen mat 0
s e R W e o cromehuL £ the Krerm e of
e a0 con 1 ned cholestero) ] B @ Chem 108 N
e LR e e T R 195 Luep et otted
;"f“l S £ M3t sa of 1 tad cholesten | n serun anl femon 1ra xe .
Che 35 300 .
e S T o e e 88 ) Taasis bl v
ﬁ',"'fhrmm e gart ton hegh 1 e b e 2o
" g myel By Chem
Ly &y i T A R



830 Annals New York Academ; of Sciences
produced by feeding alcohol or sugar and its prevention by cholme  Brt Med J 3
1061 1006

18 Kratsas G, H M Gewm, & W A Krenr. 1951 Effects of prolonged alcchot
1ngestion on the liver of the rat under conditions of controlled adequate dietary miake
Yafe J Biol and Med 23 317-331

Discusston of the Paper

Docror Harowp Bruaserc, Exno Probvers Inc, New Yorn Thsw
vestigation by Doctor Davidson and Doctor Phillips 1s certamly very mnteresting
and valuable Theoretically, of course, the value of choline in alcoholic fatty
cirrhosis mught be tested better perhaps by a somewhat different type of expen-
ment although 1t 1s appreciated that this might be difficult to do i the clinc
Chohme by itself, or wath glucose, cannot be expected to constitute complete
therapy  In addition to removal of excess fat there must be regeneration of
bLepatic parenchyma, and the latter requires protemn  Cholie cannot provide
this necessary proten It has been suggested only as an adjuant in thehigh
protem therapy of curhosis  There should be two groups of patients both
recening an adequate amount of protem or ammno acids, but not unusually
high n methiomne  One of the groups should, i addition, recene cholme
and the possible value of choline should be gauged by the rapidity and extent
of the inpros ement as compared with the noncholine group

In 1944 Doctor Russahoff and I reported a partial approach toward ths
method  Included i a smal} series of cirthotic patients with ascites were theee
who showed no sigmficant improsement after two weeks on a complete det
adequate 1n protem (protem, 125-200 gm , carhohydrate, 250-300 gm , fi\'}
50-60 gm) Choline chionide was then added to the regimen m dosages ¢
3-6 gm per day Marked clinical impros ement, with decrease i ascites o
curred 1 all three patients within a week follow g the start of choline thmp)d
The cotnadence of chinical impros ement and cholme admmistration sugseste
that choline might have therapeutic value "

In our early espenyments on fatty cirrhoss m rats 1t appeared that the r]l:fi
extensne fibrosis was observed i ammals that, after a long period on aodsl:n
fat and low proten diet, were gnen additional protein m alternating 1)tl’lt |
order to permit some recovery of weight and to prolong survival Incident :hz‘)'
the alternation of myury and repair may be somewhat analogous to the fpi .
logical history of alcoholic cirrhosis tn humans  This was the reason cmﬂ)
previous suggestion that, after this type of liver injury, the high protem Lo
apy not only produces regeneration of normal Inver cells, but also may l;]mhm
the full development of the eipient fibrosis m the areas where the ce Scmm
already been badly damaged Therefore, 1t )s mterestng 1n this conoe o
that Doctor Davidson and Doctor Phallips have found that, with comgd&
duetary therapy, their patients showed not only chnical improvement an
creased Iner fat but also an increase i fibrosis m the Iner biopsies



THE PATHOLOGY OF DIETARY LIVER NECROSIS—A
PRELIMINARY RTPORT

By George L Ite
U S Public Health Service, National Instuutes of Health, Bethesds Md

Hepatic necrosis mduced by dictary means, although ongnally obscrved m
wnrl don mad 4 thee 1 Ly (o BRI
. e i . (- "
well established, with deficient protein amino-acid fractions of the diet the
common denominator of the several dietary means emploved !t 2 8¢ s
‘The necrosis 1, 1n the last analysis, the end result of an underlying egener
Ine process. Schwarz® has introduced the term dietary necrotic hiver degener 1
{n to emphasize the degeneration as the pnmary phenomenon  Alth 11
much information has been gained wath regard to substances which will prever t
the necrosis from occurring, still the basis nature of the deguneratine provess
betind 1t 15 23 yet httle understood  In vanious Teports, necrosis has teen ob
senved anywhere from the 30th to the 90th day or later folloning the placing of
ammils ona smtable dietary regime, with death of the animals usualhy follow
e tha w - .
method of Schwarz was the provo
" Torula yeast providing the protan
. This diet has been regrrded as
bemg pimanly deficient m respect to vitamun I and “Factor 3" Trom the
standpont of the suitabibity for histologic study of Iivers of tmmals admmus
tered this diet, there are certan great advantages, which stem from the con
stently high percentage {90100 per cent) of amimals dving with lver necrowts
dunag the <pan of the 35th to the S0th day, providng many early fesions
T companing 1n a general way the lesions of these animals with those de
scubeil by other wniters, using other but not entirely different diets 1t 15 pos-
sible to make the general statement that the lesions are m evers way < sumilar
21010 ficate that the problem, the nature of the underlying degenerition 1
:hv same  Dufferences are those of degree and time, but not of general charac
er

In addition to changes 1n the Iner 1 the 1nimals studied, other changes
w0ecally in the hidney and 1n the fore stomach have been seen the latter
17 of the charscter Lnown to occur in yuamin F deficiency  Vthough not
:::::\vlrrTl here in detasl, they are added evidence of the dencient quality of the

s

Iners of more than 400 animals drawn {rom the experiments of Schwarz
Fave been stuched, presenting a broad view of the field  The problem 1 com
Tles, and the pacture 15 complex  This incomplete report indicates certam hres
@ Stgation of promuse for the futyre and ciutions agunst unwarrnterd
lerences, I general, findings are i harmomy wath those of other nvests
RO Interpretations may differ
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Yroduced by feeding alcohol or sugar and 1ts prevention by choline Bnt Med ] §
001-1006

18 Kuatsery, G, H M GeEwny, & W A Krent. 1951  Effects of prolonged alcobot
ingestion on the hver of the rat under condittons of controlled adequate dietary mtske
Yale J Biol and Med 23 317-331

Duscussion of the Paper

Doctor Harorp BrLunEerG, Expo Propuers Inc, New Yore Thsm
vestigation by Doctor Davidson and Doctor Phullips 1s certamly very interesting
and valuable Theoretically, of course, the value of cholime m alcohokc fatty
crrrhosts might be tested better perhaps by a somewhat different type of expen
ment, although 1t 15 appreciated that this might be dafficult to do 1 the chne
Choline by 1atself, or with glucose, cannot be expected to constitute complet
therapy  In addition to remoy -
hepatic parenchyma, and the Ja
this necessary protemn It has
protem therapy of arrhosis
recening an adequate amount of protem or ammo acids, but not ynusually
tigh m methionime  One of the groups should, n addition, recene choline
and the possible value of choline should be gauged by the rapidity and exteo!
of the improyement as compared with the noncholine group

In 1941 Doctor Russzkoff and I reported a partial approach toward the
method Included in a small series of cirrhotic patients with ascites were three
who showed no significant unprovement after two weeks on a complete det
adequate 1n protem (protem, 125-200 gm , carbohy drate, 250-300 gm, m;
50-60 gm)} Choline chloride was then added to the regumen m dosages of
3-6 gm per day  Marhed clintcal improyement, with decrease m ascites o
curred in all three patients within 2 week following the start of cholne thmP‘d
The comadence of climeal mmpros cment and choline admunstration sugeste
that choline might have therapeutic value

In our eatly expeniments on fatty currhosis i rats 1t appeared that e
extenswe fibrosis was observed 1 ammals that, after a long pertod on aodlnm
fat and low protein diet, were ginen additional protem m alternating PE“[ ;
order to permit some recosery of weight and to prolong survival Inciden! ?hi:
the alternation of mjury and repair may be somewhat analogous to lherP: o
logical history of alcoholic cirrhosis i humans  This was the reason O‘M
presious suggestion that, after this type of Iner injury, the ligh proteit ot
apy not only produces regeneration of normal hiver cells, but also may l]’]mha\'t
the full des elopment of the mcipient fibrosis 1n the areas where the cel esctloﬂ
already been badly damaged Therefore, 1t 15 mteresting m this conn o
that Doctor Davidson and Doctor Phillips have found that, with CD:‘gdc-
dietary therapy therr pattents showed not only chaical improv erent &
creased liver fat but also an increase n fibrosis i the liver biopsies

the most
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PRFLIMINARY REPORT

By Gearge L Fite
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Hepatic necrosts induced by dietary means, although ongially observed
ork designed to throw light on cirrhotic processes, has become recogmzed as 2
J

s '
] 0
ozmon denommator of the several dietary means employed? * 3 ¢ ¢

‘The necrosis 1, 1n the last analysts, the end result of an underl ing degenera
ne process  Schwarz? has ntroduced the term diefary necrotic liter degeners
on 1o emphasize the degeneration as the primary phenomenon  Althot .}
nuch information has been gamned with regard to substances which will prevent
he necrosis from occurring, stll the basis nature of the degeneratine process
ehind 1t 15 as yet little understood  Tn vanous reports, necrosis has been vb
¢ried anywhere from the 30th to the 90th day or later following the placing of
nimals on 2 sustable dietary regime, with death of the amimals usually follos
g the nectosis prompt];

In the current mnvestigations, the 3 east” method of Schwarz was the provo
atwve dietary, procedure a special type of Torula yeast providing the protemn
na diet complete 1 most other respects This diet has been regarded as
eng primanly deficient m respect to vitarmin E and “Factor 3" From the
tandpomt of the swtabihity for histologic study of hyers of ammals admins
ered this dret, there are certam great advantages which stem from the con
istently high percentage (90-100 per cent) of animals dying with Liver necrosis
duning the span of the 35th to the S0th day, providing many early lesions

In companng 11 a general way the lesions of these ammals with those de
scribed by other writers, using other but not entirely different diets 1t 1s pos
s ble to make the general statement that the lesions are 1n every way so similar
i to ndicate that the problem, the nature of the underlying degeneration 1s
:i\t same  Duflerences are those of degree and time, but not of general charac

T

In addition to changes in the Iner i the ammals studied other changes
pecally i the hudney and 1 the fore stomach have been <een the latter
beng of the character known o occur n vitamun E deficiency  Although not
;\)n:ulcr;d here in detal, they are added evidence of the defictent quality of the

12t user

Inners of more than 400 anmnls drawn from the experiments of Schwarz
have been sturied, presenting 2 broad view of the field  The problem 1~ com
i16%, and the pucture 1s complex This incomplete report andicates certa fines
ol M estization of promise for the future, and cautions agamst unwarrnted
Wlerences  In general, findings are 1n harmony with those of other investt
Bors Interpretations may differ
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?{)?)(;u%goby feeding alcohol or sugar and s prevention by cholme  Bnt Med ] ¢

18 Rratskin G M M Gewiv & W A Rreme 1951 Lffects of prolonged alehol
smgest on on the liver of the rat under condutions of controlled adequate d etary mtshe
Yale J Biol and Med 23 317 331

Drscussian of the Paper

Docror Harorp BLUMBERG, Expo Propuers Inc, New Yors Thsm
vestigation by Doctor Davidson and Doctor Phillips 1s certatnly very mieresting

and valuable Theoretically, of course the value of choline m alcoholic fatty
1 voore — e

therapy  In additron to removal of
hepatic parenchyma and the latter 1
this necessary protemn It has been
protemn therapy of currhosts  There should be WO LIOUpS oL pa o v
recening an adequate amount of protem or amwno acids, but not unusuall
fugh m methionme  One of the groups should, i addition recene cholise
and the possible value of choline should be gauged by the rapidity and extent
of the imy as d with the holine group

Tn 1944 Doctor Russahoff and I reported a partial approach toward this
method Included 1n a small series of cirrhotic patients with asaites were three

sho show ¢ two weeks on a complete dm\!
adequate - rbohj drate, 250-300 gm hf
i am to the regumen m dosages ¢

3-6 gm per day Marked clncal improvement, with decrease i ascites o‘C’
curred in all three patients within a week followng the start of cholne t‘nmf
The d of chnical 1mp; t and choline administration sugges
that choline might have therapeutic value

In our early experiments on fatty curhosis m rats 1t appeared that the f:":‘:
extensive fibrosis was observed m anmals that, after a long period on ads‘:n
fat and low protem diet, were given additional protewn m alternatmg pdmﬂm )
order to permut some recovery of weight and to prolong survival  Inciden \h{r
the alternation of mjury and repair may be somew hat analogous to thef};: ™
logical history of alcohahc cirthosis m humans  This was the reason et
previous suggestion that after thus type of v er myury, the ngh P"’"’:; ot
apy not only produces regeneration of normal liver cells, but also may l])]s e
the full development of the merpient fhrous wn. the ateas where the cel " hon
already been badly damaged Therefore 1t 1s mteresting 1n this connf e
that Doctor Davidson and Doctor Phillips have found that with comp .
detary therapy their patients showed not only chmical improy ement an
creased Inver fat but also an increase in fibrosis i the lrver biopsies
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3y often ay pear normal or nearly so  In gly cogen and fat staned sections
1 foss ble 10 find many cells contaming glycopen but no fat yet illustrating
e beginnungs of the haryolysis  Howeser 1t 1 clear that these cells do lose
e rglycogenna short time probably a matter of a few hours once 1l ¢ | rocess
!:s(amd and Iikewise acquire cytoplasm hpoids at the same time  Qce the
";";)"I)sls 18 well established the c) toplasm often aj pears fraved out some
Miatwatery perhaps ncreased in over all yolume  But the pomt to be made
s that the nuclear degeneration often appears to precede the cytoplasm ¢
r‘Etlsd;mgrmus to draw too much mference from this histologic change  The
by ppear normal on {He 33rd day and necrotic on the 3ith It 1s
W10us that the histologic evidence of Inver cell injury 15 only a partial measure
ot what goes an
Another eurious finding 15 the occurrence of numerous mitotic figures in Iner

orf

"Enuclu " occasiomal animals which are undergoing this degeneratis e progess
5m‘mstex oceur at random anywhere and are far s -
lhemm Tvers undergong regeneration  Enilently

3 though the primitne mechamism of rep
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An expenment was undertaken i which animals were hlled at predetermmed
mtervals after being on the basic diet 24, 27, 30, and 34 days a total of 30
amimals being used ~ Frank pecrosis was seen 1n two animals killed on the 34th
day  All livers were sectioned and studied for fat and glycogen

“The results paralleled those of Abell, Beveridge, and Fisher,’ who employed
sumilar procedures  The glycogen was normal m all animals except four killed
on the 34th day  The two which showed early necrosis showed no glycogen
In the two others, 1t was diminished, being found largely i portatareas  There
were no definite abnormal fat deposits except n the two ammals with ealy
necrosts, in which droplets of moderate size were distributed 1n moderate num
bers throughout the liver  The progressive mcrease in fat seen by Abell nzs
not observed 1n the shorter elapsed time of this experiment

Perhaps the most significant finding of this experiment 1s the essentally
normal histologic appearance of the Iiver almost up to the pont of appearaace
of the necrosis It seems important to emphasize the fact that although the
deficiency will routinely hill animals at about the 45th day, there 1s little hs-
tologic alteration 1n evidence almost up to the point at which necrosis appears

Types of Luer Cell Degeneration

In the animals dying with or without frank necrosss, two distmctise types of
changes 1n the Iiver cells had been observed

The first of these 15 diffuse karyolysis and karyorrhexis of the hver cell el
with relatively httle change i the cytoplasm of the Iner cells (Hsm‘[‘(

whether, m these ammals the defictency affects prumanly the nucleus © "
cells, or whether one 1s dealng with a deficiency mn substances essenfia o
formation of nuclear protein or essential to nuclear metabolsm The stmn;t.
1mpression 15 that the njury to the hver cell i these ammals 1s 2 very dxﬂere“
thing from the myury due to carbon tetrachloride or other chemical subsx?nm
1n which the ¢y toplasm of the cell must necessaply absorb quantiies
chemical rntant

The sequence of the Laryorrhexis-haryolysis process appears &
as followns

Y A reumwngernert o e Todees avneieT

(2} A diminution 1n size of the nucleus,

(3) Dnssolution of the nuclear capsule, "

(4) Contraction of the volume of the nucleus as a whole, yet wath outhe
preserved s do not

Following dissolution of the nuclear membrane, the nuclear content sdgmble
fuse with the cytoplasm but the nuclear form 1s retamed for & COR‘S;‘ e
peniod of tme  Many nucler will also shrink to become pyhnotic, but
of degeneration appears to follow later

n gt:el!s showing the Laryolytic process mn 1ts earhest phase, the cytoplas™

o be roughly
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kiled 1n both early and subacute stages of the process, as well as in a fen
ammals which bad been fed protective substances after the period of potential
necrosis was well under way It seems probable that the eosinophshe granu
lates of the cytoplasm become calcified only nfrequently, the determming
factors bewng unknown

Up to the present txme, the exact relation of this type of degenerative process
to the other 15 not understood  This type of lesion had not been seen too fre
quently to the pomnt of calafication of the bodies, but 1t has been passible to
demonstrate the early cytoplasmic change m the Liver cell many times  The
mechagism appears to be quite different from that of diffuse karyolysis  Here
the nucleus 13 unaltered until after the process of granular body tormation 1s
well developed  That the granules may deelop from altered mitochondria 15
a strong posstbihty, proof of which 1s as yet wanting

The Csrculatory Factors

Himsworth and his associates? ¢ have stressed the arculatory factor n Iner
necrosis, especially with respect to the distnibution of lesions  The distnbution
of the areas of necross 1n these amumals has been essentially the same as that
chserved by all other 1y estigators* more common at the free margms of the
lobes, more common where these are i contact with other yiscera more com
mon 1n Jobes which are thin, than thick  Himsworth went to great lengths 1o
show that a failure of splenic and portal blood to mix promptly mught be re
sponsible for differences, in other words, that the differences mught be related
103 condition when one lobe recewves more blood directly from the intestines,
while another recers¢s a majonity of its venous blood from the splcen  While
nol attempling to repeat all of Himsworth’s detailed studies relatne to this
Problem, India ink was w)ected into some thirty ammals on the 33rd day, ata
tme when Iner necrosis was mcipient The injections were made m the
spleen, and the animals hilled a few hours later  As nearly as could be judged
from gross obseryation of blachening of the hver immediately following the
Mjection, and from microscopic sections, the mh was evenly distnbuted to all
lobes, and promptly taken up by the Kupfier cells Only msnor differences of
lobular distribution were obsery able, such as might be attributed to 2 tem
Porary mcrease or decrease of flow to a given area  Several ammals showed
ey stages of degeneration, mn which the b was deposited as i normal
areas  Three amimals wath early necrosis showed absence of nk from some
necrotic areas, but by no means all  The only conclusion to be drawn ts that
;:;'Jahemuon 1n circulation occurs after and not before, the occurrence of

s

\ second consideration 1s the distribution of necrotic areas with respect to
e Iner lobule  Experience has been that there 1 oo absolute rule with
TeSPeCt to the occutrence of areas of degencration ot RECTOsts, although there
are prponderances

(1) There 15 no focal necrosis  Areas of necros are mvanabl larger than
e mdiidual Jobule

The usual area of frank necrosis myolues an area of the Iner without
Tespect 10 ats main blood supply  Evceptions occur, however, i which the
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agamst destruction has been evoked Although this phenomenon has been
een in only about 2 per cent of all the livers examined, 1t 13 too striking fo go
without mention, and 15 further evidence of the profundity of the alterations
the liver cell

A second type of degeneratine change has been observed tn many anmals,
often 1n those showing vary ing degrees of duffuse haryolysis, but not conjosntly
within the same cell  This 15 seen first as fine refractile eosmophihc graules
evenly distnbuted 1n the cytoplasm  These are quite small, of the order of
1-2 g 1n diameter  \When cells contamming these bodies become separated from
reighboring cells, as they often do, the granules become larger, and finally
undergo calification {(PICURE 2)

The various stages of formation can be followed through vanous anuals
although 1n a given amimal the changes throughout are essentially of the sume
age and degree  The cell form 1S often Tetaned, perhaps supported by the
calofic bodies  The nucleus 1s unaltered at first, Jater fading out of eustence
without undergoing hary orrhectic changes

This sequence of events has heen seen to best advantage in ammals dying of

- atia
Fiovaz 2 Cytoplasmic granules m degeacrating Lver cells advanced stage "ih ealof
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Once necrosis has occurred, the resulting effects on the crrculation  the
1o

f

anovem may produce still further change  In most cases the animal hes | x
quckhy for this to be histologically clear-cut

A second result of the necrosis 1s the hemorrhage ' which 13 seen trequeni |y
For the most part this so-called hemorrhage 1s an accumulation of blo 11 v 1
snusords at the margins of necrotic areas rather than extravasation ou |
the normal channels  Another type, however consists of poolsar ur 1effera
‘ems suggesting some degree of back tracking of blood from efferent se n
pecrolic areas  Again these accumulations are within swmusoid i r ¢
hemorrhage (re  the escape of blood from s ascular pathwavs) prol it Iy |
not occur

It 15 mmpossible to estimate the degree to which simple convest n
operate 1o proyole frank necrosis  Yet when one sees frequently 1t v 1
degeneration which has occurred i more ‘normal areas in the ner
Iners 1t 15 easily supposed that an extremely shght alteration m Hx | 1l
m zht operate to inttiate or to ads, ance the formation of a largearea ot e 1 1
Unter the crrcumstances 1t hardly scems necessary to conceire a gross 1t 1
Ynor vaniation n the hepatic eirculation to explain the change from de_c rers
tion to necrosis

Delayed Liver \ecrosis
[
0
ha -
Oy 4 ertain number of the antmals have actually died from necrosss  Mere
¢ P cture may be dhfferent 1 several w ays from that of ammals dying early
i the d sease
(1) The mucture of diffuse karyolysis 15 shown to better advantage or 10 ¢
f’;\‘uler degree 1n animals dying at about the 50th day than i animals dving on
(e oth day on the basicdiet . This seems to support the ea that the d fuse

11 Sunang longer penods of time scem to illustrate degeneratine processes
© better advantage than ammals dying 1n the earlier acute phase
Abell* apeaks of sul and recurrent sub necrosis These
:mm 21 simlar to those we have observed 1n some ammals dying 1t later
mewtervals  He of mutotic figures in
'S recurrent submassive * narnety  In our ammals histologie evulence of
TeeLrrent necrosis has been scen (1) where a delicate talance between death

B
rsart 3l was mantained, or (2) w hen scars and regenerated areas. b oucly
Tesyltad ¢ 4 h <cars tn
n.

- mceans at
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necrotic areas have an wregular ramufying serpentine pattern analogous 0 e
branchungs of efferent teins

(3) There 1s commonly a narrow zone of preserved cells adjacent Tn de-
areas In frankly necrotic areas this is extremely narrov at bes; somn!
generat ng areas a layer 3 to 5 cells th ck around portal zones may :’ areas o

(4) Inversely there are many examples i wh ch the PRPOdeI‘:;:“ P
degeneration or ecros s or both are in a sense centrolobular tsh obule
however ad screte central zone but a broad area making up most of ; e

It becomes clear that the circulatorv arrangement of the 1 ver doss & o
effect on the distr but on of the areas of necros s n that the more mme
nounshed portal cells suffer the degenerative changes shghtly less

to portal



DIETARY METHODS FOR INDUCTION OT' NECROTIC
LIVER DEGENERATION

By Mananne Goettsch
Unuersily of Puerto Rico Scl ool of Medicine, San Juan Puerto Rico

Necrotic Iver degeneration 1s readily induced 1 young rats by the dietary
conteol of two factors, sulfur contaimng amimno 2cids and Vitamm £ I m
anare that the modern interpretation requires at Jeast threc factors (ystinc
vtamn E and Factor 3, but T shall leave therr elucidation to Doctor hlau
Sdwarz  Doctor Daft has given an tnteresting account of the historical se
&Lenftnf factors m nutntional Iner injuries  The presentne effect of yitsmu

Vm)gmz':d the importance, 1 expertments of this type, of restricting, at t !

- T
- ] . ' s

. N nl '
91), which was the protem used by the onginal m estigators  The compost
on of the diets s given 1n TABLE 1 Diet 115 typical of diets used tn \ ntamin

expenments  Diet 2 contans the same ngredients as the low prutein diets
106 When o tocopherol was added, 1t met the minimum proten require
weat for grow th and reproduction 1n several generations of rats

Stpplements were mtroduced at the following concentrations DL methi
e 01003 per cent, L-cystine, 01 to 03 per cent, and dl-ar tocopherol
cetate, 2 mam per rat per week

Pracedure Wistar or Sprague Dawley rats were used  Breeding rats were
“ared and bred on the low vatarmin E, but adequate dicts 1and 2 which were
3ually surtable for the preparation of younz To permut the birth of young
herats were gnen 10 mgm of a tocopherol at the beginning of the tirst gesta
" 20 mgm at the second and 30 mgm at the third  The young did not
velop muscular dystrophy at the end of lactation  In thisway youn, with
Wl low stores of y ttamm E were obtamed
St Y0ung rats were guven diets 3 to 6 from the 21st day at which time the
o weight was approvimately 35 gm

Results and Discussion

Rats with the low casein diets prew poorly  Nearls all of them about 90
T <t died suddenty after 540 days  Inrecent tnals the maidence reached

TT cent and none of the rats sunned for longer than 20 days  Tver
'\'Imlnc degeneration was obsers ed g rossly and confirmed by Doctors hoppisch
2 Erquierdo of the Department of I'atholagy of the Unnersity of Puerto Rico
:ﬂm} of Medicine by microscopic examunation  Some of the rat- mesesntet

* lesions of muscular dystrophy

839

X
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any time pnor to 1ts actual occurrence  In a number of animals so protected,
and killed later, the appearance of the Iiver has usually been that of the normal
ammal In afew, scarnng and regenetation have appeared  Except for these
evidences of repair and regeneration of frankly necrotic areas, no changes have
been seen  Thus present mdicattons are that the degenerative changes are
reversible to a substantial degree although the Limits have yet to be defined

Currhosis has never been observed 1n these ammals on the necrogemc diet
nor has the picture of the fatty hner of choline defictency been seen

References

- ~ 1l Physiol 25 363
1943 Proc Soc Esptl Biol Med 8 1
In Sct 6 93
veerger 1945 Bnt J Exptl Path 23

5 Scuwagz K 1944 Z physol Chem 281 101
6 Scuwarz R 1951 Proc Sec Exptl Biol Med 77 818
7 Asert M R,J M R Beveroor, & J H Tiscuer 1950 Arch Path 50 1

Duscussion of the Paper

Doctor Hans POPPER, Hektoen Insiitute, Chicago, 11l 1 should like to co
gratulate Doctor Fite on a thorough and much needed 1ny estigation upon the
histologe changes wn acute hepatic necrosts It 15 worth emphastzing ﬂ'ﬂ:
histologically msignificant changes precede the explosive sudden breakdown o
the Irver cells and that nuclear changes usher in the leslon  The eosmoplul ¢
necrosis described 15 also interesting from the pomt of vien of‘ the ‘bumi“

vl o -

I - ' '

. . e -

tions granular coagulation necrosis of the cy toplasm of the character of I\Iauor)r
bodies 1s more common  This raises the question as to the general behzno; o:
the cytopl b hul pposedly due to the presence of pentose auCE
acid in nutnitional necrosis I also should Iike to ask about possible alteratio$
of the reticulum framework i the anmals studied Tn most wmstances &
human hepatic necrosis presumably produced by either viruses of chcm:“s
toxins ot remanms mtact whereas ot s brokeq in some types of tovC hCPl: ‘
and as the result of tschemia  Obviously, the reticulum changes » ould be o
great importance in recovery stages from such necrosis
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low E~high casein diet until they weighed 70-100gm  With increasing imtial
body we ght, there was a decrease in the incidence of hver necrotic degenera
tion and an increase 1n the time of survival  This observation confirms that
of Lindan and Himsworth (1950)

Inlil stores of witamun E ans the ral. There 15 great vanation among rats m
thewr abil ty to store vitamuin E 1n the tissues and 1n the requirement of vatamin
F for reproduction and for the prevention of muscular dystrophy  In vita
mun E low rats that were given one single dose of 2 mgm e tocopherol on the
fsth day of lactation, the inaidence of liver necrotic degeneration was reduced
§7 per cent

‘The d scordant results among different laboratones in the mduction of ner
& p ly have been d with the amount of a tocopherol
supphied dunng the pre expenimental period It was recently observed that
tome rats reared and mawtamed with a commercial ration, underwent resorp
Lon gestations when they were given the Jon E—high protein diet from the
beginn ng of gestation  These results suggest an explanation for the mduction
of Iner necrotic degeneration in rats that have not been purposefully prepared
1 contan low imtial stores of vitamin E

Addition of methionine and cystine  The preventive effect (W eschselbaum
193 Thaft Sebrell, and Lilhe, 1942) of the sulfur contaming amino acids 1§
*ellknown  Although these experiments were not quantitatne as were those
of Schwarz (1932), the addition of 03 per cent of either DL-methionine or
Lystne to the low casen diets prevented the liver necrosis i a high propor
twon of the rats under the gnen conditions  As with other groups of rats

t{l{ﬂmc muscular dystrophy and stenlity developed n all rats that did not
vy wioopneral  Liner necrotic degeneration was prevented i ail

G Tesng 2 mgm a tocopherol per week, in ¢ of the results of

s (194) Gyorgy (1947) and Gyorgy and Goldblatt (1949) ~The

P 000y herol ot only ted hiver necrotic but also protected

lt r?:s from n‘xuscuhr dystrophy and sterility  When the rats were sacrificed

m v

Thus wl -

Iners ar

JuTe was hughest among rats with the high lard diets  The addition of 03

fer cene e W airthosts

¢' . . the lesions

S cr and kck
40984} Batle and Victar (1941), and others

Summary

ol With fon, E—low.crude casein s Iner necrotic degeneration appears
tgs,. Voung rats deprised of \itamin E - Early lesions of muscular dvs-
"4 22y ocour
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Taptx 1
CoxrosiTioN or EXPERMMENTAL ViTAMIN E-Lo% Drrts

D ets for bteed ng Tsocalor ¢ fow prote n d ets
Const tnents*
1 2 3 4 I 5 | 6
Crude casemn 266 (200 75| 83 ) w00 04
Yeast brewers type 166 | — = — ==
Cornstarch 333 | 680 | 865 | 7 | 610 | %0
Salt mixturef 34 40 40 40 40 46
ard 183 ) 60 — 60 [ 20 | 30
Cod Inver o1l 18 20 20 20 20 20

[ VY = =

After some weeks, the survhors ceased to gron and acqured the chronc
muscular dystrophy that was described by Etnarson and Rngsted (1933) 1
low E rats A few that survived 90 days were bred. They mamfested the
typical steriltty of vitamin E deprivation (Evans and Bishop, 1923, Mason
1926) At death, these rats presented normal Iner The reason for ths
result 15 unknown It may be that the wastiag anay of muscle releases suff
cient of the sulfur contatning amino acids to protect the Iiver

Influence of lard and cod liver 01l Lard and cod hiver o1l are important
vanables in the nduction of vitamin E sterihity in rats

The nadence of Iy er necrotic degeneration was not mfluenced by vanations
from 0 to 34 per cent m the lard content of the 1socalonc diets  The resclts
were not altered with three different types of fard modern processed old type
or Eastman low E  In other diets, afaxin and viosterol were substituted for
the cod Liver o1l All of the rats developed fatal hepatic necrosis It appears
that the disease occurs in the absence of cod liver oil and 15 independent of the
lard concentration of the diets, under the given conditions

1 arations 1 the conlent of casen  The protective effects of high casen
diets are well known  The crude casein concentration was varied from 3§ 10
14 0 per cent 1n diets containing 6 per cent lard Al of the rats vith the >3
per cent diet 2 of 6 with 11 6 per cent casemn and none of 24 wath 14 0 per cent
casein acquired I er necrotic degeneration  Chromc muscular dystsopby 2>
peared 1n all rats that did not develop Iner lesions  They sunved for 4 to
months, presenting severe muscular dy strophy and normal liver at death

Other sources of protern Under the grven condittons Inver necrotic degener2
tion has been observed with low E—low protein diets (Goettsch, 1933 1921)
3 Ao aha o typeyeast

ally grovnhy
1ns coptam

the factor 3 of Schuarz (1951} 1s not known han
Imtral si.e of the low-E raf  Since 1t has been customary to use rats “:h e
ntial body weight of 70-100 gm , young low E rats were maintamed Wi

3y



DIETARY HEPATIC NECROSIS IN THE RAT—ABSENCE OF
CIRRHOSIS I'OLLOW NG RECURRENT EPISODES*

ByF W Hoffbauer and Bernadine Wittenburg
Department of Medscine, The Medical School, Unwersity of Minnesota, Mimneapolss, Minn

The tovestigations to be described arose from an interest 1 the hyman dis-
esse postnecrotic curhosis, and represent an attempt to produce an exper-
mental form of the disease  This type of currhosis presents a challenge to the
patholopist and to the cimiaan The etiologic factor or factors responsible are
dhscure The morbid anatomy 1s variable The climcal course 1s, however,
farly constant.  Patsents with P cuthosis quite ly exhibit a
grdual but progressive deterioration of hepatic function and the disease ulti-
milkly proves fata] The climcal course and the rate of progression of the
diease 1s s‘uh]ect to gmt mdividual vanation  We are not convinced that

e m s

#osis do follow 2n attack of viral hepatitys

Thete 15 a similanty between one form of currhosis seen m the clme (the
pent who 15 2 victim of chronic alcohohsta and 1 )
’a‘nld u‘:eﬁ Iform of expenimental cirthosis (the rat that 1s a victim of prolonged
byt:'h Ch!;allon of theliver)  The mvestigator possesses a Jaboratory method
ot o B €an produce a dhsorder that resembles 1n many respects a disease
npmc ¢ncounters in the hospital wards  In attempting the production of an
e xmal form of postnecrotic cirrhosis, an obvious approach would be to
gue u;m: viral hepatitis n an amimal  This most deswrable accomplishment.
e e unobtainable at the present time  Hence, we sought to produce
ey sunterpazt of this dsorder by inducing Lver damage thiough
e nes s ava able The lack of any etiologic similanty between

™ .
vl and s eatal dietary necross, and vral hepatuts was recog

Tn the exper
0 1he gyt
chlonde 15 ey
A9 dwice g
desaed goal

imental production of any type of arhosis, repeated exposure
g or damaging agent 15 an essential feature  When catbon tetra-
ployed for this purpose, the wmvestigator admnisters the toxic
week, three tumes a weck, week after nech, until he obtains the
355 prgeeq In the case of fatty filtration, the damaging effects of the fatty
drmonseateg o nuously might and day i the fashion that Hartroft! has

23 posty, Would 1t be possible to produce a structural counterpart of
iodes of d\fzobc curhosis of an ammal could be forced to undergo repeated
sdag ‘Thfy Iner necrosis?  The followng studics were directed toward
Ganges obsem;m are tno aspects to be reported  (a) the resultant pathologic

+11) necron, after the spontanequs occurrence of repeated attacks of
Cecmmg ot (b) the resultant changes noted when one attempts to moddfy

events after one or more episodes of necrosis have occurred

N M estions were g
102 by the Commistuon om Liver D sesse Amed Forces Epidemiological
IR art Ly contatt ot B T e Gonen TS iy Fodcmlelon
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(2) These lesions develop 1n the absence of cod Inver o)l and are ndependent
of the lard content of 1socalorie diets

(3) They occur > - <
ers’ type and torul

(4) An increase
or meshlomne, decreases the meidence of hver degeneration and perm ts the
T ol —

tion enabling the rat to survive for a long pertod of t:me and to reproduce
under conditions that are associated with fatty deposition 1 the Iner and
arrhosis  Methionine pres ents, and cy stine intenstfies, fatty mfltration of the
Lver and diffuse hepatic fibrosis
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TABLE 2
Iscorxiz 0t PosTNECROTIC SCARRING OF THE LIVER 18 RATs DVIno 02 Dretary NECROSIS

Iatat me gh Surv val period Degree of Scarring
P Gatmeght | pye (S yalpero
i T el @ et | Mmamal | Marked
PR 50 1w 3472 5 4 1
n|F DEm | I 2718 11 H 3
10 N 100 g BY18 63-116 3 7
v { F | 10gm | BVIS 61144 6 4 -
9 | M | 10 | TYH 43137 8 1 —
4] ¥ 100 gm Ty 20 74 202 8 5 —
3| v b ooem | TV 72 106 - 3 —
S F | toem | TV 118-180 3 2 -
uopoN sogm | BMSR | 25-59 2 10 s
1 M 50 gm BY18 28-70 21 32 17

* i v B yout cors starch aad ol (sec Text) BYUS160, Baker's yoast sucrose nd
i ot T¥io0% Tarde yets wucvone o laxd Gaee Tem) 1Y S5t Toruls yeast pucrore 20d
et Tert BYI4 B~1 ml resia (Res on} added to dasly rat on (see Text)

:
.
i
|
3
completisn of am evperiment, all specimens were graded as to the degree of
samng - Approprite sections were then Temoved for histologie study A
eassne hemorrhagic necrosis of the liver was the cause of death n all rats
apt as described subsequently (raBres 4 and 5)  This lesion can be de
deected by gross imspection  The presence of *carnng mdicative of one or
BT previous episodes of submassi e necrosis can also be detected by careful
U uspection  The scarmng was graded as snnsmal if the left lateral lobe
m wasmyolved and as marked of one of more additionat lobes revealed the
i ":(:f;f pits or furrows  Mrcroseopic sections were prepared by stand
hqs:ﬂ . ures. Hematorylin eosin and azocarmune stamns were used most
¥ b Ina few mstances, plastic corrosion preparations of the intra
1elc veis were made by injecting colored viny! acetate solutions 1nto the
Portal and bepatye s erng

RESULTS

. nt-g\:\inf mesnce of depressed scars 1n the liver of a rat dying of dietary ner
o D’AIH wdication that the ansmal has undergone one of more previous
ey :‘ :f’ s‘di‘ d‘egenemuon The <equence of ¢vents that Jeads to the
uch lesions has s
\ &h:?dg!' s s been well described by Himsworth® and by
, e -
r PO
o .
!
‘ .
o ‘lz:f;m:h’ addition of the resin compound had no mfluence course.
PEment aze the resultant pathofogy (the 17 contrals f
wcluded among 70 males 1n TABLE 2)
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Taste 1
Coxrostrion oF Dzt BY18

Sucrose
Yeasp! }g?g
Ralte? 4:?
1
065
49%
ITrad B b nelan s T Ay a ~ v
) . .
a -
of
anc .
of

ratuon
¥ A special lard tocopberol content mmmal {

*Kundly made ava lable by Ayerst, McKenna and Hamison Ltd New York 16 Bew York
t Kindly made ava lable by Hormel Company Austa M anesots

Expersmental Methods Employed

Throughbout these experiments, 2 untform strain of white laboratory rats*
was used Male rats neighing 50 = 5 gm at the start of the experument
were toutmely employed except m the imttal mvestigations (described
TABLE 2) The ammals were housed n individual cages suspended m racks of
a type that provided a contmuous sheet of semi waterproof paper beneath the
cages  This arrangement proved convement, since daiy unne fests for biliru
bin were necessary  Specimens for testing were secured from small pools of
unne that collected beneath each cage Frankhn's method for detecting
bilirubin m the urmne was employed routnely in these studies Daily unoe
tests were begun 20 days after the ammals were started on the necrogenic det

Diet The diet employed wn the major portion of this study was designated
by BY18 The composition 1s gnen n TaBLE I Each rat was allowed 8 g0
per day  Fresh rations were mixed once each week and refngerated The
anumals were fed three times each weel.  Food consumption was ot routin Y
measured  Free access to water was allowed

In prelimnary investigations diets of shghtly different composmzn’l‘m:
given as indicated 1 - T "‘d
previous report ? n
3> percent Torula 4
only two respects There was a reduction 1n the sucrose content to U Mm
55 per cent respectinely The vitamn muxture employ ed did not contd!
wtamin K The diet BY18R differed only m that 1 m} of a qud resin ey
aration} was added to the 8 gm ration allonance offered daily to each a2

Pathological analysis  Antmals were autopsied as soon after death as po%
stble  Where the ammals were abviously monbund they were anesth e
and sacrificed  The livers were fixed 1n 3 neutral formelin solution At

Rat Company Madison §

* Parchased from Foltzman Busc
1 Sarnl od by 1he Sk 1o Pulp Mamiacturers Research League Appleton Bisc
3 IONK suppl ed by the Nat onal Drug Co Ph ladelphia Pa



Naftalin* Effect of Environment 863

Tapie 1
~r 1
Iscoeace oF Deamis TV Rats GIVEN Experucewtas Dirt®

Management No lead
- no || M | Ve
Housng- Laual range of rted | et | iy | ke
A Feedng. Becros 3 Y9 | pecrosis

A }\n mal house (63-709[] “AdLb” 8 7 9,0

B ea Restricted 9 1 - ¢

D |iRabbit bBatch (40-50%f| ¢Adnb*” 8 0 - 0

E p (unheated) Restricted 9 0 - 4

3 Surv vory & lled 83 days aiter feed og low prote o diet
TRt ded ) dars afet feed ng Jom-proten d et

diedof acute I er necrosis while those with a restricted food allowance or those
utde lower eny ronmental temperature (40-50°T" ) did not develop the disease
When the food allowance was restricted 1n the lower ensronmental tempera-
fure four among mine rats died without Inver necrosis

The second and third experiments were conducted 1n the winter of 1949~
199and in the spring of 1950 with better temperature control of the heated
nvwonments  In experiment 2 the usual range of the air temperature of the
wheated environment was 40~50°T , that of the heated environment 70-74°T
12, several degrees I'ahrenheit above the temperature studied i expeniment 1
Laexpenment 3, groups of rats 1n two heated environments 0-T4F and 60
6, and two unheated environments were studied  Tn this experiment, only
on¢ ‘restnicted * group of rats was studied (group 3ETaBLE2) Theseratsnere
Putinto the em ronment of 60-65°T , so that the conditions at the begmning
o “}Y&mcnt 1we - " <1

0se of expe -

Deets (1) - the

Laer necroms was the same among the rats “restncted " in therr food allowance

TasiE 2
TXrPERDENTS 2 AND 3
e InCIOENCE 07 Deas 1% RaTs GivEN Exremasestas DiEr

Managrment o dead ’ Medun N0 desd
T lem Mo ot ..:'::....i wren e
- Houy ox Usual range of Feedng | 54| necrocs [ an -m‘*:
T A [} vumal bose (3 " 3 0
ouse {70-74) Ad Lb 9 L
B Restricted | 9 8% e
I [iLohcated wooden sbedfj AdIb [ 10 3 - s
3| T oy Restcted [ 10 1 5 3
A 1 Animat house (30-74) dw | 121 U ! 0
B | Heatedwoodenshed (60~ | ad b’ | 12 8 . £
D [ Rabty 2 [ - it
B | Ratbit huteh (3545) CINE 0 - :

cated wooden shed (60- | Rewtrcted | 8
ke | [—

Thlg
U of severo ot s med 4 om et day ATt be 2 U6 en the eaper meaul d et




THE EFFECT OF ENVIRONMENT AND MODE OF FEEDING AND
OF REARING ON THE PRODUCTION OF ACUTE DIETARY
LIVER NECROSIS IN THE RAT

ByJ M Naftaln
Rouett Research Institute, Buckshurn, Aberdeenslure Scotlond

My aim in the expeniments described below was to define the conditons under
which young male rats would become susceptible to acute dietary liver necrosis

In the first serues of five expeniments,! ? two conditions were examed simul

ly, (1) the nfl of env and (2) the mode of feeding ¢

whether the rats were allowed to eat to appetite or not  In the second senes
of three expeniments ® a method was found of adjusting the susceptibility of
groups of rats to the development of acute liver necrosis  Withsucha method
more detailed comparisons can be made between rats likely to develop Inver
necrosis m a short time and those which would take longer to do so or would
not develop the disease at all

The I between Ei I Temperal and Mode of Feeding
1

o . .
1 { '
1 [ ”
tempeature has been examined m detail  Briefly the usual ranges of environ
mental temperature were 35 45°F , 40-50°F , 60-64°F , 63 T0°F, 1014,
72 76°F , T0-T8°F , and 88-02°F
Diets  The following three diets were used (1) During pregnancy and "hf
first 17 or 19 days of lactation, the Rowett Research Institute stock rat cube!
together with cow’s milk was given This diet was followed by (2) a sem
synthetic preliminary high protemn diet containing casem 16 or 19 { witamm
free * Glaxo Laboratonies Ltd , Middlesex, England), brewers’ yeast 3 (Yhﬂ,rl
Chemucal Products, Ltd, London), sucrose 68 or 65 commercial Jard |
ity -4, cod liver o1l (B P ) 2 per cent, and synthetic B yitaniins b‘;)
w Vitamin E  These diets were avatlable to the youns (ﬂ
week of age, the young were fed a Jow protemn diet contaming
of protein, 8 per cent casemn and 3 per cent yeast the sut’f:::
sed tn 76 per cent The yeast was added to supply the "f .
au red by ammals exposed to cold The reasons 10
lained m a previous paper *
iments ’?‘he rats \}:efe weaned on the 24th day of
emn diet was offered, one group of rats each enmy u:l\\ﬂD
to eat to appetite and, except i experiment 3 0ne °;dm
environment were restricted in different degrees 1 their fo

Results

are shown 1n TABLE 1
rature of 63-70°F the rats which ate o
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THE EFFECT OF ENVIRONMENT AND MODE OF FEEDING AND
OF REARING ON THE PRODUCTION OF ACUTE DIETARY
LIVER NECROSIS IN THE RAT

ByJ M Naftaln
Rouett Reseorch Institute, Bucksburn, Aberdeenshire, Scotland

My aim 1n the experniments described below was to define the condstions under
which young male rats would become susceptible to acute dietary Irver necrosis
1In the first series of five experiments,? ? two conditions were examined simul
ly, (1) the mfl of e and (2) the mode of feedmng, 7 ¢,
whether the rats were allowed to eat to appetite or not  In the second series
Lt te o the susceptibility of

With such a method,

kely to develop Iner

necrosis 1n a short time and those which would take longer to do so, or would

not develop the disease at all

The Interactions betueen Enwronmental Temperature and Mode of Feeding

The are described 1n detail in previous papers’ *
1t should be emphasized that, although these expeniments were designed mn the
first instance to study the environment, only the effect of the dry bulb ar
tempeature has been examined in detasl  Briefly the usual ranges of environ
mental temperature were 35-45°F , 40-50°F , 60-64°F , 63-70°F , 70-74°F ,
72-76°F , 70-78°F , and 88-92°F

Drets  The following three diets were used (1) Duning pregnancy and the
first 17 or 19 days of lactation, the Rowett Research Institute stock rat cubef
together with cow’s mulk was given This diet was followed by (2} a semt
synthetic prehminary high protemn diet contammg casemn 16 or 19 (“vatamin
free” Glaxo Laboratories Ltd , Middlesex, England), brewers’ yeast 3 (Phar
maco-Chemical Products, Ltd , London), sucrose 68 or 65, commercal lard 7,
MeCollum’s salts 4, cod iver oil (B P ) 2 per cent, and synthetic B vitamuns but

_yithout added Vitammn E  These diets were available to the young (3}
From the sixth week of age, the young were fed a low protein diet contammg,
as « of protein, 8 per cent casein and 3 per cent yeast, the sucrose

4 d to 76 per cent The yeast was added to supply the estra

*h may be required by ammals exposed to cold The reasons for
explamed m a previous paper !

~periments  The rats were weaned on the 24th day of

tein diet was offered, one group of rats i each environ

at to appetite and except m expenment 3, one or tne

t were restricted m different degrees 1n thesr food 10

Resulls
menment are shown m aBLe 1 It s evident that
seratute of 63-70°F the rats which ate to appetite
862 ’ “
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OF ENVIRONMENT AND MODE OF FEEDING AND
«G ON THE PRODUCTION OF ACUTE DIETARY
LIVER NECROSIS IN THE RAT

ByJ M Naftalin
I Research Institute, Bucksburn Aberdeenshire, Scotlond

described below was to define the condstions under

rats would become susceptible to acute dietary Inver necrosis

of five experiments,! 2 two conditions were examined simul

nfluence of environment, and (2) the mode of feeding 1¢,

> were allowed to eat to appetite or not  In the second series

ts,) a method was found of adjusting the susceptibility of

10 the development of acute liver necrosis  With such a method,

1 compansons can be made between rats hikely to develop Iner

necrosis n a short time and those which would take longer to do so, or would
mot develop the disease at all

The Interactions between Environmental Temperature and Mode of Feeding

By The are described 1n detaul in previous papers® *
It should be emphasized that, although these experiments were designed in the
first instance to study the environment, only the effect of the dry bulb ar
tempeature has been examined 1n detail  Briefly the nsual ranges of environ
mental temperature were 35-45°T' , 40-S0°F , 60-64°T , 63-70°F , 70-T4°F
72-76°T , 70-78°F , and 88 92°F

Diets  The following three diets were used (1) Durng pregnancy and the
first 17 or 19 days of lactation, the Rowett Research Institute stoch rat cube!
together with cow’s milk was gven This diet was folloned by (2) a semt
synthetic preliminary high protein diet contamning casemn 16 or 19 (“vatamun
free” Glaxo Laboratones Ltd , Middlesex, England), brewers’ yeast 3 (Phar
maco Chemcal Products, Ltd , London), sucrose 68 or 65, commercial lard 7
McCollum’s salts 4, cod Iver o1l (B P ) 2 per cent, and synthetic B vitamins but
without added Vitamin E  These diets were available to the young ®
From the sixth week of age, the young were fed a low protem det contaumng
as the source of protem, 8 per cent casein and 3 per cent yeast, the SuCTose
bemng ncreased to 76 per cent The yeast was added to supply the exisd
vitanuns which may be required by ammals exposed to cold  The reasons for
these procedures are explamned 1n a previous paper ! {

anagement of the experiments  The rats were weaned on the 2ith day ©
age  When the low protein diet was offered, one group of rats m each emvron
ment was allowed to eat to appetite and except in experiment 3, one of no
grzups 1n each enyronment were restricted 1n different degrees m their food 2
take

Resulls

The results of the first experiment are shown m TABLE1  Ttise 1dent l:l:t‘:
In an emironmental temperature of 63-70°F the rats which ate to appe!
862
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The second and third experiments were conducted 1n the winter of 1949~
1950 and 1n the spring of 19350 with better temperature control of the heated
emvarenments  In experiment 2 the usual range of the air temperature of the
unheated envirenment was 40-50°T", that of the heated environment 70-74°T
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of experiment 1 were simulated  The results (TABLE 2) of expeniment 3 con
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huer necrosis was the same among the rats  restnicted in their food allowance
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THE ETTECT OF ENVIRONMENT AND MODE OF FEEDING AND
OF REARING ON THE PRODUCTION OF ACUTE DIETARY
LIVER NECROSIS IN THE RAT

By T M Naftalin
Rouett Research Institute B wchsburn Aberdeensh re Scotlond

My aum in the experiments described below was to define the condstions unde:
which y oung male rats would become susceptible to acute dietary In er necros s

In the first sertes of five experiments,® ? two conditions nere evamined simul

1y, (1) the infl of and (2) the mode of feeding t¢

whether the rats were allowed to eat to appetite or not  In the second seres
of three experiments? a method was found of adjusting the susceptibility of
groups of rats to the development of acute Iiver necrosis Wi ath such a method
more detailed comparisons can he made between rats likely to develop Iner
necrosts 1n 2 short tune and those which would take longer to do so or would
not develop the disease at all

The Inleract belueen Enty I Temp and Vode of Feeding
E The eny are described 1n detail inprevious papers’ *

1t should be emphasized that, although these expersments were designed 1 the
first mstance to study the environment, only the effect of the dry bulb ar
tempeature has been examined 1n detail  Briefly the usual ranges of environ
mental temperature were 35~45°F , 40-50°T , 60-64°F , 63-70°F , 70-74 P
72-76°F , 70~78°F , and 88-92°F
Diets  The following three diets were used (1) During pregnancy and ‘}:f
first 17 or 19 days of lactation, the Rowett Research Institute stock rat cub

’ followed by (2) a sem
together with cow’s milk was gnen This diet was fol ed | ‘)ﬂ o

- st 3 (Thar

cial lard 7

ttammas but

omg &

From the sixth week of age, the young were fed a low protem diet cmﬂ\::i

as the source of protein, 8 per cent casem and 3 per cent yeast, ‘b&s““m

being mcreased to 76 per cent The yeast was added to supply ;ns o

vitamuns which may be required by ammals EYpose:l to cold  The rex:

these procedures are explained I a previous paper of

U all:agt’ﬂ"” of the experments  The Tats were yeaned on the Z:hllzn‘j:r}’o :

age When the low protem diet was offered, one group of rats i ea g

ment was allowed to eat to appetite and except 1 eyperment 3,]1‘;“ foodi
groups 1n each enstronment s ere restricted in different degrees

take

Resulls sont et
ent
The resuits of the first expeniment are sh(:\\n 1n TABLE 1}1 dft ::f:: ; P
10 an environmental temperature of 63-70°F the rats whx
862
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“TABLE 4
Restzrs or Fooo AT VARI008 EF T
(Experiments 1-5)
i ! e Results
St e [opamEAEe .
[HREwE
Death wmthout Lver necrous
e s i ; Protection against hiver necrosis
ive
078 4 16 Not complete protection agaunst Lves
13 o protection agamst Lver necrosis
0-714 2 1211 o protection aganst hver necrosis
1 16 Death waifioud 1 ver necrosis
3 1614 Protection sgainst  Lver necrosis
115
4 (‘W? § No protection agawnst hver pecrosis
Abowted | 1 115,100° Protection against liver hecrosis.
Delow about 43 122 | When ratia was | Death withond biver necrosis.
| about 135

*Ooly 1 rath stud ed for one week Iy the corresponding 44 Lib ™ group

re s

at the hl.gher environmental temperature of 70-78F ) 1h§ rats \\hld‘a were
A 2y m Meen

degree of food restriction was 1 2 1n the environmental temperature °£ 60-64°F
‘The degree of foodd restnction necessary to prevent death at 60-61°F would
scem to lic about 1 4—the ratio used 1n expenment 3 {TABLE 4)

Fxperiment 5 was an extension of these observations Littermates were

ment  Trom thie expenment it was concluded that an environmental tr.
perture of 88-02°F was higher than the optimum temperature for the prod c-
tien of acute Iner necross? This conclusion was reached becanse, at this
temperature the group of rats allowed to eat to appetite sunvised longer than
thewr littermates housed at 73-76°1 , and Lecause the 1o + degree of food restric-
tion of 12 prevented lver necrosis.  The range §0-85°F has not jet been
stuled butan environmental temperature of about 73°T 16 suitable forah I
na 'ence of the ¢iease Tt was thus apparent that at was the degree of {od
festnction 1 relation to the environmental temperature that determ ned
whetber a rat sunaved or d o esther of i er necrous or of tmamtion (rarte )

Although the tren 1 as clear 3t should not be inferred that these ratins are fixed
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Tante 3

ExPERDENTS 1, 2, AnD 3
Foop EATEN Y “Ap Lip” Groves® axp Drcree or Foop Resreicrioy

Envim A
o | Average food [ Averase food | Average degrec
Expt APk cfeaten g /ratjday |  ofere T foed re
0o (U ease| by adlb | E/rat/dayte | sinction Rematia
Tange) group () restncted ad Lb
o oup () | et

1 63-70 5 8(A) 50(B) 115,109 |1 Only 2 rats studied for 1
week1n adhb” group A

11 One rat out of 0 died sth

Liver necrosis 1 restncted

group B when emron

g‘i’““' temp  reached

3 Four rats died zhont bier
necrosis in restncted group
E  Degree of restncuion
greater than 13 at that

40-50 11 8 (D) 8 8 (E)

[
2 70-74 14-5-3 9 (A) 36 (D) 1211 Incn,;:nce of lver necmst;

B,1¢,80utof§
Three rats died without Iner
necrosis 1 group F wbep
degree of restnction was
14,134and 135 Temps
38,28, and 40°F
No rat died 1 pestrcted

group £

40-50 { 108(E) |19 4 (P t2

3 60-65 70(B) 4~6(E) [ 16-14

* Oaly groups relevant ta the argument are shown For details of other groups see Naftalin
~» = ncreased or reduced as experiment progreseed

(group 2B TABLE 2) as among those fed “ad ib ¥ (group 2A), (2) the median suf
vival tumes, after first giving the expenmental low protein det, were $0 and
43 days, as compared with 17 and 19 days 1 expeniments 1 and 3 Thereasad
for this second difference 1s not fully apparent, though 1t may be due to seasonal
changes

In seehing to explamn why the “restricted” rats n expenment 2 behaed
dsfferently from the “restricted” rats i experiments 1 and 3, the amouts of
food eaten and the degree of food restriction were then exammned The resul;s
are shown in TABLE 3 In evperiment 2, the rats fed“ad b ” (group 24) d
not eat as much as those 1 corresp 7 GTOUPS 11l eXP ta 1 or 3 (rowps
1A and 3B) The average amount eaten by group 2A decreased from 45 dﬁﬂ
39 gm /rat/day as the expertment progressed It had been dearded atﬂ;
beginning of expeniment 2 to offer 3 8 gm of food daily to each rat i group
the “restricted” group but, although after § days this was r:du:ed”to 36 gzd'
the ratio of food eaten by the group fed “ad b ” to the “restnicted groupt "
not nse above 11 It seemed, therefore, that the degree of food mmC‘IJOe
had not been great enough at 70-74°F to prevent death from acute fiver

0
crosis  This postulate was tested n experment 4, when two degreesugf f:n S
restriction were studied at two environmental temperatures, 60-64 ¢ food
70-78°F  The degrees of food restriction were such that the amounts o



EFFECT OF DIFFERENT MAKES OF CASEIN ON THE PRODUCTION
OF ACUTE DIETARY LIVER NECROSIS IN THE RAT

By J M Naftalin
Rowwett Research Institute, Bucksburn, Aberdcenshure, Scotland

From 1949 t1)] the summer of 1951, the casein used 1n Qiets to mduce acute
Inver necrosis 1 rats was the “sitamin free” product of Glaxo Laboratortes,
Ltd, Middleser, England When this casen became unasailable commer
cally, “low vitamn™ content casemn of Genatosan, Ltd , Loughborough, Eng
land, was substituted. The next two expenments were conducted i the
2utumn of 1931 under those conditions which had been found to be most favor-
ab'e for the production of the disease, ¢, when the rats were housed 1n an
environmental temperature of about 75°F and allowed to eat to appetite
In these latter expenments,! no rat suflered from liver necrosis  This paper
reports 1n more detaul the results obtained by a direct companson, using hitter-
mates, of tno batches of casein, Genatosan casein“low vitamin” content, batch
no 078689, supplied 1n 1931, and Glaxo lactic casein * C * (unextracted), batch
no UAS29, cupplied in 1947 It was not possible to make a direct comparison
with the sample of Glaxo ‘siamin free” casein used in previous expenments.

Melhods

Twe expeniments lasting from February to Apnl, 1952 and from Apnl to
July, 1952 are described  The environmental temperature of the animal house
was 74°-78°F  Young male rats of the hooded Lister strain, Rowett Institute
stock were weaned on their 17th day instead of their 24th day, as1s customan
in this Institute, as 11 had been found that groups sath a bigher degree of <ens
ity to hver necross were thys obtained ¢ *

The diefs contauned casemn 16 {Glaxo laciie casen * O unextracted or Gena
tostn casein  low \ntamin content) brewers yeast 3 (I harmaco-Chermcal
Products J td Londen) eucrose 68 commercaal land 7 MeCollum’s salts 4
cod hiver oil (BT} 2 pet cent choline chloride 200 mam /100 gm diet, and B
Auanuns but without ad led viamin F - These diets wete offered fram the 17th
to ¥ th day of age and were followed on the 3%th day of age 1y diets 1n which

the casem was reduced 1o 8 per cent and the sycrose tnereased to 76 per cent
The rts were alwavs atlowed 10 eat o appetite
.t

PO PR .r

. a .
aweeb from thewr 3th day of age  Group € was gnen diets containing (ilaze
lacue casem € In experiment I aix male rats from cach of twelve Ditters
were allocated at randor to 2 groups Danl b Three rts from each hitter
were put tito ek group am {ed on (bets containing either Genatosan casin
of Glaxo lactye cacan €

o
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The reasons for the differences between the rats weaned early or late are
under imestigation  Since the preliminary high protetn diet fed to the mothers
from the 17th day of lactation may m 1tself lead to necrosis in the young? st
would seem that the rats weaned later either (1) had a nonspeaific tmprove-
ment 1 their nutrition or (2) they recersed more of a protectne substance
which, (a) although present only 1 traces in the diet, could be concentrated in
the milk or which (b) was svnthesized 1n the mother's body and secreted in the
olk.

Summary
(1) A high inadence of acute Iner necrosis was produced 1n young male
HEREN

cent lard 2 per cent cod liver ol (B P ), 76 per cent sucrose, and 4 per cel
McCollum’s salt and B vitamns but without added vatamun E

(2) Of the ranges of environmental temperature studied the best tempera
ture for the production of acute Iner recrosis was 70°-78°F

(3) At all emvironmental temperatures studied the incidence of acute Irer
necrosis was reduced or prevented by 2 sufficient degree of food restriction but
too sesere a degree of food resttiction led to death without hiver nectoss
Whether a rat survin ed or died exther of necrosts or of inamtion depended on \h;
degree of food restniction 1n relation to the environmental temperature ax
not simply on the total amount of food eaten

(4) Glig:xps of rats weaned on their 17th day of age suffered a ugher \nc\dtrfﬂ
of acute Iner necrosis and had a shorter survnal trme than their hitermafes
weaned on therr 25th day
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ongin® Genatosan cwon oW vitamin ’ content prepared by aad preamta

tion fillowed by extraction with methylated spints and ether, 1s usually made
from Bnnish haud milk, although reconstituted dnied skim mulk of New Zea

ln ongm 13 sometimes added f & suff cient quantity of hquid milk s not
avuhille’ In two carher experiments® when no liver necrosss resulted, an
unnumbered batch of Genttoan catem “lon vitamin® content was usal  In
the experiments § and 2 of the present paper batch No 078689 of Genatossn
wasem Jow vitarun’ content was mide from s micture of milks of Britich
wmiNew Zeatndong Unfortunateh noinformation s now asalable sbout
the unnumbered batch of the earl er experiments  The dufferences between
csems jeepared from Brtish or New Zealand mlk may be due to age or to
A Yerences ansing o prep or 1o diif 10 the mi'ka themsel
which may anse from differences 1 the feeling svstems.

Yhat casems dufer in their ability to fea ) to hiver nocrosts was first reported
iy Shaarzn 194 Despute this, maosy workers bave omitted to mention the
Yrand foem thes empoy Shwarzs e VI which induced bver ne
crosis may have been regarded as specidll) treated casern because he prepared
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Taszs §
Incwexce or Acvre Liver Necwosss v EXPERIVENTS  ANp 2

No desd | Medns
Bt Gy | Mirofesen |, oty e mih acte) survival Remneks
necrosis | dayst
1 | A [Genatgsan* ca 2 -1 ¢ — | Ont rat died on each
sem ‘ low vata of the following
up” content days after feeding
from. experumental diet,
each of 1, 12,24 28
B | Genatosan casem 2] 5 = 1 ~— | One rat died 8 dayy
Tow vitamin” Iitters after feedng ex
conssnt + it perumental diet.
1t
C | Glaxof lactic ca {2 =10 9 7 | Two rats died on
sem “C” ynex eack of the follow
tracted g days after
fcnimf expen
mental diet, 4 §
7 _and three on the
13th day
2 D | Genstosan casem |3 =36 16 -
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content each ol
E | Glaxolacticcasen | [ 12 Seo graph
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; s

2 s
ment 1 s0d oo 72ad da¥ 1n expermment T

ofage Gth By memen

Results and Discussion

B-mape i) Thead

418 vitammn was given to one group of ten rats (group
s £ del & numbers studied wert

ditron of this vitzoun may have delayed necrosis, but th
too small for the result to be statistically sigmficant
Tn expennment 2, among the rats fed on the diet contaunag Glaro la?’”‘m:;“
“C" (group E), 2 died from acute Iner necros:s on their 36th day of age, f
3. - .

ather an 40 7

Inan
t cent of bis casein VI obtained & high madence of hver pecrosis

g:rher expenmment,® m which a diet contawung 19 per cent Glaxo \1&1111_:’

free” casem was used, one rat among five died from acute I er necrosts i

results of expenment 2 are further evidence that 2 Ingh level of proten &

1n the diet does not necessanly prevent dietary liver nectosis. Zeand
Glaxo lactic casemn “C” batch UASZ9 was a crude product of New
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iver Becrosts  As 4 fesult of their studies with 2 water washed casein and 2u
oudized casem, Hove, Copeland, and Salmon® came to the conclusion that
acute Iner necrosss ot masstve lung hemorrhage 1n rats depended on a sumu!
taneous deficency of Vitamin E and a casem co factor More recently
Schnarz? 1 has reported that a substance {(“Factor 3") which prevents Iner
necross 1S present In a vanety of natural matenals mcluding American crude
casemn and “vitamin free” casein prepared by repeated alcohol extraction. It
should be emphasized that Glato lactic casen “C” (unextracted) 1 a crude
ptoduct and therefore, 1t 1s not possible to state without further ;m estigation
whether the difference between uts hver necrogenic properties snd those of
Genatosan casein ‘low-vitamin” content 1s due to o difference 1n content of
“Factor 3" or whether there 15 some other reason

Summary

(1) There was a hugher incidence of acute hver necrosis amongst rats housed
1n an emronmental temperature of 74-78°F and allowed to eat to appetite
when the casem in the diet was the lactic casemn “C” (unextracted) of Glave
Laboratories Ltd , Middlesex, England, than when the ¢ low vitamu” con
tent casemn of Genatosan Ltd , Loughborough England, was used

(2} Glaxo lactic casemn “C ” (unextracted) 1s a crude product of New Zealand
ongin Genatosan casem “low vitamun ’ content 15 prepared from Batish
Lqud milk with or without the addition of reconstituted dned skim mih of

New Zealand ongin
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of used 1n the experiments described 10 this paper

References

J M 1954 J Path Bact Inpress
S T M 1953 tnn New Vork Acad Sa 57 (6)
oxos P& H Golosiarr 1959 ] Exptl \Med 70 18
wan ko104 Z pinsol Chem 281 161

ALIN 3 63
3 ourman IS BT 987 ersamat communication

CUTHBERTSC
S Tom F A 1032 .
& Hove, D H utnto
o Scawawz, K 191

10 Scuwasz, k1932



THE INFLUENCE OF THE FADOCRINE GLANDS ON THE
DEVFLOPMFNT OF ACUTE MASSIVE LIVFR NFCROSIS

By] M R Besendge
Queen’s Lmsrersily Rangstom Onliria

The first indication that the endocrine glands probabh had some influence
on the development of dietary her necrosis was given an 1933, by Werched
baum® 11 his paper on the nutritronal requirement of the rat for methwmne and
astine The lethal Ince lesion that was prosuced in his rats on a et low 10
these amino aculs was almost undoubtedly acute missne hepatic necrous
although no hustological description of the tissue was gnen by tum  In this
publication, he relers ta the fact that the mortality was definitely Joss in the
fernales  Presumably, this difference 15 due direcily or wndirecths to the action
of the sex glands  Simular obsenvations hase been made by Gyorgy? and by
our group?  Our results, ytilizing rats of v erage mital weght 129 4m and
nan expenment termanated after 30> davs are shown m TanF 1 Although
the mortzhity 1s essentially the same the ayerage ime a1 which death occurred
18 sipnificanth longer 1n the females,

An wteresting observation has been made by Terret® to the effect that diets
designed] to anduce Iner necrosts caused cuntinuous oestrus tn ovancctomized
ammals in which > mgm estradiol had been impfanted into the <picen The
ad hitian of cvstine Lo the diet cestated the al ity to wactnale the estrogen
On the other hand alpha tocopherol did not have a similar action an Lis must
be concluded on the hasis of this work ag least that the mabihts of animals
to inactinate estropen has a peghgible sgmuctnee i the pathogenesss of hiver
necroms

Dunng an ivestigaiion +f hepatic damae causesd by the feeding of allah
treated castn to rats Schwarz® in 1944 noted that an extract of by s from
the adrenals mhibite 1 (2 e develpment af the lestn

o 1931 the same warker® ceparterd the tesults af further studies an the mle
of the drenals in the develop ment of the type of dictan masene Inef necross

urtenthy beiny, divcusset Prwesding on the asaumphion that ek of glhveo-
genests 18 me f the essental fettures of in o degeneration an ) recaliing the rle

§ atrenal cortral secrenion an | romonng this process be tested 1 e effect of

stiw e on rats being fed 3 basal pecrogentc diet lo s methinire ¢ <tine

n alpha toc o erol
T e cuninal tme wav agmit aanthy an 1 equally pmdnged 1o both mates an 1
females but ttere macn v difference ta the m rtalitn lue tn pracstve bvee daenage

nanre 2 This imestgate n Qawed cerrh that cortione amelx aatal e
nevr gen € Tect of rhe hacal diet

1 wever the ascumpmon that mpetient iner ghoogenes s b mitath 1y
o fend w ddetars Tyer ece s 1o not sup ported £y some ¢ ot previone s el
Oime of the irss invest ganons aenied out by us? on entering into st e’ [ was
a suh f progrecase strutursl an? Liochemi a) changes erutnisg 4 the
ner pm v trand st the trre af the auute ool 6 <xle N change o
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TaBLE 1
Errect oF INITIAL WEIGHT AXD oF SEX v THE DevELOPMENT OF LivER NECROSIS

[Rats th
Soe T et necro s ot |ty kned at 105 days | Total mentence of e o
Sex
No sh No sh
Rats | Teysondar |06 Soves b0 vt | Ne ofnis | Peremt
aecros Tors
Y M | 16 | 58 (35-97) 3 1 19/20 9
YF F 16 79 (48-103) — 4 16/20 8
Tasie 2

RESPONSE OF MALES AND FEMALES To CoRTISONE (NO OF ANTMALS IN PARENTHESES

Average surv val tune
Un days)

Males Females
Without corhisone 4 5(6) 3D 1{D)
With cortisone 57.0(35) 65 2(4)
Dufference due to cortisone 15 5 days 1> 1 days

From Schwarz ¢

curred mn lLver glycogen levels until at the time of the acute episode when as
one would expect, the glycogen levels dropped essentially tozero  Apparently
liver glycogenesis proceeds unimpaired untdl sigas of hepatic damage appear
Although the nature of the effect of the thyroid hormone on the development
of hver damage due to a variety of causes m both experimental animals and 12
humans 1s controversial, there 1s complete agreement on the nature of the effect
of the thyroid secretion on the development of acute massive liver necrosis see
1 rats fed diets slow 1n alpha tocopherol and i the sulfur containing amwo
acids  Handler and Iollis® first demonstrated the potentiating effect of desic
cated thyroid when 1t was added to a basal necrogenic diet g
The diet used by these mvestigators contawned 0 2 per cent desiccated thyrot
and caused acute liver damage m about 50 per cent of 50 gm male rats at a:
average mterval of 40 days compared to an mncidence of 100 per cent i 70 d2y

d
for sumilar rats on the basal diet  The diet (raBLE 3) used by us'® contamn
4 90 mar rant necrosis afer

the basal diet
yTod tissue 00
Ithiouractl on

the other hand, 1s not so clear cut  With 2 level ot U 3 per cet p upylth!osr?‘:
the rats died at an average interval of 47 days but they shos ed no eVl! ne\enl
of hepatic injury at death It was assumed that the toicity of th;: s,up;zi eF s
was responsible for the death of the ammals ~ Apparently, Handler anmmal’
had a smular expersence with thiouracil but the tune at which t]l::xr i
died was not speaified At a level of only 00 per cent of propylthou 2 e
toxic effect was suffic to permit three of the ammals to sun
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Taner 3
Cavroemos of Rasse Dirt

s

Dictary ingredicat Pes cent

Yeast (Fleschmann's actsve doed bakes's ytast) . 13
Cornstarch Og
Salt murrare 3
Sugar itarun musture®® . 1
Cod liyer o1 {Mead Johnson Company 3000 TU of Vitamen Aand 4001 U

of Vitomm D per gram) 2
Telhufr 2

B ) commuplcation for details éra Abell o ot 1}

A B e ey e i imt Aswodsta o B vtamis e § gm. ol fout
Srhionia o apm iRV 15

lamin
aim Eyibane byirehhmte 0am takiim pelotbeate 100 samy

Tance 4
Tar Frrecs or Dirsany Seerizwrers o tur DeEvetorursy or Enex \eeroste

Pt st Gt ¥

ber | Av da) Number ! Av da)
R e
12

Rats dying of uecroctsl Rats dyicg of ather ET‘M fcblence of
‘et et
Dietary supg ement

Wane 19 s 2 e | w
035 desiccated thyroud [ ] 3 [TARE) I
Q08 propy iboaracit 2 5 3 55 13maee 30
o;;; potawum thy jocy anate 8 3 2 & | 8/10 (5]
0367 devccarad thyteid +0 7%

Layune ¢ - ] 51 o °
0% euuated thoroud +2 o } i i

Ancopherot scerat T
Mot T B R T S ]
From McLean ool Beveryioe

*Rars toay 0 e of raiars her than e anceanls wesy sbminizd {rom consderation o thee Jied st to
e frae 3% wh N The Era1 aeetd due tn ) ver necrons

w orrureed (o the rean sk of he group  This coovee tiaa.
ad 10 be aind e in the Came o the 5 iy teeeiring 937 des (Chied thy)
et e cam 4 by o oo S

et of e dnbe of 1he Erer and it wad trbenad
hat tha lrusm was bt exen o nary camsed (g deotd of the a2 mal

experiment, asd of the animls that dhed onfy three shas ol acute

tsver damage
The 1nCdencr 051 e racs o vas tharloia tarnngad o) mam ando
1ime O develoy . .
g dearh
the 1asal fiet .

autiths ront actyn ol the drug, the possitahay that 1t € prophs hictic a

ction may
te atue to the peavison of <«ulphydry} Froups must be hept 1 mand unce
AR # 9 hatmchas Hatshar meg whom be uoai—, b
A Co. . . .
thuse . . . " .
can be

. . . . .
PPman ket e ress abe R tm of W ne 1 tye e thene of iy
we b rug ol warsol ;s e cons dered 10 be s meriher of the fatter group
and it wae carsadered worth nile 10 1ot the effect of 5 vompoun 1 Lelonmng
ta the forrer ddass Potaws ury thexyanate was chosen and, a1 a tewel of D3
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TasLe 1
ErrecT oF IMTiaL WEIGHT AND OF SEX ON THE DEVELOPMENT oF LIvER \EcRosis

Rats th
Rats that died of Decros $ OF | Rats kulled 1t 105 days | Totalin deuce of necross
Ser
No sh No sh
Ras | Dgysomdist | NSRS | U0 dgmaf | No ofnats | Perceat
8¢ necros s meCrosIs
v A | 16 | 58 (35-97) 3 1 19/20 9
YF | F | 16 | 79 (88-103) = 4 16/20 0
TasLe 2

RespoNsE OF MALES avp FEMALES To CORTISONE (N0 OF ANIMALS IN PARENTHESES)

Average sure val ume.
(n days)
-
Males Females
Without cortisone 41 5(6) 501 EA)
Wath cortisone 57 0(5) 65 2(4)
Dhfference due to cortisone 15 § days 15 1 days

From Schwarz ¢

curred mn lLiver glycogen levels until at the fime of the acute episode when a3
one would expect, the glycogen levels dropped essentally tozero Apparently
Iner gly p d. 1 until signs of hepatic damage appear
Although the nature of the effect of the thyroid hormone on the development
of liver damage due to a varety of causes m both experimental anmals and 1n
humans 1s controversial, there 1s complete agreement on the nature of the effect
of the thyroid secretion on the development of acute massive liver necross seet
1n rats fed diets slow 1 alpha tocopherol and mn the sulfur-contaming amoo
acds  Handler and Follis® first demonstrated the potentiating effect of desc¢
cated thyroid when 1t was added to 2 basal necrogenic diet M
‘The diet used by these investigators contaned 0 2 per cent destceated thyTox
and caused acute hver damage m about 20 per cent of 50 gm male rats zdlﬂa&:
average mterval of 40 days compared to an 1ncidence of 100 per cent1n 70 Zd
for sumilar rats on the basal diet  The diet (TABLE 3) used by us' conw;l‘zr
03 per cent desiceated thyroud and (TABLE 4) caused 88 per cent necmsxslnd o
an average mnterval of only 20 days or half the time required by the basal -
39 days  These results are mdicatwve of yroid Lissue

a profound effect of thy o
the development of liver damage The effect of feedng propylthioura
the other hand snotsoclearcut Witha Jevel of 0 3 per

cent pmpythw;raCt'e]
the rats died at an average interval of 47 days but they showed no enicer
of hepatic njury at death It was assumed t]

hat the tovicity of the supplemeﬁl‘:
Apparently ‘Handler and Fol
the tume at winch ther ammals
05 per cent of pmp)lthmumc\l ll:
\ree of the anmumals to SUTVIE
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Taszx 3
Courositiov o Bassy Disr

Dietary sngrediest Per cent
Yerst (Fleischmann’s active doed baker's yeast] 18
Comstarch peast) 9
Tard 5
5:12 muxture® 3
0521 vitamin wixture 1
hver ef (Mud jahn:on Company 3000 YU of Vitamun A and 400 T U
Cenunmmm D per gram) H

B2 {irorta syt mistote [Fepaons] commumcation {or detads e Abell o o
Lamin mature contiibuted the feloxing amounts of B vitamia 45 poc s gm of lood phlaon
rinetonas rgn Eivstans 55 i a1 Gotome Ry Siorbionds Jopim Galirom pemtethessts 109 sEme

Tastz 4
Trs Frezcr 0 Dretasy STPeLexesys o¥ 17 Deverorses? or 1inre Necroas

[Rats d{ ng of necrosis] Rats dyiox of ather | Total incidearr al
rkifed i extremi s ecrous conr 4
D etary supplement
" & .
-t b Rl B S LU I
Vi 3 £ 1 12 {90 | %
7 desiceated thyrord 7 » 3 [KERE)
u 3 ”;z, propylthsouracil 2 5 5 55 1300 | Jo
Potassium thyviocyenate F 56 2
S denusied byio +05%
o - &8 57 e 0
035 depmented thyrod +2 e
« tocophm! acetate per
de [ - 9 4a e [
v M O

antithyrond action of the drug, the posability that the prophy tzctic tetton may
be due to the provsion of suiphydry! groups must be Lept m mind since
Grrigy of o ® have shown that thiy mmpaund eusts ta L'\ulamanc [orms

Aerned ame to fatmandt sbasp  ve tn Py et -

me l’mp\ Sthavarach may bt considered 10 be a member of the latter group,
and it was tonsidered worth whale to test the effect of & compound belonging

10 the former dlass  Potassium thioey 2nate was chosen and, at a level of 03
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Tasee 1
Drers Propucnne Necwovre Liviz Drceazzarmon v Rats

Cystine free (com starch 80%, dry mlk ponder | Wechselbaym?

A

Cystine free (amino acids 12 erystalline form) DuVigneaud Dyer, and Kues*
Glynn_Himsworth, and Neubrgers
Daft Sebrell and Falber o

Low casewn (109 o fess) Gyorgy and Goldblattit
élcgve and Harms®
s
gascm VI (alkak treated, 15%) Hotvlv{aar:d Fanht
east Glynn and Himsw orthts
Schwarz

Gyorgy and Goldblate
Schwarz®

High cod hiver o1l
Potato proteta’

P t

Cercal proten [ ™ vanous combtaations Hock and Finks

Gelatin

Soybean meal {raw, fat extracted) Matet Matet and Fridenson®®
Olson®

Soybean protein

Tanre 2
Coxrosirion or DrETS
Casewn VI duet Tovula yeast d et

Parts %
Casemn VI* 15 Torula yeast 30
Butter fat (extracted)* 3%+ | Lard, Vit D-freeft H
Sucrase 65 Sucrose L1
Salts*** 5 Salts} 5
Vitamms supplemented separatelyt Vitamin powdert} 1

Preparation described rn Schwarz *
In excher experuments 19 patts

%4 For compos tion see Schwarz 5

4 See Schwarz ¢

ity p & free anmal tat. 367 pped by molecular & sbllat on (D stilation Products Divis oo Rocks:
e
T § Corupos t on sacte a5 salts 1 Casetn V1 dict suace Aprd 1951 Hubbel Mendel and $akeman J Nt
tion 14 273 (1937]

15 Composition see Schwara *
etary necrotic hiver degeneration It

1 that and not cystmne 15 the sulfur-contammng

amno acid essential for growth and for well bemng of ammals It 15 quite
evident that the rat forms cystine from methionine, whereas 1t 15 unable to
form methionine from cystine  The requirement for sulfur amino acids can
be satisfied by methiomne alone but not by cystine* In dietary necrotic
Iner degeneration, on the other hand we have a case where cyste 1s more
1mportant than methionme, at least m the survival of the ammal Cystme
affords protection, whereas methiomne 15 much less effectve  This was dis-
covered m 1935 by Weichselbaum?® and was later demoustrated by Himsworth
and collaborators, who at first considered necrotic liver degeneration to bea
methionime deficiency®® and then upon more careful mvestigation, asserted that

sulfur amino acxds tn respect to dx
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Taste 3
Coupsrtson oF PRoTrCTIVE FFyECTS OF L-CYSTINE AND L-METHIONINE AGAINST DIETARY
ECROTIC LIVER DEGENERATION

Supplement % l 5 protect on*
Lecysune 01 17
Lomethione 0123 3
Lysune 0z 6
Lmetbronune 0 240 12

* Per ceat protect an = pet cens feduct on of rec procal surv val bme as compared ¢ L ttermate can 10
T

not methsontne, but rather cystine, 15 the protecttve agent ™ When L-cystine
and L-methionine are compared at different dose levels tn the Torula diet 1t
1s scen that supplements of L-methionine are rot entwrely meffectne  They
show sually about 25-35 per cent of the actiity of equivalent amounts of
Lystme A representative experiment is grven 1 TABLE 3

Teleologically, 1t could be theorized from these results that m an ammal
succumbing to hver nectosis, the transformation of methone to cyvstine ts
sot sufficient to prevent death  If this were a metabolic insufficiency 1t could
be due etther to an mcreased demand for cystine exceeding the natural ten
dency and eapacity to perform this conversion or to 4 real mhibition of the
transformation by a metabolic block which could be caused by Iach of vitamin
Eand Factor 3~ It 15 concewvable, but requues further elucidation that the
methionine-cystine transformation occupies 2 hey positton 1n the antagonistic
relationshop between the factors which protect agamst dietary necrotic liver
degeneration (prevented by cystme) on the one hand and the factors which
Protect against fatty liver and curhosis (prevented by methy] groups) on the
other The pathway of the transformation as 1t i1s understood at present
miolves the mam reactions found on the followng page

Inan attempt to detect which step of the transformation 15 madequately
performed, sanous intermediates were fed DL homocy stine was as weffec
theas methionine  Cystathionine was not tested  The last step mn the con
tersion of methionine to cy stine 1s the oxdation of cysteine to cystne It was
found, to our surprise, 1n repeated experiments that L-cy steme when fed exther
by stomach tube or when gnen i the det does not replace I cystine  The
Uity of eysteme 13 as low as that of methionmne (TABLE 4)

From these results a number of essentral questions can be derned tne
Dght asl, whether cysteme 15 as easily converted to cystine in normal mter
edaary metabolism, as 15 usually taken for granted or whether in animals on
81065 producing diets this ovidative process s espectally defectne  The
Auestion also arses whether sitamw E ot Factor  pariicipates catahucally
n this reaction or 1 some other closely assecuted reaction of sulfur amino
a0 metabolysm Furthermare, 1t becotnes a question as to wl ether the effect
© ysline on dietary necrotic Iner degeneration s stuictly @ physiological
Dtntional one or whether cystme 1 this nstance exerts some pl armacolog:
@ action 1n excess of its normal biological functions nd mn_excess of the
romal eystine requirement It deserves attention that the effect of eystine
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Meth Cystine Transf 2
Methionine
HOOC—-CH—CHy—CH,—$—CH,
NH, 1
Homocystemne Serine
HOOC—(IZH—CHz—CH,—S——H HO—CH,—CH~COOH
NH; \ I!er
N
Cystathiomne
HOOC“‘(]:H"CHT‘CHI"‘S_CHI—,CH—COOH
NH, NH,
./ \\.
Homoserine Cystene
HOOC—(]:H—CH;-—CH;——OH H—5—CH—CH—COOH
[
NH, NH,
2 Cysteme Cystine
IIQ'H; Il\THx
HS—CH,—CH—COOH S—CH,~CH—COOH
— 2H+4 |
HS-CH:—(|2H——COOH S-CH:-?H—COOH
NH, NH;

15 obviously not due to a known detoxification mechamsm for the simple
reason that in detouification reactions cysteine 1s as active as cystine "

Vitamn E as a Profecting Agent

After two years highly punted 1ratliots v u « 5
were obtamed  The best concentrates contamed up to 44 per cent of 2 su !
stance which wasshown to be vitammE  Earlyin1943 synthetice tocophero

acetate was found to be actwve
From a series of tests performed in 1943 th

e duly dose of synthetic a tocoph
erol acetate required for 50 per cent protection was found to be

67 Usig



i e CYSTINE
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Leystine
}

Lecysting
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teime
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Yses for stine and mey;
tho Caseing ©uld nop pe as

(tanyy $)

iy, led dxscovexy of Factor
Yoy € fo] Wing exam, k Tro gye,
Tﬂ\tnuonal 15 per cent in free

1
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Tasre 5
S-Axmvo Acws 15 Caseny Drers

Tocidenc

Cystune Methoonsne {4 €AY nes

ver

- degenerat
Casen Ha diet y % %
un Hammarsten diet (159%) 0
Casewn V1 det (159) % 3 gg g ﬁ Gg

TanLE 6
S-Aunvo Acws v Torera Dier

Incudence

Cstae | Methiomne [t aec

degenenat
o % ©a %

ntrol diet, * Vitanun free / casen (15 0073 4

Toruls yeast diet (30%) % 029 g 3§ lOg

and decisive drfference 1n sulfut-containng anwpo acids  The Torula diet w
even somewhat superior 1 cystine, but the differences were altogether so sm
that they were, 1 view of the relatively high levels of cystue and methiont
requured for pratection, not of fi Accordingly, the ) d
sumlartty between these two rations 1 regard to Ier necrosis could ot |
attnbuted to diffe 1n cystime or meth Moreover, the dissimilant
could not be caused by a difference m the vitamm E contents, since bol
rations were apparently practically free from tocopherol  Both “vitamun free
casemn, on the one hand, and dried y east, on the other, are standard mgredsent
of diets producing vitamn E deficiencies of the conventional type  From thes
considerations, 1t became evident that the difference between the tno diet
could be expected to be due to some other factor, and 1t scemed logical to tes
the “vitammn free” casemn for hwer protecting activity i the Torula assa
(ricoRe 1) Addition of 3 per cent of the ““vitamun free” casemn produced .
reduction of 66 per cent 1o reciprocal sunnal ttme By comparison, an 2
acid muxture sumulating the composition of the casemn! was without significant
effect
The detection of Factor 3 was faclitated by a peculiar discrepancy betweea
European and Amertcan yeasts In vitamn E-free duets, almost all Europesn
dried yeasts led to the deficiency™ whereas almost all Americap yeasts, parics
larly Amenican brewers’ yeasts, did not produce the disease * 3 However, an
Amenican Torula veast w hich Is grown commercially on a rather sunple mcdx.m:
was found, m 1949, to produce the deficiency with 100 per cent mcrdence
Since that time the 30 per cent Torula dret has been used m our labamlol’)’}”
extensive investigations 1 attempts to concentrate and dentify Fe';ctor A
Tapie 7 - - A mrmm hroresre’ Lpast
So far, n
~ offer prov v ..
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% e DIET 2566 + AMINO ACIDS (~3 % CASEN)
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i DAYS OF EXPER MENT s
BTN S Prevent on of death from d efary | vee degeac at on by I pe wentcasen  (Bla karene Ammals
" aoern € e Beenerar on ] C oY LY

by the disease could not be produced wn numerous attempts wath diets based
awnly on these y easts

startmg materwal for the punification for Factor 3 a varety of natural
ources canbe used.  Factor 3 has 11 common w tth most ather essential acees
sory foodstufls, the property of being strongly bound toprotews It cannat be
Therated by ordinary extraction procedures  Therefore most of the sources of
Factor 3 have to be acid hydrolyzed before the fractionation of the actne
Proaple canbegin - Acrd hydroly sis does not alter the totaf Tactor 3 actmaty
snce the active substance 1s quite stable zgamst this treatment Factor 3 1s
5und in free form i enzy matec protewn digests A commercn] casew prepara

Lon has been used for the Large scale purfication of the active substance ‘The
2 thren etone of wa Lad k2 hean fec mhed siseclere ™ The active
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Tase 7
Prorecrive Errect or Yzast K

Dead due ta | A 13
s m1 L T T .
30 - 9
27 ym 10 H REEl %
% Yeast K 5% 3 H BE o | 1

v prn ¢ent protection = per ¢ent reduct ou of rec procal susvival hune &8 tompared to 1 thermate control

a small volume of water  From thus fraction, a heavy precipitate 15 formed
upon standung i the cold, which contams most of the Factor 3 actvty  Fur
ther steps of punification wvolve treatment with sobs ents Jike ethanol, butanol,
and phenol, and also pr 100 with phosphotungstic acsd and
banum hydroude  Inthis manner, fractions can be obtamed from casetn which
protect the ammals from dietary neerotic I er degeneration when given 1n very
small amounts

. LU ailachace med acae
g
. B
singe the customary reactops known to destroy these substances gu not
tvate our fractions  Factor 3 can be expected to have a rather Jow molecular
weight It might wel} be that 1t 1sadentical with a compound which 1s already
known, though a large number of substances occurnng i nature have been
tested and found to be wactive

Metabolic Tnterselations wn Dietary Necrotic Liser Degeneration
The pecubar fact that, i dietary neaohc hver degeneration, three sub
~ . Ta wehee

and Factor 3, on the other hand, may be remans 10 e Ldlueu o -

quantitative proportions between these substances have Lo be elaborated when
all of them are avatlable m pure form  Copsidermy the fact, howewey, that
etween 400 to 800 molecules of cystmne are required to produce as much pro-
tection as that offered by one malecule of o tocopherol, 1t could be postulated
that the role of vitamun E 1s of 2 catalytic pature whereas cystie of & cystne
denvative functions as a substrate?  From the dosage levels of Factor 3 1¢
tawm camparable degrees of protection, 1t can be suggested that

pired to ob!
b - s woll halane to the group of substances whuch have ambfi’f

the chietary relationship descrived
i
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An attempt has been mare t
oh L

of the dusease, lac

In prehmmary w e
nerof antmals or »_wuutn)g tiet was greatly increased upon
nection of Na monofluoroacetate  For weeks priot to succumbing to hver
110513, animals on necrogenic diets show  sersous mncompatibility for fat 1
These and other findings make 1t concenable that the area of the prunary
vetabohic breakdown 1n dietary necrotic hver degeneration 1s 1 the citric red
scle o7 1n some elosely related function

Summary

Three different nutnitional factors have been recogmzed to be spectfically
sunected with dietary neerotic bver degeneration cystme vitamumn E and
‘ctor 3 Diets for the production of the defiency 1 rats must be low 10
yshue and deficient m vitamn E and 1 Facter 3 Two rations fulfilling
iese requirements are described the casein VI duet, used between 1940~1945
od the 30 per cent Tosula yeast ration, in use suice 1949

In the prevention of dietary necratic liver degeneration cystune 15 requured
t zather large amounts (02 1 per cent 1n the diet) Other S contavung
2o acuds, like methiontne, bomotystine and also cystewne are only approx
wately one third as effective as cystme

Tocopherol acetate was found to afford 50 per cent protection at 67 ¥
uly per anmal 1n the old senes and about 50y datly tn the new series  These
vels are within the range of the normal vitamun E requirement of the rat

The detection of Factor 3, its occurrence in vaniovs caseins and in brewers
33t and the method of punfication of Factor 3 conceatrates are described
tetor 315 of low molecular weight, stable agamst acid by drolysis water solu
¢ and apparently not identical with any of the presently nell Lnown vitamins
ammo acuds

The possible metabolic mterrelations between these factors :mdﬁalse_ the
*sbolic aspects of dietary pecrotic hver degeneration are o e cee: t
elimnary results 1t anme -

nellons o the hiver 1

nary metabobic defec
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ENZYME ABNORMALITIES ASSOCIATED WITH DIETARY
NECROTIC LIVER DEGENERATION IN RATS*

By Robert E Olson and James $ Dinning
Depariment of Biochen sstry and Nutrition. Graduate Scl col of Publuc Healtl
Unsersily of Paitsburgh Pitisburgh Pa

Although acute massive hepatic necrosis in the rat has been shown to be a
manifestation of malnutntion, 1ts esact biochemucal pathogenesis 1s unknown
Frank tissue necrosis 1s generally assumed to be pieceded by single or multiple
biochemical Jesions, and 1t seems probable that this particular syndrome of
hepatic necross 15 no exception to the rule  The fact that a deficiency of one
or more dietary nutrients appears to be related m a causal mauzer to this syn
drome was of particular interest to us and led us to undertake a study of 1ts
biochemical evolution It was hoped, m addition that these studies would
<ontribute to the elucidation of the interrelationships betw een the sulfur amino
aads and vitamn E, both of which are protectnve agawnst this dsease  Our
mitial approach to this problem was to compare the content of selected enzymes
and coenzymes m the hvers of rats 1n which hepat ¢ necrosis was produced
with others which were protected by swtable dietary supplements The re
sults though prelminary, are consistent with the view that acute massne
bepatse necross in the rat 15 associated with differential disruption of the aitne
aod cycle and depressed tissue levels of coenzyme A

Male weanling rats of the Sprague Danley strain were used 1 these ex
perments  One group was fed the basal diet compose | basically of soy protemn
and 1 4 L~ aTaBLE 1

devord of

t plus pro

tectve supplements  These ncluded Vitamin E alone cystine alone cystine
Plus Vitamin E, methionine alone, and methionme plus vitamn E - Vitamin
E was admustered at the level of 3 mgm of « tocopherol twice weekly by
dronner and o1, N At %n Ja ol of (18 ner cent

- N '
'

lted mtermedrate growth rates between that observed on the basal diets and

e diet contayung 18 per cent casemn

After 4 t0 6 weels, ansmals on the basal diet developed lesians typical of
acute massive hepatic necrosis both grossly and microscopicatly * No lesions
::re observed 1 the rats recerving Vitamun F or methionine  Occasional

e

the
of 1

AL the tume of the first deaths i the basal group fats were taken UOIL 41
£0ups for the determnation of hepatic pyruvic oudase, succinoudase, trans-
s Supperted. u part by gran heutr € on Foundat on Toc Rew¥ok S 3 sod theWiluams
PtemiEand oftne Releen Comorscan New vork N ¥

889
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Tasre 1
Basat Drer
Percent
Alpha proten e
Sucrose 10
Lard 28
Salts (HM W) g0
Cod liver oif ]
Choline 9

B v tam 1s were added i the fol owing amounts expres ed as mgm perkgm det Thamume 50 s boflay n
50 pyndonne$ 0 cale um ‘pantothenate 200 macm 400 fohic ard 1.5 and botn 005 Menadioue was 3dded
at the level of fogm

£ 008 g,
GROWTH IN RATS
CASEIN 18%

300
250
, BASAL+ METH+E
»BASAL+ METH
4200
E o BASAL.+ CYSTINE +E
3
z150
|5 BASAL+ GYSTINE
¥
109
BASAL + E
59 S~ BASAL
© 0

| 2 3 4 5 6 7 8 9

WEEKS
Frouse 1 Grow b rates of wesnliag sats fed the expesimental diets an
over a 10-week pen

42 duet contauing 18 per cent 35<

r
ammase and santhime oxdase These particular enzymes Were ﬁ:;ed:aftﬂe
assay m order to gan as much information as possible about dz‘:daﬁvexs o
ammo acid and punne metabolism of necrotic and pmtic L e e
ammals were lilled by decapitation and 10 per cent homoueun:; s O taken
1sotome KC} were prepared Appropriate amounts of homoge

for each of the assays  of meled

ns
The term pyruvic oudase 15 psed m this paper mits broadest sel
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Tasie 2
Barwarz Oxanion o HOMOGENATES o7 Liver rrox Neczoric Now Necroric
Dertctznr Vizum E- Ap Spiroe Awrvo Aco-TrzaTED RATS

Det Ratsnr | Pecoe? [ Qopnone | Qospyruvate |Qrmypste +
—— ]
Bsa 9 O [10£01)115£03131206
Busl s 0 22£06,28 504172409
Baml+ E 5 0 2920613208, 69%09
Baul + eystne H 0 |32207|38x05/60x00
tastme + E 5 o 40£04(57207/89£13
Bas 4 meth, ) ¢ (33x10(32x11 79+08
Bual 4 meth, 4 1 3 0 31£04[42204 8808

¢
“4 v suuLl SULSULALE WILL SUWYIN PYIUVALE auded at 3 Ny
lter, and wuth pyruvate at S mM/L , plus ATP at f mM/L  The addition of
ATP to the last flask pernutted the observation of pyruvate ondation under
conditions which tended to prevent deactivatian of trcarbotylic aad cycle
atermediates and the fission of coenzymes  Succmovidase was determuned by
the zaethod of Schneider and Potter ¢ transaminase by the method of Ames and
Ehehyem ¢ and ranthune oxidase by the method of Axclrod and Elsehjem *
Allsubstrates were tpped i at“zero’ time  The untts for the pyruvie vadase
Sty ate given as Qo , calculsted for 2 20-munute period and the units for
the other assays are those used by their respective authors
The results obtamed with the pyruvic oudase assay are shosn in TABLE 2
The animals on (he basal diet were divided into two groups depending upon the
Dresence or absence of gross necrosss It can be seen that both the endogenous
s uptale and the ovidation of pyruvate, with or without added ATP was
markedly reduced i homogenates of Iner from rats showing gross necrosis

E:e ity of the control group {rats fed basa) plus methionwne phis ¥itaman
- ‘

! um groups fed the basal diet plus vitamin E were mniermeduate betncen the
T3t on the basal diet not showing necrosis and the contrals although not
senfcantly dfferent from ewther Mope of the rats on ather protective reg
718 showed values significantly different from the controls

ABLE 3 presents the results of the assays for succmondase (ransaminase
24 xanthine oxidase 1n these same groups of anymals It s noteworthy that
e actiaty of succmoxidase and transamunase are virtually the same n al)
Boups  Thet . N
S statistically
@t from the ¢ -
Smparison wuth the drop 1n pyruvac ondase actnity It secmed remark
e t6 us hyy hepatic transaminase activity was mamntuned w the severely
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QaBie 3
SUCCINOXIDASE IRANSAMINASE, AND Xa:
3 NTANE OYIASE ACTIVITIES oF LIveR rroy
Nrcrorie, Nox Necroric-Demeteny, Vizaury B AND SuLroz Awino

ACTD-TREATED-RaTs

Diet Ratsno [ Meerors | succimondase | Transamunsse Hanthiae
Basal 9 + 3 43 64 % 2 3949
Basal 5 0 38 x4 55 £ 5 B+
Basal + E [ o 393 0 & 4 645
Basal + cystine 5 4 3% £ 2 87 £ 4 1378
Basal 4 cystne + F 5 o 4745 65 g 20 £ 13
Basal 4 meth 4 I 40 £ 2 63 £ 11 160 2 10
Basal + meth + E 5 0 2£2 62:£ 8 138+ 8

necrotic group, particularly since 1t has been reported that certan manfesta
tions of pynidexine deficiency appear m assoctation with vitamin E deficiency
n rabbits ¢ 7
The xanthine oxidase activity of the ivers from ammals 1n this study nere
of great mtevest The lowest values were obtamed tn rats fed the basal diet
Plos vitamm B This was probably due to the poor biological value of the
o . R A

a8 ln arg

oudase  This effect of vitamin E lack murrors an efiect seen in rabbits te
poved of vitamin E, m which the hepatic xanthine oxidase becomes markedly
elevated * The tendency of vitamin E to depress the liver xanthine ouidase 1
also demonstrated by a corapatison of the hver xanthine oxidase vatues of the
groups given cystme alone and cystme plus witamun E (zapie 3) When
methonne 15 the supplement, the vitamsn E effect 1s abolished  Whether this
vitamm E effect 15 dependent upon ad amounts of molybd: by

15 abundant w say protem) 1 the diet,% " remains to be determmned If
wethionme s required for the elsboration of xanthune oxidase 1n the heer
these effects of vitarmn E might be explammed on the basis of a decreased utibzs
tion of methionme for other purposes n vitamin F defiiency The effect of

stine would be imnterpreted as a spanng action
cystaew P —e~n net toahchoacenrred with acute

imza
eana
€5, 10

ecline of the activity of all the cellular enzyres vt vy
:ddmon to catabolic ones known to merease with cell lysis such as the mfliz
ams, desamudases, phosphatases, and nucleases, may even m?easecess o
much of this change can be traced to the underlying pathological ngbe
ceding necrosis and how much 1s a concomitant of necmsx;: 5:( “ccmoxldﬂSe
ruption of some portion of the atnc avd cycle excluswve of : et S:as et
system seemed out of proportion to the other changes an e‘uence it
profitable to explore the status of certam catalysts wn that « th“ Sat e

\ tions There were obviously many possibshties The observa
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TABLE 4

CoxTent oF CoenzynMx A 1v Lives yeom NEcRoTic Now NECRONC-DERCIENT
ViTAsaN E TREATED, AND CONTROL RATs

Dier Ratsnr Necros s grosa ‘ Cocrzyme A un ta/gm
-l - 9 + 3T &>
ac 5 0 63 £ 0
1al 4 E 1 o 92 x 8
ontro] 4 1] 180 % 20

ats on the basal diet developed the “porphyrin whishers usually assocrted
h hente zad d led us to the rates of acety lation
I para ammobenzoic acid in mtact deficient rats  The finding that these were
utkedly depressed in the animals with her necrosts and moderately depres ed
1 deficient animals withont necrosis'? coupled with the realization that coen
yme A, the active form of pantothenic acid 1n tissues and he bearer of the
riragment, contained a sulfur motety® not unrelated to cyvstine, stunulated
s to make duect determinations of coenzyme A 1n lvers from these amumals
be technique of assay was that of Kaplan and Lipmann™ and the results are
oW In TABLE 4

‘The rats having Iner necrosis had markedly depressed values for hepatic
omnzyme A Those on the deficient diet not showing necrosis had levels
omev hat higher, but exen these were as low as ordmanly produced by panto-
tenic 2cid restriction alone * Those rats protected agamst necrosis with
tamu E had stlf higher values and control rats fed ether chow of the 18
r cent casein diet had high values which were sumlar to other normal rats
amined i the past Because of this relationship between coenzyme &
ontent and the suspected degree of hepatic dusabihty m this dietary disease,

ypothesis

g‘ the degl:ess:on of coenzyme A 1n necrotic Ive:
eficien ase, or doe: resent a genera
ct !hzctylransam;mie anfil:a:xcgnne ondagse actnitics which are also depend
1t upon coenzy mes (pynidoval phosphate and flavin dinucleotrde) are
ell mamtained, and the fact of the lon coenzyme A content of non necrotie
eficent Tuser tissue suggest that the coenzvme depletion of necroic fiver
scue 1S ot nonspecfic It will be mportant ho ener, to make duert “‘;‘;
Mation of ather coenzymes w the lwvers of deficient rats and these studi
7t 1n progress
1s 8 mercaptoethy Lamine, the sulfur moiety of coenzyme & denved l:t;:;
1Y cystine? One can visualize 2 Teasonably sm le pathuay from bc; s n
mercaptoethy lamine iz one step of reluctionand one step of decarsoti
20 although the order of the steps and all of the enzymes ”“";‘“ YM o
080 Studies with §* ibeled cystne are i prosress (@ Venhy s
9nstup and o search for the probable enzymes ol ed 15 under w3y

r tissue specific for this dietary
lized result of necrous?  The
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Finally, the possible role 1 hepatic necrosis of another sulfur contamn ng
coenzyme i the metabolism of pyruvate o hpoic and must be ruled oyt *
Although this coenzyme 15 normally synthesized by mammalian tissues 1t 15
concervable that ngd organse sulfur restrrction m the diet may also hmit
1ts synthesis

‘The conclustons which can be drawn from this preluminary study are neces-
sanly subject to qualification. Ibelieve 3t can be sd howsrer that rat lner
rendered necrotic by dietary restnction of cystine meth omne and vitamn E
presents an enzyme profile which features a defect m the oudation of pyruvate
which does not mvolve all enzymes of the citnc acd-gscle It may be sad
furthermore that dietary restnction of the sulfur ammno acuds results m 2
lowenng of coenzyme A equinalent to that seen m marked pantothensc 20d
defioency prior to the onset of hepatic necrosis and suggests that a nonvitamin
precursor of a tissue coenzyme may be as mportant i the elaboration of the
coenzyme as the vitamun 1tself  Vitamin E protects against hepatic necros s
tends to preserve the coenzyme A level and appears to divert dietary meth o-
e wto channels other than the syntheus of xanthine oxidase
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Discusston of the Paper
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are 1w harmony with come of our own Tnvestigations 1 $1r d::e ot ¢
chown that the site of the prmmary metabalic defect 1n the
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THE XANTHINE OXIDASE FACTOR (MOLYBDENUM)*

ByW W Westerfeld and Dan A Ruchert
Department of Brochemistry, Medical College of State Unuwersity of New York, Syracuse N ¥

The effect of diet on the xanthine oxdase activities of vanous rat tissues was
studied as a sequel to an earler mvestigation m which 1t was observed that

systems that could theoretically be concerned with acetaldehy de metabolism,
the chemmeally similar xanthme and aldehyde oxidases seemed most likely to
be dependent upon a dietary factor not already wncorporated m the punfied
rations used  Since methods for studymng xanthine oxidase were available,
our attention was directed to a study of the relationship between tissue xan
thine oxidase in rats and the dietary factors supphed to the ammals
Xanthineoxidase 1w rat fissues At the time this work was started, nboflavin®
and protemn deficiencies® had been reported to decrease the concentration of
liver xanthine owdase m the rat  Our early studies were directed toward

determmng (1) the distribution of xanthine oxidase m rat tissues and (2) the
1AL —8 perad by dat

or sumlar to that shown i 1aB1E 1 Low protemn diets were prepared by re-
placing all or part of the casem with additional glucose

The results of these studies* with adult rats are shown m TaBLE 2 Smzll
amounts of the enzyme were found 1n Jung, kidney, spleen, and skin, but only

amount of enzyme Was present m the [Iver while ZU Pet Leut was s v -
skin and small mtestme  Feeding a low protein diet removed at least 0 p:f
cent of the total enzyme from the rat, but the amount remaming was adequal :
to mamtam a normal excretion of uric acid and allantom * - This deser\ils ;m!la
emphasis because 1t mdicates that either (1) unc aad can be forn:; ({xx
mechanism not 1nvolving xanthine oxidase or (2} the amount of xan ful;i!ll e
dase normally present m the rat far exceeds the amount required lo'-huﬂ e
usual function  Jn 1stro studies® could not detect any metabohc p(:;a s: yThc
the formation of unc acid other than the one utilizing xant_hllne AZXX e e ol
remainng conclusion 1s that rat tissues normally have at least a -
——
Dot o b e syt o e L R R T et
arch

'ﬁlv)\ Rese:
396
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TaBLE 1
Coxrosrion of TE Puririep Diet gszn 1N STUDIES OF THE XANTHINE OUDASE
"ACTOR

e o
Casern (Labco) 24| Choline cbloride 100

Cnxe 4 | Nicotic acid 26
Vesen of 2| Caftum pantothenate 1o
Cod Lver 1 n4
Salts {Phaidips and Hart)® 4 | Thammne 04
Clucose 635 | Pyndoxme 04

*FXRuliscontun No K Ci Mg Fe 3fa Za Cu Cf I pbowghate sullate carbonate ead citrste

Tasiz 2
Tar Errect or FreoinG a Powtrrep 8 Pex Cenr Casers DisT o8 TRE Xavrun? Oxinase
Acrivitizs or ApULT Ras Tissves

Luver | %m ot | Kidner | Lung ‘ Sateet ‘ xo

Nermal 1ats (on chow) 41 a3 1 9 12 1
ot 0 d et (423 mecks) PR I U T I R TR
Normal () dustribution s 12 1 1} 2t

A0 act vitues recorded a3 € mm Oy per 20 minutes per 283 mgw fresh tissue At least 70 per ent of X0 a

T teely The recorded w2
ual determinat’on gives values of 0 and 2 for lver wnd wtestine respect vely il

7entthe “iie amoat prescat i Felation 10 the Bamaaf vales (e sict a on determini oo of xuth o2

7eserve of this enzyme  Varrations o tissue enzyme concentration or activily
ot automaticatly be asa ding varation i function

Luer and ntestinal zanthne ovdase  The weanhing rat responded to Jow
prolen and other dietary changes more rapidly than the adult rat but al,}:!r{
.. ' ©

\walaning adequate protein and rboNAVID QUUBEU Siub iiva
Dediste toels, ot il not permit the attainment of normal values The
meorporation of hiver wn & diet contarung tnadequate protetn did not mobsfy
the Protein deficiency depletion of hver xanthune ovidase  When the hw:r?
were first depleted of xanthime onidase by 2 low protesn dict the fesymplion of
20 adequate prateun intake aluo restored the Iner xsnthue ovidase (0 about
R percent of the normat leve!

t %23 caneluded that the lner xaothine otdase concent

ration depended

ok ot be identified with any hrown DUtIoNAl SUUSLULL, alty st -

1 as the hver ressdue (gc(q(’qr the vanthne oudse factar r\n’}zm:‘l(x;

E3gnitude of the effect of the santhine ovdace ficter o ]ll]‘t aygmn ttion o
1 xanthine pudase was not large, but it #as detectable and mex
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Ni ful tests were c , using the Iver xanf
response as the cntenon for the presence of this unsdentified factv.:f, :t}:):’ gis'e
but 1t was a difficult test to use as 2 routine assay procedure !
‘The source of XOF for the 75 per cent restoration of hiver xanthine ovidase
on a purified diet was unknown  In Tetrospect, 1t may have been dertved from
the bones  The relatively small effect of an XOF defictency on iver XO could
z:lso be due to the avaijability of bone molybdenum for this response  The
““‘dommant” effect of protem m controlling the Jevel of Liver xanthine pudase
may be an artifact because 1t might not be possible to produce a severe defi
ciency of molybdenum n the hver so long as preformed deposits exist 1n bones
The effect of protemn deficrency on other selected Iner constituents has also
— PR

‘- - n 69 and ] an

zanthime oxidase at weaning by virtue of 1ts previous mitk dret  reeainga puir
fied diet which was deficient in either protem or the xanthine oxidase factor
. T he e hiieea Adet

starting

nd XOF

were required stmultaneously for this response, anu pioles) wds w2 domt
nant factor i the wtestinal response as 1t was for Iner XO*  With adequate
protew 1 the diet, intestinal zanthine ondase reflected the XOF content of
the diet, and a buoassay procedure for XOF was established on this basis™
Determination of xanthine oxrdase  Since all of these results depended upon
the determination of xanthmne oxidase 1n rat tissues, the accuracy of the method
used 1n determmmg this enzyme was studed  The results 1 this and other
papers were obtamed bv the manometne procedure ongmally described l:y

Axelrod and Elvehjem? s
correct values for hver
—m=a h t dnps ot measure COITECLY SUdu swvuuns o .
. » Jovvn pp
deter
J!dL:e
JUIN PR TR or the
e raomed i 8 lpmanner and comparatne relation
constant methylene blee relatinn
xanthune oxdase appeared to be

made by
actity could be determimned m the usual

ships then calculated from the known and
ship®® ¥ In contrast to 2n homogenate,
1

rolatively mert 1 a slice = fer tanond XOF deficiencies on Iner
tLed “detn* show the re-

1g xanthme oudase The

lumns Lave: 1ships calculated from lh:

TR
?;I:es :bmmed 1n the presence of methylene blue  I'he true relationship show
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IVER XOA INTESTINE XO
= 100735

100740 — L —l
(&)
s X0 1 5
> L - w
751 il 1 L
L |5} ] “ X0
sofe0 | i 504 &
g t Prot 1 5
iz | = =
sle | & ] o
E | ¢ ] 28%
-39 o} a -
8% | 10%
90 bETn  TRUE 2O DETN  TRUE

FETE L The refar ve eflcts of defc en ) d intestinat

« cfic enc e of prote 1 and tanth ne 0x dase factor on iver snd intestinal

iy, Toe XOF clicel [ abta ned o the prescans of adeauses prosem ' Normal s ses Tor heey

o X were choaen 1340 4nd 35 (¢ mm O 20 1383 g Trsh i bue sespect vy Crous be ched
% 1% dusl enryme oot remor ed by @ etary dehcient o1

e presence of residual enzyme which cannot be removed by dietary means
The magmitude of the XOT effect (in the presence of adequate protein) ts ob

Viausly much greater for mtestme than I er
Xanth ne ovidase 1s not the same enzyme 1n all species  The enzy me in rat
buer could be shown to have separate dehydrogenase and ovidase actnsties by
‘¢ use of antabuse as an nhibitor of the ouidase portion of the enzyme ®  The
fR2yme present 1n burd tissues was identified as a dehydrogenase rather than
inoudase #and the effect of duetary variations was shown®™ to be somewhat
dfferent for the dehy drogenase in bird tissues as compared with the oudase in
han tissyes

Bionreay tuu ¥ Ave 1o

- '
sy R .
ety .
rer . .
Lo Lslactots Lt o

¢ 4t € pupnshed *assay curve proved very 34
oo, the control les cls of antestinal XO ancreased to 12 ot 15 an occas anal

rbstrached 20 Assay curves with such diflerent Latches of GIN cxeery
3 Shown in Froure 2 The narronng of the assas range and lhf‘mcrr:l n.l
Soulty of the agsay procedre as the control level of inteetinal NC e
Sdent  Since 1t 1s hnown that the hot alcohol extraction used {1 thepuny
o8 of GBI caen does ot remov e \O, the differences secorderdn viotzs
zu:‘ Cependent upan chance varuation i the punty of the enginal untrea
N
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Min

m Oz s20

~Cm

ed
showed the latter tg pe far supersor Contro) atestinal X0 Values were g4
and 2 respectu'ely for the tno Caseins control diet <ontan,
Labeo casemn hag consistently ghen ntestinal Yo Aalues of Jogy 1]
the bxoassn} CUrve obtameq with ths casem el L T
curve shovs ¢he reh A o ' )
n the Presence of ! 4 1 16 gue
Creased the Intesting 1 ! ETRTS tenfold change ndicated
the logwer cune
Diets 1y, 24and 33 Per cent casern wratn

The 24 Per cent la.
additiona} Pprote

v et The 94 ber

a sumlar assay
cent Labe, case lore adopteq fo, routine testing
Xanthipe ovidase 15 apt to be localizeq 4 the mucass ©of the mtestine suce
museles are Lenerally free of this enzyme To avord Possible removat of er
Posed mucgs, by blotting the sht and washed intestipe the contents were ex
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TasLe 3
IsorLaTioN PRoCEPURE FoR XOF

83 © a a Tan ~yrn oac
(¢ ! '
1

and (4) some dark green leafy vegetables Foods which were essentially mac

tive mcluded (1) muscle meats and fish, and (2) fruts and bernes, The sub

stance present m Inver residue and foods, which was responsible for this re

sponse could not be dentified with any factor known to be required 1 ammal

mutrition  Nor could 1t be identified with the antithyrotoxic factor present i
Tiver residue

T £ VAT Tha e tema] present 1n soy flour gving

1on procedures mn which the

ification by bioassay The

major steps of the 1solation procedure are shown mn Tastk 3 Two actne

banum salts were separated from the fina] barium precipitate  One was 1n
AT - om have

u
voa u 2
crystathzed from hot water, lost a sigmuficant proportion of its weiht on ash
g, and contaned about 17 per cent molybdenum  Although the purification
procedure was not designed to yield inorganic material speaifically, nevertheless
the salated substances were molybdate or malybdate complex salts
The 1dentification of these substances as molybdates was aided by the con
cusrent studies of De Renzo ¢t o Using the same assay procedure they
found that the biological activity was retamed 1n a liver residue ash, and they
1dentified molybdenum as the active component of the ash by testmg each ot
its constituents
The biologacal activity of sodrum molyhdate 15 shown In FIGURE 4 Satw
130m levels of mtestinal xanthme oxmdase (above 30) were obtawed with d ets
contaming less than 0 T mgm molybdenum per kgm of diet  Higher conced

trations of dietary molybdenum gave mtestinal XO values averaging between
Al o ennlvhdenum

»
3

lower Jevel = ot oF the active matensd
Al of the brologicdl
ybdenum content
1 was the cas®

(1) The actvity of the 1solated matenal or of @ targe huwwer of smpure fra

¥
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4310 ol et showing the cxponse of ateainal asath ne axvdae 19 [n
the diet

re sodium molybdate when tested on the basis
tents
the biological actinity of the olated ma-
"Tence no essential or sy nergustic organte
‘sbdenum duning the isalation pro-

lated materal by extracting 3t av
meved the biological activity with

" 1olated materia! as an wsoluble
the biological activity
- than enough moly bulenum

b+ asidase factor 13 the trace
7 be required by some plants
nof & role for moh bedenum
um withan enzyme
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TasLx 3
IsoratioN PROCEDURE roR XOF

§1) Soy flour refiux with 10 vol of IN HCl and filter

{2) Bitrate adsorb activity on charcoal and eluate with ammonia

{3) Eluate ﬂSXdlj; adsorb on atumuna column and elute fractionally wyth 1N ammoma
wr o~ T = famh TP A 440 Wach with 02 N HCL

e [N )
{6) '
n

and (4) some dark green, leafy vegetables  Foods which were essentially nar
tive wcluded (1) muscle meats and fish, and (2) frts and bernes  The sub
stance present in liver residue and foods, which was responsible for this re
sponse could not be 1dentified with any factor known to be required i ammal
nutritton  Nor could 1t be 1dentified with the antithyrotoxic factor present in
liver residue 2

Isolation and wenttfication of YOF  The material present i soy flour giving
ths response was isolated by a series of fractionation procedures m which the
actwe matenal was followed throughout its punification by buwassay The
major steps of the 1solation procedure are shown m TABLE 3 Two active
banum salts were separated from the final barium precipitate  One was
soluble 1n water, lost ittle weight on ashing, and contained 45 per cent baritm
and 24 per cent molybd Spect phically, 1t d only Ba and
Mo m amounts greater than ¢ I per cent The other barum salt could ize

the wolated substances were molybdate or molybdate coraplex saits

The 1dentification of these substances as molybdates was aided by the con
current studies of De Renzo ¢f al? Usng the same assay procedure, they
found. that the biological activity was retatned 1n a liver residue ash, and they
1dentrfied mofybe as the active comp of the ash by testing each of
1ts constituents

The bulogical activ ity of sodtum molybdate 15 shown 1n FIGTRE 4 Satur
tion Jevels of Intestinal xanthine oxidase (above 30) were obtamed with diets
contaming less than 0 1 mgm molybdenum per kgm of diet Thgher concet-
tratians of dietary moly bdenum gave intestmal XO values averagng between
30 and 45, but they were not consistently proportional to the Toolybdenum
cantent of the diet  Hence values above 30 were considered to be saturation
fevels of mtestmal X0, and assays fallng withm ths range were epeated at§

lower level
1T o actahl chad mah hdennm as a mator component of the active m:itcm}

(1) The actvity of the wolated material or or 2 11ge d us v
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0 /20N /283 MG
S & 8 & 8
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o

INTESTINE X0 — CMM.
S

o L : - beteda )
20 100 120
uG MOLYBDENUM /KG DIET

Ficste 4 Auay curve wit o un ol st sbowin the Fspne o atestaal s o or o 1
crear ng amaunts of molybdenury

Uors wasidentical with that of pure sodium moly hdate w hen tested on the basig
of their respectine molybdenum contents

(2) The molybdenum content and the biological actn ity of the rolated my
terual were not decreased by ashuing  Hence no essentual of sy nergistic orgame
womponent nas carried atong with the moly bdenum dunng the wsolabion pro.
cedure

(D A remaval of moly bdenuma fram the wsafated materil by extracting it as
an ether <oluble thiocyanate complex atso removed the bislogicat activity nith
the molybdenum

{4) Precyntation of moly bdenum from the 1solated materul as an wsaluble
cumples with e-benzoinoume also preapitated the biclogical actraty

(%) Yner resulue and sov flour contamed more than enough moly bdenum
o account for their buslomiea) actinities.

These results leave no doubt that the xanthine avidase factar s te trace
clement molibdenum  Aloh bdenum 18 knonn to be requirel by some lants
and e roaruusme Fye this i the tirst dermonstition of a go'e for ma s bderasy
m nmal nutntion and is the first axsocation of moh brlenum with an enzvee
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It appears to be a part of the enzyme molecule, since punfied preparations of
xanthine oudase contamn molybdenum This was demonstrated previously'®
by the assay procedure, and has been confirmed more recently by chemical
determinations

Studies of molybdenum deficiency m plants’s % and Aspergillus mger™ have
demonstrated a requirement for molybdenum mn the reduction of mtrate
Xanthine ovidase™ and aldehyde oxidase® are capable of utihzing mtrate or
orgamic mtro compounds’? ¥ as electron acceptors during the oudation of
purme or aldehyde substrates Nitrate 1s thereby reduced to mtrte® and
orgamic nitro compounds are reduced to hydroxylamino denvatives # It seems
probable, therefore that the reduction of mtrates by plants molds, efc 1s
effected by 2 molybdenum contaning enzyme similar to but not necessanly
wdentical with xanthine oudase
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STUDIES ON THE NATURE OF THE XANTHINE OXIDASE FACTOR

By Ednard C De Renzo
Leder's Laborstorses Divsson, American Cyraamsd Company, Pewrk Rirer, 3 ¥

T <hauld hkhe to extend my thanks to Doctar Schnarz and to Doctor W estes
feld for the opportunaty of presenting a brief summary of some of our finding
on the nature of the xanthine oudase factar T should Ide to extend specn
thaaks ta Doctor Westerfeld for his gractous achnowledgment of ous contr
bution.

When nefirst became interested in thus dietary factor, a study of the hteratur
revealed that the Syracuse workers were practically alone i thinking about
substance other than adequate protesn or niboflasin which was concerned watl
mamtaimng tisue Xanthine gudase values  In order 1o satisfy ourselves tha
such a factar actually existed, we d o reproduce the Q
aue - . - . L

response 1 the intestinal xanthine otidase value to varying amounts of dietar
Iner resvtue and, m addition, rats recenving the control ciet alane showed reha
toely high levels of tus enzyme  After 2 bnef t3lk with Doctors Wester
feld and Richert, our problems nith the assay were sansfactonly unraveled

TABLE 1 shows the basal diet® used 1 these studies  As reported by th
Syracuse workers, Hf neanbing rats are grven this diet Jor tno weehs, analysisc
the small intestine for xanthine oudase by the manometnc techmque® wi
yield a value of about $ ¢ om0y gen upiake, 20 mn 250 mgm ntestine
Supplementation of this diet with 10 per cent Irver resrdue produces a five- t
sevenfold increase t the xanthine oudase value  TABLE 2 <hows the respons
of rat wtestinal xanthine oxidase to sarying amounts of tnver resudue m the the
thus confirmung the wark aleeads reported? It should be mentioned how
cver that we sometumes evpencnced difficults n obtaming xanthine oudas
values propostional to the lower amounts (e, 2 3 pxr cent) of a Iner resrdy
supplement  evertheless there nas never any daubl about the enhance
ment sbtamed with a high level (e, 10 per cent) of fiver residue and solatin
«tudies were therefore undenaken

e chose tver resudue as our soutce materal sice the frctor was present u
abundant areounts i s materal  Eatly o the work 3¢ was found that ac
tne extracta of santhine gudace factor could be obtaned by wmphy aute
elavang bver ressdue with water  The factor in the extrmct as well a5 1 th
ceude tover reswine was remarkably stable to aad or alkahne 1wreatment and
when the autnats was not destroyed by boiling wuth concentrated sulfuru
actd our suequLIons a3 tn the nature of the fxctor were aroved Ve therefon
ashed the active £xtracts ang hiver sesudue, and when the ashed materals wen
ted no diminutien of actnaty was encnuntered  These data are shown u
ramr 3

The aqable on utse ot M1 Z Kok taasd Mr P U Heytheo o fhe pertorstomay o Hame xperionent
#ramia > sehmontedend
3
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Tapre 1
Basar Dz Usep v Stopies ox \OF

Cerelose 65
Purifed casewn {Laben) 2
Cnisco 4
Cod liver o1l 1
‘Wesson o1} 2
Salts (Pluilips and Hart) 4

Vitamuns/hgm diet
Riboflavin, 4 mgm
Thiamm HC| £ mgm
- Pyridoxine HCH, 4 mgro
Ca Pantothenate, 10 mgm
Nicotinammde, 25 mgm

Chofine chlonde, 1000 mgm
TABLe 2
ResponsE OF RAT INTESTINAL XANIRINE OxipasE VALVES 10 Lives RESIDUE 1v THE DIET
Amount of Liver residue added to basal diet Av X O value crom Os uptake/20 m n /250 mgm
(pee cent) intestioe
None 50
2 102
5 220
10 298
TabiE 3
Errect OF Liver REsUE FRACTIONS 0N RAT INTESTINAL NANTEINE Q\IpAsE VALTES
Supplement added o basal diet 03 o A e
None 4 g
10%; hver residue (LR) 25
Laver residue water extract {(LRE) 32
Ash of LR 282
Ash of LRE %9

spectrographic analysis (TABLE 4) of the ash of the active extract revealed
theAprisenceg ofpmany eley:ents The activity of the ash was then found to be
replaceable by Hoagland’s A-Z solution (S0 m! /kgm diet),an mo:gamc soluuloé
contaunng trace elements and used m studies of plant nutntion? Single szb
were then fed m varymg amounts m an attempt to ascertan the acnvf[: S(:i’s
stance On the basis of the elemental composition of the ash and Hoag a(x; i
solution and the salt mixture of the basal diet, our studies were restréctte b
relatively few salts To our surprise, molybdenum salts were iour;] - ; e
responsthle for this effect  These data are shown m TABLE §  No o g
studied exhibited this effect, and the activity of the ash of active elxtgamum
Jwver residue could be totally accounted for on the basis of its m[o 5} e
content  Furthermore, and also to our surprise, when an ash (:1 (o)
diet was assayed spectrographically, molybdenum was not detectelk :s s

We have attempted to study the effects of molyhdenum on mi
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mtestinal xanthine oxidase 1n wfro  Varymng concentrations of molybdate were
added to dialyzed or undialyzed active enzyme preparations and enzyme prep-
arations from rats receving the basal diet (¢ ¢, deficient 1z molybdenum) No
enhancement of activity has yet been observed under these conditions with
any of these enzyme preparations

In prelimmnary experunents, we have found that the feeding of sodum tung

o
nal xanthine oxidase preparations has been observed i nifro

‘We have also demonstrated an 12 1120 stimulatory effect of molybdenum on
mouse mtestinal xanthine oxidase and therefore feel that the participitation of
Mo 1n amumal nutrition and metabolism has been firmly established  Further
attempts are now In progress to demonstrate the premse role of molybdenum
on the activity of xanthine oxidase
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mtestinal xanthine oxidase 1nmairo  Varying concentrations of molybdate nere
added to dualy zed or undialy zed active enzyme preparations and enzyme p:
arations from rats recerving the basal diet (¢ ¢, deficient in molybdenum) No
enhancement of activity has yet been obsen ed under these conditions with
any of these enzyme preparations

In prelimmary experiments, we have found that the feeding of sodium tung
state to rats recerving mimmal amounts of melybdenum inhibits the stunula
tion of 1ntestinal xanthine omdase  This appears to be an interesting sort of
1on antagomsm. However, no wnhibitory effect of tungstate on milk or mtest:
nal xanthine oxrdase preparations has been observed sz niro

We have also demonstrated an 12 z10 stimulatory effect of molybdenum on
‘mouse 1ntestinal xanthine oxidase and therefore feel that the participstation of
Mo 10 amumal nutntion and metabolism has been firmly established.  Further
attempts are now 1n progress to demonstrate the precise role of molybdenum
on the activity of xanthine ox
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PLASMA TOCOPHEROL

MG PER 190 ML

WORNAL ‘CONVALESCENT CRRKOSIS HEPATITIS oBST sumace

ez o 78 23 3
S0 1224038 0574033 osz2022 699408 otssoss
RANGE o6z 200 o35-200 019170 oez-1%0 ols Las

Frovee 1

of orally admnistered tocopherol were mnvestigated  (The 4 gm dose of ace
tate employed 1 the d total body content of tocopherol )*
It can be seen m A and B of FIGURE 3 that, with the exception of the obstruc
tive Jaundice group, the subjects with liver disease showed as great a rise i
plasma concentration during tocophetol admmustration as the normals, suggest
mg that absorption from the mtestne was not impared  However, as1s ev1
dent in D of FIGURE 3, the nise was sustained m the cirrhotic group only In
the latter, moreover, the absolute increase i concentration over the control
Jevel actually exceeded that sn the normals (C of FIGDRE 3)

‘These data suggested that dietary deficiency was at least one of the factors
responsible for the low plasma tocopherol levels in cirrhosis  If 1t played any
role m the other types of hver disease mvestigated, 1t was obscured by other
more important factors

Tolerance tesis  To further evaluate the factor of intestinal absorption, toler
ance tests based on plasma curves following the oral admunistration of tocoph
erol were carried out  These confirmed previous reports* that the curves ;
Iner disease tended to be lower and flatter than normal (A of Ficure 4)
Further analysis, however, revealed that winle the peak values attawmed were
Jow (B of FIGURE 4), the mncreases above the itial fasting level (C of FIGURE
4), and the mean rises in concentration estimated from the areas under the
curves (D of FIGURE 4), were withm normal hruts, except 1n the case of ob

structive jaundice
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EFFECT OF ‘SATURATING' DOSES OF TOCOPHEROL
4 Gl OF TOGOPHERYL AVETATE OVER AN § DAY PLmop.

8
2 FASTING PLASMA LEVEL lgs)’%uuu cgﬁg)sumnmn ATTANED

B jate
TEs4serat0r PR NEGTE
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N N R
NORMAL  CRRWGRE  WEPAT TS DRS BT

] g

tuloss zottous 1mion  Holow

[CE T R R it
o

[
MAXIMUM RISE IN CONGENTRATION CONGENTRATION BEFORE AND AFTER

PLASMA TOGOPHEROL= MG PER 160 ML,

5
N
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ontoss irdoso  ouero oseozs todosr  otelou yoapn  orfrem

Giomisi  Girgo  oass  e0-om Wezod TGiow Jaiowm  orson

Ficuge 3

{5) There was an d rate of tocophero] breakd m the ntestinal

tract

(1) Increased absorption I the subjects with liver disease did in fact absorb
a larger fraction of mngested tocopherol, 1t would have to be assumed that the
relatively low or normal plasma curves observed during tocophero! absorption
(rIGURE 4) were the i\ either of an d rate of utiization or of
2 more rapid diversion of tocophero) to the tissues  Under these conditions,
Joadng of the plasma and tissues with large amounts of tocopherol might be
expected to result 1n a relative decrease m the rate of utithzation andA/ or transfer

~ +hofare

- ' La mmenacas ahn o 106 i,

curves can be used as an mndex, did 1T alter LUE LALE UL wivputios u - .
Unfortunately, more direct means for measurng utihzation could not be del
vised Nevertheless, 1t »as concluded tentatively that the low fecal tocopherol

levels 1 iver disease were not due to an mcrease 1 tocopherol absorption
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TOCOPPERDL YOLERANCE TESTS
800 e TOCOMEAYL ATETATE DRMLLY

A
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(2) Tocopheryl esters  When the feces were sapomfied to free tocopherol
‘ .

organisms (B of 2icure 7) ndicating that the esterases respansitle for this
v M ir

far 1ts reduction m Iner disease



FEGAL EXCRETION OF TOCOPHEROL

A B
DeILV EXCRETION ON HOSPITAL DIETS PERCENT OF DIETARY TOCOPHERDL EXCRETED|
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NYDROLYSH oF YOCOPNERVL ACETATE

NCOBATES e CONTERTS

EJRAT, CACTERIAL
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(&) Rz—exz’ﬂlmu of 20cophergy The DPossibalyy, that there Ras Dterferppce
With some Rorma) Mechanis, fo, the r CTetion of tocopherg) 1810 the ipagy,
nal Lract, whicy, led to 5 Teduction 4 fecal tocaphcrol, Was Suggested by the
Dbsen'nunn that the amoung €xcreted 3, hver disease Temaineq slgmﬁmml)

o
FIGORE Owever, | as not Possible ¢ demunstme any Interference
with ths en!erobepahc Ceulation of Wcopherg) m ey hseage Us, anal,
ses of duodep, <ontents aspirated forn Peniod of 24 hours t’ouaumg Wstillagion
of tocophergy distaf t 28 occlugiye balloon the Jeyunum failed ¢4 Teveal apy

ifference n the amount recovereq N Normg| and Currhote Subjects (Cof FIg.
URE §) Moreoy €5 the facy qhay the amoype Tecovereq 154 Small ang g, ob
Senvanoen that the concentry o T iyhe bile dig Rot mncreqg, fallowmg the
Ingestion of tocopherey {Bin FIGURE g) Suggested € the byje contriby ted very
Nttle 1o the tora) feca} tocophem! mn the prewous!y desL‘nbed balance etper;
Ments

tugs conclyded, therefore that Interference with the enterahepahc <rcul,

ton of tocopherq| W“as not fespongble for the low £, lerels found 4, Iner
disease The Possibility of 4 defect gy, ts (&c!crs!lon, how ever, thmugh the
ntesting] mucosa coylg not be ex:!uded, .xlu:ough i appeared unlikely
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[¢)] Tocopheroy Snthesss ® Possibility of tocopherg] Synthesis i ghe mn

testina} tract wag nve, althoug] e was ng Previous vidence o

Indicate that 1y Was a factor n determmmg the level of tocopherg] 11 the feceg

Attemptg to dcmonstm!c such sy phegys ' cultures of 5 broad spe,

aerobic ang anaerohye enterjc Organismg Srown i 5 Vanety of enriched medsa,

orin ncubated e@ulsiong of feces ang aspirateq ntesting] contents, were um
essful

©) Tocopheroy “estriuctign Largely by exclusion, ap ncreased rae of
dts!rumon m the ntesting) tract appeared to pe the most hlely €¥planatior,
for the low foca) tocopherg] n hver disease It nas nop Possible, however.

emonstrate this by direct experym,

letuny) Contents (g of FIGuRg, 9 » OF cultures of enteric Otgansms (¢ and D of
i Nevtrthe!ess, It must be €mphasizeq that thege €Xperimenta] con
ons by nq meang duphcateq those i the ntesting] ¢rye, o that differences
m tocopherg] destruction Wwere not excluded The Trecent obsenauons of
Ro A1z angd hyg associatest gz highly Significant this Connectiop
ese nvestigators found hay 21 apprecrable fraction of the tocopherq] m
Dorma] feces Was excretod a5 the quinone a form pep. detectable by the Ery
merie Enge] Teactton py ¢ concen, able, therefore that a more rap;d ondation
of tocopherg) ¢ !ocopherquumnne IR the intesting) ract wag responsible for
the low fecal Values obtameq by the mmm&!:ngcl Teaction i the Present
©Peruments Further Studies along these lines aze contemplataq

Snmmary
In Summary, then, Previoys Teports of Joy, Plasma tocopherg| levels 1 Diver
disease have been col d dence Presented, howncr, Suggests that
atred ubsorpuon butr.m:, Tather the
Consequence of 2D incregsed Tate of tocophero} breakduv.n m the ntesting]
tract Moreoyer n some Instanceg dxemry deﬁmency appears to he acontriby
tory factor
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Tarie 1
PaOSPROLIPIDE SywTEEsIs Iv THE RAT AD Gumvea P16 0N Stock Der®

Phospholip de P

Body Relatrve specafic act wity|

Phe it LY
PR B Pisgher | Rotoe -
g [———————| Nitrogen {of fat fres t sstc

s

Rat 8 278 17 4 03% | 000 | 0054 068
Gumea pig 6 989 35 0 258 0 009 0 042 030

* Ammals k lled 6 hours after the nject on of Pt

A companson of phospholipide synthesis in the gunea pig and rat has been
made In an attempt to determine the role of cholme ovidase m hpide phos-
phorylation (TABLE 1) In rats and guinea pigs mamtained on stock diets
the phospholipide P/N was unaltered The relative specific activities of the
phospholipides of the guinea pig are only slightly decreased from those of the
rat This difference becomes less when the relative radioactivity values of
the gumea pig iver hpides are calculated for 1 gm of fat free tissue, which
should represent the actrvity of a definite weight of tissue m synthesis phos-
pholipides Ve may conclude that the synthesis of phu‘spholipxdes by the

3.

heavy metals, has long been known  Infections different parts ot the body,
as well as parasitization of the Iiver cells themsehes, alter iver functions
The phospholipide synthesis 1n the plasma of untreated urhotic patients 15
very stmular to that found 1 normal persons*  The phospholipide turnover
n the Iiver of rats i experimental cirhosts has been produced by carbon
tetrachlonide and has been found to be unaltered® ** The plmsé)huhplde

Love g

!
1s constant when expressed as per gram of fat free tissu¢  Atlelipuo o v

e rate of mcorporation of P¥ mto the Iiv er phospholipides and nucleo-
;:;fe::s of rats hay er]’;een made {TABLE 2} ’_‘ Male rats (100-110 gms } er;
mamtamed 4-8 weeks on diets contammg 25 per cent, 5 per cent Casemn Mts
respectively 2 low (5 per cent) ot high (32 per cent) fat content The 53

A4 with P% and after 6 hours the morganic P, lipides a?d m} e:)-

= onte o

1

~ gctvities of the phospholipiae 1/uuv vup v -
]
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intake or by the amount of fat sn the hver  Campbell and Kosterlstz™ bave
shown that the phosphohpide P content of a unst of Inver cell 15 determmned
mainly by the dietary protein intake, a bitle by the fat intake, and not at all
by the choline content of the diet  The ratio of phosphobpide P/proten N,
13 constant over a wide range of dietary protesn mntake ¥

Attempts to compare the rate of phospholipide and nucleoprotein synthesis
i the production of evpenmental cutbosts have been made (sape 3) In
sats maimtamed on a 3 per cent Cascm dmt for 4,2, 13, 16, and zs “eeks, the
ratsos of the synthesis of p
P/N were constant and were ot related to the degree of cu-rhosss or fibrosss
by histological evdence  There appears to be a constant relation of the syn-
thesss of phosphelipsde to that of the nuceloprotewn, whether of not the hver
15 “fatty,” fibrosed, or normal ¥

This constant rate of synthests of hver phospholipide appears changed very
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TaBLE 4
Lreect of Tntovzea ov tne Proseronpinz TURNOVER THE LIVER o Rats

Speafic activity
Wks onexp| Substance gven |No of rats Lipide P Lipde® X 10
Inorgame P faarmanic ®
o o
chadge chage
3 None 4 152 101
Thioura] 4 157 (- IR <A B
Thiouraal* 4 164 78 -2 47 30
5 None 4 173 115 67
Thiuracil 4 187 9% ( -16 | 51 [ -2
Thiouracilt 4 213 110 -4 52 -2

Rats fed a bigh proterm d et 377
Bpis fed o bish proteis det (thoursc 10 372) then & low proteun (btourac 10 6%) lat week of experme
1Last day 100 mgra thiourea by stomach tube
TasLe §
Tux ErrEct o THYROID GLAND ON THE ProspHOLIPIDE TURNOVER Iy THE PLAsita oF MA

Relatave epec fic act vitres of plasma phosphol p de
Patient Exp conditions
24 bours , 43 bours 72 bours
R B Thyrotoucoss 0731 1 588 18
After surgery 0292 0 805 103

hittle by dietary mtake, but 13 mfl d by bol of the
body The thyroid gland plays a definite role m this metabolism * In ex
penmental amimals thyroxme imcreases the rate of synthests both mn plasma
and hiver ¥ Thiouracil and thiourea dimwush the phospholipide turnover #
As shown n TABLE 4, a sigmificant decrease mn the animals receiving the drugs
~ annarent  The plasma phosphobipide turnover 1n a patient with clinical

' ' > showed a decreased rate of syn

Lipide phosphorylation 1s greatest i condihons i whick a smgle dose of
lipotropic agents are admimstered 1 the presence of a “fatty” liver The
effect of a dose of chohne 15 chuefly due to an mcreased rate of formation of
lecithins® The stimulating effect of vanous mcomplete methylated ethanol
amime dervatives was greatest in the choline contaimng fraction 1n rats mam
tained on a low protem diet® In arrhotic patients with fatty mfltration of
the liver by blopsy a significant tncrease i the rate of phospholipide synthests
15 usually demonstrable after a single dose of choline or methionine b

The stimulating action of hipide phosphorylation in the Liver has 2 low degree
of structural specificity than other biological actions exerted by the same sub
Thus there are substances which, without being lipotropic, increasé
51 athanolaming® ¥ and
diet, the stnulat

stance
the turnoser tate of hver phospholipides, ¢ g , cystune,
diethanolamme **  In ammals maintamed on 2 low proten
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Taste 6

Tae Erpecy ©F CorTisong ON THE Rame or Puosmur.mm: AN NLcu:arxornv'
OVER I 1ypp Rapprrs

T Munibes of Mator a) Relst ve spec g o XY of phospbot p gp r
ssue an maly &ven %
—
Liver 10 — 132
13 Cortisone 162
Kidney 4 — 19t
Cortisone 105
Lung 4 — 100
7 Cortisone 115
Hear 4 — 062
7 Cortisone 0 61
Skeleta) mygeg, 4 — [$2
o

Cortisone

Ing effect of €thanolampe W28 oSt pronounceq 1 the nonchoy, ning
fraction of the hyer lipides a0 Diethapgy. 1€ presumably geq 45 2 metabolq
Ntagonist of the nethy] acceptors i ghe synthesis of choline With the acey

an af in % Tpys effect of hpide DPhos
Phorylagyong by lpotropye ALE0LS 38 Somer hay Telated to the Previous diey £,
1t does not OCCUr in raty op a stock dietss o M man 1n adequate brotewn 5
fakes? to Tany other Compounds haye 1o be stydieq for their sumulatmg
effect of bprde phosphor}la!mns 2 Cortisone admuustereq for tyo monthg i

e

degree of fibrosys The Stimulating effect of Various hpolmpxc agents mgy
f deﬁcxency of methy| donors or methy} accep-
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ANTIBIOTICS AND LIVER INJURY*

By Paul Gyorgy
Rospital of the Unversity of Pennsslama Pailadelplia, Pa

Deetary factors determining experymental injury i rats are summarized In
TABLE }

The dietary factors beneficial m the prevention of ciuthosis as the ‘more
chronic form of hepatic mjury may be identified by one common denominator,
te by a sufficient supply of tipotropic factors, i particatar of choline and its
precursors  The beneht seen after admmstration of Vitamun B may be due
to1ts choline sparing effect  In more recent stuches we found hog mucn effec

appears 1o wnprove protemn vithzation

The acute form of expenimental dietary hepatic injury, acute massive necro
sts of the Inver, may be prevented by the sulfur cantamng amino aaids, cystne
or methonine, or by vitanup £ In addition to these dictary factors, other
dietary constituents such as Factor 3 of Schwarz and to some extent fats
nich 1n monogly cerides as wel as some emulsifiers {for example, Tween 60) may
delay the development of experimenta) dietary hepatic necrosis

In contrast to crrhosis it 1s difficult to reconcile pure deficiency as the
possible cause of dietary hepatic necrosis with the interchangeability of sub
stances chermcally as different as the sulfur-contamng ammno acids, &3 stine or
methionine, and the fat sofuble vitamn E 1 the prevention of hepatic necrosis
The assumption has been made that the benefinial effect of the suifur contan
sng amino acds and tocopheral more prabably results from an anderlyng

substances  In the case of dietary hepatic pecrous such toxic substances may
orignate m the witermediary metabolistn or under the mfluence of the mtes
tinal flora particularly w the Yarge intestine

Our first approach was directed toward the ehimmzanon—or at Jeast modifica
1 on—of the intestmal fory as a possble source of {actors mymmous to the
lser It has been shawn that aureomycin, when added to the nerrogemic
expenmental basal diet contaming yeast as the sole source of protem, had a
sigmficantly beneficia! effect n the presention of expenmental hepatic necrosis
mrats  In contrast to vitamin E or the sulfur-containing amino acids, cystine
or which as to the basal diet wifl per
manently prevent the production of hepatic necrosis, aureomyemn was found
1o delay as a rule the appearance of necrosis and thus 1ts protechive ackion was
onty temporary

3ponsored by the Commision on Liver Disecases Armed Foresr Epudemioiogical Board and Ixpported 1u
ot B e v on Gonis?” e pustass o e iy ot

92s
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Tasie 1
Dretary FActors mv Liver Injory

Currhos 5 Necrous
—
Beneficial B

Methionine Beneficial ngifﬁ.g:}
ny: s'].me Injunious Beneficial
Gholne Beneficial No eflect or injunious
D:ea‘;n;yn E }\Io effect Beneficial

njurious N
Vitamn B2 Beneficial N g :gx: o umous

Inanalyzing this effect of aureomycin, 1t should be pomted out that intenswe
studies have revealed no indication of an underly ing systemic or focal hepatic
ifection as the direct cause of experimental dretary acute necrosis of the Liver
Thus the choice hies among (1) the supply of a missing antinecrogensc substance,
(2) a durect ; bolic, and (3) an ant bial effect on the intestmal flora
As one possible “contammmant” we have used vitamun Byo as 2 supplement fo
the basal diet, with or wathout added aureomycm, and found 1t without any
appreciable effect  Although a direct metabohic effect of aureomycin could
not be excluded and 1t still remams a possibility, we favored interaction be
tween aureomycin and the ntestinal flora as the determuming factor

If the effect of aureomycin 1s mediated by the suppression of the mtestinal
flora, other antimicrobia] agents should also prove to be effectss e, although not
necessanly equal to aureomycin depending manly on their bactenal “spec
trum” and on the ease with which they may produce resistant strams  Thus,
1t seemed advisable to study the effect of various antimicrobial agents on the
production of dietary hepatic necrosis, especally 1n companson with the effect
of aureomycin

In one of the expenments we compared aureomycin with polymyxmn and
streptomycin, and found polymyxin imeffective, streptomycin shghtly effective
and aureomycin very sgmficantly effectne  The delay in the production of
massive necrosis by aureomycin becomes particulatly evident when the number
of surviving animals 1s charted 1n relation to days of survival

In addition to polymyxin chloramphenicol and bacitracin were without
effect on the production of dietary hepatic necrosis m rats  Sulfaguamidine
had a shghtly protective effective effect whereas streptomycin, neomyain, and
terramycin 1n Increasing order were definitely effective

Ingested streptomycin 15 absorbed from the intestmnal tract only 1n traces
Thus 1ts benefictal effect further suggests suppression of the intestinal flora
as the mode of actton  Observations with pentcilhm are n good accord with
this assumption  Whereas pemalln given by mjection was erther without
any, or of only limited beneficia] effect pemicillin given by mouth, especally
1ts poorly soluble organic base salts exerted very marked protection, not less
than that of aureomycin

Yith regard to this compar
quahfying remark has to be made that duning the course of the:

1son between aureomycin and oral penciilm, the
se investigations,






928 Annals New York Academy of Sciences

TapLe 3
Treatment Total  ver fat (o3) Faod mtake (gm /dsy)
—_—_—
—
B4x20
%:rrre;gwan 122422 gfig.%
Teraanyesn 88w 07 67102
ethionunt 132424 66x02
Aureomycin Methonne 75407 60402
Terramyem Methonine 76409 60 : 03
TABLE 4
No of rats Sex l Det Av wet gun Ciro s
10 M Y¥SH —-412 4 110
10 M YSH + A +163 + 65 g
10 F YSH —348x 64 10
10 F YSH+ A +196 = 36

production of fatty hver and dietary currhosis n rats fed 2 curhosis-producing
ration low 1n protem (casein) and huigh i fat  In such rats, they exerted a s ery
pronounced hipotropic effect  This effect may be noted on Table 3

Aureomycin had a highly protective effect on dietary curhosis and its se-
quefag, such as ascites and renal mjury  See Table 4

Sumlar results were obtamed with pemaillin mixed with the food exther 1n
. - =t <1 cal Woawman rhagrealt  Chlarn

s
'

" ' du
e . wed
ton

hepatic necros's  Note Table 6
Durnng the last few years, the growth promoting effect of antibiotics has
been put to a successful practical test 1 anumal husbandry and 1s generally

L era b omal fnrn

of acute
RLSSIVL & Lpo be ex
plained by the elimination of bacteria from the mntestimal tract which may use
up protective constituents of the food mgested and 1n consequence reduce their
supply for the body  Such mechanism may more easily explam the effect of
s on the presention of curhosts and growth than on the preventton

antiblotic: d
of massive necrosis which, with the interchangeability of cystne and tocopherol

as protective factors makes the mteraction of toxic factors perhaps as a result
of 1 (ble possthility to be strongly con

d
SXdSe;ecmng of an essenttal dietary constituent under imfluence of antibiotics has

100, 2
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Tamz §

Tee Errecr oy ANTiBioTics oX T DEVELOPMENT 07 Liver Cirruosis ¥ Rats Fep
PrANUT Mzat Dier

oot Wetght {gm ) € retiosis K doey wolury
R il

Stars og Fins? o + [ +

1 — 154 27 (22 £ 19 ¢ 2 8 4 6

2 {Auvreomyctn 5 154 £ 30310 & 7§ 8 2 8 2
3 |Aureomycin 25 154 +27[3074 62 10 10

4 (Terramyen § 15¢ £ 24305k 61 8 2 2
5 [Termmyan 25 152 £22)327 + 4 10 10
6 [Pemcillin 25 1318307+ 33 10 10
7 Dbenz Pen § 153 £ 21(325 % 27 10 10
8 [Dbenz Pen 25 (183 £ 23 (320 + 58 10 10

9 [Chloromycenn § | 152 £ 2 0 | 307 = 10 Of 7 3 9 1
10 [Chloromycetin 25 | 152 £ 1 9 * 55 10 10

(Expenmental period 150 days wit 10 rats 1n each growp)

Taste 6
Weight ga o dunng brst
ot weeks gt
Controls 44213
Aurcomyem 200 105
Polymyxin Rox10s
Streptomycin B5x09

‘been recently demonstrated by Popper and his associates on the example of
choline Two thirds of choline ingested 1s excreted by a normal person 1 the
unne as trimethylamme or its oxidized form  Pniming with aureomycin or
pemctlln will reduce the excretion of tnmethylamume after ingestion of cheline
to very Jow levels Intravenous mjection of choline will not lead to urinary
excretion of tmethylamme These observations seem to indicate that the
intestinal flora even tn & normal person may convert a large proportion of 1n
gested chobne wto trimethylamine  Suppression of the intestinal flora or, at
least, of its choline-metabohizing constituents by aureomycin or penicilin will
make more choline available for the body By analogy, sumlar mechamsms
may be postulated for other hpotropic foad constityents, effective in the pre
vention of dietary cirrhosts

Such easy solution however 1s not borne out by more intenst e analysis of
all participating factors  In the first place :n collaboration with Popper and
his associates, we found that the sparng of dietary choline under the influence
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cient to explain the beneficial result which follows prolonged adminsstration of
antibiotics

Further, 1n intenstve studies we were unable to demonstrate any permanent
change 1 the composition of the intestimal flora as the result of antibiotic ac
tion  In these studies carned cut n cooperation with Doctor Shockman
Doctor Forbes, and Miss Chu temporary of sensitnve
1sms 15 foliowed by the return of the onginal flora charactenstic for the diet 1
question  The only remarkable and significant difference 1s the emergence of
resistant strains  Thus 1t 15 our present assumption that all the metabohe
changes such as prevention of hepatic injury or growth promotion must be
hinked with changed metabohism of the f comp [ b
testinal flora  There are indications that such chinges may be reflected m
the metabolism of the host orgarusm as well such as 1n the uninary coraposttion
Our first effort was concentrated on the study of sulfur metabolism with speciat
reference to fecal and unnary sulfur excretion Mo difference could be found
m the S metabolism or m the unmary excretion of glucomc aad n rats fed
the necrogenic yeast diet with or without antibrotics  The most promising
results were obtaned through the study of ether soluble acxds 1n the uyine  In
cooperation with Doctor Barness and Doctor Forbes we found that rats fed
the necrogemc diet suppl d with at N or p in have a low
total ESA excretion

na I » -

ssosuceme acid and ppunc aod  Spot 95 15 a a-dimeths fsucame and
Spots 4> and 86 are as yet un dentified & @ Dimethylsucemic acid makesupa
greater proportion of the ESAun theaureomycin and pensaiffin treated ammals
Spot 86 does not appear m the nonsupplemented ammals or m animals recew
mewtamn E Spat 45 1s of greater mtensity in the supplemented than o the

g
nonsupplemented or vitamn E treated immals

“The relation of these peculiar metabolic patterns to hepatic necrosis 1 under
further study

Dhscusston of e Paper

Docror h1avs Scirsarz It s a well established fact that dietary necrotic
eration 15 a deficency discase that can be prevented by ¢ystine

Iner degen st
Comparatnely speakmg 1t 15 congecturat an

witarmn ¥ and Factor 3 Comp: ly }:e e 115 congectural and rore
2

he

(<4

1 PR °
‘1;\1;5:!1:;\1 ntoucation was heid to be the reason of diseases such as hype!

1CI00S Anemid
o s e have & strong nhibstory nfluence on

That antibiotics such as aureomycin
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dietary necrotic iver degeneration 1s nothing unusual or special It has been
very clearly demonstrated in various laboratones that almost all vitamin B defi
ciencies 1n the rat can be whibited or even prevented by the supplementation
of various antibiotics! 2 ? 4 Their mode of action has not been clanfied
T am sure, however, that 1t would be unjustified to infer from such obsenauons
that all these different fi of are

ntonications ™

References to the Discusston

1 « aan er v Arerm N
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GERMIREE ANTMALS AND LIVER NECROSIS*

10 WI; }Ir T D Luckey, J A Reymers, Pavi Gyorgy, and M Forbes
UND Instiute for Rescarch wn the Lyfe Sciences, Untersity of “otre Dame, Natre D
Ind , und School of Medicane, Unersity of bmx,umyu,/ P};il:lelﬂv':‘;: e Do

Durmg the latter part of 1949, discussions betw een the group working on the
etiology of massve hemorrhagsc necros:s of the Inver at the Unt ersity of Penn
sylvania and the research staff at LOBUND Institute Jed to preliminary expess
ments eatly 1 1950 to explore the possibility of using germiree rats in ths
study Tt was found that the syndrome was readily produced in tom entional
rats from the LOBUND strai and that autoclaving the diet! did not matenally
alter 1ts necrogemc character  Critical experimentation with germéree yats
should determine whether the microbul flora affects the madence of hver
necrosis  The results obtamed with germfree rats up to the present date are
summartzed m this repart

Methods

Germfree amimals were reared and mamtaned in the Reymers germfree
system?  The germfree amts are provided with locks in which matenals such
as food and water can be mtroduced nto the cage with steam stenhzation
Stertle awr 13 obtamed viy glass fiber filtvation  The operator cares for the
anmals through attached rubber gloves  The animals are housed in ordnary
wire bottom rat cages or i metabofism cages when unne and fecal samples nere
colfected At weekly intervals, bactenological examinations are made to es
tablish whether the cage 1s germiree *

The diet used was patterned after that of Himsworth¢ The composition
15 corn starch 795 gm , Brtish brewer’s yeast, 180 gm , salts (UST 11D,
30 gm , peanut oil, § 83 gm , cod hver o, 1 17 gin , thiamun CIHCL 4 0mg,
nboflavin 04 mg , pyndoxne Cl, 03 mg , caloum pantothenate, 20 mg,
cobalamne, 002 mg , and 2 me napthaquinone, 0 Zmg  The diet1s placed m
acloth bag i aninch thick fayer and treated in the stenle lock by exposure toa
25 1 vacuum for 10 min then free flowing steam for S min followed by 25 min
steam stembzation at 17 ps1 A vacuum s then drawn for 10 mn and the
food taken into the germiree cage or taken out for the com entional anumals
Food and water ave presented od hbitum  The ammals grven vitarun E sup-
plements are fed about 30 mg o tocopherol per os semsweekly

Tn the fisst two expenments, Caesarean born, hand reared germlree rats were
used, m the last two expenments, dam suckied germfree ammals were used.
None of the differences found betneen germfree and conventional rats seemed
to disqualify o prion the germfree rat as a proper test animal

Resulls
“The maidence of i et necross in the germfree and cons entranal rts 15 sum
marzed m TARLE 1
o Diseases, dymed Forses Epsdemualapica Basr§ and supgorivd 11

N Ly the Co 1
st B oG ton Goncich Digoviment of fhn Army omd ihs Oce of Aacst Rese
932
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Taste 1
Errect oF NECROGENIC DreT oN GerMrrez AND COVVENTIONAL Rats

Swplt o | Avmtsl | Growth | Daysonder ldengosuhln
applt to v ntal | Gr sysondet  |de .
Status g oy Winh™ | ecrossifoo
emfrce None 85 12 78 & 19 072
nuentional None 815 | 07 | 16597 s/6t
mfree None 14 30031843 072
mentional None 2+3 | 07 B3 8/8
tmfree None %2 %3 © 0/2
rmiree VitE | 42 18 ) 0/2
nventional None 74 | 05 At 11 /8
aventional VitE | stx4 | 00 180

emfree None 39 17 | o1& s 0/2
emiree ViE | 37 16 13 072
nventional Nene 4615 | 08 68+ 23 | a2
aventional WE | a2x4 | 10 150 0/4

3 b emee af e rou s based on b stolog cal exam nat 1 by Dactor Harry Gol blat
ne d ed w th lung absce

In the first experiment, rats with an imitiit weight of 8> gm were started on
e necrogemc diet  The germiree rats survaved for some 74 and 79 days on
et, and their livers were found to be normal  The control rats however
d not come down with necrosis until much later rendering the experiment
conclustve  The cause of death of the germfree animals was found to be as
ciated with disturbances of the blood clotting mechamsm as exadenced by

ntrol ammals died with liver necrosis 1n an average time of 32 davs  The
rmiree ammals survived for 34 and 43 days  One germfree ammal had an
ongated tooth and did not seem to eat well It was found moribund en the
th day and the ammal was hilled  Necropsy revealed hemorrhagic areas in
elungs  The other anumal was found to be morbund on the 43rd day  The
umal was bled from the abdominal aorta, and clotting time and prothrombm
me w ere both found to be delayed compared to that of conventionat rats  The
ers of both rats were found to be normal

Since vitamun E was the only vitamin lacking which was thought to be re
nred duning this period the third experiment ncluded two germfree rats
pplemented with vitamin E and two without supplement  The eight con

‘ntional controls promptly came down with necrosis n an average of 41 days
P warmfron wnte atn masa and men  cnme hat hotter than the ronvenfianal
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TasLE 2
ALTERATIONS 1N BLo0P CLOTING Anp HESOLYSIS 0F ReD Broon Criis ™
GERMFREE AND COVVESTIOVAL RaTs

Clottung Tume (in } Hemolysiss after

Status Supplement Daysondet S
W e blood] JPOL.LL O T PYR e

Germiree None 34 .
None 43 38 60
None 74 . 10
None 9 *
None 9t * — nd
None 5 80 [ - -
Vi E 145 2 59
Vit T 14 12 64

Conventiomal None 2 + +
None 8 05 0s +’ +’
None 68 05 03
None 0 05 03
Wit E 113 05 03 - -
it E 113 [ 03 - -

* Clotting times nere ot taken in these animals however extensive hemorrhages found at death in lunge
and other organs  Their hvers were normal
18 rats (all other data are expressed for mdividual rats)

In repeating the thurd expersment, 12 conventional control tats died with
hiver necrosis in an average time of 68 days  No hemorrhages were evident in
the two germiree rats supplemented with vitamin E  The two unsupple-
mented germfree ammals Iived 91 and 145 days, respectively, and had no hver
necrosis  One animal died at 91 days after 2 blood sample was taken from
the ta1! and on necropsy was found to have a stomach hemorrhage  The other
rat shoned no pathology

The vitamin E stores of the unsupplemented germfree rats were estrmated
by the hemolysis test of Rose and Gyorgy ®  The negative hemols sis observed
for these rats (TABLE 2) would mdicate that the rats were not depleted of therr
~tores of vitamin E

Duscusston

Thus far we have been unable to induce In er necrosts n germfree rats using
a diet which regularly produced lethal Iver necrosis 1n conventional rats
The observed disturbances m the clotitng mechanism of the germfree rats
were suggestive of a deficiency of vitamin K In our experience, a vitamin N
deficiency is not easify induced 1 germfree rats  Althongh 40 per cent of the

3
vitamm K may be destroyed by autoclaving as a dietary constituent, the
" - —aenant 1f iF lspmpeﬂy

~ency.*
n E hemo-
tes of con~
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sentional rats fed the necrogenic diet normally hemoly ze after 1-6 hours expos

ure to dralunic 2aod  In slmu[taneous tests, erythrocytes of nonsupplemented

germfree rats failed to hemolyze even after 20hrs  Such a negrtn e hemolysis
' Pt

' - . B [

Summary

In a senies of four expenments, exght germfree rats were found to hive normal
Iivers at autopsy ~ All but one of the 34 conventional rats, fed the same diet,
died weth massne hemorrhagic necrosis of the liver  The germfree rats ex
hibited prolonged clotting time which was partially prevented by \itamin E
supplementation *
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HEPATIC INJURY DUE TO CONDITIONED SULFO AMINQ ACID
DEFICIENCY*

By Hans Popper, ] de Ia Huerga, and Dieter Koch Weser

Hcktoen Insut de for Vedscal Research Cook County Hospital ond the Deparinient
of the Cook County Hosprtal and Vorlhuestern Ilmfmxy Vedreal ’fé’;,’m,”;,’"c’»%:”’/fi”

Functional and structural changes resulting from nutrstional defictency of
amno acids and, specifically, of sulfo amno acids are well known This paper
will present examples of lesions resulting from drawmage of sulfo amino acids
from the body or from biological antagomsm to them  Since these functional
and structural changes can be prevented or corrected by additronal adminmistra
tion of relatnely large amounts of the respective ammno acids, they are con
sidered examples of condtioned amuno acid deficiency

Bromobenzene combined with cysteme 15 excreted m the urine after acetyla
tion  This represents 2 mechamsm of depletion of ¢y steine and its precursors
such as methionine from the Iner and growth inhibitton after admimstration
of Lromobenzene has been described ¢ ¥ If 150 mgm of bromobenzene 1s
gnen intraperitoneally to a fasting rat, an ectenstve centrolobular pecrosis
developswithm 48 hours Tt 1s characterized by eostrophilic necrosss, hy dropic
swelling and, finally, disappearance of the Jiver cefls associated with interstitial
mfiltration by nflammatory cells? (A n FIGURE 1)  The leston 15 more 2d
vanced in instances 1n which fasting for more than 12 hours precedes the bromo-
benzene mjection and massive necrosis with hemorrthage ymitating nutnnonal
heptic necrosts may be noted  Admmmstration of cysteine or methionme in
large doses prevents the development of the lesion (B m ¥rore 1) This
already suggests the possibility that drainage of sulfo amuno acids rather than
an wntoxication with the halogenated benzene, causes the leston  Chemical

N =€ = ¢bak ctolanm néind nec 4 Tn cnmnar wn to controls, the phos

1e esterase and sucamc

mtoxicated by bromo-

benzene  AUBLLNY, SELULL VILLLUIM 1 & Ly wuy a v . omsulalemn retention 28

noted In the anmals treated stmultaneously with methiomne and cysteme

most of these changes are either entwely prevented or at least reduced
(r1GURE 2)

Additronal evidence supports this concept  The mercapturic acd excretion
resalting from the adi of b b 15 markedly increased by the
amultaneous admmstration of ¢y steme and methionine resulting n prevention
of the hepatic leston (TaBLE 1)  The greater portion of bromobenzene dci
toxified by means other than mercapturic acid excretion such as formation ¢
glucuronates or sulfates  Nevertheless only a small mcrease of 1he fractient
of b b 1 as pturic aaid 15 associated with the prou'{f
tion  This suggests that the protection is not due to the remorva)l of re!:m\e‘«2
stoall amounts of bromobenzene by detotfication via mercapturic 2cid b""
rather 15 due to repletion or sparing of the sulfo armno acidsan the hepatic po@
In the case of glycme used for hippuric s

« Supposted by a grant from the Doctor Jesome D Solomon Memona! Research

936
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IN LIVER

mMoL.
pEER
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IN SERUM

BSP RETENTION ¢ BILIRUBIN

l’E‘;P9

sornl. Wiy

CZICONTROLS 37 MMM BROMOBENZENE-30
=3 BROMOBENZENE + METHIONINE = 8
=3 BROMOBENZENE  CYSTEINE-7
Froerr 2 Results of chemical determ nations on liver tissue and serum of control rats and yats sacnificed
43 hours after adminsstration of 130 mgm bromobenzene 100 gm body Weight with or wighout supplemental
admimistration of 300 mem methiomine or cysteme/1u0 gm body weight  (Small igures in the legend inducate
the number of antmals

TabLE 1
Lrwwary Mescapriric dco Excretion o ControL RATs AAp oF Asuears WHEH
Hap Receivep 48 Hotrs BEFoRe 150 Mcx BroMoBENZERE PER 100 G Bopy WEIGHT
WITH OR WITHOUT ADDITIONAL ADMINISTRATION OF 300 Gyt METHIONINE 08 300 Gt Cis
TE(NE/I00 Gy Bopy WEiGnr

Mecaptunic scid

As 7 bramobepzene
Aamgm costeme | A3 % bromel

Controls -
Bromobenzene 32 139
Bromobenzene + Methionmne 53 23 2
Bromohenzene + Cystemne 52 231

mg /100 gm body weight has been demonstrated ¢ In the case of bromoben
zene, 30 mgm cysteme are made available for mercapturic acid formation

The cysteine binding takes place on the para positton of the bromobenzene
lecule  Consequently, dihal d mn the para position such as

para dit and para chl L do not produce the leston
Tn contrast, meta dichiorobromobenzene with the pata posttion free produces
it (zapLe 2) This 1s confirmed by low mercapturic acid production \\.ﬂh :;::
para compounds and high production with the meta compound  Again,
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TABLF 2
Ur napy Msrcaprreic \cio Fxceeron o R 1s pue 6 48 Ho e la wm 6 Tme
ADM1 ISTRAT O 07 EQUIVALENT AMOUNTS OF BROMOBE ZENE OR D ALOGENATED

» ad
Nem o0
Pyl -

w Amem | b En

b mpound

aec d
B omobenzene 75 18 156
m chlorob omobenzene 9 1 165
p-chlo oy omobenzene N 5 43
P db omobenzene 12 1 35

percentage of the halogenated compound excreted as mercaptur cacd sra her
small  These find ngs m Iitate strongly aga nst a ] rmary tox c ty of the halo
genated benzenes but suj port dra nage of sulfo am 5o ac is as tle cau e for
the hepat c necro s Finally i anmals n hch spontaneous | er tamage
occurre 1 as reflected n focal necroses af parently due to nfec on b omoben
zene inject on fale1 to produce the charac erstc necress If the cuncept
presented s correct the process of de o ficat on as such may become Jewr
mental to the ] ver

Another example of cond tionelamnoa ddeficenc n he se se descr bed
above stheeflect of eth onne anamnocd mlar omethon eexcep ha
the term nal methyl group s replaced by an eth | grouy  Th's su posed
b olog cal antagon st to me honnet 1as been sho n o} roduce pancreat ¢

necros s folo ed by pancreatc fbrossandarop  *  and la onof
the pancreat ¢ ducts upon prolonged treatmen  Inlatesages te  arcells
reveal an rregular regenerat on  VWhereas n carly stages he | 1 ajpear

ent rely normal hydropc s ell ng of the sland cells reuls nwne f he
3R mals treated for longer than cne mon h (FIGURs 3) In some ofy hese
2nmas the ut ne conta ns reduc ng substances Ho ¢ er he blood sugar
cune s normal and further n est gat ons are requ red to eluc da e th's gly
cosura  These lesons n an organ as senst e 1o p o en defi ency as the
Pancreas are prevented or cotrected by meth on ne adm n strat on

Intraper toneal adm n strat on of s ngle doses of eth on ne fro luces fatty
I er nfemale ratsbut not nmales Temalesare pro ecte 1 by adm u strat on
of testosterone and males are ma le sens e by castrat on Thspontstoa
Pro ect ve effect of ma e sex hormone as faras heacu efat y I er s concerned
1t can best be expla ned by a prote n spar ng effect of lestosterone pre ent ng
the t - PN a ano A
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dropic swellme of the ixland cells distort on of the acmi % th marked regenerat on of the acinar epithel um d
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trof rats 25 well g5 10
4 Results of chemical determinations on ! ver tissue and sefum in col kb

wh oh Wad recensed 105 gz £ ot por 100 21 bedy weight 43 houty befors sact fcing with or mOUL SRR,
plemental admin_ tration of 300 mgm meth on De per 100 gm body ne ght  (Smal
the number of an mals
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lner develops within approvimately one weeh  After about 12 days, fat 1s
seen only 1n the central Jobular zone However, now there 15 central necrosis
and streamers of imnterstitzal mfiltration extending nto the lobular parenchyma
chiefly around intralobular cholangioles (A in FIGURE §)  After three sieehs
extensie around the ch 15 assoctated with
marked liver damage and, after four weeks on the diet, a diffuse hepatic lesion
ssnoted nmaleaswell as in femalerats ¥ It s charactenzed by diffuse hepato
cellular damage with hemogenization of the cy toplasm recognized by reddish
discoloration n Mallory’s anthine blue or Gomori s trichrome stained sectin
(B rGurRe 5)  This damage often progresses to cytolysis and 1s also assoct
ated with bizarre regeneration of the liver cells which resveal large nucler and
Jarge and often multiple nucleoh (A m FIGURE 6) Moreover there is a dense

Linfil by loendothelal cells  In the center of the lobules
lipofusen deposition reflects preceding central necrosis The fibers of the
reticulum framenork reveal extensne proliferation  However dissection of
the lobules by septa 1s only occasionally seen  There 1s tncreased visibility of
wtralobular cholanguoles, the presence of v hich m the normal In er was reccatly
emphasized by Elias®®  These intralobular cholanguoles are not easily seen
but become readhly apparent if the common duct 1s hgated  The septal and
smterlobular bile ducts proliferate and the latter may resea) marked dilatation
(B rcoRE 6)  This 15 also associated with a marke 1 dilatation of the large
extrahepatic biliary duct to about 2 mm n diameter simlar to the changes
recently descnbed m mice bearing grafted pituntary tumors’

The charactenstic lesion described 15 associated with reduced fat and protem
content, Jow esterase and high phosphatase actnity 1n hepatic ussue ard
creased bilirubin  markedly high alkaline phosphatase and low esterise ac
vty in the serum  The morphologic and chermical alterations can te pre
vented if one per cent methionine 15 added to the ciet or whea the an mals are
returned for one weeh or longer to the stock diet (FIGURE 7} Dusing the course
of the chronic ethionine mntoxication the hepatic ipids first show a pesh and
subsequently 2 depression below the normal level whercas the proteins consis
tently decrease (FIGURE 8)

The charactenstic diffuse hepatocellular degeneration with cholangiohtis and
wmterstitial infiltration 1s subject to various influences  Only few rats survive
the simultaneous admnistration of cortisone and ethionine, since most of them
die during this period from focal hepatic necrosts apparently due to infection
and not due to ethionine However rats nhich survive the simultaneous ad
munistration have nearly normal Itvers  Adminstration of large doses of
chohne with the diet prevents the inflammatory changes but pro luces marked
regeneratrve changes of the Iner cells  The hepatic lesion caused by chrante
ethiomine feeding 15 not sigmificantly altered by adminsstration of pancreatin,
MMM A R nen lln aeal ok fat or foy reare Tet Tt marhedh ag
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Figuae 7 Result of chem cal determ nat on o3 | er t sue and gerum o control fats 25 well a5 a fals
wb chha ¢ been on the 0 5 per cent cth onune d et for 28 days w th of w thout supplemental 1 per cent meth an ne
and o raty wh h have been on the eth on ne @ et for the same per od and subsequently on the stock diet for
0days  (Small Figares 1 the legend nd cate the pumber of animals )
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been kept for approumately 100 days on diets containing 0 2 per cent ethionine,

the lesions are markedly intensified The bile duct epsthelum may reveal

bizarre and excessive proliferation characterized by irregulir mitoses and by
T o

contrast to the extensive fiber proliferation between single cell plates n the
surrounding Inver tissue (A 1n FIGURE 10)  These groups of cells may become
v - . O L .

prolferations, no mformation 15 as yet avatlble as to the biological behay tor
of these Iner cell nodules Nevertheless their histolomic characteristics
strongly suggest them to be hepatomas at lest of the benign vanety 1 urther
study 1s required of these bile duct and liver cell nodules Usually, more than
ane such lesion has been found 1n the 17 rats with nodules  Their response to
methionine treatment particularly requires stucdy

Thus, the ethionme lesion mitates the picture of human malnutrition, -
pecially kwashiorkor, since 1t starts with fatty metamorphosis, procceds
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CLINICAL EVALUATION OF A HIGH PROTEIN HIGH
CARBOHYDRATE RESTRICTED FAT DIET IN THE
TREATMENT OF VIRAL HEPATITIS*}

By N C Leone Frank Ratner Willum C L Diefenbach Minam G Eads
Jacob E Lieberman and Roderick Murray

Laboratory of Buslogies Conirol Natsonal Microbiologicol Inst tute Natromal Inst tutes of Health
ethesds Md

Iniroduction

The relationship between diet and certamn types of hver mjury has been
established 1n the case of ammals? ? * ¢ & and specific hver protective factars
have been described ® ¢ 7 Results of such studies however, do not appear to
be directly apphcable to viral hepatitis 1n man because this disease has not
been transmitted successfully to ammals The elucal mmportance of diet .
the treatment of hepatitis 1n man has often been emphasized but the degree
of this has not been entirely clear The quantity of fat in the diet has been

" ¢

what amounts to a chnrcal tnal involving a number of vanables ¢ the pro
longed mature of such studies 1n hepatitis the lack of early specific diagnoses
in many situations ' and the absence of established umform methods of evalua

tion
The present study was directed towards the evaluation of the effect of a high
£ 1 coameh

[T ate

1 Y 1
v ' \ I
Epidemiological Board and with the cooperation of the pureau vt L1y
U S Department of Justice The findings reported here are the product of
study of 67 controlled cases of induced homologous serum hepatitis which oc
curred among volunteers 1 two mstitutions

Conduct of Study
The volunteer parheipants were men between the ages of 21 and 35F Ir;
the latter part of the study men of 30 years and over were not accepted mal
selection was based upon a personal ntervies a medical history a ph)];s;c;a
exammation and a review of the available records to determine the switabrlity
A e hae

048
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of the volunteers on the bass of age, physical condition mental status and
personality  In addition complete seres of liver function tests were run ;n
cluding serum bilirubin {one minate 2nd total), thymol turbidity, cephaln
foceulatian, thymol flacculation, total hpids, zine turbsdity, and unne uro-
bilinogen and bitwubin

The pature of the over all project made 1t possible to observe the course of
the disease from the earliest appearance of abnormat laboratory eor chmeal
findings 1t was possible, therefore, to study the effects of diet starting at a
much earlier period m the tlness than could normally be possible n the case
of casual hospital patients  Every effort was made to take advantage of tlus
feature of the study by placing pattents on a dietary regumen as ealy as possible
1 the course of thexr tllness  Good contral was achieved and the design was
such as to provide for the collectron of data 1n terms of well defined penods m
the patient s course from pre inoculation to discharge

Throughout the entire study, two diets applcable or adaptable for clmical
usenereemployed  As the subjects mamifested signs or symptoms of hepatitss,
they were admutted to the hospital and placed on 2 igh proten high carbo
?{ﬁml&, restricted fat diet, referred to here asthe special diet oronan ad
b diet

mum voluntaty food consumption.

The ‘ad b diet consisted of the same food provided for the general smstitu
tion population There were no resttictions made on the type character
gxummy or quality of food other than the general fimitations of the mstitution

et

Subjects remained on the respectie diets from the time of admission unti
- B P PR

Specal diet Ay da D ferenes

Frod | Cal {Protem| Fa | CPO| Cal

2%
Acute 3616) 203 31 78 8[S4t 5] 2213) 77 3) 98 2 1403 9 1258 061542
Recoy 3984} 221 0| %0 tlsoe ¢ 2833N02 61 938 92 u) 1121 0 11
Toat | 3804 215 Z} 92504 2609 938 W05 am 7) 1235 0 2 s‘ H 5117 7

Pro- m‘am Cal [ Proten) Far {c10
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Taste 2
DIETarY VArves iv Graws

Sampling By caleulation By chemucal analysis
&;} 4 Diet
Protein Fat Proten Fat
7 Specual 2105 863 1923 68
7 AdLb 3 10 7 919 96 g
7 Special 200 3 87 8 98
7 Adhb 101 6 100 9 192 sl» ;?g
7 Specal 2150 97 0 93 0 007
7 Adhb 106 5 106 9 100 § 760
7 Special 203 7 93 9 2121 8 2
7 Ad b 100 2 10 1 928 63
7 Special 2549 161 9 2 uye
H Ad b 100 & 107 1 43 815
7 Speaal 241 4 122 1 209 6 9T
7 Adhb 105 4 119 3 97 5 870
7 Special 213 813 218 % 6
7 AdLib 133 106 0 916 959
7 Speaial 208 0 93 1 190 9 679
7 Ad b 127 6 138 8 96 2 96 8
H Special 1718 68 3 229 0 91
5 Adlib 104 3 101 3 96 7 752
5 Special 1905 709 226 6 853
5 Ad hb 183 96 & 1331 739
1 Speeal : 2533 61 0 288 6 105 2
1 Adlib | ues | 148 104 6 780
2 Special 2298 110 2 223 2 037
2 l A i 99 2 958 363 81,3
|

2 | Specal 213 720 3 617
2 Adts 1339 1412 139 8 103 0

* Complete meals were homogenized 10 8 blender  Aliquots of each meal were pooled for the period mdscated
2nd samples of these pools set aside for chemical azalysis

under supervision Edible waste or uneaten food was also weighed and the
ymount recorded  Food mntake figures were calculated for each pabent using
hese data  Sample meals representative of both diets were chemcally ana
yzed for companson with the calculated values * tuded
Sixty seven volunteers who developed hepatitis with Jaundice were mdc gx_
n the present study Of these, 32 were m the “special” dset group an / ; l:
he “ad Iib ” diet group  During the time this study was being conducted,
~tal af @3 mdinidnals was started on one or the other of the dietary reglmﬂls'
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picture 10 which the seventy of symptoms at the onset of illness was greater i
relation to the Jaboratory findings than would be expected on the basis of out
expenence with the other mnfecting matenals studied, suggests that some of the
cases recen g carier material” may have had infectious hepatitis induced by
parenteral inoculation

D Thrombin  Thrombin from a commercial batch reported to have caused
cases of hepatitis in chnical use was moculated nto ten subjects m order to
determine the safety of thrombin wath respect to homologous serum hepatits
Tour of the subjects who developed hepatitis were studied from the detary
pomt of view  They do not fall into any of the above groups, so 1t 1s difficult
to evaluate them except from the over all pomnt of view as to the development
of complications

The distnbution of the 67 cases between the two diet groups, broken down
by £of  —maitn 1ok oot the fant of Tanre 2A

far the study

(2) The mcubation period, begmmng with moculation and extending to the
time at which a diagnosis of hepatitis could be made

(3) The penod of 1llness which was divided 1nto the acute period and the
recovery pertod

These periods were defined roughly by changes m liver function tests and,
therefore, permitted objective comparisons

Cases of all degrees of sevenity were encountered mcluding three which
ended fatally These latter cases had been respectively moculated with
fected pool plasma, mfected pool plasma, treated, and carner matenal

TasLe 3a
Duration oF Inness 1v Davs—TSB 10 70 10

Tatected pool plasazs atected pody o, Thcomb
Spec Adub | Spee Spec | Adb
79 78 36 22 fg
62 86 49 4
85 86
a8 102 42
93 0 56
47 28
102 45 53
105 45 15
o4 gg 4§
15
35
14
98
—_———— EEE
Total No Cases ¢ 10 14

~ Fatal cases (not 1 luded m the analysis)
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TasLE 3c
Duratiov or InNess—TSB 10 10 10

Source [ B l a I M ]
_— e
Tnfected Pool Plasma
Mean 107339 1
i b 22
Within et 5136 1; zgg(l) B o Temds

Infected poo! plasma, treated

Mean 68607
i K P,
) 2| 1 | ne =2 190 By
Witk diet w507 | 26 | 613 673 wsan
Carner
Mean 3
otal 6189 1501
Diet 1501 | 1} 1301 F=5y=38 Fu=473
Rathin dret 1007} 12 | 30t S "
Tasre 3p
DuratioN or ILLNEss—TSB 10 10 10
Source | s i at [ Ms {
Specsal Diet
fean o030 |1
otal 24553 | 28
fatenal 1250 | 3 | a7 F =876 Fu =29
esidual 1968 | 25 | 479
AdLb diet
fean o363
otal 21965 | 31
fateral 6177 | 3 | 2159 F = 432 Fou = 291
esidal 5188 | 31 | 500

hen differences exsted, to determmne their statishical significance A “five
er cent” level of sigmficance was dewded upon before any calculations wese
ndertaken  This imples that a difference, measured 1n terms of its standard
Tor, could have occurred by chance only once m 20 times.

Tables 3a, 38, 3¢, and 3p tllustrate the analysis i the case of the duration of
ness as judged by the time the total serum biliruhin remaimed above 1 0 mgm
’r 100 m}

Three fundamentally separate tests have been employed in this analysis
e tests for duration, body weight change, and the mcubation period
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(&) The number of days durng which the patient wasll, 2 ¢, from the time
of onset of 1llness until the patient could be saxd to be improving clmically

(f) The duration of the recovery peniod, 2 ¢ , from tume of the onset of chnt
cal recov ery until the bilirubin reached 1 0

(g) Wexght change during illness

(h) Average maximum TSB levels 1n each of the diet groups  This measure
of effect can also be used mn part as a test for bias

The above measures of effect have been analyzed statistically It must be
emphasized that (a) through (g) are nterrelated and do not constitute separate
analyses They represent measures of the duration of illness or portions of st
as judged by different end points

The results are summanzed m TABLE4  They reveal the following

(1) With return to a hilirubin level of 10 mgm per 100 m] taken as the

TaBre 4
Errect or DET

Average
Measure of efiect | Infecting 1 Remasks
Specal | Ad b
et | “diet
Dayst
Duration of illness PP % 61 | Significant duet effect
(TSB101t010) IPP, treated | 42 56 | No sigmificant det effect
“Carner 60 | 39 | Mosigmficant diet effect
Duration of 1llness IPP 72 52 | No sigmficant duet effect
(TSB10to15) IPP, treated 24 36 | No sigmficant duet effect
* Carner” 45 23 | Ssgnsficont daet effect
Duration from TSB | All groups 17 16 | No siguificant det effect
15t010
Duration from TSB | All groups 20 16 | Nosigificant diet effect
10 to max.
Duration from maz | All groups 39 37 | No sigmficant duet effect
TSB to 10
Acute period All groups 14 17 | No sigficant det effect
od iy 55 47 | No sigificant duet effect
Recovery pen IPP trested | 25 | 35 | Noswgnifcant diet effect
¢ Catner’ 4 21 | No sigmficant diet effect
R
Incubation penod Al groups 85 88 | No sigificant difference betneen
daet groups
g 1100 md b
1t 110 97| Nosgmficant difference between
Maxmum TSB All groups | e pooaps
s
- duet effect
Wt change between | IPP 141 —86 | Significont
21| —6 3 | Sugmificant duet effect
moculation & TSB 100 reated | 7301 11| NS sigmbcant diet efect

* Jolected pool plasma 1 To nearest whole day
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endpony of rccovery
@) Sub)ecLs ®ho Tecerveq Infecteq ool Plasm, 2nd werp 8hen the "specml”
diet hag 2 Course of ilness which as on the Aerage 33 dayg Ionger thap the
mspondmg Lndxwduzls on the “aq hp » diet This d:ﬂerence Wag Statisy,
icant

IS whe fecerveq 1nfecteq Doo} plzsma, trcazed, and pep, Biven qp,
“specia) + diet haq o Course of illness Which v a¢ on the Aerape 1, VS shorter
thag €OrTespon dyy, Ndiyigyg ) On the «y4 O This Aifferend, did nop
4
‘ance

Sub]ects who fecerveq "camer Materya) » and 70 &1ven th, 'speml ’
diet had 5 Course of Hinesg Which Was the Aerape 21 dayyg Iongcr than cor
respondmg mdmduzls On the «aq Iip = diet This !i:ﬂ‘erenoe nas not Statisy
cally Signuf t.

2y urn to Tubin Jeyef r aken 45 the
Pomt of 1 ¥, resules Milar apg 11 the sy, Clon 3 €ach of the
tegones Isted () aboy, e 22 ver Teached
slahsual slgmlicance only 1n the €ase of ‘fhmer TMatersaf » Whep the Periog
etheen 5

Band 1 01sp lever %as sludlcd, no slausbcal]y Signuficany
effect of diet Could pe demoxutrated.
) In calcularmg the 2Verage duratyy, of time Betweep 2 bilinyp,, level of
Oang the maxunum B no stahsnczlly Sigmifican, diet effect Ras demop
e
(OF N czlculatmg the 2Verag duratroy of time betweap, the Maxymy,
endpoine 0; recowly 10 g Sigmfican, diet effect Was demon

TSB nd the d) f
Strap),

() Iy l‘zlculaung the average duratgy of the ACute perey no sL'mstxmlly
Sigmifican, diet effects Bere 2Ppareny Becayse of Nteraction honeyer 3
R3S nece. 1Y to mg) Separate Ieulag, DS with t ing Matery, |
whe; Nining o, rage Y period, Here the g, Tenceg
Malogous 10 h ) ang (c) ces

a a levelof 1
(3) There ®as ng Significany effect of nfect
ber o days from 1 Oto the Nmum 7o 0 "
€aNL effeey on the Nerape Rumber of davs from the Mavimym, Tsp lever to
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Taste §
Errecr or INPECTING MATERIAL

Average l

easure of effect Dot g Tafcted Remarks
Catner

plasma

P2 | reated

Days+
Duration of aliness (TSE | “Special’ | %0 | 42 | 60 | S 2 eff
10to10) “Ad b 67 56 | 39 s;ﬁiﬁz:x :ﬁ:i:

45 | Stgnsficant effect

Daration of aliness (TSB | *Specal’ | 72 | 23
10to15) “Ad b " 52 36 23 | Sigmficant effect
D\;rghon from TSE 1510 | Both 16 19 15 | Signsficant effect
Juration from TSE {0 to | Both 24 15 17 | No significant effect
max
Juration from max TSB | Both 53 | 3¢ { 33 | Segngicont effect
to
icute pertod Both 175 12 18 | No sigmificant effect
tecovery period “Special’ | 555 25 | 41 | Sigmeficant eficct
“Ad b " 47 35 21 | Ssgrificant effect
neubation peniod Both 81103 | 61 | Sugnfcont efect
‘mgm /100 ml

Stgnaficant effect

Taxumum TSB Both j 15 4 80/ 101
e

141 —2 1§ ~1 0] No sigmficant effect
-8 5[ —6 3| 1 1 Stgmficant effect

vt change between Inoc | “Special”
&TSB13 “Ad b

* To nearest whole day

0 The same effects were apparent when the perod of illness was broken

swn 1nto acute and recovery phases

(4) There was a significant effect of infecting material on the average max:-

um TSB levels

(5) There were significant differences between the mean incubation periods
the infecting matenals vsed

(6) There was no sigmificant effect on weight changes of mfecting matenal

iring the penod between hospetalzation and fall of TS to 15

E Relation between diet and the derelopment of complications  All cases on
e dietary study were evaluated with respect to development of the fol]owul!rg

mplications death, coma, pre coma, recrudescence, relapse, prolonged 1
ss (more than 4 months), and residua persisting beyond the time of d.lscl}arge

»m the program The latter wncluded persistent hepatomegaly, spl ;ﬂﬁ;

egaly, right upper quadrant pain or tenderness, or falure of hepatic tes o

sume pre moculation levels  Smce these complicatons cannot be given eq!
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Taviz 6
Do oo Ispec atpaf Bereie | 4410 { preee
. . 4 125 e o
e s twsel t 79
. . 13 406 5 "3
. 13 469 [ [tE)
. 53 {49! 7 {20
i }s62! 8 | us

AD but ane of the ahove defintions (B) yield statist cally s pmbicant diffecences ndy
cating & bigher occurrence of ¢omplica tns among 1hose ¥ ho recesved the speciat diet

*1In terma of the total mumber casta 10 vach d et group

wexght, 2 number of definytions empley ing ncreasingly restneine critena were
applied  The defimitions and the number of cases fajling anto each aze shown
WIARLE S

The definrtions listed are to some extent arbitrary and as they are not de
pcgdeut 3t must not be assumed that the data have been subjected to six

diet

In compiling this table cases nere counted only once  Cases with more
than ope of the Listed complicatians were counted only under the most restricted
definstion  Two of the cases listed under defimtion A requue specwal mention
These subjects were members of a group of fiv e volunteers who had been 1ocn
lated with plasma abtained from 2 proved carner who had developed hepantis
sith jaundice some 6 months before the plasma wascollected  These twa cases
developed futrmanng hepatitis with ncubation peniods of $3 and 46 days
Oue of the cases termumated fatally  The remamog three subjects m the group
d:d ot develep hepatinis  The unusual seventy of the Uiness produced by this
particular moculum suggests, though this cannot be proved that the outcome
was related more to the wfecting matenal than 1o the diet  Even of the two
ases are removed from the table however, the aver-all sesults are nat appee
cuably changed.

Duscussion

Al of the cases of hepanitis included m the present study were of soalled
‘inoculation hepatsti,  “Most were undoubtedh serum hepotihs, but there
13 some reason for beheving that the iiness resulttng from the moculation of
some of the “carner materials mmay hase been mfectious hepatits  Because
of this the broader term  viral heparis has been used un the ttle

The present cases deneloped 1n the course of a study on the stenhzation of
blood and blood products  This study was himuted i scope and there was no
w3y of knowing beforehand how many cuses of hepatitis could be anticpated
Consequently no effort was made to randomze patients with respect to both
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