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STUDIES ON AVIAN ERYTHROLEURRMIA
2 Host Responses afler Different Yirus Doses

By
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The host response after a large dose of chicken erythroblastosis virus
{CE\ ) has heen investigated 1n considerable detasl {9 10) The response
has a unsform charactet and can be dnided into three fairly dishinet
1hases (silent medullary and cxtramedullary) according to the de
sclapmental sta,e of the disease (9)

It 15 well Anown that the survisal time 15 lengthened when the virus
dose w decreased and this relationship has been found nseful for hio-
a say purpose (4) The morphologic foundation for such an ncrease of
the survinal time has not been systematically investizated It s for in
stance not hnown whether the wnerease 15 due solely to an ncrease of
the silent phase (1ncubation persod) or whether other mechanisms are
also actine

This paper deseribes expersments where the development of ervihra
'

al vt u duuuats noctulated with dufterent amounts of CFV
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Fig 2
Series A Bone marrow section from animal dying 23 days afler inoculation of
erythroblastoas virus The penpheral blood prescated pancytopenia and a fow
T (“anemic ersthrolenhemia™) The section shows a moder-
ately celtular bone marrew wath a fairly large number of blasteells Fibrasis and
accumulatian of 1ymphocstes are also noted No or enly very sparse micla and
thrombr po esis s seen Giemsa

the Iast week before death This antmal had a hugh red ¢ell count of
26 mull on the 7th day The red cells then rapidly deercased in number
until the 7th day when a pronounced anemua had developed

The thrombocytes were essentially within normal limits except in the
ammal referred to above This bird showed a rather pronounced throm-
bopeia during the Jast weck hefore death

The white bload cell counts were within normal himuds except in the
ammal with thrombopenia and anema which died on day 24 This bird
had a marked leukopema which imvolved manly the granulocytes and
during the 15t week counts around 8,000 W B C per cumm blood were
obtained (normal 25,000)

At autopsy all birds had pronounced spleno- and hepatomegaba
except the hird dying on the 24th dvy which had a spleen and a Iiver of
normal size This bird way emaciated and had marked pallor of the shin
and the organs

Histologic hone-marrow seclions from the pancytopenic hird dyng
on day 24 revealed a diffusely nvolved moderately cellular marrow
wiih vYery immature blast cells A conspreuous frature was an almast
complete absence of myelopotetie and thrombepoietic fort A shight
hibrosis was further noted (Fig 2)

The bird dying on the 21th day thus showed several atypic Wl features
vz absence of spleno- and hepatomegalia, profound pancytopenia and
only a fes circulating erythroblasis, a symptom complex which charac-
tcrizes “anemie ersthroleuherma® (6)

5
Sertes B 5 birds served as untreated controls All birds were punctured
for blood cell counts on the same days

The erpthrocytes \Fig 3) were essentially wathin normal himits ex-
-
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Fig 1
Series A Erythrocytes The thin uninterrupted lines indicate the hirds noculated
with virus Heavy crosses 1ndicate the days on which death oceurred The heavs blach
hime connects the means of a contro) growp of 16 chiclens The mterrupted lines
sndicate the range of + 26 times the standard deviation

on May Gruncwald Giemsa stained preparations As hefore (9) the ervthroblasts
were divided 1nto three classes (I II {II) according to the degree of malurity

The virus isolations 1n scries F were made from hone marrow which was either
dissected at autopsy or aspirated from the femur diaphysis tn puo After removal
the hone marrow was frozen and stored at —30° C for 1 to 3 weehs When the bane
marrow was tested for infective CFV a 1 per cent suspension was made up with
phys saline homogemized and centrifuged at 3000 rpm The supernatant was
inoculated intravenoush mnto groups of ten chicks (age 10 days) which were then
observed for 30 davs All leukemic deaths were recorded Three difterent lots of
chickens were used In order to ascerttn that no great difference in sensitivity
existed between the different Iots of chickens a standard CI'V solution was 1n
oculated 1nto ten chickens of cach lot No sigmficant diffcrence n the response
towards the standard (I'V was found and 1t could he concluded that the three lots of
test chichens used did not differ greathy from each other n sensitinvity towards

CT\ anfection
RITSULTS

Sertes A 10 birds scrved as untreated controls Blood cell counts were
made from these at the same time as from the anunals wnoculated with
CLV

The crythirocytes (I'g 1) showcd m scveral mstances a tendeney o
hy pernormal values during the first 10 days The values were however
only signmficantly pathologie when they were compared to the control
salues of the respective days but not if they were compared to the
original values of the control group The hypernormal svalues werc
therefore only relative and at least partly due to an absence of the

memzing cffect which blood sampling per se caused among the
controls

Blood was sampled with mtersals of approximately 3 days This
caused a shght mitiaf fall of the erythrocyte salues among the controls

One anim 1l dymg on the 24th day had 1 pronounced anemi? during
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Fig 2
Sers 4 Bone marrow section from ammal dying 23 davs afier inoculation of
ervthenblastous airus The peripheral hlood presentc] pancstopenia and a few
ery h anem ¢ erythrol ia”) The sectirn shows a moder-
ately cellular bone marrow with a farrly large number of blasteells Fibrous and
accumulation of lvmphocstes are also Boted o or only sery sparse myelo. and
thrombopo ests 15 seen Giemsa

the last week before death This animal had a high red el count of
26 mill on the 7th day The red cells then rapidly decreased m number
until the 7th day when a pronounced anema had developed

The thrombocyles were essentially within normal limits except in the
ammal) referred fo above This bird showed a rather pronounced throm-
bopenta during the last weeh hefore death

The white blood cell counts were within normal himits except in the
ammal with thrombopemia and anemia which died on day 24 This bird
had a marked leukapenta which miotved manly the granulocites and
durning the 115t week counts around 8,000 W B C per cumm blood were
oblained {normal 23,000)

At autopsy all birds had pronounced spleno- and hepatomegahia
except the bird dying on the 24th day which had a spleen and a hyver of
normal size. This bird was emaciated and had marked pallor of the shin
and the organs

Histologie bone marrow sections from the pancytopemic bird dying
on day 24 revealed a drffusely mvolved moderately cellular marrow
with very 1mmature biast-cells % conspicuous feature was an almost
complete absence of myeloporetic and thrambapawtic foct A shght
fibrosis was further noted (Fig 2)

The bird dying on the 23th day thus showed severil atypical features
iz bsence of spleno- and hepatomegalia, profound pancytopemia and
only a few circulating erythroblasts, a symptom complex which charac-
tenizes “anenuc ery throleukemia™ (6}

Sestes B 5 irds served as untreated controls Al birds were punctured
for blood cell counts on the same days

The erythrocytes (Fig 3) were essenbialls withm normal limits ex-
-
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Fig 1
Series A Frythrocytes The thin umnterrupted hnes indieate the birds inoculated
with virus Heavy crosses indicate the davs on which death vecurrcd The heavs black
line connccts the means of a control group of 10 chickens The iterrupted lines
mdicate the range of £ 26 times the standard deviation

on May Grunewald Gremsa stained preparations As before (9) the erythroblasts
were divided into three classes (I, II III) according to the degree of matunty

The virus isolations 1m serzes F were madce from bone marrow which was erther
dissected at autopsy or aspirated from the femur diaphysis tn piro After remosal
the bont marrow was frozen and stored at —30° G for 1 to 3 wechs When the bone
marrow was tested for infectine CFV a 1 per cent suspenston was made up with
phys sahine homoginized and centrifuged at 3000 rpm The supernatant was
nocualated mtravenously nto groups of ten chichs (ase 10 davs) which were then
observed for 30 davs All lcuhemie deaths were recorded Three different lots of
chickens were used In order to ascertain that no great difference n sensitivits
cxisted between the different lots of chichens a standard (1V solutron was
oculated mto ten chickens of each lot No sigmificant difference 1n the response
towards the standard C1'V was found and 1t could be concluded that the three lots of
test chicl ens used did not differ greatly from cach other in sensitinity towards
CFV anfection

RESUI TS

Sertes 4 10 hirds served as untreated controls Blood cell counts were
made from thesc at the same time as from the ammals moculated with
CLV

The erythrocyles (T'ig 1) showed m several mstances a tendency to
hypernormal values during the first 10 days The values were howaver
only sigmificantly pathologic when they were compared to the control
values of the respective days but not if they were compared to the
original values of the control group The hvpernormal values were
therefore only relative and at least partly due to an absence of the
anemuzing effect which blood samphing per se causcd among the
controls

Blood was sampled with ntervals of approximately 3 days This
caused a shight imial fail of the c1ythrocy te values among the cantrots

One amimal dymg on the 24th day had a pronounced ancmit during



5

The differential red cell counts revcaled abnormahties m all birds
except the sursivor which had red cell counts w ihn the normal range
The number of erythroblasts was moderate and the highest percentage
of Dlast cells encountered m any lird of this series was 10 per ecnt
1 vdence of a disturbed erythropotests was olamned in three surviors
in the penipheral blood smears {rom dav 25 Two showed cirenlating
erythroblasts and the third had an mercased number of cireulating
polschromatic erythrocytes The highest percentage of erythroblasts i
the Ted cell counts from the survnars was 6 per cent
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Fig 4

Series € Frythrogyte and thrombocyte counts  Samc ssmbols as 10 Fag 1

The bone marrow smears (day 23) of three survinors showed an
increased cellulanty and hyperplastic erythropotesis Myelopoiesss was
normnl The fourth survivor faled o show any dcflnli(‘ abnormalt;

The white blood cell counts were narmal }

The thrombocytes (Fig 1) were ontside the normal imuts on seseral
oceastons One amimal exhibited a rise on the 16th day, the other patho-
togic values were sybnormal The same three of the fo‘ur sur\m)rps that
\sngc ‘megmch\:‘ul eprsodes of thromboey topenta :

ertes <l counts were ma
hn’\rv,; as (mtm the irds chu\n\‘iflf\:‘::: IC"}-‘C\OmmI chekens at the same

e erythrocytes (Fig 5) ten
and most v ues were helow ‘hg(;:::nb;r*‘:[:’:2;’:;‘:0?{“;::’:9 W;”l P
salues were below the lwast of 26 bimes the s\andanlgdc\ xlalz::( a‘f(t}:\
:-;r:‘\r(:::i‘rn:r]: mloan Two ammals whieh died on the 11th and Z‘:JIOh dac
\“\“(L g:(‘ .‘cc:h terminal anemia Both survnvors showed ahnor )l
3 Zhily hypernormal value and th erat
anemua around the 28th day ¢ other a moderate
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Serics B 1vvthrocste counts [he thin umitcrrupted hines indicate the birds in-
oculated with virus HNeavy crosses with a frame indicate ntercurrent deaths un
related to leukemia The heavy hlack line connects the means of a control group of
5 amimals The interrupted lines indicate the range of = 26 times the standard
deviation

cept in two anumals dying on day 12 and 13 with subnormal values One
of these had an anemie episode on the sixth day  Previous observations
(9) of the ancimizing cffcet of frequent blood samphing per s¢ were con-
firmed as scen from the deerease of the erythrocyte counts thit took
place among the controls

The thrombocyles were within the normal range except the termnal
value of the bird dying on the 13th day which was shghtly subnormal
(13,000 pcr cumm )

The wlute blood cell counts were normal except twe shightly sub-
normal values on days 12 and 13

Series . 'lo obtain control values cell counts were made from 10
normal birds on day 0, 50 and 100

The erythrocyles (Fig 4) showcd (pivodes of holh subnormal and
hypcrnormal valucs between the 15th and 30th diy One bird dicd on
the 20th day with a shghtly hypernormal value Ihree of the four
survivors had on one or more occasions subnormal red cdl counts
between the 15th and 30tk day The fourth sursivor had no defintely
abnormal value (one red ccll count at the upper normal limit on day 18)

It was further observed that the norml salues for erythrocytes and
thrombocy tes were somewhat lower in the Ldo Whitc Lcghorn strain
used 1n scries C than in the Borje Whate Leghorn strun uscd i scrics

Aand B
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Fig 7
series D Four cxamples of differential Ted ccll counts (btained from peripheral
bisod smears Unfilled e)lumns indicate polychromatic erythrocstes hatched col
umns 1ndacate erythroblast of type I and 1L and blach columns indicate erythroblasts
of type I The two crosses indicate the das on which the animals died from levhemia

boeytosis, but eventually returned to normal values No thrombocyto-
penia wis noted The thrombocytes were unaffected by the blood
sampling per s¢

Four examples of the senes of differenttal red cell counts carried out
are gnen 1 Figure 7 1t 15 scen that the two recosering birds were ab-
normal duning long pernods

The bird illustrated lowermost showed a proncunced thromhocytoss
(Fig 6) until at least the 31st day and had a shight elevation of the red
cell number on the 31st day Already in the smears from the 2nd, 6th
and 7th day polychromatic erythrocytes were met with The percentage
was howerver not above the limit of 0 5 and thus not sigmificantly rarsed
(9) On the 10th day sigmificantly ncreased numbers of polychromatic
erythrocites were noted and the carliest erythroblasts of type II and
1T appeared The number of orythroblasts slowlv fell but as late as on
the 31st day 03 per cent were ohserved After this day the red cells
~howrd no abnormalitty on the three further occasions when smears
were made
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Fig 5
Series D Erythrocvtc counts Same symbols as in Fig 1.

The control group kept a normal red cell level exeept around the
9th day when a scries of daily hlood samples were performed which
caused a transient slight anemia

The thrombocytes (Fig 6) showed a slight icreasing tendency n
some ammals around the 6th day. After the 13th day four ards showed
marked thrombocytosis One of these had a hypernormal value 3 days
before death and an other returned to normal before death The two
sursiving hirds had long periods of 2-3 wecks with pronounced throm-

~ © o~
=3 o o

THROMBOCYTE NUMBER x 10*

=

02A58IO12IL|515201224167530323‘35
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fig 6
Sertes D Thrombocytes counts Same symbals as i g 1
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The other bird which recovesed had ery throblasts of l_\Pc 11 and Ll‘{
cireplating quning a period of spprox tely one month begs " I,, on
the 8th day and on a single occasion (day 42) a few ery lhmhx a; I‘ of
tvpe I were also noted Concomutantly with the decrease of eryihrobl a:
around the 20th day a transient inerease of polychramatic erythrocyies
was ohserved

ERYTHROCYTE WAMBER X105, men

] Yy

PR
DAYS

Fig 8

Scries B Ersthocite counts Same symbols as in Fig I

The two brds which recovered were ohserved 3 months and hema-
tologie control which intluded bone marrew aspiration reyvealed nothing
abnormal at the end of this period

The two chichens whose differential erythrocyte counts are stlus
trated in the upper half of Fig 7 exemphfy anmimals dying from leuhe-
mia In one amimal (the diagram next fo the top) polschromate eny-
throcstes were detected early and on the sixth day a significant nise to
1 per cent was obsersed On the 10th day a burst of ersthrobfasts of
type [ was detected These cells were then gradually replaced by more
mature ervthroblasts The polychromatic erythrocytes never disap-
peared from the blood

In the brrd of the upper compartment af Figure 7 a someshat differ-
«nt sefquence of events was ohserved Polychromatic erythrocytes in-
creased slowly until the 13th day after which they stowly dechned

Lrythroblasts of fype 1T and 111 suddenly appeaced 1n the smear of the

8th dav After a peniod of around ene week they dechined to reach the

low salue of 03 per cent on the last oceasiont When a smear was made
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oteurrence of large number of polychromatic ery throcy tes At lhchs::m:
time (Fig 8, I 3) the red cell count rose On day 19 an exacer la m‘c
was noted with crythrobtasts of ¥ype 11 and 11 circulating i modera
pumbers untyl the amimal was killed on das 24

(I e R
Cisater msw ua
Fig 9
Suries B St cxamples of differential red cell counts abtamed from peripheral blood
smears Same symhals as 1 kig 7

DO

Rune marrow smears The two cases dyng on day 7 showdd intense
imolsement of the bone marrow (Fig 10), which was filled with ery-
throblasts of a very immature type In the acute cases dying hetween
day 8 and 12 a similar pucture was seen with an abundance of immature
erythroblasts of type 1 The anumals dying on days 13 and 14 presented
a more mature appearance at death with a preponderance of more
differentiated erythroblasts of type 11

The animal of the group waculated with dilution 10+ which hned
23 days had on day 20 a moderately cellular smear, which showed
evidence of maturation into erythrocytes Terminally the bone marrow

smear was of essentially the same appearance (Fig 11) and stll ne
complete maturation block could be discerned
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Erythroblasts of type I appeared later (day 10) and cxbibted a ter-
munal rise

The white blood cell connts were normal throughout

Serte« I In this series the terminal events were most closely studied
and preceding nterference by making blood cell counts was asouded as
much as possihle No control gnimals were included, the normal valucs
gnen were caleulated from untreated birds of the same age as the
chichens inoculated with CEV Since death duc to erythroleukemia ts
only preceded by a short period during which the animals show climical
signs of disease (weakness, lassitude, loss of appetite and ruffling up
of feathers), several anmmals were lost hefore any cell counts could
be done

The erythirocytes (F1g 8) showed no anenua with ditution 10 1 (121)
and only one anemic value was encountered with dilution 10 2 (12 2)
In the dose-group inaculated with dilution 16~ (E3) six of minc ammals
were ancnne at death

The thrombocytes showed one shightly hypernormal value i each
group In one amimal (dilutton 10-4), Lilled on the 23rd das, a scries of
low values, one of which (day 19) was signuficantly below the normal
I, were observed during the last week hefore death

Representative examples of the differential red cell counls are given
mlig 9

Two of the three birds of Fig 9 inocutated with the lughest yirus dose
(survival time 8 and 9 days) showed the response tymeal for acute cases
of erythroleuhema (9) Imitially there was an increase of polychromatic
erythrocytes The leuhemie phase was begun on day 7 (or 6) when
crythroblasts of ty pe I entered the blood stream in large amounts They
were exelusively of type I'in one animal In the other ammal 1 per cent
ery throblasts of type IT and III was ohserved on day 7 but on day 8 and
9 they had wholly disappeared Termunally the polychromatic erythro-
cytes were absent or very few in the two cases deserihed

The third animal moculated with dilytion 10 t and lustrated in Fig
9 died on the 7th day It exemphfies certamn peracute cases which may
die before changes 1n the peripheral bloed have had time to develop

The birde of Figure 9 moculated with virus dose 10 2 showed the
usual response 1o acute leukenua The bird to the left 1n the lower row
had clearly deteetable “waves” of erythrocyte precursors of mereasing
immaturity and terminated wath an almost total dommance by large
very mnmature erythroblasts of type I The other (fo the right 1n the
upper row of the figure) had a transient increase of polychromatic
crythrocytes and large numbers of crythroblasts of all types al death

The hied llustrated 1o the upper left corner of Pigure 9 showed a
response sometimes seen i “chrome” cases mitiated with a Tow svirus
dose Alreads on the sixth day, when the first smear Was made, a shighy
wmerease of circulating polychromatie ery throcy tes was noted After day
14 a remisston occurred with a disappearance of the cry throblasts and
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F1 Fi - I

F5 11 and NI
dose group F1 F4  ersthroblasts type 1 and 11

Sertes F In thus sertes the differential red cell counts in the pen-
pheral hlood were particulariy studied During the deselopment of the
disease 681 blood smears were made from the 152 chichens meluded 1
the experiment In the figures the values from the four dose groups
(FI-F4) hate been comhined and compared to the salues w dose
group F 5 (where the mnoculum contained the smallest amount of CLV )
In the calculations the relatisely mature erythroblasts of tvpe II and 11X
have been combined 2nd compared with the immature erythroblasts of
fype I In Fig 12 the mean percentage of ervthroblasts of dufferent
degree of maturity are depicted It 1s scen that in dose group F'5 there
was on the average, a preponderance of differentiated erythroblasts at

0 C3
oars
Fig 13
Series b Ratio ersthr blasts tyre I erythroblasts type It and €11
{~ Immaturity Ratio)
Lalaterrupted hine w= dove group F$
Interruptet line = dose Renup F1 €4



Fig 10
Series T' 1 Virus dilution 10 1 Bone marrow smear in the terminal stage of a
acute case The bird died 7 days after erythroblastosis virus inoculation Onlv few
erythroblasts were found 1n the perpheral blood The bne marrow was eellular ant
dominated by immature ersthreblasts Maturaticn arrest as esidcneed by the ab ence
of maturing mtcrmediates between immature ersthroblasts and mature ers throevtes
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Sertes F 3 Virus dilution 10 # Bene marrcw smear tahen on the 24th day frem the

animal depicted an Fig 9 rvthrcblasts of all degrees of matunity indicating some

differentiation i the red cell series & fun myeleertes ¢ ntaimng granules arc
also seen MG
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Seties F Percentage of daffcrent tyPes of erythroblasts in peripheral hlood smears

- - - FLFt - -1
.- - - - -
Patituing - B I and I

===== dose group FI-Fi erythroblasts type Il and JIT

Series F 1n this sefies the differential red cell counts 1 the per:-
pheral hlood were particularly studied Durning the development of the
disease 681 blood smears were made from the 152 chichens mcluded
the experiment In the figures the values from the four dose groups
(F1-F4) have heen combined and compared to the values in dose
group F 5 (where the inoculum contamed the smatlest amount of CEV)
In the calculations the relatively mature erythroblasts of type Il and J1I
have been combined and compared with the immature erythroblasts of
type I In Fig 12 the mean percentage of erythroblasts of different
degree of matunity are depicted It 1s sech that in dose group F 3 there
was, on the average, a preponderance of differentiated erythroblasts at

3¢ &
ars S % @
Fig 13
Series F Ratin erythroblasts type I'ery throblasts type 11 and ${
(= Immaturity Ratio)
Lnmterrupted hine == dose group F5
pterrupted line == dose group F1-Fi
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all points of tumie except around day 10 and at the end of the experiment
when the percentage of erythroblasts of type I were about cqual to the
percentage of type 1T and III Around day 30 the values differed appreet
ably and the differentiated ersthroblasts showed a peal The curyes for
dose groups F'1-F 4 show that these ammals which were moculited
with ligher amounts of CLV, responded with more immture ¢rythro-
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Died day 21
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around dav 13 16 Died dav 36
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’ ]
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e —34v o Vature Blasteells {type I)
) avcund das 48 Survned
Mature Blasteells (type 1)
{ ar und das 36 Survived
Immature changing to mature
[ Died day 15
Mature Blasteells {type I)
! § aroupd day 16 Died day 34
o 41
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Survined

M ;\l + M |

Immature Died day 9
Immature Died day 9
} Immature Dicd day 9

!
|
Al M M 4 Yature Surined
o 4+

| Mature Bfasteells (tspe )
around davs 23 a 47 Survied

Matore changing to immature
Died day 48

| ‘ | Immature Died dav 11

|
A 0+ 1 +7}f i

O = n rmal red cell differential o unt 1 the pertpheral }lond
+ = ros tve CFV jsolation

= negatve CFV gsclat on
t = death of animal due ta leakemia

blasts and at 41l points of hime,

tyvpe I eells outnumhbered the more aif-
fercntiated ervihroblasts
- ratto ersthroblasts
1 ' * folfowing this ratio,
' vl be referred to as
the IR (= fmmatunts Ratio) From Fig 13 can be seen that the IR
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ill points of tume except around day 10 and it the end of the cxperiment
when the percentage of ervthroblists of type 1 werce 1hout cqual to the
pereent ige of typc 1T and HI Around dav 30 the v alues differc d approce

ably nd the differentiated cryvthroblasts showad 1 pal

Ihe curves for

dose groups T't F 4 show that these wmmnls swhich were moculted
with higher mounts of CF'V respondad with more immature «rivtbro
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was consistently higher n dose groups F 1-F" 4 than in dose group F5
This difference was most pronounced between day 12 and day 23

In Figures 12 and 13 mean values have been calculated Such values
do not howcver ndicate the great mdmvidual difference thit ewsted
These differcnees increascd with a decreasmg CLV dose so that, in dose
group I'1, the animals, m gencral, responded mn a uniform manner,
whereas i dose group I'5 great individual differences exasted A few
anmmals responded with acute, immature leukemmas of the type met
with 1 dose groups moculated with high amounts of CLV The
majority, however, had leukermas characterized by rather mature cells
with obvious signs of differentiation both mn the bone marrow and the
peripheral blood The “chronic” cases pursued one of the followmg
three types of clinical course 1) After one or more mcomplete remis-
sions followed by more or less acute exacerbations, all signs of leukemia
disappeared and a complete remission, at least within the hmited ob
servation period of 3 months, followed 2) Aftcr one or more cexacer
bations the leukenna stabilized 1tself af a “chronic” type of leukemia
from which the animal eventually succumbed 3) After a “chromic’
course an “acute”, immature and lethal exacerbation ensued which
rapdly killed the bird

Virus 1solations Table 2 summarizes the results of sirus wsolations
from bone marrow extracts As scen from the table all tested birds
dying before day 13 (No 478, 482, 483 and 392) were positive for CEV
They were all more or less typical “acute” cases with IR > §

Birds dying later than day 12 showed more variable climeal pictures
Several presented a mature “chronie” type of leukema with a low IR
(No 393, 401, 457, 514, 516) Only one of these was negative (No 401),
the others had detectable amounts of CEV 1n the bone marrow at thar
death The bird (No 388) dying on day 48 with an immature leukcmn
was posttive for CEV Thus, with only one exception, the birds which
died from leuhemia, were positive for CEV irrespectise of the inihiating
dose of CLV and 1rrespective of the termmal blood picture In three of
these birds CIIV 1solations were attempted on more than one occasion
In two ammals (No 393 and 457) three attempts to isolate CIV at
various pownts of time after infection were negative In the third anmal
(No 388) CLV was rceovered on two oceasions (day 16 and day 43) m
addition to the recovery of CLV on the day the bird was sacrificed

All surviving birds included 1n Table 2 showed evidcnee of a disturh
ance 1 the red cell series in the form of circulating erythroblasts From
five of the seven survivors CLV was 1solated on one or more occ1510ns
No definite correlation could be revealed between the peripheral red
cell picture and the presence of CLV in the survivors Thus, m birds
No 529 and 404, CLV was detected on six occasions when the blood
picture was either normal or showed only a moderate number ol ery-
throblasts of type II and HI Birds No 449 and 508 on the other hand,
were negative on all five occasions tested spitc of asuml wrblood picture
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DISCUSSION

To facilitate a compartson betwcen the different experiments and to
lustrate the differences which were found between the different dose
groups, Table 3 has been made In this table the dose groups have been
arranged according to their A-values (see Table 1) which give a rough
estimnate of the potency of the CLV mocula

Before commenting on the table 1t secms appropriate to point out that
different lots of chickens with probably a different degree of “natural’
resistance agamnst infection with CEV have heen used and that therefore
the correlations that exist between the imtiating dose and the ehicken
response are approximate Nevertheless the table seems to establish the
following facts

Reversible erythrolcubemra 1s not uncommon and mereases 1n fre-
quency with a decreasing dose of CEV Lngelbreth Holm (cf 6) noticed
complcte remissions 1n adult fow! but cxpressed the opinion that young
chickens always succumbed to infection In the prosent experiments 1
large number of complete remissions were noted 1n young chickens
This may be due to the thoroughness by which the animals were ob-
served or to differences 1n the chichen strams used In scries F 5 all
birds showed evidence of infection, but over 40 per cent of the animals
recovercd The findings closely parallel the findings with Rous sarcoma
virus, where regression of tumours 15 often observed (3§, 13)

With a dcereasing CLV dose the leukemias had a more varnble
course characterized by remissions and exacerbations during an ex-
tended period of time This 1s attested by the number of anemic episodes
which increased with a decreasing CLV dose The number of animals
exhibiting terminal ancimia increased with a decreasing CIIV dose, with
the exception of the dose groups (I'5 ind C) apparcntly contaimng the
lowest amounts of CIIV, where no cases with a termial anemia were
obseryed

Leuloeyte counts were made n sertes A-D In general no great ab-
normalities were detected The animal with “anemue erythrolcukem®
m series A was an exception and showed a pronounced lcukopenia

The thrombocytes were 1 contrast often abnormal and both patho-
logically low and high counts were observed The thrombocytes were
not systematically counted and definite conclustons are therefore dif-
ficult to arrive at 1t secmed however asif detectable thrombocy topote tic
disturbnecs were especially common after low CIIV doses A clow
relationship between ery thro- and thrombocy topotesis s boon clatmed
for chichens (14) and m the hight of tlus fact 1t 1s not smplausible that
CEV not only affccts erythroporetic cells speaifically but also may causc
specific disturbanees 1n thrombocey toporcses

The mawn purpose of the present work was to find out whether the
mercase of the survival tume which 15 observed after decreasing the
mstrating CLV dose was solely due to an mcreasc of the incubation
(mnduction) time 1 ¢ the period during which no morphologic signs of
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disease are aj parent 1t 1s obvious that thss at not the case Instead
there was only a moderate increase of the time period which passed
before the first abnormal red cells entered the blood If the bone marrow
had Peen nveshigated systematically 1t 1s not smprobable that this
increase would haie been even smaller or perhaps not at all apparent
Fecause erythroblast proliferation 1s known to precede the entrance of
immature cells 1nto the circulation by a defimte ot rval (4 9 10 12)
The lenghtening of the surinal time was mainly du to a prolongation
of the period during which signs of a disturbed erythropoiesss n the
form of cireulating ersthroblasts could be revealed After low CEY
doses erylhroblasts could be found airculating during several weeks
‘This 1s 1n marked contrast to the few dags passing between the entrance
of the first erythroblasts mto the blood and the death of the animal
alter a massine CI'V dose

Another difference was that ersthroblasts of all degrees of maturits
were often encountered after a small virus dose whereas 2 high dose
nearly always resulted m the almost exclusine appearance of vers
unmatere hlasteells After a high dose the resulting discase was raprdlv
fatal after a uniformly progressine course In contrast the Jeukermas
mduced by smaller CI'V doses showed remsssions and exacerbalions
and some of them even ended in apparent cures These ohservations
1 rohably mean that the chichen organism possesses defense mechanisms
against ervthroleuhemias induced by noculation of CI'V

‘The most plausible explanation of the differences noted hetween the
diiferentiated leuhemuas after low CI'V doses and the undifferentiated
after lgh doses 1s that this difference 1« onls apparent and due to the
numier of leukemic” focr exsting 1n the bone marrow It 15 then
assumed that the entrance of CF\ mnto susceplible stem-cells results i
2 transformation of the eells into blast cells unable to differentiate
further In the case of mfection with a large CI % dose a targe number
of focs of infected blast cells are established Through the prolif
of these foct the normal remnants of hone marrow are alergrann
and undifferentiated erythroblasts will rapidly domunate the scene
After a small CFV dose only a few foci are primanly established
These foci enlarge but during 1his process the part of the bone marroy
which has not been nfected adapts itself to the proliferating infeeted

\‘im\ cells and reacts wilh a compensatory mechanism which avnes ¢
tself ‘

of ery
times
after

s Mataley

wdentical with what 1s seen 1n the acl:‘l‘c\hcz‘:c::‘(‘:::e;c::;lzdli{ |f]lurc
The jurels mory hologieal myestigatsons reported hcrcbcannol ho‘c

ever exclude another jossible exjlanation of the ifference not dl;“

tween the t Qyes of erythroleul 1 noted after lar, N Cl "

doses wnd the malure by es noted after smalier wirus doses AL‘%EI‘[}:’I\;{

P



20

{o this explanation a difference might exist on the cellular level If the
susceplible cells are mfeeted with a high virus:ceell ratio the blast
cells are completely prevented to undergo any maturation If the sus-
cephible cells are infected with a low virus. cell ratio the infected cells
are still able to matare to a greater or lesser extent The erythroblasts
of mature types an 1 perhaps even the polychromatic erythroeytes en-
counlered m many chickens moculated with small amounts of CLEV
may then he looked upon as beeing dernved from “leukemic” blast cells
and not from nonspecifically altered normal erythroblasts Accordmg
to this view clones of erythroblasts carrying different amounts of virus
(or different numbers of virus producing centres) determined by the
amount of virus that orsginally reached the cells may cocxist The clones
carrying the largest numbers of virus producing centres per cell are
unable to differentiate whereas the clones containing cells with smaller
numbers of virus producing centres are still able to mature With the
relatcd Rous sarcoma virus (RSV) there are indications that a tumour
cell population contains cells with very different amounts of virus (1,
5,8,11) If the degree of collagenisation can be taken as an indication
of the degree of fibroblast maturity, the obseryation (cf 2) that fibrous
{and more slonly growmg} Rous sarcomas are induced hy small doses
of RSV mught be a parallel to the results reported here

The virus 1solations reported here have only been quabiative and they
do not tell any thing of the amounts of CEV existing in the hone marrow
The hological method using young chickens as test objects 1s certainly
not sensitive enough to detect small amounts of CEV Nevertheless the
results are not consistent wath the last mentioned explanation of the
morphologieal lindings, since 1 general the extracts from the bone
marrow of the chichens with immature erythroleukemias were posittne
whereas several extracts from amimals with mature leukemas faled to
reveal the presence of detectable amounts of erythroblastosis virus

SUMMARY

The hematological response i chickens noculaled with different
amounts of chichen erythroleukem:a virus has been inyvestigated

After a hugh s trus dose the resulting leuhemuas were charaeterized by
a rapid uniform course ending with a bone marrow and peripheral blood
picture where very immature cells were the dommating cells whereas
s1gns of differentiation n the red cell series were almost absent Anemia
or thrombocstopenmia were only seldom seen

After a low virus dose the resulting lcukemias showed great indi-
vidual differences Several cases had a remutting course and nuny
ended 10 apparent cures Many amimals presented a differentiated red
cell prcture wath red cell precursors of all degrees of maturity even ter-
minally Termunal anemia (except after very low virus doses) and
thrombocy topenta were often scen In this way certain cases eame to



21
resemble chronic  leukemias rather than the acute leukemias
vsually seen

Thrombocytopoiesis was often disturbed possiblv due fo a specifie
virus effeet not only on ervthroj otetic but also an thromhbopoietic cells

Virus wsolations were performed from the hone marrow from sclected
ammals Chickens dying earlsy and 1 with higher of
erythroleuheria virus tended to be jositive more often than ammals
with slowly deseloping chromic  erythroleuhemias I xeeptrons were
however noted and animals were observed where virus was solated 1n
spite of normal hematologieal yalues
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THE EFFECT OF FIVE ULCERATING DOSLS
OI' ALKYLDIMETHYLBENZYLAMMONIUMCHLORIDE
(ZEPHIRAN) ON THE TUMOR PROMOTING ACTION
OT' POLYOXYETHYLENL SORBITAN
MONOSTEARATE (TWEEN 60)

An Analysis of the Dermal Condition in Tumor Promotion

By

Kua Dunn rr!
Recened 14161

The role of fibrosis 1 promotion of skin tumors of mice was studied
by Salaman & Glendenmng m 1957 (17) The change was produced by
some sclerosing agents such as phenol, but the authors did not arrive at
any conclusne answer regarding 1its relationship to tumorigenes:s

In an earhier study (Dammerl 1957) 1t was shown that the promoting
effect of many non 10nic surface active agents was related to the amhty
of the agents to canse long lasting hyperplasia of the eprdermus and
thickening and inflammation of the dermis, yet without appreciable
regressive changes of the latter It was demonstrated too, that the con-
dition of fibrosis associated with degeneratise changes of the dermal
connective tissue as seen after repeated use of the cationie surface actine
agent alkyldimethylbenzylammeonimmcehloride (Zephiran) was neon-
sistent with favorable promotion This paper will report experiments,
where triils was made to change the condition of the dernus with a
period of treatment hnown to he deeply damaging before commenec-
ment of an effecin e promoting procedure

MATEFRIAI AND MPFTHODS

Female Swiss albino mice bred at randem in this laboratory werc used They
were two months old and weighed 22 25 g at the beginning of the experiments They
were kept m plashc cages on wood shavings and fed Rockland diet 1 pellets and

£1R VAR am nn nmon hach was shawed wath an clectric
micals Onlv mice at resting phase
were used The pamnted arca was

1 Present address Department of Dermatology  Tnncrsity of Helsink:  Snell
mantok 14 Helsinky Finland
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DABA was dissolved in acetone of reagent grade distilicd before use, Zephiran was
dissolsed 1n distilled water Tween 60 was apphied undiluted at 36 C DVBA was
applied with a calibrated micropipette, Zephiran and Tween 60 w1th a regular glass
dropper The mice were examined twice 8 Week Frery tumor induced was recorded
on speeial diagrams and recharted by esery examination with consideration of any
changes 1 pumber, size, type or position of the tumors In the final results tumors
1n dead amimals were sncluded prosided that they had lasted for at Jeast 4 wechs
before the death of the animal The latent period was calculated as a mean of the
time of appearance of the first tumor in every tumor bearing amimal Histological
examination of all tumots 1o dead or Killed ammals was carned out

EXPERIMFNTALAND RFSULTS

3 geoups of animals 30 i each were used m tumor production experiments Al
3 were inttiated with 20 4g DVIBA m acetone After one week, a period of 2 weeks
followed during which 2 of the groups were treated with 5 applications of 6 4 per
cent Zephiran Two drops of the watery solution containing 2 4 mg Zephiran was
given 8, 12, 14 16 and 23 davs aftcr the initiation These amimals were then left
without treatment for an additiona) 3 wecks The thied group did not receive any
ather treatment before the commencemsent of the period of the fmal treatment

6 weehs after the imitiation the final treatment was started in all three groups
Of the two groups receiving the intermediate treatment sath Zephiran ane was
treated with one drop of Twcen 60 daily, the other with ene drop of 32 per cent
watery solution (86 mg) of Zephiran thrire 2 week and the thard Jackmg the inter-
A a7 b A = .

1us 1 v e bepinurg of tne tinal treatments and pairs of animals of the three other

groups were killed at each time after 1, 2 4, 10 and 20 wecks of the respective
final treatments

The ( hanges Caused by Zephiran Treatments prior lo the
Fiaal Treatments

4 days after the first treatment the treated shin was shghtly red and
desquamating The amimals were nervous and hn ely apparently hecause
:\( hml.orm»“ of the treated back There was alternahing erasinne and

st was ueavny antlammed and thichened (Fig 2) The addi-
tional fourth application given at the 16th day still inereased the dee,
massive inflammation Thieh crusts of Ereasy squamas covered ll{’e’
treated skin without signs of hair growth During the following week
00 nes Zepharon treakinents was groen and the skin began 1o heal with
detachment of the crusts In the end of this week the treated shan still
was thicker than usual and same anumals sty had crusts, but m, :: . f
them showed smooth epilated patehes and sears 1n places (')l' the fo .
erusts The fur of the treated aren of ‘many animals had a “moth :::Ir:r(;r
‘llx;{wc‘;nll;lix:g: 'IIl‘lcmu(h lr;‘;uT::l “k“h ‘ﬁ 4 per cent Zephiran at the 23rd

3 any more affeet the shin like th

<light zeactivation of the mflammatory rcdenfcl::la‘::;a:r:‘;i:;::‘l(lf(:::ika
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THE ETFECT OT FIVE ULCERATING DOSES
OI' ALKYLDIMETHYLBLNZYLAMMONIUMCHLORIDE
(ZCPHIRAN) ON THE TUMOR PROMOTING ACTION
OT POLYOXYLTHYLENE SORBITAN
MONOSTEARATE (TWLEN 60)

dAn Analysts of the Dermal Condifion tn Tumor Promotion

By

KuDunnrt
Recenved 14161

The role of fibrosts 1 promotion of shin tumors of mice was studied
by Salaman & Glendenmng in 1957 (17) The change was produced by
some sclerosing agents such as phenol, but the authors did not arrse at
any conclusiie answer regarding its relationship {o tumorigenesis

In an earhier study (Dammert 1957) 1t was shown that the promoting
cffeet of many non 10nic surface active agents was related to the abihity
of the ageats to cause long lasting hyperplasia of the epidernus and
thichening and inflammation of the dermms, yet without apprectable
regressive changes of the latter It was demonstrated too, that the con-
dition of fibrosis assoctated with degencratine changes of the dermiul
conncetive tissue as seen after repeated use of the cationic surface active
agent alkylduncthylbenzylammonwmehloride (Zephiran) was ncon-
ststent with favorable promotion This paper will report experiments,
where trials was made to ehange the condition of the derms with a
period of treatment known to be deeply damaging before commence-
ment of an effectnne promoting procedure

MATFRIAL AND MFTHODS

Iemale Swiss allino mice bred at random 1n this laboratory wire used Thoy
were two months old and weighed 22-25 g at the beginning of the experiments They
were kept 1n plastic cages on wood shavings and fed Rockland diet in pellets and
water ad libitum An area of 15 X 15 ¢m on uppcr back was shawcd with an electric
clipper one week before the application of the chemicals Onls mice at resting phase
of hair growth at the beginning of the treatment were used The painted area was
hept shorn with electric (lippers or scissors The chemieals used were 910 dimethyl
12 benzanthracene (DMBA) (Fastman Organic Chemicals) purtfied by chromate
craphy  alksldimethy Ihenzylammenmmchlonde  (Zephiran)  (Wanthrop Products
Ltd) and polyoxiethyvlene sorbitan monostearate (Tween 60) (Atlas Powder (o)

I Present address Department of Dermatologs [anersits of Helsunkr Snell

manink 14 Helsink: inland
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ness resulted this time and new crusting was only occastonally seen
Furihermore many mice had hair growng hetwcen the emlated patehes
and stripes and on «ides of the treated area The ammals were then left
to heal the damages caused to the skin and a growth phase developed
on the back every amimal Hair first continued to grow vigorously 1n the
patchy way described above, hut later the growth wave faded and the
sharp contrast between the epilated and not epilated patehes and stripes
became icss conspicuous In the end of this penod the treated shan was
still shightly thickened but no more tender It was not as easly movahle
ouer the back as 1n the normal The skin of the ammals hilled at this
time showed only slight hy perplasia, some increase of fibres of the con-
neclive tissue and occastonally deformation of follicles (Fig 3}

The Tumor Yield and the Histolo

9y 1 the Period of the
Final Trealments

The tumor yield in the different groups 1s gnen n Fig 5 The group
predreated with mitiation and 6 4 per cent Zephuean hefore Tween 60
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Fig 1 Skin of 2 mousc 3 days after the first treatment with €4 per cent walory
soluticn of Zephiran Degeneratise alteraticns of the epidermal and follicular alls
VMfany inflammatory cells particularly in the deeper dermis X 150 —Zwy 2 Skin «f
a mousc aftcr 3 treatments with the same solutr n as above Netross of the epider
mis and of the infundibular parts of the commen {llicles Abundance of inflamma

tory cells mainly polsmorphonuclcars in all laycrs of the ¢pdermis X 70 —
Fig 3 Shin 3 wcehs after the Tast v 5th oapplication of the b4 per cent watery
solutton of Zcphiran Shight hyperplasia «f the ¢pidermis and increase «f the wldls
and fibres of the darmis X 130 —Fig 4 Skin after 10 weeks «f pr moting, treat

ments 1n the it Zcphiran Tween 60 group o particulacls strong hyperplasia of
epidermis and «f the walls of the common follicles Abundance « f soung ¢ ancetne

tissue cclls and inflammatory eclls 1n the dermis X 70
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1n the group treated Iniliation, Zephir in, Tween 60 Such tumors were
called acanthomas m accordance with a classification worhed out n
this laboralory (5)

In the groups run parallel for the histology, the animals in the group
smbiation, Zephiran, Tween 60 showed very strong hyperplasia of the
shin especially during the time of the vigorous tumor development
this group Becausc of remarkable thickeming and elongation of the
walls of the 1 1 follicles, the seb: glands and the haie lorm-
ng parts {germunal parts) i the bottom of the follicles were very
deepls tocated In many amimals the number of the follicles per umit
arta m the sechions simultancoush mncreased, so that the shin was
~tuffed wath thick harr sheets (Fig 4) The dermal tisue hetween the
folhieles was rich an cells and bulged in a papltomatous pattern hetween
the follicles The cells were young conneetive tissue cells and inflamma
tory eells many of them granulocytes Increase of fibres and vasculanty
was conspicupus These changes were most aceentuated 1n the amimals
Rilled after 10 and 20 weeks of treatment In the last 2 anmals of the
hustology group and in these which were hilled 1n the end of the ex
perument (10 weeks) the derims howaver showed reduchon of Hibro-
Dblasts stiffening and by alinisation of the collagenous bundles (Fig 6)
The dermal connechne tissue was tonseguently comverted to a seartike
tissue with paueity of cells and vessels

In the group proireated onlv by initiation the hyperplasia did not
reach the same extent as i the former group dueng the fiest half
period of promotion Later there was no cleat differinee, hut mstead
the derml connectine lissue was considerably betler preserved than in
the former geonp The thick coliigen bundies were stll arranged in
1 neiworh and the inflimmatory reacline changes were abundant




TABLE
Results at the Fr
Survivors at
Noof Tumor
Treatment bearng
Swiss 20 30 40 animls
mict | wicks | weehs | weeks
DMBA 20 #¢ 1 acctone once—5 treatments 30 26 21 16 n
with 24 mg Zephiran mn a 64 pcr cont 367
watery solution—Twcen 60 dailv per an
Ditto, but 1n stead of Tween 60, 06 mg 30 29 25 2 1
Zephiran 1noa 32 per cent waters solution 38
trice wockly per cen
DMBA 20 #g 1n awctone once—Tween 60 30 29 24 22 15
daily 517
per cen

devcloped papillomas very quickly Over 55 per cent of the cffectine
total number of animals had tumors after 11 weehs of treatment and
the asverage latent period to the appearance of the first tumor n cach
tumor hearing animal was 8 7 weeks The total number of tumors as
well as the number of tumor hearing amimals started to diminish after
the 12th week, but the reahity of that trend 15 difficult to assess, because
of increasing mortality rate among the amimals during the rest of the
expeniment Instead the group pretreated only with DMBA before the
start of promotion with Tween 60 developed papillomas some weehs
later and the nerease of the number of tumors and of tumor bearing
amimals did not follow so quickly but instead more persistently than in
the former group After 11 wecks 27 per cent of the cffective total
number of ammals had tumors and the average latent period was 144
weehs Around the 18th week the tumor rate of the former group was
overfaken See Fig 5 —Ouly one anwmal w the group pretreated by
wmtiation and 6 4 per eent Zepliran and followcd by 3 2 per eent Zephi-
ran continuonsly thrice weekly, got tumors 2 pedunculated papillomas
appeared relatively early on the treated shin They grew continually
and become finally keratimized on the top, but remamed all the time
benign The animal was exceptional big and strong The skin of the
other ammals 1n this group became carly dry and covered with yellow
squamas

When the animals were killed after 40 weeks of final treatment and
histological study was made of all tumors found n the different am-
mals, only the group which was not treated with Zephiran at all had
carcinomas The number of them was 6, two of which were basocellular
{see Table 1) But many other tumors too 1n this group were more rich
n epithehum and displayed morc often atypicalities than the tumors
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throughout the dermis when the amymals were hifled i the end of the
Fig 7

C‘I’;_t;:;ﬂ;(;:‘i; !rialgd by Imtration, Zephiran, Zephiran showed durnng
the period of final treatment moderate to good hyperplasia of the L‘I"t
dermis, but already after one month signs of degeneratne changes o
the collagenous bundles, scarcity of fihrohlasts, nflammation and
vasculanty The dermus became fmally sclerotic and devord of amy
{resh reactine changes (Fig 8) Sigmificantly the dermis of the single
tumor bearing mdividual, was defimtely m betief condition than the
corresponding structure of the other animals 1n the same group

The regressing papillomas encountered among other tumors 1n the
experimental groups all showed airculators disturbancies and stromal
deterioration

DISCUSSION

Studies concerning the effect of damage and repair has been actual
in the experimental approach on skin tumorigenesis since the work of
Deelman 1923-1924 Wound healing has been found to be @ good pro-
moter of tumors m the skm of rabints (9,19), but n the mstance of
mice there has heen no clear cut evidence of the effect of such a situa-
tion (8,13, 14) Ischemis caused by artenal occlusion enhanced turor
formation in the ears of rabbits (15}, but subsequent to adrenalin 1n-
Jections 1t did not promote tumors in the skin of mice (16) The hnown
chemical promoters all are irntants The mode of action of them has,
however, heen estimated <cry differently (1,12,18) Freiedewald & Rous
(1944) definted the histopathological equivalents of prometion 1n terms
of hyperpiasia, inflammation hsperaemia and ¢onnective tissue par-
ticapation

The comparative histological study of the changes in the shin and the
corresponding tumors helped to substantiale general pathog 1wat
conditions 1n the groups studied The comparison also produced ¢viden
ces indicating more essenhial thiferences between the groups, than was
given by mere pumbers of tumors As in earlier studies (2,7,113 the
tumor rales were agan directlv proportional fo the hyperplasias, but
this lime 1t was directly proved that the degree of hvperplasia was
worhing enly 1f the dermis was not regressnely altered by the action
of the promoter When that happens, even a good hyperplasia ts in-
sufficient to bring out fumors In fact, the periment changes of the
stage of promotion of pamillomas of mice are the same as noted by
Eriedewald 8 Rous to be eusting at the stage of promotion of the papil-
lomns of rabbits The changes must onfy be produced under so long
fun of time as possible without appearance of apparent regressune alter-

Aoy The last point mght be the most important fact hy judgement
if a trtant 1s a promoter or not ;

N0 carcinomas appeared 1n the group, which was treated with the
deeply damaging Zephiran doses before the finad Tween 60 treatments
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Skin of 2 mouse n the same
group av i kaip 4 after 40weeks
of promoting treatment Stll a
remarkable hyperplasia of the
epidermis but considerable re
wressive alterations and scants
of anflammaters  <hanges an
the dermis % 100

fig 7

Skm of a mouse tn the group
it Tween 60 after 40
wechs of Iween 60 treatments
daily  Strong hsperplasin of
the epadermis good presanva
tion of the follicles and of the
fibrous steuctures of the der
mis  Considerable amount of
fibroblasts and inflammatary
cells 1n the dermis X 100

fig 8

Shin of a mouse 1 the st
Zephiran  Zepharan group 40
weehs of Zephiran (32 peraent
watery  solution)  treatments
thrice wachh - Rather  pood
hyperplasia «f the epidermis
but dermis scarlil e and po r
of ctlly and wessels The con
ditton of the common follicles
dots not seam to bt healthy
X 100
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week The same dose of phenol, but gnen i a 5 per cent solulion ﬁle:
natnely 1 the antetior and posterior halves of the bach, cause “u-
uiceration, but transient crustmg and was found to have only ml;dcra
prometng effect confimed Lo development of papitlomas fas oby mus‘._
{hat the fosmet form of treatment elicited more efteetively the type o
reparatne and progressive process usefud i prom‘ohon than the latter

Tecognation of t like the rege ¢ scler of the derms,
makes 1t concemable, that situations would arise. where epidermis 15
wtrongly induced with neoplastic potentialities, but the dermal enmaren-
ment of g kind, that tumorous growth s impossible This might he the
case for nstance 1n chronic radiodermatilis, Many precancerases and
carcinoma In sttu

SUMMLRY
] The effect of 5 ulceraling doses of 64 per cent walery soiution
of alky thyibenzyl: ‘hloride (Zephiran) on the ontcome

of a pramoting experiment, where mice were mitiated with 20 micro-
grams of DMBA 1 acetone and prometed wath polypvyethylene sorbt
tan monostearate (Tween 60) daily, was studied The ireatment with
Zephiran, dispersed over 2 weeks, was began one weeh after the imha-
tion, and it atmed ta cause persistent regresspe changes @ the dermss
before commencement of the promotion Stight fibrosts of the dermal
collagen ensued when the Iesions healed The promoting effect of 2 32
per cent watery solubion of Zephiran gisen thrice Weehly was studed
too The tumornigenetical conditions of the skin were examined histo-
lagacally 1z paratiel senies of mice Autopsies were performed and samp-

Tes taken after 1, 2, 4, 10, 28 aad 10 weeks of treatment All avagtable
tumors were subjectnd o cae £ 1% N .

2) The 5 interm ’ L the promo-
tion eficet of Twee . .. the appear-
anee of papitiomas

3) The enbancement due fo this Zephiran effect twas seen early dur-
ng the course of promolion and 1t was direetly related to exaggeration
of epidermal and follicular hy perplasia, fo tncrease of young conneetn e
trssue cells and wflammatory cells and to accentuation of hyperaema
as compared With the corresponding ehanges wwhen the preparatory Ze~
phiran treatments were omtted )

4) These changes of highlened reactisity were later during the pro-
motion converted n sclerasis of dermal cotlafion and m a general n-
\(oll:hon of‘progrcsme changes The erdence of rapilomas seemed to
teehine antd no carcinomas neer
o o e as occurred contrary to the group lacking the

&) A weaker Zephiran solution 1n a comparable situation was un-
succesful as promater wspste of hyperplasia adequate for tumor de-
stfopment When a vegressise dermat condifion here appeared yery
earls in e course of the treatments, the conelusion gained xlrenghi,
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If that step was onutted, 6 carcinomas and a lot of acanthomas occured
This 15 interesting from the pont of view, that there 15 a opimon claim-
g that regressive changes would he prercquasites for the development
of mahgnancy It 1s well known, that for mstance elastoid or basophilic
deggeneration of the collagen 15 very often cocwistent with mahgnant
tumors n the sk of face and other exposed arcas of human bemgs
Could this difference m the qualtty of the tumors in the experimental
groups depend on mere madequate experimental conditions?The groups
did not differ o much n size during the last 10 weeks of promoting
trcatment, that st would have heen unpossible to develop earcinomas in
the Imtiation, Zephiran, Tween 60 group An other explanation for this
difference would be that the ulecration and desquamation of the skin
caused by the 5 intermediate Zephiran treatments, could have reduced
the mitiated clements of the epiderms and follicles to such an extent,
that deselopment of malignant type of growth later was mmpossible
Also this argument seems to be inconelusive n view of the abundant
occurcnee of papillomas durig the first 10 weeks of subsequent pro-
moting treatment with Tween 60 Finally Zephiran atself was not anti-
carcinogenic hecause 1t could sensitize the skin for a faster promotion of
tumors than was possible without this intervention It 1s thercfore ob
v10us that the difference n the quahity as well as in the fial quantity
of the tumors, was dependent on the regressive alterations of the derms
caused by Zepliran

It secms to be much more difficult to reach a suitable, presesatne
and long lasting repair reaction i the shin of the muce thn it 15 m
the skin of the rabbit The 1cactive eapacity inherent in the shan of the
mousc ts apt to he easily overstressed and exhausted and the productine
changes are soon turned over to regressive featurcs Conscequently
henign papillomas dependent on the productive state of the dornms, are
vamishing or they never get opportunity to manifest themselves

There 15 evidences in the hiterature, that estabhishment of progressne
dermal changes do have direct bearmg on the situition of the geness
of papillomas In the c«xperiments of Linell 1047 (9) 1t was first after
the dermis of the ear of rabhuts, changed by long term tar puntings, had
been transformed by the way of deep punching to a granulation tissue,
that papitiomas appearcd at the healed punch hole A superfien:l trauma
made out by rubbing off the eprdermus, was meffective although it en-
sued i at least as much hyperplasia as the procedure of punching The
situation m the cxperiments of Salaman and Glendenning, whe used
mice, certamnly 1s closely related to the punch hole techmque They re-
ported development of papillomas and somc carcinom s ifter mts shion
with 02 mi! of 015 per cont DMBA mn acctone and promotion with 20
per cent phenol 1 acetone One application of this phenol caused tran
sitory toxic symptoms and local ulceration of the shin wiueh holed
ahout 8 weeks later Consequently, n the tumor mduction experiment
the phenol was given on four places m rotition, onc ipplieation cach



DITISION OF ONCOLOGY, THE CHICAGO MFDICAL SCHOOf, CHICAGO 8 ILL

A HISTOLOGICAL AND CYTOLOGICAL STUDY
OF DIFFERENT METHODS OF SKIN TUMORIGENESIS
IN MICE
By

Kar DayvgrT?
Received 14161

The pathogcniests of experimental shin tumors has heen studied histo-
logically by many worhkers (3,4,6,9,10,11, 13, 15, 16, 19 and 28) con-
temporarily with the development of the methods of tumor induction
A\lcnlmn has been paid to all structures of the shin but still the exact

hip hetween | plastic changes and the later developing
shin tumors of differcnt morphologscal and biological types 15 obscure
In the present study detailed histological and c3tological studics have
been earnied out to compare and contrast the carly changes seen with
different methods of carcinogenesis In particular studies of mitotic
{requency have been compared
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that the regressive dermal changes were mcompatible with the develop
ment of papillomas as well as of carcinom s

P
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6) Lpidermal hyperplasia was consequently found to be important in
pillogenesis only if supported by pure and long Insting progressive
d mflammatory changes of dermuis

7) ‘The regressing papillomas showed strom il deteriorntion

8) Fhe results are discussed
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Mitote ¢ uats alier oue applicals o carcivngens and acetone used as salhvest The
applicati m €< hent alone di 1 rise the milclic frequency whereas the carcinogenic
¢hemucals tentted to depress it

were tiarhed espeaaalis two davs after the applicibions The treatment
with acctone was followed by eonsiderable increase of the mitotic ac
tuiy The matotic counts mn the groups treatcd with DNBA, yrethan
~ng the midlure were, will the exceplion of one animal in the DMBA
group, for the most part insade the lower tunit of the normal range or
below st In compiricon with the sohent group these fast groups showcd
motnous sntatien of the matobic activity Aftcr seven dass ths effeet
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hematoxylin and eosin and prepared from ¢ach animal was subjocted to counting
Sometimics 1t was neeessary to control the counting with a sccond section In cach
sectron the number of mitoses among 1006 ¢pidermal cells was counted for a total
of 4000 cclls for each ammal The cXammation was done with o1l ymmersion at 2
magmfication of 1000 X

The fixation m Susa s particularly suitable for observation of cell division an all
stages Onlv eclls with clear mitotie features were considered in mitosis The earliest
changes cansidered pertinent to the beginming of the division were loss or fadig
of the nuclear membrane and nucleolt with appearance of chromoesomes The method
of ordinary sectioning was not very suitable for the study of mitotic abnormalities
Howevcr, abnormalities such as clumping and stwhiness or spread of the chroma
somes was farrly often seen and therefore a rehable distinction between pro and
metaphases was difficult Since there seemed to be no clear desration from the
normal scquence and timing of the diffceent matotie stages m any of the expent
mental groups, tn final results no attentzon was pasd to the relatine frequency of the
separatc stages After separation of the daughter cclls and restitubon of the nuclear
membrane, the mitotic diviston was considered fimished When hesitation arase
whether a cell with a pyknotic nucleus was actualls 1 mitosis or not, it was not
mcluded 1n the count and considered a degenerating cell

In order to Iimat the tost to qualitatively similar tissues, only anterfollicular
epidermts was tncluded 1n the examination According to Pinl us (20 pp 20-21), the
mlosebaccous apparalus ends at the surface of the skin with an intracpidcrmal
“mfundibular unit” which diffcrs from the epidermis proper

In the figures to be presented with the experiments, the arithmetical mean values
for the different ammals examined at the same time are gnen In Fag 1 the indna-
dual results are alse reported Tor the evaluation of the epidermal hyperplasia
caused by the different trcatments the number of cell layers was estimated In
viewing the four sections for the whole treated area and givng the main impression
m two figures for each section | rom the eight s alues obtained an arithmetical mean
value was computed

INPI RIMIPANTS AND RFSULTS
Untrealed Amumals

The shin of nine amimals, shaved one week before halhing, was ex-
emined The epidermus consisted of one or two layers of rounded or
cylindrical cells, surmounted by few flat granulated cells here and
there and by a tiny lamellary stratum corncum In the basal layer re-
gular milotic figures were found, correspondmg to a mean rafe of 176
with a standard deviation of 4 54000 cells The dermo-cprdermal june-
tion and the close sicinty of follicles was made up by fine argyrophilic
fibres, which with the PAS stamn appeared more homogencous, suggest-
g the presence of PAS-positine ground substance among the Nbres
Some histioey les and mast cells were present mostly around the capil-
larics and the follicles

Lrperunents with Single Treatment

Four groups of animals were treated only once as shown in Fig 1
The appheation was made with a cahibrated micropipette spre ading the
solution cvenly to the shased area In cach group 2 to 4 anmmals were
sacrified at the 2nd, Hth and 7th day after treaiment g 1 shows the
results of the counting of the mitotie celis in the different individuals
and the curies drawn according to the values The mdivdual yarations
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were marked espeetally two days after the applications The (reatment

wilh iectone was followed by considerable increase of the mitotie ac-
Aty The mitotse counls,

n {lte Aroups treated with DB A, urcthan
md the micture Were, Wit the exeeption of one animal i the DVBA
&roup, for the most part epe the lower limatt of the normal range or
Inlow t Jn COMPIFION $11h the solyont &roup these fast groups showed
N oy ious intubiiion of Me mulatic actinily Aftor seven dass s fieet
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was less appreciable 1in the DMBA group than in the urcthan and the
mixture group

The diffcrent treatments did not cause any clear hyperplasia, but 2
shight mcrease of the number of cells were scen after seven days n the
group treated with acetone alone In the DMBA group and the group
treated with the DMBA-urethan mixture many of the mitolic cells
showed signs of acule nuclear damage of the pyhnotic type 2 and 4
days after the treatment At the same time irregularties in the shape
and size were obvious, hut substantial enlargement with even gant
epithelial cells were scen only in the DMBA group Minor milotic ab
normalities were observed 1n the group treated with urcthan In the
muxture and urethan groups the eprdermal cells wire generally smaller
and more basophilic than in the DMBA and acetone groups All treat-
ments caused shight mflammatory changes and some swelling of the
collagenous bundles 1n the dermis These changes were more marhed in
the groups treated with DMBA and the nuxture No special differcnces
from the normal werc seen in PAS and Snook prepirations

TABIT 1
No of N
Treatment Q@ Swiss Time of sterifice in weehs'
mice 12 1 2 4 10 20
Number of mitoses per 4000 cells
DMBA 20 ugn 19 21 25 25 34 46 22
50 ul acctone once 19 21 18 15 24 41
18 23 27 22 20 27
16
Average 185 21 233 237 30 30
DMBA 20 sg 1n 50 &1 17 55 47 60 34 50 24
acetone once followcd 91 42 44 43 28 22
aweek later by Tween 60 37 58 45 33
Average 73 42 54 407 37 23
Acttone 50 #) once 7 21 26 26
and shaving when 29 32 24
necessary 18
Asverage 226 29 2y

Inttration Promotion Cxperuncnls

Experiment A —A group of 16 amimals were trcated with 20 gg 0
acetonc once, a second group of 17 recarved the < ume prim ary treatment
followed a weeh Liter by Tween 60 datly, 1 third group of 7 animls re-
cuved only acetone once DMBA was applied with 1 micropipctle s
previous experiment Tween 60 was applied with a standard glos
dropper each drop measuning approximatcly 20 pl, hegmning onc W k

* Starting one week after trcatment wath DMBA 1 acctone
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the expersment

after tho anbnbon Two drops were spread to cover the whole expen
mental area Table 1 <hows the disinbution of samples taken in con
nection with the uing sies and the resulty obtruned by counting of mi
toses i differont mdiaduals The resylts in terms of the milotie rates
and numbicr of lavers of cells m epdestis are slustrated m Fig 2 In
this chart the imtinl depression absersed 1 the previous expesument
after the singht dose of DB A w15 187un represented It was followed bn
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Ieft a patch of epidermus 20 wecks after onc application of 20 zg of DMBA in ace
tone I'nlargement of the nucler and shght variation of size and polarity of the cells
Rigt «mdoermis of normal appearance 20 weehs after one application of the solhvent
H &L X710

a rise which remamned steadily above the normat level for the remamder
of the pcriod of study, that 1s up to 20 weels However, the rate observed
after the apphcation ot the solvent alone with periodical chppng of the
hair did not differ in any sigmificant way

While the cells of the epidermis maimly mereased m size during the
first week after the single dose of DMBA, some trends to shight hy per-
plasia persisted for the rest of the experimental period The scanty
thickening of the epidermis seen was not of any generahzed type, but
patchy and partially due to the hy perplasia and a shght incrcase in size
of the eells and hyperheratosis Some of thesc patehes showed at the
cnd of the experiment cells with conspicuous variation i shape and
size and a particular mnerease of the size of nucler (Fig 3) In such
places a subepidermal loosening of the dermal collagenous tissue often
was an additional finding This was combmed with coarsaung and
fragmentation of the rcticular fibers and with an inercase of PAS re-
active substance espectally in the dermo epidermal junction The group
gnven acetone once and kept free of harr with periodical chpping showed
skin structures of normal appearance

The addition of continued promoting treatment resultcd m a huge,
smmediate r1se 1n the mitotic frequency accompanied by inflammatory
changes with hyperplasia and hypertrophy of the eprdermal cells and
an merease 1n dermal tissues However, the peak of the rise m the m-
totic frequency dropped rapidly and continued to decline 1 spite of
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The mit e frequency In relati o W )nperplmz afler nc apphcation 1 DUBL
foll wed iy Tucen 0 tuice & week and fivc fimes @ week When Too » #0
gien {ne times a '
hygerpladia anlm .

ficanthh fugher tha

a wen

the continuous treatment Despate #=- 1
of hyperpiasia was mamtamed m
bepan to devtlop under those con " .
weehs had small papilomasan th way Lnc o e gast S klled
#ter 20 weehs of continunl promoting treatment had a rather ng pe-
dunctl ted [y iomy an the arca under examation

Urenh after 4 weeks of treatment the epidermo dermal junctian
wis brond and nch i pchenlum Dbres and PAS reactive matersals
The athings v PAS stun extended ater 1o mvolve the whole dermis
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Howescr no substantial derangement in the dermal collagenous strue-
tures was seen

Lrperiment B—5 ammals werc treated with 20 ug DMBA 1 acctone
once and after 4 weeks with Tween 60 daily 15 amimals recenved the
same preparatory treatment with 20 pg DMBA followed a week later by
Tween 60 twice weekly Table 2 shows the distribution of samples and
the results of the mutotic counts in the tndividual ammals Fig 4 shows
the pertinent curves of mitotic actinity and the related hyperplisia
Accordingly, when the Tween 60 treatment was started four weehs after
the single application of DMBA, the epidermis reacted to the promoting
treatment with Tween 60 with the same degree of mitotie increase and
hy perplasia as after one week of interval When Tween 60 was apphied
only twice a week, the mncrease of nutotic rate and hyperplasia were
sigmificantly less than with duly treatments Also in the experimental
group that rccenved Tween 60 twice weekly for 10 weeks, one of the
last three animals had two small piptllomas Both groups had abun-
dant mflammatory changes and thichening of the dernus, more pro-
nounced m the group wath five than with two weekly treatments

TABII 2
f
Frentment Qs Tante of sterifee In weehs®
mice 12 1 2 4 10 20
Number of mttoses per 4000 cells

DMBA 20 #g 10 50 al 5 93 53
acetone once followed 56 52
4wecks later by Twaen 53

60 five times weekly

Wrage 774 L2

DMBA 20 4gn 50 ul 15 30 19 38 1 22
acetonc onge followcd 31 13 42 22 4
awcehlaterbs Tween 60 26 31 38 26 27

twice weekly

Averape 29 35 393 29 277

Ewperuments with Repealed Applications of DMRBA or Urethan
or a Mitlure

In this eaperiment four groups of immals were treated as follows
a group of 19 anumals recenned 1 g DMBA 1n acetone, a second of 18
amumals 4 mg urethan n acttone and a third of 19 amimals DMBA and
urcthan together n acctone A group of 17 ammals rccaved acetone
only The acetone soluttons werc apphed with a regulir gliss dropper
The concentration of the DMBA solution sas 0005 per cont and that
of the urethan solution was 20 per cent The mixed solution contamed
0 00% pcr cent DMBA and 20 per cent urcthan Lach amimal reeenved

* Starting from the beginming of the treatment with Mween (0
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twice weekly one drop of approuimately 20 pl of the respectine so-
Tutions

‘The quantitatne aspeets of mitotic actruity and hyperplasia are sHu<
strated s Table 3 and Fig 5 DMBA and especiaily urethan depressed
the mutotte activity as compared with the effect of the solvent alone
Urethnn added to the DMBA caused a mitotie rate which was between
the rates of DMBA and urethan alone As can he seen from Tig 5, the
mutohic activity was not paralleled by corresponding hyperplasia Fhe
sigmibieant increase of the mitotse rate caused by the repeated applica-
tion of solvent was not followed by any apparent hyperplasia The
relatie increase of mutotic actinity seen with repeated DMBA treat-
ments resulted 1n hyperplasia only after the 10th wecek, whereas the fow
rate of mifoscs observed 1 the mixture group, was matehed to a by per-
Pt by a continuous snerease of cells which began already at the tth
weeh A few of the mice treated with urethan alone had patehy arcas of
hyperplasia, these were only seen in the first month of study and werc
not consistent Two animals of the group treated with the mixtyre ite-
seloped broad based warte during the later part of the experimental
period

The histologieal features pertinent to differcnt groups were as
follons

TABLF 3
o of
Freatment Q Smiv Time of saenfice 1o weeks®
mee | 12 1 2 4 10 0
\umber of mitoses per 4000 cells
RULRY PRETY 19 16 1 17 34 30 33
acetone twice weelly 13 24 20 24 27 32
28 20 20 20 20 27
32
Merage 235 193 199 263 257 313
Urcthan $ mg In 18 u" 20
PR O TR S
17 12 u 1
g 1 19
Averape 167 17 14 17 16 161
DMBA T g mivet 19 16
with Lrcthan 4 mg 21 1'.? % ;; :; ]
10 acetone twice s tohly 20 22 15 12 21 5
20 =
Ayerage 19 18 177 187 183 12
Acctmetwico weehls 17 3 7 b 44 33 5
2¢ 29 30 36 8 g;
72 33 35 31 29
A 2
Arerage 2% 26 29 38 313 333

' Treatment gen conting jusly for 20 wecks
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Acctane puntings twice o Week was causing shight inereasc of the mutotic actioity

DVIBA and partreularly urcthan drssolved n it did have an inhibitory effect on the

mitotic frequency In spite of that the mixture of DMBA and urcthan cheited o
continnally ancre rsapg eprdermal by perplasin

Repeated application of 1 gg DMBA  uneven hy perplasia, vartafions
n shape and size of the cells, rrregularities i stratification of the epi-
dermis, ncereasing basophilia and nuclcocytoplastie ratio, hy perheras
tosis In the dermus there was some nfiltration of lymphocy tes, histto-
cyles, mast cells and fibroblasts and a thinning of the coliagenous bund-
les Subepidermal patches with mereased affinity for PAS and sther
stain was shown after the 10th week of treatment A considcrable degree
of indimadual variation was apparent

Repeated appheation of 4 mg urethan  mumimal patchy hy perplasia
1 some animals during the first month of treatment Lnhanced restst
ance of eprdermal cells aganst intracellular flnd and a trend toward
accwmulation of heratin on the surface In somc spots a shght inflam-
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Fig 6
Left ep dermus « [ a mouse after 20 weeks of repeated tre.
Fnlargement «f the size and cspecialls of the nucler
1 okuing cpilermis after 20 weehs of repeated treatments with the solvent
E X 13

atments with 4 mg urcthan
f the cells Right normal

matory roiction From the 10th wech onwards cviologrcal abnorm hities
hegan to develop these ineluded an merease 1y cell size and nucleocyto-
plastie ratio enlargement of the nucleolt and coarsening of the chroma
tin pattern of the pueler as compared with the shin of the mee treated
with solvent done {(kig 6) Alterations similar to those caused by
DMBA in conneclise fissue were seen in the shin of the mice treated
dening 20 weeks

Repeated application of the DMBA urcthan mixture  Accentuation of
changes scen with INIBA Jlone such as nereasing pasophihia of the
cuits en<wing 1n  continual accumulation of cells of basal or stem cell
131 ¢ On the other hand an enhanced herabinisation of the same cells
1 the upj er lavers of the epndermis Continualls inereasing eellular and
histological 4l normalities and loss of coherence hetween the cells and
betwecn the eells and connective Ussue in the derme epdermal junction
itig 7y Yere anncrease and fragmentation of the reticular fibers was
observed from the 3th weck enwards This feature scemed to develop
parale) 1o inereasing stamability with PAS The dermo epidermal junc-
tion was (venlually converted to an mdefinite borderline zone \\ith
the rdeance of ime the dermis beeame more and more thick and nich
i eells The onginal wavy meshwork of collagen bundles was continuy-
allv changed to a fine fibred less organized 3 pe of connective Yissue

The alerition was agun accompanied by mcreasing affinity for silver
stmn and PAS stuin



Fig 7
Tprdermis of a mouse after 26 weeks of repeated treatments with DMB4-urcthan
mixture 1n acetone “Notc the conspicuous variation of the size and polarity of the
cells and the loss of the cohesiveness between them H & E X 730

DISCUSSION

Chemical carcinogenesis in the shin of the mouse may be modified in
different ways Thus tumors can be mduced with chemical careinogens
apphed repeatedly or once 1n a very Iarge dose agan tumors may be
mduced by using a single initiating dose of a carcmogen followed by a
promoting agent such as Tween 60 or eroton ol Under these different
conditions not only do the results differ m terms of numbers of tumors
induced and trme taken for induction, but additionally the types of
tumors induced are different (26) 1In other studies 1t has been found
that the action of one earcinogen can often be partially mibited by the
simuitancous apphcation of another earcmogen (22) In recent studies
m this laboratory it has been reported that addition of urethan to DMBA
for skan applications will delay the effects of the latter careinogen (27)
On the other hand some synergistic action of these two chemical was
demonstrated when they were used together as mbators (12) The
understanding of these scemingly opposite results seemed to depend
on a better knowledgement about the hasie tissue changes redevant to
mitiation or repeated use of chemical careinogens respective promotion

As the results are now, there was considerable ndnadual varety of
the mutatic frequencies m cach group of expernnental ammals The usc
of an mbred stram of mice would sure had eliminated the most disturh
g extremes Increases of the amount of animals had perhaps made a
statistical evaluation of the results possihle By now there was howeser
satisfactory significance of difference between the solsent groups and
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the groups treated with DMBA andor urethan and between the fatters
and the groups exemphfying the 2 “tage theory of tumongenessy

The mitotic activify of the eprdermus was differcnt in the different
experimental groups DVMBA and urethan had pnimaniy a ilepressne
affect on the rutotic frequency, less effectise in cases of DMBA than
cases of urethan, when they were gnen repeatedly In case of one ym-
Tating dose of DMBA the depressne effect fasted only one week

The results concerming the effect of urethan were conaistent with
carher findings It has been found to decrease the mitotic acitly in the
germunatne zones of the Lieberkubn glands of the small inteshine dur-
ng 24 hours after injection of urethan intraperitoneally to mice (Dusfin
1947 1(8) nd to detrease the mitosis 1w the Walker cal carctuoma
{Boyfand & holles 1934} (2) Different fypes of mitohic disturbanees

As Lo the effect of DMBA, it ©iss to be stressed that al no himne the
mitolic frequency was evidently hugher with DMBA than with the sol
sent alone Deletary immediate effect of the carcinogenic hydroearbons
on mtosts has heen reported (Ahlsirom Ludford, Druchrey & al) (3,
18,7) and they have been shown to nbubut the growth of normal and
tucaar tssue (Haddow & al, Lees) (14,17) Haddow et al commum-
cated inhtintion of mitosts as well (p 170} The toxie, destructne effeet
eserted by them has been elaimed to be directly related to thesr earcemo-
gume action (Wolbach, Grafft) (28, 13) On the contrary, many workers
have noticed a marked stitaulatory effect of the same compovnds Refler
& Cooper (21} using total mount preparations of the ears of mice ob-
tamned resulls which showed a stimulatory effect on cel) dnirsion in the
epdermis withip the fust 48 hours after 2 swagle appucatwn of a 86
per cent solution of MCan henzene Iversen & Edelstein (16) made sumi-
Inr experiments with similar resulls using DMBA and DBA as 05 per
cent solution wn chloroform and henzene In another experiment Coaper

wd Beller (5) applied the same dose of MC a5 11 the experiment with a
singde application but repoatedly twsce o weeh and observed agan an
merease of the mitotie frequency duning the experymental period of 14
-:;;;\::“':r\l\xh:::‘rc "e, hm’\f\(-r, hnil a hyphasic pattern with a temporary

wn the 37 and 65 days Keccntly results <upgesting a
compirible stmulatory effect of DMBA are reported by Daonst (6)
after appheaton of the carainagen as a 06 and 093 per cent solnhion
in benzence and Iy Grmmy (16, 1) 10 rabhifs nano 0 © .

« sacet gy was Tolloned by a |
sting period of repur which hegan with an accomudatinn of the 2;:5

thehum to ronened applications of the €WCHOn nd tasned m ang
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ex-cessive regeneration wath vigorous mitotie activaty mn the follicular
structurcs of the peripheral area

It nught be difficult to cxplain the fundamental difforences regard-
g the mitotic rate hetween the results oblamed by different workers
Different stramns and somctimes different speeres of animals have been
amployed Irritative solvents such as benzene and chloroform have been
used with very hittle control of the effect of the solvent alone Finally,
histological techmique, samphing and the critcria of including edls m
the count might differ very much These workers do not give mmny
mcthodical descriptions cspectally on the last point Intercsting 1s the
question of the dosage level, which has dircet bearing on the toxierly of
carcinogenic hydrocarhons That used for DMBA m thus study 1s very
Tow, yct effcetive enough for suceessful production of tumors Such
gross or microscopic destructive lesions were not observed as often 18
scen after larger doses of carciogenic hydrocarbons It 1s possible that
the speeific histopathologieal changes causcd by the carcmogens are
more casily detectable under the conditions of low dosage and using as
hittle irnitating solvents as possible, and that the rise of mitotie frequ-
ency after lugher doses 15 of non-speeific character or rclated to the
promotnig activity of the carcinogens only It 15 surprising that pure
acctone, that 1s considered to be one of the most mdiffercnt solvents,
could raise the mitotie ratc of the eprdermis so sigmficantly

It scems to he a point of great interest that the developmant of hy per-
plasia s not dependent on the mitotic actinaty This 1s shown by the fact
that the increased mitotie activity with repeated applications of acetone
il not result in hy perplasia, whereas the very low mitotic actinaty with
DMBA-urethan mxture showed finally a very high degree hyperplasin

The speeral mechanism of the devclopment of hyperplasia myolved
1n the last case was first shown by Gluchsmann (9) to take plice during
benzpyrene carcinogencsts i mice Working with weekly applications
of 1 per cent benzpyrene solution in acetone he noticed that although
therc was some mcrcase of the mitotic activaty the hyperplasia arose as
a result of the deday n the onset of diffcrentiapion of the eclls The cells
of epidermis consequently mncrcased through a delay m theirr matura-
tion process Later in the study of the mechanism of tumorigenests
using mittation and promotion technique the snduction of the dedayed
maturation was shown to be speenly related to the action of the mitia-
tor (1 19) It seems that af least one mmportint part of the speeifie
action of the carcinogens 15 from the very hegmming of the action to
ereate cells, which are morc resistent and ndependent thin normal
cells The ability to delay the maturation mught be one indieation of this
type of new hiologieal property of the edlls Ihis speend dype of for
matiy ¢ change seems to be running parallc! with other prepratory pro-
cesses i the dermis

In the case of active promoting treatment the ¢stablishiment of augh
degrie of hyperplasia followad a diffcrent pithwas It comended with
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rong pralifeatise actity, alth h the later 1 of the h
;,lcr,:im was no longer dependant on it The state of hy IN-Y{"“‘I‘“ Ex}‘,::
pessisted with a cellular exchange balance of almost normal l";_l e po
implies that a sort of accomodation tosard the influence of Tween
must banve taken plate on the part of the cells The same was the case
although without the same degree of hyperplasia, when Tween 60 was
apphicd only twice wiehly The differences in the degree of hyperplasia
certainly are connected with the hetter tumor production effect of daily
applications of Twecn 60 than of twice wechly applications of the same
The results 1s 1 heeping with earlier findings considering the sigm
ficance of In perplasia duning promotion (4,19) However, the fact that
the papillomas 1n these inttiation promotion groups dul not appear cor-
related to any new peak of mutobic activity or hyperplasia, contradicts
the decisice role of hyvperplasia for the development of papiiomas dur-
ng promotion

There 15 a good evidence that the wmitiation promotion nrocedure
usualfy 1s inducing papillomas and the repeated use of carcmogens
agam a considerable number of eareimomas {26, 4) The correspondmng
differences mn the prencoplastic fssue reactions eheited by the respectve
methods are suggesting somewhat different pathogenesis n ¢ase of pa-
mllomas than in the case of carcinomas

Urethan applied 1n acetone in much higher doses than in this ex-
puriment did not cause any histologieal changes in the experiment of
Salaman & Roe 1933 Neither did Rilchug (23) see ans epidermal changes
after a single or 10 1njections of urethan although suhsequent topical
appheations of c¢roton o1l were able to elieit many trmes as many pa
piiiomata per survivor as could cratan ad apphed to unprepaced mouse
shin Some anmals 1n the experment made now had occasionally dur-
my, the first month areas of hvperplasia on the treated shan hut other
wise the thichness of the epidermis remamed normal In the cells, kow
over hoth nuclear and cyloplasmic changes with features smilar to
those caused by repeated use of DMBA were seen With them the rela-
e inerense of nueler and nucleol, Turther hy perchromasia and evto-
vlismue basoptulia vs ment 14 can be mentioned that some antmals i a
prraliel tumor production e<periment hagd conspreuous epidermal hy-
perplasin as lafe as 35 and 40 weehs of treatment

1n e light of the most pronounced delns of maturation of the ep
dermal cells and the many preneoplastic abnormalities of the e
:luddcd to the piclure of DM A action Iy urethan the innermost charac

er of the inhibitory effect of the urethan on the tumar producing capa-
ity of DMBA 15 obseuse The morphological findings now obtained
mdieate that the inhilstion wught not be dependant on any Yoss of

neop fastic potentialibies caused by urethan but merely by a dulay of the
appear ee of the tumars
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ex-cessive regeneration with vigorous mitotic activity m the follicular
structures of the peripheral area

It nught be difficult to explain the fundamental differences regard-
g the mitotie rate between the results obtamed by different workers
Daffercnt strains and somelimes different speetes of animals have been
employed Irritative solvents such as henzene and chloroform hve heen
uscd wath very httle control of the cffect of the solvent alone Fmally,
histological techmique, sampling and the eiiteria of including cells m
the count mught differ very much These workers do not give many
methodical descriptions cspeeially on the last pont Intercsting 1s the
question of the dosage level, winch has direct bering on the toxiaty of
carcinogenic hydrocarbons That used for DMBA m this study 15 ver)
low, yet effective cnough for suceessful production of tumors Such
gross or microscopic destructive lesions were not observed as ofien 1s
scen after larger doses of carcinogeme hydrocarbons It 1s possible that
the speaific hustopathological changes caused by the carcmogens are
more casily detectable under the conditions of low dosnge and using s
httle irritating solvents as possible, and that the 11se of nutohic frequ-
cney after higher doses 15 of non-specific charactcr or related to the
promotnig actinity of the carcinogens only It 18 surprising that pure
acetone, that 1s considered to he one of the most indifferent solvents,
could rase the mitotic rate of the emdermis so signifreantly

It seems to be a pomt of great micrest that the devclopment of hyper-
plasia s not dependent on the mitotic actinity This 1s shown by the fact
thnt the mereased imtotic activity wath repeated applications of acttone
chd not result m hyperplwia, whereas the very low mitotie actnaly with
DMBA-urethan minture showed finally a very high degree hyperplisi

The speeral mechanism of the development of hyporpl sia mnvolved
n the last case was first shown by Glueksmann (9) to tihe place durmg
bhenzpyrene carcinogenesis i mice Working with weekly applications
of 1 per cent benzpyrene solution 1n acelone he notiecd that although
there was some mncrease of the mitotic actinaty the Iy perplisii arose s
a result of the daly n the onsct of differentiation of the cclls The edlls
of epidermis conscquently mereased through a delay m therr muura-
tion process Later n the study of the mechamism of tumonigenesis
using mitntion and promotion technmique the mduction of the delaved
maturation was shown to be spceially relted to the action of the mitia-
tor (4 19) It scems that at least one mportant part of the speaific
action of the carcinogens 15 from the very beginning of the 1ction to
create cells, which are more 1esistent and independent than norm 1l
cells 7The ability to delay the maturation nmught be onc mdic won of this
type of new biological property of the cells This speanl type of for-
matnve change seems to be running parallel with other prep wratory pro
cesses 1n the derms

In the case of active promoting trcatment the (stabhishment of a lugh
degrec of hyparplwi followed a different pathw vy It comaded with
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SUMMARY

(1) Histological and cytological studies were undertaken on mouse
eprdernus al various mtersals following differcnt chemical procedures
Mice were treated with (a) 20 gg of 9,10-dimethyI-1,2-benzanthracence
(DMBA) or 10 mg urethan, alone or together in acetone only ones, (Iy)
1 pug of DMBA or 4 mg urcthan alonc or as a mixture twice cach weck
(¢) a single dose of 20 ug of DMBA followed by Tween 60 ather duly
or twice weekly Lxammations were undertahen 2, 4 or 7 days following
the single treatments and at 15, 1, 2, 4, 10 and 20 weehs durmg the
prolonged treatments

(2) DMBA and urcthan m the doses used were found to be inhihtors
of mitotic disision of the cpidermal cells compared with the effect of
solvent alone Some minor histological and ey tological changes reman
m the tissue even 20 weeks after one treatment with DMBA

(3) The stage of promotion 1+ commenced with a strong mitohe
activity

(4) Hyperplasia anses 1 quite different ways when an mtintion-
promotion scquence 1s apphied than with a repeated use of low doses
of DMBA or spectally when DMBA-urethan mixturc 1s used In the first
case strong hyperplasia follows as a result of a vigorous mitotic actity
ramdly and without dependence of the ntersal aftcr mitiation, n the
sccond case an cven higher degree of hyperplasta desvelops hut slowly
and under condition of mitotic nhihition estimated from the effect of
the solvent alone

5 Hyperplasivis maintained during the promotion m spite of declin-
ing nitotic rate and the degree of 1t seems to hase dircet proporhionality
to the effect of promotion Papillomas appear without additional n-
crease of mitotie activity of hyperplasia which imphies that sk struce-
ture other than eprdermis must have a decisive role at the tune of the
formation of papillomas

6 The changes scen with urethan are shight but both m ¢pidernns
and dermus of the same quality as observed with DMBA  Added to
DMBA, 1t acts synergistic causimg much mor¢ prencoplastic irregulart-
ties and interfercnee of masturation of the cells than both would
do separtely

(7) The results are discussed
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ove the frequency gven by mott other authors espeeratty
sutnpsies and i well above the Troquensy BRCR N fae 12 4 11

teom stud es of Iiteratare before 193> and after 1947 respectisely and 15 10 _accard
ance With mare recent statistics stating an incideace of 0.3 04 per cent (7 11 17
18 19)

Thus a general incresse in the 1ncidence o primary Iner capcer 1s established
from ¢arhier surveys and Irom this matenial goite a considerable one

A possible cause for this higher percentage may be an {acreased accumalation of
carcin ymas in aufopsies and n order to ohtarm a more relevant eriterion for the
1nerdence of primary caremoma of ihe Iner the frequency hat been evaluated m
proportian to the total number of cartinomas This tatal was 3653 for the whole
perind corresponding to 24 52 per cent of the 11831 autupsies with a tise from 20 03
per cent to 27 45 per cent for the tno eleven vear periods a moderate ncrease in
propartion to the abc ve mentioned which is almast threefold

Accordingly the incidence of primary Inver carcinema in relation to all careinomas
was ohserved tn ne f1om L83 per cent o 329 per remt for the two eleven vear
periods As compared with the torresponding figures from earlier and more recent
studics & ssmular rise Is noticed from 12 per cent (4 17) Lo an average of about 25
prr cent respectively (8 14 17 19 20)

OBSFRVATIONS
Jdge and Sex
Fig 1 lustrates the age wmewdence and sex distribulion
A considerable concentration of primary carcmoma of the Iner was
observed within the older age groups with 81 out of 104 palients over
the age of 60 The total number ranged from 35 to 86 ycars of age,
with the majorty fallng in the age group between 71 and 89 )cac;x
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PRIMARY CARCINOMA OF THE LIVER
A post morlem Study of 104 Cases

By

Jora1 N GLENE RT
Recened 1811961

Primary carcinoma of the Iner i many ways 15 different when com-
pared o other mahgnant growths and has, therefore, been the subject
of mlensne studies, m order to elarify the cliology of this fype of
carcimoma

The most remarkable thing about this disease 15 the extreme fre-
quency with which 1t appears i Afrrea and Asia, where 1t constituies
30-50 per cent of all earcinomas (3, 4, 5, 6, 12)

In a report from the gold mines of Witwalersrand in South Africa
Berman (4) has pomted out that this carcinoma represents 868 per
cent of alle carcinomas among the young male Banlu negrocs

This exorbitant frequeney n relation to the disease’s rarity m
Lurope and Amertea has resulted 1n numerous geographieal and demo-
graphical analyses, which however all conclude that there 15 no spectil
racial disposition, but that unknown factors m the environment play
the decisive role

The strange relationslup between primary Iner carcinoma and cirrho-
s1s of the Iner, which 1s found 1n all races, irrespective of environment,
makes 1t hughly probable that eirrhosis ts a precancerous stage, and
that consequently all conditions which predispose eirrhosis, must he
mcluded as possible ctiological factors i prumary Ier cancer I'rom
this pomt of view the mereasing frequeney of hepatitis during and after
the Second World War may be important in deternnming the inerdence
of primary earcmoma of the Iner

The objeet of this work 18v to investigate this possimhity, and also
to analyse the data obtained from a relatinddy large number of aulopsies
wilh reference to the speeral problems concerncd with primary cancer
of the Iner

MATI RIAL
In the period from 1938 to 1959 120 cases of primary biver carcinoma were ree
gistered 1n 14 881 autopsies 104 cases were sdieted as being definitels primary and

histologically scnfied

This represents an meidence of 07 per cent i redation to the total numher of

50
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4 simudar abihty of metamorphosis 15 demonstrated in certamn types
of cirrhosis where mtense compensatory hyperplasia can cause the
proliferating cells from one system of the liner to transform nlo the
cells of the other system (3,4, 17)

If such a metamorphosis can occur 1n cirrhosis, 1L 1s Teasonable to
supposc a similar reaction 1n carcinoma, hut on this assumplion 1t is
not possible to base a classification on histogenests

hohn conwiders alt hner carcainomas to originate {rom a common,
pluripotential, undifferentiated Iver cell, and the morphology of ihe
tumour 15 dependent on the influence of the environment

\lost authors (12, 15, 21, 23), as well as current texthooks, accept the
classical differentiation between hepatocellular and cholangiocellular
carcinomas, and the uncharacteristic histological structures are inter-
preted as the consequence of the wide range of reactiity 11 tumour
tissue

The hstological deseriptions from this department often ndicated
the difficulty m adjusting such a narrow ciassification  Yxpressions
hike “car¢moma, predomnantly of one type, mived carcinoma, or ana-
Mastic carcmoma” were encouniered, and oceastonally “a pecuhar
histological form” was deserthed For that reason a more extensne
classification mto the follonwing § groups was preferred

(1) Carcinoma hepatoceliulare, which n addition to the “pure™
form aiso necludes the carcimomas, where sporadic elements of the
Ile duct type are deseribed 48 per cent

{2) Caramnoma cholangioceliulare, whiech compnises the typieal
preture as well as cases with sporadic elements of the Ier cell type
34 per cent

13) Mhixed carcinomas, where the two types appear in approximately
the same proportions 12 per cent

4)  Uncharactenistic tumours of anaplastic tipe 6 per cent

In aceordanee with lteratyre the liver cell carcinoma was predo
munant, but the percentage was less than the 70-90 per cent found by
other authors (2,14,23) However, all of these have differentiated
between two tspes only

A relatinddy greater frequency of the bile duct carcinoma obsersed
among wonten agrees with the figures of these mrestigators

Prunary (arcinoma of the Iiwer and Cirrhosis

The high inewdence of cirthosts n the geographical areas where pri-

mary liner earcmoma 15 notoriousty frequent, and the fact that 3 3-7
per cent of eirthotie Iiners (25 per cent for J.

10473 per cunt for African autopsies) later d,
«vdence of a relation hetween the two drs

According to Eunng,
eellubir carcinomas, a

av inesc autopsies and up
evelop earcinoma 15 strong
cases (4, 10,17, 19, 24)

carrhosis 15 present in 83 Per cent of the hepato-
ad W 50 per cent of the cholangiocellular car-
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imveshigations, and i the sinth and seventh decades m extensne reeent
myestigations (17,18, 19}

It further appears from Fig 1 that the diseise 1s predomiantly seen
m men, the proportion of the 104 cases bang 66 men and 38 women,
and agrees with the ftgures stated by others authors (12,17, 19)

Histology and Hislogensts

Based upon histogenctic-morphological prineiples, primary carcmom?
of the Iner 1s generally clissified mto hepatocellular and cholangio-
cellular carcinomas, assumung that the first originates from the cells
of the Iner lobules, the other from the ntrahepatic bile-ducts The
following table shows the most important characteristies of the two
types of carcinomas

Iiepatocell earc Chol mgiocell earc

Callutar arrae ment Solid trabeenlie Alvcoltr tubulir

Thpe of cell Iarge polygonal with acid  Uniform cubical or short
ophilic granular cvtoplasm ey limdrical with a clear
and Iarge irregular hy per basophilie ey toplasm
chromatic nucler Hyperchromatic nuelerin

one or more lavers

Stroma Sparse with numerous Abundant collagenous
delicate capillaries

Scerction Intra nd extracellular No bile production
production of hile

Allhouglh many hier tumours fit one of these deseriphions, such 2
simple elassification 1s mefficient, considering the variety of patterns
which may ocecur even m one field of a single section (4) Both types
of morphology may be scen m their “pure” form, but more often the
two types are mterminglcd with a predomnance of either, depending
on the section where the examntion 15 performed

Conscquently many authors (4, 10, 17,18, 19) critizise a ngid form
of elassification, and terms such as “mined, combimed mtermediin
hepatobilinr ¢iranomas, and cholngrohepom s  are oftan uscd for
these polymorphic tumours

Finally the nstologieal picture may wsume such a pleomorphie pat-
tern that il 1s 1mposstblc to trace the true dernation

LEmbryologically the liver edls as wdll 1 the whoelc bile duct systenn
including the gall bladder, origmate from prumtise duodanl entodorm
The “parent” epithelium accordingly has a potentiat possllnlll_\ of
developing nto duodenal “cpithchum”, hyver cddls nd nle duct " (p1-

thcham™
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. 35
fat the sccond eleven year period, the corresponding figures l)DII;;‘:] 5
per cent from earhier hterature and 7 per cent 1n more recent studnes
& e 1 reinoma

\s. however, more than half of the cases of primary ner ca !
oceurred without cirrhosis the figures bemng 54 per cent and 57 plc}ll- cen
for the two periods, 1t can be stated that the observed nise mn the 1
cidence of primary carcinoma of the Iner was caused by malignant
degeneration n eirrhotic hiers, but even more <o 1n Iners without
cirrhosts

Rrcentge frerrase
rrom 1438 48 fo 154959

oy ! wer garcieomai,

Fig 2allustrates the proportionate incrcase from 193818 to 1849-59
n the number of autopsies careinomas n all organs, primary carci-
noma of the fiver, and eirrhosis expressed 1n percentage

‘The Dhigure confirms that the mcereased frequency of prumary hbver
carcinoma 1s real and not due to the increastng number of autopsies or
circinomas of other organs The figure further illustrates that the
wcsdence of eirrhosss bas increased equally with the number of autop-
<1es and therefore does not constitute anv essentinl faclor i the nsing
number of primary carenoma of the Iner

Gross Patiology

Generally pruags Livar earcinomas are macroscopically divided info
hodular carcinomas and solud e1reinomas, the former being characten-
zed by nlarge, hard scarred and deformed lver, studded wath 1rregular,
partly confluent nodules of 1 whitish to greyish yellow colour The
sohid carenoms offen produces an enormous hepatomegaha, which 1s
usally conlined to the aight lobe of the kier On section there 1s a
palymorplue picture, with muttiple smatler growths 1n the other fohe
The colour v ires according to hemorrhage, fecrosis, or imbnbition of
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cinomas From extcnsinve surveys of hiterature, Berman (4) and hohn
have found the average frequency of cirrhosis i connection with pri
mary carcinoma of the Inver to be 67 per cent The figures from the two
authors’ personal studies being 100 per cent and 55 per cent respeetisddy

In certain forms of cirrhosis an enormous hver cell hyperplasivis
observed with distended, almost tumour-hike hile-duct formations The
changing of these types of cirrhosis to a malignant form 1s generally
accepted

In Denmark, Krarnp & Roholm have shown that infectious hepatilis
can develop into cairrhosts In view of the frequent malignant degenert
tion of the latter, the great number of cases of epidemical hepatibis
oceurring during and after the Second World War represents 1 speenl
sigmificance (17,19, 27)

A number of authors hayve established a connection betwcen hepatitis
and primary Iner careinoma (1,3, 14,15,22,26) The lugh mcidence
of primary carcimoma of the Iner i South Africa 1v considered to be
caused by frequent eprdemcs of hepatitis amongst the African natises,
with the consequent desclopment of cirrhosis nd caremomn (14, 22)
Berman (4) on the other hand, according to an analysis of the diets of
varous African tribes, believes that eirrhosis s eaused prinerpally by
& deficieney of protans

In this study errrhosis was found 1n 45 cases out of 104 patients with
a distribution of 78 per cent in men and 22 per cent in women

The incudence of simultancous cirrhosis in heptoceltular, cholangio-
cellular, and mixed caretnomis was ohscrved to be 49, 33, and 18 per
cent respeetively

Lpdemieal hepatiis as a possible ctiologieal factor for primary
carcinoma of the liver could not be estabhished from this investigation
Information of teterus i the case histories was only found m 10 eases,
of which 2 must be disearded hecause of simultancous cholehithnass
No conclusion could be drawn from this small number, which, however,
must be considered wath the reservation to which anumnestic informa-
tion 15 always subjcet, as negiive answers are not expheitly noted
There 18 also the possibility that some of the patints may not have
noticed a mild jaundice, and that a reduced memory n this age group
mav influcnee the rehability of any mformation given

In an attempt to demonstrate a connection between epidenieal hep-
tihis and cirrhosis, all 14,881 autopsies wire myvestigated with reference
to the incidence of cirrhosis which night reflect the inereased frequency
of hepatitis during and after the Second World War

For the two eleven-year periods this mcidence, however, was prac-
tically unchanged, being 55 per cent and 59 per cent respectinedy

A year by year analysis showad the same constant proportion to the
number of autopsies

The frequency of mahgnant degeneration cirrhotic Iners was
found to be 3 3 per cent for the first dleven sear period and 6 6 per cc nt
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from an msasie gall bladder carcinoma if true then the entire group
has been meorrectly diagnoesed as prunary carcinoma of the Iner
As, howeer, the mcidence of gall bladder carcinoma, n relabion to the
total number of careiromas, was ohserved to he exactly wdentical for the
two eleven year pertods, and as, according to Aohn, the frequency of
gall bladder carcinoma has not increased, a possible conclusion may be
that an error in diagnoss has been commutted equally mn the two periods,
and subsequentls has not influenced the observed rise 1n the number of
primary Iner carcinomas

The iistology of these two types of carcinomas offers no support for
the differential diagnosis Unfortunately it has enly been m recent
times that a systematic histologieal of sections, inelud
both the Iner tssue and the wall of the gall bladder, has been done 1o
determune the ongin of the tumour

From the macroscomc descriphions i 19 cases 1t was, however, quie
obvious that the tumour origmated from the bed of the gall bladder,
and that the mucous membrane of the gall bladder was not msolved

Histologica! examunation in three cases confirmed that the tumour
imaded the conncctise tissue of the hed of the gall bladder, but left the
wall unaffected The gall bladder was embedded 1n the tumour of the

Inerin the remaining 7 cases with visible invasion of the mucous mem-
brane 1n 3 cases

Vetnstases

Intraliepatic metastases occurred m 36 patients and extrahepatic ve-
condary growihs in 58 cases, of which 30 were multiple

The metastases were located s follows Lymph nades, 30 cases
lungs 9 cases, pleurae, 6 cases, other organs, 11 cases

Out of the total 101 cases onls twelve cases were ohsersed to he
without any sccondary tumours As a result the mhilistic pont of viewn
concerning therapn 18 considered fulfs justified, even though succes<ful

surgienl remorval of primary Iner carcimoma has heen reported with
more than 5 year pertod of survival (13, 21,23)

DISCLSSION AND CONCLULSION

The increased incidence of primary baer earcmoma from 038 per
cent to 091 per cent 1n relation to the number of autopsies, and from
189 per cent 1o 3 29 per cent w relation 1o the number of c‘arcmomas
of other organs for two eleven sear periods an this post mortem stud
constidurably exceeds the rise stated by other authors ue
The total number of hospital “dmrssions for the periods show
increase of 47 per cent, with an approximately 1dentical mor!ol Is m;'
37 per cent and 5 8 per cent respectinely wh o
"‘:lh:-ou;_:n]{:: :.1"[: has only wndreated an nsignificant rise from 80 per
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bile, and the intermediate hver paranchyme 15 often cirrhotie and
mdistinet

The typical nodular forms are often rcferred to as evidence of a
multicentric devclopment of carcinoma A slowly growimng primary
tumour invading 2 vessel m the highly vasculanized Iner may, however,
cause a simlar nodular appearance

As, according to literature, sufficient histological examinations re-
garding these problems apparently are not undertaken, the theory of 2
multicentric as agunst a unieentric ongin of the hiver carcinoma 13
still open to question

A detatled classification of the tumour localisabion was made, the
purpose of this work being originally to mvestigate the madence of
primary carcinoma of the liver 1n the region bordering the bed of the
gall bladder

‘The following 6 groups were scleeted, i wineh the tot il numbcer of
tumours can be properly tabulated

Group 1 Charncterized by a large sohd tumour n the right lobe with
multiple secondary growths in the rest of the iver Comprises
25 per cent {20 men and 6 women)

Group 2 A sohd tumour mn the left lobe In other respects like group 1
Compriscs 15 per cent (12 men and 4 women)

Group 3 The nodular tumours Comprises 20 per ccnt (13 men and
8 women)

Group 4 Characterized by a situation 1 close relationship to the bed
of the gall bladder Compnses 25 per cent (10 men and 16
women)

Group 5 Characterized by a central tumowr without intrahiep rtic met -
stases Comprises 14 per cent (11 men and 4 women)

In accordance with itcraturc a frequent localisation was domonstrated
in the right lobe of the Iner (2,4, 17,19), this presalence being un-
doubtedly caused by the larger volume of the rnight lobe

An cqually high percentage of tumours, however, was dumonstrated
(23 per cent) with an ntimate relationslup to the bed of the gall
bladder As this locahisation h s not been reported 1n iterature, a more
detailed analysis of this group would be justified

Compared with the other groups, 1t showed a dcfimite mayjonty of
women, which 1s even more remarhable considcring the otherwise pre-
domnance of men Further a strihingly hugh frequeney of sumultancous
cholelithiasts was estabhished, 54 per cent as against 26 per cent, as also
a rdative dominance of cholangiocellular carcinoma 50 per cent as
aganst 34 per cent Finally simultancous cirrhosts occurred 1 a con-
siderably lower percentage, 27 per cent as agunst 47 per cent n the
other groups

The characteristies of this group, all fitting the charetcrstics of
gall bladder caremomas, might unply that these tumours haveornigimated
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an wereasieg wncrdence of premary Iiver carcinoma mn the older age-
groups
‘The corunomas oceur more frequently 1 men, and the hepatocellular
+ histo! 1y

15 -

The hrstological types are 1 and the histog ‘"‘"b:'xsﬂ for
ihe accepled classifieation mn hepatocell lar and ch ellular car-
cinomas 15 not found to be convincing

Smultaneous airshosis eceurs 1 13 per cent of the cases, bul 18
demanstreated to be of no 1mportance n the mereased meidence of pr1
mary lner ¢ o specal rel hip between cases of hepatitis
and carcinoma of the hver can be established

A frequent localisation of tumours i close relationstup to the bed
of the gall bladder 1s discussed and the possibility of a development of
caranoma m the deepeseated erypts and ducts 1n the wall of the gall
bladder 1s suggested as a cause for this particular localisation
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Fhe mercased number of admisstons to this hospital i connection
with the reeent tendency to discharge hopeless cases, 1 order to obtin
room for other patients more suited for therapy, would ccrtamly cruse
a relative deercase in the number of carcinomas available for autopsy
The rapid fatal outcome of prumary liver carcinoma means that almost
all of these patients remamn 1n the hospatal, and thus this {ype of car-
cinoma will dominate the post mortem statistics

The special department present in this hospital for the more chronie
and hopelcss cases would, however, reduce this mflucnce, especinlly as
the number of pitients in this speaial department was found to have
risen considerably n the second eleven-year period

Although an exact analysis of all the circumstances affecting the
mexdence of primary carcmoma of the Iiner s not possible, the ohserved
increase i this study 1s of such magnitude that 1t would be reasonable
to conclude that primary carcimoma of the liver 15 a disease which 15
appeanng with an increased frequency

From the knowledge that hepatitis may develop mto eirrhosis, which
15 precancerous, the recent hepatitis cprdemics were thought to be
responsthle for this increased meidenee of prunary Inver earcinom:

This assumption, however, has not been verified A hustory of jaun-
chce was only reported in few casces, and the mceidence of cirrhosts was
found to be practically 1dentical for the two cleven-ycar periods

Fmally the increase in the number of primary liver carcinomas was
found 1n an almost cqual degree in pattents with cirrhiosis as well as
m patients wathout cirrhosis

On the other hand the lnghcr mendanee of primary Invcr carcinoma i
the older age-groups appears to be of significance, and tt scems farrly
reasonble to conclude that the prolonged life longinaty alone 15 re-
sponsible for the mcrcased incidence of primary carcimoma of the Iiver

The relatsvddy Jarge group of carcinomas located i close rddabionsiip
to the bed of the gall bladder s disputable, and the possibality of a pri-
mary gall bladder carcinoma nsading the hver must be taken into con-
aderation In the magenty of cases b 15, howeicr, evident thiat the
mucous membrane of the gall bladder 15 not mvolved

A mahignant degeneration of the ectopic epithehum of Rohitanshy-
Aschoff’s sinuscs and Luschka’s bile-duets maght thcorctically con-
tribute to this large group of carcinomas

A histologieal examination of the topogriphical rclations of these
tumours may confirm such a theory and will be performad i the future
in an attampt to clanfy this possibility

STAMMARY

In a post mortem study of 104 cases of primary cancinoma of thc Iner
a signtficant increase mn the meidence of this dise we 15 demonstrated
This rise 15 probibly connectcd with the prolonged Iife longtvely weth
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The most important form of deterioration of fats and fat products 1s
charactenized by peroxide formation Peroxide groups are formed on
the unsaturated fatly actd components of the fats through the action
of atmosphenic osygen by a free radieal mechamsm The peroxides
nitially formed {hpoperondes) are hughly reachive and may undergo
chamn scisston, polymerization and other reactions whereby a great
variely of secondary oudation products are formed

e

P
\itanun ko the amimal orgamism as an antioxydant, preventing the
formation of hpoperoxides is now well established

One aspect of the antioxydant function of vitatmin E has been studied
w several 1aboratories vz, dhfferences between tissues and subcellular
structures from normal and sitamm k-deficzent anmimals with respect
1o postmortem peroude formalion under ecertain circumstances The
studies were made possible by the introduction of the thicbarhitunc
acid reaction {9) which, although not given by the lipoperoxides proper,
bat by cerlun ndary reaction y , may gne
formation about peroxide formation

Although most experimental studies using the thobarbiturie acid
teaction have centered on postmortem pesoude formation, also its use
for the demonstration of th vwo peroxides m vitamin E-deficient ant-
mals has been attempted (8) Dubouloz & Dumas (3), using quite a

different method demtonstrated the presence of Yrue perouides 1n ex-
periment 1 infl yimmation

leresting in-

The occurrence of ipoperoxides in human pathalogy has been dem-
onstrited in adipose tiswoe v penphera) venous diseases (7), and in
the alheroselerotic aorta (4)

As to normal tissuc Dubonloz et al (2) by their own mcthod hate

1 Deeeased May 1959
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in the Southern Bantu II Preliminary repirt on madence 1n Johannes
burg J Natl Cancer Inst 17 281 287 1956

Pack G T & Baker H W Total right hepatic lobectoms  report of a case \nn
Surp, 138 253 258 1943

Pelitsier A Le eancer 1 rimitif du foic chez Ie Noir Bull Cancer $2 591 607
1955

Quattlebaum J R Massne resection of the iser Ann Surg 137 787 795 1953

Sehmudt W Zur Irage des primaren !chercarinoms inshesondere des sog
Mihrocarcimoms in cirrhotischen Lebern Beitr path Anat und allg Path
120 13 25 1959

Shanmugaratnam A Primary carcinoma of the lner and biliary tract Brt 1
Cancer 10 232 246 195¢

Sheldon W I & Jamis DI Cirrhesis following mfoctious hepatitis Arch
Int Mcd 81 G666 689 1948

Walsche J M & Wolff H I Primary carctnoma of the lner following virat
hepatitis [ancet If 1607 1010 1952

Zeillhofcr J Zur Frage der Haufighert und Form der primaren Leberkrebse
Rhrebsarzt 6 154-160 1951
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hically A scries of extracts of adipose lissues were examined by
?12?;;[31;;1055 Herchy a factor of 04 was found by which the results
obtmned with the mndophenol method must be multipled to‘ bt com-
pared wath those obtaned with the thiocyanate method Evidently,
smee the diserepancy between the two methods 15 due to the inter-
fercnce of oxygen the use of a conversion factor will permit only a
rough comparison between the results obtamed by them Since our
determinations were carried out i a very wmiform way, the use of a
consersion factor was considered permrssible
“The anaeroe thioesanste method 15 helieved to estumate the true
amounts of hpoperoxide, and all the resulls are grien as microequisa-
lents of lipoperovide per gram fat

DISCUSSION

The results presented in the figure show thit while in manj cases
no peronide could be demonstrated 1n the hipids of human adipose
tissues, 10 other cases a small, but distinetiye value was found A small
walue was alse found 1t two lipomas

By the techmque used it seems most probable that the peroxides
Tound were present in o From trials with adipose bissues from calves
1t appears that very Dhttle postmortem formation of peroxides occury
when the tissues are stored 1 ihe cold for 1-2 days

An examination of the case papers did not reveal any correlation
briween diagnosis ete, and peroxide content Fspecially, no positive or
negatne correlabion was found hetween the occurrence of cancer and of
peroxide The material mostly consisted of older and muddle aged cases,
no young subject was inciuded

The onlv antioxidants known to be physiologieally active w the
anma) orgamism are the tocopherols Obviousls, since very hittle or no
jroude 15 found i the fat tissues, also other mechamisms for the
prevenlion of perovide formation must exist in the orgamsm which may
net in context with the procesaes of continuous mebihzation and re-
tlenishiment of the hpids ¥ rom our results it appears that the mechan-
tsms do not alwaas completely suffice According to what 1s known

from ammal cxperivents and from human nathology #1 e fala -

et ¥ Sue aniliencus in the case material or hetween
tocal sites of the tissuc samples regarding such factors may explam the
smnll didferences as fo the perovide conlents obseryed m our study

SLMMARY

A materss! of 86 sumples of hyman adipose, mamly subeutancous
tissue and two hipamas, then s eonnesion with operations of various
e was cxamined for perovide contont Semetimes no peroude and
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found minute amounts of hpoperoxides i adipose tissues of rals and
dogs (about 0 1-0 2 micromo! per g) We likewise found smll quanh
ties of peroxades in pigs’ adipose tissue, whereas none could he demon-
strated 1 calves and cows Minute amounts were also found mn freshly
drawn cow's milk (unpubhished results) However, as far as we hnow,
a study on the occurrence of lipoperoxides m a larger material of nor-
ml tissues has never been carried out

In the following we shall report our studies on a material of human
adipose tissue taken i connection with operations and ex umined as
quickly as possible m order to elumnate postmortem peroxide for-
mation

MATFRIAL AND METHODS

The tissue samples were remaved 1n connexion with operations of yvarious types
\ great deal of the operations were for cancer Only tissues consisting largely of
lipids were cxamimed In most cases a prece of adipose tissuc 1n other cases of
omcntum was taken Finally, two hipomas were included 1n the material

Immediately after removal the tissue was placed 1n a cooled glass placed for a
short time 1n an 3ce box packed 1 insulating material and sceat to the laboratory
In most cascs the analvsis could be carried out 1n about two hours after the
operation

The fat tissue was disintegrated 1n a mortar with anhydrous sodium sulphate
extracted with chloroform filtered and the extract evaporated in vacuo at low
temperatures The fat was measured with a pipette, as a rule 1 ml was used in
the detertmination  Corrections were made for the color of the extract and for 2
reagent blank

o Adipose tissue cancer

° ® Adipose tissue non cancer
+ ILipoma
01 .
L]
02 -3
L
o
01~ 8
o
9
2
001—e
o

Fig
Peroxide content of human fat
Abserssac Number of cases
Ordinates  Peroxide micrecquivalents per gram

The determinations were earried out through a longcr period during
which 1t was established that the method orginally uscd, the so-callud
sndophenol method (6) g1ve too high results, duc to the faet that atmos-
pheric oxygen was not excluded The last part of the determin ions
were made with the thiocyanate method (5) which was carried out
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GENFRALIZED CYTOMEGALIC INCLUSION DISEASE
IN A NEWBORN INTANT

By
Qup Garprore and Obp T' Hanssey
Heceve 1 26§ 61

Inclusion hods disease (IBD cytomegaha mfantum salivary gland
Nirus distase) 1s recognized by the demonstration m sarious viscery of
typreal giant cells with characterstic intranuclear and cyloplismatic
mcluston bodies These cells were first discribed by Jestonel & Rhaole
menoglou m 1901 (6) lut wore observed by Ribbert as exrly as 1881
n the kdnes of 2 newborn infant and i the parotid glands of 2 older
mfnts (12)

\umerous ¢ises of IBD hasve later been described from different
yarts of the world The disense has earbier heen of interest mostiy to
1 1thologists Sinee mclusion bearing celis are often desquamated into
the renal tubules W patt et ol {20) suggested that it mny be possibie fo
mahe 1dignosts ante mortem by cytologieal studies of the urme and
n 1931 Fetterman demonstrated such eells in the urine of 1 premature
miint who died at four days of age of generilized inelusion discase (4)
The dignosts was also established intea sitam by Vercer ¢t al i 1953
{11) In Seandmaviy Ahvenatnen has described 5 cases from Fidand

191 (1) and the Dirst ease dagnoscd 1 Swedin has recently heen
tuhlished I Bporklund & W eebert ()

In .

tre tung s a result of 1o ural nfection In 1906

Tir e wents ea) able of producing he tyrical inel « anc
.

et mso solated a wrus (rom lnet Lissue and
unac af pabients with IB D nd demonstrited antthodtes m the serum
not cnly from 1 atients swith the dise se bug alao frequenth from healthy
ialnaduals (19)

. .

to

1
(XY ' “dr Lo s most frequently seen 1 prem itures
The elimenl 1 returd s dommatcd iy Jaundied a thrumboeytopenic pur

S acrumn 834 65
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sometimes very small values (0-0 3 pequin per g fat) were found No
correlttion betwetn peroide content wnd diagnoss or other chmieal
observations could be demonstr wed
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Iocytasys leucnestos)s and throm
1)0d preture showed an anemia with reticulocy
h,g’ﬁ.:h;’;; rll’he blaod group was AB, fih poshie (ihe blood groub n[“ﬂ’;c n,m:l:;x;
A R postive) The Coombs® test was pegative The results of the most impor
n ests are given 1o Table 1
h"’t;\r:‘;‘:l)n:l };ux; ;fs clear yelloy, contained 373 cAdls and (h:n\ed ll‘egallne protein
e e S T L i Ty e, po

mits on ihe Jeft sude

" on the basts of these findings a tentatnve diagnosis of BD was made, but cjto-
o examipstion of arine sediment and spioal {luld failed to reveal any inclusion-
beating eclls Siuce & septicemia conld pot be excluded the patient was treated with
b’ A i

in the pospital

Aulopsy I'indings

Gross exanpnation resealed a dystrophie and setenie child, weighing
2690 g The langs showed a palchy dark consolidation Micsoscopicad
(xanmunation gevealed a purylent bronchitis and bronchopneumoonia
Tiiere were no effusions 1n the pleural or perteardial cavtties The peri-
toneal eavity contamed about 200 mi of yellowssh flnd

The heard appeared normal

The hiver, werghmng 130 g, showed a granular surface Microscoprealls,
@ shght penportat hbross was found with evidence of hile duct pro-
Uferation The controlobular Iner eclls were atraphise and pigmented

and iht e eapillarzes contained Wle thromb The gall bladder und the
yle duets appeared normal

Tha spleen, weight B3 g, was eal,
rovealed evidence of hematopiests

In the kidaeys Whe cortox apbeared somewhat blurred Microsco-
picalls, small seattercd subeapsilar areas sere found i which the
tubukes were atrophue and e smtarsliiom was infilteated with lym-

ged, and

phocytes

LxamitMion of the hram showed an old hemorrhage n the area of
vena fermimalis with aceompanying ghosss i the surfounding gray and

white malter There was evudence of retardeg development of the cortex
and degentratine cha

Res were found i the cramal nenve pucler (Dr
vagol T oheny

Ths dinosic faatures of nelusion hody dus,
of eytomdcialy sith inclusion bodies Theea o

case were the presence
' the ducts of
. . . b, the Iungs,

in the rezal
. +oc o amciidng the nucler were considerably
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pura, hepato-splenomegaly, hemoly tic anemia with reticufocy toss, and
leucocytosis with a shift {o the left of the neutrophils Signs of cercbral
damage arc often present in the form of intracramal caleifications,
hydrocephalus, microcephalus and consvulsive seszures (5,10) Typical
inclusion-bearing cells have been demonstrated in placenta (8) The
elinical preture can be very sumilar to erythroblastoss foetalis, howaer,
no blood mcompatihility between mother and child can be demonstrated
and the Coombs test 1s negatise It 1s alse necessary to exclude toxo
plasmosis, lues congenita, sepsis neonatorum and other diseases which
can cause jaundice and thrombocytopena in the newborn (10)

The clhinical diagnosis must be based on the demonstration of the
typical inclusion-bearing giant cells 1n the urnine, gastric washings or
spinal flud (4,15) A parotid biopsy may alse be useful, as 1t seems
hkely that demonstration of parotis cytomegaha mn typieal cases of
congemial I B D 1s sufficient for the dingnosis (18) If possible, 1sola
t1on of the virus from the urine and demonstration of neutralizing anti-
bodies 1n the blood should be attempted There seems to he a tendency
for mnfected indiniduals to contimue to excrete the virus m the urmne
or salina (7,14, 19)

CA\SF REPORT

A 2% month old male mnfant IW  boern on January 29 1959 was admitted to the
Children s Hospital Rihshospitalet for jaundice Both parents wcre healths and
pregnancy and delivery had been normal Birth was said to have taken place at
term but the birth weight was only 2340 g

The patient appcared weak after birth and was treated with oxygen the two first
davs of Iife Jaundice and numerous petechiae were noted during the first 24 hcurs
of Iife Hemolvtic disease of the newborn was suspected but no blood incompatibility
could he demonstrated and the Coombs test was nmegative The following days the
patient developed a pronounced jaundice and a markedly enlarged hver and spleen

The patient was breast fed the first 2 weeks of hife later he was placed ¢n a
cowmilh regimen He remaned cterie wath gray stools and showed a constant
failur¢ to thrive At the age of 4 weehs he was treated for one week with cortone
(25 mg daily) and terramycine without any effeet

On admussion to the Childrens Hospital the patient was in a poor condiyd
icteric and with a pronounced dsstrophic appearance His weiht was 2420 g rectal
temperature 37 1°  The clinical examimation revealed a distended abdomen and 2
markedly enlarged hiter and spleen After a few davs he also develaped abundant
petechiae

TABLE 1
|
g Hemo { Frytheo | Retculo | Thramlo | Biirubin |1 rothrom
[ T S R

11 93 340 57300 152 41700 58 kR

12 85 336 32600 42 36900 54 64

13 80 276 10300 2800 54 .

14 62 236 25300 16 52
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leucocyt sis and throm
ture showed an anemfa w th reticulocytosis

¥ E’: I]’(-lll'n: Izl';:;:l:«yd graup was 4B Rh positne (the 11ond group of the mt;:l;’e':
A Rh |ositive) The Coomls test was negative The results of the m st impol

ts ave giten in Tatle 1
h,'r‘;:r:‘":-‘xa:lt‘rlsm:lrw:‘ ¢lear yellow contained 3/3 cells an):l sh;m:d nheg:x‘l:l;g;::u"n
1035 The electrophoref
resctians. Blood urea was 28 mg/100 ml thym gphorctosram re
following lesels total protemns 6% g/100 ml atbumin
ae;lziggemlﬂ :;::hf, globul n 03 g/ml alpha» globulin 04 g/}DD ml  heta globu

# c1llin and chloromycetin 1 massive doses

“'rhc tatient rcmained 1 & poor cend tiop the wh Je time He was placed on a
¢ # rilk regimen The feed ng was diffycult the patient vomited daily and failed
1 gam In weight After 3 weeks his condit n became worse % th increasing anem a

(Table 1) Blooa Mrans! sions gave n  result and death ensued after 3 weehs stav
mn the h <p tal

dulopsy Findings

Gross examnation revealed a dyvstrophic and icteric child seighing
2600 g The lungs showed a patchs dark consolidation Microscopieal
eyimmanion revealed a puruient bronchitis and bronchopneumoonta
There werc no clfusions in the pleural or pericardial etvities The pent
toneal ety contained about 200 il of vellowsh fluid

The heart apj eared normal

The Iner wosphing 130 g showed a granular surface Microscopically
a shghl peryyortal fibrosis was found with cvidence of hile duct pro-
hiferatton The controlobular Iner cells were atropluc and mgmented
wd the bile capillaries contained bile thrombr The gall bladder and the
Ik ducts appeared normal

“the spleen weight 63 ¢ was enlarped and microscopic examination
rescalad evidence of hematopoiests

[ the hudacvs the cortex aypeared somewhat blurred Microseo
predly small scattered suleapsufar areas were found 1 which the
tulules were atroplue and the inferstitium was infiltrated with lhm
thoeytes

1 xamnation of the bramn showed an old hemorrhage i the area of
vena termin s with accomy anvang ghiosts 1n the surrounding gray and
white matter There was evidence of retarded development of the cortex
and depeneritine chges were found i the cramial nerve nucler (Dr
Yagrt foken)

The diaknostic featurcs of 1nclusion body disease were the presence
1§ evtomegals with inclusion hodies These were found 1 the ducts of

he submandibular fland the mucous wKlands of the hranch the tungs
8 the exoerme nd endectine Bissue of the 1anereas and n the renal
tubules The affeeted cells weluthn, the noclo were considerably

3
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tig 1
Iig 1 shows a ronal tubute with considerahlv enlarged epithalial cells bulging inte
the lumen The nucler and the cytoplasm contain basophilic melusion bodies
HI, X 440

enfarged (I'ngs 1, 2 and ) The nueleus contained a dense hasophilic
mclusion body and the nuelear substance was reduced to a thin ring
surrounding the nclusion hody After stummng with Feulgen, the m-
clusion bodies appeared red as did the nuelear chromatine (Figs 2 and
3}, and granular masses with the same staming properties were also
evident m the ey toplasm of the cells (igs 2)

COMMENT

The patient deseribed above 1s the first eascs of congonmtal general-
1zed mclusion body disease diagnosed 1 Norway  Although the disease
scems 1o occur with a low frequency, it 1s reasonable to helieve that the
diagnosis may be stablished more frequently when the physicians
become more familar with the chimeal piclure

In recent time several cases of I BD have been diagnosed intra vitam,
and some of the reported eases have survnved after treatment with
corticouds Margileth (9) and Birdsong ef al {2) have cach deseribed
once case apparently cured after treatment with cortisone and predm-
sone respectnely , however, i the first case sequelace of cerchral damage
persisted The ease published by Van Gelderen (18) was treatod wath
prednisone for three months, and by a fallow up at the age ol 13 months,



Fig 2
Fug 2 demonstrates Feulgen pos tive inclus ons contained within the nucler and the
cytoplasma of alfected ep thelial cclls of renal tubles Feulgen X 680
Fo3
fig 3 shews an intranuclear inclusion of a macrophage within the lung
Feulgen X 680

this cluld wns found completels healthy [ elong el al {8) have described
a similar case treated with exchange transfusions and Cortancyt and
this child wos found normal 1 esery respect at the age of 2 vears and
4 months

At the present time st §s of course dufficult to judge to what extent
corticoid treatment ¢ i umprove the prognosts of I BT This 1s espeer
ally <0 15 cases have been reported which have sumived without any
corticoud treatment Howerver, because of the few promising results so
far obtaned in a disease which has usually been fatal 1l seems justified
to try corticoid treatment in cases of neonatrl IBD  and at s of course

of utmest ynportance to establish the dapnoas and start treatment 2s
soon s possitite atter turth

STMMARY
A case of inclusion bodv discase 1 4 newborn male nfant 15 de
serihed On the bavuis of 1 el elinieal meture 2 tentatise diagnosts

FIBD was madc intey sitam 1t evtologre examunation of urine
sedument and s mal flud Toled 1o reved) any inclusion bearing cells
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The paticnt died 3%, months old By autopsy nclusion-hearing giant
edlls were demonstrated in the submandibular glands, the lungs, pan-
creas and kulney s

The patient 15 the first case of congenital inclusion hody disease
diagnosed in Norway
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GLUCOSE CATABOLISM IN NEISSERIA MENINGITIDIS

1 Glucose Oxidation and Intermediate Reactions
of the Embden Weyerhof Pathway

By
K Jysst, Biore BoRCHGRFVINK and Sipset Jrssy

Recenved 21 <1 60

A phosphorylase from N tidis catalyses the reveraible phos-
phoryIatson of maltose plus inorganic phosphate to g-D-glucose-I- phos-
phate and D-glucose This phosphate of glucose 15 accumulated 1 the
medium while the glucose morety from the oniginal malfose molecule 15
further metabolized (Felling & Doudoroff 1932) The pathways, how-
wver, by wineh glucese i» broken down are little known In this labora-
tory 1t has previously heen found that meningococes may be adapted to
Rrowth with maltose or glucose as therr sole souree of carbon and energy
(Jyssm 1939) The “secondary” pathways of glucose catabolism, fe
ihose for which the hat 10n prod of glucose such as
Prsusale or acetate are serang as the substrale, have heen the subjeet
of a prestous paper (Jyssum 1960) The only reaction of the classical
tncarboxylic acid cyele to which no corresponding acinats could be
demonstrated was the DPN dependent malic dehydrogenase Meningo-
cocer also appeared to lach the enzymes aspartase and isocitratase

The studies reported 1n the present publications were undertaken to
cluerdate the “pramary™ palthway from glucose to pyrinate and acetate
m “resting colls™ of N memingiiidis adapted to growth with glucose as

their sole source of energy and carbon, and all mtrogen provided as the
dmmaontiiin jon

MATFRIATIS AND MFTHODS
Preparation of susjensions and extracts The methods generall;
I3 used in order to
ehtain material for the present studies fi Tlowed th
1959 Jgssum & Borchgret tnk 1960) ’ e presicusly deseribed Uyssum
o

. . . —-ca . fan. were Teasuted at 310
. ) ' * o (1938) Corrections were
. .
. aC B wans Lyispee
wecte phatometle netyect pec spectrophotometer was used 1n

Anatytieal proceditres Reduction and oxudation of pa
wSidstion of prudin muclentide con
were foll jwed ot 10 ma Protein was measared b the meetmet < r oo SPERZEmEs
and nitec gen by & mieen L 1ara0

t1931),

Summerson (Calowirs ' - Lo ke

Aractien methed (€ of ] . . ";95;'
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were used for the estimation of lactate and pyruvate rospeetiveds Paruvate was also
determined enzymatically with lactic dchvdrogenase In the latter method the
reaction was stopped and the reaction mixture deproteimized by the addition of
cqual volume of 6 per cent (wir) perchloric acid To the acid supernatant h_HPO,
was added until pH 65, and after removal of the sediment a switable aliquot was
analvsed with I DI and DPNH Acetate was estimated by titration of the total steam
solatile fraction tn a Markham still The concentration of acetate was obtamed Iy
subtracting the formate contcnt after determining the latter manometrically with
mercuric acctate (Prchetf 1943) Triosephosphate was determined as alkah lahile
phosphate which was analised by the method of fishe & SubbaRow (Colowich &
Kaplan 1935-1957), or enzvmaticalls by means of triosephosphate 1somerase (TIM}
plus a glicerophosphate dehvdrogenase (GDH) In the ¢nzymatic assay the rcaction
mixture was deproteinized and ncutralized as described for the pyruvate assay A
suitable aliquot was analvsed in the conventional way with TIM GDH and DP\R

The chromatographic procedures were generally the same which have presioush
been deseribed (Jyssum 1960) Phosphorylated compounds were analvsed by descend
1ng chromatography 1n a system with 508 g phenol dissolved 1n 13 ml 99 per cent
HCOOH plus 167 ml H20 (hornberg 1948), 1n butanol propionic acid  water (Calpin
& Benson 1949) or in cthanol methanel water == 9 9 2 (Norris & Campbell
1949) The compounds were detected on the paper by the method of Hanes & Isher
wood Sugars and other reducing substances were detected with a saturated solution
of aniline oxalate or by spraving with ammomacal silver nitrate and cxposurc to
UY light (Bloel Durrum & Zweiy 1958)

Chenueals TPN DPN TPNH DPNH and 6 phosphogluconate were purchased from
Sipma Chemical (o e glycerophosphate dchvdrogenase trioscphosphate Isomerase
glveeraldehyde dehydrogenase and lactic dehvdrogenase were the products of (1
Boehringer & Sochne GmbH VMannheim Germans Other chemteals were obtamed
from the firms previously stated (Jyssum & Borehgremin! 1900) and used without
further purification

Symbols In general the svmboals and abbirestations from the publication Methads
1n I nzymology 1s followed (Colowich & Aaplan 1915 1957)

RFSUITS
Oxudation of Glycolytic Inlermediates and Relaled Componnds

Suspensions of meningococer actively catilyse the oxadation of mal
tose, glucose, glucose-6-phosphate, fruclose-6-phosphate, fructose-16
diphosphate and triosephosphate when oxygen 1s used as the final
electron aceeptor 1n the way 1t has been shown 1 Fig 1 and Fig 2
Oxidition 15 also found with 6-phosphogluconate and rihose-5 phos-
phate as substrates

Various nonphosphorylated compounds were also tested Glycerol as
well as both trioses were oxidized cven if the oxidation rates, speenlly
of the latter were sery slow 8 gluconolactone, ribosc or ribulose as well
as scduheptulose were not oxidized, neither was fructose Respiratory
quotients for substrate mediated oxiditions were measurad by gas ex-
changes over various periods m the W arburg mdirect and dircet techni~
ques When allowance was made for the endogenous activity in calculat-
ng both methods gave as results quoticnts with values clase to ont
A typical experiment with glucose as the substrate gave the following
quotients 1n the indirect techmque

After 30 mimutes RQ = 080
After 50 minutes RQ = 103
After 95 minutes RQ = 1 (1
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Fig 1
Ovidat on of glucose and phosphorylated compounds by suspensions of \ memngt
tides Warburg flasks contamed approximately 05 £ cells (net weight) 130 amoles
phosphate buffer pii 71 5 smoles substrate which Was added from a sidearm at
zero time Total volume of Muidt was 32 ml The experiments were run at 37
Fodogenous uptake 15 sublracted

Also by ouidations of phosphorylated intermedtates the gas exchange
exp eruments resuited in quotients wath values close fo one

Comparatine studies showed that the presence of extracellular in
orgame phosphate was not a lumiing factor i the oxadation of mither
nont phosphorylated or phosphorylated ¢ s On the contrary
wnorganie phosphate appeared to depress the over all oxidation of glu
cose In the presence of extracellular phosphate the oxidation of glucose
presented 1 two phase curve At first a rapid oxadation took place until
an approumate consumption of 2 micromoles oxygen per mcromole
glucose \fter this period the oxidation proceeded at a slower rate until
between 3 and 4 micromoles oxygen had heen absarhed per micromsole
glucose added With tris buffer and no added phosphate the absorp
tion of approumatels 4 nicromoles otigen per micromole substrate
took lace with the same rapd rate These features have been illu
strated by the rosulfs recorded in O 2 In many experiments the level
of $ micromoles exyvgen per micromole glucose has been reached It

has not been possible, however (o demonstrate a further uptake of
ax3pen

Since the values for oxvgen consumption did not correspond to the
comy lete oxrdation of the substrate added the reaction muxtures were
wahvsed for rerction preducts other than CO From the data presented



were used for the Gstimation of lactate and pyruyvate, respeetively Pyruvate was also
determined enzymatically with lactic dehydragenase In the latter methad the
reaction was stopped and the reaction mixture deproteinized by the addition of
equal yvolumc of 6 per cent (w/v) perchloric acid To the acul supernatant hoHPOy
was added until pH 65, and after rcmoval of the sediment a suitahle aliquot was
analysed with 1 DH and DPNH Acctate was estimatad by titration of the total steam
volatile fraction 1n a Markham still The concentration of acetate was obtamed by
subtracting the formate content after detcrmining the latter manometricalls with
mereuric acetate (Pickelt 1943) Trioscphosphate was dctermined as athali labile
phosphate which was analvsed by the method of ishe & Subballow (Cofowich &
haplan 1955-1957), or enzvmatically by means of trioscphosphate 1somerase (TIM)
plus a glycerophosphate dehydrogenase (GDH) In the enzy matie assay the reaction
mixture was deproteinized and neutralized as described for the pyruvate assay A
suitable aliquot was analvsed in the conventional way with 1IN, GDIH and DP\NH

The chromatographic proecdures werce generally the same which have previously
been deseribed (Jyssum 1960) Phosphory lated compounds were analysed by descend
ing chromatography n a systam wath 500 g phenol dissolved 1n 13 ml 90 per cent
HCOOH plas 167 ml HaO (Kornbery 1958) 1 butanol  propionic actd  water (Calomn
& Benson 1949), or in cthanol methanol  water — 9 9 2 (MNorns & Campbell
1949) The compounds werc detected on the paper by the method of Hanes & Isher
wand Sugars and other reducing substances were detected with & saturated solution
of aniline oxalate or by spraving with ammoniacal wilver nitrate and cxposure te
UV light (Block Durrum & /wag 1958)

Cherueals TPN, DPN, TPNH DPN\H and 6 phosphogluconalc wcre purchascd from
Sigma Chemical (o a glvecrophosphate dehvdrogenase triosephosphate isomerase
ghyeeraldchvde dehydrogenase and lactic dehvdrogenase were the products of C 1
Boehringer & Sochne GmbH Mannheim Germany Other chemicals were ebtamed
from the firms proviously stated (Jyssam & Horchgrepinl 1960) and used wrthout
further purification

Symbols In gencral the symbols and abbreviations from the publication Methods
m I nzyvmology 1 followed (Colowsch & Aaplan 1955 1957)

RISUITS
Oudation of Glycolylic Intermediates and Relaled Compounds

Suspenstons of memingococes actively catalyse the oxidation of mal-
tose, glucose, glucose-6-phosphate, fruectose-6-phosphate, fructose-1,6-
diphosphate and trioscphosphate when oxygen 1 used as the final
clectron acceptor mm the way 1t has been shown in Fig 1 and I'ig 2
Oxidation 15 also found with 6-phosphogluconate and ribose-h-phos-
phate as substrates

Various nonphosphory lated compounds were also tested Glycerol as
well as both trioses were oxadized, even if the oxidation rates, specially
of the latter were very slow § gluconelactone, ribose or ribulose as well
as seduheptulose were not oxadized, neither was fruetose Respiratory
quotients for substrate mediated oxidations were measured by gas ex-
changes over various periods i the Warburg indircet and drrect techni-
ques When allowance was made for the endogenous activity i calculat-
g hoth methods gase as results quotients with values elosce o one
A typreal experiment with glucose as the substrate gave the following
quotients 1n the indireet techmque

After 30 minutes RQ = 080
After 50 minutes RQ = 103
After 95 minutes RQ = 1 01
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Fig 1

Oudation of glucose and phosphory lated comp wunds by suspensions of \ meningt

fiis Warburg flashs conlained approximately 05 g cells (wet weight) 180 smoles

phosphate buffer pH 74 5 smiles substrate which was added from a sidearm st

Zero time Total volume of flnd was 32 ml The experiments were run at 37
Endogenous uptake 13 subtracted

Also by oudations of phosphorslated intermedrates the gas exchange
expenments resulted in quotients with values close to one

Comparatine studies showed that the presence of extracellular in-
organic phosphate was not a hmiting factor in the oudation of eather
non phosphorylated or phosphorylated comyp 1s On the contrary,
morganic phosphate appeared fo depress the ever all oxidation of glu
cose In the presence of extracellular phosphate the oxidation of glucose
presented a two phase curve At first a rapid oxidation took place until
an approxumate consumption of 2 micromoles oxygen per micromole
glucose After this period the oxidatien proceeded at a slower rate until
betwcen 3 and 4 micromoles oxvgen had been absorbed per micromale
glucose added With tris huffer and no added phosphate the absorp
ton of approvimatehy 4 micromoles oXygen per micromole subsirate
1ooh place with the same, rapid rate These features have been dlu-
strated by the resulls recorded 1n fig 2 In many experiments the level
of 4 micromoles oxygen per micromole glucose has been reached It

has not been possible, howeser, to demonstrate a further uptake of
oxygen

Since the values for oxygen consumplion did not correspand 1o the
complele oxidation of the substrate added, the reaction mictures were
analysed for reaction products other than CO  From the data presented
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Oxidation of glucose and trioses by of N sdis Tffect of 1n

organic phosphate Warburg flashs conlamcd approximately 05 g cells (wet weight)
180 pmoles phosphate buffer or 180 zmales tris buffer The substrate was tipped 1n
from a sidearm at zero time Total volume of fluid was 32 ml The experiments
were run at 37° Fndogenous uptake 15 subtracted The following substances gave no
uptake of oxygen 2 gluconolactone, fructose ribose ribulose and seduheptulose

m Table 11t may be scen that the main reaction product besides CO:
15 acetic acid No accumulation took place of lactie, pyruvie or formie
acid The products recovered account for at least 95 per cent of the
carbon metabohized during those experiments where tris buffer was
used With inorgamic phosphate present the oxidation did not proceed
to the same level, and the carbon recosery among the products analysed
was less

Identification of Intermediate Reaclions of the Cmbden Meyerhof
Pathway of Glycolysts

Glucose-6-phosphate dehydrogenasc The presence of an actinity cor-
responding to a G-6-P dehydrogenase was demonstrated by the direct
reduction of pyridin nucleotide coenzymes 1n the way 1t has heen tllu-
strated 1in Fig 3 It 1s seen that both TPN and DPN were active mn ths
reaction In view of the fact that crude extracts were used 1t may he
suggested that the DPN reduction was caused by a transhydrogcnase
In presious studies, however, no evidence of such an (nzyme activity
has heen demonstrated A similar actiaty of DPN with erude extracts
was not found 1n other, strictly TPN dependent reactions such as the
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TABIF 1
Pro tucts of Glucose Oxt lation by Vetssseria meningitt lts

Results | moles § mole sul strate
Products analysed

-
Tris b ffer T hosphate 1 sffer

280
o 384

Acet ¢ arad 101 118
Formic acid

Yactic aand

Pyruvic aeid

O nptake 393 303
RQ 097 092
Carhon tecavery per cent 976 860

Each reaction vessel contamned 4 smoales substrate 100 smoles tris or phosphate

buffer pH 74 1 ml of freshly harvested and washed N memingitidis cellv Temper

atute 37° and acrol ¢ con fitions The experiment with teis buffer was run for 4

hours gnd that With phosphate buffer for § hours in bath instances until no mote
oxygen Ras Tated CO- by the indirect

wsocitric dehydrogenase (Jyssum 1960) Optimal rates for the G 6P
dehy drogenase actisities were found hetween pH 8 and pH 8%

With erude concentrated extracts considerable reoxidation of DPH\
oceurred while TPNH was not affected In agreement with previous
findings the DPNE sudation eould be whibited by the addion of
eyamde (Jyssum & Borchgremnl 1960) The G 6 P dehsdrognase
activities sere also compared i eiracls from  wild fype  memngo
cocar and from meningacocer adapted to growth on a nuntmal medwm

08 -

a4

Eg40 My

02
)
TIME (MIN)
Fig 3
Olucose 8 ph sphate dehydragenase actiaty 1n cell Tree ex
W& s The reart on mixture coptained 100 4moles harbatal
TPN or DPN 10 smoles G 6 P as potassiym salt
extract dilution

tracts from N mcniagy
buffcr pH 8 025 smoles
5 ) mennagace ceus
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with the ammonium 10n as the sole source of nitrogen and glucose of
energy and carbon It appears from several data compled m Table 2
that no significant changes n the various activaties may be demonstra
ted after the adaption The relationship hetween the activities of DPN
and TPN 1 crude extracts could constantly be characterized by a quo-
tient close to 0 4 1n these dehydrogenations

© + ATP
e
e
06
G + ATP
Ve
O
Fer
04
=9
E
Q
~
(]
w
0,2
1 2
TIME (MIN)
Fig 4

Glucokinase and phosphofructoisomerase activits 1n cell free cxtracts from \
momngitidis  Frperintents with glucose (G) as substrate The cuvette contained
100 gmoles barhital huffer pH 8 5 xmoles MgClo 025 smoles TP\ 2 smoles ATP,
20 smoles glucose, 05 ml meningococcus cell free extract dilution The reaction was
started at zero time as marked on the curves after a preincubation of the rest of
the mixture for 5 munutes Frperiments with F 6§ P as substrate The mixture con
tained 100 «moles barbital buffer pH 8, 025 pmoles TPN 20 smoles F 6 P 05 ml
meningococeus cell free extract dilution When tested with the same buffers and
extracts the following syvstums gave no reaction ATP + TP\, Glukose + TP\
Fructose + TP\ Fructose + TP\ + ATP

Glucohtnase The existence of a glucohinase mn cell-free extracts was
first demonstrated with the G-6 P dehydrogenase as mdicator sysiem
asshownin Tig 4 A companison of the rate of TPN reduction with that
of the direct assay with G-6 P as substrate, pomts out the kinase 1s the
rate limiting fictor 1n these extracts from N mcningiidis Tlos may
also be read from the curves of Fig 4 It 1s scen that a premncubation of
alucose plus ATP mereases the mitial rate of TPN reduction conwder-
ably when compared with the experiment where the reaction was
started by the addition of the substrate, 1 ¢ glucose With the Kinise as
the rate limuting factor the present type of assay mayv be assumed to
mive a fair means of comparison hetwern the glucokinase activities of
various meningococeal cxtracts
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glucose as the

<ource of energy and carbon extracts evinced a substantially creased

hetokinase actify
Table 2

TABIF 2

This may be read from the data presended n

Actu tlres Corresponding to Vartous Glyeolytic Fr-ymes wn Fxiracls
from Neisserta meningibulis

Activities  Fiu 107 in 0T mg ™\
Source of extract P (6P debydrogenase |y hosphofructo]  Texor
e ixmerase inase
TN | obpis )TN i ™
A6 wild type h 2085 - 106 517
- 1 2667 - 1500 513
M6 adapted” m 271 - 1429 914
- X\ 2827 ~ 1973 955
Xy 2357 - 1607 977
M6 Wil tape” n 2688 1088 - -
- P 2567 167 -
\I6 “adapted™ XA 112 742 - -
- W 2734 116 - -

s extract was prepared from old cells which had been preserved in the frozen
tate

TABLF 3
Afdofase Actwity m Cell free Lxlracts from “essera memnminhs
T | Eamm Athati Tabite
‘o amount pit | Inhit g factor tested phospharus
pe pmoles
1 02 83 None 132
I _ - 297
06 - - 337
2 02 - 121
- - - ZnS0y 20 wmales 1.35
- - - 2 - 13>
- - - Cus0y 2 - 013
- - - - 05 - 022
_ - - CHLICO0R 26 - 132
- - Cysteine 12> 13y
- - - Enz frozen fir 2§ j 117
- - - -~ -~ g&h 0
- - 80 Nope 1 Zg
3 B4 - 157
_ - 150
~ Eﬂ 180
- 184

The reaction mixture contamed 125 smoles | 16 P

smoles hydrazime sulphate at desired pH, cell fi
. Ty
of the system was 25 m) The reactions were run ;:r‘

1
by the addition of TCA

+ 100 gmoles tris buffer, 55

Xtract dilution Tatal voleme

3 minutes at 37° and stopped
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with the ammonium 10n as the sole source of nitrogen and glucose of
encrgy and carbon It appears from several data compiled in Table 2
that no significant changes n the various activitics may he demonstra-
ted after the adaption The relationslup between the activities of DPN
and TPN n crude extracts could constantly be characterized by a quo-
tient close to 0 4 1n these dehydrogenations

G+ A
sla ted
w hTPN

086
G + AT
sated
whG

0.4

Ez40 my
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*

1
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Fig 4
Glucokimase and phosphofructoisomerase activity 1n cell free extracts from \
menngitidis Frperiments with qlucase (G) as substrate The cusette contained
100 gmoles barbital buffer pt 8, 5 #moles VgCly, 025 amoles TPN, 2 umolcs ATP,
20 umoles glucose, 05 ml meningococcus cell free extract dilution The reaction w1y
started at zero time as marked on the curves after a preincubation of the rest of
the mixture for 5 minutes Frperuments with F 6 P as substrate The mixture con
tamned 100 #moles barbital buffer pH 8, 625 amoles TPN, 20 amoles -6 P 05 ml
meningococeus ccdl free extract dilution When tested with the same buffers and
cxtracts the following systems gave no reaction AT + TPN, Glukese + TP\
Iructose + TPN, kructase + TPN 4 ATP

Glucolkinase The existence of a glucohmase m cell free extracts was
first dumonstrated with the G-6-P dehydrogenase as mdicator systent
as shown m g 4 A comparison of the rate of TPN reduction with that
of the direct assay with G-6-P as substrate, points out the hinase as the
rate limuting factor in these extracts from N memmngitidis This may
also be read from the curves of Fig 4 It 15 ~ecn that a prancubation of
glucose plus ATP mcreases the mitial rate of TPN reduction consider-
ably when compared with the experiment where the reactton was
started by the addition of the substrate, 1 ¢ glucose With the kinase Jas
the rate hmiting factor the present type of assay may be assumed to
gnea fair mecans of comparisen between the glucokinase actrvities of

yarious meningacoceal extracts
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Fructose 6 phosphate kinase and fructose 16 diphosphate phosphatase activities in
cell free extracts from N memmngitidis Curves 1 and 2 Memingocopcus extract
dilatton 05 ml wa3 incubated with 100 amales barbital buffer pH 8 5 smoles MgCls

2 amoales ATP 001 ml GDIYTIM and 20 xmoles F 16 P For 30 minutes at 37* The
reaclion proper was started at zero time by the additiun of 035 smoles DPNH
Cufves3and 3 Memingpcoceus extract dilution 04 ml was incubated with 100 smoles
barhatal buffer pH 8 5 umoles MgClz and 20 smales F 16 P for 20 minutey at 37°
The reactian recorded was started at zero time by the addition of 923 xmolcs TP\

shown 1n Tahle 3 The aldolase activity was also studied 1n a svstem
where the oxidation of DPNH by a-glycerophosphate dehydrogenase was
used as the indicator system for the formation of dihydroxyacetone-
) h Excess of triosephosphate 1somerase ws added during these

expcnments The aldolase effect 1in this system appears from the data
presented in Fi1g 5

i

Lxperiments were also performed in which the svsiem with « flycero-
phosphate delvdrogenase and triosephosphate 1somerase was used for
the analysts of triosephosphate from reaction mixtures where protein
had been precipiiated n the way 1t has been desershed under methods

The DPNH oxidase effect of crude extracts which 1 apparent {rom
the data ot Fig b cotld be comy 13 inhibited by the addition of 1 1o 2
pmoles hC\ The carhonyl trappmg actinly of cyamde 1 these con-
centrations did not significantly influence the reaction as performend

\r: or‘wnm!non. concernng the 1nfluence of metal 10ns on the afdolase

N
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I nzymatic assay of aldolasc actiaty 1n cdl free extracts from N memngitidis
A mixture of 05 ml cxtract dilution 100 smoles barintal buffer pH 8 10 s#moles
nicotmamide and 3 2 gmalcs KON was incubaled at 37° for 7 munutes Thon 001 ml
GDH/TIM plus 20 amoles T 1 6 P was added and the svstem incubated at $7° for
another 20 minutes The solution was next transforred to a cuvette and the reeorded
reaction startud at zero time by the addition of 0% #moles DPNH The addition of
2 gmolcs CuSO; completely stopped this reaction as performed The addition of
5 umoles Mg 1 did not significantly change the reaction

Glucokmase was also demonstrated in cell-free extracts by the syn-
thesis of G-8-P from glucose n the presence of ATP ‘The G 6-P was
xlentified by paper chromatography

A sumilar phosphorylation of fructose, ribose, nibulose or § glucono-
lactone did not take place This scems to mdicate a strict substrate
speasficity of the glucokinase aclivity

Phosphohexotsomerase The data presented in Fig 4 also danon-
strate an actiaty corrcsponding to the enzyme phospho-fructo-gluco-
womerase The cxistence of such a hexorsomerase was also indicated by
paper chromatography From a reaction mixture which contamed ccll-
free cxtract from N memngitsdis and G-6-1°, F 6 P was adentificd after
30 minutes incubation ‘The reverse reaction could also by demonstrated
by supplying F-6-P and noting the formation of G-6 P

Like the chemical assay, the photometric method by mc ins of a coup-
lLing of the phosphohexomsmerase with the G-6 P dehydrogenase dumon
strate no activity corresponding to a fructokinase

Aldolase Cdl-free preparations from meningococar showed a forn-
tion of triosephosphatc from F-1, 6-P i a system where the oxidation
was mtereepted by hydrazme as trapping agent 1 the way it fas heen
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Fig 6
Fruetase § phasphate kinase and fructi se 16 diphosphate phosphatase activities 1n
cell tree extracts from N menmgiidis Fuspes t and 2 Memnguentcus extract
dilution 05 ml was incubated with 100 smoles barbital buffer pH 8 5 smolis Mgllz
2 amoles ATP 001 ml GDH/TIM apd 20 smcles F 16 P for 30 minutes at 37° The
Feaction proper was started at zefo time by the addition of 05 amoles DP\H
Cutves 3 and & Meningacaccus extract dilution 0.3 m! was incubated with 100 xmc les
barbial buffer pH 3 % smoles MzCls and 20 smoles F 16 P Tor 20 minutes a 37°
The reacticn reenrded was started at zero time by the addition of b25 smoles THN

shown 1n Table 3 The aldolase achnaly was abo studied 10 a system
where the oadation of DPNH by a-glycerophosphate dehy drogenase was
used as the ndweator system for the formation of dibydroxyacetone-

hy t phosphate 1somerase was added during these

phosph Excess of tn
expennments The aldofase effect in this system appears from the data
presented n Fig 5

Lxperiments were also performed 1n which the system with a glycero-
phosphate dthydrogenase anit inosephosphate 1semerase was used for
the anafy<1s of triosepfiosphate from reaction mixtures where proten
had been preaipitated in the way st has been deseribed under methods

The PPN oadase effect of erude extracts whuch s apparent Crom
the data of F1g 5 could be completely mhibited by the addition of 1 to 2
wmales KON The carbonyl trapping actinity of cyamde in these con-
centrafrons did not significantly influence the reaction as performed
An onentotion tonterming Yoe influence of metal rons on the aldolase
wetnats indicate a pronounced mhilntion by copper Jodacetate or cys-
tune does nolanhibit Thus, the aldolase in N memngitidis approaches
that of Iner more than that of yeast wn its properties The actnating,
cifeet of morganie phosphate which appears from the experiment re-
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Activity of phosphoglyccrate hinase and glyceraldehyde 3-phosphate dehydrogenase
in cell free extracts from N\ meningitidis Meningococens extract dilution 05 m! was
mcubated at room temperature for 7 minutes with the following mixture 100 xmales
barbital buffcr pil 8, 60 umolcs eysteine, 5 #moles Mgy, 2 amoles AP, 5 pmoles
glycine, 32 smoles KC\, 02 mg GA-3 P dehvdrogenase Then 05 gmoles DPNH was
added and the reaction proper started by the addition of 20 #moles 3 PGA as the
potassium salt JThe phosphate experiments containcd 100 xmoles 1

corded 1 F1g 5 may be the result of an inhibntion of the F-1,6-P phos-
phatase described below

Fructose-6-phosphale hinase and fruclose-1,6-diphosphale phospha-
lase An activity corresponding to F-6-P Kinase was also constantly pre-
sent 1n extracts from meningococer n the way at has heen demonstrated
mFig &

Meningococer obviously alvo contmin a I-1,6-P phosphatase  Tie
mcubation of this substrate without ADP 1n the presence of cell-free
extracts, releases inorgamic phosphate and produces F-6-P The latter
substance was 1dentified 1n chromatograms where 1t oceurred together
with G-6-P, ebviously produced from F-6-P through the effect of the
hexotsomerase A reduction of 1PN after the incubation of T-1, 6-I with
meningococcus extract also 15 1 agreement with the assumption of
phosphatase actinity This effect appears from the data reported m
Fig 6 The effcet was also demonstrated 1n experuments where F.1,6-P
was mecubated with meningococcus extract and the rcaction mterrupted
by protein precipitation with perchloric aeud The supcrnatants from
these precipitations after ncutrahzation reduced TPN 1n the presence of

cell-free extracts from the meningococer
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\When erude extracts were tested this phosphatase appeardd more ac-
tine 1 ald cells presersed m the frozen state than i new ones This
eventually was found to be the result of a progressine destruction of the
enzyme aldolase during storage In extracts from new cells the aldolase
favorabls competed for the common substrite F-1, 6P

A bhetter system for the measurement of the phosphatase activty
could be obtaned by the addition of copper which tnhibnts the aldolisc
i the way 1t has previousdy been deseribed

Phosphoglycerate kinase Phosphoglycerate kinase achivity was as-
sayed for m a system where the oxid tion of DPNH I the presence of
GA-3 P dehydrogenase was used as the indicator svstem for the genera-
tion of 1,3 ciphosphoglyceric 2eid Ths has been shown in Fig 7 The
hinase actiaty was lgh in all extracts tested

Glyceraldehyde-3 phosphate dehydrogenase The hacterial c<tracts
had an aclmity corresponding o a GA-3 P debydrogenise This was de-
monstrated in ihe system shown m Fig 7, but could also etsily be -
icated by a reduction of DPN with G4-3-P in the presence of inorganic
phosphate The role of P m this reaction was also demonstrated by a
marked phosphaie snhibttion of the reaction from 3-PGA through 13-
PGA to GA-3-P This effuct has been siustrated s Fig 7 where the ad
aition of P, resulls i a pronounced mhibition of the complete system

When the GA-3 P dehydrogenase and PGA hmase reactions with
meningococeal exiracts were run from 3-PGA to GA-3-P the dehydro-
Benast reaction appeared as the rate miting factor The relative rates
of DPNH oxidation 1n crude extracts, and wn extracts ta which <xeess

of the GA-3-P dchydrogenase had been added appear fram the datn re-
corded in Fig 7
ar

©upin way ul.Lu’n.xlul with 1) xmoles potassium salt of PLPA,
107;“;‘(:2;;\\‘:)?‘3:1:\:::::molo\ MgClz 1n 70 umoles tris buffer pH 74,
T E 20 M e generated after 10 mnutcs and 4 16 gmoles
)

h:cl\xl)l:‘[;l:\::ﬂir:ornle‘mulau and enolase In a following series of ana
e mc:‘:: eddracts were analysed for an enzymatic transfer
o lg“cmm;“m t;hrnmmnmg part of the Embden-Meyerhof pathway
s P(:{ ¢ conventional route a synthesis of pyruvate oc-
curred when 2 '1 was incubated with ADP in the presence of me-
X'F;A ‘Nmph‘:&;n In the System used for the demonstration of the
“, A ran [Sp, r3lase the PEPA was roplaced by 20 pmoles po-
soum salt of 3 PG After 15 minutes meubation at 37°

prrus ite had heen synthetizeq 118 umoles
inercased 1o 157 males . and after 20 minutes this amount was

€ weTararn 511
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DISCUSSION

N menmgitidis which 1s adapted to growth with glucose as the sole
source of carbon and energy appcars capable of oxidizing glucose and
several phosphorylatcd compounds which are usually found as inter-
mediates 1n the pathways of glucose catabalism The obseryed values for
oxygen consumption, however, never reach the stoichiometric amounts
rcquired for the complete oxidation of the theoretical amount of sub
stiate to CO: and H:0 Analyses of the over-all reaction mdieate thit
resting cells of N memngitidis oxaidize glucose to yield approxam tely 4
pmolcs €CO; and 1 pmole acelic acid per pmole substrate with RQ close
to one when the oxidation 15 optimal judged by the oxygen uptahe

This clearly indicatcs that glucose 1s oxadhzed further down than 1o
the acetate level The present findings agree wilth the assumption fhit
the “primary” oxudative pathway of glucose 15 raprd and complete The
“secondary’ oxidative pathway, however, 1s not complete, sinee only
approximately half the acctate which—hypothetically—should he ge-
neratcd by a “primary” pathway of glucose oxidation 15 completel
oxidized to CO_ and Hz0 The total oxidation of glucose by rcsting edlls
of N menmgitidis which have been adapted to the use of glucose as only
source of energy and earbon may on the whoele approach the followmng
stoichnometry under optimal conditions

CHi20¢ + 4 O. = CHLCOOH + 4 CO» + 4 H.O

N menmgitidis apparently 1s equipped with lhe enzymcs necessry
1 order to perform glycolysis accordimg o the consentionl Lmbden-
Mcycrhof route since activities could be demonstrated 1 cell-frec -
tracts correspondmg to the main substrate transfers of this pathway

Activities of some hey reactions of the Lmbden-Mcyerhof route wert
also compired m extracts from “wild type™ meningococer, and n ex-
tracts from memngococcr adapled to growth on the minml medm
The only actinity in which a sigmificant change occurred after the adw
tion was the glucokinase which mereased nearly to the double after the
adaption

Other pithways of “primary” glucose oxidition will be diseusscd n
a following publication

ST MMARY

The over-all pattern of glucose oxidition by resting eclls of Newserit
memngitidis adapted to grow th on 1 mmimil medium with glucose as
the solc source of carbon and cnergy has been described

Activities which correspond to the following enzymes rclated to the
Lmbden-Mey erhof pathway of glycolysis were domonstrated m edll-free

extracts
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Glucokmase Triosephosphate 1somerase
G 6 P dehydrogenase GA 3 P dehsvdrogenase
Phos hohexotsomerase PGA anase

F 6 P hinase PGA mutase and enolase

F 1 6 P jhosphatase PI PA transg hosphorylse
Aldolase
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DISCUSSION

N memngitidic whach 1s ad ipted to growth with glucose as the sole
source of carhon and energy appears capible of oxidizing glucose and
several phosphorylated compounds which are usually found as inter-
mediates mn the pathways of glucose catabolism The obseryed values for
oxygen consumption, however, never reach the stoichiometric amounts
required for the complete oxidation of the theoretical amount of sub
stiate to CO2 and HaO  Analyses of the over-all reaction indicate that
resting cells of N menngstidis oxidize glucose to yield approximatels 4
zmoles COz and 1 pmole acetic acud per gmole substrate with RQ close
to one when the oxidation 1s optimal judged by the oxygen uptahe

This clearly mdicates that glucose 18 oxadized further down than to
the acetate level The present findings agree with the assumption that
the “primary” oxadative pathway of glucose 1s rapid and complete The
“sccondary” oxidatine pathway, however, 1s not complite, smee only
approximately halfl the acetate which—hy pothefiealfy-—should be ge
nerated by a “primary” pathway of glucose oxidation 1s compleluls
oxidized to CO: and HoO The total oxidation of glucose by resting cells
of N menmgitidis which haye heen adapted to the use of glucose as only
source of energy and carbon may on the whole approach the followmg
storchiometry under optimal conditions

CHiz0 + 40:=CH:COOH + 4CO_ + +H.O

N memngitidis apparently 1s cquipped with the enzymes necessiry
1 ordcr to perform glycolysis according to the conventional Fmbden-
Meyerhof route sinee activities could be demonstrated in cell-free ex-
tracts corresponding to the man substrate transfers of this pathway

Activities of some hey reactions of the Lmbden-VMeyerhof roufe were
also compared 1n extracts from “wild type” meningococel, and n ex-
tracts from meningococer adapted to growth on the mimmal medmm
The only activity m which a sigmificant change occurred after the adp-
t1on was the glucokinase which mereascd nearly to the double after the
adaption

Other pathways of “primary™ glucose oxidition will he discussed n
a following pubheation

SUMMARY

The over-all putern of glucose oxidation by resting cells of Nassern?
menmngitidis adapted to grow th on 4 mummal medium with glucose s
the solc source of carbon and energy has been described

Actisthies which correspond to the following enzymes rcdated to the
Limbdcn-Meyerhef pithway of glycolysis were domonstrted in eedl free

extracls
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Fellowes & Routh {1944) and OQeding (1934) examined cxtraclion
methads which had been used on Gram-negatine intestinal baeilly, and
the hot formamide method The latter was found fo give the most satis-
factory yeld of polysaccharide matertl Oeding (1957 b) exammed his
fractions by the indirect hemagglutination technique He found evidince
of a labile grouping on the polysacchande responwibie for the sensitiz-
g ability

4 more extensne review of these and other earlier investigations,
and a enitical evaluation of the methods used, have recently heen gnen
by Oeding (1960)

Deding's fractions were obviously not pure, and the results obtained
by the hemagglutintion techmique claimed for more gentte methods
The aun of the present work has heen to get a basis for further and more
detailed nvestigations of staphylococcal antigens by tmmunochemical
methods The strain used by Oeding (1934) was hnown to possessafype-
specific polysacehande anbigen The choice of stram 1503 (Oeding
1932) for the present work has two reasons First, the strain possesses
a type-specific protein antigen, the o aohigen, which can easidy be de-
tected by agar precipitation (Haukenes & Oeding 1960) Second, the
stramn has not been found to contain ty pe specific earbohydrates (Oed-
ng 1993) Marious extraclion and fractionationt metheds have been at-
tempted, but the fractions hase not been examined chermically unless
the yicld has been salisfactory and the antigens prabably not denatured

While Julianelle & Wieghard (1934) and Verwey (1940) used the
term bpe specilic for antigens common fo either yellow or while
staphylococes, we hase Tound 1t more conventent to designate these
antigens as group speeifie, and antigens which are present anly 1n some
coagulase positive strans, as 4 pe-specific

MFTHODS
Ste e s
feen . '
penic - . o - .
A3 by

lu’rrl’;;l N e dLacun
€ Lacterta were grown on nutrient agar in Roux bottles and hary
t
or a butfer The 161d of 100 Roux hoitles varied fram 80 to 100 g v.:: ;vdacll‘:rthm
Immune sera were produced hy intravenous miectsons af famal a b 101

Molisch test To 5 drops of U
naphther (eechy in el)?)l“ he sample were added 2 drops of 1

alechol Three ml of cancents Joper gent alpha

carefully - * At 1

mixing tk . . -

18 theret . t
Biret .

over whiy

“u AN per cent Lusy
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Compared with the extensive chanieal and immunological myestiga-
tions which have been carried out on the antigens of pneumococer and
streptococc, Iittle 15 known of the nature of staphylococcal antigens

Julianelle & Wieghard (1934, 1935 a and b) 1solated two staphslo-
coccal polysaccharides, type A and type B, from virulent and avirulent
strains respectively The two substances differed in chemical compo-
sition, were group-specific by precipitation, and non-anligenic in rah-
Ints The bacteria from 24 hour old broth cultures were extracted with
N/16 hydrochloric acid at 160° C for 20 minutes Insoluble maternal
formed by dropwise addition of 40 per cent sodium hydroxide to neu-
trality was removed ‘The aqueous extract of the precimtate formed with
cthy) aleobol was preeipitated with frichloroacetic acid to remoy e reman-
ing protein The resulting type A substance contained 4 1 per cent mitro-
gen, 6 27 per cent phosphorus, and ahout 25 per eent reducing sugnrs
ifter hydrolysis The Molisch reaction was strongly positive (Wieghard
& Julianelle 1945) More detauled cxaminations of this polysaccharide
have nat heen reported

Verwey (1940) examined Jultanelle & Wicghard s type A stram by 1
nulder technique Disintegrated cells were extractcd with water, and the
nuclcoprotens were precimtated with hydrochloric acud krichloroacetie
acid was added to the supernatant, and the substanec thus obtaincd was
found to be a protein contamning only trices of phosphorus and earbo
hydrate The polysaccharide fraction was then preeipitatad with alcohol
1 he nucleoprotuns eross-reacted with sera nganst avirulent staphylo-
coces, while the protan and polysaccharide reacted only with the ho-
mologous serum The distribution of the protun antigen among viru-
lent staphylococer was not examined

Staphylococeal nucleoproteins hive been found to cross-rcact with
other Gram-positive cocet { Lancefteld 1925 Boor & Miller 1934)

Another cross-reacting substance has heen solated s Welarly ¢ 1959)

and wdentified as a glycerophosphatc compound
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terals Serotogmeally the pH 8 0 precipitate was ntgahive and the pH 14
precipitate weakly positine, White the aleohol precipitite was strongYy
positne by the nng test (Tahle 1}

The amount of acid-precipitated matersal & very small, while the
alcohol-precimtated material 1 more easity extricied Freezing angd
thawing s thus natan effiecsent method for the disintegration of staphy~
Yocoeer Further purifications and chemieal analyses of the fractions
were not performed from this hatch

Urea Extracfion

Ten grams of dried bacteria was mosstened with water and mised
with twice 1is weight of urea The mixture was mevbated at 33° € for
70 hours and then extracted with waler (Setbert & Fabrizo 1952) Aad-
and aleoho! precipitated materials showed approximately the same com-
position as in the previous experument, and the method possessed no
advantage over freezing and thawing Morcover, the process un-
doubtedly mvolses risk of degrading prolen antigens

TABLF 2
Compositinn of Fractions after Grinding in Bal? Ml

Fractionsy

Nroprn
prrecnt

Precipitate at pl 42 1136 230 635 +4
Mevhol preciptate 330 3K2 392 4 A

Grinding n Ball- Vil

Washed wnd acetone dried bacteria were grown in a ball ma)) with
strel balls at room temperature Smears were taken at intervals After

tﬁrcv h:mf‘ grinding only scattered nfact eells coutd bhe seen Tov nete
et

ant N
ext - sy o oipamisms achieved
cofour smelt ke herring pyekle, and the steel halls m'r: (;;i;kg::ﬁ\;‘?
Several porhions of hacfena were examined, and the extracts were
preciptated syth aerd at pH 4 2 and then with eths) alcohal
The chemical data of the acid precymtate (Table 2} correspond well
fo the nucicoprotein fraction 1colated by Sevay of af {1938) from st\
lnf’()cc: The aleobol precipitate shows resemblance w h Julmntllrﬂz
{!li:-gth?nin‘.c.wlmh:dra\c A, but a strking disagrecmont e e - gnllli\c

; . ‘ those
s wialt L oper cent of
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Bral s oreinol test (1902) was used for the demonstration of pentoses and Dische s
diphanvlamine test (1930) for desoxsribose

Fstimation of phosphorus was earried out according to Fisle & Subbarow (1925)
with seme of the madifications of Youngburg & Y oungburg (1930)

Reducing sugars after hvdrolvsis with 3 N HCL at 100° G for 3 hours were
estimated by the Hagedorn Jensen method (habat & Maper 1948)

Nitrogen determination was carried out by the micra Reldahl method as deserihed
by habat & Mayer {1948), with the exception that N/20 HCU was prepared Iy titra
tron against Na CO4

Hexosamine was determined by the method of Rondic & Vorgan (19%4) after acd
hyvdrolvsis (see reducing sugars)

Dialvsis was performed 1n cellophane tubes agamst running tap water or agunst
distilled water n the refrigerator

Dry weight was dctermined after deving mn vacuo pver siliea gel

Al extraction and fractionation procedures have heen carried out i the cold

RTSUI TS

Ireezing and Thawing

Ten grams of washed and acetone-dried bacteria of strain 1503 w 15
suspended m 40 ml of distilled water and frozen m a mixture of carbon
dioxade 1ee and acetone followed by rapid thawing This process ww
repeated 28 times, but a Gram-stamned smear showed no nmucroscopic
evidence of diintegration The organisms were then centrifuged and
extracted thrice with 20 m! portions of water m the refrigerator The
extracts, total 100 ml, were combined The Mobisch and bruret reachions
were posttive it didution 1 16 The ring fest was weakhly posifive n
1 1,000 dilution of the cxtract

Further extrachion was attempted by subjecting the frozen nd
thawed organisms to saturated sodmum chloride solution and water
alternately After two extractions only small amounts of serologically
active material were demonstrated by the ring test A smear showed
stdl no signs of disintegration of the cells

TABIT 1
Compostion of I ractions after Free ing and Thaunng of (0 g of Dricd Staphytococet
1 . Yiell Mitrogen llhoia“ } I::dduri Ring
n T 2
retiom ma | pereent | em | pereent et
Precipitate at pH 50 851 130 145 131 +
Precipitate at pH 44 4717 108 174 106 +
Aleohol precipitate 1275 63 577 199 +++

The extracts were precypitated with hydrochloric acid 1t pH 50 and
pH 4 4 successively The supernatints were preeipitated with four vo
lumes of ethyl alecohol, and the aqueous extract of the prceymtate was
igatn acidified to pH 44 to remosve rests of acud inselublc matcrr U
sumilar fractions from each exiract were combmned and d yzed hefore
dry weight estimation and chemical analyscs The buuret test was
positive m all three fractions, strongest 1 the acid preeiprtated ma-
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layered gauze hefore centrifugmg A control experiment was made using
the same procedure, but without bacteria The centrifugates had the
wame dark yellow eolour 1t hoth wnstances and were strongly positive
to the Mohsch and bwret tests It 1s thercfore evident that the first
washing contains great amounts of material extractd fram the culture
medum

The effeet of washung and defatting was studied more detalled The
growih feom 10 Roux bottles was harvested i 123 mi of saline and
washed twice 1n 60 ml portions of saline, thus obtaiming “extracts™ 1,
2 and 3 The baciena were then extracted twice for two hours with
wetone, and again washed thrice 1o saline, giving “extracts” 4,5 and 6
Thereafter the organisms were extracted overmight with N10D sodim
hivdroxide and the next day once more with alkalt for three hours The
eight “extracts” thus obtained were examined by the Molisch and brct
rcachions and by ring test precyptation

TABIE 3
Composition of W ashings

#1 xiracte Colour Tung test { Bauret test Molish test
1 Dark yellow + 1100 +4 At
2 ellow + 1100 +) +)
1 Colourless +44 110 — +)
3 Tellow +4+4+ 110 + +
5 Colourless ++4+ 110 +) (+)
§l (‘:nlnul'lus 444 L0 — -

ellaw. ++4 110 +{4)

8 Colourless +4++ 110 +) *(‘C‘))

1t appears from Table 3 that measured by the ning test titers most
of the scrologieally active matenal 15 extracted during the first two
\\:u'!\mg\ Further mvestigations of the extracted antiganc ha a hanm

o U e s iskicat typing of stap!

unpublished data) Some of the rciul’l‘s’ \\‘fll hc‘:xl\‘:ix‘;cczi'm;\(I(’i:’::’llps"::-’
penvion of erushed straim 1509 bactcna and undiluted antiserum 1503
were placed in each basin Three characteristie precipitation Lines o
veloped casily i addition to some faint and more inconstant {1 \( ar
to the w‘rum basin a hine appeared atter one to twa dave o Ees“ e

e

dvar e anug ;
line deseribed by Hauhenes & Qeding (1969 [:s"!i:n':\n";‘rl:cu:iri:im ’;
. 3 and
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hexosamine calculated as glucosamine, while the hexosamine content
of the alcohol precipitate varied from 16 to 20 per cent

We have thus got the same fractions as mn the foregoing experiment,
the acid precipitate and the aeid soluble, aleohol preciptate The frac-
tions differ considerably serologically and in chemical composition In
the grinding experiments, howcver, the amount of aeid precipriate was
much larger than after freczing and thawing, about 15 g from 10 g of
dricd bacteria This 1s obviously a result of disintegration of the cells
with release of nucleoproteins The corresponding amounts of alcohol
precipitate varied from 235 to 50 mg

Grindmng n a hall mill gave a satisfactory yield Howeser, the brown
colour of the mass, the pecuhar smell, and the discoloration of the stecl
balls suggest some kind of degradation, possibly a reaction betwcen the
steel and sulphur-containing constituents of the cells The brown colour
of the extract followed the acid precipiiate, and a brown pigment could
be scparated by heating to 56° C for 30 minutes 1n alkaline solution
The pigment dissolved readily i hydrochloric actd helow pH 10, and
showed no fluorescence Spectrophotometric exammation rovealed a
peak at 310 my The pigment was also readily dissolved in acetic acid
and changed to a more reddish colour

Various fractionafion methods were attempted, ¢ g salting out with
ammonium sulphate and sodium chloride, precipitation with ethyl alco-
ho! and acetone at different concentrations, shaking with chloroform
(Sevag 1934), and phenol extraction It was not by these methods pos-
sthie to achieve distinctly separated fractions The results were diffrcult
to reproduce, e g by the first addition of hydrochloric acid the bulk of
the acid-precipitable material came down at pH 4 2, whereas this frac-
tion by re-precipitatson could he separated 1n several fractions at yarious
pH values The same thing was ohserved after heating to 56° C at alka-
line reaction to remove the pigment This can probably be explamed %
a rapid degradation of the nucleoproteins, especially when pH 15 rarsed
to the neutral pomt to dissolhve the precipitates Heating to 56° C
alkali undoubtedly results in a sphtting of the nuclcoproteins n nueletc
acids and proteins (Sevag ef al 1938) The alcohol precipitate, on the
other hand, seecmed scry stable

Thus our grinding technique and subsequent fractionations were
found to mnvolve degradation Grinding at lower temperature with stonc
balls instead of steel balls 1s to be preferred

Precipitation of the fractions in agar will he described 1n connection
with the next experiment

Washing of the Bacterta

As a routine the bacteria from a solid medum are suspended 1
saline and spread over the nutrient agar surface m Roux hottles Super-
fluous flurd 15 removed After 18 hours ncubation, the growth of cach
Roux bottle 1s harvested in 10 ml of «aline and filtcred through four-
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found that about 80 per cent of the cells was disintegrated by this pro-
cedure

In one of our experiments 67 g of wet hacteria was crushed and then
extracted with 600 ml of 1sotonie buffer at pH 7 0 overmight The extract
was yeliow and opalescent The amount of matenal extracted was 2,060
mg The erude extract was preciptated at pH 4 2 by dropwise addition
of N hydrochloric acid under constant stirring, constrtuting the acid
preaipitate After reprecipitation the fraction was dialyzed The super-
natant after acid precipitation was adjusted to pH 5 2, and four volumes
of ethyl gleahol were added The alcohol precipitate was dissolved n
water and precipitated with hydrochlorie acid at pH 42 This process
was repeated until no precipitation followed the addition of hydro-
chlarsc actd The acid pr I} thus oht d nere © 1 and de-

I
signated acid precipitate from the aleohol fraction The aleohol super-
natant was distilled under reduced pressure to remose the aleohol
Chemical analyses of acid- and alcohol-precipitates from different
batches showed the same composttion of the fractions as mn the fore-
gomg expenments The amount of the alcohol fraciton vaned, put it
wAs regularly much greater than in the experiment cited mn Table 5
The alcohol precipitate was found to contain about 30 per cent of re-
ducing sugars after hydrolysis, from 4 to 6 per cent of nitrogen, and
4 ta 7 per cent of organic phosphorus The Mohsch and biuret reactions
were weakly posttne The chemueal composition of the aaid preeipitate

was suggestine of nueleoproteins The n antigen (Haukenes & Oeding
1960) 15 found 1n the acid preciptate

TABLF 5
Antigeric Patterns of Crushed Bacteria and Fractians from Fxtracl of
Crushed Bacteria

Matenzt | \‘S::l \ Rung tean l
™ i

Crushed bacteria

Agat precipnation
cincipa) ey

Polysaccharide line
Line cotrespondmg
to Jensen s antigen A

n Yine
Acid precipitate 1765 1110 No polysaccharide Line
Line corresponding
to Jensen's antigen A
n line
Alechol precipitate 234 {+) 1 s00p

Strong polssaccharde hne
Faint hine correspanding
to Jensen s antigen 4
. . No n line
! p
c[:' z‘r(:;;hi“le fraction No polvsaccharide hine
588 ++ 110 Strang Vine corresponding
to Jensen s antigen 4
el \ Famnt n Iine
upers
shel supernatant 168 + 1100 Polysaccharide hine only
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often sphtted band between these iwo hines carresponds to Jensen's
(1958) antigen A

‘Lhe growth of 101 Roux bottles was harvestcd m 880 ml of wotonie
phosphate buffer of pH 7 6, cenirifuged, and washed 1n the same volume
of buffer The two washings were designated extraet 1 and 2 respec-
trvely Both extracts were fractionated as hefore guang the acid pre-
cipmtate, alcohal precipitate, and alcohol supernatant  The fractions
were dialyzed before the dry weight was estimated and the ring test and
the Molnch and huret reactions performed

The two extracts were exammed by agar precipitabion In extraet 1
the hine representing the polysaccharide was strong and could be de-
monstrated after diluting the extract to 1 10 In extract 2 this hue was
fant The band representing Jensen’s (1958) antigen A, was more pro-
nounced n the first than in the second extract, and the n line was only
found n the first extract

It 1s cvident from Table 4 and the agar precipitation experiments that
most of the serologieally active material 16 found in the first extract
Clus extract also contamns great amounts of matenal from the medium
The time allowed for extraction was, however, much longer for the first
extract than for the sccond one, sinee some time elapsed hefore all the
hacteria from the Roux bottles were collected and centrifuged Time
seems to be an amportant factor in extraction {ef Table 3, where the
extraction tune was the same for the two first extracts) To reduce the
loss of antigente material during washing 1t 1s therefore important that
the bacterta are centrifuged rmmediately after bemng suspended i the
fhad

The polysaccharide 1s easily extracted from intact bacterny indieating
a superficial location It 1s important to note, that we hinve not been
able to demonstrate antigens mn the washungs other than those found in
washed ind erushed haeteria

TABIF 4
Fractions Obtamed from two Successine Washings
Y ling tost it Biure Molisch

Fractions }l xll:l;lv,“ : ";nn:: m |"‘\ Lot l Tmgml
Extract 1 3488
Pxtract 2 217
Acid precip from cxtr 1 1289 1120 (+) ++
Acid preap from cxtr 2 322 1 150 +) +
Aleohol preerp from oxtr 1 1110 1 20 +++
Alcohol precip from extr 2 196 1 100 +4+
Aleohol sprat from extr 1 7312 110 (+) +
{lcohol speat from extr 2 273 110 +

Crushing tn a Bacteria Press

Wet beteria were frozen and erushed tn @ Shandon Hughes b'lclt'rl'l
press, which had been cooled down to —30° C before use Hughes (1951)
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dation The use of such methods as muliple enzymes electrophorests
and 1on exchange chromalographs may render 1solation of pure and
e antigeas (tam Slaph aureus possible

ST MMARY

Different methods for disruphing the bactera of 1 cevtamn stran of
Staph auretts have been examined Crushing m 1 bacteria press was
found to be the method of chowee

W hole and distupted bacteria have been extracted and ihe extracts
exammed serologicalls before and after fractionation with drochione
aeid and aleohal Some chemrcal data of the fractions are gnen The
chemucal composition of a polysaccharide antigen hay heen disenssed
and 1t 1s 1 resumed to be an amino sugar compound It 1s obvious that
the nucleaproteins soon undergo degradation and fractionation pro
cedures should be performed with great care The agar preapitation

method was found to he useful as a lead during extraction and fraction
aton procedures
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Of the methods examined, disruption 1n the hacleria press s best
sutted, giving a satisfactory yield without obvious signs of degrad iion

DISCUSSION

The antigenic structure of pyogenic staphylocoect 15 obviously very
complex (Qeding 1932 and 1953, Stern & Eleh 1957) Oeding (1933)
has shown that some agglutinogens are heat-stable and resistant fo
try psin, while others arc heat-labile and destroyed by trypsin Dxtriets
of the bacteria should be expected to contain thesc ty pe-specific antigens
of carhohydrate or protein nature

‘The mcthod uscd by Wieghard & Julianelle (1935) to 1solate and pu-
rify carbohydrate A, includes precipitation of the actine matenal by
alcohol and removal of proteins by trichloroacetic acid It 1s not prob ible
that this procedure will separate different earbobydrate antigens The
composition of the resulting product will therefore depend on the
strams chosen The same objections can he made to other fractionhen
mcthods such as precipitating nucleoproteins by hydrochloric acid and
other protemns by trichloroacetic acid

In our experimcnts the alcohol precipitate shows great resemblined
to Julianelle & Wieghard’s carhohydrate A The discrepancy as to the
Molisch reaction 1s nof easy to explain Agar precipifation experiments
with our fraction disclosed at least two antigen-antibody systems Other
carbohydrate antigens, giving a positine Molisch rcaction, may compli-
cate the mvestigtions The Mohsch reaction w s controlled quantiti-
tindly (Kabat & Mayer 1948) using glucose as a standrd, and the carho-
hydrate content of the alcohol fraction was found to he 2 to 3 per cent
The Molisch reaction 1s negative in 2Z-amino sugars, while othcr amimo
sugars are found lo behase as simple monosaccharides (hent & Wiite-
house 1955) The hexosamine content of the polysaccharide was 16 to
20 per cent caleulated as glucosamme It 15 therefore probablc that the
polysecharide 15 a 2-amino sugar compound Further punfication by
other methods 15 needed before the antigen can be anilyzed more de-
tuled

The great amount of material precipitnted with acid, contains sever il
antigenic components Nueleoprotans are hkely to constitute the ntajor
part of the fraction, but 1n addition a type-speerfic protan w s found

Serological typing of staphylococer 1s based upon gglutination re-
actions (Oeding 1952), and charicteristic preeipitation lines 1 agar
have heen found rcpresenting some of these agglutinogons (Haukenes
& Oedtng 1960 Haukencs, unpubhshed data) The scrological basis for
immunochemieal studies of staphylococer 1s, howaver not satisfactory
and 1t 15 therefore tmportant to choosc strams with hnown and (saly
detcctable antigens

1t s ovudent from these experiments that chameal oxtraction e
fraction ition methods Jhould be uscd with great carc to avord degra-
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The influenza virus coplmped 1 sacanes 1s produced n the cells
hining the allantoic cavity of chick embryos, and it s probabls inevsta-
ble that the vaceine preparations contan seme normal egg material,
free or atfached to the virus particles One would therefore expect that
antibody agunst normal egg material would also be produced 1n
response to an njection of influenza vaceine This antibody, howeser,
15 not demanstrable by conventional methods In the present wiestiga
tion a technique was used which rescaled the formation of antibods

capable of reacting with normal egg allantoic fluid mn scieral of the
\acainated indniduals

MATFRIALS AND UFTHODS

Influenza tacctnes Two preparati ns were used heth m novalent A vacoines
without adjuvants One was a commercial preparalicn cecened from LS A the
ther was made by the authors Wsth Vaceines had been produced according to
standard procedures using the virus infected allantore fluid from hens eggs The
¢ mmercial preparati n AxJapanf30s 27 of high antibods sensitisity had heen
purified by absorption to chick red vells and subsequent elution It c¢ ataiped 300
(LA unita per ml Viicro Jeldahl gare D2 mg \ per m) The authers preparatinn
A_‘:m{ulmre 1/57ho(‘:nedlum antibods senuitivity had been punified by differentsal
centrifugation the haemagglnlin content was hatf of th

it Kieldahi showed 093 1k~ per ;8 Tasmas b o 2ok OF the commercial

"\ w1 ue commereral preparation 10 the authors The pest ot the

e N « aration e authors The rest of
comyany 57 inditudusls who where distributed equalls i the same yomas oo :::
varcinees served as enntrols thev gof no placebo The vaceination was 1oluntars

The awthors are indebled to Maror 3 Borgersen 3,
U Erang of the \rmy Medcal Corns Tramn mg som” s H Hammer and Captan
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In 63 of the vaccinees A-anhibods was found already in the sample
drawn tefore vaccmation Tn these the hitres of the subsequent samples
were usualls hugh while they were low i 14 with no detectable amounts
of hasie Azantihodies In 3 indmidaals without detectable basic A~
antibodies the antit ody rise was simular to that of the former 63 <o
that these 3 probabls alse had previous contact with this virus Thus
there was serological (vidence of presious A~nfection 1n 66 of 80
recruts 1e 83 jer cent as none of them had been vaccinated agamst
nflenza previousiy

When for the 80 vaccinees the A~titres n the jrebled and i the
10 davs sample were compared mn a scatler diagram the pcture of
tao different [ opulations emerged pruvrousis infected and previoush
umnfected

Eramnations [ heterologus antibody det elopment The sera were
exammed 1n HI tests with various A A and B strams in order to
learn whether the vaccinatton had resulted 1n heterologous antibody
develoyment In the following the | ercentages showing antibadies are
noted in the brachets Wath swine influenza itus {53 WS (24) and
PR 8 (48) no indiduals showed a significant wmncrease VWith FAL 1
(94) fhere was one mdmidual {recruzt No 12} and with 3/Nether
lands 3606 (06) two (Nos 1o and 106) who |rescnted a significant
werease The latter stramn was recenved from J Vulder & N Vasurel

An anamnestic response might offer a plausible explanation of the
mncrease of these antibodies However even with B strains as test ank
ens a significant increase was observed Wiath Lee (70) as mans as 7
of the vaccinated individuals presented a significant inerease m one
1 wrhenlar hiration and m 4 of them this was ref roduced 1 twa addi
tionad independent bitrations 3 vaccmated individuals presented a
ssmiicant increase to B Bon (83) 2 of these were among the 4 with an
increase to Lee As B strains in anv case are much less related anti
eniealls fo Asstrans than A and A strans are the more frequent
helerologous tncreases to the former were sury risng

These mercases coutd hardly be asenit ed o random t trat an er =

.

v 1 untinet Hl titre increase to a B-strmn were
«xamined in a CF test with soluble B antizen without anyv of them
shewmg av much as a twofold mercase The absence of a sigmificant
511 tre merease 1o te B strams n all but one (Vo 153 tiscussed
1iter) of the umacemnated controls s] eaks also against presalence of B

infeetions in the reeput compant during the trial —Irerease to B strams
wiy seen with loth saceme

prejartions a t
with B virus seemed amy robable ! contamination of both

The fcHowing exjeniments howeser gave the explanation of the
j cettlur B-ratit ody nereass whieh was more or less regularly observed
m scme of the \<raccinated individuals in the HI tests deseribed at ove

7 Tuesm 511
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and 1hout half a dozen refused Allergie mndividuals were not vacemated Those whe
did not complete the trial have not hen mcludad i the numbirs abose

Serum samples were drawn from vaceinees and eontrols 4 davs heforc and about
20 davs after the vacemation from the vacemecs also 10 davs after vacemnation

Hacmagglutination whibition (HI) test The virus used for testing A2 anhibodies
was an egg-ferrct-mouse egg hine of Ag/Japan/305/57; this virus has a high antibods
sensitiaty (5) Tests were also performed with A, Aj- and B strains ¥ xcept when
noted the antigens consisted of diluted allantoie flmd from nfeeted eggs In one
oxperiment the antigen used was tracheo-bronchial washings fram mice nfected
4 days previousy by antranasal mstillation under ether anacsthesia of 01 ml of
i ce-infected, egg allantore flwd diluted 10 2,

All scra were pretreated with cholera filtrate 1n order to dostroy normal imhibitors
(9) The antihaemagglutinins then observed were considered to he antibodies al
though the complete removal of interfering, normal inlubitor actinity was nol
strictly prosen All sera were absorbed with fowl red cddls 10 order to remone
hacmagglutinins The Hl-test was performed by the World Influenza Centre's plastic
plate teehmique (4) The fowl red cells uscd were particulaely sensttive o antitrodies
mhibiting B-strains Serum titres are given as primars dilutions after addition of
the cholera filtrate, and correspond to § hacmagglutinating doses of virus

A modification of the HIl-test, a haemagglutination ynhibition ncutralization
(HIN) test, which made 1t possible to demonstrate antibods reacting with normal
tgg matersal will be deseribed later 1 this paper

Complement fixation (CF) tes! Soluble antigens werc prepared from ¢horoatlan
toic membrancs of eggs nfeeted with PR 8 or B/Denmarly1/59, a strain recencd
from I' pon Magnus and A Burlam Petersen 1or the preparation WHO Method 4
(10) was used, modificd by spinmng finally for 1 hour at 25 000 (i and absorbing
with rcd eells to ascertain a practically completc removal of viral haemagglutinin
Optimal antigcn dilutions were detcrmined 1n two dimensional {chosshoard) titra
tions against serial dilutions of PR 8 or [ ee comvalescent guinca pig serum, or antt
normal membrane rabbit serum  Also the CI test was performed in the plastic
plates About 4 doses of complement were used, titres refer to 50 per cent haemo
fys1s which was determined visually Tixation took place over might at +4°¢

A fourfold titre difference was regarded as significant an the HI. and CF tests
An individual was recorded as one duveloping a signsficant increase when a fourfold
itre increasc was obscryved betwcen the first and the sccond or third serum sample
When no inhitntion, alt fixation was observed 1n the first dilution step (1 5), titre
ratios were calculated on the assumption that the 50 por cent inhibition (fixation)
would have occurred 1n the foregoing dilution (1 25)

RFSULTS

Anlibodies [o Axhaemagglulinin and to soluble A-antigen During
the trial infections with Azvirus were obsersed among the recruts 13
of the 57 unvacemated controls developed o significant inereasc of the
titres in the Hl-test against As-virus, and or in the CE-test wath solible
A-antigen Of the 80 vaccinated, 9 showed a significant mercase mn the
CE-tst agamnst A, m vacemated individuals this nerease meant that
infections might have taken place, though the possibility casted that
the merease had been a response to the vaccine (1,7} 4s a chedh the
sera from mdiaduals showing an ncrease with solublt \-antigen were
also examuned m a CF-test with normal, chorioallntore membrane
antigen with which they gave no fination —1The wnfected had mld or
no chinical sy mptoms

The HI test with - virus showed that 67 of the 80 vacunalad had
developed a significant antibody nerease, and that there was no sub-
otantial difference between those wiho had bren vaccinatad “,'u, the
commercial preparation and those vaccnated wath ¢ authors’
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patticipated n the trial and descloped excephionsaily high titres of “;:-Il
hody measurable with punified vruses only He had been vacaina (‘
with the commeresal preparation white the frve reormts had r‘ccu\c(‘
the authors As with purified Tee the sigmificant mereases obsersed
with purifted swine mfluenza vitus Were aholished by normal llantoic
flud

TABLY
before]
I st Speesf ¢ ant $irus Specific Antibody Ttires of Serum Samples Drawn
:0/:5 !‘;:;Isl nf‘;er an Inyection of Influenza 4» Faceine [Iost Specific inniboily
levetopment Is Res ealed by the HI Titee Inereases Recor lelu th the Heterologous
ur { ed Test Viruses

Haemag fu_ nation fuhibition test mith

Lomplement
Lerso fxat an teat
exam
4]

GlapanFas | withsolutle
not puri e § Asnt gen

e L S | et
uen s ¢ 1 cell elnate
red vefl eluate red cell eluate ke ell el

No 1 L1350/ <SIYLI0 LIVCINLID  <BICH/CB <55 &5
o 55 <15/30/15 3] 20 20[2 8 60

o
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<10 2072 0 <8 <52
W <153015  <I0(<SIN<I0 <U/CI0/LI0 120 480/480 588
18 <1bdis L0 15/20/10 <B/1020 <ofANG
No 136 <I54530  LM/<HO/<I0 IM15 15 <8RS <5 K5
" 3035080 L1038 20018/— <8350 <555
In the feltowing the antibody tralized bs normal ajlant fhad

will be refirred 16 ay host specific antibody 1 eontrast fo virus specific
antibody

The host speeific antibody had alreadv reached 1its Inghest titres 1n
the first (10 dass) samples drawn after vaceination The peak titre of
the homologous virus specific antihody (anti A-) was usually reached
m the first sample when basic antibody was present {secondary
resjonse) and e the second (20 days) sample when absent (primar
responst) As shown in the talle host speaific antibody tires can
cxeeed virus specfic {A») titres in al solute values or relative ncreases
Swinc influenza elugte gave Jower itres than Iec eluate and PR 8
fuled 10 roveal the formation of host speetlic antibody  Admaftedly
4 of the 6 individuals tested wath PR 8 cluate had some basic virus
speciftie antt ody against thy stram and this may hase masked the
developtnent of low titeed host speeafic antibody which might othersase
hue bewn detecled with PR 8 eluate i these mdwidaals

About 20 vacenated mdniduals Possessed yirns speeific T ee antibody
1t such hugh fitres that it might explam the absence of detcetable
ancunts of host speaific antibody whubibing s stram Of this grouyp
1y mdividuals without basic antibody to swine nfluenza virgs were
tested with an cluate of the tatles, and s disosed 1n 3 individuals
the formation of sigmificant titres of host antihody neulratized b
normal Mintore flud The 3 mdiiduals bad been vacemated with
1
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Anlibody reacting with normal host material Kmght (6) demon-
strated that in rabbits, repeated injections of macromolecular matcrial
from normal egg allantoic flutd produced antibody which inhibited
hacmagglutination by influenza virus grown n chick embryos

In the present investigation the part played by antibody reacting
with normal (gg material m the observed titre inerease to Lee was
revealed 1n the HIN-test In this test the viral anbigen had been punfied
by absorption to and subscquent clution from fowl red cells, washing
the agglutimated cells with cold saline before elution 0 25 ml of serl,
twofold dilutions of the sera from the vaccinated indniduals were
plated out in two parallel sets To one of them was added normal allan-
toic fluid, to the other saline, 0 25 mi m each hole The allanfore flmd
had becn harvested from 12 days old cggs and pretreated with equal
amounts of cholera filtrate over might at 37° C followed by heating for
1 hour at 56° C and absorption with 10 per cent fowl red cells at 8°C
After the allantote fluid had been added to the serum dilutions, the
platts were left on the beneh for 1 hour (though a few minutes might
have been sufficient) to allow the normal cgg antigen to rcact with the
antibody, subscquently 025 ml of 0 5 per cent fowl red cells and imme
diately aftersards 0 25 ml of 4-8 hacmagglutimating doses of the purn-
f1ed virus were added and the pattcrns read as soon as the cells hud
settled

The result of testing with purified Lee virus sera from the vacemated
recruits was that in the absence of normal allantore fluid (the sidine
parallel set) a sigmificant antibody increase was observed m 7 indi-
viduals ginven the commereial yaceing, and 1n 18 given the authors’ In
the presence of normal allantoic flnid no significant increase w s seen

In another test sera from the vaccinees who had shown an Hl-inercase
with diluted, Lee-infected allantore fluid were exanuned with such
antigen in the presence of normal allantoie fluid, and this time no signi-
ficant increase was observed

In agreement with these results was the finding that when an HI test
was performed with mouse-grown Lee virus as antigen, none of the
vaccinated recruits showed esen a two-fold antibody mcrease In an-
other test sera from five vacemated mdn tduals who hd given an eight-
fold or greater mcrease with egg grown Lee eluate tin the absenee of
normal allantoic fluid) were tested with mouse grown Lec duatc with-
out showing any 1ncrease

6 of the 25 ndividuals with a signtficant mercise recorded n the
salmne set with Lee cluate were among the 9 who showed 1 significant
ncrease mn the CP-test with soluble A-antigen

In another cxperiment PR 8 and swine mnfluenza virus purificd by
red cell absorption-clution werc used to test sera from fivc vaccinated
reeruits who had revenled a pronounced titre incerease with purified Lec
sirus The results are recorded 1 the tablc which also presents the
titre values given by a scntor member of the compiny (Lt 1) who
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as the unheated virus tested i paratlel, although the heated virus was
found to he 20 imes as sensitine to normal nhshitor in human sera as
the unheated

The possinhty was considerced that this induadual might have re-
cetved influenza saceme even though he was recorded as umacanated,
and that he had then responded with host speeific antibody deselop-
ment However, with egg-grown T ee-eluate the titres werc 520 i the
presence as well as in the absence of normal allantoie flud, and 515
with maouse grown Lee, so this explanation could be rejected

As he presented a CP-titre r1se from < 5 to 20 with soluble A-antigen
and an HI titre nise from < 8 to 120 with A»urus (he had no symptoms)
and as other explanations seemed less valid, it was suggested that has
Lee-titre increase was an anamneshe fesponse to the A-nfection (2)

PISCLSSION

How frequently a development of antibody against host material 1s
reeorded as a result of nfluenza vacemation, depends on three (actors
The anhigemicity of the host component in the vaccme, the eapactly of
he indiquals concerned to form these antibodies, and the sensibvaty
of the mihody test employed

As regards the sensitraty, no fixation was observed in CF-tests with
normal chorioallantoic membranes or membranes infected with a
heterotogous influenza virus type (B) Further, when the HI tests were
performed as usual with diluted, 1afected allantaie flud constrtuting,
the viral anligen, the development of antibods attrihutable to normal
host matersal was only occassonally obsersed When, however, punfied
virus was used stead, the deselopment was seen quite frequently

By 2dding normat host matenial, m this case normal allantoie fluid,
to the serum 1n the HI test the wdentity of the host specific antibody as
suich could be proven This modification of the HI test, the Hl-neutral-
1zation test, had been developed in connexion with other studies, which
will he deseribed in a fortheoming publication {3V draline wn =1

. @ vasauuldan e manduals concernted or rc;ullm’g

from the vicemation by 2 pramary or anamnestic response

Another crucial point was the sensitivity of the test stram to the host
speethie antihody In the present s eshigation cluates of Lee, PR 8 and
swine mfluenza virus were compared n ;
viduls Lee was found to gue the faghest titres of host speetfic anti-
body  but several jndiiduals showed wvirus specifie, basie antihod:
agunst this steaun The host speeific Ligres ricorded with s\\mclnﬂul‘nz?l
virus were lower than with Iee, but very fow had basic antibody agamst

tests on Asvaccinated ndi-

e ———— —.
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the authors’ preparation Their sera gave no complement frxation wilh
soluble A-antigen

Because of the low sensifinity of the swine influenza stram to normal
inhibitor 1n human sera 1t was possible to perform an Hl-test with sera
which had been pretreated only by heating for 1, hour at 56° C followed
by red cell absorption The titres were compared with those obtamned
i a parallel titration with sera treated with cholera filtrate, heated
and absorbed by the routine method It was then found that the type of
pretreatment did not influence to any extent the ratio between titres
before and after vaccination

Heterologous development of anlibodies to As-strains It was men-
tioned abose that 2 vaceinated indiaduals showed significant titre nise
to Ar-virus o Hl-tests with diluted, mfeeted allantoic fluid No 15
gave the following titres against FM 1. 20/80 80 (prebled/10 day /20 davs
sample), agamst Av/Netherlands/36 56 < 5/15/15 No 106 gave no nse
against the former, against the latter < 510/10 No 15, who had re-
cenved the commereial vaceme, did not reveal host specific antibody
development when tested with purified Lee virus No 106 had reeenved
the authors’ vaccine, and the titres with purified Lee were < 52020,
the merease was abolished by normal allantoic fluid Both showed a
significant ncrease with soluble A-antigen No 15 < 510 —, No 106
< 530/15 They had no typical symptoms Anti-A: titres in the Hi-test
were No 15 < 5/'< 510, No 106 < 5/< 580 Further studies with
sera from No 15 could not be performed beeause the supply was ex-
hausted, 1t was established only that the titre of the 10 days sample
against FM 1 eluate was the same 1n the presence as 1 the absence of
normal allantoic fluid As to No 106, AyNetherland«/36 36 eluate gave
the same values 1n the presence as i the absence of normal allantoic
flutd These findings suggest that the anti-Ax titre mereases observed
in Nos 15 and 106 had not been caused by host speeific antibody They
night have been caused by Axinfection, and their rapd development
pomts to an anamnestic response

Helerologous development of anttbody o a B-stratn As noted above,
one of the unvacemated mdmviduals, No 154, presented a significant
titre increase when tested with diluted, Lec-infeeted allantoe flnd

Several explanations for this merease were examned Iirst a test
was made to sce whether he had been mfected with mfluenza B during
the trial It was then found that he gave no complement fixation with
solubl¢ B-antigen, and no increase mn HI-tests with three recent B-
otramns B Denmarl/1/59 (< 8/< 8 mn prebled/20 days samples), Bann
Arbor/1/69 (10 10) and B Utah/2/59 (10 10), the latter two strams oh-
tained through the International Influcnza Center for the Americas
Thus a concurrent B-infection could not be demonstrated

Development of normal mhibitor which resisted treatment with the
cholera filtrate could also be excluded An HI-test with Lec-infected
allantore flud heated for ¥ hour at 56° C gave the same hitres (5 36)
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been produced against sirus host material In the same wav purified
swine miluenza visus was mhubited by the host specifie antthods

In addition to these findings various observations on host specific and
sirus specific antibody responses are described
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the swine strain PR 8 failed to reveal host speeific antibody under the
cexperimental conditions

Nonc of the individuals showed host specific antibody before the in
fluenza yaccination 21 of 40 individuals who recenved a single injeetion
of an Az-vacemne preparation made by the authors, devdloped detectable
host spectfic antibody, as did 7 of 40 mdividuals who received a com
mereral one It was surprising that the former preparation obvioushy
provoked more host specific antibody than the latter, which contamed
7 times as much total mitrogen, and 2 times as much hacnagglutinin
as the former

This investigation does not reveal whether the production of antihody
neutrahzed by normal host material was provoked by such material,
or by viral matenial sharmg antigenic determinants with its normal
host (8), eventually by both In order to solve this problem onc would
perhaps have to inject normal host material under correspondimng ex-
pernimental conditions and amounts as the virus, and this expernment
was not performed

It would also be interesting to know 1if allergie reaction to nfluenza
vaccine 15 accompanited by the presence or formation of lnrger amounts
of host specific antibody than usually mct with —The host speeific
antibody scemed to be quite rapidly formed, pointing to anamnestic
mechanisms However, the recruits had not been given vacemnes grown
n embryonated eggs before

The onigimal purpose of the present inyestigation was to examine the
frequency of heterologous HI-antibody increase resulting from A- vac-
cination It was found that a significant wnerease of virus speeiic,
hetcrologous antibodies seldom or never occurred under the cxpert
mental conditiens, which 1n particular may be charactcrized by the high
percentage, 83, of vaccinees (nmulitary recruits) revealing serologieally
a previous experience to Ax-virus

A more 1rregular finding was the Hl-titre tncrease to Lee in an un-
vaceinated individual as this inerease probably had been provoked by
an Az-infection

SLMVARY

When purified, egg grown influenzy B-virus (Le) was used in the
hacmagglutination inhibition test, it was found that a singlc, subcutane-
ous mjection of an ordinary preparation of egg-grown mnfluenza A_-vac-
cine produced a fourfold or greater titre ncrease n 18 of 40 military
reermits With a sumlar sacene preparation 7 of 10 individuals gie
this phcanomenon A titre inerease was not observed when normal cgg
allantote flurd was added to the sera m the test Nor was the merease
«een when mouse-grown Lee virus was used 1n the tost mstcad of egg-
grown virus Antibody formation to soluble B-antigen w15 not observed
It was concluded that the antibody inhibiting the purnificd Ieevirus hd
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RFSLLTS

Erperunents with sumian sera Table 1 presents the titers of comple-
ment fixng antibodies reacting sath measles virus antigens in stngle or
series of serum specrmens from elesen Cy nomolgous monhey mothers
and their babies The first mentioned had been brought to this Institute
from the Philipnes During the captinity i Copenhagen where the
dchsery of the babies took place, they had show no signs of laess The
ongin of thewr measles antihodies, therefore, can not be further
accounted for Scra were obtained from the amimals from one day up to
about 200 days after the babies’ birth As can be seen 1n Table 1, the
titers of complement fixing measles antih T d ) n
sera from four of s1x mothers, and showed a 2-fold decrease mn two
dunng the ohsersation period In two instances blood samples were
deawa from the babtes within the first 24 hours of hie In éne of these
cases the titers of complement fiting measles antibadies were wdentical
n sera from the mother and the baby, while 1n the other the titer was
2 fold fower in the Iaby’s serum than wn the mother’s In samples col-
Tected between eight and 25 days after the bahies® brrth the lters were
from 2- to 4 fold lower than 1n sera from the respectine mathers

TABLE 1
Tuters of Complement Figing Antibodies Reacting with Measles 1 1ras Antigens
Sera {rom eleven Cynomnlgous Monkey Vothers and their Babie:

I

—_—

K3 Titertof C | Measles Antihodres
<
Oz ) 232 i tn Serum Samples collnete 3 about
e In e -
No 3 1 Sample 3o dam iy 12dass | Jusdays
Y affel aller after aler
; 1 Sampte ' 1 Sample | 1 Sample 1 Sample
T Mather g
1 Baby 1 16
2 Mother 81
2 Bahy 1 12
3 Mother 128
3 Habe 3 s
4 M ther 128 128
61
3 Babe 15 32 3 <1 o <i o
5 Mother 64 51 64 64 <
5 Baby 2 3 8 s o
€ Mather 3] 32 32 <t <
6 Raby 32 8 s =
7Y ther N &1 o ! 5 <
7 Baby % 16 3 P
8 Mather [ LY 3 <t
B Bany a8 8 4 T o< 2
9 Mother (1Y [ o < <
9 Baby 4 s 3 b o
10 Mother [ < <t <4
10 Rabn 160 <t
1 Mother 64
11 Rahy 163 <1



FROM THE INFTUENZ A VIRUS DEPARTMINT, STATENS SIRUMINSTITUT
COPENIAGEN, DENVARR

TITCRS OF COMPLEMENT FIXING MEASLLS ANTIBODITS
IN SERA FROM SIMIAN AND HUMAN BABIES

By

Vicco Bron
Recened 31961

In an carher paper the development of eompliment fivng measles
antibodies tn mesles prients has heen deseribed (3) he titer levels
of these antibodies as measured from one to ahout 60 years after illness
hase also been reported (5 6)

This communicalion presents the data obtained in complement fix-
ation (xperiments, in which single or p ured serum spectmens collected
durimg the first year of hfe from human infants were fested with
measles virus antigens The results from sumilar oxperiments with
single or series of blood samples drawn from clesen Cynomolgous
monkcey habies and their 1espective mothers are also described

MATEFRIAIS AND MITHODS

Human scra In the experiments to be deseribed 20 samples of hlood from the
umbilical cord have been cxamined together with single serum spacimens from 87
human infants and purcd serum samples from 19 mfants AN the wnfant sera wert
colleeted during the first vair of hife The majorits of these blood specimens had
heen sent to this Institute from various padiatric hospital wards to be examined for
influcnza antthedies The paired serum samples were ordinartly obtained with an
stersal of about ten das<

Monl ey sera Single or scries of hlood specimens were collccted during the fiest
scar of hfe from eleven Cynomolgous monkey habies and thar mothers In all
smstances samples Were obtaned at the same time from mother and baby  The
simian babies were born m this Instrtute and after birth hept isolated together
with thar respective mothers

The sera were prepared and stored 1o the same w1y as carher dosertbed (3 Toall
cases scrum speamens from one mndividual were testad simultmeousty in the same
cxpenment

Verus straan A measles virus stram ssolated n the spring of 1956 1n Copenhagen
from the threat of a child with measles was uscd for the preparation of antigens (2)

Complement fixing antigens In all tests tae antigens were emploved They had
been prepaced as earlier doscrihed from measles infected cell cultures of the human
el a cancer cell line mamntaingd i a mediem with horse serum and of teypsimzed
monkey hidney tissue respectinely (3 ) These preparations represented about
four units of antigen 1 the complement fixati n tests m which two units of
complcment were employed

Complement frzatton tests The techmaue has heen doseribed mocarler papers
(3 4) In the expesiments with human scra dilutions from 12 to 1256 were
examined while m the tests with sera from the simian babies the sh rtage of scrum
made 1t 1impossible to use lower dilutions than 14
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From the results obfained in tests with sera from the simian babies
Nos 6 7,8, and 9,1t appeared that the decrease n hiter was from - to
8-fold during the first 32 to 46 days, while 1n all cases 1t was only 2 fold
during the followmng 35 days The antibodics remained measurable
until 50 107 days after birth Correspondingly, negatise titers (=salues
lower than four) were obtamned between the 86th and the 148th day of
life and onwards

Figure 1 presents the same titers as recorded mn Table 1 In the
Frgure they hasve been plotted against the age n weehs of the simman
habies at which the specimen was obtained

Experuments with human sera* In Figure 2 he titers of complement
frxing measles antibodies in blood samples drawn from human infants
are recorded Lake in Figure 1 these titers hase heen plotted against the
age 1n weeks of the children

The sera from new borns all dernved from the umbtlical cotd One of
these scra had a titer lower than two, while the remaining 19 sera had
titers hetween two and 64 The greatest number—{fnve out of 20 sera—
hnd a titer of 16

‘The other sera in Figure 2 were oblaned from human mnfants be-
tween two and 56 wechs old Single hlood samples had been drawn from
a number of 89, while paired spectmens had been collected from 19
children, usually with an mterval of ahout ten days As can be seen 1t
the Figure, 18 sera out of 28 obtained between the second and the 12th
week, 1ncl, gase a posttie reaction with titers ranging from two to
32 Of 43 specimens collected hetween the 13th and the 24th weeh, nine
sera showed a titer between 1wo and 16, while 34 sera had titers lower
than two From the 25th to the 48th week 56 samples were oblamned Out
of this number only four gave pasitine seactions Two sera had GLiters
of 1no and eight, respectisely, and two sera showed a hitre of 32 These
two last mentioned sera hoth dernved from the same chuld, a boy about

ten months of age
TABLE 2

g Menstes Antibodies in Paired Serum Samples Collected
L from 6 Human Babtes within the Fisst 10 Months of Life

Tuters of Complement Fiywn,
twith about 10 Days Intert a

]

\o Age at Collection of Antibody Titers in
\ 1 Sample
tSample | 2 Sampte

8701 3t days 16

789 39 davs M H
8695 %1 davs 8 2
9750 7 does 2 2
89,8 140 ans 1 R}
ant 273 davs 32 -

Of the 19 anfants from whom blood
was drawn twice, a numb
13 hnd titers lower than two 1n hoth samples The ages of these Z‘L:f(;r:xi
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In sera obtamed during the first months of Life an wncreasing nu[r.uhcr
of negative rexctions was recorded Thus while 36 per cent ol lh'o
wpecumens ¢olleeted between the sccond and the 12th week after irth
showed 1 negative reaction 79 per cent of the sera obtamed from the
13th to 24tk wech and 93 pe cent of samples collected hetween the
2oth and the 48th week of life had titcrs lower than two These resulls
seem 1o agree well with the Bindings of Aar on (9) and Carlstrom (8)
1 sinnlar studies 1n which they examned human sera for the content
of ncatralizing antibodies agamnst canine distemper virus This sirus
has Iater been shown to be closely related to measles virus in anbigenic
respect (1-7-8)

Parallel with the increasing number of negative reactions a decreast
i the mverage liter of complement fiung measles antthodies was
abscryved during the Nirst months of lifc (sce Tigure 2) Only two serum
samples both obtamned from a hov of about 10 months of age with an
mterval of about 19 days did net N1l inlo this general pattern Both
specimens had a titer of 32 It seems unlikely that this high antihods
tevel should rey L antit odies tr tied to the nfant
Prohably this chuld whose anamnesis unfortunately 1s unknown had
sulfered from measles prior to the first bleeding

Finally 1t should be mentiened that in this study hike i earher
expeniments (4) no sigmficant differences were encountered between
the results obtammed with the two different antigens employed One of
these had been | repared from measles sirus infeeted Hel a cell cultures

the other from measles virus anfected cell eultures of tryy simzed
monkey hidney tissue

SUMMARY

The content of complement frang antbodies reacting, with measles
Mirus antigens has heen measured 1n sera collected from simian habies
wd human infants durmg the fiest year of hie
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were from two weeks up to 20 weeks Six of the 19 infants had titers
ranging from two to 32 in the two blood samples which n these cases
had been collected between the 6th and the 40th week of life The results
obtamed with the sera givng positne reactions are presented in Table
2, where 1t can be seen that the titers remained unchanged n three in-
fants and showed a decrease of 2- to 4-fold m the other three children
during the observation period of about tcn days

DISCUSSION

In the experiments presented in this paper it was found that stra
dernang from the cleven Cynomolgous monkes mothers all contmned
complement fixing antthodies reacting wath measlcs virus antigens n
bters of nearly the same magnitude (cf Tig 1)

The titer observed 1n each of the simian mothers showcd no signifs
cant variation during the observation period which 1n six cases were of
about 200 days’ duration In sera collected from the babies of these
anumals an apparently umiform deerease m titers of the complement
fixing measles antibodies was seen during the first months of hife In
two cases where blood samples were obtained within 24 hours after
hurth, the same or a 2-fold lower titer was recorded n «cra from the
babies than 1n scra from the respective mothers Betwecn the 8th and
the 46th day of hife a difference of 2- to 8-fold was demonstrated be
tween the titers m blood from the mothers and the babies In all
mstainees a negative reachion (titers lower than four) was observed 1n
the late blood samples from the suman babies In the present study the
fast positive reactions were recorded mn specimens collceted hetween the
50th and the 107th day of life

Irom the tests with sera from four of the simian babies 1t appeared
that the decrease in titer was from 4- to 8-fold during the first 32 to 46
days, while 1t was only 2-fold during the following 35 diys These
results seem to be m accordance with observations made hy Strean et al
£13) who found that the tevel of nuutralizng pohomychis antihodses
tin human nfants gradually dimsished, following roughly the shape of
an exponcnhial curve, similar to that of the exeretion of a metaholite
In this connection 1t should be mentioned that in diffcrent studies the
half-hfe of ncutrahizing poliomyehitts antibodies in the now-horn human
ifant s hlood h s been estunated as, respeetivaly 21 days (11 12) 37
days (10), and §0-55 days (13)

In the experiments with sera from human nfints 1t was ohserved
that the distribution of titers of complcment fixing maslcs antihodics
1n hlood samples from the umbihical cord was very simlar to that found
1n sera from healthy persons between onc and 20 voars after measles
(6) Thus, only one specimen showed 2 negative reaction o titer lower
than two), while 19 sera had titers ranging from two to 61 the ttcr of
16 hemng the most frequent (five sera)



THF FNTEROVIRLS DEPARTMFNT STATFAS SFRUMINSTITLT l'?PF\;‘llGF\
N1 THF EPIDFAHOLOGICAT DFPARTHFNT, TANDSHOSPITALF
I\ SOVDERBORG

A CASE OF MILD PARALYTIC DISEASE
DUE TO ECHO VIRUS TYPE 11

By
AswrLIsF GopreRepseN and BexT HANSFY
Hecenved 250 61

During the past years several enteroviruses other than the three tyvpes
of poliovirus have been assocated with parafytic discase and evidence
for the paralylogenie properties of certan serotypes of Coxsachie and
echoviruses has been presented (1-11)

Recently, Steigman & Liplon reported thal echo virus type 13 had
heen solated from a stool speaimen from a fatal case of hulbospinal
parslytic poliomyelitis (12) No laboratory evidence of a poltovirus m-
fection was found whereas a rise i neutralizing antibods titer to echo
vrrus f3pe I1 could be demonstrated

The present report contans further evidence that paralytic wlaess
mav be caused by echo virus type 11 and describes the 1solation of this
type of virus from the cerebrospinal flnd (CSF) of a chuld with clumeal
wigns of mid paralybic polto The child had recened 3 ipections of

formalin mnactivated poliovaceme the last injection being gnen n
August 1956

CASE REPORT

On October 5 1960 a 12 vear old girl (case 7001) developed abdomtnal pan
Severe headache appeared an the third day of fliness and she vomited seseral times

Sr;cl;vn admitted to the hospital (Landshaspitalet i Sanderborg) on the fourth day
«f 1liness

At the time of hospital admissinn she appeared drowsy Her te
3835°C She had markcd nuchal and back r!';ldxt\ and bac}c and ha::‘::l;?;;:;l:"
No esidence of muscular weakness or reflex changes was found

On the day alter admission moderate weaknesy of both arms and a correspanding
timinution of decp reflexes was found Two days later she was afebrile and much
mpr s ed OnJhe 1ith dav after admission to hospital she complained of severe
headache and dbuv}ncu" of the right arm Marked muscular weakness of the night
{yﬂr:;';;:rn;(;Mr;l’he reflexes were normal She was discharged without residua na

On admisyion examination of CSF revealed 57 white blond cels b
meter [redominantly hmphocvtes Proten content 65 mgc per eubie mill
Labsratory Framunatians
Three stool sbecimens tollected on da.
y 5 8 and 11 after
taken tn @2y 4 a3 well as two blocd nvu:e, enitted 7:{ '(‘dl"-‘ bora oo
The techaique employed in our laboratory for virus f3alation virus fdentilreation

A33
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Bech Vizgo TRedationship Between Complement Tiving Antibiofies Against
Measles Virus and Canine Distemper Virus Acta path et mrcrobrol
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Carlstrom Gun Neutralisation of Camine Distemper Virus by Serum of Paticnts
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thus be excluded that the different results obtaned 1n the two hissue
culture systems (1 e monkey hidney cefls and human amaien celts)
ymght be due to the presence of esther two viruses i the spinal flusd or
to pick up of a simian virus from the monhey kidney cells employed

\rus 1solated 1n human amntotic eells from each of the three stool
speeimens could hkewise alt he wlentified in neutralization tests as
ccho Virus type 11

Neutralization Tests

Acule and comalescent sera collected from patient 7001 on days 4
and 18, respectnely, aftir onset of iliness were Woled for neutralizing
antibodies to poliosirus types 1, 2 and 3 and to the prototype strain
of echo virus tvpe 11 The results are presented fable 1 together with
a summary of the virus solation expeniments

A< will he seen no significant changes in neutralizing antibody titers
to the three types of polovirus could be demonstraled The antibody
titer against echo virus type 11 was found to inerense from 2 to 11

TARLE 1
Resulls of Iaboratory Foamination of Case 7001

Virus isolations Serum antibe Ties

tesul .

e Hesulivol ta ne 1in Day b Neutealeatog aauibady tles

alier | Specimen ——— o | Bl | e

antet Uuman Mankey | bland Palla teho

amn on kil iney I 2 1

1 (s Febe 11 Feho 11 4 102 124 180 2
5 Staol  keho 11 negatne 18 2048 2048 360 11
8 Swol  Fcho 11 negative

1 Sl Echo 11 negatiee

DISCLSSION

During 1960 only seven cases of paralyhic poho have heen reported in
Denmark In two ¢nses the preliminary diagnosts was not maintamed
the final clinieal diagnosis being Guuillain-Barre svndrome and paresys
Il\]y()knl'l(‘n‘llc’l 1dwopatica, respectively From 4 of the remaming 5
patients pohiovirus 1y pe 1 was isolated from the stool
cont uned Coxsachic B 5 virus e sioels oncof these alvo

Chimeal and faborators data con

cerning the Nifth of the patie
with a chinieal piclure of mid paralyy, T e
©
e raralylic polio are presented in the

The 1solation of (cho 1 virus from the €SI as well as from the stools
‘("gt?:wrl“ ith Ilh‘c hmlnologuus $15¢ 10 neutrahizing antibods titer and the

nture to ysolale polovirus from the patient Y

Jushihies th
that the paralstic sliness of the patient was actaalh enusc(lcl)c;):s:;“loln

B acTieat 331
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and neutralization tests in trypsinizcd monkey hidnes tissue cultures has heen
duseribed previously (13)

In the present study human amnion el cultures were also emploved For pr
paration of this type of tissue cultures the method doseribed by ahelle (14) was
used with some modifications Ay maintenance medium for hoth types of cultures
hosine amniotie flutd was emploved

RESUITS OF VIRUS ISOTATION FXPLRIMINTS

Spnal fled Primary moculation of human amneon cell cultures with
CSY yielded a eytopathogenic agent, complete degeneration of Lhe eells
m 4 ont of 5 moculated tissue culture tubes heing evident 9 days after
moculation In monkey hidney cultures moculated with €S no dege-
neratton of the cells was found by reading of the tubes 9 days after
moculation However, 14 days after inoculation very shight degeneration
of the cddls 1 8 out of 5 tubes was observed also mn this type of tissue
culturcs By submoculation in monkey kidney cultures ¢y topathic ac-
tinity beeame apparent more readily, complete degeneration of the eells
m 5 oul of 5 tubes hang evident 5 days after inoenlion

Stool Spectmens

Examination of the stool suspensions was carried out by parallcd o
culation mto monkey kidney culturcs and human amnion cultures No
degenerition of the monkey kidney cells was found by the T4th dn
readmg of the tubes and blind passage carried out in frosh monhey
hidney cultures gave a negatine result In contract, in human amnion
cultures complete degencration of all inoculated tubcs was evident 10
days after inoculation

Typing Experuments

The virus strain recovered i human ammon cell cultures from ST
(Stram 7001 5) was studied 1n neutrahzation tests m monhey hrdney
cullures Polio antiscra ty pes I-HI and Coxsachie antisera types 49 wd
Bl B5 as well as monkey hypermmmune sera ag unst ceho types 119
were cmploycd 1n the tests The echo antisera werc supplied by the
courlesy of the National Foundation, USA A final scrum dilution re-
presenting at lcast 20 units of antibody was used m the typing xperi-
ments The tests showed that 600 and 6000 T Dso of virus strun 7001 5
were neutralized by echo antiserum type 11 only

The result was verified by re-testing stram 7001 S togcther with the
prototype stram of echo 11 m a neutrilization test aganst ccho ante-
serum type 11 It was found thit 10 000 TCD » of strun 7001 S and
40 000 1CDyo of the prototype echo 11 stram were complctedy neutrt
lized by echo antiserum type 11

The agent recovercd from CST by moculation of monhoy hudney eddls
w 1s hikewise rdentified 1n neutrahization tests as ccho 11 virus It could
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previously examined mn monkes kidney cultures with negatine resull
were re tested by 1noculition in human amnton cultures Nonc of these
guve positne results

TABLF 2

1o
Feho 11 Virits a Reported by Varous Int eshigalars an
(et Stectrum for Fe Strains 7001 and 7001 S

‘ Monkey }
Rete | Jdney eells

\ BERFEE
ssoate 1 by o pn paw I3 H
nary sage
Ramas Aharez & Sabin 1954 IR
Ormsbee & Velnich 1927 1%+ + +
Ramos Aharez & Sabin 1928 17 F
Philipson & Wesslen 1928 18 R
Flun Lewis & Velnick 1929 0+
von Zewpel et al 1960 M+ +
Stergman & Lipton 1960 2+ = -~
Strain 7001° - +

Strain 7001 5 § (+)

+ = c3t pathogeme effect

= = adaptati n lo m nkey kidnes cells (cyt« pathogemic effect) abtained after 5
Ppaseal

£4) == slight cytopathogenic effect on monkes kidney cells

viruy asolated from stool specimen from case 7001
] virus s lated from CSF from case 7001

SUMMARY

Tabortery studies on a case of mild paralstic disease 1n g 12 year
old gerl are presented The child had recened o series of 3 polio vae
ciations the last given in 1956

1cho wirus Wpe 13 was recovered from CSF as well as from three
stool specimens and a nise 1n homologous antibody lesel was deson-
strated in parred serum samples No evidence of mfection with polio
sirus eould be demonstrated

It 1 concluded that the paralytic illness was caused by ccho wvirus
i 11

M rus was recanered from CSF mord readily an human amnion cell
cullures than in monhey kudrey cultures Three stool specimens all
vidded ceho vrus Bpc 11 by inoentatson i human amnion cultures
whereas inoculation of monkes fadney cultyres gave negative resulls
3
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Strams of echo virus type 11 have heen wsolated previously from
normal cluldren (15, 16) from sporadic cases of diarrhea (17) and
from patients suffering from upper respiratory discases (18, 19) Other
workers recently observed the acufe memingilis syndrome to be as-
soctated with echo 11 virus infection (20, 21) and evidenee for the
capacity of {is ty pe of virus Lo produce more serious neuroly tie damage
has been presented by Steigman & Lipton (12)

So far, monhey hidney cultures have heen considered to be one of the
best indicators for the presence of echo viruses m chnical specimens,
and the cytopathogemeity for this cell fype 15 actually considered a
characteristic of the echo virnses For seyeral years this type of tissue
cultures have been used mn our labaratory for 1solation of polio- and
cchoviruses (13)

In May-December 1960 the majority of cerebrospmal flmds recened
s our laboratory have been examned by parallel inoculation n 3 mon-
key hdney tissue cultures and § human amnion tissue culfures

Durmg this period virus was recovered from 32 out of 424 cerchro-
spinal fluids exammed

A comparison of the suseeptihility of the two types of tissue cultures
1s rendered chffrcult by the fact that in many cases cell degeneration
was found only m 1 or 2 of the 10 tissue culture tubcs moeulaled with
cerebrospial fluid In such instances it cannot be sard whether the dif-
ferent response i the iwo 3 pes of tissue cultures represent different
cell susceptibilety

It should he mentioned, however, that 17 cerebrospmal fluds which
were found to contain Coxsachie B virus (15 B3, 1 B2 and 1 B4) all
gave positne resutls iy moculation in monhey hidney cultures sherets
only 3 of these specimens gave positine results also by moculation of
human amnion cell cultures 1t seems possible therefore that for sola-
tion of Coxsachie B-5 strains monhey hrdney cells are supcrtor to uman
amnion cells

In the case reported hiere echo 11 virus was recovered from CSE more
readily 1 human amnion ccl cultures than m monkey hudney cultures
Attempts to 1solate virus from the stool specimens m monhey Kdney
cells were completely negatne, whercas «cho virus type 11 was wolated
readily from all three specimens by moculation i human amnion cell
cultures

The types of tissuc cultures employed i carher reports on 1solations
of ccho 11 strawns are summarized n Table 2 With the exceplion of
the echo 11 stran 1solated by Philipson 118} all strams were wolated
by moculation of monhey kidney cells It scams possible therd fore thal
ll;c ccho 11 stram 7001 described 1 the prosent paper represent a rather
rare cell speaificity

In order to examine whether we might have mssad some echo 11
oirams by usmg MKC only 1 our attempts to wolite viral agants from
Jtools, 28 feeal specimens recerved dunng October-November 1960 and
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TWO MNEW STRAINS OF PASTEURELLA
HAEMOLYTICA VAR. UREAE ISQLATED FROM
THE RESPIRATORY TRACT
By
Tov Ot anp nd SYFRRF DIch HEVRIKSEN
Reeelved 761

As Judged from previous litcrature organisme belonging to the genus
Tasteurella have only been ssolated infrequently from the human respz
ratory tract Howeser 1 a recent paper the finding of altogether [0
Pasteurclla struns from different parts of the upper respiratory tract
was described (2) This also contains a review of the perlinent lite-
Tture

I specially interesting 1s the 1solation of 4 strams of anew varniety far
which the designation Pasteurella haemolyirea var ureae was proposed
(1) The speeinl charactenstics of this varant are 1) The appearance
on microscopieal exammation of pleomorphic coccobacilli to filaments
05 07 microns wade 2) The appearance on blood agar of x marked
green discoloration wsually accompamed hy 2 partial haemolysis 3)
Colomes of a shightly tr U and mucowd appearance, the diamet
betog about 2 mm alter 24 hours of meubatiop 4) Fastidiousness w

s nuintional requirements (serum, acitic fluid etc } §) Comnara-
tiehy ¢ 0

my 6) "
ture o "

pthag s b oy waboratory animals (Mice, guinea mgs, rab-
Ints) in moderate doses

Fhe mmn properties separating the mentioned variety from Pasteur
cllz haemolyticr are a very strong urease actinity, fatlure to ferment
Iictose and xvlose, unwillingness to grow an simple media

The purpose of the present report s 1o describe another two strains
showing the same charactonisties as those pressousls deseribed (1,2
under the nime Pasteurella hacmolstica var ureac

MATTRIAY
Stratn R4 437700 fsolated from a 49 vear «1d man admitted to A
urfical depart
ment L unler the diagn sis fum r putmonis The crganivm was fountan his s[z‘;um
he finding being h wever apparently unrelate ! to his chinical eandition Only 4ne
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These ¢cho 11 virns strains were thus characterized by higher ifimly
for human amniotic cell cultures than for monhey hidney cullures,
and accordmgly represent an unusual variety amongst echo strams
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towards uneven staming, anit some of the long forms had osal “sacu-
ales™

Growth The strams conformed with the charactenistics mentioned
1n the introduction Fspecially marked was their unwillingness to grow
n stmple media (¢ g peptone water without sugar)

Binchemucal properties These were the same as previously reported,
with the exceplion that one of the strains (383 61) produced traces of
acid from sorbitol and x3lose The medn for the indole reaction, the
methy] red and Voges Proshauer reactions and the nitrate reaction had
1o be enrtched by horse serum (5 per cent) The urease reaction was ex-
tremely strong (vistble after few minutes, complete after 2 hours)

Sensituwnty to chemothernpentics and anhibofics  The resulls are
shown in Table 1 The two strains have a practicalls identical pattern
which 1 1n good conformance with presious findings (2)

TABLF 2

Pathogenicity of 2 Strains of Pasteurella haemolytica 1ar ureae
{Identical Resulls for the fwo Strains)

Youse (2 antmals per dose)

Time after mjechion
Dase (intraperst )
05 ml

24 h 48 h 2h
FRs 2 dead
m! 0 dead 1 dcad
460> ml 0 dead 0 dead 0 dead

Gunea prg (2 animals)

Dase 05 ml subeutanevusts
Sught transient Yocal Ivimph nsde enlargement, otherwise unaffected

Rabbit (1 animal)

Dose 0% mlantravenously
T xic elfect during the Nirst 1 2 davs (anorexia weakness) otherwise unaffected

Pathogemerty The resulty of our animal expcriments are recorded 1n
1 1ble 2 The effect on mice of high doses must he considered of a toxic
nature Apart from this the arganism appeared to hase a sery jow
degree of pithogenicity: Too Ittle evidence 1s as vet asalable to get any
dchimite impression of the pathogemeity to m:u; The 1solation of (m'
of the struns i pure culture $58561) from a pathological condit n
{smusilis) poits towards 1 certain pathogencecity e

Sty

The nolition from the |
Pl § wman respiratory tract of two new strains of
wleurdbr haemolvtica var urene 15 reparted

The 1solaled struns possessed a very low degree of pathogemicity in
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speamen of sputum was submitted for ordinary bactersological examination during
the patient < stav in hospital and consequently nothing can be said as to the duration
of the “carrier stat¢’ The sputum vielded an almost pure growth of the organism

Strarn 585/61 1solated from a 60 vear old man suffcring from sinusitis matllans
The aspirated pus showed on direct microscopy abundant masscs of polymorpho
nuclear Teucocvtes and small groups of somewhat pleomorphic Gram negative reds
with shghtly uncven distribution of the stain partly also with uncolored * vacuoles
The materal yiclded a pure culture of the organism

MFTHODS

The mcthods were maimnly the same as those described 1n a previous paper (2)
The oxidase reaction was performed by means of tetramethyl p phenslencdiamine
rcagent onh

The pathogenicity was examined by injection on mice guinea pigs and rabhits
of a 24 hour culture on blood agar The organssms wcre suspended 1n saline and
standardized photometricalls to an opacity correspording to about 1500 milhons
staphiylocoeer per ml The mice recenved the injections mtraperitoneally the gumea
Pigs subeutancously and the rabbits intrascnoushy

RISUITS

Morphology Both stramns yi1elded mucotd, partly translucent colones
of up to 2 mm dameter on blood agar after 24 hours of incubation at
37° ¢, The colonies were surrounded by a zonc of distinet greensh dis
coloration, however without a regular beta-hacmolysts This pheno
menon was reproducible both i surface cultures and m poured pintes
The discoloration zones became especially distinet after some days on
the desk

TABIF 1
Sensitwity to Chemotherapentics and Anfibiolics of 2 Strams
of Pasteurella hacmolyiica 1 ar urcac

Stramns
Ky 1427/60 585 61
Sulphonamide 1 (44 1 49
Pentalhn 2 (21 3 @20
Streptemvesn L@ 1 (2;’
Chloramphenicol 1 1 ()
Chlortctracyeline 120 1 (fg;
Owtetracycine 1 2y 1 (;ﬂ)
Tetracyine 2 (e ? (30’
I rythromyemn 1 3m : (I(I)
Olcandomycein 49 :lf:)) : 210)
Novobioein T an HERTY

kanamycin

1 fulls sensitive 2 moderately sensitne 3 rdatnddy resistant 4 fully resistant
Numbers 1n brackets represent diamcters of inhibition zones

Microscopical examnation showced pleomorphic Gr un-negatine rods
with rounded sides, parthy with bipolar staming The width of the cddis
was fairly constant (03 0 7 mucron), but the length varted from short

coccobactlll to long filnments On the wholc there was o tendency



FROV THE DFPARTMFNT OF BACTFRIOLDGY RARDLIVSAA INSTITUTET
STOCKHOLY 60 MFAD PROFESSOR B MALMGRF\

LYSIS OF BACTERIA

3 On the Stability of Protoplasts and Spheroplasts i
Different pH Ranges!

By
T ans Lorso
Recerved 21 ni 1961

% hen bactenal suspensions are subjected to sonic oscillation at neu
tral or alkaline pH they usually lyse This 1s due to a disitegrition of
the cell wall which 1s accompanied by dispersion of protoplasm W hen
both the disintegration and the dispersion oceur the result 1s lysis If
the hactennl suspensions are somc treated at pH yvalues helow 50 55
where the solubulity of the protoplasm 1s decreased the somie lysis 15

h h the gration of the cell walls 1s not consp
cupusly affected (Fdebo 19613 b) Sonic treated eclls protoplasts and
spheroplasts resemble cach other 1 that each partially or completely
facks the protecting and supporting effect of the cell walls which
uspally withstand the high ntracellular pressure Thus 1f proto
11asts and spheroplasts are pended 1n neutral with low
osmotie pressure they burst their suspensions lyse and the protoplast
content 1s dispersed (W etbull 1953) Swnce the lysis of somie treated
suspensions 1s mhibited at conditions which reduce the solubihty of
the protojlasm 1e at 1H values below 50 55 mvestigation of the be

havior of | rotog Insts and spheraplasts under simular conditions at low
osmotic pressure s of considerable snterest

MATFRIALS AND MFTHODS
RBacillus megater um_ strain Ry

195 4 hoars at 33° C After growth t

tw ce in 00631 polass um phosphat~

haget) Malf the mass of the eclls w .

02 3 sner e 604 f potassium pho

magnes: m 1 ns were adl d In or

- w Nasts
(€ Weibull 1956) The rema oing halt of the cellular mate, Yant ot
at  25°Cf rlater 1 sintegration alerial was frozen an staced
THis work wa¢ male passible by a

grant from the Y allenberg Foutn lat Th
Techn cal sssistance proveded by Miss Lita Spet | ed i
= Rindly supplict by Dr € We bult P s gratefully acknowle Iged

3 Originaih: @
A rigimally presented at a mecting of the Swed sh VMed cal Society Decemter
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wmimal experiments One of the strans was molated m pure culture
from 2 pathologieal condition (sinusitis) The question of 1its pathe
genietty towards man needs further clanific ition

REFI RINCES

1 Henrthsen S ) & Jyssum A A \ew Yariety of Pasteurella haemolytiea fr m the
Human Respiraters Tract Acta path et microbiol scandinay 50 443 1960

2 Henriksen S D & Jyssum R A Study of Scme Pasteurella Stramns from the
Human Respirators Tract \cta path et microbiol scandimay tn press
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for 20 men and prenaration of the sediments for phase contrast and elcctrun miero-
scopy followed These photographs were eampletcd wathin 6 how

Spheroplasts from Fscherichia cobs B8 were brepared be the Ivsozyme serstne

methord (Repaske 1933) The spheroplasts s cre washed and suspended i 09 per

et + rate cellophane 1obmgs and diahacd

. 1 had been adfusted to pH 4 45,5 and

. . - After diabssys at +3°C for 17 hovrs,

. » and elictron miernscopy and «mears

Inaue Lo staming with dilute tuchsin For frestim a portion af each suspnsions

was adgusted to 1 per cunt with osmium tetraoxide

RESULITS

When the pHt of the protoplast suspentstion was reduced fo values
below pl 5, the protoplasts shrank and showed some tendency to ag-
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Ivsozvme was added to the bacterial suspinsicn to a tinal concentration of
01 mg/ml and the tubes were placed 1n an scc water bath for § hours Proteplasts
preparcd an this fashion can be mamtamed for some days 1n the refrigerator with
out bursting When the suspension consisted cntirely of spherical protoplasts 3t was
dnided 1nto equal (3 ml) samples Fach was adjusted to 2 diffcrent pH value by
adding 5 drops of appropriate mixtures of 1 M phosphoric actd and 1 VI potassium
dihvdrogenphosphate from a Pasteur pipettc and Icft 1n an scc water hath Spees
mens for phase contrast photomicrography (Zass Photomikroskop) werc preparcd
within 3 hours from these samples by placing a verv small drop on a glass shde
with a platinum leop and then gently lowering the coscr ship «n t) the drop with
out cxtra pressurc Visual fredds werc sclected where one or twe protoplasts were
slightls moving The maximum time differcnec between samples of different pll
salues was 3 hours By altcrnatinedy choosing acid and neutral samples and by
runming a similar (xpersment an another order time effcets werd ruled out

When all preparations had been photographed the samples were diluted 110
with 003 M potassium phosphate solutions of similar pH and the extinction at
600 m# measnred 1n a Bechman DU spectrophntomctcr Centrifugation at 6008 X g
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I 220 min anlyreparst m of the wediments for phase contrast and clectron miern
s v foltased These phatographs were ¢ mpleted within & pours

Spher 11ads Jrnm Fseherichia colt B were prepated by the lysozyme yerscne
matho | (Repaske 1958 The spheraplasts were v ashed and suspended 1 09 per
sent sal g ekl ride p urc !l inte £ ur acparate vellophane tahings and dialysed
aRamst 200 v lumes of disbillc § najer shick had heen adjuste (ta pfi 4 45 5 ani
7 respestivels wilth 3 N hydenchlorse acjd AUter dalss s at +3°C 1 r 17 hours
< eefmetic were prepared € v phave ¢ ntrast end lests 5 Micros py and emears
mal { rstaning wih dituie fuchen ¥ r fixalh o a p rtfon of each suspensions
was adjusted to 1 per cent w th ymum tetransa I

BESTITS

When the pil of fhie proloplast suspension was reduced to salues
helow il the protoplasts sbraed and showed some tondeney (o ag
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Insoryme was added to the bactcrial suspension to 4 final concentration of
01 mg/ml and the tubes were placed (n an tcewater bath for 3 houry Protoplasts
prepared m thrs fashion can he maintamed for some davs in the refrigerator with
out bursting When the suspension consisted entirely of spharreal protaplasts it was
dinrded 1nto cqual (3 mi) samples [ach was adjusted to 2 different pff vajue by
adding 5 drops of appropriate mixtures of 1 M phosphorie aaid and 1 M potassium
dihvdrogenphosphate from a Pasteur pipette and 1cft i ap e nwater bath Spres
mens for phase contrast photomicrography (Zass Photomihroskop) were prepared
within 3 hours from these samples by placing « very small drep n a glass shdc
with a platinum Jaop and then gentls Iowering the tover shp on to the drop »ith
out extra pressure Visual fields were sclected where one or twe pratoplasts were
slightls meving Ihe maximum time difference betnween samples of different plt
values was o hours By altcrnatsvddy choosing aced and neatral samples and by
running a similar experiment in another grder time cffects were ruled out

When all preparatiens had bhcen photographed the samples were diluted 110
aath 003 \ potasstum phosphate soluttons of sumilar pH and the extinction at
600 m# measured 1n a Beechman DU spectrophotemeter Centrifugation at 6000 X g
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gregate (F1g 5,6) In thus pHerange nuther did they burst on dlution
to low osmotie pressures (F1g 11, 12), nor dud the oplical density (ex-
tLinctron at 600 my) of the suspensions disappear At pll values hetween
{lus range and neutralits, the behavior of the protoplasts was inter-
medsate At pH 35 (Fig 9) some protoplasts burst while part were pre-
werved, and at pH 5 3 (Fig 10), the protoplasts did not appear to burst,
But showed bud lihe extrusions At pH 6 3, the pratoplasts hurst leaving
only sparse plasma membranes behind (Fig 7) while at pH 60 the
plasma membranes were better preserved (Fig 8) The oplical density
readings showed a smooth course of Jower values as the pH mereased
and correlated well with the microscopical observations The conditions
nhibiting the burst seemed to be largely severstble (Pxp 7, Fag 13)

When protoplasts in neutral suspension were diluted by acid buffers a
few protoplasts were preserved but most burst (g 15) The electron
microscopical observations agreed with these results

TABLF 1
Protoplasts at Different pll b alues

oo | H ‘ " t Frgures
n
ll):"m!rli —_— e |y :l!,l'rnlln er j—————
Ret re | D tution Altes m ceninit | Before Atier
) ditution | “rwi1 | difution | dilution | dilation
1 64 LE} 63 @y 683 1
2 58 58 59 020 60 ::’ 8
:: 55 56 56 115 55 3 9
H 52 52 5% 20, 53 1 10
K 47 8 19 33> 50 5 n
s i3 13 14 395 14 6 12
H ; } 7 65 030 86 6 13
’ o4 s S [YH 55 3 1
32 19 125 19 1 15

p,
“ml‘:"gllopl‘“l\s ‘proparcd n bsonee of magnesim 1ons also resisted os.

ysis Wlow Y values, and protoplasts suspendcd 1n acud sucrase
gamed in stalahly

. "lhv Behvwaor of 1, colr spheroplasts, which were similarly mampu-
ated, was not equally elearcut If obsersed by the ot men o cie 1

1rase tonbfast and i electron microscopie and

:‘l;:l:‘:lr:l;: lll'r:;:l“*!‘rr;’u:n_en(;. \h;'G'iDT‘lornpln«h which were lhal!:s(‘d t:,
K 55 (k15 16, P 5 3) w srafe

spheroplasts at higher pH fhag 17, pit 7 ‘3)”:;:‘-:.1: 3‘“““;”21'“] N

s fugher in the samples of lower i i ot densits
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{cf Edebo 1961) flowerer, 3t should be remembered that also the
plasma membrane s a gel, as are all natural semipermeable membrnes
(Jirgensons 1908), and its collordal state s also affected by the sur-
roundmg condstions Thus, magnesium iofls hase heen used for the
stalnlization of the plasma membrane (Weibull 1938 VeQuitlen 1960),
and from the present imvestigation (Figs 7-12) 1t is evident that the
plasma membrane 15 hetter preserved at lower pH values

In future experiments it 15 planned to test osmotrcally fragale, re-
producing bactersa for surynal when arhifterally stapilized 1n solutions
of low psmotie pressure

SLUMARY

Protoplasts from Baciltus megaterm were more stable m the acd
pH range Below pH 5 protoplasts did not burst when subjected to
osmolic shock At intermediate pH sslues it was usual to find either
that onls a few profoplasts remuned intact or that hud hke extrusions
appearcd and comptlete bursting did not occur

Spheroplasts from I colt behaved 1n a sumlar way It s postulated
that the inhibition of osmohic hursting of protoplasts and a simular
phenontenon, the inhilntion of sonie Ivsis of hacteria, are fasoured by
conditions which reduce the solulmhity of cellular constituents
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DISCUSSION

In 1938, Weibnll presented the definitise work wlich established the
protoplasts as the osmotically fragile protoplasmic unit of the hacte-
rium Over the years prior to the Weibull studies, however, several
agents were found which mlihited the lysis of bacteria by lysozyme
As early as 30 years ago 1t was estabhshed that agents which imparred
the solubility of the protoplasm also mlubited lysis, eg 1ncreased
hydrogen 1on concentration and heat treatment (Hallauer 1929, cf
Salton 1957), copper 10ns (Andersen 1931), organic solvents and iodmne
(Lpstein & Chatn 1940), and formaldehyde (Welshimer & Robinow
1949) Cations were arranged according to their miibiting effeet on
lysis (Boasson 1938, Smolelis & Hartsell 1952; Grula & Harlsell 1957),
vz, Al>Zn > Ca > Mg, Ba>NH: > K > Na Polyeations such as
polymyvan (Newfon 1855) and streptomyem (Welseh 1955) mhibated
Iysozyme lysis of hacteria Simularly, osmotic lysis of I coli “proto-
plasts” was prevented by spermine (Mager 1959), and spernune and
spermudine stabihized mitochondria and “protoplasts” (Tabor 1960)

In 1928 Nakamura reported that bacteria originally nsensitne to
Iysozyme Iysed 1if they were treated with lysozyme at acid pH (pH 3 3)
and then made alhaline (pH 10) Grula & Harlsell (1957) demonstrated
that this was probably duc to the uncovering of the Iysozyme substrate
by acid treatment, which made digestion of cell wall possible However,
they found alkaline rather than acid conditions were favourable for
dispersion of the protoplasm, and addition of alkali was indced required
for the sccond step, the Iysis

The mlhubition of lysozyme Iysis of bacteria and the osmotic Iysis of
protoplasts under conditions just outhined 1s remarkably similar to the
mmpairment of sonic lysis reported by Edebo (1961) In the present in-
vestigation, the bursting of protoplasts and sonic lysis were done with
bacteria from the same culture Both were mhibited m a range around
pH 5 It 1s postulated that these two reactions are due to a sumlar
mechanism, 1 e, one which depends on the solubility of the proteplasm

Long ago 1t was observed that when nucleic acids and basie proteins
were mixed, a preeipitation occurred (Miescher 1897) When a protein,
such as albumm, whose 150clectric point 15 1 the aad range, 1s nuxed
with nucleic acid at ncutral pH, a stable solution occurs Howeser, 4
precipitation is elieited 1f pH 15 decrcased (Hammarsten 1924 Hamumar
slen et al 1928) Tt 1s probable thal such a nucleic acid— protemn reaction
also occurred m the protoplasts Under conditions favouring a4 preci-
pitation, the transformation of a gel into a collord il solution 1s minnted
(Jirgcnsons 1958), 1e, the dispersion of the protoplasmie gel of the
protoplasts into the surrounding medium 15 unparred

The inhibition of protoplast Iysis by inereased hydrogen jon concen-
olycations and polyralent cations (Hofmerster series) may be

tration, P
amed by therr reduction of the solubility of the protoplasm

entirely expl
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(ef Idebo 1961) However, 1t should be remembered that also the
plasma membeane 1» a gel, as e Wl natural semipermeable membranes
(Jirgensons 1908), and 1ts colloidal state 15 also affected by the sur-
roundimg conditions Thus, magnesium 1ons huwe been nsced for the
stabilization of the plasma membrane {Wetbull 1936, VcQuilien 1960),
and from the present investigation (Figs 7-12) it s estdent that the
plasma membrane s better presersed at lower pH values

In future experiments it 15 plnned to test osmotically fragile, re-
producing bactena for surinal when artificially stabthzed n solutions
of low osmotic pressure

SUMMARY

Protoplasts {rom Baciflus megaterism were more stable n the actd
pH range Below pil 3 protoplasts ddid not burst when subjected to
osmotic shock At intermedmate pH values 1t was wsual to find esther
that only 1 few protoplasts remaned intact, or that bud Iike extrusions
apy cared and complete bursting did not occur

Spheroplasts from I coli behaved 1 a sumular wav It 1« postulated
that the mhibittion of osmotic burstmyg of protoplasts and a simlar
phenomenon the inhibition of sonic lysis of bacteria, are fvvoured by
conditions which reduce the solulility of cellular constitnents
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LONG TERM CYCLIC VARIATIONS IN THE ELECTRICAL
BEHAVIOR OF HEART TISSUE IN CULTURE
By
N O Linett, A W B Cossnaravand B J RyLavoer
Recerved 17 1161

This report concerns the average clectnical behavior of 107 whole
heart explants from 7-day chich embryos kept abve for 6 days in artifi-
cial conditions outside the body It provides data to amphfy and intcr-
pret more fully, the eyelic varations n the electrical behavior of heart
tissue 1n culture scen m a provious sumfar studs (Cunmngham & Esl-
born 1960). This previous study will be referred to as study I and the
malenal presented 1o this paper as study 2 Study 2 18 based on more
than 150,000 fifteen second surveillances ivolsing over four milhon
obscryvations A search of the hterature has failed to reveal any com-
parable publication save that of our own previons study

TFCHNIQUFS
U7 whale 7-day chick embryo hearts mn three separate sumilar groups were used

1 the present steds The first svolved 38 the second 37 and the third 36 heart
explants Fach heart was treated §n an identical fash an 1o o

42 auay haw ot

Lacn ampntied vignal from cach explant causcd a eonstant width constant am
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plitude signal to be generatad §n a pulse counter gencrator Using cirewitry similar
to that for measuring the magnitude of the potentials the outputs of the counter
gencrators s fod tthrough a mixer, an opcrational rate integrator, to a computer and
the average frequency of potentral production per active culture per 15 scennd period
15 obtained Both the readouts of the average potential per actine heart por 15
seconds and the average frequency of potential production per actne heart per
[iftcen scconds are obtamad simultancously ns straight lines on a dual channel
strip chart recorder, both bemg of the type seen m Tigure 1 1ive sceonds silence 15
{l”l}“ ed hetween each survey sa that the pens of the strip chart rccorder can Feturn
o 7ero

Fig 1
The type of trace produced by DINAH for both the average polential and the average
cantractile rate per active heart per fifteen seconds Fach vertical stroke 1s a lincar
represcntation of the variable invelved [he whole sequence represents a half hours
activily

Temperature

The temperature in the incubators containing the cnltures was carefully controlled
and did not vary by more than 0.2° ( from 37° € save for shart periods evers dav
when the incubators were opened for wnspection of the cultures However, this timc
of mspection varied from dav to day and did not comside with any varations 10 the
rate or potential for any of the three groups of cultures

Differences Belween Studies 1 and 2

Many of the differences 1 expcrimental techinique and materials
between this study and the previous one are gren i Table 1 Other
differences hetween the two studics need a fuller explanation and are

(1) Supernatant, that used for study 1 was a 025 per cent solution
of human sceum protein in Hanky' balanced salt solution with a change
after 24 hours to Synthetic Supernatant 198 (DIFCO) The supernatant
used throughout the sccond study was a 0 25 per cent solution of human
serum protein m balineed salt solution TDLI ( Cunmngham, Doughterty

& Rylander 1960)
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TABLY 1
This study ) Prestous study

Na { cultures 107 61
Age feminyas 7 dav 6 dav . ,

f  for 15 ont of every 20 one patentisl [r m cack
brequenes «f bmaton ol omcutl ¢ seconts  heart esers fiits mim

f for 15 out of every 20 averagel overall ever)
t::gwm fobrenatt o see nds 100 miutes
Moasmumy tent al zec rded as
a pile n the rate recorders 00 my 002 my
Culture techn que effectinely the same effcct vels the same
Temptrature closely ¢ ntrolled some yariati n

Hef rince Areas whese ayverage

15 the 100 per cent value of rate 87 ¢ 104 hrs n eulture whole Wife
Telerence areas whose ayerage
s the 100 ger cent ralue «of
p tentlal $7%2 190 hrs n cultsre 300 116% hrs

% (1 erat ns over 5000 000 10782

(2} Selection of the cullures for the two studies study 1 used cul
tures which had mamtained adequate clectrical actrsits for at least one
day longer than the | eriod for which the data was used the selection
o the records to be used being done at the end of the studs 1n sinds 2
chsiriations were made automatically and almost continuously on all
of an unselected group of exf Iants for the whole period for which the
data w s required whether or not they mamtaned eleetrical funchon
‘Thus the data in the second study arses m part from explants wheh
were n the proeess of electrical farlure The actual detail of the elec
trieal survinal of the hearts m this second study have already becn
1uhitshed U unmingham 1 unell & Rylander 1961)

(31 The culture technique adogted i study 2 was the same as that
isedd a0 study 1 The culture chambers and flow svstems 1 the two
studics differed i pinsical form but the finat flow past the sponges
holding, the exglnts was the same m hoth studies

(4) All the exqlants in study 2 were made within an hour of 8 5 m
whereas half of the explants in study 1 were made willua an hour of
W am and the other half within an hour of 3pm

RESULTS AND BISCUSSION
Flectrical Prtential

The vertical height of erch mduwwual peah of the read out for
f<teatiale from DINAH from the haseline was a hnear representation
«f the averige potential per eleetrcally actnve culture Tor the previous
fiften secands The poaks of the 1 seernd surevs durmg 3 half hour
9



PERCENTAGE

+

+
R s e
1

i
i

2
&
=

HOURSIO 0 30 40 50

Fig 2

Upper eurve, 700 minute moving average of the average potential per minute pur
heart n study 1 expressed as a porecntage of the behavior between 100 and
116% hours m culture Y axis—pereentage potentral/minutc/heart X axis—time
after explantation in hours

ILawer Curve, Continuous ime—5 hour moving average of the average potential por
fifteen scconds per heart an studs 2 oxpressed as a perecntage of the behavior
between 87% and 104 hours 1n culture Isolated points represcnt the indnidual
values from which the moving average was madc Y axis—percentage potential/
fiftcen scconds/heart \oaxis  time after cxplantation i hours

on the record from the strip ehart recorder were joined and the area
between this hine and the basehne was measured plammetrically The
value obtained represented the average of a half-hour sequence of such
fifteen second surveys and stmilar half hour averages were measured
for each half-hour n thts study Half-hour averages of this {ype werc
expressed ds pereentages of the average aetivity hetween 87, and 104
104 hours 1n culture They were then plotted agamst time to gne &
curve representing the change i average potential production by the
cultures during the period of the study

In (xpressing this or any of the other varibles (rate, cte ) as pro-
portions of the avcrage behavior between 87, and 104 hours in culiurc
both the divisor and the dividend are subjeet to the same constants (the
time constant and that govcrnming the relationship hetween the plani-
metric half hour average and thc actual balf hour average) When the
divaston 1s carried out and the proportion 1s found, these constants
beeome unity and can be ignored

1igure 2 shows the remarkabl siularity betwoon curves of this type
for studies 1and 2 TIns similanty confirms that the « hanges seonanus!



Fig 3

Lyper cumve 700 m nute m ving average « f the average ecntractile rate per minute
rer heart in studs 1 ¢xpres cd as a percentage of the overall behavior in culture
3y ax s— percentage ¢ ntractile rate/m nuteheart X avis—time alter explania
tion n hours

Leses Cune Conttnuaus ling—5 hour m ving average f the average contractile
rate per f fteem sec nds per heart for studs 2 cxpressed as a percentage <[ the
Techavi r fctween 87 2 and 104 h ure in culture Jsolate] points represent the
indn1iuat vatoes from whieh the moying average was male 3 atis—percentage
« ntract le ralef1% ste nisheart \ awis t me after exjlantaly nn h urs

ripresand the true reaction of heart tiosue to the process of aging in
culture the true trend of cardine action in culture The differcnces n
fevel of the two curves with respuct to the 100 per eent mark arises
{ec st s 108 per cent level in studs 1 was the average behavior from
100 116Y; hours 1 culture which ss at the top of one of the major peaks
«f evelte change commeon o hoth studies and detalied Iater On the
other hand the 160 ) er cont value for study 2 1s the average bchavior
hatween 87Y, and 104 hours n culture which hes in one of the troughs
«f evelic etinaty and 1s thercfore a smafler value than the 100 yer cent
salue for studs 1 The simlanits between these two curves extends 1o
«ven the mmor cvelie sanations and 1s obviousiy close even on visual
mspectien There are sumib e major [oahs 1o the two cunves at about
24 48 72 ond 108 hours e g 2t dasdy antervals In studs 1 we had nre
roushh ttrihuted the eselic vartitions to changes in temy erature in the
meubator Howeier since the svme variations are preseat in sludy 2
in which the wmecubators were earcfully temperature controlied  this
conclusion must be 2t andened Also sinee | rictrealls evervthing m the
two cxjeriments was different <ave the heatt tissue and the cellulose
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sponge, it now scems that this daily cyelie variation must be considercd
to be an inherent property of cardiac tissue in culture An exanunation
of the curves showing the changes n average potential with the passage
of time for the two studies also shows the presence of somewhat m-
definite cyeles The peaks of eyclic changes are 25 hours for study 1
and 17 hours for study 2

Rate of Conlraction

Fhe 15 second read-outs for the rate from DINAH are integrated as
half-hour averages in the same way as for the potentials, expresscd as
a percentage of the average behavior between 8714 hours and 164 hours
in cultuie and then plotted agatnst time Compartson wath the graplie
representation of the same funetion from study 1 (Fig 3) shows that
although the two curves have a definite resemblance, the rate n study 2
18 distinetly more labile and runs at a distinetly higher level for the first
83 hours in culture This may be the result of any onc of the differences
between the two sudies—the age of the embryos, the pertods chosen for
the 1060 per cent level (if this were corrected it would not make more
than 2 10 per cent increase in the values mn study 1) or possibly the fact
that none of the hearts 1n study 1 were 1n the process of undergomg
cleetrical failure while some of those mn study 2 were possibly n the
process of undergoing clectrical farlure The data on the persistened
of electrieal potential production m 141 whole heart explants (including
all those used 1 study 2) has already been published (Cunmagham,
Lundl & Rylander 1961) 1t shows that hetween 75 and 911, hours
culture the cleetrical persistence curve flattens out and the ‘electrical
fatlure’ rate drops presumably fogether with the concentration of the
agents that cause the falure The levellmg out of both the rate and
potential curves for study 2 dunng the same time 1 culture supports
the 1dea that the mitial lugh level of activity may have been a reaction
{o *tissue breakdown produets’ resulting from damage during cxplanta-
tion However, after this ime (913 hours) changes n the rate anti
potentinl curyes seem to bear no relation to those m the survisal eursc

The presence of a cyehie vanation m the rate curves for both studies
mn spite of cxaching temperature control 1 study 2 again scems to
confirm the eyelic activity as an mnate property of hieart tissue n
culture

After the sceond day, the sumilartty of the rate and the potential
curves 1 the two studics suggests that the occutronee of elcetrical
fadure n some of the enlturcs under survallanee m study 2 has made
httle difference to the overall average bchavior of the hearts in this
otudsy Thus, the continuous monitorng of a predetermined number of
lunris meluding those that fail to produce clcctrical discharges for the
whole penod of the study gnes similar rosults to studies i whieh all



Fig §
tial per beat 1n study
per curve, 700 Sunute mosing average of the average poten
e 1 rxpr:swd a% a purcentage of the average behasior of the hearts in this slu(})
in this respect Y potential per heat X sinee n
hours

t for study 2 expressed
Jower Curve 5 hour moving aserage of the patential per heal
as a percentage of the syerage behasior between 8712 and 104 hours in ealture
Y atie—pe tential per beat X atis—time since explantation an hours

of the hearts produecd potentials all of the tune It 15 also 2 moce
practical and economical method The eyelic change i the rate curve

ean bo seen in Figure 3 It has an average intersal of 20 hours for
stuthy 1 and 17 hours for ¢tudy 2

Werage Polential per Conlraction

The salucs for the average potential per contruction were ahtarned in
both studies D) dividing the pereentage average poleniwal for a half-
hour by the pereentage averige rate for the same half-hour The wumi-
binty of the trund and exchie changes 1n the two studies are cvident
tF1g 1) and act as mutusl corrobaration The values for study 2 start
AVadower laved because of the higher inttial rate i ths tudy but the
oveniuad trends in the two studies are the same The values for study 2
arc more Tabile probably because of the greater pumber of observations
and the shorter duration of the movyng average allowing a more de-
taked look at the behavior The mverage wntersal between the peaks of
the exelie chinge are 15%; hours for study 1 and 17 hours for study 2
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Fig 5

Solid hine—5 hour running, average of the average cvpenditure of encrgy 1n the pro
duction of dleetrical potentials in studs 2 expressed s a percentage of the
average behavior between 8714 and 104 hours fn culture

Dotted hing—700 minutc mosing average of the average cxpenditure of ¢nergy an the
formation of dcctrical 1mpulses for studv 1 cxpressed as a percentage of the
average bchavior of the hearts in this studs n thes respect

N\ axis limcon hoars sincc explantation ¥ axis  Percentage energs expenditare 10
the formation of (eetrical mpulses

Avciage Cypenditure of Lnergy in the Formation of Electrical Impulscs

The values for these curves are obtamned from the product of the
square of the percentage average potential per half-hour and the per-
contage average rate for the same half hour (divtded by 10,000 to hring
it to & pereentage) The curves of these values plotted agamst tune 10
culture (Fig 5) for hoth studies show amitially low values — possibly the
cffect of tissue ‘breakdown’ products from cxplantation Other factors
wliich may contribute 1n a lesser degree are the drop in temperature
from the egg (37 5° €) to that in the incubator (37° C), also the cooling
of the eggs and the embrio during the actual process of culturing The
expenditure of energy then chimbs to ats highest level largely duc to the
igh rate of contraction at this time i culture The wirtial double peak
ocent hest n studs 2 16 probably the result of the innate eyehe actnaty
of the heart tissue The subsequent drop in encrgy cxpenditure 15 not
due to the loss of clectrical function i culture sinec the energy curst
flattens out hefore the electrical persistenee curve docs A comparison
of the average elcetrical energy expenditure curves with these for
polenthial per contraction and contrachite Tate suggosts that cach cxplant
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1 mynlabie to 1t 4 certan amount of avadable energy per umit
:‘[Jl\ll:: f:)r the formation of electrical discharpes and that this amount
of energy hecomes less with the passage of tume The limitation on the
amcunt of available energy may be the result of 2 mited supply of
evsential metabolites (co-factors ¢te ) The eventual lossening of the
amount of ayalable energy may be due to a progressive utilisation of a
Himited supply of these metabolites Inatially the hearts seem to use the
cnerpy 1 the formation of a large number of relatively low potenhal
contractions aad subsequently wn the formation of a smaller number of
rehitnedy high potential beats The mtersals between the peaks of
eveles 1 the energy expenditure curves are 20 hours for hoth studies

The (yclic Achwuly of Cardiac Tisstte in Cullure

The crvelic actinafy 15 more evident in study 2 probably hecause alt of
the cxplants were made about the same time of day whereas 11 study 1
hall of them wore made about 14 am and the other half about 3 pm
The greater frequeney of observation in study 2 delineated the eveles
more accuritels However the mmtenvals between the yeaks of the cyeles
were Judged visually and arc onls aj [ roumate The average duration
of all yeaks judged visuallyv was about 5 hours The average mteryal
belween all eveles observed mn both stndies was about 20 hours The
yprouimatc nature of the measurements makes it posable that the
evele 1 n fact a 24 hour one which would bring it more nto line with
the usurl hralogical rhythms W hen more data 1s mvarlable more precise

mithcamatienl methods will he used to determine the exact duration
of these eveles

Pertad of Greateat Siability of Hearl Trssue tn { ullures

The datrin study 1 indicated that the period of greatest stabihity of
deetnienl actinaty of heart Gissue m cultare was helwecn 100 and 143y,
hours ifter exphintation: The addibional data now asvarlable mcluding
that on the { craistence of deetrical funchion n culture (Cunnmingham

Tanell & Rylan ler 1961) susgests that the Period of rre back ot 12
of *
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mpulses from the hearts The data concerning potential rate potentnl
per baat and energy eexpenditure w s collected wnd ntcrpretated From
the griphs obtuned it 1s suggested that cardine tissuc m culture has an
mherent property of duly evchie varation The period of greatest sta
bility nd thus the period most suitible for cxperimental manipulations
seems to be betwen 73 91 hours or 2fter 129 hours 1n eulture
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HISTOCHEMISTRY OF THREE DEHYDROGENASE
SYSTEMS IN CANCEROUS AND NON-CANCEROUS HUMAN
STOMACHS WITH SPECIAL REFERENCE
TO INTESTINAL METAPLASIA

By
Minho Nirw, M Suwratvand T K T Lirs

Recenned 611161

The ¢nzyme histochemistry of various human tumors has been in-
tensdly studied recently (Wonss ef af 1939 a,b and 1960, Glenner et al
1459, Hanntbal et al 1960) Of the tumors of the human gastromntestinal
tract those occunng in the large mtestme have been carefully myesti-
gated by Watlenberg (1959) While the studs presented i this paper
was In progress a most interesting study on the histochemistry of some
«nzymes 1 the pormal and metaplashic human stomachs appeared
1 Plansteydt & Willighagen 1980}

The loealization of diphosphoparidine nucleotide (PPX) diaphorase
nd YVictie and succmic dehydrogenases 1n the normal human gastne
nucosa was deseribed 1 our previous paper (Niemt ef al 1960) We
have since applied the same histoct 1 reactions on ol
taned from cases of gastric careiroma and peplic uleer, and the results
of these stuthes will he presented here The distribution of the enzyme

actinaties in the intestinil and pseudopy lonic metaplasia has been pas-
tienhirly considerad

MATPRIAL AND MITHODS
The matenal conwst of 20 gavireclumy spicimens. 1n seven cases there was a
carcmuma i the prloric part of the stomach in thre P
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{2) Tactatc dchvdrogenase (LD) (Searpslls Hess & Pearse 19-8)

{3) Succinate dehydrogenase (SD) ( Vachlas & Seliyman 19+7)

One serial section of each tissue block was stained with hematotshn and cosm
In a few occasions picces of tissue were fixed overnight i formol caloum where
after DP\D and LD wcre demonstrated on frozen scctions

RISULTS

Intestinal metaplasia was present in each of the gstrectomy speer
mens oblaned from patients with gastric carcmoma In seven nw
plastic cases tubules resembling morphologically pyloric glands and
containing no zy mogenic cells were found n the mucosa of the hods of
the stomach, these tubulcs were therefore taken according to Schindler
(1947) as cxamples of pscudopyloric metaplasia The corresponding
meaidence of the two types of metaplasia among the mine ulecr patints
was six and four, respectinvly

Malignant eclls with a dastinet striated border swere seen 1 ont €15t
and 1 another one the gradual transition of mctaplastic ¢pithclium into
neoplastic could be clearly seen

In most of the specimens some of the scetions staned with H& I
revealtd a fairly normal looking pyloric mucosa, the corrcsponding
serial sections were therefore talen as normal controls when the pat
terns of enzyme activities were evaluated

TABIE 1
Dehydrogenase Actiony of Carctnomatous Cells as Comparcd with that of the other
Components of Gastric Mucosa

I astic Suecuiie nINH
| \,', dehvdrogen tse a 1 dro,enase haphorise
o oD A I
o - et B e T e
{ arcinomatous cells w - 2 6 1 3 5 1 - 8 2 -
Parietal cclls 10 - 9 - - - 9 - 2 8
Surfacc epithchial cells of
the bods of the stomath w ¢ 2 2 1 8 1 5 5
Intcstinal metaplasia 1 I A | ro2 4 3 5 2

Dehydrogenase Actunty wn the Malignant Lissucs

The qualitative and quantitative distribhution of the three oxid 1tive
wnzymes studied 1 carcinomatous tissue 15 grven m Iahlc 1 The visunl
quantitation was based on the degree of staming of pariel il eells (Fags
1 and 2), which wcre present m every speeimen and guove alw s a
strong and consistent stuning ( Nienn o al 1960)

It can be scen from Table 1 that the activitics of LD, SD and DPND
were generally weaher m neoplastic cells than n normal pariet1l or
even metaplastie edlls (Figs 1 4) Howaover, the enzymc ietinaty of the
cancerous tisste Was found to be gher than thit of the surface ep1-
thels ol cells outside the neoplistic arer Tactate dehydrogen ase activity
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(Fig 4) was usurdly relitnedy higher than the winity of sucemnate
dehydrogenise Morcover, m three of the ¢ ineer speeimens SD e
tinity w s absent or cxtramely weah The stuning of the maln it cells
1t the horderl ind of the tumor did nol ¢ssentially diffr from it of the
ceerous edlls clsewhere

No constmt diffcrences could be observed 1n the st uming properhics
between the highly wmaplistic nd the more diffcrentiated forms of
gastric ciremoma Howewver, m two of the less wmaplastic cises the
whivaly of 2l the three oxad tive enzyves seemed to exeeed that of
of the w iplastic tumors

The ease of mahignant Iymphobl stoma included 10 the sertes showed
1 quitc different preture no nzyvme actinvaty at all was damonstrable
i the malignant lymphatie eells wherd 1s the norm il mucos y surround
g the tumor st uned 1 the usual way

TABIT 2
Delylroenise Aetuaty of Intestu al ¥ tajlasia
I si 8 ceiale DN
Itet vl :‘ del s lragenase lel \drog trse tipl rae
ety tasd s caves —] — ——
— ok bbb = 4] =+ R R
Gastric earcin ma 10 14 4 32 4 105 2
Peptie uleer [ T 2 9 1 5 1 5
Wiole matcrial 10 .6 7 407 4 410 2

Delydroge nase Actioty in Melaplasia

Intestinal mctaplasia In most of the scetions studied there was pre
sent intestinal metiplsin The distribution of the oxadative (nzynies
mctaplistic tissues 15 summarzed 1 Table 2 In all the speeimens e
intestinal tubules showed tctivtties of Al the three enzvmes 1D ackaty
bang usually more pronounced thin the two others Generilly the
metaplistic epithchium exhibited shightly stronger activatics thu the
corresponding normal mtcstinal (pithelium (Tigs 5 ind 6) Somc diffe
rcnces were however encountered m the distribution of the enzymis
i the mtestinal tubules TD extubited usually most mtense ety w
the superficni! part of the tubule the middle portion bang less ndcnscds
statned (Figs 5 6 10 and 11) In somd fubulcs the bottom wnd the
superfiel parts were cqually stuncd (Fig 11) DPND showed usu iy
almost the same pittern of distribution s I'D On the other hand SD
activity w s found to be highest in the bottom of the metapl 1stie
tubules but mn the normal mucosa of the Jqqunum the surfiec epr
thehum was the site of maximal sfunimg

No diffcrenec could be noticed between intcstmal mctiplin of
ewneceraus and non eanccrous sfom wchs The cnzyvmatic actisits wts lo
calized to the stritad border edlls onlv the foblet cclls pvang nog b
stanmg reactton Pincth «clls could not be diifcrentited
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Pseudopyloric melaplasia This form of metaplasia was present m
seven of the speaimens from cancer patients and 1n four from the
patients with peptic uleer Metaplastic tissue was found, however, (n-
zymatically mactive 1n most cases (Tig 8) Somietimies a weak stammg
of a few tubules was ohserved, but its distribution differed considerably
from that of a normal mucosa of pylorus In a metaplastic tubule the
enryme actinities, 1f present, were cqual at all levels of the tubule
whereas 1 a normal pyloric tubule (Fig §) SD actinaty was clearly con-
centrated to the nuddle portion of the tubule, DPND and LD heing niost
active in the bottom of the tubules

Other clements of the gastric mucosa The superficial epithelium was
generally enzymatically macline in every part of the gastric mucosa
However, m connection with gastriis and a pronounced mflamatory
reaction a moderate LD activity could be seen even m the superficial
epmthehal cells of the body mucosa

DISCUSSION

The possible differences mn oxidative metabohem between neoplastic
aud normal tissue have been much discussed lately (Merster 1950,
Greenstein 1954, Wetnhouse 1955) Many of the earlier works cited have
been done on tissue homogenates, but even histochemieal approach has
been widely used (Goddard & Seligman 1953, Monrs et al 1959, Hannt-
bal et al 1960) The conclusion 1s drawn in most of these studies that
there are no strihing differences i the oxaidatiye metabolism of the ino
t3pes of tissues

In our present work the gastric earcinoma cells were found to oxhubnt
less actinaty of three dehydrogenases than the normal partetal eddls
This finding 15 1n agreement with the general obsersation of Monts el al
(1939) that the human neoplastic cells show shight but enormousiy
vanable amounts of these enzymes In our gastric specimens we could
not, however, observe any considerable variation between neoplastic
cells of a given carcmoma ‘The horderland of a ginen tumor did not
show any differences ity enzyme activaty as comparcd with the more
central tissue of the same tumor No correlation was even seen between
dehydrogenase activity and the degree of cell differentiation

The observations on the enzyme distributions m metaplastie gustrie
epithelum are of mbcrest since metaplashic ehanges have been con-
stdered as precancerous 1n gastric mucosa {eg Worson 1955) ‘The
fincdings made i the present study show clearly that the locahzation of
the three oxidative enzymes m the ntestmal metaplasia corresponds
well with that in the normal small bowel There were only some diffe-
rences m the distribution of SD, which mght not necessinly dicate
sigmificant vartahions W could therelore conclude that the metaplashic
epithelium of the stom 1ch resambles both morphologeally and enzy -

tically the eprithchum of the gut There were nothing common hetsseest
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nzsme distibutions in the metaplastie and narmal gastric mucosa
;h:ﬁitll\ {he samte conelusion 15 reached by Planteydt & Willighagen
their recent contribution (1460)

Trom the point of iew of gastne carewpogedests it 1s of value to sce
whether the intestinal metaplasia present i cageerous and non cancer-
ous slomachs extubit any differences As has heen shown m our Table 2,
1o sigmiieant diffetences could be demonstrated in this respect Tn both,
the obviously functionally actne intestinal epithellum might have an
influence on the pathogcnests and the chmeal course of ihe diseases

SLMMARY

The lacalizition of three oxydatne enzymes (diphosphopy ridine ny-
cleotide diaphorase and sucemnc and factic dchydrogenases) has been
stuthied o gastrectomy apecmens {rom patients with gnstnie carcnoma
and peplic ulcer

The neoplastic tissue was found to have less actinaty of atl the en-
£ytes than the normal pagtetal eclls The carcinoma cells showed, how-
wer, moderate lactic dehydrogenase actinaty, some dapharase activity,
but neghgle succimie dehydrogenase aetivaty

The disteibution and localization of the enzymes 1 ntestinal meta-
plasia was equal with that in the normal epithehium of the bowe! No

differences were nohiced in the enzyme pattern of metaplasias in can-
cerous and non cancerous stomachs
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THOROTRAST TUMOURS
A Review of the I iterature and Report of two Cases

By
Svis DaNLOREN
fecened 24 §n 61

AIthough thorotrast was used as a contrast medium lo 2 farly wide
extent 1t Scandipavia as late as the 1940s there has heen no report
from these countries of malignant tumours aseribed to this technique
Sinee the latenes penaed for maliynant  therotrast tumours ranges
from 10 to 1o vears it would seem likely that in the next few years a
Yarge numher of such cascy will be encountered In recent vears a num
ber of such cases have heen reported from other countries

In connection with the deseription of two new cases onc of a fibro
sarcomn at the site of mjection and the other cancer of the le ducts,
2 detailcd study of the htcratare in the field has been made

Thorotrst 15 3 colloidal solution of thorum dwoide (ThO ), ton
tuning about 25 per cent of the dioxide with a particle size of between
3 and 1 mg 20 per ¢ent of partly inverted carbohydrates and aft per
eenl water with small amounts of preservatives Thorium has a half
hfe jenod of 14 X 10t years and 20 ml of thorofrist are equisalent
i radio et effeet to about one ;g radium

The rudiabion cmatled by thorum consists of 90 per cent alpha ,
e tent beta antd one per cent gamma rays tJohansen 1994)

Survey of the Iiterature

Thoratrast deposited in the tissues can be demonstrated histologs
calls In sections staged By v a0 Gueson s method parbicles of # arnten o

Sprane dop wereteast Lhe §articles ean howaver
be riecopmzod by wphy g

wration of the Tadiation
speetrum (ftoberty & Carlson 1936)

Socn afler s antroduction wn 1928 thas medium won favour in rn my
diffcrent sphieres of radiology

mcluding muelarr o1+
[
g
i . v o
1 tnmost comnonts used espeenitis
w Swidon

10 "



148

The possibility of radiwactise myury from thorolrast, in the first place
cancer, and then damage to the vessels, was recognized shortly after
its mtroduction, but in spite of persistent warnings, thorotrast guned
i popularity owing to its adsvantages over media used hitherto, chiefly
the absenee of vasenlar reactions and allergic compheations Moreovr,
1t 15 very homogencous

In comparatively few nstances have chnwal complications bun
reported (Thomas el al 1951, Backer 1957, Johansen 1960), bul ndura-
tions have heen found to form readily at the site of imjection Sporadie
cases of anaemia and hepatie disorders have been desenibed, and follow-
up examimations have revealed histologie changes w the Iner, spleen,
hone marrow, skeleton and other organs, chiefly m the form of fibrosis,
necrosts and granulomas  (Rotfer 1931} Lindgrcn (1938) described
cerchral damage after arteriography with the mediam In 21 casis oul
of 35 there was histologie evidence of thorinm n the cercbral vessels
and m 6 of these there were small haemorrhagic arcas and softenings
In several countries, mmcludig Sweden, the use of thorotrast was dis-
continued 1 the 1940s, but 1n other countries this was <hll bemg
recommenddd as one of the foremast media far mto the 19505 (i, for
mstance, angiography)

Larly damage wrth this substance 1 shght Study of long-tern effecty,
especially growth of mahgnant tumoeurs, requires protracted observa-
tion of the patient, and for this reason they have m the past not rccened
due attention The mncreasing use of radicactnne materials n recent
sears, however, has attracted focused interest on the subject of thoro-
trast tumours

As carly as 1983 46 1t was demonstrated on laboratory ammals thit
thorotrast ijected mtravasally, mterperitoneally and subcutancously
could giye rise to tumours (Selbie 1946, Noulds 1939, Guumaracs el al
1953 and Johansen 1954) The first case of thorotrast tumour m man
(endothelial-cell sarcoma of Iiver) was discovered in 1546 by WacVahon
et al (1947) and since then some 60 cases of such tumours have hun
desceribed

These may be divided mto three groups  according to therr mode of

ongmn
(A) I'nmmours appearing at the site of mpection (Tablc 1)
(B) Tumours due directly to thorotrast dcposited m the hotlow
organs, cte ( Iable 2)
(C) Tumours duc to thorotrast mjected systemically and deposited
mn the rehienlocndothebal system (Table 3)

For the tumour to be aseribed to thoroteast deposited m the lissues
the following conditions should be satisfied (1) Thorotrast partickes
should be found mn the mmmediatc vienuty of the tumour (In) The
latency period Jhould he sufficiently long and (111 the radizhon dose
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should he sufficiently high (The mcasurement of the radiations should
preferably be performed on the organ concerned)

In the following compilation only mahgnant tumours have bun
mecluded

In group A there 15 only one case of malignant tumour Thcre are,
however, cases of henign fibrous tumours belonging to this eategory
(Roller 1951} These appeared 1n direct connection with the thorotrast
particles deposited extrasasally af injection

Group B s fairly heteroganeous sinee thorotrast was used m so many
different types of radiologic exammation A common feature of all
these eases, howeser, 1s that the medmm was depositad in ey sts, fistulas,
performed cavities, ete, and after the exanunation all the contrast
mocdhum anjecded had not been removed

It should be noted here that the cases atrnibuted to Ruf & Plalypps
were also reported by Rudolphy in 1951 Simlarly, Budin & Gershon-
Cohun’s patient was published by Brody & Cullen (1957), Schebe’s
case by Klemm (1955) and Federlin & Scior's by Scluwenzer & Pederln
(1957)

In the group € cases, in which malignant tumours were due lo de-
posit of thorotrast in the reticuloendothelial system after «ystemic
mjection, the contrast medium was used chiefly in cercbral angiography
and hepatolienography  The tumours were practically all localized n
the ver but a few eases are described where they appeared mn other
organs m contact with the thorotrast foci in the liver, splecn or lymph
nodes (Group 3 B) Cases of leukacmia aseribed to thorotrast deposits
are borderhine ones of this group but are not ineluded m this review
(Wohludl 1942, Spier el al 1947, Grebe 1954, Nelousel 1957)

Thorotrast 1 taken up 1n the reticulocndothelial sy stem and depostied
chiefly 1n the iver, splecn and hone marrow 1n the ratio 7 5 1 (Rossle
1649) A very small amount was also deposited 1 the lungs and the
adrenals The amount exereted s msignificant The particles of thoro-
trast are deposited as large aggregates, whieh gradually inerease m wiz¢

In the spleen the changes do not take the form of tumour growth but
of progressive destruction with fibrosts of the parenchyma The apleen
15 usually reduced 1in size and has a firm consistency (Looney 1977
Tooney & (olodzin 1936} Vascular changes i the spleen have also
been described (Levy 1960)

Twenty sin cases of different forms of malignant tumours originating
m the Iner or bile duets after use of thorotrast have bun reported

An wnercasing number of cases of hver tumours following appheation
of thorotrast havc been reported mn recent sears, and more can he
expected i the immeadiate future

If Stlva Horla s first case (1953) 1s omitted on the grounds of the
short latency perod of 3 years 2 months, the average period for the 28
cases published 15 about 18 ycars In 1051 7homas el al deseribed o
case of Iner tumour that had appearcd 9 years after hep ttohenography
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CasC 1 Neur Dibr sarc mal us fum ur with small depesits { thorotrast
{van Gees n) X 167

with thoerotrast This ¢ ise his not buen ineluded 1 the bove compila
tion heeause 1t scents not to have been sufficientls thoroughls deseribed
Doult dtiches to Stemmermann s second ease (1960) s this patrent
fd n assoeniled evetidenocarcimoma of the ovan

Ay compilations of therotrast tumouss nelude o case described
by A\brahamson el al 163 vear old woman whe 16 years after hepato
henoprap by with thoretrast (7, ml)  died i Dilateral alveolar lung
cireinomt Since no thorotrast was found n the lungs this case cannot
be aseribud o the thorotrast and has therefore not been included in the
present riview Doubt attiwches also 1o Badins (1¢,6) case espect
iy movew of the fairls igh spontancous incidence of eancer of the

colon The maan Litenes Line i this beteropencons proup (11 BY was
hout 18 voars

RETORT OF TWO € ASES
Cne

\man agel 41 Mealinjurs 10 1932 opal 1ti fits Legar In 1933 e was admattc !
t at gdaln LALL cneur | gic examinat n
En crtal grammes suggestel a tran tem v ostuate] n the Teft <ide af the ¢ n
sty Artert gralls with th o trast via the Icft ¢ mm nocar tid srtery (amaunt
f mctium s n « rep rielr showel arterl senous ancurssm ¢ nfiemed 1 histo
1 ¢ c examin,

In 1950 the ;nh-m .h e vered an lule 1n the s ft Lisswes on the left side «f the
nek Test exe s n howeld neur [hrma Ll ngn type and an atlempt wac
male v orem ve the tum tr A1) Qe examinati n sh wed neurofibr ma con
siteng ftum urti e with reg) 3 p oo cells and rich in enllagen alternating



fa il

Cast 1 Depcsits of thorotrast situated m macrophages and sureoundcd by
neurofibrosarcomatous tumour (van Gieson) X 44

with reptons rich m cdls and peor 1m ccllagen There was no evident pahisade div
position Cellular polymorphism was fairly shight  There were sporadic mitoases
Small depoits of thorotrast werc obscrved

Radiologte cxamination In 1960 tomoqraphy of the soft tissues of the nech
sugrested  tharatrastoma There were no definite madastases  The spleen was
sreath cnlarged and the parenchyma contained miliary densifieations which conld
have been due to thorotrast Simmlar densifications were observed around the porta
hepatis which mav bave heen due to thorotrast accumulations n the lymphatic
nodes

15th February 1960 Sternal puncture showed numecrous particles n the marrow
with a reduced fat content and increased «ellular actinaty The bone marrow was
mackedlh hyperplastic The sections showed a dense cell agglomeration of cells that
contarned thorotrast

18th February and 12th December 19¢0 Turther attempls were made to remave
the tumour sinc 1t had mcreased m aze and was considered to be locally malignant

Histologic examimaticn (performed at the Institute of Radtopathology Stockholm)
showed a partially encapsulated tumour rescmbhing a neurofibroma and parts of
which diffusely merged with conncctive tissuc and fat tissue suggestine of an an
filtratine tendeney In places there were regoms farrly donsity i eells with some
polymorphous nucler and mitosis The cedls i hoth denssty and disposition sug
gested a highls differentiated fibrosarcoma (neur fibresarcoma) In and around
the tumour tissue thare were numercus depesits of therotrast s me of them situated
m macrophages (Iigs 1 2)

To summarize, the pitient was a 41 ver-old man on whom at the
age of 21 cerebril angiography had been performed with thorotrast
smnce 1959 he had hd rcenrrent ncurofibros ircom itous tumours in the
nech at the site of mpcction of the medmm
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Crse

A man aged 84 who fn 1938 underwent cercbral angu graphy for cxaminatyn of
heafache and epiles tie fits frem which he had been suffering f r s me 8 vears
Bitateral arteriographs via the anternal carotil artery performed with 4 X 85 ml
th retrast discl sud an aneury smal w1 leming « f part of the uppermost branch of the
medial cevebral arters ¢ n the right side In 1938 the patient was admitted to hspital
¢ Jeft leural | neumoma and cardic sclerosts and arthrosis deformans Radwology
then sh wel a radi paque th r trast <pleen In 1922 the man was re admitted to
hospital sath diffuse aching thr ughout the body and high temperature Anacmia
was n ted with Hb 25-60 per cent ervthr cvtes 35 million white cells 15 600
20000 The Tiner was enlarged “eedle biopss from the Iver showed cells that werc

ated rapidly and he dted 1n the autumn of

External exammation Left leg « edematcus and bluish 1n col ur Othersise nor
mal \ v Jaundice

Circglatory system The he ¢« =

n mall rmations Coreonar -
A thrombus attached to the
Hespirators crgans  The .
tum ur Tungs heavler than A w8 un s ada g UN e basal plearal
< efaeae fiha aTa mab.on "

LU e A U hant

The thr 1d glan ] was fairly much enlarged and wetghed 160 g The surface af
steth m Was hemagene us sm th and a ighl grevish brown colour Ne evidence
f malignanes

The 51 mach ag M LI ik erent 1o the spicen
e st mach and intestinal tract showed n .
o The ot mach an  definite jathel gic changes o

The hur'\ld:h(-d 1850 ¢ and extended dewn helow the = et 2
.

= There were noy
Femar Tre

! ne marrew was a with n e
etive wi
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L dehet eratlin
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Mt 44 eumt wman n Seet ns fr m th o
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fthe hilus showet g clurcs of a m tor

M T Was comp sed o f Jarg -
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Crse 1 Deposits of thorotrast situated in macrophages and surrounded by
naurefibros ircomatous tumour (1an Gieson) X 448

with regions rich 1n ¢l ind poor i collinen There was no evident palisade dis
positton Cellular polvmorphism was fairly shght Thare were sporadie nutoses
Small depostts of therotrast were observed

Radiologic examination In 1960 tomogriphy of the ~oft tissucs of the neck
sugrested  tharotrastoma There were no definite metastases  The spleen was
grently enlarged and the parenchyvma contamed muliary densifications which could
have been due to thorotrast Simular densifications were ebserved around the porta
hepatis which may Fave been due to thorotrast accumulations i the lvmphatic
nodes

15th fchruary 1960 Sternal puncture showed numerous particles m the marras
Wwith a reduced fat content and increased ccllular actinaty The bone marrow was
marhedhy hyperplastic The sections showed a dense cell agglomeration of cells that
contamed thorotrast

18th February and 12th December 19€0 I urther attempts were made to remave
the tumour since 1t had increased 1 size and was constdered to be locally malignant

Histologie examination (performed at the Institute « £ Radiopathology Stockholm)
showed a partinlly encapsulited tumour 1¢sembling a neuroftbroma and parts of
which diffusels merged with conncetinve tissue and fat tissuc suggestne of an
faltratne tendency  In places there were regrens farly denty an cells with some
polymarphous nuclar and mitosts The ecdls i both donsits and disposition suf
gested a highly diffcrentinted fibrosarcoma (neurofibrosarcoma) o and around
the tumour tissue there were numerous depsits of thorotrast some « f them situated
in macrophages (Figs 1 2Y

To summarze the piient was 1 41 v old man on whom at he
age of 21 cerehral angrography had haen performad with thorotrast
anee 1959 he had had reeurrent ncuroftbios ircom itous tumours 1 the
necek it the site of micction of the medim
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A man aged 68 wh in 1938 undcruent cerebral angiography £ 1 xaminati n of
headache ani epilept ¢ fits from which he had been suffering { r s me 8 vears
B latera) arteringraphs via the internal car t d arters performed with £ X 85 ml
th r trast d closed an aneurvsmal widen ng £ part of the upperm st branch [ the
med al cerel ral artery ¢ n the r ght side In 1958 the pat ent was admitted to h spital
£ ¢ left plearal pneumon a and card scleros s and arthr wis deformans Ra li Togy
then sh 1 ¢ a rad opaque ther trast spleen In 1959 the man was re admitted to
h sptal with d ffuse aching throughout the Fody and high temperature Anaemia
vas n fed wth b 55 60 per cent  erythracytes 35 million wh te cells 15600
20000 The Iner was enlarged Neelle b pss from the 1ver sh wed cells that werc
su_pected to he mal gnant

The ¢ nd t on of the patient leleriorated rapsd!s and he died 1n the antumn of
19 9 (+ th a p clure of cachex a}

Auto sy at the haral nska syukhuset

Fxternal cxam nati n Left Jeg oc lematous an | Hu shan c 1 ur Othere en ¢
mal \ Jaunlce

€ reulatory system The heart was n rmal in sizc and e nf gurati n Therc v ere
o mall rmations C romary vessels the a rta and pulmonary arterics were o rmal
4 thr mhus altached to the wall of the Teft fem ral sesn <ccluded the | men

Re prators organs The resprat v tract was wnobstructed \ ey dence of

Lid  luerand
The thar 1d gland was fa rIv much enlarged ani weighe! 160 g The surface of

ection was hom generus sm oth and a 1 ght grevish br wn ¢ Iour \o esvilence
{ malignancy
s

w4 je  danetent to ihe spleen
The <tomach and intest nal tract sh ved n  Iefinite path 1 gic changes N\
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The lnver we ghed 1850 ¢ and extendel d vn el w the
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Ou the suclae { the Lyer were several round greyish wh te foet typ cal [ meta
stases The urface of sechh % showed Dumerow melavtatie £ 01 up to 3 cm 1o

d ameler < me whch e nta ned small quantit es of
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Fig 2

Casc 1 Deposits of thorotrast situated 1n macrophages and surrounded by
puurofibrosarcomale us tumour (van Gresan) X 448

Wwith regions rich in cddls and poor 1 collagen There was no evident palisade drs
position Cellular palymorphism was faiely shight There were sporadic mutases
Small deposits of thorotrast were observed

Radroloie examination In 1960 tomography of the soft tissues of the nech
sugiested  thoratrastoma  There were no defimite mqtastases The spleen was
greatly cnlarged and the parenchyma contained mihiary densifications which could
have beun due to thorotrast Similar densifications were ebserved around the porta
hepatis which mav bave been due to thorotrast accumulations in the lymphatic
nodes

15th Fehruary 1900 Sternal puncture showed humerous particles th the marrow
with a reduccd fat content and increased cellular activits The bone marrow was
markedh hapeeplastic The scctions showed a dense eell agglomeration of cells that
contarned thorotrast

18th February and 12th December 1960 Turther attampts were made to remove
the tumour <ince 1t had increased 1n s1z¢ and was constdered to be locally mahignant

Histologre examination (performed at the Institute of Radiopathology Stockholm)
showed 4 partially encapsulated tumour resemblmg a ncurohibrama and parts of
which diffusels merged with connectne tissnie and fat tissue suggestne of ann
filtratiie tendeney In places there were regiens furly denstty an cells wath some
polymorphous nucler and mite 215 The cells 10 both dinaty and disposition sug
gested 8 highly differentinted fibrosareoma (netrofibresaire ma) in and around
the tumour tissue there were numcrous depesits of thar steast some <! them sunated
1n macrophages (kigs 1 2)

To summarze the patint was a 4 voar ofd man on whom o the
age of 21 cerchral nglography had boen e rformad with thorotrast
smee 1939 he had had rcenrrent ncurofthros ircomatous tumours an the
neek al the site of wmjcction of the medimm
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~ h The w the huer i vegeta-
:‘ff’::: :;‘:hl:um"\)p( of primans fact Differcnt degrees of differentiation were alsn
found in Lhe metastases Owing to fairly extensne postmortcm changes X ®as
dufuult 1o asses the umnvolied Jiver parenchima hut there were farrly many
e tatrast deposits especialls round the centmiohular vessele There were signs of
mild tasis and fatts degencration No crrehoss (Figs 3 43
Pancreas The tumiur Lissue at the Tatus of the liver grew down tawards the
patieseas Which Rawcrer apucaced fo be Miact and sta structure normal o sigas
of tharotrast deposits A
el . “

. . reles

spieen ifiere way an aphreniable thuckentng of the capeute and the dezpest parts
iontasned autmeraus depr sits of thorotrast At ene place 1n the capsule there was a
small focus with frowth of the same cancer deseribed 3n the Liver

Wane marriw from vesteheae Latgels normal stracture o mefastases The <ec-
tiens showed however fairly numerous thorotrast particles some of them estra-
tctlular o some 10 large macrophages

Bane marrow from the fomur The scctions shrwed wigns of ncreased haemato-
patic actinity N0 fumour Mo tharetrast depasite posibly due 1o the {act that at
the tume of the folection of thorr trast the femur marrow was probabls not hasmate.
poctically active but (onsisted of fat When the bone marrow  orginally achne »n
the oecasson of the fnfeeticn was subsequently damaged by the thorotrast radiation
the femur marrow was actialed Since however no thorutrast was found sn the
Mcod vessels af fhis Tater uecasion fone could have heen sepste

fungs Signs of staves and fajrly advanced oedema In placcs small brancho-
pneam mal lufiltratcs No evidence of lumour o definfte signs of thoretrast
deponte Round the vessels and esperaalls subpleurally there siere moderate an-
thracatic depasits The subpleural parenchyma of the lung showed increased fibrosis
The small reddish brr wa formationt on the sisceral pleural surlaces conested nf
cram tatim s o s .

. s oa s audy W PIANY Sy puenee ot Metastases There nas growth
« € tume ur aimilar to (hat found 1 the liver The tumour tissue 1 the metastases
hoseser was steikimgly agerntic and 10 places smbibed wath hleod Small foe < §
tharutrast parnicdes were seen 1n the lmph nodes

tudncvs” Moderate arterte
Tepusity,

Thyre tpta=1 vz .
Increass . L

Rad

ftadiop v
“pleen -

and arienalosclenssis There were no thoratrast

In hrif, aman of 65 3ears, who 21 scars previously had had injection
of thorotr, i connection with ecercheal angiography At autopsy
thatateast depovils were found 1n the Iner, spleen, bone martow and

Iyimph nodes In connection with the Jarge foct of thoroteast in tha v 1
of thedr =~ - 7

(rom o "
m the

oo panenr arca tn secondary heart farlure

DISCLSSI0N

In holh cases the tharotrast tumours were
tom from thorum particles deposited 1n

vrobably clieited by radiae
Drtter ease, where ther waa g,

he tssues s e
gards the
wncer of the bile duct, mporiance attaches,
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Case 2 Adcnocaranoma in the Iner containing large deposits of therotrast Dense
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depossted 1n Mactphages The metastases in the hver enntdinal numerous vegeta-
Uens of the sam  type of pramars {oet Different degrecs of dilferentiation were nlen
foand N the metostases Owing to farly (xtensne postmortem chapges xt Was
dfGealt th acses the uninmolved hner parenchima but shere were faldy maps
th rotrsst deposits espeerally T und the centrilobular vessely There were signs of
mud stasis and fatts degenerabion Mo cerosis 1Fags 3 90

Paoureas The tymaue tissue at the hite of the Iner grem Wown towards he
pancreas which however, appeared th be infact and ste structure normar o sy
of tharotrast dcposits

Sgleen T . .
situated pe . LA
atheromate .
fraphod t :
spleen Th N
confaited numeruus deposils of tharotrast 3t ane place tn the capsule there was a
small focus with growth of the same cancer described an the Iner

Bone marrow (rom verteheac Largely normal structure o metastases The rec-
tions shawed however fairly numerous thorotrast particles some of them extra
cellular and some jn largc macrophages

Uane marsow from the femur The sectinns shoned signs af increascd haemate
Poetic activits N tumour N0 thorotrast depputs possibiy due to the Tack that st
the time of the mJection of thorotrast the femur marros was probably not haemato
Drctually aetrve hut convisted of fat When the hone marrow originally active an
e accasinm of (he injection was subsequentls damaged by the thor trast radiation
the femur marrow was actinated Since howtser nn thorotrast was Tound 1o the
Blok Sessels at this later nceasion none could have been deposited

Lumys Syt of stasis and fairly advanced oedema fn places small broncho
Pnuum mal nfiltrates No evidence of tumnur Wo defimte agns of thorotrast
f‘fm sity houna fhe vescels and especially subpleyrally there wcre moderate an

Aun \OWIRE TatToser pieaily esidence of metastases there was gronth
';‘f tumcur amilar to that frund in the Iner The tumour tissue in the metastases
1 oever mas steikliugly necrolic and in places smbthed with hlood Small foot of
hor trast partecles sere seen 1n the By mph nodes

d(crj:v‘?x W derate arterso and arter)slosclrosss There were no thorotrast
,::\’)r':i Kland a1 enlarsed and rich 1n collagen though with ne evidence of
? - N *n evident dep s of thorotrast

- - * rum analvsis (performed at fhe
o presence of thorsum in the Lser

rh\ bried, a man of 64 years, wha 21 sears previously had had ingection
:‘h":b:)mtmst i connection with cerchral angiography At anlopsy
I‘mf’zhr:stldcpmm wire found 1n the liver spleen, bone marrow and
of ll’w h\'” e+ In conrtection with the Large foc1 of thorotrast in the hylusy
from lh»c;')‘\ '}“Mk ralely hifferentinted adencearcinoma had deseloped
n the n,,-’ 72l patic hife ducts \elastases were found m the hser and

wrel s mpft nodes THe patient died in secondary heart failure

Drscussion

Tn ot cases th
LUON fTom thery
ttcr

e thorutrast temours were brobably ehcited by radia-
B "17) Preticles dipostied i the tinsues  Ax regards the
eI there was ¢ mcer of the ile tfuct, unportance atlaches
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a<sncrated with the injection of Thoratrast Irish J M Sc 6 229 23> 1950
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to the low mcidance of such tumours 1n man m the Seandin nnn coun-
tries According to Ringertz & Lriesson (1861) only 07 per cent i
Sweden

The question of the earcinogemie achion of thorotract has hoen
thoroughly discussed ymong radiologists, pathologists, radiophysicists
and others Many, meluding Baserga el al (1960), consider that the
number of cases of such tumours 1s definite proof of the carcinogonic
«ffect of thormum Others point to the fact that m spite of the Tirge
numbers of thorotrast imjections given over many years, only 1hout
60 cases hasc heen reporied or even noticed, owing to varions cr-
cumstanees such as absence of autopsy, and the fact that the phvwt
cran was unware that thorotrast had been uscd That rather fow eases
of mahgnant thorotrast tumours hve been described 1s certunly due
m some degrec fo the long latency perod Radiograplic examination
mvolving thorotrast have probably han performed most froquently
on patients who were clderly or scriously I, many of whom dic from
old agc or disease long before the tumours are due to appear I all the
patients rceening thorotrast had huen followed for 20 to 30 years mam
more such tumours would certainly have been recorded This 1s bang
mereasigly realized and follow-up studies are bemng carried out m
various parts of the world It s thereforc important that all ¢ses of
thorotrast tumours arc recorded so that, with the mformation so ob
tuned, we can widen our knowlcdge of the carcmogemic action of
thorotrast

SUMMARY

In connection with the reporting of two new ecases of thorotrst
tumours a suriey of the hitcrature in the field his boen moade which
mcludes 59 cases The lateney period between the mjcchion of the
contrast mcdmm and the appcarance of the m ilignant tumour s about
18 years

10 cases deserhed are of & ponrofibros ireoma m e soft hsues
of the nedk, appearing 1 g 40 year-old man, 19 years after angiogripht
with thorotrast, and a cholangiocellular caranoma, which app wed
a 64 yar old man 21 years after cerchral angrogriphy with thorotr st

ADDINDT W

sance this paper was submitted two more eascs of maliwnant tumours following
administrat: n of thorotrast hasve been publinhed

1 4 Vettleshyy and W il desenshe a hemangoendothchoms f hiver an o 34
years old man who 16 sears hefore death recavad anantravencus myeetion f Ha
thoroteast (Am J (lin Path 35 322 426 1961

2 I Suchotw G Henegar and R Bascrga veport 2 case wilh 1 ale duet carcin ma
of ncr appearing 15 vears after an intrasenous ingection of th rotrast tmount <f
thorotrast 1s not mentioned (3m T Path 1% 663 H7C 1961)
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Icronyme G Kritisehe Untersuchung cogonannter Thorotrasttumoren nebst At
terlung zwerer Falle Zentralbl all, Path 97 513 523 19-8

Hofer 0 hifcrhohlenkarzinom durch radumhaltiges hontrastmittel hersorgern
fen Deutsehe Zahneztliche Zatsehnift 7 736-741, 1952

Jacob I & Srhostel P ¥ruh- und Spattelgen nach Thorotrast Anwendung 1an
stnbecks Arch khin Chir 295 341-352 1957

Johansen € [histological changes i man and rabbats after paronteral thermm
adminsstration Radishiologs svmposium 1954

Johansen € Caramogenisis of Thorum  Suta un Int Cancr 16 425 426 160

Afepum I' ¥ Intrakasitire  Thorotrastablagerungen nach 17 Jahren Fertehr
Geh Rontgenstrahlen 82 131132 1955

Rtigerman M fattcs R & Ranfow R Caranoma of the mavillars staus followmng
tharetrast instillation Cancer 3 967 973 19¢0

Rohoutel J & Novuk I Cholangiogenny karctnom )ater pi thorotrastu (oke
slovensky rentgenologie 7% 110 116 1900

Ariichemeger A Lessmann H & Pudwitz A Nierenharzinom als Thorotrastscha
den Tortsehr Rontkenstrahl 93 315 321 1960

Lerp I Histinertare hnotchenformine nicht peschwulstartige Wucherungen der
Icher Milz und Ivmphknoten nach Thorotrastingchbron Trankfurt /7 Path
70 423 146 1960

Fooney W 1ate <inical changes following the internal depositun of radioactive
materals Ann Int Med 42 378 187 195%

Tooney W Arpold 1S FTenc & Jee W Autoradiopraphic and Histopathol micsl
Studtes of Thorium Dioxide Patients A M A Arch Path 60 173 178 1925

Touney W B & Colod tn W Tt follow-up studies after internal deposstion of
rathvactine matunals JAMA 160 1 1 195

Tooney W B Hursch J B Colod~tn M & Stedman 1 T Tumor inducticn 1n maft
following Thorotrast (Thorum dioxade) adminsstration Acta un Int Caner
16 43> 447 1960

Iidin M Hacmangio Fodothdhiomatose von Ieher und Malz b Thorotrastsper
cherung Schwdiz Ztschr allg Path (6 987 994 1953

WacMahon F Murphy 1 % & Bates M I [ ndothclial ccll sarcom of haer following
thorotrast mjections Am T Path 29 585 613 147

Matthes Th  Lhorotrastschiden und Krebspcfahr Arch Geschwulstforsch 6 162
182 194

Matthes Th  Zur Fragpe der Intstchung omnes Caresnoms wf dem Boden onef
The rotrast Narhenlcher Strahlentherapie 99 94 106 1956

Morgan A Jagne W & Marrael D Primary nver ol caranoma 24 years after
mtrasenous inycetion of Thorotrast J chin Path 11 7 18 1958

Netousch M Borei J & Diorak Chronic Myclosts Following the Use of Thoretrast
Blood 12 391 397 1957

Nielsen G & Aracht J  /ur Canceroptnese nach diagnostischer Theratrastanwen
dung Franhfurt Ztsche Path 48 661 667 1958

Olinala S Valao A Ibapashi L Nealad wmi M Rahiha I & Sugemura T %
case repert on the deselopment of bilars tract cancer doven scars after the
ingection of Thorctrast Am 1 Rocntpenol 78 812 818 1957

Plenge & & Arichenteger A Uher an Sarbom am Ort der Th rotrastinpchtoon
Zentralbl ally Path 92 235 200 1954

Ringert \ & Iriesson J Ercksensen av milisna fumorer ach daucem v Ssertic
1938 jamitc Jamfs redae med de osraga nerdisha landernas frehvens Sy Lakar
tidn 58 56> 286 1961

Roberts J & Cariscn & Hepatic Duct Caran ma Scvedlan Yaars After fnpet v
f Themum Dioxadc A M A Arch Path 62 1 7 1936

Rosenbanm F 7 Vebtrsarhom nach Thorctrast Dentsche med Webnschr &5 428
438 19-8

Roth F The rc trastharzinom der Bronuhin Zuntralbl ally Path 96 417 418 117
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cventueller Spatschadigungen bef semer \erwendung als hentrastmillcl 1ar
genbeehs Arch khin Char 263 573 587 1930
Rossle R Spatschaden durch Tharotrast Zentralbl allg Path 85 227 228 1943
Gchesbe G Malignes intraperitoneales Thorotrastom heim \cnsehen  Zentrathl
(hir 80 588 592 192
Sehuenrer 4 W & Federltn R Salpingographie mit Thore trast vor 23 Jahren und
Intstechung emnes osaralharzinoms Geburtsh u Frauenh (7 220-236 1957
Selbte F Fxperimental productinn of sarcoma with thorotrast Tancet 2 847 818
936
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(LHEAD LFIN RREYBFRG W D))

CELL METABOLISM IN EXPERIMENTAL SKIN
CARCINOGENESIS

2 Lffects of a Single Applicalion of Different Concentrations of
-Wethylcholanthrene (MCA) in Bcnzene Solulion on the Rate of
Formazan Depostfion in the Epdermus of Hawrless Mice

by

Oravy Hirviar Iverses
Recenved 241061

In presious papers (Iversen 1959, 1960) 1t has hecn shown thatat s
possible by a tctrazolium reduction method to estimate changes mn the
rate of formazan deposition mn the epidernus of hairless mice alter
application of henzene and some polycyehe hydrocarbons, and also
after roentgen irradiation (Iversen & Devik 1961) The amount of for-
mazan dcposited per mg dry epidermis per hour was measured 1t
diffcrent time mtervals after the mitial applieation The results wert
presented as the ratio between the values obtamncd n treated and m
non-treated areas The rate of formazan deposition was constdered to
be an ¢xpression of the endogenous dehydrogen ise actinity of the cells
and therebs to b related to the rate of cell resprration

A characteristic difference between the reaction type of the culls to
somc earcinogens (3-methylcholinthrane, 8 4,9-10 dibenzopyrene wnd
9,10 dimcthy! 1,2 benzanthracenc) on the one hand nd to benzene md
two non-carcinogenic compounds (phenanthrene and 1,2 benzinthri-
ccne) on the other hand, was observed The three carcinogens produced
acurve with an mmitial short nise in formazan deposifion, followed by 1
depression of fonger duration

In the present papcr the observations are extended to a study of the
dosc/rcsponse relationship after a local smgle applicition of 3 methyl-
cholanthrene (MCA) in benzent solution

MATFRIAD] AND MITHODS

S1¢ hundred and twenty one male and fomale mice were used Fhey were ahout
12 wicks old weshed 16 to 28 grams and were hept n o1 standard diet Varying
« of M C A 1n benzene solution were apphicd to the sken of the micc 1n a gnen
ane of a special pair of forceps as proviousdy deserthed (Tt ersen 19€0)
tsed 10 this study ccmprise 0005 ml «f 4 Benzenc alanc

dose
arca by the v
The dafferent solutions u
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B 1128 per cem—, { 164 per cent—, D 1/32 per cent~, B, 116 per ccat—~ F 118
Ver cent—, G 12 per cent—and B 1A per cenl M C A 1n henzene suiution

At different time tnlervaly (1 2 35,7 and 11 days) after the smale application of
the salytians the ammals were sacrificed by (ractertng the veck and ther '«km
inmediately faved aff The whole skin preparaty N dina
solution atd with the method of Cowdry the epidernns wax stripped from the
wnderlying shinr 1 the treated area as well as 1 a contral area Iram the opposite
side of the back of the mouse The amoust of fntmazan deposited per mg drv ep
dermys per hour wat calculated With a photometrical method The ratio between
the salues fram treated and nou treated areas was considered to be an index of the

cllect of the apphication For a more detatied deseryption of the method, reference
15 made ta the previous papers

RELATIVE AMQUNT OF FQRMAZAN DEPOSITED IN EPIDERMIS AFTER
8 SINGLE APPLICATION OF 3 METHYLCHOLANTHRENE N BENIENE

Benzene 1116 per cont MCA
14 A
10K ™ IDW——
5: orf o7] e
%
£ 28 per et MG, V8 oer cant MCA
§ 14 14
S “’A\..,a-\,,__,
g 07{¥ o7}
4
&
£ " V64 par cent MCa l 12 per cent MCA
14{ »
T
ER AR o7l z
l V32 ver cent MEA [ 1 ber cent MCA
(o %
V0 gl oyt gD ~
orf - o7]
13 5 7 " i b4 "
Tne N days
. Fig t
" . * gle
oo ' . rate
me

RESUITS

Results are guen 1n Fig 1 and Table T \ lues are ealenlated for
Kroups of miee {see Table 1) at each of the above menlioned time inter.
Mk 1t appears that the reaction of the Vs to the different £Xperi-
mentaf procedures may he grouped 1nto two cathegorits

t1 benzene alone and conccntrations of

e f MCA up 10 132 per cent

a shightinateal 201 sn formazn deposihion, while
cmcentratums of MCA from 116
produce the previously
mhal e o the .
decrease

in

Per cent and up Yo 13 per cent
desertbed characterssiic curve with an

ate of formazan deposilion, followed ln.l a



164

TABLE 1
The Mean Detiation from Normal Forma-an Deposition wn Fpmdernus after the
Application of Benzene and Varyging Doscs of 3 Methyleholanthrene

Concenteation Dt | W | v | s

Henzene 1 12 0801 007
2 7 0841 010

3 8 1000 012

5 9 0924 007

7 7 0964 010

1 7 0923 012

1/128 per cent 1 20 0805 007
3 mcthyvicholanthrene 2 14 0964 006
3 16 1022 009

5 24 0957 006

7 16 0979 006

1 16 0979 00>

1/64 per cent 1 12 0885 008
3 mcthyIcholanthrene 2 8 0761 004
3 8 0972 010

5 16 1039 013

7 8 0994 on

1 20 0865 008

1/32 per cent 1 20 0911 008
3 mcthylcholanthrenc 2 16 0828 005
3 16 1010 ol

5 15 0955 o010

7 16 0884 003

1 15 0950 009

1/16 per cent 1 12 1161 013
1 methyicholanthrenc 2 7 0933 on
1 8 0878 006

5 8 0775 007

7 14 0764 007

11 14 0915 007

1/8 per cent 1 12 1165 008
3 methyicholanthrene 2 16 0819 008
3 1% 6791 007

5 8 0847 00>

7 8 0774 005

n 16 0774 005

1/2 per cent 1 16 1278 011
3 methyicholanthrenc 2 15 0798 00>
3 15 0857 005

5 16 0944 005

7 15 0 807 007

n 8 0756 o0

1 per cent 1 16 1261 005
7 methyIcholanthrene 2 9 0947 010
3 1 0980 006

5 1 0 )0y 004

7 12 0¢J6 o007

11 11 0722 008




The relation between dose and Jnitial response 15 shown i Fig 2and
Table 2 where the approumate ntegral of the first oserllation of the
curve ss related to dose Benzene and concentrations of MCA up to 1/32
per cent Teveal sntegrals of about 0 700, while higher concentrations of
\CA rescal integrals of ahout 1120 to 1200

The fundamental ohservation 15 thus that a eritical dose level exssts
at which single applications of MCA changes the rate of formazan
depositiont in eprdermis from the reaction type charactenstic for benzene
to the reaction hype characteristie for sufliciently hugh concentrations
of some caremnogens

RELATION BETWEEN DOSE AND INITIAL RESPONSE

=

oo -
» @O

Benzene ©

e Voo YRz Yhe e V2

Leg per cent concentration 3 methyicholanthrene
n benzene

integrat ot the 13t osollabon

Fig 2

The refati n between @ of M S and intial resy omse The ordinate fives the mesn

ap prosmative integral of the furst oscillations of the cusses depicted an Fig 1 the
shacissa indicates the different ccncentrations of MC A on a Log scale

TABIF 2
ftelattsn between [rse an 'l Resp inse

e APprovimatlve integral of the
Tieat aserllation of the surves

fenzene

17123 per cent 3 methslche lanthrene g;:}l

164 per cent 3 methslchalanthrene 0611

132 yer cent 3 mcthslchalanthirene a2

1715 per cent 3 methslchatanthrene 1121

13 per cent 3 methyichotanthrene 1121

12 per cent 3 methylchslanthrene 1209

11 jger cent 3 methsich Yanthrene 1196

DISCLSSION
[he entical dose Jovdd observed in dhis studs scems to refleet the
sitization 1t the production of tumours by single application of carcino-
gu‘uc fndroeathons  \ceording Yo Terraciny, Shabih & Delle Porla
(1960} smill single doses of 2 carcinogen o nol ginve nise to tumours
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TABIT 1
The Mean Devtation from Normal I orma-an Deposition i Fprdermis after the
Application of Bcnzene and Varying Doses of 3 Wi thylcholanthrene

t n Dnysalter o of ‘ Arithmetic sDof the
pplication mice m men
Benzene 1 12 0 801 007
2 7 0841 010
3 8 1000 012
5 9 0924 007
7 7 0964 010
1 7 0923 012
1/128 per cent 1 20 0805 007
9 methylcholanthrene 2 14 0964 006
3 16 1022 009
5 24 0957 006
7 16 0979 006
1 16 0979 00>
1/64 per cent 1 12 0885 008
3 mcthyIcholanthrene 2 8 0761 004
3 8 0972 010
5 16 1039 013
7 8 0994 011
11 20 0865 003
1/32 per cent 1 20 0911 006
3 methyIcholanthrene 2 16 0828 005
1 16 1010 o1l
5 15 0955 010
7 16 0884 009
1 15 0950 009
1/16 per cent 1 12 1161 013
3 methylcholanthrenc 2 7 0933 011
3 8 0878 006
5 8 0775 007
7 14 0764 007
1 14 0915 007
1/8 per cent 1 12 1165 008
3 methyIcholanthrene 2 16 0819 008
3 15 0791 007
5 8 0847 005
7 8 0774 00y
11 16 0774 005
1/2 per cent 1 16 1278 011
3 methyIcholanthrene 2 15 0798 005
3 15 0857 00
5 16 0944 005
7 15 0 807 007
11 8 0756 009
1 per cent 1 16 1261 0o
3 methyichalanthrene 2 9 0947 010
3 11 0980 006
5 11 904 004
7 12 0696 007
1 13 0722 008
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DEPOSITION OT' SERUM PROTEINS IN VASCULAR
WALLS DURING ACUTE HYPERTENSION
By

Jony Grise
Reeerved 71 61

In 1933 Schurmann & WacVHahon advanced the theory, that an in-
filtration of plasmatic consuituents 1nto the vascular wall 18 a very
important factor 1n the pathogenesis of hypertensinve vascular disease
4} This coneeption has reeened support from many imvestigators
{revies by Zollinger (6)), but another theory favours necrosis of the
media as the prinepal factor (e g Wonlgomery & Wutrhead (2))

It was felt, thal some nformation concerning the possible deposition
of serum proteins in vascular walls during acute hypertension mught
be oblained by mjecting expermmental amimals with homologous serum
protems, conjugated with a fluorescent tracer dye, followed by the
admimistration of a pressor agent The following report gives the results
of such studies 10 rats exposed to repeated rises in blood pressure,

caused by injections of synthetic angiotensin, as compared with normal
control ammals

MATFRIAI AND MFETHODS

W fimale athinn rats wire used

(averake weight 200 grammes)
Ponled rat <erum was with L Kh

B 200 (G T Gurr)
2% deseribed 41 Chat of e Gos . .
d. . .
- . * ]
- mental sl up way
. , - * equal amounts of
T . mes (1 3 ml) with
3« v hRmi) being emplin h
Fepeated Intravens us N onthetie aeghatemay then Enen

injections of a anlution of synthetic angiotensin, the other
Aervng as o control vecaved dnjections of 09 per cent ~aline solutun Injectuans

This vk wae o

187
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within a cert i, narrow dose range the tumour yield mereases step hke
and with still igher doses there 1 only avery small further effect The
conclusion of the last mentioncd paper 15 “A enhical dose level eushs
at which single application of earcinogens hecomes fully effeetne

The obscryation presented in this paper, thus may give some further
support to the hypothesis that the characteristic eursve profile observed
with the deseritbed method 1s related to the carcinogenic properts of
the compounds Turther studies, involving a “blind test” of 20 different
carcinogens, cocarcinogens and non-carcinogenic compounds, are
progress

SUMMARY

1 A tdtrazolium reduction method 1y used to mowsure the amount of
formazan dcpostted per mg dry epidermrs per hour i harless mic
after the local, smgle appheation of 0 005 ml of diffcrent concen-
trations of MCA n bhenzene solution

1 A cnitieal dose levdd exasts at which MCA changes the rate of for-
mazan depostiion from the reaction type eharactenistie for benzene
and to the reaction type presiously deserthed as characteristic for
sufficiently high doses of some ¢ iremogens

RIFIRENCFS

Iversen O H  FPstimation of the endogenans dehvdrogenase actinity of epidermal
eddls of hairless mice uving the reduction of 235 triphentltetrazohum chlo
ride Acta path et microbiol scandinay 47 21€ 224 1959

Itersen O Cddl metabolism 1n experimental shin carcimogenesis I Iffect of
Benzene and some Polvevelic Hyvdrocarbons . - ~
Activits an the T pidermis and the Stripped
Means of a Tctrazohum Reduetion Method
50 17 24 1960

Iversen O H & Dol B OFifucts of local roentgen irradiation on the rate of endy
senvus dehvdrogenase activits m the epidermis of harrless mice studied by
means of a tetrazollum reduction method Int J Rad Biol In press

Terracint B Shubid Ph & Della Porta & A Study of Shin Carunogenests i the
Mcusc with Single applicatians of 910 Drmethv] 12 benzanthracene at Dif
fcrent Dosases Cancer ey 20 1538 1541 1960
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In animals treated with angrotensin as well as 1n control animals
fluorescence could be seen n the lumina of blood vessels, where residuat
plasma was prisent n the scctions The Kupffer cells of the Iner
generally showed rather strong fluorescence

Fig

1

Smalt amery sh wing 1t located 1 the media In this black

and white pht lographs the light emitted by the fluor chrome 13 depicted as white,
under the micr seopd an «range red fluorescence 1s seen (X 172)

In 6 of 8 anunals mjected with angivtensin eoloured depowts of the
fluorcseent protewn conjugate were found in the walls of arterial vessels
in " of these amimals the vessels of the pancreas were affected (Fig 1),
deposits were also found 1n the walls of arterial vessels in the intestinat
w1l or in the mesenterium (5 anmimals) In 2 cases an artery 1n the nght
side of the heart way affceted No deposits have been found in renal or
puimonary vessels, nor in the aorta or pcriaorie vessels

The vesseds showng these deposits were small arteries and acteriales,
the dizmetcr of some of these vessels was measured and found to vary
botwecn approvmatelt 23 poand 75 5 Only vessels showing convineing
dcposits in the medit were connted as positive, the deposits wete some-
e soenan the shole, sometimes only 1n a part of the aircumference
In some caves a vessel could be followud in 3-8 consecnine scetions,
and at was obsenned that vinvng parts of the eircumierence were in-
wolvad i tha varous secttons

Ofen onlv one of several vessas visthle in g section showed flyores-
\({:\ medin} r:qnmrls. and such affected vessels were somefrmes found 1n
onlv ond or two of severa o org;

Tt wmBle il i ~enstls Shomrng Mione sy R RSl
escent deposds were
found in nearly every <ection of the pancreas
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were grien (almost) smmult moously an the two amimals, solume «f doses numler
of mjections and antervals badween angections were hept cqual The angiotensin
solution was preparcd by dissahving 05 mg «f synthetie angiotensin 1n % ml 09 per
cent saline the volume ingected was varied dases of 01 ml (10 mucrogrammes) were
often uned Ingectie ns were grien esers 2 3 4 or 5 minutes, the nest inyection was
usually given when the blood pressure had returned or nearls returned to the
bascline  tbout 40 50 ijections were usually given total time of experiments was
2 4% bour< In two cases no control amimal was prepared

The rats were killed by exsanguination at the ternunaty noof the cxperiment
Past mortem (xamination was performed and organs hiwd in formalin buffered
with edaum acetate Paraffin scetions were prepared Deparaffimized seetions were
txamined under a Rerchert Jctopan microscope using ultraviolet blue radiation
with primary and sccondary filters av described by Chadwich  eFntegirt ¢
Nairn (1)

Several scctims were prepared frem the pancrcas and small irtestine secti ny
of the haart hidney Iner spleen lung and aorta were also examined Care was
taken to examine & ¢ mparable number of scetions from «ontrol anmmals and angts
tensn treated animals

In somc cases sections were examined under the fluoreseence micreseepe ant
vesaeds showmy fluoreseent depestts an the walls were lieated on the shde by
coordimates estabinhed with o graduated mechamical microscope stage, a sheteh
of the sessed was drann showng the locatien of the deposits 1n the wall Afterwards
these scetions were stuncd with hematovylin conin the persodie acid Schuff 1re
ccdure or the |enlgen reaction The sections were reexamined by conventional hght
microscopy and the yvessels relceated by ust of the coordinates

RISUITS

Blood Prossure Recordings

In the first cxpermments 3t was tried to administer angiotensin as a contrpueus
mfnsion % primars Tise in blood pressure Was soan followed by o deerease (fer
mstance a risC o f 45 mm deerensing 1o approximatels 10 minutes tr a basie value
0f 110 mm_ durmy, the infusion «f sbout 14 microgrammes of angiotenyin per minute
pur hg) Since the primary amm was to obtan large rises 1n blecd pressure ths
technique was abandoned and the procedurc iy lving repeated ngections adepted
In 2 «f 8 angiotensin treated rats experiments were started with a period of ecn
tiuous iefusims but continued wath repeated single tnjections In 6 animaly the
latter procadare was emploved cedusindds

It was found necessary to employ separate ssringes and polyethylene tubes fir
the njcctims of the angitensin solutions hecause 1t s difficalt e remove alt
angictensin at least by simple flushings with water

Blood pressure rceordings were porformed mn 7 of 8§ ngrofensin
trc ded ammals  repeated rises m blood pressure were observed Mo
recordings lone been porformed 1 the control anumals At the beginn
mg of an experiment rises of 40 50 mm of mereury wert often seen
most often 1 decre ismg response w s observed 1n the run of the (xpen-
ment It was notcd that when intcrvals botween injections were Tength
cned (as i cxample 3 mim mstod of 4 min ) the response teo the same
dose would often mercase Furthcrmore the response wis varsing n

diffcrent s

I norcscance Hicroscopy

Tue fluoreseent dve used for the congugition with serum proteins
Jhows a decp orangd fluorcsecncc with vory good contrast 1o the wto
fluorcscence of tissucs
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1s shown, that an nfiltration nto the sascular wall of a substance,
ongmating from the blood plasma, ean take place under the expern-
mental conditions described

Whelher these deposits are due to a primary, 1solated change n the
permeahility of the vessel wall, or they are the expression of secondnry
permeability changes, caused by more gross vascular damage, 1s not
hnown

As a method for the study of the pathogenesis of acute hypertensue
vascular damage, the experimental approach used here 1s obviously
open to several erticisms Synthetic angrotensin was used in very high
doses Furthermore, serum proteins coupled to a fluorescent dye were
mjeeted, such conjugated proteins may not behave completely lthe
natine proteins The load imy I upon the reticul i 1 system
(as evidenced by the uptake of tracer protein by the Kupffer cells)
might also be of importance, Zweifach has demonstraled, that blockade
of the reticuloendothelial system may be accompanted by important
changes 1n vascular reachinity and vulneramlity (7)

Whether the findings reported bear any relevance as to the under-
slanding of the pathogenesis of hypertensive sascular disease in the
usual sense of the word, cannot be settled now But n favour of the
concept of protewn nfiltration as a factor i the pathogenesis it man
be mentioned, that Ohla el al by means of immuno histologieal tech-
nique have heen ablc to demonstrate deposits of gamma globulin 1n

damaged arteries 1 the early stages of desoxycorticosterone-induced
hspertension 1 the rat (3)

SUMMARY

Rat scrum proteins, conjugated with a fluorescent tracer dye, were
mjected into rals Some of these rats were exposed to repeated njec-
tions of synthetie angiotensin with tesultant repeated risves wn hlood
Prissure 6 of 8 rats showed deposits of {luorescent protemn tracer
arlinal or artertolar walls pancreatic and intestinal vessels bewng most
often snvolved These deposits were clearly PAS-positne In 6 control

rats exposcd 10 repeted injections of saline, no such depostts were
Tounq
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It was tried to correlate these findings with the blood pressure
responses observed 1n the various ammals, the umpression was gamed,
that animals showing large rises i blood pressure were sore hkely to
deselop deposits, but no safe conclustons could be drawn

A comparable number of scctions prepared from the orghns of §
control rats was examined, no fluorescent deposits 1n arterial or arten
olar walls were found mn any of these seclions
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Fig 2
Scctien of pancreas (PAS stain) showing a small artery wath PAS positine malterial
1 the media only a part of the areumference 15 imohved (X 250)

Convenlional Laight Microscopy

As mentioned previously, some vessels showing fluorescent deposits
m the wall were loeatcd under the fluorcscence microscope and after-
wards relocated under conventional light fter staming by arious
procedures The fluoreseent deposits were found to by clearly PAS-
positive (F1g 2) (x1ct correspondence w s noted between the localiza-
tion of fluorescent protein tracer and the IPAS positive deposits In
homatoxy hn-cosn and Teulgonsstamed scetrons a sacuolated structure
of the media was somctimes obscrved In some vesscls a loss of mediil
nuclct was noted in others a dirher statning of nucler together with an
angular or shrivelled appearinec w s observed

DISCUSSI0N

The oxpermmants reported here show, that deposits of scrum prntlul:‘
tagged with a fluorcseent tracer dye, can be found i artcnial and ar! crn
olar walls of amms, which have heen exposed to repeated fl{:cs ]|l
blood pressure These deposits were found to be PAS-positine s
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THE SENSITIVITY OF N. GONORRHOEAE TO ANTIBIOTICS
By

OLOF RinGFRTZ
Recened 2011961

The sensitinity of N gonorrhoeae to sulphonamrdes and antibioties
has been extensnely studred Reduced sensitivity to sulphonamides has
been reported by many authors (Cohn & Seijo 1943, Del Love & Finland
1932) Though most authors carlier denied the cxistence of sirans
resistant to pemeilin (Lodin 1955, 1956, Del Love & Finland 1955 and
Finland 1955, 1958) there are some recent reports of reduced sensnafy
to this drug (Thager et al 1957, Cradock-Walson el al 1938, Reyn et al
1938 and Hirsch, Finland & Wilcor 1980) Strains highly resistant to
penteilin have not been observed Though streplomscm has not been
much used in the treatment of gonococcal infections recent reports in-
dicate mcreased resistance o this antibiotic (Alergant 1958, Cradoch-
Watson et al 1938) The sensitinsty of N gonorrhoeae to tetracycline
has heen studied by Gocke, Finland & Wilcoxr 1950, by Del Love &
Finland 195% and by Hursch, Finland & Wilcox 1960 So far no tetra-
cxchne resistant strams have been reported

During the last few years the number of requests for sensitnty
determmation of gonococeal stramns has increased in this lahoratory
Many physieians m Sweden have experienced an inereased number of
therapeutse fatlure with the usual dosage of one 1njection of 600,000 [U
©f proeain pemehin: Sumlar expenience hase also been frequently re-
poricd from other countries (Franks 1946, Duemling & Horton 1047,
Thayer et al 1057, Willcox 1657, Reyn ef af 1958 and Gjessing 1939)
The ohject of thrs study has heen to determine how frequent stramns
with reduced sensilivits to certain antibioties are 1 Sweden

MFTHODS

The specimens were sent tn the laborators in a madi(ied Sty

1960 and were cultured on a heated blood agar medium of

want medium (Ringertz
iian

f the following compo
HE00 m) 17 per cent nutricat agar pH 72 12 L H20/1000 § meat,

1 per cent pept
07 per cent Nal 12 p 2 HP il Bors
RERES ver cent Nag HIO 37k agar/1) 500 mi horse bland 500 ml horse
e . 4 "lteria had 10 be fulfilled
. a - menting dextrose but net
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The struns studicd were divided into 4 different scnsitivats grouy s
icec raing, 1o 1ablke 1 sugnested v Fricsson el al

MATERTAL

vlate) nr utine tagn <ticw rk veraper 1 f6m nths in 1954
an1 1970 at tal 800 wercanel dedin the stulv fr m paticnts with a p sitine
culture fr m m re than ne Dicalits  nly n stran was inehelc] o cases where
Tyeatcf ultures werd p ot v new delerminati ns of the sensitinily were ma le ¢ n
cach  ravi 0 Thus the 809 stra ns were §s Tate | fr m 777 paticnts

The J2stra n« Etained fr m 26 patients by yepeate ! culture after Lreatment were
¢ rted separately If the inbub ton 2 nes f v peniotl 0 or sulphonamile were
lelw § mm ¢ fratrert mycn £l w 2) mm the test was refeatcd The tw »

bt rminati s gave r ughly the same fosulls Thoa f ¢
f niin senstivity gr

All stra na

highis res tant t <lfa e ostrept micin there was n difference fetween Lhe tn
rorink Onbvibedalies Franed in the first test were Inclule 1 in the material

BESTITS

The results are shown in Fagures 1t 4
Ascmtescenm ) purc i the majorily of the stramns (99 0 per cent)
wore BRIy senstive to andy I nami fe most of them mhibited Iy 0%
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Sensttipity Tests

The sensstivats tests were performed with the paper dise method reported by
Ericsson et al 1954 and 1960 on a medium identical with that used fcr the culture
«xeept that the peptonc was excluded Paper dises preparcd at the Bactcriologecal
Department of Rarolinsha sjukhuset Stochholm were used The chemotherapeutic
content of the diffcrent dises was  sulphenamide (Ilkosin (iba) 23 mg peniottin
(Benzv( panieillin Kabi) 20 IU7 streptomsyein (Strepsulfat Rabi) 50 meg and tefra
evclme (Tetracveline Lederle) 50 mey,

The test was earried out on 10 em plates with a mcdium layer of approximately
5 mm The plate was flooded With a bacteral suspension made with about 20 colo
mies of gonacoces in 3 ml broth The plate was allowed to drs for 10 mmutes and
the paper dises were then placed on the surface of the medium Diffuvion was
alloved for 3 hours at room temperature prior to incubation at 37° € in 10 per cent
(0 + air for 24 hours The diameters of the zones were measurcd and 1he corre
~ponding minimal inhibitory concentrations caleulated acee rding to Iricsson et al
1954 and 1960 s a control staphylococeus aurcus § DA 209 was run simultancousty

TABIT 1
Valucs of Inpibiting Concentration tn viro

“ulpho Sire pt Tetra
Group Characterization smde Lo i eychine,
mp 100 ml ey ml meg ml

1 Sensitne & 25 < 01 < 4 <1
11 Fairly senwitive 2575 "2 4 16 14
nr Shghtly sehsitise 7% 29 220 16 100 450
n Resntant > 2% > 20 > 100 > 50
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In Tour of the mne cases vieldmg ponococer of reduced sensitinity to
streptamyein the source of infection could be traced to South America
The rest of the eascs had een infeeted in Sweden

DISCULSSION

04 pur cent of the stramns tested were found to be highly rewistant
to sulj honamides This frequencs 15 low compared to carhier results by
other authors (Gocke Wilcox & [inland 19,0) but sumlar to the results
rejorted by Cra lock Walson et al A decreasing frequene) of gonococcal
siruns resistant to sulphoranndes which may be due to the fact that
sutphonamides have not been in peneral use for the treatment of
ponotrhoca for the 151 1o vears has been noticed by Funland (193
10,8 19603

Some strams with raduced sensitinaty to § enieittin were found i this
matertil These struns showed the same degre of resistance as reported
I Reyn el al 19,8 and {radoch Watson el al 1958 but the frequency
s netnt iy Jower Yhan 1 jorled by these two Aroups o strain was
found to 1 highhy resistant to jemiallin

The number of 317 uns resistant to strep tomyoin was also lower than
teparted by 1 twa feoug s mentioned above

The relationship tetween reduced sensitivits te strey lomyein and

12 acTararn 53 2
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mg% or less The remaining 10 per cent showed a reduced sensitivly,
3 of them being ighly resistant (04 per ecnt)

For penteillin (Fig 2) the distribution 15 somewhat differcnt No
highly reqistant strains were found The majority were referred to sen-
sttty group I, beng inlubated by 01 1Uml, and 17 per cent of the
strains to sensitivily group 11

97 9 per cent of the strams were sensitnve to streptomyen (g 3),
bewng inhibited by 4 meg ml or Icss The ramainder showed a reduced
sensitivity, the majorily of them (12 per cent of the total number)
bemg mghly resistant to streptomyein

All strains swere scnsitive to tetracycdine, bong biabited by 023
meg/ml or less (Fig )

Strams resistant to streptomyem often showed a reduced sensitisty
to penicilhit as well Thus, out of the 9 stranrs highly resistant to strep-
tomyein one stramn required ¢ 5 1Uml pemcilling tor inhibution, five
0 13 1U/ml and three ¢ 05 [U/ml

Ihree of the 32 strains obtained at repeatcd culture after treatment
were referred to senstbivity group I for penicllin, while 5 werc resistant

to streptomycin
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Todin 4 Has the mcubation period of gonarrhoeae undergone a change? Acta
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penicilhn, the tracing of some of the streptomyein resistant strams to
the same source and the fact that all nme such strams appered within
a period of 3 months 1 1960 (5 of the cases withun 18 d 13s) ndicite
that the stramns are epidemuologically stable and have good possibihities
to spread

SUMMARY

The sensitinaty of 809 stramns of N gonorrhoea o sulphonamdes

pemicillin, strcptomyein and tetracychine was studied with the ad of
a paper disc method

e

o

R

ES

-

%

~

1 per cent of the strams showed reduced sensttinily to sulphony
nides,

17 per cent showed a shightly rcduced sensitinaty to pemeiilin No
highly resistant strains were found

2 per cent of the strams showed rcduced sensitinaty to streptomyen
Ning strams (1 2 per cent) were lughly resistant Four of these mine
cases were found to have been mfected by a common source

All stramns were lughly senaibive to tetracychne

A relationship hetween resistance to streptomyem and penicillin was
found
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pemcilhin, the tracing of some of the streptomscm resistant strams lo
the same source and the fact that all mine such strains appeared within
a period of 3 months 1 1960 (5 of the cases within 18 days) indicale
that the strams are epidemiologieally stable and have good possthilities
to spread

SUMMARY

The sensitivity of 809 strains of N gonorrhoea to sulphonamdes,
pemallin, streptomyem and telracychine was studied with the ad of
a paper disc method

1 1 per cent of the stramns showed reduced sensitivity to sulphona
mudes,

2 17 per cent showed a shightly rcduced sensttisits to penicillin No
highly resistant strams were foung

3 2 per cent of the strans showed reduced sensitivity to streptomyein

Nine strams (1 2 per cent) were lughly resistant Four of these nme

cases were found to have been infected by a common source

All sirams were highly sensttive to tetracycline

5 A relationship hetween resistance to streptomycin and pentesllin was
found
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A Comparatwe Study of the Immobihizing and Hemolylic
Complement Actunty

By
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In the routine TPI test, an excess of hemolstic actinity 1s the only
criterion of the usability of a particular complement (1 e native guinea
mg serum}  But 1t has not been made clear whether the complement
activity that 1s operative in the immobilization of treponemes mav vary
between different complements or whether any definite relatronship
cxists hetween the inmolnlizing and hamelytic activities of a comple
ment These problems are of theoretical nterest and also have a pric-
tical be iring on, 1nter alia, the sensitivity of the TPI test itself and on
the reproducimlity of quantitative TPI tests The ummobilizing and
hemoly tic avirvaties of different complements under standard conditions
have therefore been determined and compared n this study

MATERIAIS AND METHODS

Rreternunation of Immobtltzing Complement Actwity

The immobilizing activity of the complement was determined by means of quan
titative TPI tests on a 1nown TPI positive control serum The resulting titre was
used as measure of the immohhzing activity of the complcment

The TPI test was performed by £r v e Ve an (1949) and Vel
son & Diesendruch (1951) with th basal medim
the total comcentration of sodium Intathione 008
per cent Ultrafiltrate of beef seru at and trepone
mal suspensian were mixed 1n the ratio 10 40 50 1n a total quantits of 05 m

Complement The complements consisted of guinca pig sera They were hept 0
suitable portions m a freczer at about —60° € & small quantity of cach comple
ment was mactinated (56° C 30 muns) and was used as inactne complement 11
controls

Pasutu e controf scrum TPI posttise control scrum was prepared from a maxtore
of two sera from patients with tertiary syphibitic symptoms The serum matture
had the same titre as contral scrum no T preparcd by WHO Reference Contre 1
Copenhagen Control serum was diluted with saline i two step dilution from l/}
to 1/256 Pipett was changed for each step Tor all tests an one scrwes the contro,
serum was diluted once and for all the batches wath the diluted serum bung hept
at —20° C dispensed 1n small portions so as not to be thawed more than once

Vegatwe control serum TPI nigatine control serum conwsted of @ mexturc of tne

sera from healthy blood donors
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Basal medurm Fach bateh of basal medium was prepared in a quantity sulficlent
for all tests in one series It was kept at —20° L in small portions so as nnt to be
thawed more than once The reducing capacity of the 15 per cent sndium thiegly-
collate solubon 1n the basal medium was estimated with jodine solution At least
30 per cent of the theoretically feducing potency was requured for Use 1n the lests

Jabbufts The testiles of X tay treated rabhsts (total 600 r) were collccted 6-8
days after the moculation

epor P The pumber of in 0005 mi of 1 sus-
pension under 2 18 X 182 mm corer glass a1 500 X was about fise per microscopic
field (¢ 45 X 108 treponemes per ml)

Controls The following controls were included in every test 1) and 2) teeponemal
suspension plus active and snactive complement, respectinvely, 3) and 4) TP nega-
tue controls serum with treponemal suspension plus active and Inactine comples
ment, respectnely In quantitatsse TPY tests TPT positine control serum was tested
only undiluted with trepencmal suspension plus 1nactive complement At least 80
pec cent sursisal was required sn the controls

In addition quahitalive controls for excess of hemolytic activity of the comples
ment were made on a1l tubes By zdding 01 ml of 2 Per cent suspension of sen.
swtzed sheep blood cells 100 per cent hemolysis was required for evidence of he-
molytic excess

Jnegbation apit reading Incubatsnn was done at 35° C for 18 hours At least 50

wr o+ ot gius alalvaied Lomptement

Det of Wemolytic Campl Actinty

The hemolytse sctsaty of the complement was determined b
the methnd o
habat and Maver (1948) The total volume of the Iytic system i\n 125 ml ThL{‘
:rul;“ple‘mml dilution $as 1 100 The volumes of the various Teagents are given in
able

TABLF 1
Complement Tutration Schedute

Tube no I v 2 15 )4 [ |
Veronal NaCl buffer m1 070 065 060 05

5
Complement dilution m) 005 D16 015 020 ggg
Stnstized sheep ersthes

e3tes 0% 05 05 05 0%

Lz s ) s

5
45 040 035 030
030 035 040 045

05 05 95 0%

Sheep blood The sheep blaad with
to4 parts blaod) and FHTA (5 ml 6 T8 o N ACD solution (1 part ACD solution

. ) . .
€vers Uitratlon the percentage of hemol « «  « ’ For
50 per cent unit of the complement wsv : e
©Mfuation the titre being mducated 1 Tog, auyies wuiha
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In the routine TPI test, an cxeess of hemolytie activly 1s the only
criterion of the usability of a particular complement (1 ¢ natnve guinet
pig serum) But 1t has not been made clear whether the complement
activity that 15 operative m the immomlization of treponemes may vary
between chfferent complements or whether any definite relationship
exists between the immobihzing and hemolytic activities of a comple-
ment These problems are of theoretical intcrest and also have a pric-
tical bearing on, mter aha, the sensitivity of the ‘1 PI test atself and on
the reproducinlity of quantitative TPI tests The tmmohizing and
hemolytic av tivities of different complements under standard condifions
have therefore been determined and compared in this study

MATERIALS AND METHODS

Determination of Immobilizing Complement Aclu 1ty

The mmmobilizing activity of the complement was determined by means of quan
titative TPI tests on a hnown TPI pasitise cantrol seram The rosultiag titre was
used as mcasure of the immobilizing activity of the complement

The TPI test was performed by the technique of Velson & Vayer (1949) and Vel
son & Drescadruch (1951) with the following modifications In the basal medium
the total concentration of sodium thiogivcollate was 018 and of glutathione 803
per cent Ultrafiltrate of beef serum was excluded Serum complament and irepne
mal suspension were mixed 1 the ratto 10 40-50 10 a total quantity of 05 ml

Complement The complements consisted of gmnca pig scra They were kept in
smtable portions in a freczer at about  60° C A small quantiy of cach somple
ment was mactinated (56°C 30 mins) and was used as nactive complement
controls

Pasitir e control serum 1PI positive control saum was prepared from a mixture
of two scra from patients with tertiary ~yphitlitic ssmpt ms the serum smxture
had the same titee as control serum no 11 prepared by WHO Referenee (entre in
Copenhagen Contral serum was diluted with salie i v skep diluton frim Y1
to 1/256 Pipett was changed for each step Foroall tests an cne series the control
serum was dituted cnee and for all the batches with the diluted serum bang hapt
at —20° C dispensed in small pcrtinns so as not to he thawd more than once

Vepative control serum TPI negatine control scrum ¢t nsisted of a mixture of (wo

sera from healthy bleod donors
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TYPIRIMINTAL

This study consisted chiefly of reproducibility experiments and of
determmations of the immobilizing and hiemoly Lie actinitics of different
complements

Reprodneibilily experiments 'Ihe reproduethility was studied I
means of immohhzing and hemoly tic activily tests made on the same
day and on different days

On the same complement, dupheate tests of immobihizing and hemo-
Iytic activity werc made om sinteen separate days n the course of fne
weeks For each test of hemolytic actintty (including duplicate tests
made on the same day) a new complement dilution was prepared, and
for cach day of testing, trcponemes from different rabints and new
blood cell dilutions from the same sheep blood were used for determina-
tion of the immolnhzing and hemoly tie actaities

The mmobilizing actinty varied 1 the 32 tests between 2 787 and
2554 (diffcrence 0 233), with mean salue 2 664 The hemoly tie achiviby
varied between 2903 and 2 839 (differcnce 0 064), with mean value
2874 (Table 2)

TABIE 2
Reproducibility Feperiments

Detations fram tnean

Numherof | number | Mean
dysof

Yeding | Oftests  actily max min
Immomlizmng actnity 18 32 2664 0129 0002
Hemols i activats 16 32 2874 0035 0002

In duplicate tests the greatest difference i immobihizing and hemo-
Iytic actinaty was 0069 and ¢ 020, respectinely Analysis of sanance
(Hald 1952) was carried out to establish whether there was any differ-
ctice 10 reproducibihity of duphicate tests made on the s ume d1v and of
tests made on different days 1he mean square for duplicate tests was
0000712 and 0 000046 for the immobilizmg and hamolytic activities,
respectively For tests made on different dags the corresponding figures
were 0004100 and 0 000740 The analysis daty arc given m Table 4

The vanance ratio S for the immobilizing and hemoly tic activihies

was 576 and 206, thus differing significantly from 1 m both cises

The standard deviation m duphicate tosts wis 0027 md 0005 and
for tests on different days 0 064 and 0 027, for ymmoihizing mnd hemo
Iytic activities, respeetively  Thus, 1f 32 18 chosen a5 Icvel of sx-gnh
ficance, an immobilizing and hemoly tic activity of 0113 and 0025
duplicate tests will be sigmficantly greater than zero The corrc sponding
difference 1n actisity for tests on different days 1o 0272 and 0113

{Tahle 3)
The reproducibilify m thesc tests appears to be good In Nielsens
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TABLE 4
of H and bl € Aetioty on Serum
fram 16 Gunea Pras
" v Immobitizing C -acths it
Cerom no” e E e cemunit Tt
t 2611 2605
2 21 2781
3 2721 2826
1 2522 2721
5 2721 2717
) 2620 2139
7 2623 2684
8 2674 2806
9 2682 2699
1 2586 2911
u 2531° 2595
12 2509 2692
13 2522 2649
14 2617 2696
15 24620 2705
16 282 2583

* In qualitatine test for excess of hemolvtic activity this serum did not Freld
complete hemolysis

luated 1f they recurred mn repeated tests But the serum from one
gumea-prg did not suffice for more than one or at most two fests For
several tests to be made with the same complement, therefore, pools of
complements would have to be used

~ ~ ~
o - ®
.

tmmob act log titer

~
-

4
w27 28 29 30

Bemal act log tyer

Fig 2
Relation betwecn nmmohnlumg and :‘Zmnl)uc

activities of 1w
' mh“ o © complements
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study (1957), for example, the vartitions between duplicate tests of
mmmohilizing activity were about four tunes higher i preluminary ex-
periments and about ten times higher m the mam experiments The
better reproducibility 1n the present study may be ascribed principally
to the greater degree of standardization of the mcthod
Comparison belween immobtlizing and hemolylic activity of differ-

enl complements Sera from each of sixtecn gumca-pigs were lestud m
the same experiment with respect to smmolhizing and hemolsbie ie-
taty of the compliment The complements were added to the tubes
for determination of the immobilizing actinity at the s une e 15 th
titration of the same complement was started for ddtermination of
hemolytie actiaty

In the determmation of immebilizing actinity the rcading lasted &
hours, whereas for technieal reasons the time of meubtion could not be
mamntained constant for the different tubes but varied hetween 18 and
21 hours According to, among others, Porlella & Thompson (1957), the
scnsitivaty of thie TPI test 15 direetly proportion i {o the squarc of the
reaction time, which should be taken into account when assessing the
results For this reason the results are set out i Table 4 1 the order
m which the readings were made The rdation betwacn mmmobilizing
and hemotlytic activity 1s 1Hustrated graphieally in Pig 1

tmmob. act log titer
~
S
.
.
s
.

—
6 27 20 29 30
Hemol act log titer

1
activaty an serum from 16 guinea pips

74 3

I'ig
Immobilizing in relation to hemolytic €

1he immobilizing activities lay between 2911 aind 2 584, mean 2717,
and the hemolytic bctween 2 824 and 2 509, mean 2 635

1t 1s scen from Fig 1 that the pomnts for two of the 16 sera (Nos 10
and 16 1n Table 4) are noticeably scparited from the remunder Com-
plement No 10 had a sigmficantly greador mmmohihizing but Jesser
hemolytic activity thin complement No 16 Ihc diffcrenec was 0328

and 0238, respeetinddy
The differences 1n activity eould, of course, he more rddnbly eva-
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Fig 4
Telation between smmob Ly percentages far ten sera determined with two
¢ mplements E and

13tie actinaty of the compiement on six different dans The results are
shown n Fig 3

The 1mmobihizing actiuty in the six tests vaned between 2 878 and
2736 for CC and heineen 2630 and 2 470 for CD the means being
respectinels 2 819 and 2503 The difference sn actinity varied hetween
¢ 331 and 0225 with mean 0266 In cach test CC had a sigmficanthy
greater immobiizing acunaty than CD

The hemolstte actinily varred between 2 824 and 2 744 for € C and
hetween 2999 and 2 886 for C D means 2779 and 2 918 The differences
n actraty varied belween 1177 and D115 mean D139 In 2l tesis
€ C bad a sigmficanthy lower hemolytic actimity than €D

Thus in the three investigations no definite proporhionality was found
Between immabilizing and hemoly tic activity of the complement

Use of complements unth differenl tmmobily ing actwrty tn TPI lest
for routine dagnosis The following experiments were carried out to
illustraie the 1ng ortance of using complements with different \mmo
nlizing actuity 1n TPI tests (ar rautine diagnosis

In the same TPI test determinations were made of the immohlizing
capacity of ten different patient sera with two complements F and F
The ten sera came from patients with untreated or treated primary
s31hilts and had 2 lew titre 1 TPI tests € and CF had been simul
tancously tested i advanee and been found to have an 1mmohilizing,
actinaty of 2939 and 2 648 respectnvely with hamolstic actints of 2 886
and 2903

T, § Mustrates the relationship between the immo! Wis nareant ~ ¢

waa 1L and petween 36 and § with CF
With CI the TPI test was positine (tmmolnhty per cent == »0) n
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Relation hetween immobihzing and hemolytie activaties of two complements
and D an five tests
C.L. oD e

Two pools of complement, A and B, each consisting of serum from
fifteen gumea-pigs sclected at random, were tested for immobilizing
and hemolytic actinity on eight different days The resulls are shown
i Fig 2

The immobhilizing activity varied in the eight tests between 2 931 and
2803 for C’'A and between 2 670 and 2 493 for C'B The mean actnaties
were 2 864 and 2 602 and the difference in activity varied hetween 0 330
and 0 174, mean 0261 €A had a sigmificantly greater nnmobilizing
activaty than CB i all tests

The hemolytic actinity for C'A and C'B varied between 2 769 and
2710, means 2 745 and 2 742 The difference in actinity varred between
+ 0012 (actinty for C'A > C'B) and — 0 024 tactinaty for C'A < C'B),
mean — 0 003 In no test was there a signifieant difference 1in hemolyic
actisity between C'A and CB

Thus 11 this series two complement pools were tested, having the
same hemolytic but significantly different rmmobihizing activity

The selection of twe pooled complements, one having grealer immeo-
bilizing hut less hemoly tic activity than the other (as complements Nos
10 and 16 m Table 4), was done as follows

Sera from cach of a number of guwinca-pigs were lested m order to
ohtamn an approximate notion of thewr mmmohilizing and hemolytic
activity without using a large quantity of complcment Therefore the
treponeme sursrival and the hemolysis rate werc determuned i only
one tube contaming a suitable TPI-positive eontrol serum solution and
dose of complement The quantity of gminca-pig serum used for thns
purpose was only about ) 25 ml Bascd on the rosults of this scrccning
test two pools, C’C and C 1D, were preparcd from the remander of the
guinea-mg sera tested and were examincd for immollizing and hemo-
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were not alwavs fixed to the same degree by an ymmune precipitate
This has later been venified and discussed by, among others, Silverstein
(1954} 1t still remains to see, however, whether any parallel can be
drawn between this observation and the difference found in the present
study between the immohibizing complement actisity of different
fuimea pig sera

Both \eelsen (1957) and Porlella & Thompson (1957) discussed the
relationship between hemoly ic and immabilizing C actisity and thought
1t probable that the relationship might vary from complement to com-
plement Thus Porfella & Thompson state *4t 15 well known that for
different preparations frxabihity should not be considered as necessanly
proportonal to hemolstic activity Sera from a fairly large number of
guinea pigs are pooled with a view to makwng the averaged activities
approxumately proportional

This statement has not been confuted hy the present study Tt 1s clear
that pooled complement consisting of sera from a large number of
ammals must be used if good reproducimlity ss to be attamned 1n quan-
ttative TPI tests But st must be noted that a sigmificant difference
immolnhizing actinity was found n this study between pools from 15
animals, and that in tests not reported here a significant difference was
found between pools from up te 30 ammals

The sensitnaty of the TPI test for routine diagnosis 1s important It
was found possible to enhance the sensitunty by using complement with
highly hthizing activits Prel y experiments have shown that
complement does not lose its simmeobilizing actinity even after one year's
storage 1t ~—60° C, so that 1t would appear that this seleetive procedure
may prove apphicable within routine diagnosis

SUMMARY
m
of

So auhimite eotrelation was proved in these studses between ymmo-
bihzing and hemolytic actinity A comparison 1s gisen hetween two
complements one of which had a significantls greater immobilizing
but significantls lower hemolstie 2etuity than the other

Finally examples are shown of how the sensitivat,
TP test was sed by the sel i omen i psine

ol
mobilizing actinaty ¢ Witk Tugh m

RFFFRFN\CES
Brawning { H & Me Renzie I “On the Compt
7 st i plement containing Serum as a Varj
able e Wassermann Reachion  Zeatsehr Immunitatsforsch 2 459
5\'“;’1 Statistical Theary 192 4121¢
abmt E 4 & Mager Yt Y
gt T 1oy Experimental Immunc chemistry  Charles C.Thomas
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seven cases and shghtly positive (49 - 20 per cent) in three, while with
C’F 1t was shghtly positine 1n four cases and negatinve (19 ~ 0 per cent)
m the remammng six

This experiment showed that 1t 15 possible to mercase the sensitisity
of the TPI test through complement selectron based on the unmobilizing
actinaty of the complement

DISCUSSION

No definite proportionality has been found in this <tudy between
mmmobthzing and hemoly hic actinity of the complement The difference
found between the mmobihzing aetinities of different complements
has been of an order of magnitude that ean be of umpaortance m routine
diagnosis It seems natural to suppose that the difference i 1mmoln-
hzing activity between different complements, i analogy with the
mactination of certan viruses, phages and bacteria produced by natinve
serum, may he due fo the fact that different guinea-pig sera cwuse
different degrees of non-specific immobihization of the trcponemes In
the majonty of tests the survival was lower m the negitine controls
with active complement than i those with mactine But, as this lower
surinal was observed only with certain treponemal suspensions, and
sometimes with both strongly and weakly immohlizing complement, it
cannot be excluded that 1t was cwsed by sensihization of the trepone-
mes i mwpo Further studies are required, however, {o venfy this 1s-
sumption With the object of preventing falsely elevated values m the
immobihizing complement actinaty test as a result of this possible sen-
sttization, the following precautions were tahen In determining the
mmmobthzing actiuty a calenlation was made not of the number of
motile treponemes m the tubes contining TPI-positive control scrum
plus active complement 1in relation to the number of motile treponemes
m the control containing TPI-positine serum plus inactive complement
but in relation to the number of motile {reponemes in the control con-
tammg TPI negitive serum plus active complement On the basis of
thus calculations 1t cannot, howeser, he scttled that the difference
mmmohihzing actinity exhibated was due to differences i fivability of
the different complements Different native guinen pig sera might con-
tain different subdetcetable amounts of antitreponemal factors, the
presence of which 1 analegs with the Newsscr-Weehsbherg phenomonon
(Newsser & Weehsberg 1901, Vaaloe 1946) can be demonstrated onh
upon the addition of small amounts of speetfic antibodics Another
question anses whether the excess of hemolstic complement activily
found by current quahitative methods 1s a criterion of excess of immo
bihzig actisity 1t should be possible to resolve this quesfion by mahing
quntitntne detcrminations of excess of immobihzing wd hemolvlic
comploment actiaty in the TPI test

But, cven as long ago 1 1909, Browmng & Vchenzte found that sert
from different guinea-pigs with the same hemoly hic complement acliviy
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Although during past decades numerous studies have heen earried
out on the antigene structure of staphylococens and on the toxae pro
ducts of this mricroorganism many questions awail clucidation Re-
cenlly Jensen 1solated a toxic anbgen (antigen A}, which reacts with
homologous antibodies oceursing 1n all normal human sera and s tovic
to the tleum of the guwea mg (1,2 3) This anhigen was shown to be
wdentical with the toxic principle 1 extract from staphyvlococeus de-
serihed by Dworelsky and associates (4,5 6 7) An exiract from a

coagulase positise strain (D) of Staphylococcus aureus was found to
Wlter dermal reactivaty of ** has
eliciled also tx endofo n or
wdentical effect 15 produc . < As
shown by Rantz and associates (9, 10) and by Neter & Gorzynske {11,

12] many strams of staphslococer produce a heterogenctic antigen
which 15 shared by numerous but not all, species of gram positine
bactersa The present study was undertaken to oblan answers to the
* tgen A alter dermal reactiaty

toxac ediract, which alters der-

to the intcstine of the guinea
Ik 18) Does antigen A function as heterogenchic antigen of the Raniz
type? The results of this investigation 2re embodied i this report

VATERIALS S\D MFTHODS
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Lesinns &t sites of ntvadermally injected epinephrine an rabbit infected intraven.

qusly with antigen A Left aqueous cpinephrine Upper vight epnephrine in oil
fuwer ight sabink

norepinephrine From these results it 1< evident that extract A alters
the dermal reactnaly of rabbits to epinephrine, simifarly to the pre-
wausly studied staphty fococeal extract D and to vrable staphylococe {8)

TABLL
Effeet of Staphglococcal Extract A (Jensen) on Dermal Reactioily of Rabbils
to Fpinephrine

Staphylococcal extract A Jensen) g kz
\‘/_#mu n -
RS+ 211 &
n‘\%;: C AR
R NI NN
Dumt er of rabl j1s o T
Strong
oty VOV S T S S S S T
W eak
iy WA S T T T T
Negative 4 3 3 9 1 2 2 3

Tota) aumber of rabluts 12 12 3

13 acTaraTi 33 2
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trifugation the clear supernatant was precapitated with HCI at pH 3 and centnifuged
The precimitate which contained the antigen was dissolved in buffer solution and
reprecipitated  this time wath trichloracetic acld The preemtate was dissolied m
buffer solution and the mnsoluble fraction was discarded The antigen was then pre
cipttated 3 times with 70 per cent aleohol and Iyophilized This preparation conststs
mainly of polvsaccharide Protein 1s absent

The staphylococcal extract D was prepared by extraction of a coagulase positne
strain (phage type 52 42 51) wath trichloracctic aeid according to method of
Bow tn It was clarified by filtration and preerpitated with acctone or aleohol The
precipitate was dialvzed against distslled water for 96 hours and the clanfied
residue in the bag dried from the frozen state The extract was obtaned through the
courtesy of Dr € W Christensen Difco [ aboratories Detrait lichigan

Ixtract D and cxtract A werc dissolved in phosphate buffer (pH 73) Stock
solutions confaiming 1000 #g/ml were kept frozen until used

The method used for the determination of the toxie effect of these staphslococeal
products on the 1lcum of the guinca pig was deseribed previously Normal guinea
mgs were hilled with chloroform The aleum was removed ammediately and seg
ments each measuring 25 cm 1n length were placed into 0%\ genated Ringer solution
{37° €) The reactions werc carrcd out mn 1 20 ml bath cantatning oxy genated Riager
solution and the contractions were recorded direetly on a kvmograph Histamine as
well as the antigens were added :n a volume of 1 ml

Lor the epinephrine experiments the staphylocoecal product was injected intra
senously into female albimo rabbits waghing botween 15 to 25 kg Immediately
thereafter epinephrine (agqueous or in o) and physiplogic <aline solution (vol
01 ml) were injected nto the shaved ahdomnal shin at different sites The resutt
mg reactions were ohserved grosslv at regular mtervals

The hemagglutination test as deseribed in detail by Veler & Gorzynski (11) was
utthzed for the demonstration of heterogenctic antigen in the extracts Brielly
washed human red blood eclls of blood group O (2 pur cent) were treated with the
toxie products 1n suttable dilution for 30 min 1 a water bath at 37° C The ervthr:
cvtes were then washed three times 1n phosphate buffer The susy (vol 02
ml} was then added to staphylococcal antiserum in two fold serial dilutiens The
mixtures were 1ncubated 1n a water hath for 10 min at 37°( and the resulting
hemagglutination was read grossly after centrifugation at 1300 G for 3 mwn The
antiserum cantagned heterogenctic antibadies af the Rantz tipe n high titer and
was obtamned from a rabbit injected with staphslococcus stramn D

RI'sUITS
Effect of Antigen A on Dermal Reactivtly of Rabbut to Epinephrine

Intrasenous injection of extract A in amounts of 100 pg/hg followed
by intradermal mjection of 100 xg of aqueons epinephrine, 200 uf of
epincphnine n oil, and of saline solution for control purposcs, resultcd
i the appearance of 1 strihing reaction at the sites of njected epme
phrine Grossly the lcsion 1s red, brownish or bluish (hemorrhagic)
Two such rections are shown m Fig 1 No lesion whatover deyeloped
at the control site The results of titrtion cxperiments of extract A e
summarized in Table 1

From the data shown 1n this table 1t 15 evident that of twelve rabbils
mjected with cxiract A in amounts of 100 g hg c1ght showed lesions
at the site of myected aqueous epinephrine ind nme at that of epne
phrine n ol Norcpinephrne m amounts of 100 ug of hise angd sahme
solution failed to dlicit wny roction It ¢an be scen 2lso that s hitic
as 20 pg/hg of extract A caused the epmephrine rcaction m three out of
four rabbits, and 1 weak reaclion w1s secn m ont rabnt mjccted with
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Gel-prectputation Reaclions belween Antigen A and Frtract D
and Normal Human Serum

Figure 3 shows the gelprecipitation reaction helween extract A and
extract D and normal human serum as source of antihody The pre-
viously described normally oecurring human antthody agunst anhgen
A gave a strong reachion with this antigen, but failed to gue any re-
action with extract D It 1s evident that extract D, also in this respect,
15 dafferent from anligen A, and that extract D does not contan
anhigen A

Delection of Helerogenettc Antigen in Extract A

1n order 1o ascerian whether exiract A funchions as helerogenctie
antigen of the Rantz type, the following experiment was carried out
Human erythrocyies were modified suth extract A wm concentrations
of 15 to 100 pg/ml For control purposes, supernate of a Il sublilis
culture was used 1 serial dilutrons 1 hke mannce The modifted ery-
throcyles were then mixed with staphslococcal antiserum 1n seral
dilutions The results of this experiment are presented i Tahle 2

TABLF 2
Staphylococeal Fxtroet 4 (Jensen) and B Sublilis Hemapglutination by
Staphylococcal (Ranl2) Antiserum

CxtractA !
Staphylocaecat B sublins
antiverum (154} (s ol [

|

g
v
&

]nn] 10 | 1160 ] 1em

4 2

T
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51200 -
1102400
[

H
A
ST

'
P 088 e e e e e

Pl et e e e e

1 to 4 = Vanous degrees of hemagglatinatson ==\ hemagglutination
Perusal of the tahln ras ate n 2 .-
or B subtilis we
dilution As ht
hemagglutinatie wnsuum it sho :
weom uld be added that normal
rabbit serum m dilutions of 1 100 or less, proved 1o he me(l‘cch\r:m
In order to ddermune the speaficily of this hemagglutination re-
action, the staphylococeal antiserum was absorbed with the seds t
of a B sublihs culture and then te bsorhe

sted i parallel
scrum The resulls are presented in Table 3 r <l Wit unabsorhed

3
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Iig 2
Kyvmogram showing the ¢ffect on 1solated guinea pig ileum of extract A and extract D
Tume period ~ 10 sec, W — three washes with Ringers solution H - 13 #g histamine
The douhle vertical lines indicate, that a new segment of ileum was used

Effecl of Staphylococcal Extract D on the Heum of the Guinca Pig

To ascertain whether extract D gives the same rcaction on isolated
gumea g tleum as extract A, 1solated segments of guinea pig alcum
were challenged with hoth preparations Figure 2 shows the results of
this experiment From the second part of the curve 1t 1s seen that
extract D failed to clicit reachions cven mn a 5 mg dosage A subsequent
challenge with 1 mg of antigen A gave the typical reaction of thrs anti-
gen The farst part of the curve shows the reactions on another segment
of ileum Antigen A gives the {ypical reaction, resulting i a refractory
state to a subsequent challenge with the identical antigen Neo reactions
were clieited by extract D i this segment of ileum It 15 concluded,
therefore, that antigen D does not produce the same {ovce effcct on
1solated gunea pig deum as does extract A

kg 3
Gel preespitation reactjon betwcen normal human scrum (%) extract A (A)
and extract D (D)



195

Gel preaprinhion Reaclions belween Antigen A and Erxtract D
and Normal Human Serum

Figure 3 shows the gelprecipitation reaction hetween extract A and
extract D and normal human serum as source of antibody  The pre-
siausly described normalls oceurring Iuman antihody against antigen
A gase a strong reaction with this anhigen, but failed to give any re-
action with extrict D 1t 15 evident that eviract B, also ihis vespect,
s different from antien A, and that «xtract D does not contamn
anbigen A

Detection of Heterogenelic Anftgen in Exiract 4

In order o ascertain whether extract A functions as heterogenche
antigen of the Rantz type, the following expeniment was earried out
Human erythrocytes were modified with edract A in concentralions
of 15 to 100 ggml For control purposes, supernate of a B subtilis
culture was used 1 senial dilutions 11 bhe manper The modified er-
throevtes were then muxed with staphilecoceal antiserum in serial
ditulions The resuls of this experiment ace presented i Table 2

TABLF 2

Stay hylococenl Extroct A (Jensen) and B Subtilis Hemagglutination by
Staphylocnccal (Raat } Antiseram

Ataphslococeal [t d

BsMis
anierm i) -
w ] % § o6 ) 15 Jawl 10 )1 ) 6w
1 200 f 4 4 3 1
1 4o 1 H 4 2 : 1 3 H
1 80 h 14 3 t H 4 3 -
1 1600 4 14 2 - + 1 2 -
1 320 4 4 1 4 3 1
1 s 3 3 3 2
1 12800 2 1 - 3 1 - z
1 22600 1 1 2 1 -
1 51200 1 - ) z
1 192300 - ! - z
N - -

1t 4= \arious degrees of hemagglutination — = No hemagglutinaty sn

Perusal of the table 7evtals that ervirocsles teaata 1w $h vt

. %« anusaum it should be
rabbit serum 1n dilutions of 1 100 or less proved :‘:‘:fcdn‘\rcl?(lc:{‘\]::m
In order to determine the specilieity of this hemagglutination re
1;[\0:\. the staphvlococeal antiserum was abserbed with the sedmment
of 2 B sublelis culture and then tested n parallel with unabsorbed
serum The sesubls are presented i Table 3 o
13



196

TABLL 3
Agglutination by Staphylocaceal (Rantz) Anfiserum of Erpthrocytes Modifud by
Staphylococcal Frtract 4 (Junscn) and by Supcrnate from B Subhlis

1 rythrocytes modified 1 rythroes tes madified
Stapbylococeal with'extraet A wiili B sultilis sepa rnnte
antrserum (1510
ditutions Antiscrum Antiscrum Antiserum Antserum
umibsorbed | Aerbod | unabsorhed [ mhuorbed

120 4 - 4 -

140 4 4 -

1 B0 4 Ky -

1 160 4 - 4 _

1 320 4 - n -

1 640 4 4

1 1280 4 3 -

1 2560 3 3 -

1 5120 3 2

1 10240 2 - 1 ~

1 20380 1 - 1 -

1 40960 -~ - - -

1 1n $ = Yormus degraes of hemagglutination - = o htmagpluhination

It 1s evident from the data shown n this table that B subtilis removes
the anbibodhes causing hemagglutination of erythrocstcs modified by
extract A It 1s concluded, therefore, that extract A contains hetero-
genctic antigen of the Rantz type It should he added that staphylo
coceal extract D, wluch alters dermal reactinaty of the rabbit to epime-
phrine, does not modify crythrocytes for agglutination by the identical
antiserum, and thus differs strihingly from extract A

With thesc results at hand, it was of interest to determune swhether
mtravenous 1njection of extract A engenders heterogenetic antibodies
It was found that a singlc trascnous mjecton of cxtract A (100 ¢g)
nto three rabbits resulted n the appearance of heterogenctic antibody
of the Rantz type in titer of 1 1280, the preimmumzation scrum speet
mens failed to cause hemagglutination ¢ven 1 a dilution of 1 10 The
antibodies are removed by absorption with 8 subtilis

Lffcct of Helerogenelic Antibodtes on Toxwaly of Antigen A

In order to determne whether the hoterogenctic antibody protedts
rabbits igainst the epinepheine rewtion, described above, rabhts were
mjected with extrict A and challengcd with ¢ pmephrine at intery 1ls of
2 weehs It was found that the opmephnine reachion conld he dhieited
1 ribbits whose scra containcd heterogenetic antibodics ather i tter
of Icss than 1 10 or of 1 1280 In addition ncutrihization tests wath two
otaphylococeal nntisery were undertaken Antrserum 1)4C obtundd by
the smmunization with stram D, contmined heterogonetic antihodies m
igh titer and antiscrum 170C, procurcd by injeetion of the Smith
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N hyl ? Fateact A
2 Aptiserum on Toxiedty of Staphylococcal Fatrac)
Effect of Staphylacoccal 100 Y n Rabbits

Fpimephring Fpinephtine inol | sallae
[P B v e
1 <tract A (fenveny Reactions

;

b or wthont
stapht Incoerat antiserum

U

S

Pastive | wegitne | Punine [ negause | Postive | Negatne
A veguoe | Poatne | el e L

Namt er of rabh ity

[ 3 ° 9
{ntigen (100 #&hg) 3 4

(20 se/LE) 3 ) 2 2 » 3
Anbigen (100 PR
+ antiserum (154€) 3 4 3 3 [ 1

140 1 ml:s .

Antigen (100 5We

+ antiserum (1700} 2 [ 2 0 o 2
€1750) 1 mlkg

stratn, tid not The latter sntwerum, haweser, contiiatd protectne
antshodies, as measured in the mouse prolection fest hy Dr W
Tesher of Parke, Davis and Company, Detroit, Michigan The results of
the expertarent are recorded i Table 4 and rexeal that the helerogenehic
antibady of the Rantz & pe does not abolish alteration 1 reactivity to
epinephnne chicited by extract A

Separation belween Anhgen A and [elerogenette Antigen
of the Rantz Type

In the toregomng st has heen shown that extraet L cogtains hetero.
genelie antigen of the Rantz type However, ot has nol been determimed
wheilier helerogenetic antigen 1s wdeplical with antigen A, or if the tno
antigens are different components of the same extract In previons
communicalions (2,3, 10) 1t kas heen shown that the antibody aganst
anligen A oceurs in high ey a2l acrmat human sera, whereas the
heterogenchic antibods of the Randz tipe onis occurs 1 some, but not
all norminl human sera By means of the gel precipfation technique it
has nat been possible to demanstrate antizen A i mmesoorganisms other
than pathogenic staphylococer, such as 2 sabltfee used w these exper-
minfs To prove shedher antigen A wd the heterogenetie antigen of
the Rantz bype are different molecules in extraet A the following
wxperiments were carried oul

Rabbl staphylococeal antiserum which gave postitne hemagglutina-
twn revehions wath both erythroeytev corted with extract A and ers-
thracstes corted with supermate from B subfifis culture, was abenrbed
with B subldes, and both v setsons beeame negatne {Table 3) By
mews of the gel preespt atian reaction (Fig 43 botween xtgact & and
the absorbed and unabsorbed rablat sera and normal human serum 1t
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Fig §
Gel-precipitation reaction hctween extract A (in the long well), rablat antiserum
{left cup)rabbnt antiserum absorhed with Rintz antigen (muddic cup), and normal
human serum (right cup)

was shown that all three sera contamed antibody against antigen A 1
large amounts, and that this reaction was not abolished by previous
absorption of the heterogenetic antibody It 15 concluded then that
heterogenetic antigen and antigen A are not identeal

This concluston 15 supported also by the results of the following
experintent By means of the hemagglutimation test with erythrocy tes
coated wath supernate of a B subfilrs culture, ten normal human sera
were selected which dud not contan heterogenetic antibody The gel-
prectpitation tesl with extract A revealed that all these sera contamed
antibodies agaunst antigen A

DISCUSSTON

The present study has revealed that an extract contaming antigen A
1s toxic to the ileum of the gumea pg, alters the dermal reactivaty of the
rabbit to epinephirme, and reacts with homologous antibodies as well as
heterogenetic antihodies of the Rantz type In contrast, the toxic extract
D only alters the epinephrine reactnaty Ior these reasons, the question
arises as to whether extract A 15 a single substance with mulliple acliv-
ties or whether, 2 fact, 1t 15 a muxture of several components The ex-
periments reported here have shown that extract A contans at Teast
three different components

1 Antigen A, characterized by its abnlity o reaet with the homologous
antibody oceurring in all normal human sera and by ats toxie ¢ffect on

wsolatcd guinea pig sleum
2 Toxin D, characterizad by its abihty to alter the dormal reactivity

of the rabbnt to epinephrine
3 Hcterogenctic antigen of the Rantz type, characterized by s
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ability to coat erylhrocyles ami make them agglutnable by hetero-
enctic antibodies of the Rantz 1ype
# Tt has been postulated by Oeding (14) that antigen A 1s a mixture of
ifferent antigens, and that the gel-precipitation reaction between anti-
gen A and normal human sera1s the result of several diffecent antigen-
antibody systems The experiments reported here not only show that
the extract containng antigen A 15 a mixture of at least three cifferent
components, but also support the previous data (3) demonstrating that
the agglutination of staphylocoec: 1 normal human sera, the gel-pre-
cipitation Teaction hetween normal human serum and extract A, and
the toxic effect of extract A on walated gunea pig ileum are all due to
the same anhigen This antigen ss referred to as antigen 4

As yet, the chemical composition of extract D 1s unknown In parh-
cutar, 1t will he of iterest to determine whether this extract contains
4 lipopoly saccharrde motety, for such lipopolysaccharide complexes of
gram-negatnve bacteria also alter the reactinity of the rabhit to epme-
phrine In addition, 1t has been shown recently that the polysaccharde-
free lipoid A component of the E colt lipopolysaccharide complex s
also etnve (13) It s well known that antibodies directed against the
specific polysaccharide of the endotoxin (hpopolysaccharide) complex
of gram negative hacteria do not abolish numerous hwlogie activities,
such as fever, toxiceity, production of the local and generalized Schwartz-
man reactsons In this connection, 1t may be pomnted out that two staphy-
Incoccal anfisera failed to present the epinephrine reaction elicsted by
exiract A

Future cfforts must be dirceted toward further characterization of
the toxic extracts, and particularly toward separation of various mole-
cules with different hiologie actistties of extract A

Finally, the fact that two staphylococeal extracts, prepared n dif-
ferent ishoratories, alter desmal reactivity of rabhits to epmephrine
strongly suggests that this setiity 15 not due fo contammnation with
endotoin from gram negatise hacteria

SLVMVMARY

\ comparatine study of slaphylococeal extract A and of extract D
diclded the followng results (1) Extract 4 15 toxic to the infestine of
the guinea pg, stnihingly alters dermal reactin ity of the rabbut to epine-
phrine, and revets with heterogenetic antiboies of the Rantz type The
Iitter conclusion 1 based on h d h

an ab-
sorphion tests (2) The staphylococeal extract D,

. like extract 4, al!
dermal reactinits of the rabbit to eptnephrine, e

but, 1 contrast 1 -
trict A docs not produce toxie effects on the guinea g e ane

mtestine and
fuls to react with heterogenctic antibodies of the Rantztype (3) Hel:ro(-
Ecnetic antibodies of the Rantz type fail to inhibit (hc epinephrine
lesion chiaited by extract A (4) The data obtained 1n this v estigation




200

suggest that cxtract A 1epresents a mixture of three or more compo
nents with diffcrent biologic actistties  (a) Antigen A chareterized by
its abibity to react with the homologous antibody occurrmg mn all nor
mal luman seri and by 1ts toie effect on isolated guinea prg ileum
(b) A component, hike extrict D, characterized by 1ts ability to lter the
dermad reactisity of the rabbit to epinephrine (¢) Heterogenelic ants
gen of the Rantz type, characterized by its abihity to coat crythrocyies
and make them agglutinable by hetcrogenetic antibodics
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suggest that extract A represents a mixture of three or more compo
ncnts with different biologie activities  (a) Antigen A char icterized by
its ability to react with the homologous antibody oceurring in all nor
mal human sera and by 1ts toxue effect on 1solatcd gwinea pig ileum
(b} A componcnt, like extract D, charactcrized by ats abihity to alter the
dermal reactivity of the rabhit to epmephrine (¢) Heterogenehic anty
gen of the Rantz type, characterized by 1ts abihity to coat erythrocytes
and make them agglutinable by heterogenctic antibodics
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arants with age Hamre (38483 observed no significant difference 1n
the mortaiy of © hour and 8 dav-oid eutusts of K pnesmonia® :\c“f“’
day-old I eoly are kitled more samdly by ultrisonie lrontmfnl ln;
onedas ol cultures tHompood et al 1930} Workwig with 15 and 4
hout-old I colt, the same ulrasonse hilking vifect was obtaned h:v' Gm‘“
& Steltes (10361 The cdispersing effeet of low nfensity (0_56 Wiem®}
uitrasasic saves (800 RC) on BCG cultures was faster with S-week than
with 3 day enlfures, but the cultures were equatly sensine to the hacte
Tk etlect of the asaillations (Vackeprang 1960) Yeast eclls were
more susceptible to ultrasoniic wases i the budding and actively grfnv
g state than at rest (Beckwith & Weaver 1936, hansloe e nl 195%)
T arge ods were casier dwntegrated than smal) rods, and rod shaped
Bactena ate generally assumed to be more suscephible thay cocct {Beard
& Gantpoort 1838), elthaugh thus connection is not very close {Steller &
Geiin 18363 Hesselberg (1839) found that young cultures of 12 coht
were mare reststant fo ultrasonic ireatment than older euitures {18
hours 3> 3 dags > 3 days) Sehr et al 1190%) reporied thnt 2Sowr
eultnres of Clostrndiom tetam were more casily disintegrated by Michie
¢1518] or soruc freatment than those grown for 24 hours Ysog eggs
were most sensibve to ulirasome treatment in the fiest duasion syage
(Chambers £ Hareey 1921) Cells of the skin are most casily destroyed
when they are rapidly dividing (¢f Grabar 1953)

Durng the lag and loganthmie stages of gronth, the baclerr are
suhjected to gre it morphological and nochemical alterations { Walmgren
& Heden 1947) The suscepishility of the cells to varfous deleterious
chepucat and physical agenls 15 alsa profoundly altered {Dubos 1935)
1 also a different resisfance to disintegration dusing the various growth
stages rould be shown, it wonld not oaly gee wformation on the physio-
togical state of the bacterin hat also be of importance in practical drs
miegration work?

Protets was chosen as the test organism, because the solume var
wions under the dfferent gronth siages of Proleus are parbiealarly
wide (Malmgren & Heder 19471 Three phases of Proteus, A, B and
Belyanin 1951) are distinguishable by ceflular and colonal morpho-
lagy Phase A (the usual form of frevhly wolgted strawas) 15 character-
:z;d by ccllsI which hase a uniform bacillary morphology and swarm

ntermitiently on nutrient agar Phase B cells arc usuaffy nenmotile,
1ad the marphology s Meamarphise The hulk of the populaiion, howe-
S s R s ok 4 hav G sl
b WAOM FIVNR 2 conhinuous
fifm on nutrient agar It was expected that due

fo the different morpho
fogy of the phases sonie waves might gove offects which could cluerdate

the mechantsm of somie dismtegration of bacterta The marphologieal

T A i "
b preliminiary repert on this werk has been presented ¢arher (Edebn & ffeden
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THL SENSITIVITY OF PROTLUS MIRABILIS
TO SONIC OSCILLATION IN VARIOUS PHASLS AND
GROWTH-STAGES!
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For the purpose of disimtegrating edlls, sonie and ultrasontc oscilla
tion has been used for the last three decades and soveral investidations
hasve been devoted to it (¢f Bergmann 1949, der Ullraschall o der
Medizin, 1949, 1950, Naunark et al 1951, Grabar 1953, Kelly 1957,
Hesselborg 1958, Mackeprang 1060) '1he action of sonse waves s mani~
fold, but thrce ma properttes should he mentioned  heahing, oxidizing
and morphology dostructing effects Only the destructinve cffeets, are
desired, when cells are to be disintegratcd ‘They have long ban known
to be intimately connecled with cavitation (Johnson 1929, Schnut! &
Uhlemeyer 1930) Caxitation 1s nsually described as the formation and
disappearance of “holes”, or eavitics n the lquid under treatment The
mmporiance of dissolved gases for the production of casitation n ordi
nary types of sonic equupment, and the mmportance of ciatatien n
producing disintegration plus several other sonic cffeets, was stresscd
i aserics of expersments by Grab ir and collaborators (cf Grabar 1933)

The scnsitinity of several diffcrent kinds of eclls to sonie disintegra
tion has been cxtensively studied However, earhier obseryations on the
dwantegration sensitivaly of micro organssms during various siages ol
grontl are mentioncd mostly ncidentally 1 conneetton with other
ohservations Willtams & Gatnes (1930) obtuncd wdentical hething eflects
by somuc oscillation of a 14-hour ind a 27-hour culture of L colt
Chambers & Garnes (1932) found that young L. coli cells werc more
rapudly Milled than old cclls, the scositivits decreased wath merensed
age (12hour > 5diy > 8day > 14 dav eultures) These authors sug-
gested that the mereased reststance w s duc to 1 seleetion of resistant

This work was made vossible by a wrant from th Wallcnboeg 1 oundation ‘1he
technical assistance pr o ided by Miss Lila Spet and Mr Ypgie Anderseon s grate
fully acknowledged

1 In ths articl the term phases 1s reservad for Proteus phase variation (Hely
aven 1951) while staxes stands for the different devcdopmental stages 10 the growih
cyele
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variants ™ith age Hamre (1949) observed no sigruficant difference in
the mortalits of 6 hour and 3 day old cullures of h pneumoniac Sesen-
day old F colt are killed more ramdly by ultrasomic treaiment than
one day old cultures (Horwood el al 1930) Working with 15 and 48
hour-old E col, the same ultrasonic hilling effect was obtmined by Grun
& Sleller 1935) The dispersing effect of low ntensy (0 36 W em”)
ultrasonic wases (800 hC) on BCG cultures was faster w 1th 5-week than
with 3 day cullures, hut the cultures were equally sensitve to the bacte
noadal effect of the oscillations (Vacheprang 1960) Yeast cells were
more susceptible to ultrasonic waves 1 the budding and acti ely grow-
ing state than at rest (Bechwtth & Weaver 1936 hansioe ef af 195%)
Large rods were easier disintegrated than small rods, and rod shaped
bacteria are generally assumed to be more susceptible than cocer (Beard
& i 11838), although this 15 not very close (Stelter &
Grun 1936) Hesselberg (1938) found that young cultures of T° coh
were more resistant to ultrasonic treatment than older cultures {18
hours > 3 days > 5days) Sekt el al (1928) reported that 12 hour
cultures of Clostridium tetan: were more casily disintegrated by Wickie
{1948) or somic ireatment than those grown for 24 hours Frog eggs
were most scnsitine to ultrasontc treatment 1n the first division stage
(Chambers & Harvey 1931) Cells of the shin are most casily destroyed
when they are raprdly dvading (¢f Grabar 193%)

Durning the Ing and loganithmie stages of growth the bactena are
\; d to great morphol 1 and hioch 1 alterations (Valmgren
& Heden 1847) The susceptibility of the cells to various deleterions
chemical and physieal agents 1s also profoundly altered (Dubos 1946)
If also a dufferent resistance to dsintegration dunng the vamous growih
stages could he shown 1t would not only give nformation on the physio-

togical state of the bacteria but also he of mmportance wn practical dis-
ntegration workt

Proteus was chosen as the test orgamism, because the volume van-
wtons under the different growth stages of Proteus are particularly
wude (Valmgren & Heden 1947) Three phases of Proteus, A, B and €
\Belynomn 1951) are distinguishable by cellular and coloniat mar ko
logy Phase A
1zed by cells w
intermittentiy
wnd the morph

v
over,

widipue 1he bulk of the population, howe-
consists of shorter and plumper rods than phase A Phase C cells
vru-l( usually long rods or filaments which swarm gnng a continuous
|l m n?lr;‘ulnlcnl agar Itwas expected that due to the different morpho
ORy of the phases, somic waves might give effects wh

the mechanmism of sonic dnlnhgrg . er The morsholomes

ation of hacteria The morphological

1 A prebimi
o NAr report on this werk has been presented carhier (Edebo & Heden
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data themselves were also thought to he of interest, since no quantitatise
comparison of the different Belyavin phases so far seems to have been
pubhished

MATERIALS AND METHODS

All experiments were parformed with spontancous varants of the same onginal
strain of Proteus mrabibis (collected from a urinary specimen) The experiments
are numbered with arabie numerals (1-5) and equally so are the tables figures and
photomicrographs illustrating the same expersments The experiments 1 and 2 werc
performed with Proteus i phase A, cxperiment 3 i phase B and experiment §
i phase C The bacterta investigated 1n experiment 4 were not entirels i phase €
but showcd very faint concentric swarmimng which 1s a charactersstic of phase 3
Coetzee (1960) has demonstrated the presence of further Proteus phascs and sull
more vartants have heen observed (Fdebo unpublishad results)

A Ravtheon magnetostrictive oscillator (model DI 101, 10 K€, 250 watt) was
used, always at the highest output effect at resonance frequeney The treatment
assembly was continuously cooled and the temperature increase in the material
never execeded 2° €, the temperature at the start of the treatment never exceeded
415° C Originally the resonance frequency was adjusted with the aid of a gramo
phonc pick-up which gave an osallograph reading in turn calibrated by means of 2
tone gencrator This ealibration could be omitted as experience with the equipment
accumulated

EXPPFRIMFNTAL

The growth from sesen Difco agar plates incubated for eighteen hours
at 37° C was harvested 1n 35 ml sterile sahine (0 90 per cent) The sus-
pension was transferred lo a 6 Iitre Erlenmeyer flash contamning 3 hitres
of preheated (37° C) Difco broth (resulting cell count. 3—6 X 10°7
bact/ml) The flask was placed on a rotary shaher table {120 rpwm )
m a 37° C mcubator room Specimens, 200 ml each were taken from the
broth culture immediately after inoculation and at various bintes dunng
growth, immediately cooled m an 1ce water bath, and then centrifuged
for half an hour at 3,000 X g 1 a refrigerated centrifuge The super-
natants were discarded and preparations for photommcrography were
prepared from the sediment by methods similar to those of Walmgren
& Heden (1947) The cover shtp was pressed down gently for about @
munute, and a field was always selected where one or two bacleria were
still capable of moving frecly The bacteria were pholographed m 2
Zeiss Photomikhroshop The photomicrographs were enlarged to ahout
4,000 times, and the length and dameter of 200 cells were measured v
a transparent ruler, or cven more simply by using a ])l("(lghsﬁ N-lll‘
with two scales set at right angles The solume and the areq of the
bacteria were caleulated accordmg to the formulac (Malmgren & Heden
19047)

wd? d

V=", (=0

T=2mdl

(V = volume, T = area, | = lngth, d = diameter)



205

An cxpression of the shape was obtamned through the quotient (Q)
1
between lenglh and diameter (Q =—}

The standard deviation, o, and the standard error of the mean ¢ O
were caleulated 10 the usual way by the use of an artrary ongm,
(Mo} (Dahlberg 1948)

Afler centrifugation the bactenal sediment was suspended o 12 mt
of 09 per cent saline One ml was mixed with 9 m! saline contaming
© 5 per cent formaldehyde, and after swtable dilution, at least 500 cells
were counted 1 a Buerher chamber (depth 902 or ¢ 01 mm) The re-
maung 11 ml were treated m the somc oscillator for seven minutes
and then counted as just outlined The disintegration effect 15 expressed
as the hiference hetween the logarithms of the imtial number and the
cell number after sonic treatment In three expeniments (2,4 and 5)
the growth curves were determined with the aid of the mentioned
counting methed Since 1t 1s very difficult to determine concentrations
below 2 X 107 bact/ml in a bacterial counting chamber with the depth
of 001 mm, big nocula were chosen This amount of material made 1t
possible to use longer periods of somic treatment 1t caused a large re-

duction n the number of bactena per mi, and reduced the relatne
counting error

EYRCRa

Ft Fig 4
ect ol tene of some Areatment on disintegration of Proteus phase A

W hen frequency and the volume in the cup‘\\crc standardized 1t was

abserved thit the logarthmie 4
mont a steasght 1 dismtegration plotted agamst time was

which only bent a hitle over len

3 gthened periods

::r‘fm\l: n;rh;su:mcar rclationshup made the difference hetween the

1021 ; ¥ lu ! ¢ number of untreated and sonic treated cells the best

to ll:r)::lmlm ing lhl(- disintegration effect since 1t was not miluenced
¢ 11l coneend

foar o ration of hactena within the range of concentra

lo}:‘:rhlrln the ;olumo V), are (T), Iength diamgler quotient (Q}, and

‘[(.l, ithmie disintegration effeet (D) caleulated for regular mtervals

()hf:rm(;c‘\:htlan {Table 1-5) are plotled aganst trme (Fig 1 5) 1t1s

ved that the size and shape, as well as the suseeptibilily to somic
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TABLE 1

Iisintegration of Phase { Cells

Growth 0 Yohume () Area () Quot ent
time | disinte 1
(hours) | geabion | ypeun 2 e Mean 7 £ 0n d
0 174 0216 0079 0 0056 191 051 003 224
1 231 0168 0169 00119 279 089 0063 270
114 251 0458 0159 00112 331 082 0058 278
2 289 0718 0217 00153 453 101 0071 293
21 293 0637 0191 00135 428 a5 Q064 J02
1 267 0482 0152 00108 331 078 0054 250
24 142 0276 0095 00067 214 055 0038 17
Before somie treatment 78 X 107 — 96 X 101 bact /m}
After sonie treatment 13 X 107 — 37 X 109 hact /ml
TiBLY 2
Disintegration of Phase 1 Cells
G Growth Yol (1] ! Areain) ’Q\mhﬂ"
e iaer | Lo, ! omel e
(hours) | <10 B | ‘ \ean 3 £ | Mean 3 = ‘ a4
0 G4 192 0272 0090 00063 219 056 0040 236
1 74 197 0568 018 00131 365 085 0060 216
1% 79 211 0795 0286 00202 467 119 0084 23
2 102 256 0782 0295 00209 48 132 009 297
21 124 269 0812 0241 00170 500 108 0077 305
4 261 284 0569 0176 00124 372 079 0036 241
24 577 183 6313 0105 0GO74 236 056 0040 18%
Before somic treatment 96 X 100 12 X 1011 bact/m]
After sonic treatment 34 X 10 18 X 107 bact ml
TABII 3
Disintegration of Phase I Cells
Growth oz | Volume () \rea ey Quatrent
fime | disinte | !
(hours) | graten | \jean o e\ Vean 3 L] a
L
[} 184 0239 0087 0 0068 200 058 0041 20
1 221 0354 0132 00093 270 072 001 2 {j
14 246 0390 0149 00105 289 082 0058 245
2 261 0458 0158 00111 321 080 0056 240
2% 250 0336 0123 00087 255 069 0049 217
4 228 0226 0079 00056 192 050 0045 1 2(‘
24 (195} 0216 0075 00053 183 047 0033 176
Before sonic treatment 99 X 104 11 X 1011 bact m!
13X 109 bactm!

After sonte treatment 44 X 10
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TABLE 4
Dusintegration of Phase C (A) Cells

lent
Salame 1) Ares (14 Quot
Crowin | Lronin, Son ! f
hoursy | 7 108 | Mean 3 EAD | Mean 3 0D a
0328 0161 0015 263 088 0062 279
? 2; 3_3";’ 0(:)73 0228 00161 100 113 0080 320
134 104 299 0585 0277 00196 407 131 0092 346
2 116 358 01458 0173 00122 373 108 0077 437
21, 214 342 0455 0156 00110 357 092 0065 382
3 166 370 0359 0142 00101 299 084 0050 358
4 323 323 0283 0138 00097 243 088 0062 292
5 187 339 0238 018 00076 210 g75 0053 257
24 849 183 0192 0094 00067 171 039 0041 198

Before sonic treatment 79 X 107 - 3% X 191 bactym)
After sonic treatment 93 X 105 — 53 X 10% hact fml

TABLE 5
Disintegration of Phase € Cells
r win] croutt | A olume () Area tuf) | Quatient
ime | (Hact ml l‘l;‘;fl 1
L v R tOn M 2 w0y a
.
9 27 249 0505 0223 DO 355 131 0093 280
1 32 217 0749 0318 00225 463 136 0103 299
1% 37 252 1060 0417 00295 624 193 0138 373
2 62 277 0918 0365 00258 609 179 01 {42
2% 63 281 0730 0290 002> 506 164 0116 432
3 78 257 0911 0405 00286 579 217 0153 {10
1 105 265 0570 0215 00152 389 120 0085 293
5 162 259 0385 0281 00199 387 15¢ 0109 265
21 602 217 028 0100 00070 232 059

0041 229

Before sonic trealment 66 X 109~ 49 X 1010 bact Iml
After sonic treatment 21X 107 = 33 108 bact fm!

e ot et
2uiaw v

g
Disintegration of Proteus phase 4
1og dinntegraticn —

Volume~ - - Area—tei  Quatientl -
a
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TABIT 1

Iistntegration of Phase 4 Cells

Growth To, Nolumd (1) Area (U} ¢ otent
l"" € o sinte 1
thours) | gration | yieqy 3 e\ Mean o eon 1
174 0216 0079 08 0036 19 051 0036 224
1’ 23 0168 0169 00119 279 089 0ocy 270
1% 251 0458 0159 00112 331 082 0038 278
'2” ‘-:89 0718 0217 00153 453 101 0071 293
2% ;’)? 0637 6191 00135 428 091 0064 302
')-( 267 0482 0152 0010% 391 078 0054 250
21 142 0276 0095 00067 214 055 0038 17
Before sone trealment 78 X 107 - 96 X 1010 hact /m?
After some treatment 13 X 10 - 37 X 109 bactym!
TABIT 2
Disinteqration of Phase 4 Cells
Crantn| Growth | Volume it ! Arer () Qrotient
time |t mi{ 1o 1
Hours) [ a0 & Mem 9 e Mmoo enb d
0 cl 192 0272 0090 00063 219 056 0040 236
1 74 197 0568 0186 3¢5 085 0060 216
1% 74 211 0795 028¢ 467 119 00684 2N
2 162 2356 0782 0295 486 132 0093 297
2% 124 209 0812 0241 500 108 0077 305
4 261 284 0569 0176 172 079 005 241
24 577 183 0313 0105 00074 236 056 0040 152
Before sonie treatment 90 X 107 12 X 1010 hact,mi
After somic treatment 34 X 107 18 X 109 bact/ml
TABIT 3
Iisintegration of Phase B Cells
Crowth | lox \slume o e ) Quotient
Wme | disinte 1
{h urs) { greafi 2 Mean 3 e Mean 3 E M) 1
0 184 0239 0097 0 006% 200 058 0041 2m
1 221 0354 0132 00093 270 072 001 245
11 24c 0390 0149 00105 289 082 0055 245
2 2461 0458 0156 oo a2 ()] 006 240
2% 250 0336 @123 00087 255 069 0049 21
4 223 0226 0079 000)6 192 050 0035 19¢
24 (19 021¢ 0075 00003 181 047 no3l 176

Before sonic treatment 99 X 107
After sonie trcatment 44 X 10

1 % 1011 bact m!
13X 10" hact m]
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Fig &
Photo 1 Proteus murabibis phase A

After 18 hours growth on natrient agar, fmmediatels
after inoculatlon mn broth

b Afler 2 hours® granth in broth
¢ After 24 hours™ growth in breth

1hitn 5 Proteus mirabihis phase C
a

After 18 hours’ growth on nulrient agar, immediately
after Inoculation 1n broth

b Alter 1y hours® growth 1n broth
€ After 24 hours' growth i broth

duintegration, were mcreaved durning the late lag and the loganthmie
stages of growth Inorder to sumphfy the comparison of diffcrent values
for volume, area, quobient and disintegration effect at different growth
stages within the sime experiment, the maxaimum value of cach para-
mcder are given the same ordinate wn the diagrams, and so are the

oacTeran $3 2
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mnimum values The scale of the loganthmie disintegration effect 15
the same in all figures and the other scales are adjusted to 1t In this
fashuon 1t 1 cleatly demonstrated m the figures that the corrcinbion
between volume, area, quotient and disintegration effeet was not very
close The drsintegration effect was shill considesably incrensed when
the size of the bacteria returned to the original vatue Table 615 a com-
parison between the different experiments (1-3) There 1t 1s demon-
strated that the rel hip between 1on effect and cell
morphology varted considerably between the different Proteus phases
This 1s most pronounced 1n experiment 5 where the changes of volume,
area and quotient were greater than 1 all the other experiments, but
the changes 1n disitegration effect were smallest This 15 visuahized in
the factors (£, f1, Q) which are the quotients of the difference hetween
maximum and mnimum salues of the logarithmic disintegration effect
and the volume, area and quotient respectively

_ Dmax —~ Do
fe=T——%—

_ Dmax — Darin _ Dmax — Dimn

fr= =
T Tias — Teotn 27 Qs — Quin

Venax — Vinm

All the factors are lower in experiment 5 than in any other run

The different ponts of ihe diagrams are obtained by multipiying the
difference between the actual value and the tmmumum of 1ts parameter
with the factor, thus obtaming the distance from the minumum along
the ordinate D, 15 the maximum salue of the loganithmie disintegra-
tonn the acteal experiment and Dy, the mimmum value The symbols
V. T and Q are, ssmularly, volume, area and quotient, respectingdy

When expeniment 4 was run, a new bacterzal counting chamber was
used T wter 1t was discovered that 11s cover shp loosened durmg the
:Inun\mg performance which might account for the unusually scatfered

n vales The di curve w Fig 4 1 plolted be-
tween these salues which are drawn as crosses

DESCLUSSION

Strong cuidence {Rofman 1936, Edebo 1961) has been preseated that,
from the biofogical point-of view, the mechanism of sonic disintegration
of bacterin 1s a two step process The first involses structural damage

of the ecll wall, while the second step mcludes dispersian nf th i
plasn -~ v 0 -

go gr
Th "
wm Al v -
gren * - . .
trgy . yf ¢ Y
=~ usaalip e g and the loganthmie stages of
growth In their report it was not mentioned to which phase thewr ftcra‘x]n

"
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(Briggs 1947 Jacobs & Thornley 1924 Hesselberg 1828) Thus small
decrease does not mfluence our results measurably however
If a relatnely small ruj ture of the cell wall 1s all that 15 !:('cd(’d to
disperse the bactenal protoplasm (Marr & Cota Robles 1927) a cell
with a large surface could be expected o he more easily dismtegrated
than 2 small cell This may be due either to a greater risk for a hit or
to the larger tolal fosce exerted on a farge cell Thepressure (per surface
wnit) watt of course be equal For mechameal reasons a sphernical cell
would e expected to be more resistant than a rod The hgures of the
experiments Texeal that the sonic sensitinits was ncreased particalarly
during the late lag 1nd the logarithmic stage of growih Dunng the
former period the volume area and length diameter quotient all were
marhedly increased but m the latter period the parameters Just men
tioned returned to their origmal values In experzments 1 and 4 the
nerease of the disinlegration effect was greatest pi- from 142 to 293
and from 1 83 to 3 70 log umits in seven min respectively These differ
ences mean that the treatment time of bacteria grown for 21 hours had
to be more than doubled to oblamn a disintegration effect equal to that
when bactenia were 1n the early loganthmece stage of growth In one
experiment {exp 3) the plotting of the disintegration curve follows a
curse more hhe that for the size, while in other experiments (1 2,3
wd 2) 1t 1s more sumilar to the quottent curves which express the rod
shape of the bacteria In all cases the correlation hetween disintegration
effcet and size and shape of the bactenia 1s not very close
1 xperiments 2 and 5 desenve special attention In experiment o there
wis an nitial decrease 1 osonic distntegration after the first hours
gronth but the volume was maintained at the ortginal valoe and
exyeriment 2 the effect was d white the volume
Wiy coniflerabiy inereased These data whach are not contradicted by
those of the other experiments suggest that there might be an increased
resstanee duning the carly lag stage when bacteria of the same size are
cempired This fact 1s rumimiscent of the findings of Elliker & Fra ter
(1938} who demonstrated that T coli 15 more resistant to heat shock
a1 §3° € for 30 min during mitial growth hot becomes more sensitive
to et duning, the 1ite lag and the lo arthmie gronth stages
A heating effect of sonic oscillation has heen demonctrata 1 o

v .

WLLWOILLTS ¢annot be respensible for
the disintegralion since disintegrition 1s eastly produced in cooled
suspensions The proposition that the sery Wgh short Ined temper
vures (Bergmann 1919 suggosted 234° ¢ Noltingh 1960—40 0005 h

T mb|u1 1960) Iocrull\ fenerated at the eavitation bubble may how

ever he more siymifieant but 1

o e mare s :m} o nmucllc::h“ case the distinction hetweens heat

1t has been ohserved (He fen & 14 yehaff 1949 Salton & Horne 1901)
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belonged In the present mvestigation the influence of sonie waves on
the disintegration of various Proteus phases (Belyamn 1951) was m-
vestigated It 1s of nterest that the long filaments of phase C did nat
occur This nmught he accounted for by large size of the moculum Only
when the same strain was used as a smaller inoculum did the sh ipes
described by Belyavin occur In the investigation by Malmgren & Heden
(1947) 1t was demonstrated that, when the moculum was inercased, the
volume variation durimg the growth dimnished However, cven m the
cases when the volume varations were diminished they were stati
stically sigmficant (Table 1-5) The bactcria n phase C were bigger
than those of the other phases (Table 6) This was particularly evident
when the cells had been mitially harvested after growth on natrient
agar but less obvious after growth m broth It had been noticed earher
(Drenes 1946) that the long forms of Protcus were not so casily found
in hquid as on sohd media This has been confrrmed by the experiments
deseribed 1 this paper The length diamcter quoticnt was higher
every experiment immediately after moculation, after the cells hid
grown on solid medium, versus the quotient at the end of the expent
ments when growth had gone on 24 hours in hroth The difference was
often pronounced (Table 1-5) It should also be noted, that phase A
bacterta were larger and phase C bacterta smaller after growth m broth
than on nutrient agar Protcus grown on the solid medium was genertlhy
more casily dismtegrated than hroth-grown bacteria

The disintegration was ¢stimated by subtracting the log number of
mtiact eells after sonic treatment from the log of the non-sonic treed
sample, because 1t had been found that, within the coneentrations used
m the mmvestigation, the log number of bacterir decreased almost
lincarly with time, regardiess of the mutial concentratron (Fi8 1)
Larher imvestigations are not umform on this point Hesselberg (1938),
working with Lscherichia coh and Staphylococcus aureus which were
ultrasome treated at smaller cffects (400 hC and 2 3-5 wattssqem),
found that the Jogarithnue disintegrabion effect (calenlated by viable
count) decreased wath 1ncreased concentration until 1t was completely
abolishcd He found that this critical concentration rose as ligher ultra-
sonic cffects were employed Simular opinions were expressed by Stumpf
et al (1940) Othcr mvestigators (Horwood et al 1950 hansloc el at
19%4 Varr & Cota-Robles 1957 Grun & Stelter 1955 Davtes 1939) who
worhed with higher effects, have clamed that the dintegralion,
measured by total or on 11able count, 1s logirithmic regardless of the
immitial coneentration used

In the experiments reported in this paper, the disintegration scemed
to proceed log irithnueally but just deeresing shghtly after prnlongt‘ll
treatment This bend of the curve (Fig A) mght be duc to a deerenst
n dismtegration «{fce The suspensions <how n 1ncrease 1 viscosity

hberated from the disintegrited Jictecrn IE s

ell contents ar
when cell rtion effect

also known that a higher siscosity dimmishes the disitege.
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¢g staphilococes and streptococer are to be disintegrated It should
also be taken into account in work when comparatine studies on the
antigeme enzymatic and physico chemical properties of fractions from
cells 1n different physiological states are done

SUMMARY

Proteus mirabilis 1n aits varous phases {Belyavin) are more ecasily
dismtegrated by sonic treatment during the late lag and the loganthmic
gronih stages than when not in active growth When the wcrease in
sonic sensitinity 1s most pronounced the treatment time 1s reduced to
less than half of that needed to obtain the same degree of disintegration
when using bacteria 1n the stationary stage of growth The inerease n
sonic sensitivity has a certain felation to the size and shape of the cells
hut the correlation decreases as growth proceeds

1t 1s suggested that the vanation n the sonic sensitinity of bactena
during the various growth stages may be due to changes in the cell walls
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that when bacter1a are heated ahove 50° C therr cell walls are ruptured
It was further noted that when young cultures (1 hour's growth) werc
used, cell wall rupture appeared after heating at lower temperatures
(Salton & Horne 1951) ‘The sumilarities between the alteration m sen
stinvity to moderate heat and to somic oseillation during the lag- and
loganthmie stages may therefore be due to a sumlar mechanism, and
possibly dependent on the state of the eell wall

Investigations which measure the state of the cell wall at different
stages of the growth eurve are sparse Lark & Lark (1960) outhned
Alealhigences faecalis cell wall synthesis by measurmg the mcorporation
of radioactine methionme and alanine, two essential cell w il mgreds
ents, mnto the eytoplasm and the phenol soluble and nsoble part of the
cell wall They worked with synchronized eultures and found a loganth
mically ncreasing mcorporation of these amino acids throughout the
growth of the culture They concludcd tht no mereased cell wall s3n
thesis occurred at the time of dision Howeser, due to a constant
volume and an clengation of the cells during the pertods between the
cell diviston, they concluded that “it 1s not nccessary to assume that
contmued synthesis of cell wall matenal during the interdnasion pertod
leads to a thichcer eell wall” It would have been of particular mierest
had they extended their measurements to mclude the cell wall synthests
after cell disrsion had stopped and the stationary stage had been reached

Bursting I coli by the release of nitrous exide pressure suceceds only
when they are m the loganthime stage of growth (I'raser 1951) This
occurrence may very well be due to a decrcased cell wall strength m
such a period The fact that some hind of change m the cell wall of
E coli does occur 1n the period of active growth 16 demonstrated by the
altered resistance towards lysozyme (Repashe 1958) and the chainges
i the surface potential when the clectrophoretic mobihty of cells 18
determimed (Moyer 1936)

Shochman el al {1958) demonstrated that aftcr termumation of the
exponential grow th stage of Streptococeus faccalis, a period of synthesis
of cell wall materrul took pliwce The contribution of the wall to the
weight of the cell mercased from 26 per cent durmg the exponentinl
growth to 38 per cent during the stitionary stage without any con-
spieuous change 1 the size of the cells The present myestigation mahes
probable that also the cell will of Proteus s not so well developed
during the logarithmic growth as in the strtionary stage

The wmncreased sonic sensitniaty of biclerta durmg the Iate hg- and
Jlogarithmic stage of growth 15 not restnieted to Protcus speeies The
logarithmic hilhing cffect of sonte wases for IT colt wis about 58 per
cent mereased durmg most of the period of active growth (1% 62
hour after moculation)

If the wercased sensitivaty to meehnical dismtcgration during the
aclive growth 1s 2 general characleristic of micro-org wsmus it witl he
of great practical importance, particalarly when more resistant hactenn,
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CRYPTOCOCCOSIS AS A CAUSE OF PULMONARY
ALVEOLAR PROTEINOSIS

by
F Brrowss and F LiveLr
Recened 24 11 61

Pulmonary alveolar proteinosis was first descnibed by Rosen, Castle-
nan & Liebaw (19} 1n 1958, since when many cases have heen re-
ported {1-12, $4-18, 20 221 But as early as i 1931 one (FL ) of us
abserved a case with identical changes in the lungs That case, whith
was combined with sadespread cryplovoecosss, was published (13) in
1933 with accompansing iffustrations (Fig 1) of the lung changes In
w mnestigation of the course of experimental cryptococcosis n mice,
ane (F B} of us noted simifar lesions in the lungs It therefore oc-
curred to us that eryplococcosis might sometimes he the cause of pul-
maonary alveolar profemoss The findings in the human case and in
the expertmental investigation i mice are described below

RFPORT OF HUMAN CASF

The case has been accounted for in detan) elsenhere (13) Theretore only the main
features will he Aescribed here
Trie patient was a 5T.year old Jower

*n(L vears before death he hegan to feel fired Ho had g =12 ot 1 *

a . .
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Fig 3

Human case High power view of a par of alieoli with granular substance Along

(he walls of the alvesls are farge cells with foams granulat estoplasm Some

drsintegrating celts of this tipe wuth farally stained nucler are seen inside the alvenh
Perwudic acid Schiff stain X 480

white secd. to hea sized foci They resembled productive tuberculous changes, hut
Do caseation was seen

At the tracheal hifurcation was a econglometate, the size of a goose's egg, of
enlarged Ivmph nodes with a gelatinous cut surface

The Stan and the bram contamed several cryptococcomas With 2 gelatinous
cul surface

Mtcroscapical findings The mucous material in the lower Jobe of the right Jung
consisted of enormons masses ol oriplococet with 3 small admitture of inflamma
tary cells The pulmonary tissue was completels destroyed and the masses of cripto.
coucl were enclosed by thin fibrous hands containing tymphocytes plasma cells and
scattered histiocy tes with pale, foamy ¢3toplavm

n the [ neumonta ike foer b the left Jung the tissue had presered its hustolagical
viructure with thin abeolar walls The aliealt were Hilled with granular masses
that stained famntly hiue with hematoxslin eosin (Figs 1-2) They did not stain
metachromatically with methyfcne blue but when stained according to MeManus
(PAS statming) they trok on a red colour and then tmall dranta, - 131
@n examination o . .. ..
puclel Were demons ‘a ..
«vteoplasm similar -
of the alyeali (Fig. . . . . .
with framy cvtopl. ‘ . . . .
tusiferm clefts af
stainlng was negatine The hronchs i these

o o o suogmine
artas were Dilled with gus eells, mucous
asses and 8 few scatlered ersplococet tn the neighbourhood of the areas with
A% prsitive substance in the alvecdi were small purulent preumonsae

FXPFRIVENTAL

In the cxpermental amvestigabion adult white male muce were -
ocultted subeutancously in the hind foot with about 15 million deast-



Fig 1
Human ease Scctien of the lung of ease [ublished mn 1953 ( ranular mas es i the
alte I Arrew anlc tes o ertal  cell with granular PAS | sitne evieglam
Periodie nesd Schff stain X 300

.
i TUS e Dt

Fa
Human case T w1 very ew st wing 11¢ alve Iounif rmls f lled wath ¢ ag datel
granular na ¢ Observe acr uiar dleft o the granglar masses
Perr B aad S Taff stam X 1.0
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Fg 6
to the It a
Mouse lung Some aleol are filled with f amy macrophages D wn
¢ uple of alveoh with granular substance sath acicular ¢lefts Other alveoli contain
macr phages in d ffcrent stages of disintegration Htt e sin X 380

cells 1n a saline suspension from a 4 da+ old Sabouraud dextrose agar
culture of ¢ necformans The strain had been nolated from sprnal
flusd from 2 human ease of ervptococcosss (not from the patrent in
yresent case rejort) The anumals were saerificed 10 minutes to 226
davs after the mjection and histological sections were prepared from
the njected foot from lymph nodes and from internal orpans From
the sceond to twents fourth day after injection many of the animals
showed duserminated ervptocaccosis and culture of the blood gave
growth of fungi The lungs showed widespread inflammatorv lesions
of grinulomatous as well as diffuse tvpe with abundant fung: and 1n
flammatory cells The fung: were engulfed by leucocytes and maero
thages Later m the course of the infection the nflammatory changes
were less marked and more local The number of the leucocytes was
reduccd hut single alveoli or froups of alveoli often showed collections
of Lirge foams macero) hages with granulated cytoplasm PAS positne
toth Lefore and after digestion with diastase (Figs 4 53 Fatly sub-
stance was seen in the evtoplasm in frozen sections stamned with scariet
red Some groujs of macroj hages showcd faint metachromasia
tctwdine blue stanmg, while stamming with mucicarmme was always
negiine The macrophiges distended the alvealar sjaces gnd the alve
ol walls were thin and contained a few Ivmphocvtes In some areas
the macrophages were disintegrated and the alseoh were filled with

partiv acdlulir PAS jositine substanee showing  acreular sjaces
thg 6)



Fig 4
Mouse 1ing Iarge foamy macrophages filling the alvecolr
Grillev s fung s stun X 750

rqgs
M 1elung Hghi verview of ma rorhag vt gran Tar PAS 1o afncc () fusm
Ier udic aul Scd ff stain X 12 ¢
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changes Our assumption (13) that the content of the alyeoli had em
anated from dismtegrated cryptococct Was therefore purely hypo
thetical, but seems lo he supported by our subsequent findings 1 ex

perimental eryplococcosts 10 mice As pointed out above, regression of
the cryptococeal infection 15 accompamied by the appearance of large
hveolar phagocvtes (Fig 4), contmiming PAS posttine granules It as
tempting to assume that these cells one their cytological charactenistics
1o phagocvtosts of disintegrating cryptococer These phagocytes closely
resemble the “septal” cells obsersed in our human case {Fig 3) and
other cases on record 3t 1s true that tmee never showed a fully de-
veloped picture of alveolar pulmonary protemnosis with large amounts
of foose amorphous masses 10 the alveol: but only a stage with simlar
substance located mainly 1ntracellularly However, the changes ap

peared to be so suggestine (Fig 5) that they deserve further investiga-
tion for any relationshup between the ahveolar pulmonary protemosis
wnd ervptococeosis It 1s, of course, by no means suggested that cry pto-
coccosts should always be responsible for alveolar pulmonary protein

osis but simply that it mught be worth while considening the possinlity

of ervplocoecosss being the causal factor i some of the cases of alveolar
pulmonary protenosis, which despite ity umform histopathological
picture might very well be of multiple ongin In this connection 1t might
be mentioned that the lung changes hase been found n association with

such different diseases as thrombocythaemia (12) and \Weber Chris
tian s panmcuhtis {20}

SLMMARY

A case of criptococeosss complicated with alveolar pulmonary pro-
temosss 1s reported The case was orgmally published 1n 1933 but at
hat tune only casual mention was made of the illustrated {ung changes,
which werc tentatively ascribed to aspiration of disintegrating crypto
cocel

In an extensine imvestigation of expenimental cry plococcosis n mice,
rigression of pulmonary envplocoecosss was found to be accompanied
v colleetions in the alveolt of large macrophages confaning granulae

PAS positine substance resembling that found in alveolar pulmonary
protanosis

be

0 Luauohaly protemass,

“ which
ease of multiple actiology > gt be a dis

REFFRENGES
1 Anlersson W 4D Semi

,n"l‘h \98 eminar «n Diccases of Chest Wysennsin Sociely ¢ 1 Pathe
2 Butbank B Slorrone T G & Cutter § §

neartioshs Am 1 \ed 23 002 gogp O A€ Tar prcteine s and
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One to two weeks after the njection the subcutancons tissue af the
sile of the noculation contamed collections of macrophagcs with the
same bnelorial propcrties as the macraphiages in the tung lesion

COMMINTS

Pulmonary alveolar prolemosts appears to be 4 histopathologieal (n
tity whose actiologs 1s obscure It s ramarhable that Rosen, Castleman
& Licbow (19) were able to collcet as many as 27 ¢1ves for thar fird
publication Since then some 20 eases have heen reporied (1-11, 1418
21-22) In addition, 2 cascs with simlar lung ch mges have heen de
serihed m associabion with different discases (12,20) It 1s beyond
doubt that the case outhned m the prescnt insestigation (13) < atisfies
the Istological critertas for the diagnosis The PAS-positine granule
substance filling the alveoly was of typcal appearance, as were the
“septal” cclls in the alveolr In addition, the granular masses were inter-
spersed wath acrcular ersstals Morcover, purulcnt pneumoniie were
seen s well as large arcas where the lung tissue had hoen destroyed by
enormous masses of eryplococer Smce the granulir masses in the alve
ol staned mn the sime way (PAS-positing) as the capsules of the
cry ptococet, 1t was clanmed in a previous paper (13) that “the changes
are probibly scquilae from the aspiration of mucous matter that »
probably shed by disintcgraling eryptococcs To pur hnowledge no such
observations are on record’ Of all the published cases of alveolir pul
monary proteinosis, only one seems (o have betn complicated by eryp
fococcosts (case 24 m Rouscn f al (19)) Judging from the dafy g
the cry ptococcosis m that ease appeared later than the alscolar pulmo-
pary protemosis, “cultures of biopsy materral yrelded no growth on
ordmary mediums” But this docs not, of course, cxelude the possi-
bility of widcspread cryptococeal fesions m other parts of the lungs
Bronchial washings cultured on Sabouraud’s mediim had, howoids,
formerly been negative At autopsy 14 menths Iter “the characteristic
changes of cryptococeosts were scen m all lohes of the lungs ™ The
report does not say whether alvcolar pulmonary protemnosss had aiso
been damonstrable at autopsy ‘The anthors thus assume (hat the
cryplococcosts was steondary 1o alveol ir pulmonary protemnosisin thur
case, partieularly sinee the patient ad becn treated with large doses of
cortisone which might have rcduced his resistance agunst mnfections
In 3 ofher ¢ 1ses (2,16, 19}, which wcre complicated bs fung i wfections
(in 2 cases of nocardiosis i 1 of mucormycosty) the history also ar-
gues for the fungal mfection having bean second s to alveolar pulmo-
nary protemnosis which s hilicvad to prve the way for sartous puimo-
nary tafections In our previous cise at was not possiyie Yo hnuw
whetlicr alvcolar pulmonary prolanosis had proceded the eryptocoe-
costs, sinee hoapsy hid not bean donc and no spoctmens hid been
cultured for fungt bcfore rocntgenologic ! domonstration of the lung
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ON THE INCIDENCE OF SEX CHROMATIN
IN HUMAN PROSTATIC CANCER

By
hraus Hot Jensey
Reccived 141 61

The Vorphology of Sex Chromatinn Normal and Cancer Tissue

Moore & Barr (13) 1 1957 examned the size and appearance of sex
chromatin in tumours By measunng 1t was found lo be 08 X 134
m average In a single case the sex chromatin bods was measured to
11 % 290 wiich 15 a hitle more than usual 1n normal tissues Orst &
Rutter (13) examined tissue enltures of carcinoma cells from breast
cancer and found sex chromatin of normal appearance and size 1n 60
to 64 per cent of the cells In benign tumours Yoore & Barr (12) found
the average size of sex chromatin as 12 X 08 p Miles {8) cxammed
sex chromatin i normal tissue and cancer 1n explanted cultures, using
the hlinger method for staining and found the sex chromatin fo be a
Panoconvex mass as deserthed by several writers Often 1t was found
as two separate parts, very close together, an observation confirmed by
hlinger (5) who now and then n normal female cells observed a pale
area in the center of the body or adjacent to the cell membrane By
examination of 11 tissue cultures of varnous cancer cells of female
orgin Viles (8) counted a sex chromatin mass i up to 66 per cent of
the cells In 10 cultures of tumour cells from male tissue the sex chro-
wWakin pet centwas obsenved Yo be from 9 10 4 per cent Various twmours
showed no difference (rom the sex chromatin observed in normal cells
The authors quoted have not been able to demonstrate differences n
morphology between sex chromatin m normal cells and 1n tumour cells

Prostatic Tamours

A number of authors hase presented evidence to the effect that 1t 15
possible to delcrmune the sex of various human tissues by counting the
sex chromtin content (3, 10 11,13}

Coutls, Stlva Inzunza & Coutls (2) 1n 1956 reported on studes of 78
< 1ses of prostatic enlargement 39 have been found containing female
sex chromatin it more than 10 por cent {my erage 23 per cent) of nucler,
which according o the writers experience 15 characteristic for tissues,
of femald onigin Furthermace 2 cases ameng 12 prostatic carcinomas

15 actararn 53 3 215
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Carabasi B J & Barta I 1 Atypieal ppeumomstis with anterstitial @il e sis
An unusual casc recciving prolonged corticostarond therapy Dis Chest
36 200 1959

Carlson D J & Mason F W Pulmonars alvcolar protamosis Am J (ha Path
4] 48 1960

Dearborn v A & Lwermore V4 Case reports Quarterly progress rep rt of
the Veterans Admintstration Armad Jorces study on the chems therapy of
tubereulosis October 13 1958

Traimow W Cathcart R T Rushner J I & Taylor B ¢ Pulmonary alw lar
proteinasis A ccrredation of patholcgical and physiclogical findings in
a patint followed up with scrial biopsies of the Iung 4m J VMed 28
458 1960

Irwdmann B & Striclland ¢ I Pulmonary alicolar proteinosss  (hinge
Pathologic conference J Tennessee M A 57 507 1958

Turst W F Bl BM & Irons GV Jr  Assmptomatic pulmonary ghe lar
hroteinosts Am J Med 28 453 1960
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Resp Das 80 249 1959
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33 23
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VeDotwell € Welliams S F & Ihinds J B Pulmonary alveolar jrctun siv
{report of a case) Australasian Ann Med & 137 1059
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Report of ease Pree Staff Meet Mayo (I 35 152 1959

Payseur € R honwaler B F & Hyde I Pulmonary alveolar pretendsis Am
ev Tubere 78 906 1918

Pt L P Pulmonary alseolar protemosts Review of the hiterature and repert
of a case J Thoracic Surg J2 252 1960

Rosenn § [T Castleman B & Tielow A A Pulmonary alvcolar protelnssis
New Fngland J Med 258 1123 1958

Schaen I Reingold ] M & Wewster I Nidapsing noduler nopsuppurative pan
mieulitis with lung myohement Clinieal and aute psy findings with notes
on pathogenesis Ann Int Mcd 49 687 1958

Steracht J ¢ Horn R € Jr & hay S Pulmonary alicolar protcncss e rt
of three easts Ann Int Med 51 728 1959

Williams G G Medley D R A & Brown R Pulmonary alveolar pratedn s1s
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RESULLTS

As 1t 1s seen from Table 1, the average content of sex chromatin 15
3 per cent i tumour cells and 2 per cent mn the control matena! The
sex chromatin percent vartes between 1 and 9 per cent 1n the tumour
cells and between 0 and 4 per cent 1 the smooth muscle cells

DIS(USSION

1t appears that some wnters batve observed cases of prostatic cancer
1n which the incidence of sex chromatin 1s so high that from a cyto-
Togieal posnt of view, they considered these tumours to he of female sex
This has not been confirmed by the present materal The highest sex
chromatin content found was @ per cent 1n a single case, and no case
showed such discrepancy between the tumour and the contrel count
that the former could be considered as of a sex opposite to that of the
control tissue

These results are 1n agreement with the findings of some presvious
wnters (3, 4, 7, 13) Since the present matenial was carefully selected,
with a vien to avord the effect of autolysis 1t may be assumed that
sarious carhier reporsts of high incidence of sex chromatin 1n prostatic
tumours may be due to misinterpretation of abnormal tumour nucler,
since tumour cells often contam several chromatin bodies sumlar to
sex chromatin Espcerally in carcinoma cells of the prostate numerous
nucleolt olten appear near the nuclear membrane (7), which n phase
contrast microscopy may stmulate sex chromatin With the anaplasia
and hyperchromasta of tumour cells also nsufficient technique mas

Py

¢ 71 L nueRus, tor mstance Feulgen, hhinger’s thiomin or Lennox’s
rihonuclease gallocyanin stain

11g 1 shows a displacement towards the right of the tumour group
in comparison with the control group This suggests less accurate
reselts fram the Wog and nte
tumour cells than m normal cells, also

] of sex ch mn
wath the technique of the author
A nuele1r chromatin hody must be counted as positnve in male tissue
1 2 similar mass wauld be counted as sex chromat n an tha

v uup 0L Cells with very anaplastie a
htzarre nueler ;hnuld. therefare, contain a high per cent olll’ sex. ch::
matin ke nuclear bodies, the nterpretation of w

atin o nucle of which demands a well
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were also classihied as tematle, contammg 25 anad 35 per cent ser chire
matin Coutts et al used phasccontrast microscopy of fresh, unfived
material

In 1959 Lehman, Hodges & Opamada (6) cxammed 35 prostates, 10
of which were carcinomas Among the 25 benign enlarged prostates 3
were ohsersed to contain 20, 27, and 37 per cent sex chromatin and one
carcinoma contained 32 per cent sex chromatin The staming used was
ordmary haematoxyhin

Among 18 undifferentiated tumours from yarious tissues from male
patients Tavares (15) reported 2 cases considered as female sinee they
contained 32 per cent sex chromatin

Using phase conirast techmque Monienegro-Orhiz & Silva-fnzunza
(9) described several malignant tumours as heing of opposite sex to
that of the host-orgamism

Other authors, haweser, have not heen able to senify the above-
mentioned Hindings by examining prostatic tumours

Twenty cases of prostalic caremomas were studied by Hen: &
Lhlers (3, 4) who 1n no case counted more than 05 per cent of cells
showing sex chromatin Lennox ef al (7) examuned 71 pahients with
cancer or enlargement of the prostate, and m neither case any disere-
pancy was found between the sex of the patients and ihe sex of tumours
Three cases of adenocarcinomas of the prostate deseribed by Barr &
Moore (13) showed the same results

MATECRIALAND MLTHODS

Trssues from 24 cases of carcnoma of the prostate were examined for sex chro
raatin content b the Feulgen technique Histologically and clinically all cases were
tspical carcinoma Only preparations wathout signs of autolisis were apphied In
each case 400 cells were examuned and as a control of the celular sex of the patient
100 cells of smooth musculature were counted mn the same section The average
findings are listed in Table 1

TARIE 1
The Ineidence of Sex Chromatin in Tumour Cells from 2% Cases of Prostatic Cancer
i Per Cent As Control Sertes the Incidence of Sex Chromatin as per cent i Cells
of Smooth Museulature Counted in the same Scctions

! Sex cheotatin In
smooth muscle
cells as per crnt

of 100 cells per cave

Sex thromahin in

tumour cells as

overnge per eent
of 100 cells per case

Mo of 7 1 M 4

Cases 7 2 [ 1
5 3 ] 2
J 5 5 3
1 6 1 14
1 9

Total 24 Average 3 24 tverage 2
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\Ionleneqro Ortiz M & Silva Inzun-a F_ Climeal Apphc:lmn of Tumour Setn
J Amer med Wom Ass 13 308-312 19

oore &) £ Barr ¥ L uclear Morphology Ac:ordmg to Sex in Human
Tissues Acta Anat (Basel) 21 197 208 1921

Monre K L The Sex Chromatin 1n Cells of Human Benign Tumours Anat Rec
121 409-110 1955

Moore A L & Barr M L The Sex Chromatin 1a Cells m Benign Tumours and
Related Cond tions m Man Brit J Cancer 9 246-252 1955

Moore A L & Barr M L The Sex Chromatin in Human Malignant Tissues
Brit ] Cancer {1 334 390 1957

Orst EV ¢ <o - - - Tissue
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7% 25
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Fig 1
A) Per cent of Sex Chromatin in tumour cells of 24 cases of Prostatic Cancer given
as per cent of average
B) Per cent of Scx Chromatin m smooth musculature in sume eases and sections
s Tig

SUMMARY

Some authors have reported differences m the occurrence of sex
chromatin betwceen the tissues of tumours and those of their hosts
Others have been unable to confirm these results as far as prostatic
cancer 1s concerned On the exammation of 24 tumours carcfully se-
lected with a view to chnieal verification and to their state of preserya
tion the present author found an msigmficantly lugher per cent of sev
chromatin among tumour cells than among musculature m the same
sectton This difference, however, 1s ascribed to mismterpret thion of
findings due to nuclear abnormalities 1n tuniour fissue, and 1t 15 far too
small o suggest any differences m cytological sex betwecn prostatic
tumours and their hosts

RITIRLNCES

1 Barr M 1 A Morphologieal Distinction between Neurons of the Male and
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9

3
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THE FREQUENCY DISTRIBUTION
OF THE NUMBER AND VOLUME OF THL ISLETS
OF LANGERHANS IN MAN

3 Studies in Diabeles of Early Onset, Insuloma
and Acromegaly

By

Bo HPLyviay and LFAAART ANGI RV ATL
Recewved 19 ¢ 61

The pancreatie 1slet organ 1n diabetes of late onset was found to be
characterized by a striking regulanty, except when the islets were hya
linized (Hellman 1961 a) The volumetric 1slet distribution in these
cases showed the same mathematical relationship to the slet drameters
as previously had been found to be vahd for non-diahetics (Hellman
1959 a, b)

Patients developing diabetes during the growimng pertod have low
total weight of B cells, whereas those developing diabetes after matura-
tion have lgher solumes (Maclean & Ogilpie 1955) Besides diabetes
of early onset, insuloma and acromegaly are ¢xamples of endocrme
disorders mn which morphologieal 1slet changes are reported to occur
(Hultquist 1946, Ferner 1951, Stmpson 1959) Hence 1t seems useful
to have knowledge of the size frequency distribution of the 1slets also
wn these cases and compare the findigs with those in diabetes of laie
onset and 1n non-cdiabetics The results of such an analysis 1s presented
n this paper

MATFRIAL AND METHODS

The analyses were carried out on the pancreatic tail In Case 2 matcrial was
resected at lapar toms but i the remamning cases the tip of the tail was excrsed
at autepsy  After fixation In Bown s scluticn dehydration and clearing the pan
ereatic specimens were embedded o paraffin and eut 1nto 7 # thick serial seetions

The 1slet distributzon analyses were performed on every 44th section After stain
ing with Gomort s chrome hematoxylin phlexine method the sccty ns were system
atieally seanned for 1slets Wwhose sizes were classified by ¢ mparmg thar projeeted
images at 240 X magnification with circles and ellipses of hnown arcas The rela
tion between the mid class value for the 1slet diameters i # and the class number
can be secen 1 Table 1 Fram cach pancreas sufficient scetions sere analysed to
brang the number of 1slet scction surfaccs classificd to at least 500 [ or conversion
of the apparent size distribution « btained in this way to the actual size distribution

010



¢

:,,{"ﬂ'& ¢ ’7,

‘Aﬂ-f?{g

fm L BRI

. "o [

VL .. :

' I . e T
. . . L \
. . Py . . )

Fig 2
ture 11lu
Silyer impregnated paraffin section from the pancreas In Case 2 The paci
xlull;s lhalplhu pancreas 15 very rich i Islets of Langerhans Lhe total volume of
which 15 censiderable In spite of the presence of am insulomma lhe percentage
frequency af the argsrophil eclls in the 1slets of Langerhans 1s not higher than

ather 1slet cells The ) ereentage frequency of argyr fhil sslet cells was found to
Ve with n the normal range

Case 2

The paticnt was a woman of 47 The history was characteristic of insuloma and
typ ghecmia accurred spontancousls Whipples triad was present When other
causes of h 1 aer v and adreno
© siusl atrophs—had been el minated it was decsded 1o operate The exaised porbion
«f the [Inncrulln tail weighed 127 anl included a roundel well circumseribed
atsd o~ aa
.

. . .
. )
3 {iv u 4 RV B % WD codlagen capsule There was no mani
fust tum ur growth sithi or outs ' .
Pourh d of the tum ur there wer . B
being ™ re or less rounded and am .
was campleteh des 1d of argvrop

.
utsite were Dist nelly sibver improg a4 see rig 2y

€ se3

The paticnt was aw man «f 42 wh had been strumectomusel f ¢ h. th, N
in 1336 She had been taking Insul o f ¢ diabetes since 1912 \\hcn”s;re \3::‘);[7
¢ rave retin pathy w th d minkshe  visusl acunty and signs of neur pathy were Iis
covered In 1935 In January 1939 the nonprotein mitr gen level was sl ghtly elevated
The patient died In March 190 of uremia and siveulatiry msufficiency



I'g 1
Silver impregnated paraffin section from the insuloma in Case 2 with surrounding
pancreatic parenchyma In the lower part of the Iigure it can he seen some of the
epithclial tumour, which 1s completels devord of argyrophil cells The tumour s
well delimited by a capsule from the surrounding tissue In the upper part of the
Figure there are two islets of Lanncrl;axln contatning a number of distinet argyro
phil cells

the equation system deraved by Wecl sell (1925 1926) was used The proccdure for
this was 1dentical with that used 1n a previous study (Hellman 1959 a)

The morphological findings, mncluding the general appearance of the islets are
disertbed in the section Case Reports I xcept for the chrome-hematoxylin phloxine
stain according to Gomor: the latter observations on 1slet ¢ytology were based on
the silver imprcgnation method on thin paraffin sections, as deseribed by Heller
strom & Hellman (1960) In assessing the frequency of silver-positive cells regard
was pard 1o the fact, that there 15 an apparent over representation of the argyrophil
cells, see Hellman (1961 h)

CASL RIPORTS

Case 1

The patient was a man of 44 with acromegaly since age 18 There werc no signs
of diabetes mellitus During the period 1940 to 1947 the patent recenved a series of
intensnve roentgen trradiations towards the mituitary body After this therapy the
thyrotd marhedly cnlarged but there was no definite signs or symptoms of abnormal
thyroid function In 1960 the daily urinary gonadotropin output was normal ahout
65 MU that of 17 hydroxycorticosteroid 4 4 mg and that of 17 kctosterond 15 mg
The patient died of heart farlure m March 1960

Autopsy (Uppsala 183/60) was performcd 15 hours after death Apart from the
skeletal changes typical of an acromegalic it discloscd a shrunken pituitary body
1 a sella tureica about twice as large as normal Partly located wntrathoracically
the thyroid weighed 800 g and contained partly nrotic adenomata The adrenals
and testes were atrophic

Histological «xamination of the pituitars showed a hiphly regressivedy changed
colloid rich adcnoma with chromephobes and sparsely granulated cosmophils (mixcd

adenoma) There was also a small ramnant of antcrior pituitary lobe with normal
- The pancreas (waght 1208)

ated centrally were markedly
times the nuclcar diameter of
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ather islet ¢ells The percentage frequency of argyrophil sslet cells was found to
bhe within the normal range

Case 2

The paticit was a womsn of 47 The hislory was characteristic of insuloma, and

hspoglycemta oceurred Whipple's triad was present When other

hy h as Iner 1 and _adreno-

cortical atraphy —had been eliminaled, 1t was decided to operate The excised portian

«f e pancreatic tail weighed 127 ¢ and Included a rounded well circumscribed
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Autopsy (SS 426/60) which was performed 13 hours after death disclosed a re
markably small pancreas Iistological cxamination The kidneys exhibnt diffuse
and nodular glomerulosclerosis of Aummelstiel Wilson s {ypc and pronounced ar
tersolohy alinosis The panereas displayed marked arterialahyalinosis The exacrine
parcnchyma was fibrotic and atrophic There were very few islets of [ angerhans

{ase 4

The father contracted diabetes at age 40 a sister died of diabetes at 18 months
The 1 atient s diabetes was discovered in and had been insulin treated since 1936
when he was 17 vears of age Signs of neuropathy and retinopathy were found in
1947 In 1953 he underwent subtotal thyroidectomy for hyperthyreosis anl sub
scquently recensed D1mg twice daily of levoxin (1 thyroxin) Sknce 1953 there
has heen progressive renal insufficienes He was admitted to hospital in January
19¢0 with grave anemia and mild uremta and died of uremia In August 1960

Autopsy (S 778/60) was performed 78 hours after death and disclosed a small
Ianereas weighing 22 g Histological examination The Lidneys displayed dsffuse anl
nodular glomeruloselore sis of Ammelstiel Wilsan s tyy ¢ and pronounced arteriolo
hyalinosss The pancreas was atrophic and contained very few islets
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The percentage volume distribution of the islet tissue in relation to the
1slet diameters for the different cases

RISUL1S

The distrbutions of the numbcrs of 1slets mnto different sizc classes
cxpressed per 1000, are grven 1n the upper prt of Ible 1 It 15 evident
tht the numerieal distribution curves i Al ¢ases were highly 1symme
trie, since the number of 1slets mercases progressivedy with decreasing
sslet diancter In rowding the Table it must be borne i nund that the
cliss width m the first four clisses wis only lf s grat as m the
ramuming ones In Fable 1 the mud eliss valuc for the islet dinmeter
im p1s gaven in brackets for each class number '

From the numeric il size distributton one ean caleulite how the totn
st volume 1s distributed n relation to the 1slct divmeter Thas volu-
mltric size distribution m the cases studied 15 presentad cxpressed per
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1000 1n the lower part of Table 1 The mam part of the slet volume
was constituted by the medium sized 1slets, while the very numerous
omall 1slets contributed an approxmmately similar amount 1o the 1slet
volume as did the fewer larger wslets In Fig 3, where the values have
peen plofted graphically wath alfowance for the differences n class
width 1t 15 evident that the volumetne 1slet distribution curves i three
of the cases have a clear symmetrical form In Case 3 a displacement
of the peak of the curve to the left caused slight asymmetry

DISCUSSION

Farher studies in rats and mice have shown, that the pancreahe wslet
organ attempts to retamn the balance between the number of large and
small islets Thus 1n spite of great changes in the total islet volume and
fhe BIA ccll number Tabie, the solume distribution curves retamed
their typiel symmetrical form (Hellman 1959 ¢, Hellman ef al 1961)
The slet organ 1n man seems to be no exception 1n this respect, since
a summetricat relationship was also found i diabetic adults, in whom
the disease first became manifest at an old age (Hellman 1961a) In

additian wa § mltan o o0

o v uaswt ulpdil g s tartner of interest that, i an acromegahe
tenstuely treated and having signs of persisting pitwitary function, the
same symmetrical relationshup could also be demonstrated

It seems reasonable to judge the shght devialion from symmetry ob
served i Case 3 more as an expression of the great technical diffi-
culies 1 doing the analyses i this pancreatic gland than showing a
true biological dinergenee from the mam principle The 1slets 1n the

two diabelies and especially in Case 3, were actually extremeln fow and
diffyer 14 4n o~

pon
wmat v aaruwy UL edriy
anset

N was apparent from systematic tests, that the symmetrical form of
the curves 1s not influenced by the fact that we have used both fresh
matenal (Case 2) and such taken s long as 78 hours after death
A€ 4) or have Dixed for different lengths of time (Hellman 1959 a)

On the other hand this of course means, that 1t s not possthle to com-
1 17¢ the bsolute islet size in our cases wilh each other or with the

values given earlier for non diabeties of for bervons, where the dia
betes was manifest at adult age

The Hinding that the total istel volume was r

m those cases suffering from endocrine dss:
morphalogtet) changes o the 1slets,

fsing the dcternunations of the total

egularly arranged even
arders associated wath
can probhly be used for simph
wslet volume in man For example,
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1t may be mentroned that in rats merely counting the number of islet
section surfaces exceeding 2 certan size 1s enough to ohitain an estimate
of the total 1slet volume (Hellman 1959 d, Petersson et al 1960)

SUMVARY

The actun! size distribution of the 1slets of Langerhans was studied
I onc subject with an nsuloma, one treated acromegalic showing
persisting pifintary function, and 11 two mdividuals with diabetes of
early onset Though these disorders are associated with morphological
changes 1n the 1slets, the 1slet organ shill retuned the stme regular ar
rangement as was presiwously found io be charactersstic of non dn
betics and diabetes of late onset A slight devintion from symmetry
the solume distribuiton curve 1n one of the dinbetics was judged more
s 1n expression of the technmical difficulties in doing the analvsts than
heing of true biological evistence The obseryations are compared with
the 1slct distribution analyses earhier performed mn different spectes m

cluding man
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\Malignant mesenchymal tumours with generalized metaslases re-
present a rare occurrence i newborn children In 1940 H G Wells
published an analy<is of previously reported cases, a total of 30 sar-
comas including 9 fibrosarcomas Generalized metastases to various
organs were scen onty 1n 3 of the reported cases In addition the histo-
ries of 2 few cases of congemital Nibrosarcomas have been reported
W 1. Deyfuss & Chiffon Forge (1349) deseribed a fibrosarcoma in the
foot J O Williams & D Schrum (1951) and D Robb {1938) each de
scrihed one ease of congenital fibresarcoma with metastases

Henee with 2 view o the rare occurrence of such tumours we have
considered the following case of general interest

CASE HISTORY

Icdintrie Department Tha Seats 1t
The jatient a 2 mon
e

Torog e .
1 - 1
oo - .
o ..
ot [y
na - P
' . . .-
. . - N _' -

R . - - -

ontanelles were normal On the righ

{rtences of the bead » Tight side of the neck

§ S behind the angle of the Jaw a sohd rather irregular tumonr, the s12¢ of &
The neure logial examination © —

paresls of the upyer

mithes was less grona
a tiographic exam

phseal regicn of all
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of about 1-2 em was found to he completcly devord of calaum The Iine of demar
cation of this area was conyex ngainst the diaphysis A narrow, striated caloification
vecupred distally a position adjacent to the epiphyseal Iine In the metaphyseal
ealeum defierent areas the bone had become distended This preture was interpreted
as  syphilitic ostcochondritis (I.g 1)

N
E“n"
Y/
ol
#5
Pl .
I § -
l Voo ik W Y4 -—‘:J
Fig 1

In Fig 115 seen the rght Iog exammed by X ray A siailar preture was found
all the other long bones see text

Among the numerous lahoratory findings the following are of particular interest

Hacmoglobin percentage 75 72 Micro Sedimentation rate 20 5 mm

Wassermann and TP (Nelson) reactions Negative

Serum caleium 8 4 mg per cent Scerum phosphorus 65 mg par cent

On November 13, 1959 when the child was about one month old she was referred
to the pediatric surgical department for further examination Still her gencral con
dition was rather good except for shght paleness The right sided cervical tumouf
had remained stationars and was shil the size of a walnut At this stage howaer
the right arm and the right Ieg were almost paralvsed The left arm was marhedly
paretic  the left leg was shghtly parctie and the tonicity was reduced in all four
extremities Wathun the followin, month the paralyscd lower extremitics became
spastie

When the child was 5 wecks old biopsy of the tumour revealed sarcoma Sinee
admission to the neuro surgical department one month earlter tumour scemed (o
have ccased growing About 4 weeks after the biopsy oxploratien shawed tumour
behind the right cervieal vascular sheath displacing 1t forward Direetly behind and
1n close apposition to the tumour the brachal plexus was noted and dissected free
Tumour granth had imaded the spinal canal and 1t was decided to abstain {ram
radical extirpation and do nothing except exeise tumonr tissue outsile the spinal
canal
Pastoperatinely the child hecame dyvspnoeic and eyanotte Despite trachcotoms
and asststed respiratian death oceucred less than 24 haurs aftcr the operation b

The exeised tumour tissue was of a whitish colour sesemblng fish meat T! 3
histological examination of the tumour roveald tissue much resembling that de



239

1lu
1 areas however were highls polymorphocel
T e and the mudes Fome or more mucleols The grass
a

necrotic areas were found 1o consist of of the

tissue

Post mortem Examunalion

Gross examinalion Autopsy showed almest total pulmonary atelec
tams The nght side of the neck was the sude of an irregular outlined
tumour nvading the spinal canal through a mutilated vertebral arch
1n the cersical spine & 114 X 3 em area of cervical medulla, external io
he dura mater, was coated by tumour tissue The tumour tissue was
greyish red, sohd and untform Several nerve fibres were scen to pro-
tude from the tumour tissue nto the spinal canal but gross examna-
tyon reyealed no medullary tnvolvement Mo enlarged Iymph nodes were
seen The right humerus and the right femur were dissected free thus

i i of shides prepared from the
froniat cortey, the striate body, the 1 cortex, the hal.
and pons the medulla oblongata, the cervical medulla, and the cere-
bellum, discloses normal deselopment of the central nerve system
full accord with the age of the child, stratification, differentiation, and
myclination are normal Unwversal, marked edema and stasis are ob-
served, occasionally accompomed by fresh, pernascatar haemorrhages
No tumour tissue is present

In a shde prepared from paravertebrally excised tumour hissue the
ssmpathetic trunk 13 covered and compressed by tumour insue {Fig
2 A) Some of the nene cells are well presened, while others have
degenerated The perneurium 1s not mvolsed The tumour tissue s
found to cansist of spindle shaped, eytoplasm nieh, pale celis wath oval,
usually large and pale nucler Isolated mitoses are also seen The hine
of dumarcabion between the cells 15 blurred but longitudinal ramifica
hions from the cells are discernible The ramifications are arranged n
strands intersecting each other in dulferent direclions S essels are few
m the tumour hissue and the vascular walls are not imvelved The
tumour tissue 1s intersected by strands of fihrous connectine tissue of
sarying thichness In one area of the shide the vertebral corpus 1s found
10 be destroyed by tumour smasion With the evception of the symp
athetic trunk no nerve tissue 15 encountered

A shde prepared from the intraspinal tumour shows tissue located
«xternal to but withoul wmvelvement of the dura mater ‘This tumour
compresses the spinil ganghons and the medulla At the sites 1n which
compresston 15 most markad the medully hae 3 ann .

ew w Suuudt Fatices 1n close apposition to the
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of about 1-2 em was found to be completely devard of calctum The line of demar
cation of this area was convex against the diaphyvsis A narrow, strated caleification
oecupied distalls a position adjacent to the epiphyscal hine In the metaphyseal
calcium deficient areas the bone had become distended This pieture was interpreted
as syphihitic osteochondritis (Fig 1)

lI & N :;

Fig 1
In T1g 1 1s seen the right leg examined by \ rav A sumilar picture was found
all the other long hones sce text

Among the numerous laboratory findings the following are of particular mnterest

Haemoglobin percentage 75 72 \licro Sedimentaton rate 20 5 mm

Wassermann and TP (N\elson) reactions Negatne

Serum caleium 8 4 mg per cent Serum phosphorus 65 mg per cent

On Navember 13 1959 when the chuld was about ene month ald she was referred
to the pedratric surgical department for further examination Still her general con
dition was rather good except for slight paleness The mght sidcd cervical tumour
had remained stationary and was still the size of a walnut At this stage howerer
the right arm and the right leg were almost paralysed The left arm was marhedls
parctic the left leg was shightly paretic and the tonicity was reduced in all fout
extremities Within the following month the paralvsed lewer cxtremities became
spastic

l\\ hen the child was 5 weeks old bicpsy of the tumour revealed sarcoma Since
admission to the neuro surgical department onc month carhier tumour secmed 10
have ceased growing About 4 wecks after the opsy cxploration showed (umou‘;
behind the right cervieal vascular sheath displacing 1t forward Direetly behind an
1n close apposition to the tumour the brachial plexus was notcd and dissected free
Tumour growth had 1mvaded the spinal canal and 1t was dceided to abstamn fl‘ﬂﬂll
radical extirpation and do pothing exeept exeist tumonr hissue  utsule the spnd
cmll’::)ls!operatncb the child became dyspnoerc and cyanotic Despate tracheotom’
and assisted respiration death occurred less than 24 hours after the operation The

The exeised tumour tissue was of a whitish colour yesembling fish meat Th
Iistological examination of the tumour revealed tissue much resembling that ¢
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tumour show degencrabion of the myeln sheaths Cellujar structure
rusembles that previously descnbed

In shdes prepared trom the heads of the nght femur and the right
hurerus the tumour lissye wi be seen to be of the same Rature as
tisstes hitherto discossed (Fig 2 B-T) Tumour tissue nifs up the
meduwiars eanisy m e empbvaral and the metaphyseal areas, penetrat
g the hiahine earhlage and wsading the hane tissue without actual
nfdtraton o seseral greas the tumour 1s encweled only by a thin
border of sold bone In offier areas a little spongiform hone Gssue re-
mains and here close to the tumous, arc seen osteoblasts Mo werve
fissue 1s found n the tumour

D15CLSSTION

Histolagreal ¢ xamination has thus shown several separate malignant
tuntagrs atl of wiuch are sumilar with respeet to umiformity, polvmor-
phoceflulanty and polymorphonuciearity, mitoses and amiobic duision
of cells The cells are oval, rather large, pale, arranged in strands wndes
secting each other in different directions ‘The nucler are darge and vaal
Mo doubt this must be a case of multiple Hibrosarcomas

The preseat studs fails to answer the question of whether tus case
cepresents ulbiple primary mesenchy mal tumours or melastases o all
euts seal ceguans (tam the cersieal tumous The fact that the tumours
are 1 resent only at the deseribed sies makes the latter ympropable since

sarcomas ire expected to metastazise to 2 number of organs, eg the
tung and the Iner
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tumour show degeperation ol the myehn Shieaths Cellular strucuse
resembles that previonsly deseribed .

fn shdes prepared from the fiends of the oght fomur and the right
hurmerus the Wwmwoar bssue Wil be seen o be of the sune nature as
fissues Mtherto decussed (¥ 2 B-DY Tuwour tvsue By up the
medntiary tanty 1 Ahe epiphyseal and e metaphiteat ateds, peaetral-
wy, the hyalne eartilage and invading the hone lissue whout actu 1)
miteation Tr soveral arens the tumour 1s enchreded pndd by o tun
Border of solud bome {n otlier wreas a little spongtorm hone tissue re-
mains, and hese tloce to the tumour, are swen osteoblasts No nene
Gissue 1s faund in the tumour

DISCUSSTION

istologenl examination has thus shown severat scpatate malignant
tumours atl of which are snoilar with respeet to umformly, polymag-
P iy and polymor Yeanty, Iipsts, and amilaheinvion
af rells The colls are oval, cather large, pale, srranged in strands intor-
seching each otfier 1 different direchions The nucher are large and oval
Ao daudit thus mast bie a case of multiple fibrosarcomas

Thte present study fails to answer the question of whether Yhes eane
represeats mulliple primarcy wesenchy mal temours or melastasey o N
eguphyseal reggans from the cervical tumonr. The fact that the fumours
are present ondy ot the deseeitied sites makes the fatler improbable since

saxcomas are expeeted fo metastazive to a number of organs, rp he
lung and the Incr

SUMMARY

D: ‘%af;'nn! ;’;ng&‘mlnl fibrasarcomas in a 2-month old me 1s desenbedt
o c‘ ;:dr post-natal day a basd nodule on the nght 5130 of e pich
o "?l il parests of 1he nght arem were nioted The symploms were
r P I)r Tagm\ulm\u and Jhe edild deed two months old By autopsy anc
ound librosarcamas on the raght sude of the nech and in the epiphyseal

regions of the long bones The thmou
v ol the neck was ipvading the
spwal canal ¢ohing medulla spmaii, o

ADDFAPU Y
After hinishing
s Wb;‘." 18 e paper we have heen nformed of fwo more articles
:‘\ sﬂit:;tufd;)\rmlc Fibromatosis Caneer, 7: 934, 1934
B 2 LANS (1§
el home tammontre e Dr;t;nur:_t& and children hutn this paper mul-
W B Ober, 5 A Simth & B
s § 2 C.R H 4
tryodes of the Yagina Cancer, 17. G;?"{‘:I:Sréh fostenal snreoma bo-
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Report of two cases from infants Those children are stil Jining and
they have no symptoms of mctastases or multiple tumours
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DEPARTUENT OF PATHOIOY TNVVERSITY OF 1T AD LEND SWEDEY

PNEUMATOSIS CYSTOIDES INTESTINALIS

By
AnNe Bris
Heeelre! 33 62

Pneumatosts evstordes ibestinalis (pe1) 15 2 relatinels rare con
Mition characterized by multiple gas Hitled evsts in the intestin Waalh

The term wAs coted 1y Vayer 1 182 bat the condition b ul been
deseribed as carly as 1730 by Bntish and Franch authors Chinges of
the same tv) e farticulyry an pigs hase long been known tovetennaes
surgeons and tutchers

Simular alterations hase been observed though Jess Trcquentis in the
human stomach galll ladder Nigamenls [onteneum  mesentenum
omentum urmary bladder and vagma These changes have Foen de
serihed under such names as [ noumat s evstoides mntestinths entene
pncumatosis at dominal gas cvats intostnal imterstitial emphvsema
gastritrs enteritis ey hvsematosa cte

One of the most comy Iete commiations of pei 1s that jublished By
hoss in 1802 (5) He rejorted 213 cases mn | itents of a1l ages mosthv
between 3 and 50 1ears He found the condition o Lo aboul thrie and
a half fimes a5 common 1n malcs s 1n fumales

1334 of the atients had eysts in the small intestine and 1n 9 of them
the colon was also imvelved In 73 per cent of the cases the condition
was associated with obstructine changes in the regon of the fylorus
usuatly with ulcer

1n 34 the changes were seen only 1n or near the caccum In t4 of these
cses the diseise could be clisstfied as pnimars owing to the bsence
of any other miestinal disease

Only sn 13 cases di ! Aoss (5) find the changes to he confinud to the
other parts of the colon only usualls the feft colon while Smuth et al 1n
198 (19) were able to coleel 31 cases of the it Whon the disense
was l:mncd to these 1 arts of the colon there w 1« seldom 4any assoclated
:a(:;:::tl‘d stase (16 19) It was equalls common mn both sexes and

s8s somewhat later than that in other parts of the intestines

Of the less common associated disenses mention might be mde of
cancer enteribis of speerfic or non s ceific tyye uleeration ete

CASF RFPORTS

The pathology of the d sease 15 apjarent from th
et haehe 11 ror e fullowing illus

1R
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Report of two cases from infants Those children are still living and
they hwe no symptoms of metastases or multiple tumours

RFFFRENCFS

Dreyfuss M L & Forge C  Congenital fit rosarcoma J Pediat 3% 583 1949

Robb D A case of nconatal fil resarcom of Jung Brit J Surg 4 173 1928

Wells H ¢ Occurrence and significance of congenital neoplasms \Arch Path 30
535 1940

Wiliams J O & Schrum D C ngemtal fibrcsarcoma Arch Path 51 518 1901
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Fig 2
Wall of colon with mucosa at top Fmply €¥sts of varying size in submucesa and
ntramuscularly X 23
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Fig 3
Intramuyscular eyst, lined partly with endothelum with giant cells X 83



Fig 1
Intestines with caccal pale 1 battem 1€t hand corner Cyats within the sigmod
colon yn bottom right hand corner (shit up) and within two parts of the transyerse
colon (at top)

Case 1 —A 62 year old woman who had had scvere bronchial asthma for 20 vears
developed schizophrenia at 47 years for which she was admitted to a mental hospital
on several oceasions during the last 8 vears of her life During this period she had
sometimes had mctcornm and occasionally diffuse epigastrsc pain ay well as pain
sungestive of cholecystitis Rocntgen «xamination rovealed no abnorntahitics of the
stomach or biltary tract During the Inst fiw years she had had spadls of Tip eva
nosis and a feeling of tension in the ¢hest The patient dred fairds suddenly during
an infectron of the upper respirators tract

Postmortem ¢xamination (6%195%% Pathological Institute
cardiac failure with moderate general anlargament and dilatation of the heart
which was flabby and showcd signs of myvocardial fibrosis Pulmonary ocdema
pleural transudate and acute conpestion of the hver and splien were also observed
The lungs also showed bronchiectasis swidespread Inng emphysema and histologie
allv a modcrate brown pulmonary mdwation and purnlent tracheobrondutss as
well as hacmoerrhagic bronchopncumonia The Liver comtunad multiple eavernous

Tund} revealed acute

haemankiomas
The abdomen and the antestines were distendcd with gas  The sigmord flexure

and trapsverse colon formed two large semiciveular loops In these Ioops n the
eighbourimg parts of the ampullt recti and within a 10 «m length of the splenie
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Wlsdder showed no grnss or microscapic slgns of scule r chranic disease. and the
ts contained Do concrements

l"lxehil:flo‘zfc‘." examinalicn of the changed party al the colon showed mnt“v‘ m'\l:
walled cy<ts of varymg size In the \\-\hmu(;\u‘lnd iub\lrniu as :'lfl,:.l‘l‘, in the

They were Jined enmpletely of parlly by occs -
‘l‘;‘r‘:’:‘:h"! N l‘a:\m! i phil 4 and small enund nacled with dense
chromatin Here and there multinucieated giant celly %eee seen {Fig ) The \ul\!
was bustt up of » tollagen rich conmettive twvue Wuh bande of Ismphocstes In
« Me areas siiL shaped e1sla were seen. and wume of them were filled with des.
uamated endothelium and glant eells (Fig 33 Some ol the cyats had no endn
thetial hining The mesenterium with the lamphandess jejunom and Heam as well

P . e s
- ‘e e e . .
. e ‘a et v
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and nocturnal attacks of dvsponea with wheezing texplratinn Severs julmanary
) nd were ¢ tespiatory truuble was fafere

preted as cardiac asthma Snfratetes araraatod oo ama o o v,

ifcreased residuad fon " 2 . .

«1gns of ponr alveotar v » PR S R LY

constipation and flatuls "

of the cofan but the . . L B] .
Repeated roentgen examination the following year was Incomplede 31 35 years
catdiac wfarction occurred to which she soon succumbe

Postinortem examination (516/1960 Pathologhral Institate, Malmi?) revealed no-
thang noteworthy in the stomach except # scar after an glcer The entire eofon and
mesocalon showed subserous and submuenss sir filled caetx Meme af the evsts
were densely eronded and on the seeasa side thes were up ta the size of & fot,
on the mucosa side they were walaaf sized \o ulcerations were <een in the ine
testinal mucosa which appeared 1o be atrophlc and eeddens 1 ar
P s . | .

v v atiusaig or reptaced by multinuclear glant celly
(nant cills and pale epithelord cells were alsn seen Interstitially as granulomas or
anx}l‘n wha:}ul spaces The changes were surrounded by moderate cell lafiltration

L postmortem examinalion alse revealed hypertrophy snd dilatalion of the
1eft half of the heart The aorfa and co R nd fiimaion of the

ronare seeusle o

a.

i AL . . LY

- . e . .-
Lt Lt ron pigrent jn

In these caves, then, the examination shoned gross and microscopieal
changes 13U 1 vk the diagnoss of et dn siew of the localization
of the changes, the cases must be assigned to the small group wath
changes 1 the colon only Here, as 1 most cases g this group, no
relesant cocvistent intestinal disease was found ’

DISCUSSION

sp



Fig 4
Crvst wall with two multinuclear giant cells X 840

Sht shaped evsts an fibrous tissue with scanty round <1l mfiltration Parth
dosquamated prthelrm and giant cells in oyvst lumen X 83

flexure the subserosa and submucosa contamned numcrous pmhead szed to walnut
sized cvsts (Lig 1) similar cvst formatfons werc alo secn an some parts of (he
large omentum adherent to the changed parts of the colon When compressed with
a pincet these «ysts burst ke small halloons In the part of the coln involved the
lumen appeared to be only shghtls narrowed The icending colen the eaccal pole
the small intestine and the stomwh showed nothwng of intcrest Nowhere in the
gastro-intestinal tract could obstructions or uleerations be domonstrated The gall
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LLsdder <h wed no gross ¢ m cr scopkc signs of acute ¢ chranic di case and the
hle ducts ¢ ntained n concrements
PR i . .

v -
<otie areas shit shaped evass were secn and 3 me of them were filled with fe<
quamated end theltum and giant cells (Fig 5) Some «f 1he eysts had n enl
thetal 1n ng The mescnterium @ith the xmphn des jejunum and lleum as well
2% the st mach sh wed nothing of Interest

Case 2—A 7> year old w man who had had hypertension for 20 years At 57 she
had had a spell [ alletgic shinitls and examination of the lood «n that occasl a
hawed 37 fer cent eos nophilic leuc iy tes and Lymphscstaus {9300 AL €7 years
she had pletropneum nia gastr -eptenitis and thrombs phlebstsc Fr m then cn she
auffercd from ancreasing sh Hness <€ bresth even ool ght exestl noand cyan s
and nocturnal attacks af dispnoea with wheezing respirati n Severe pulmonary

emphysema and bronch cctasis were diagnased The resp ratary tr utle was Inter
preted as card ac asthma < - Ll ' [ .
sncreased res dual lung . 0 il
agnyolp oralie larven o - A *oa

constipation an! flatylen a a

)
f the colon but the exam nati n revealed po lgns of & path ! gical ¢ alli n
Hepeated roentgen evam nsti n the { Uowing year was inc mplete At 75 dears
card ac infarct on occurred to which she s 0 suceumt ed
T {5161960 T ' 1 fnstitute Malm t) seveateln

th ng noteworthy 1n the stomach except a sear affer an ulcer The ¢ntirc e 1 0 anl
mesocolon sh wed subserous and sulmue us air hille! cysts S me [ tle cysts
were densely er wded and on the ser <a side thes were up to the size of a fist
on the mucnsa s de they were walnul s zed Nn ulcerstions were seen in the in
testinal mue sa whch appeared to be atr phic anl reddened and showrl nrea
'

.
- . . .
.
wa L s 18 ig or teplaced Py mullinuelear giant cells
o anlltrdl‘ aud pale epithelo d celly wmere alsn seen interstitfally as granulomas v
ol ;l':’:'p:'-‘l:'slpares The tll’ll:nns were surt unded by moderale cell infiltrati n
em examination also revealed hypertr phy and dil
1t Ball of the heset The 2 7ia and coranars o ote ok platation ¢ the
'

2O

. - .
s wea vigns of chronie  batruett n
‘hlar:‘ lhc}c&aﬁci then the examination showed wross and microseopiel
i ui“l‘ 1m0 Wath the diagnosis of pe1 In view of the localization
changes the eases must be assigned to the small group with

chan;
r:xln‘gm m the colon onlv Here as i most cases 1n this group no
evant cocusient intestinal disease was found

DIS{TSSION
Most authors agree that the ¢;
ypaces an opinton su

ysts represent gas filled changed Iymph
that stmilar changes

P} orted by the hostologieal picture and by the fact
are sometimes found in the Iymph nodes The cysts
* handiv placed at my d sposal by

Professor Fotke finell Path Institute Malm
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are usually situated mn the subserosa, but particularly 1 the caccum,
and m the neighhourhood of ulcerations mn the intestine, cysts are also
scen 1n the submucosa Some authors have found that the changes are
situated mamly m the submucosa 1n children (et 3) and mamly i the
subserosa m adults This localization of the cysts m the subserost or
submucosa may be explained by the anatomrcal arrangement of the
Iymph vessels

The sht-shaped cyst spaces may represent old cysts undergoing ob
Iiteration with fibrosis in the surroundings The disease has a tendenty
to heal spontancously in human heings as well as in ammals I afer
only small granutlomas may sometimes be scen, posyibly with a few
grant cells These grant cells usually show no phagocs ized foreign hods
substance Nesther was any such phagocy tized substance scen 1n the
present cases The inflammatory lestons 1n the surroundings of the
cysts sometimes show cosinophilic Iy mphocytes and cpitheloid cells
Koss (5) ponted out that demonstration of an cndothielal hining of the
cysts 15 necessary to distingussh them from postmortem emphysema o
gascous cmphysema during life and not related to the lymph vessels
As a rule, the e3sts are not m open communication with one another
The submucous ¢y sts are usually eovered by intact mucosa but necrolic
mucosa has been ohserved This necrosts has heen ascribed to impured
blood supply to these pirts of the mucosa owing to the cysts (et &)

Aetiology

Varmous theories includmg bacterial, mechanical-traumatic, physieal
chenuieal and alimentary, bave been put forward to explamn the pathe
genesis of the condition

According to the bacteral theory, the gas i formed locally by g1
formung hacteria Naceshtnd had culturcd a gas-forming erganism from
the cysts of hogs (eit 4) Kohler (7) believed to hase shown that in one
of hs cases gas-formng hacteria was the cause of per m the rcetum
Other authors state that i recent years no vahd arguments hne heen
presented agunst the bactemal theory (4) Bacterological cullure,
however, usually proves negatine (5 and others) A pomt arguing
aganst this theory 1s that on rupture of subserous ¢ysts, pncumo-pen-
toncum occurs hut never peritonibis (5)

The mechantcal lraumatie theory 1s the one that 1s probibly niost
widely accepted According to this theory, the gas 15 forced, under
pressure, from the intesttnal lumen through gross and microscopic ¥
mucosal defuels mto the ntestinal wall Ulccrs with obstruction of the
pylorus, which 1s common n pneumatosss of the small intestme 1 sud
1o be onc of the mast important causes Aoss (5) bchieves fhat a morc
eareful study of the appendix would reveal the portal of entry of thc
£ases 1N cases of pramary pneum itosis m the ciceal pole But, as mon
toned above, 1t pneumatosis of other parts of the colon and pirbcular-
iy, of the sigmoud flexure, mucosal lesions and associiled intestmal
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obe rare $16 19} Tn thus conneclion it 1s of mierest o
2:&:?:;3“!,2:-0\3;:1 -l\uthm\ ‘h.\\c reeentiy desenbed cases of' I'"“‘";‘ ‘l'(";‘
i the sigmond and feft colon (4 6 8 @ 19 13 15 16 11 20) and rehite
¢he condition fo some previous sigmofdoscor s (6 4 10} or nfestinal
ageration (20) It mught be objected thal Whis theors enn r\l"‘:“ ‘“‘;\
the g enters the mtestinaf tissue wat! but it empot expiun wh st is
reimned there

4 much more comprehenshe theory the physteal cherment 1s based
an the ahsort ton of the gases i the mtestines: Some gases are readiiy
absorbed such as Oz and CO  at whteh changes tn the partsl pressurg
of (he gases are of wuy ortance for example n fermentatine Ay sty
and other ahmentary (higestne) disorders wath mereased production
of infestinal gas (1 17) Fyperimentalls it has nlso beun possible ta
acrate the walls of the ntesting by placing, an ntestingt loop wto o
gascaus solulion (11) Gases are transjorled from the intestinnl Bixsues
majnily in chenically hound form cg CO  as cathonate and the Ivmph
has prosed o have a agh CO content (11 17)

In pathologieal intestinal fermentation with the production of ab
narmal amounts of lactic acid the ntestinil tissues hecome acnd wath
a passibilgy of releasing €O for example from the cvrbonate i the
mtestinal wall and vessels (11) These acid ensironments rodoce 1he
ahsorption of gases from the intestinal tisue and this reduction
weeease ! st more by the delay of the Leansport of the gases In o
focal refardation of the circulation The gas relessed )s then drapyed
m the Iymphaties with ther slow circulation and forms evsis (1)
Aceording fo some authors (5 and others) the gas can cause secondan
fissue changes with chrome inflimmation and then the (s ¢an be
trapped sn £yshe spaces

The absorption of gas from the mtestinal lumcn mas possibly also
mcrease walh increased gascous pressuren the lumen e g in abnormal
perstalsis hecause of eonstipation or aiacks of coupmng 1 jruents
wilb asthma In the presence of constipation peristaless i some parts
of the intestine 1s decrcased with reduction of the Ivmyj hatic circulabion
as a result

In addition to the ahove mentioned local factars general factors may
also he considered Respirators msufficicney on a cardiae or puimo
nary basis for example increases the partial tensson of ~ome gases n
the bood especially of CO and therehy i the tissucs and fvmph and

m addiion tends to Yower the pH of 1he bland Theen fant -
the *

decy
tion

+ L ussues Henee factars widh 4 gene
rakized effect presumably contribute ta the loeal cansation of pe 1gT}us
apphies 10 per of the colon as well as of pther {arts

Comment &smentoned wo gastroduedenal ulcers or other associated
miestinal diseases were found 11 case 1 m which rectosigmordoscopy
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had not been done either No cultural studies were performed The pa
tient had asthma with emphysema as well as symptoms of generil
crreulatory disorders Postmortem examination showed cmphyscma and
bronchiectasis These chnical and postmortem findings were thus the
hasis for the abose-mentioned systemic factors producing p 1 accord
g to the physical-chemucal theory One mught ymagine that the fre-
quent mtermittent intra-abdommal variations m pressure due to asth
ma, nught have forecd gas mnto the tissuc and Iymph spaces, where the
gas might have been retamned because of impaired absorption In this
case the intestnal changes were situated partly in the twisted loops of
the colon This has been deseribed previously n several eases and it his
been supposed that pncumatosts was secondary to a velvulus Koss (3),
however, inchnes to the view that the gas eysts produce an abnormt
peristalsis which in turn gives rise to volvulus

In cave 2 there was a cardio-vascular disorder of the general circul)
tion as well as cqually severe resprratory msufficiency owing to mashed
emphysema of the lungs and eongestion of the pulmonary circulabion
The presence of circulatory disorders of the portal system was also
mdicated by chromic congestive changes m the liser The patient aiso
suffered from flatulcnee and constipation, suggesting disturbed infe-
stial fermentition, and she had melanosis of the colon In this case,
then, all conditions necessary for the devdopment of pe1, according
to the phystcal-chemical theory, appeared to be satisfred

Roentgen examination of the colon § ycars hefore death roveaitd no
s1gns of p c1 That examiation with retrograde infusion of the contrast
mediam nught possibly have been a preciptating eause of per m 2
pitient with impaired absorption of gas in accordance with the line of
thought sct forth above The scar in the stomach might suggest that the
ulcer was the portal of entry of the gases, but the region of the pyloris
was not ohstructed, and obstruetion of the pylorus appears to be an
important part of the pathogenests This makes the theory less kel
Neither was pe1 demonstrable in the small intestine which one nught
othcrwise have txpieted  Stiennon’s hypothews that g ewm dissect
along the mesentermum and cause p et i vanous parts of the gastro-
sntestinal tract s, as he himsdf admts, not woll documented (5) Mo
pathogenctic importance can be attached to the bactcrological finding
of ordinary coliform rods and cntcrococen 1 the antestine

Symptomatology

The <ymptomatology 15 not pathognomic In the vast majority of
casts of sceondiry small mtestinal pncamtatosis the basic disease 19
often predominant Altermating diarrhoca, constipation and fintukinee
a5 well as mucous, blood stamed stools have been deseribed  Some
cases have, bowescr, run an asymptomatic course I wrge cysts, often
conglomerates of cysts hrne proved to be able to cause mntestnal ob-
struction, which 1s furthered by the tendeney to the formatton of atd-
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heusns In pe1 Yobhulus e mentaned above and invagimation b I\‘L
teen rejorted Pneumoy eritoneum awing o ruptare of suhstrous ev\s
1s hat uncommen 1n 1 ¢1se on record {¥8Y the evstie gt of the wte-
stinal wall ruptured

I atal sprue ke conditions hwe also toen deseribed s 1 eonscquence
of widesyvend ped (20)

Lourse

Oning, 10 the vagee symptomatology of the dise 1se 2t s diffrcult to
dateats onsel but evidence 18 asadable that relstively advineed changes
can aceur nithm 7 Sow seths but 1so riaress 3 2 %) rapwlis and
mast eases spontancoushs On the other hand eases hase heen desenbed
sn which the disease hs been followdd for several vears somcimes with
progression of the chings IR several cases pet s an menlontd hind
10y, at postmortfem of opuration In other cases 1 rhicularhy an recent
wears the dingnosss has been made on sipmaidoscopy and foentpenn.
graphs when the fertures of the discase are characienshe {1 2 13 15
19) Tn case 1 the diffuse ahdominal svmptoms smn ehelpesshitic bke
patns mas he aseribed {o the palient » pneumatosis of so she must have
had the condition for one or more vears Owing to the menlal staie of
the patient however 1t was not posaible to Judge the samy loms with
any degree of certanty

In ease 2 the jatient had reported constipation and 1 ulenet wihnch
svmpioms had y robably existed fong before the onset of pneumalosss
which [ robably desclopd alter the nge of 71 years anee roentpen ex

amnation of the colon on {Wwo occasions at that 1ge had revealed no
signs of a patholcgical condition

Therapy

<
m '
€1 w s v ool oanwsunal reseetion only an the cvent of
abstruction or prolonged distracting, symploms In pramary cases (e
particuiarly pneumatosis of the colon expcctant treatment should he
ined first m order Yo give the disrase 2 chanee of healing spontane
ously Inevery case of preumatosis howeser the patient <hould be ex
ammned for anv other underlying or associaled disease The possibile
valfue of correctton of cirenlatory and respardors disarders and biood
gases should perhaps he considered

SUMWMARY
Paeumalcsis evstordes intestinalyy 35 bru
efls discussed and 2 1l
stratise cases wsolsing the left colon and the sitmond and the entire
colon respectively are deseribed The desetoy ment of pe1 1n s prt
of the ntestine has Yern aseribeq to traumatizalion of the colon at
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operation or at rectosigmordoscopy in some ¢nses No such trwma was
known m the eascs deseribed

In the present cascs, pulmonary and circulatory funclions were 1m
purcd and the sigmificance of this smpairment s a eause of pet s
discussed
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THE FREQUENCY OF TEMPORARILY INACTIVE
GLOMEERULI IN MICE UNDER PHYSIOLOGIC CONDITIONS

Iy
Ovy T Hansse
Recels ed 28 i5 61

In 1839 Hermann adsanced the hy pothesis that parts of the excreting
renal tissuc might be nactine while others were active Richard &
Schmud! (1922,1924) provided experimental evidence for this adea as
far as the actinity of the glomeruli 15 concerned

Their classical microscopic cxaminations of the glomcrular eircula.
tion n hining frogs revealed

“The number of glomerull through which bloed flews and hence which function

st any one Lime mad be a fraction onhy of the total number of glrmeruli in the
kadney This frachs

»om 33 susceptible of anerease by various 123 1 sl T agencies and
of desean = . .

Th . - single glomerulus 1s variable in
amale . .

I « spantancous intermittence of the
glomerutar mireulation

“A number of glomerull are watched Flow in ane =t woie 0 f g

Sence then sarialins in the actisity of glomeruli elfected ether by intermuttent

circulation 1n the whole glemerular tufl or 1o single capillaries have {res

been considered 1o be fnvolved 1 physiologie as melt norulhﬂphlsl ,fng(u Tfﬁ:ts‘«)
mfrn‘:s n; ren:ll ’unnn(m both in amphibia and mammals

e abseryations af Richarit Sel
cerenal emvations ol R M\‘“ﬁ & ham it (1922 1924) were saon surportad he
feature ¢ . -
recently E
the glom . . . * .
“That

Jess subtl '

the physic

mammals « * N

Tess accese 1 stuais in the o ® ¢ nepnron population
> past howey 0! M

b duforent methods 1 Aiferent specres T PPPIT bas been approached
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A mcthed for dircet mierascopic sisualization of the mammalian hdney was
devised by Wall er & Ofwer (1941) They were howaver, able to ohsene glomerylar
arculation in one glomerulus only in ench of six guing pigs out of onc hundred
cxanunied In no instance Was intermittcnce observed These authors and later 6t
shall & Mylle (1956) cnploving a similar technigue found a steady and even flow
of the proximal tubular urine 1 rats This was tahen as an argument against inter
muttent plamerular dreulation in these animals Hartman {195%) presented esidence
of total and capillary glomerular Intcrmilicnee in ymmature mice in which the hhni
flow of the superficial glomcrular tufts were observed by in vive microseny
Athough species difference may evist the small number of nephrons observed and
the short total time of each observation in the former studics mav he responstle
for the discrepaney On the other hand  the functional state of the immalure mee
uscd by Hartman (19%%) mas b questioned sinee 1t was not controled

Attempts have also been made to visualize indirectly the eirculatt n of the mam
malian kdnev by exammation at nccropsy, of the distribution of cortain suhstances
presioush dnyected intravaseularly  Ahanolhar (1922) nfected hemoglobin intra
vanousls in rabbits Hayman & Starr (1925) introduccd Japus gran B into tle
aorta of laparotemized rablyls Jhese authors found a varsing number of glomerult
free of the substance injected irrespective whether it was allowed to circulate £ ¢
saveral minutes or for a fos scconds anly Whte (1940) on the other hand behodd
that undcr physiologic conditions the glomeruli of the mammalinn hidney were tjer
continwewsly He exammed the glomerelar eiveulation i rabbits and doxs by e
Jeetsng Indian ank in the repal arters made accessible by gperatine antersent 1
The renal areulation was stopped by celamping the visseds § seeonds after (he
injcetion ended  Ihe Mistolagienl preparations revcaled cither that all glomeralt
had ban filled or, when uninfected glomerull were observed, thar distribat
was such ns to favour the intorpretation that fiilure of injection was die 0
uneven dntribution of mh an the larger proglomerular vesscls rather than 1o
elosure of the glomeruli By use of a prinapally stmilar teehnique Heqare (1952)
and Perez-Tamuo & Hernandez Peon (1953) verified the findings of W hute in rate
and cats respectivels These authors however abserved uninjeeted capitlars T o1y
sithin the tufts whick they belioved were andieating glemernlar capillary anter
mittence

The conclusions drawn fram the use of these metheds are howaver Hmted 1y
certain somces of arror Homoglobin as tsed by Ahanolhar (1922) 1 known to
produce tenal injury, and the immediate «ffeet of this substapec on the kidney 19
problomatic (sce inter al Harrison et al 1947) 1he other experiments reforred were
all made m anesthetized smmals subjected 1o operative ainteryontion with no %
ammation of the renal function The renal functional state may then have variud
and can not he regarded as physiolapte without rescesations Sel & W hateoml
(1954) mvoided this error by placing a palyethylene tubung in aortn of rats 3 5 ‘“‘(‘
prior to the final expiriments They were than able to inject Indian ink with
minimal risk of cxatation of the conserous animals  lhe renal cireulatin was
stopped by gwillotining the rats hetween the heart and the renal vessdds & \(‘\‘nhd;
after the mjcction had begun By this technique Still & W kiteomd (1954) foun
uningeeled glomeruli i 4 of 13 untreated control rats which in the authors xph\l«l;
raises the 1ossibilits that dlomearelar mtermittenee may e a normal functi nal
possibility

As pomntud out by White (1940) howarer the distributzon of intraartert i in
sected substanees may vary by chance owing £ the possiihity of laminar flew -'"h
to the cffect of shimming within the renal vascelr systeme Moreover Hitle
Lnown aboat how far the hdney responds or fals to respond when relatiney Iarae
amaunts of foreign substances arc suddenly plunged into the aorta ot renal arter

In crder to avoid these objcetions Harfman & Flagy (195C) and Marhman ap H’l(
felio (1959) angeeted the flncreseent dve vasoftwin m the venv e of mh:‘ Thc
and dogs Ths roule of myccton scenred i cven distribution of the e (‘:lr"’
arterial blaad and sasoflavin . was econdacd to be nontexie The results "(cn!ll'
experiments induated that 1n the normal animal all the glomcrul are Imﬂ ll“ln])'l"’
flow of plism at 1y cne ime This however applicd K ancsthetized an
tamized animals i which ne control of urine production was made

b xlmeruh of the mammalian kulney has patiralhy a
methdds Results thus cbtamed have howaver Tab e
the questien of Glomerular intermittence This 15
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Cicculatory activaty in i
been studied by elearande
conflicting vitws with ronard
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3 ity
Jtudies in rabbits fn which the presence or ahsence of proportions
":l;!\:lnr:rl‘t‘sl'hl:r’ncrnh? filtration rate and urine {low has been 8 matter of dispute 4
detarled discussion of the topic Is gnven by Smreth (11 . . ,
Smath et al (1943), using therr welt knoan * gluense tltration mclhhnd In norma
humans, found that the activity of the majurity of the Rlomerull whea defined re-
o P e g ST .

Tat
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“ s . ace Wi e pnysiolagic slgnificance,
and Desnpeter ef ab (19%8) have questioned the constancy of the maximal tuhular
reabsorption of glucnse

Another factor which may be eomsidered in “glucote titeation™ stadies 1 the act
that once the bephrons hegin to ryect glucnse they are subjected to the ¢onditinn of
osmotie dauress This probably causes dilatation of th
(1960 b1 found fa ta tho sava 3 -mm o = tea
wofe o
imme .

¢ tubules sy the authoy

v 0 Pteshy & Tast
L . interpreted the re«

. . . Inactive glomerul§
+w s ¢ Nuicns e number ol which mas vary on demand

Sa far, the studies referred to da not secm to gne an uncquinocal
answer to the question of the physiologic glomerular actinity in the
sense of mtermiltence Quing to the ¢omplonty of fantaee = 1

vu row ay mnerto used can yidd conclusine
results even when the requirements discussed above are successfully
met As pomnted out by Weawer ef al (1936) the distribution of imjceted
subsiances gnes only rough inf as Yo the al vascular
meorphology since blood readily flows out when the renal veesels are
cut Lien, however, when this 1s prevented by clamping the renal yes-
sels, intravascular displacements wasy, acent as demonstrated by {he
author in a previous study (19604} These post mortem events op}( rate

within the time necessary for exciston and fix:
at:
the kidney 10N or cxamenation of
o

me

to

. . «o sclivtyamde which s exereted b,
glomerular fitteation Hence, the problem of glomerylar lﬂlc:l";:l&‘:l’l:ﬁ



t method for direct microscopte visurlization of the mammalian hidney wss
devised by Walker & Olwrer (1941) They were howerer, able to observe ¢lmerulsr
cirenlabion 1n onc glomerulus only 1n exch of s1x guinea pigs ont of ane hundred
exammed In no nstance was jntermuttence observed These authors and later Gott
shath & Mylte (1956) emploving a similar technrque, found a steads and even il »
of the proxamal tubular urine in rats This was taken as an argument against inter
mittent glomerular circulation in these ammals Hartman (1955) presented cvtdence
of total and capiliary glomernlar intcrmittence m immature mice 1 which the blaol
flow of the superficial glomernlar tufts were observed by o viva microsecps
Although species difference may cxist the small number of nephrons observed anl
the short total time of each observation in the former studies may he responsible
for the discrpaney  On the other hand the functional state of the immature mice
used by fartman (1955) mav be questioned sinee it was not controled

Attempts have also heen made to visuahize directly the circulation of the mam
mahan hadney by exanunation at necropsy, of the distribution of certain substanees
previously anjected antravascularly  Ahanolhar (1922) mjected hemoglobin mtra
senously 1n rabbits Hayman & Starr (1925) introduccd Janus green B anto the
aorta of laparotomized rahbits These authors found a varsying number of glsmereh
free of the substance injected srrespeetive whether 1t was allowed to circulate Fr
scveral minutes or for a fow secands onls W ute (1940) on the other hand bhelieved
that under physiologie conditions the glomeruh of the mammalian hidnes were oper
continueusly He examined the slomerular errculation in rabbits and dogs by w
Jecting Indian 1nk 1n the renal arters made accessible In operatine intenenti &
The renal erculation was stopped v elamping the vessels 5 seeonds after the
myection ended The histolomcal preparations revealed either that all lomerali
had been filled or, when uninjceted glomerult were observed their distribut
was such as to favour the intcrpretation that fulure of injectron was due b
uneven distribution of anh n the larger preglomerular vessels rather than :0
closure of the glomerult By use of 1 prinaipally similar technique Heggre (1911
and Perez-Tamayo & Hernandez Peon (1953) verified the findings of ¥ hufe an ralé
and cats respcetively These authors however obscrved uningeeted capillary 1
within the tufts whick thes beheved were indicating glamerular capilary mter
mittence

The conclusions drawn from the use of these methods are however limited B
certain sources of error Hemoglobin s used by Ahanoll ar (1922) 1s hnown o
produce renal injury  and the immediate effect of this substance on the hidoer !
problematic (see wter al Harrison et al 1947) The ather experiuents referrad were
all made in anesthetized animals subjected to operative interyentron with no (-“
amination of the renal function The renal funchional state may then have \mnb
and can not be regarded as physwologic without rescryations Sfll & \\hnlmms
(1954} asvorded this errar by placing a polvethslene tubuing in aorta of rats 3 Sdl:h
prior to the final experiments They were then able to mject Indian Ink WY .
mimmal misk of excitation of the consclous ammals The renal circulation W
stopped by guillotintng the rats betwcen the heart and the renal vessdds % <econ !
after the ingeetron had begun By this techmique Shil & W hiteomb (1954 (mm“
uninjected glomeruli i 4 of 13 untreated control rats which i the aathors \
raiscs the possaibility that glomcrular intermittence may be a normal functiona
possibility

As pointed out by White (1940) however the distribution of traarterially l:‘
Jected substances mav vary by chance owing to the possibihity of lamimnar flow l“
to the cffect of shimming within the renal vascular systeme Moreover little
known about how far the kidney responds or farls fo respond when relatneh Jarse
amounts of foreign substances are suddenls plunged to the aorta or renal arter®

In order to avoud these objeetions Hartman & Flagy (1956) and Hartman % Hnrll‘
frlto (1959) anjected the fluorescent dyve vasoflavin m the scna cava of mice rl’ht
and dogs This route of mnjection sceured an even distribution of the dve i“he\r
arterial blood and vasoflavin was considered to be nontoxa The results of l. "
experuments indicated that in the normal amimal all the glomcruly are not l\mmam
flow of plasma at any one time This however applied to anesthctized and lap
tomuzed ammals n which ne control of urine production was made o

Circulatory activits n the glomerul of the mammahian hidnay has naturally ;x“
been studied by clearance methods Results thus obtaned have howeser Tlﬁﬁ e
conflicting views with regard to the question of glomerular ntermuttence
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\ticro lisscelion was performe L upder a kin ceular dissectin wicre scof ¢ at magni
ficatrons of 16 and 25 times The renal surface and the cut surfaces were at first
viewed 1n order to delermine the distribution af Prussian tlue The tissue to be dis
sected was nsually taken from the central ane third of the kidness and only occa
swnally from other parts By use < ( tranamitled blue light which renders the blue
preciptate complelels 1 isible small unselected segments were 1sosened From
about 2 to 5 of these protimal cansoluted tubules with their adherent glemeruli
were walated unlil a number of at wt 210 was reached The dissected 1ubules were
examined one by one for Prussian blue ¢ ntent by epl illumination of «rdinary
artificsal Iight against a white back 1 The n was fer Thya
surves of the tissuca from different parts af the hidney In search fer glemeruli any,
o tubules free of precipitate Evidence of tolal glomerular Intermittence with Snter
vals of at least len %econds was ebtained when the proximal conveluted tubules
were found free of visible Prussian blue or a fess scattered granules were present
only at the tubular outlet from Bowman s capsale

Histologwcal sections which were stained with hematoxslin and ersine were
prepared from all the kidnevs examined mccording to the technique used In a
prestous study {Hanssen 1960 b)

NFSLITS

The material and the results of the experimunts dusigned for the
present study are histed in Table 1 As seem two of the expeniments of
Group I were discarded beeause diffusion of ferrocyamide had occurred
during preaipitalion The one mouse excluded from Group NI was
regarded irregular because the urine was pink (hemolysis®), and he-
cause the 1atravenous njection of ferrocvanide had heen preceeded by
an unsuccessful attempt During the mrerodissection of this Ridney
areas of proumal fubules contaiming Prussian blue were found alter-
nating with groups of tubules free of precimiate

o histologieal changes were observed 1n the sections of the hidness
apart from the occurrence of minute Iymphocyie collections ptn[urc’m
tlall}’locatcd around larger vessels These were regarded to be of minor
f‘:; ce as no d t of the renal | hyma was disclosed
Gr:umllc‘rodlshscclmn resealed tubular abnormalities 1 one mouse of

: QI‘ exhibnting segmental flattening of the epithelium and con
striction of the lumen wm an apprecable number of the proximal

wmounts of precipitate fre-
m this animal seemed re-

serniment was discarded In

:):leu:)llml‘nc mice in Group IIf scattered segments of the proximal con-
s were also lined with a flattened epithelium appearing similar

to that of the loops of Henle Th
tion of The Tummen o oo :ﬂw ere seemed, however, to be no opstruc

as the ferrocyanide contaiming il
l'x—ad Teadily passed as 1 normal anveanne nerheane T sror‘L-“;:\lz

Prussian
v &« lowl ot 11403 tubules 1solated
Téflézz::‘:ere c{\co;mlerul 1 11 of the 40 mice of éro:[lxls tlh(;\em:r:ii
ajority of them (98) belonged to of up 1
ne
micredissection the left hdney of this h)dmpcmt’:n;‘::s::nsl(\;mup e

awed alter
17 acTararit 53 3
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15 approached by this technique The present study deals with the
question of how far glomerular mtermittence, with interruption of
blood flow of at least 10 seconds duration in cntire capllary tufts, mn
be a mechanism involved 1n physiologic regulation of renal function
Intermuttence of shorter mtersals or infermtient blood flow mn single
glomerular capillary loops will be considercd n a subsequent paper

MATIRIAL AND MFTHODS

4 detailed description of the material and the methods 1s maimly covered I three
previous reports (Hanssen 1958 1960a b) Tus study comprises 48 adult female
mice weightng between 18 and 25 g

All amimals recenved 005 ml of 10 per cent (occasionally 20 per cent) sodim fer
rocyanide freshly dissolved in distilled water A sharp needlc was gentls nserted
I a tail e In conscious mice one minute or two was allowed to elapse
order to cnsure that the mice remaincd quiet If so the solution was mjected in
the course of 5 scconds and within anether 5 scconds the aorta and vena cava were
severcd by rapid cutting of the bodies with a pawr of scissars

Pxperiments were performed in five groups of micc subjected to different expen
mental conditions

&Group I represented the condition of the esers das life of the mice No restrie-
tion was therefore made 1n the dictary regime ordmarily practiced at our laboratary

Group II In order to obtamn the state of maximal concentrating power z small
number of mice were fed dry bisquit for three days with no access to flmd The
spectfic gravity of the urine was estimated by the falling drop method of Jacobsen
A Lindirstrom-Iang (1940 41) During the dehsdration period the mace lost about
10 to 15 per cent of their body weight, and at the time of njection the specific
gravity of the urine was between 1100 and 1113

Group III In a third small group the mice werc given repeated interperitoneal and
subculancous injecions of tap waker until the specific gravity of the urine allamed
values below 1010 Continuous measurements of urine flow after one intraperite neal
mnjection of 05 ml water was also tried n two mice Irom preceding values of
027 #lfrmn_and 24 xYmin dress mcreased to 15 al/min and 14 glimin i the
course of 17 and 29 minutes respectively At this fime the fcrrocy anide was injected
Before tnection 15 was made certarn that the diurests remauned uninflueneed by the
run puncture

All the mice of these groups were kept 1n holders made of plastic tubing dunng
the cxperiments The holders had a transyerse sht so placed that the hodies could
be severed at the desircd level without preceeding handling of the animals Imme
dratels after sacrifice the upper half of the tube Was removed The Jeft hidney was
cxcised and the wholc argan was immersed 1 e mixture of acctone and solid carbm
oxide This procedure was ordinarily completed 1 less than 25 seconds

Group I' In this series the mice were anesthetized with nembutal and hept n ll
prane position with the extremities stretched lhe lft ludney wav mumr:rzlm
and arrigated with a modified Ringer gelatime solution of Lodv temperalure : he
amimals were gently heated to mamtain a body temperature of about 37° € Flow
of urie was measured N\o injcction of ferrocyanide was made before urine flm\l
was at least 2.al per 5 minutes and the surface of the exteriorized hidney reveale
a bright red colour Within an mterval of 2 seconds after sacrafice the left ktdnl"l
was pinched off by tving a higature which previously had been placed Joosely arowad
the renal pedicle The kidness were then transforred immediates to the frecZing
mixture de 1n

Group ¥ In an additional series of 4 conscious mice veih pupcture was ma o
the usual manncr Then in order to exeite the mice cotton soahcd with ether o
hold near the antmal s nose When the mice appearcd disturbed but hefore &
anesthetic effect Was notable the ferrocyanide solution was wnyccted Ho 1o

The ferrocyamde contained 1n the tubular Inmina was precipitated accord ;ns’ .
the method prestously described (Hanssen 198) The frozen tissue was dnru'c"r"
suitable piecces and was treated with concentrated alcoholic sclution o
chloride at —32° € to —34°( for not mor¢ than 20 hours
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nating areas tomprising well filted and mare or ‘!c“ cm‘pl_\ proxllmn';
eomvotutions Of 102 nephrons isolated from an “empls nchl\nn‘3m
contamned Prussian blue whereas precipitate was scen all of 1‘
tubules 1solated from a “well filled” avea The twe areds al,lmr”“r‘h:‘
corresponded to different ficlds of supply of interlobular artenes i
occurrence of numerous glomeruh which ke been snactive i the period
between myection and sacrifice, coutd not he related fo any 4 chmicnal
farlure of to palhologieal changes The other 14 empty prouil con-
voluted tubules were nearls equally distrbuted among all the groups

TABLF 2
The I ge Freq tue 1 an the Muce of Groups 1 1%
Estimated by the 33 per cent Confulence Interrals for n = 2.
Frequency of (nactlve glomeruli  in nua ber ot mice
<2% 29
<3% 3
<4 1
< 6% 1
3248 1

Presusung that the tubules were isolated at random (he probable
frequency of empty nephrons may be given by the confudence intervals
asllustrated 1n Table 2 W hen ignoning them, the one disergent ammnl
of Group 11 (see helow) the results intheate that glomerular mactivats
m the sense of a cessation of filtralion and hence of blood flow of at
1east 10 seconds duralion 18 not a common feature under condibions of
every day life of the mice Neither did extreme dehydration, hydration
or operative mtervention as employed scem fo have had any demon-
strable influence upon the number of nactive glomeruh observed It
should also be emphasized that the two doses of ferrocsantde did not
provoke any dilferent response

A stressing shmulus ma), on the other hand, render the glomeruh
mactive for a period of at least 10 seconds as indicated by the results
abtamed wn Group \ As indieated 3n Table 1 the ferrocy amde exeretion
showed 2 widely varving pattern This, however, seems not peculiar
since the stressing sttmult may have varied 1n ntensity, and since in

secton of fetrocyamde €an hardly be performed 1 the same rhase of
the siress reaction

DISCUSSION

The present study 14 based on the assumption that Prussian blae
obseried in the tubules represents ferrocyanide which was excreted b
glomerular filtration Since the ferrocyanide solubion was m)cck‘fl
travenously the solute was moreover regarded, as having been evenly
31
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ferrocyanide than glomerul fully functioming all of the Lime from
comm;:nccmcn! of mnjection to sacrifice Examnationof the distnbution
of ferrocyanide among nephrons {to be referred to i a subsequent
paper) lends no support to the sdea of such an actnvating effect of the
njected solution

MNeither does the restraned posttion m which the conscious mice
were kept under the experniments, nor the vein puncture, seum to be im-
portant n this respect since a FeVErse effeet, 3f any, 1ppears mort con-
cenably medated by fright or excereise Thus Bing & knndsen (1934)
demonstrated that fright may elicit renal vasoconsiricion in mice
Excercise per se s also known to reduce renal blood flow and glomeru-
lar filtration rate (Smuth 1951 p 438} In accordance therewith, the
results of Group \ of the present study demonsirate that cessation of
glomerular filtration also mav be provoked in a varying number of
nephrons by stressing stimul: In vtew of these findings the divergent
result obtamned 1 the one hydropenic motse may he considered to re-
flect a re iction to {mght or strugghng In fact, the dehivdrated mice were
restless and difficult to handle so that it seems rather peculiar that not
all of them responded sumlarly

A transitory sasoconstrichion followed hy a reactive increment in
the number of active glomeruli might still be considered In the authers
experience, honeser, there seems to he no supporting esidence of such
a sequence of reactions On the contrary, measurements of the diarchic
response to manmtol and ferrocyanide made on conscious mice (Hans-
sen 1960 a) indicated that mice tolerated well hoth the restrained posi-
tion and the vein puncture Moreover, a rather heavy stressing stimulus
appeared necessary lo provoke sasoconstriction Neither seemed an
actinating effect of the procedure bikely to oceur in the operated am
mals As previously shown (Hanssen 1960 a) the intervention probably
was followed by some reduction of the glomerular hitration rate

The use of the confidence mtersals for estimation of the probable
frequency of mactue glomeruh necessitates some reservations since
sampling of proximal tubules was not made strictly at random How-
ever the method used ded fetely ans Jective n

uded comp
blue precinitate s tha

the selection of tubules showing

- -

.. .
wnactine ney
the larger ¢

¢ swvad wisttibution of
empty tubules Neither was such a distrihution observed at the final

wspeehion by whach groups of tnactise nephrons were easily discermble
1n the stressed amimals The proxsmal convoluted tubules of the juxta-
medullar nephrons were far more difficult to 1solate than the remamnder
For this reason a relative underestimation of these nephrons can not be
excluded With this exception, howeser, the sampling was considered
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distributed 1n the arterial blood reaching the kdneys Proxmnil con
voluted tubules free of precipitate were therefore considered as wnd
cating glomerular mnactivity in sense of a cessation of filtration during
the period of ien scconds which corresponds to the intersal between
commencement of injection and sacnifice

Two facts compel a reservation with respeet to the term mactinty as
usedn ths study Tubules found to be empty, 1e frec of precipitate,
can not be regarded as completely free of exereted ferrocyanide since
the senstiaty of the Prussian blue reaction in tissues 1s not exactlh
known (Gersh & Sttegelitz 1934) Morcover, since ttrarenal blood may
move postmortally (Hanssen 1960 I) nephrons had to be considered as
mactive even when the glomerular capllary tufls stained famtly hlue
and scattered granules of precipitate were present wmn the capsular
space However, glomerular filtrate flowing into the proximal convolu-
trons could hardly bave been produced to any sigmficant extent post
mortally as the mode of sacrifice used secured an almost mstant cesst
tion of the renal circulation If, after all, glomeruli of nephrons thus
registered as maclive were 1n operation during the ten seconds period
thewr filtration rate must have been neghbly small as compared with
that of nephrons regarded as functiomng In the latter, the amount of
preeiptate certamly exeeeded many fold the lower it of detection of
the substance, and the ferrocyanide-containmng filtrate had passcd an
appreciable distinee along the proximal comvoluted tubules

The characteristic findings indicate that the majority of the glomerult
were functioning even under conditions which nught be expected o
alter the number of mactnve glomeruli Were this remarkable umiform-
ity a consequence of the experimental procedure, untoward reactions
must have been chetted which were able to restore the filtration of
mactive glomerult

The most crucial point, so far, seems to be the possiahity that the
mjected solution may have elicited vasodilatation This question could
hardly be made the subject of dircel control so 1t thus may be open to
criticism The results were, however, sumlar for hoth deses of ferre
cyanide used Lvidence 1s also at hand suggesting that injection of the
solution 15 morc lihely to provahe vasocenstnction rither than dihta-
tion as indicatcd by the two experiments of Group IV In these eases
however, the number of mactive glomcrult were not inerc ised prohably
hecause the reietion was delayed This was supportcd by the fact that
the reaction was not apparant until just before sacrifice On the other
hand, vasoconstriction scemed to be an uncommen response sinee -
jeetion of 20 per ¢cent ferrocy rude solution ordinarily w s followed by
profuse duresis (Hanssen 1960 1} If, on the coatriry an opcanng up
of mactive glomerult were a regular response to njection, 1t seums
yustified to suggest that this reaction, lihe vasoconstriction, would hne
needed a certamn period of fime to develop This involves the conclusion
that glomeruh thus activated would have excreted a smaller amount of
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to be representative for the nepliron population of at least the central
third of the kidney The results also scem vahd for other arcas as ver
fied by dissection of tubules from the poles in two evperiments More-
over, inspectron of the different arcas never disclosed a larger number
of anactine glomeruh than present in the central part, and n the
stressed amimals the occurrence of empty tubules was found to be
cvenly disinbuted throughout the kidneys

SUMN ARY

The Irequency of mactive glomeruli i the sense of a cessation of
filtration of at least 10 seconds duration was mvestigated 1 mice by
a method deseribed by the author (1958) Sodium ferrocyamde was
used as an indicator of filtration Following ntravenous mjection of
tlhus ubstance the excretton was visuahized by prceipiiation as Prussian
blue Registration was mde after microdissechion of the provunal con
voluted tubules and their attached glomernli Glomerular mactindy, and
hence cessation of blood flow, was considered to exist when no blue
precipitate was discermble in the proximal convolutions Thus technique
15 believed to meet some of the objections which can be made on cerlam
carhier studies on the topie

The results revealed a very low frequency, probably less than tiree
per cent, of mactive glomerult n mice duning the conditions of ther
everyday hife This frequency seemed moreover not to be altered neither
by execssive hydration or dehydration or by anesthesta combmed willt
exteriorization of one hidney This leads to the conclusion that inler-
nuttent glomerular blood flow over mtervals of at least fen seconds 15
not a hikely mechamism of physiologic regulation of renal funchon
n nece

The majonity of the few mactive glomerult found belonged to the
Juxtamedullary nephrons This observation may raise the question as to
whether glomerular intermittenee in the juntamedullary nephrons ean
be a mechanism for regulation of blood flow through the medullr The
observations on this anatomteal group of nephrons are, however, foo
few so that {he problem, at the present time, must be left open
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THE RELATIONSHIP BETWEEN GLOMERULAR
FILTRATION AND LENGTH OF THE PRONIMAL
CONVOLUTED TUBULES IN MICE
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Although the nephrons of the normal mammahan hdney have u:

P o
urme production a fimd equal i composstion and m the amount de-
Inered per umt of time In recent years, howeser, more attention has
been paud to the problem of what functional sigmificance structurat
sariety among the nephrons may connote

Olwer (1923) has discussed the salidity of renal coneepls 1n view of
such anatomic dnersities especially with referenee to intrarenal han-

dling of glucose and, on the hasis of stalistical measurement,

outhined
a procedure by whreh fan rentt — — 1 . N .

. . .
« s sptan strougty for a multiphety of nephron activity that

must be taken mto account 1n the evaluation of any change i unne
formation

One major problem mvolved 15 the understanding of the funetian n
the single glomerulus and 1ts regulation Thus the volume of fOitrate

mny condition tubular functions {Bradley 1957, p 521), and renal per-

fusion 15 dependent on the blood flow through the glomeruls That - ¢
Vane £ov .

N ~ % auieu 1enaple tor precise evaluation of the
problem in question

Yence, 1 the present study, the problem was approached by a new
method (Manssen 1958) which allows sisualization of filtered ferro-
evamde as Prussian blue in nephrons isolated by microdissection This
method has the advantage that the amount of substance mdicating

glomerular filtration may be compared directly belween the varous
nephrons and can easily he correlated with their size

265
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Photomicrograph of provimal convoluted tubules dsolated from the Jelt kidney of

mouse no 158/57 illustrating the length vaniations The central tubule is a typical

Juxtamedullary one the nearest tubule on either side of it 15 fanlated from outer
cortex X 14

RESULTS

The present microdissection confirmed the carlier observations
(Sperber 1944) m that proximal convoluted tubules and the respectine
glomerult of mice vary considerably 1n size (Fig 1) As al<o known, the
vartous size categories of the proximal convoluted tubules, in these
apimals, resealed a systematic distribution The shortest tubules were
afways found 1n the outer cortex, as their origin approached the inner
zone of cortey, tubular length increased and the longest tubules be-
longed to the juxtamedullary glomeruli The latter often formed long
comolutions running parallel to the cortico medulfary Jjunction

1t was cvident that the quantity of Prussian blue present within the
tubules also saried Thus as far as could be judged by microscopic
examination the amount of precipitate per unit of tubular length (Fig
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The present study also deals with the question of how far intermitent
glomerular function of very short intervals may be mvolved in regula
tion of glomerular function

MATLERIAL AND VETHODS

The distribution of exereted ferrocvamde was recorded 1n 1257 proximal con
voluted tubules 1solated by microdissection These were obtuned from 14 of the
mice previously mvestigated (Hanssen 1961)

The material was selected for the present purpose from & larger group of ammals
in which the forrocyanide was confined to the provmal convoluted tubules only

Half of the animals had heen subjected to nembutal anesthesta and to evterion
zation of the left kidney In these mice the flow of urine was measured by means
of an ndwelling bladder catheter (for technical details sce Hanssen 19602) In the
other mice no intervention was made All the anmals had free access to food until
they were used The animals were sacrificed ten seconds after having recessed 0 05 ml
10 per cent sodtm ferrocvanide solution intrayenously, by raprd cutting of the
aorta and the vena cava between the heart and the renal vessels The time was
rechoned from commencement of 1njection The left hidnes of the unoperated mice
was excised within 25 scconds, the exteriorized ladney of the operated amimals at
the instant of kiling The excised hidnevs were immediately frozen 1 a mixture
of selid cachon dioxide and acctone The ferrocyanide present in the tubules nas
sisualized as Prussian blue by the method previously desertbed (Hanssen 1958) by
precrpitation of the substance with ferric chloride at —32°C to —34° € Alter
subsequent maccration in 20 per cent hydrochlorie acid a number of proximal con
voluted tubules with their glomeruli were isolated by muicrodissection In order to
avoid subjective selection of tubules according to their content of blue precipitate
the dissection was perfarmed in transmirtted blue light A number of ssolated tabules
was mounted on shdes and drawn at a magnification of 113 The entire length from
the glomernlus to the junction with the thin segment of the loop of Nenle in
cludmg the Prussian blue contaming part, were measured by a curvemeter The out
Iine of the blue stained glomerular tufts were drawn at a magnification of 500 The
“cquatorial * area thus obtained was measured by planimeter

Several untoward factors might be expected to have imflucnced the mesurement
of the various dimensions For example the extent of precipitate varied from am
mal to animal even 1n tubules of equal length This might be ascribed to sariations
n glomerular filtration rate among the mice and to the fact that the rate of
mnjection of ferroeyanmide and the time of sacrifice were not exactly duphicable
Delay in freezing of the kidreys, which was necessary 1n the conscious mice had
heen found to produce some postmartal displacement of tubular urine nccurnng
concomitantly with dramage of blood and reabsorption of tubular urine (Hanssen
1960k} The dumcasions measured Were also influenced by the degree of swelling of
the tissue [or these reasons the measured dimensions of cach nephron were €%
pressed as a ratio between the measured yalues and these of the smallest nephrens
found 1n the samc hidney By this method of procedure the distribution of preep
tate and its relationship to rephron size conld be comparcd 1 different ammals

[he proximal convoluted tubules mcasuring 3000 399) microns were regardedt as
the smallest and the average of their measured dimensions were used for calenla
tion of the ratios The majorits of the shortest tubules found i the outer cortey
actually fell within this group Still shorter tubules were occaspnally encountered
but thev were not censidered sinec they were few 1n number In one mouse how
eser an appreciable number of proximal convoluted tubules measurcd only 2000
2999 mucrons The mean of these were used for calculation sinee n this particular
case the renal tissue appeared less swollen after maceration than the parenchyma
of the other kidneys investigatcd The varabihity of the extent of Prussian biue and
glomerular size within the shortest nephrons are illustrated by the standard desia
trons computed for the tatal number of both cxperimental groups (Table 1)
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Fig 3 Black and broken Lines jndicate the aserage of all ahservations in unoperated
(@) and operated {O) mice respectively

Frgs 3 and 3
TRelationship hetween length of the proximal ennyoluled tubules and glomerular size
(Fig 3) and befween tubular length and the Jength of the ferrocysnide column
(f1g $) The frgures represent measuted dimensions disided by the average values
fer the smallest nephrons of the same kidney Dots on the left part of the graphs
gne the mean values for tubyles within different length groups of cach mousc
whereas dots on the rght part and 1n bracket represent single nephrons

hp belween Glomerylar Size and I ength of Proxunal
Canveluted Tubales

Fig 3 potts to the existenice of a clear correlation hetween the
glomerular area measured and the length of the provimal consoluted
tubules Thus, for tubules bewng e g about 2 to 2 5 imes as lang as the
shorlest ones, the glomerular area showed an 17 to 2 4 fold increment
This relationship which appeared almost lincar, seemed alse to be
present even for the longest tubules as mndicated by the single obsersa-
ttons presented on the right part of the chart The sanalnhty of glome-
rular size (Table 1) amang proximal contalyted tubules of nearly equal
length certamly exceeded the anticipated = 10 per cent range withm
which the tubular length saned This, however, 15 readily accounted
for by the several sources of errer invohved m these measurements
Firstly, the consistence of the tissue after maceration, and the pressure
cffected by the coverslip during mounting ymght have altered the size
of the “equalonal™ area of the glomerular tults Moreover, drawing of
the outlines of the tufis, and the planumetrie measurements were hie
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2) as well as the extent of 1t was ordmarily found to increase with -
creasing length of the provimal convoluted tubules On the other hand
among nephrons from the same level m cortes no difference was dis
cermble This at least was true for tubules being until 2 5 times as long
as the “reference” tubules In longer nephrons, howeser, greater nrnz~
tions were evident
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Fig 2

Photamicrograph of the provimal part of a juxtamedulary nephron (a) and a

nephron from outer cortex (b) from the same hidnev as big 1 showing a marhed

difference 1n tubular luminar diameter and sn amount of precipitate comtamntd ¥
the tubules X 240

The fength of the preaimitate contmming part of the tubules was
measured as an approvimation to quantitatine estimation of the pre-
cintate In order then to examune the micrrelationship helween lengih
of the proxinl convoluted tubules, glomerulir size and distribubion of
preeipitate, the nephrons were grouped tccordng to the ratio grang
the relative length of the tubulus The size categonies were arranged s
consequtine groups wath a range of = 10 per ¢ent of the arintrary group
means The reasen for this was fo keep as far as possible, the effect of
the errors not climnated by the method of procedure within an equ i
range 1rrespectn e of great sarations of tubular fength For each hadney,
the mean of the rlatne extent of preeipitate and of glomerular wre
suthin the different nephron groups were compuled
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The figures rej resent the measured dimensions expressed as theic Fatls to those

of the shostest nephrons of the same kidney € standard deviation in per cent of
the mean

Relationsiup between Extent of Precipilate and Length of Proxumal
Convoluted Tubules

A correlation between the extent of precipitate and the length of the
provimal convoluted {ubules was also demonstrated (Fig 4)

In the operated mice this correlation scemed to be nearly linear for
nephrons with 4 length of proimal comvoluted tubules varying within
2 25 fold range, but the corrclation was apparently not extnded to
longer tubules as sndicated by the single observations on the night part
of the graph 1n unanesthetized mice, the relattonship in question was
not evident In three of them 1t was vabd for prouimal convoluted
tubules up to about 25 times as long as the average of the shortest
tubites 1n Yhree other nuce, howerer, the extent of Prussian hlue did
not mncrease to the same degree wath mereasing tubular length (no
tubules with length ratios exceeding 1.5 had been mounted ta the sesently
untreated mouse) As discussed helow, the diserepancy may, howevcr,
be aseribed 1o experimental artifacts

The vanabihity i distribution of Prussian blue among tuboles of
equal length 15 jllustrated by the histograms presented 1n Fig 5 and hy
Table 1 The class mtersals of the mstograms were guen a range of
= 10 per cent of the arhitrary class marks, corresponding thus with the
respective length groups As seen, far (he greater wayerity of Prussian
blue ratios were distributed 1n three neighbouring class intervals n all
length groups below 25 When allowance 1s made for the vanability
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Fig 5 Identical symbols denote tubules from the same hidney

wise hable to certain naceuracy The possibihiy of different degrees of
stretching of the nephrons 1s regarded to he the most important souree
of error since st would provide risk for an erroncous grouping of the
respective tubules

The fact that the size of glomerult belonging to proximal convoluted
fubules of nearly equal Iength varied more 1n unanesthetized than in
operated mice (Table 1) 1s considered attributable to postmortal events
1t has been shown that blood drains rapidly from the renal vessels when
the renal pedicle 1s cut, and this occurs at unequal rafes 1n different
areas (f{anssen 1960 b) For ilus reason the blood content of the glome-
rular tufts probably was different m the unanesthetized muce at the
time of freezing thar hidneys mmvolung certanly also the size of the
tufts

The somewhat peeuliar observation that the relative glomerular s12¢
on the average, appeared lower mn the operated angmals than n the
untreated mice (Fig 3) seems also attrsbutable to carly post morlem
changes In general, the vessels of the outer cortex apparently emphied
first (Hanssen 1960 b) wiich then would gne too Ingh relative values
for glomerul: situated deeper 1 the corfex
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mee (Table1 Fig o) The magonty of Prussun blue rilios (80 10 90
pur cent) were distrsbuted in three neighbourig clwses 18 n the
former group In the remamning nephrons howescr, the ratos were
widely distnbuted ameng the lower class wnternals These tubules were
manls found n the three mice wiich showed somcwhat dinverpent
I chaviour and in which the relitionship between the extent ol preet
] ttate and tubular Jenpth scemed to pyro aeh that found oy ef tted
ammals (Fig 4) The reason for this may apnn he found n the esents
shown to accur j ostmorlally {Hanssen 1960b) Once the renal circula
Lion 15 cut off tubular unne is resorbed Concomitantly some distal
disy lacement of the tubular content fabcs {lace probably at uncquil
rates 1n different tubules s indicated by the changes observed an the
luminar diameler carly post mortem A shight iransitory vasoconsine
tou cherted by the procedure of tnjection might alse be conside redl
responstble for the vanability of the extent of | recyp ttate The fact that
only a small j creentape of nephrons mainly 10 half of the mice were
wmrolved powls to the latler possibtlity Thus a stress stimulus was
found to j rovoke a highly varable response (Hanssen 1961) Irresj e
tise of which of these factors had been the most deennve the helero-
genewty under discussian however seems {ully attrthutable to expen
mental artifacts rather than to reat functional disparsties
As far as the single observations are concerned the cxtent of pre
apttate showed considerable vanations wn the longest proximal eon
voluted tubules This feature mav probably not have heen caused by
early post mortem changes stnce 1t was present in both experimental
groups N\either can dhfferent degrees of strelching of the few tubules
available have been a decisive factor since 1t would hardly havc ehanged
the projortion between extent of | recipstate and tubular longlh to ans
sipnuficant degree
pr:;’“:::l“c':’:lelﬁl‘lc:‘ni(c;ll]w extent of Prussian blue and the length of
it (Fu s ubules 1n peneral were related n a proportion
16 5) exeert m the longest tutules (Fig ) where the pro
rortion was helow 1 The other exterimental grcuy showed a less
;;‘:i“;')m;r;:‘;‘l;nl of preci itate at inereasing tubular length (Figs 4
5 1o earlier observations (Hansten 1060 b) the post
morlem displacement of tubular content occurs latest w the deep
nephrons In fhe untreated mice this would tend to 1 :
the extent of | reerpriate 1n theee 1. A gue low ratios for
betsscen the cx] ermental ese longer tubules Renec the difference
al groups were reparded real

DISCUSSION

("\(\”:lh reservations made for some probably insigmificant lumitations
slsrn 1929) the total amount of precipatate present m the proximal
convoluted tubules was 1 to rey the of ferr

cvamde filtered by the glomeruls in the interval l)cl\\:'cn mj';‘clmn unnd

18 actarern 33 3
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Histogram showing the frequency distribution af the length of the ferrocyanide

columns within the tubular length grouns in both cxperimental series The class

intervals were g1ven a range of % 10 per cent of the class marks as for the length

groups The number of observations within, and the range of the length groups are
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anticipated by the arhitrary range of the length categories, and for
methodological errors, the results indicated a farrly even distrmibution
of precipitate among tubules of equal size 1 the operated mice

The distribution of precipitate was not, however, found to be s¢
uniform among equal proximal convoluled tubules of the untreafed
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disregarding the methodological errors, and the fact that the l“v(pt; nlnl
alwans appeared as spheres, the volume of the tufts may roughly be
deduced from the area measured Thus, 3 to 4 fold merease i this
ymplies between about 5 1o 8 fold inercase 0 volume

Hence, a5 faf as mice are concrned, the present resulls fal ta support
the hitherto accepted assumption of equil glomerular filtration rate
for all nephrons This inequality appered to de pend upon the anatomie
heterogeneity demonsirated

Among anatomically identical nephrons, howeser, glomerular filtra-
tion rates scemed equal This was evidenced by the remrhable unt-
formty of the extent of precintate andl of the amount of preaipilate
present pee unit of length of the proximal comvoluted tubules The
somewhat dnergent behaviour of conscious mice probably was attrsbut-
able to methodol 1 artifacts The il that Terrocy amide per se
chould have an cffect tending to level aut disparities i glomerular
filtration within the short intursals scems untenable The results are
therefore considered to he a strong argument agunst any sigmificant
occurtence of termittent glomerular blood fiow other i whole sapl-
lary tufts or 1n parts of them, even for vary short time inlcrvals

For these reasons, and duc also to the fact that glomerular filtration
and glomerular size seemed closely related, the varsing glomerular
filtration found among the nephrons 1s regarded as bewng a consequence
of corresponding varsations in the capillary arca available for filtration

It 15 not bkely that the functional and structural dnerstties are
umique features 10 mice Anatomic studies (Peler 1909, Huber 1017,
Par 1935, Sperber 1944, Olwer 1955, Ohver & MacDowel! 19A1) haca
PRt

A ant .

‘These aspeets have reley inee to the problem concerning the relation-
ship between glomerular Giltration of any one substance, 2nd hence the
tubular load, and the capacity of the proximal comvoluted tubules to
process the tubular unine The ‘ glucose titr stion™ exnerimentc af € 11
ol af 41009

seaviaiu W by Smith as “glomerular actrats’ )
Recently Oliver & MacDowell {1961) measured the various dimensions
of 104 provimal convoluted tubules and theie attached glomerul 1so-
fated from 3 human Lidneys These authors found a elear correlation
between the surface area of the glomeruli and the volum
mal convoluted tubules Using these dimensians 2 a "struclural o -
valent of filtration and masimal glucose reahsorptine capacity rcsqcc-
ively, they were able to dernve a hy pothetical “glucose Utration” cSnc
which matched remarkably well that gnen by Smuth et ol (1833) A
similar conformity was obtamed by examination of 138 nephtons o

e of the proxi-

18"
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sacrifiee of the ammals  Microscopic evaluation of the mdisidual
nephrons revealed that the Prussian blue conient of the tubules
creased correspending to their length, thus suggesting a suntdar vara
lity of glomerular filtration A rough approximation as to the rnge
within which the glomerular filtration rate might have vared was
reached by measuring the extent of preaiptate Because ferrocyamide,
m all probalnlity, was evenly mixed with the renal arterial blood, it
may be assumed that the concentration of the substance was equal in
the filtrate of all glomerul; when produced at the same time Then, at
a given glomerular filtration rate, the extent of the precipitate must be
a function of the lumnar volume Although the diameter of the prou
mal convoluled tubules was not regularly measured, it was evident that
the diameter, within certain himits, increased with creasing tubular
length, as has been descrihed by Sperber (1944) This was also sup-
ported by the fact that the amount of precipitate per umit of length
appeared greater the longer the tubulus when the mieroscopic com
parison was made n corr¢sponding parts of the tubules The Iength of
the precipitate-contaming part m the deep proximal consoluted tubules
was frequently more than twice that of the shortest nephrons from the
outer cortex, as was also the diameter (Hanssen 1960 1) Consequently
the results suggest that the glomerular filtrafion rate had vaned at
lIeast withm an cight fold range

This ohsery ition 1s tenable only 1n so far as the effect of other factors
upon the distribution of the precipitate can be excluded Thus, a smmlbir
variation 1n the extent of Prussian blue nught have been obtamed with
even glomerular filtration rate throughout, 1f proxumal water rebsorp
tion had varied mversely propoertional to the tubular longth There
seems, however, to be no reason why lenger tubules, certainly hawang
a greater mass, should have a less water reabsorption than shorier ones
Were this the case, the amount of precipitate per unit of tubular volume
should be less the longcr the tubules The results provided no ¢videnee
for such an 1dea Morcover, the relaion apparently existing belwedn
nephron size and glomerular filtration rate argues against the possinh-
ty that the difference tn tume at which ferrocyanude reached the glome-
rult nught have been responsible for the varying estent of preamtate
The effect of post mortem cvents on the distribution of preetpitate
could not be fully eliminated but these nught not hnve been able to
chert the prineiple pattern of distribution In fact, this factor might
rather work m the opposite direction Lastly, the varfahty of the
activity of the glomerul was found to be a common e sture m all the
mice mnvestigated

The function il obsers ations scemed fo agree Wl with the anatonne l
data showing a close correlation between glomerular siz¢ and fiitration
The glomerular hiltration rate should be a function of the capthiry
length which probably 1s related to the volume of the tufts rather than
1o the “equatornl” arca as measured 1 this study When, however,
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cortex 1o the tip of the medudla with a neatly equat osmolnts “; ad
Jacent stonetures st am level along the longruthinal axts The cfficieney
of such a systom mereases with mereasing lengtlt of the huirpim 1oops
The present tesults indreate that the amount of Hitrte produced s ans
wingle nephron of the mouse hudnes varies corresponding to how far
the loops of Henle punetente the medubls and s greatest m the juxta
medutinry ney hrons whese lnops fun nu uly to the tap Thas implies that
the longer the loaps the greater is the amount of solute carncd 1o the
ate of reabsorption This way conlntute lo the thioeney of the
cauntercurrent mechanusm n animals with a nephiron poj ulation of
the mouse fype whether it operates as a multiphier svstem Wz
1957 Goltschedh & “ylle 1909) or 35 an swhanger svstem (frehines
et al 1908)

W~ {1923) and Goltschalk & Wylle (1939) have demonstrated ex
penimentaily that vasa recls parhicaipate sn the countercurrent sastem
wmaking Wt mare efficient robably I trapping solutes and carrving
awan water Berliner et ¢t (1928) have parlicularly stressed the tm
yortance of the medullary blood flow ind have pomted to the fact
that minor changes max have a major effect on urinars coneenlralion
Some recent experimental evidence actualiv support s wha iben
field et al (1960} estimated the medullars flasma flow in dogs by me
asuting the accumulation of 113 Iabeled albumin On the hasis of their
data the authars supgested that the jlasia peefusion rate of the ripal
raptiia varies with induced alternations in solute and water relation
ships and that hitherto unsuspected vasecular mechanmisng may be
operating

The present evperiments demonstrated that the glomerular filtration
tates of the yuddameduttary nephrons vaned and hence g robabls \he
hlood flow through vasa recta really mw be sarable Thus the differ
encen tubular content of ferrocyvamde among these anatonue group of
neghrons seemed 1o be greater than what mas he accounted for by sz
differences and possible errors 3 ven though the size of the glomerul
revealed great vanations measurement of these was considcred hable
(o greater maceuracy than measurements of the extent of preea iate

Afthough the ohseriations wese rather fen they are thought io foin -
the conrent $8 & ¢

Y « vuhu m the Juxtamedullary zone e
distributional changes m glome, ey

rular filtration rales hetsicen deepe
v and
outer nephrons might suggest another § ossible regulabing mcd;:amsm

However no attempt was made to relate these find

1o the funcliona? state of the mice due 1n p'|r|I lomll:v:n:ltgi:::::ﬂ::tw:\c
measurements of precipitate and becanse the cxperpnental condifions
could not e controlled evactly On the other fang the experim lnl
results seem sutfrcientls, sughestive to ment further slud:fﬁ of i:r:c
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lated from 3 dogs in which “titration™ expermments had heen performed
(Bradley, Laragh, Wheeler, MacDowell & Olwer 1961)

The present study showcd, in general, a correlation between glome-
rular fltration and the length and probably then the mass of the
proximal consoluted tubules In fact, the results obtamed i mice nmight
be regarded as a direct demonstration of the vahdity of certau theorett-
cal assumptions which the authors referred above had te consider when
they deduced the tubuto-glomerular relationslup (“glomerular actinity’)
from the structural and functional measurements made 1n man and dog

The present results, howeser, revealed that the relationship hetween
the amount of ferrocyamde excreted and tubular length found m the
great majority of nephrons deviated n the deepest ones This may he
compatible with the fact that the frequency distribution diagrams pre-
sented by Smith et al (1943), Oltver & MacDowell (1961) and Bradley
el al (1961) show a small skew indicating a devialion of “glomerulir
activity” i a small group of nephions It should also be emphasized
that the “functional-structural” relationship seemed to he influenced
by the expernmental conditions i the mice

The extensive comparative study of Sperber (1944) rescaled the ant
tomic pattern of nephron population to he of the “monse ty pe” m several
mammuals, but primanly e the smaller ones Bowman (1842} and Pat
(1935) clanmed thiat the deepest glomeruh in human kadneys were larger
than those from ouler cortex Truela el al (1947) werce unable to con-
firm this Olwer & MacDowell (1961 and m Bradley el al 1561) who
dissected « rather large number of proximal conveluted tubules with
attached glomeruh from human and dog kidneys, found the nephron
population randomiy distributed with respect to size

Funchionally the ability of concentrating the urine varies among the
species Mice may elaborate a more concentrated urine than rats
(Hanssen 1960 2) whose concentrating power 15 greater than that of
dog and man 1 that order (Corcoran et al 1956) 1t has repeatedly been
emphasized that the ability to produce urine hy pertonic to plasma de-
pends upon the presence of thin segments i the loops of Henle, and
that the concentraling power 15 posttively correlated with the length
of the loaps (Peter 1909, Sperber 1944, Schmudt-Nielsen 1958)

In 1951 Hargitay & Kulin proposed a new theory concermmg the
urtnary concentrating mechanism, according to which the loops of
Henle play a critical role 1n production of hypertonic urine In recent
years, a considerable amount of experimental evidence has accumu-
Jatcd in favour of their concept although the true nature of some of the
events mvolved still are debatable (see ao Wirz et al 1951, Wairz 1933,
1957.Berliner cf al 1958, Gottschall & Mylle 1959, Lamdin 1959, vlirich
1959, Leaf 1960) In essence, the hypothests presumes reabsorption of
solutes, nramly sodmum and chlorde, by some unhnown process m the
loop of Henle By the effcet of countercurrent flow through the hmrl“l“:
Likhe loops, an ncreasing concentration of solutes 1 built up from the
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of the aspeets diseussed It 1 beheved that the present method should
be of value 1 this research work when quantitative estimation of the
precyptate can be performed in tubules from amimals i which the ex
perimental conditions have heen more precisely controlled

SUMMARY

The glomerular filtration was inyestigated 1n the nephron population
of mouse kidney and corrclated with the size of the glomeruli and with
the length of the proximal convoluted tubules This was done by the
precipitation of excreted ferrocyanide as Prussiin blue and evaluation
of the prcaypitate in proxamal convoluted tubules 1solated by micro
disscehion

The results indicated a stcadily inereasing glomerular filtration
the nephrons as their origin approched the cortico-medullary horder
The glomerular filtration rate seemed to be closely relatcd to glome
rular s1ze and to the length of the proximal convoluted tubules It was
determined that the glomcrular filtration rate of the juxtamedullan
nephrons approximates aght tunes that of nephrons from the outer
cortex

Among nephrons of equal size Iying 1n outer cortex, the glomerular
fultration appeared farrly unmiform This argues against the assumption
of intermutient glomerular blood flow even for very short time mter
vals In contrast, in the nephirons of mncr cortex the amount of pre-
cipit ite varced more than might be attrihutable to technical vargitions
It was further demonstratcd that the relationship between filtrition
rates of the outer and ducper nephrons was mfluenced by the expert-
mental conditions

The anatomic and functional helerogeneity demonstrated nught serve
the efficiency of the countcreurrent mechanism with regard to urmary
concentration The possibility 1s discussed that an active regulation of
glomerular filtration and blood flow of the juxtamedullary nephrons
may participate in the regulation of urinary concentration
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THE ENTEROVIRUS DEPARTUENT, STATENS SERUMINSTITUT COPFVHAGEN

STUDILS ON THE PRCPARATION OF COMPLEMENT
FIXING POLIO ANTIGLNS

Iy

Jor Parsp i\ erorou!
Recened 11111961

The complement fixation (CI) technique has heen apphied for (e
demonstration of polio antihodits by many imvestigalors Suspensions
of infected tissues of the central nervous systam from muce (1,2) wd
colton rats (3-6) have been employed as sources of antigen Svedmyr
el al (7) uscd as antigens tissue culture (TC) fluids nfeeted with poho
viruses and concentrated by ultrafiltration Black & Melnick (8), Miller
& Banmerster (9,10), Le Bouvier el al (11), and Schmud! & Lennetie (1)
also used mfected 1C fluirds as antigens in CF tests The lattcr authors
(13) studied the factors mflucneing the potcney of polio CF anligens
produced in TC systems Hare & Warren (14) reported that coneentrales
of poliovirus from "1C fluid provide reagents of considerably enhineed
anbgemic actiaty mn the CT test

‘Ihe purpose of the present sfudy was fo attampt to prepare sfable
CI” antigens from monkey hidney tissue culture (MK TC) fluds i
fected wath the three types of poliovirus potent (nough to be used
routinely without concentration In addition experiments were ntade {0
concentrate CF anbigans m ordcr to obtain antigens which were suffiet
ntly potent to dedect small amounts of CI antibodies 1 scrum

MATERIATIS AND MFTHODS

Preparation of Tissue Cultures
hed

The preparation of trypsimized monkey ladney tissue cultures has heen desen ]
an detail previously (1%) For virns production Roux flasks were seeded with 10
VK cells The outgrowth medmm consisted of 150 ml of mcdium 199 with 2 per cent

horse serum

Poliontrus Strains
The Brunhilde (Type 1) MIT 1 (Fype I and Saukett (Type HD stramns were
used for the preparations of (I antigens

The author wishes to express his indebtedness to Dr Hordis 1 on Magnus for Sug
gesting this myvestigatin for her continued intcrest 1n the work as well as for hef
eritical exammation of the manuseript

1 Prescnt address National Unnersi
of Microlology  Athens Grecee

tv of Athens Faculls of Medbemne Department
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Verus Titralrons

The titrations were performed 10 MK tissue culture roller tubes (15) The mcdlum‘
durmg‘c\el; outgrawih censisted of 85 per cent of laclaihumin hydrolssate in Hanks
balanced salt solution with 2 pee ccnt horse serum Before inocutation this fuid
as replaced by 18 ml of medium 199 (16)

Serial ten fold dilutions of the virus material were prepared in sallne, Fach dilu.
tyon was inoculated into 10 tubes with an Inoculum of 02 ml per tube The tubes
were 1ncubated at 36° C in a roller drum Final readings of the cultures were made
7 days after the inocwlation of the virus dilution Titers were ealculated according
to Tarber s method (17,18) and recarded as log of TCID, per 02 ml of the ino-
culum

Hyperimmune Sera

Vonkey sera Palin antisera sere prepated by a method deseribed previously (16)
The sira were stored at —20°C, and (he same lots of mankey sera were used
throughout this study Before use m the CF test the sera were diluted 1 8 in seronal
saline and inactivated st 60° € for 30 minutes

The same 3 batches of monhey antisera (type I, 1ype 11 and type 1) were used
throughout the study They were kindly supplicd by Dr Annelise Godtfredsen of
ths institute

Guinea piq sera. The guinea pig pollo antisera were derived from animals used
for the routine potency testing of polio vaccine Guinca pigs weighing approximately
250 g were ghven exther 02 ml of pnlia vaceine intradermally on days 1. 8 and 15
and bled on day 22 or 1 m! subentaneousls on davs 1 and 15 and bled on day 22
The sera were stored at —20° C Before use the guinea pig sera werc inactivated at
56° C for 30 minutes 1n a dilution of 1 2 or 1+4

Technique of Complement Fizaton Test

The CF tests were performed 1n glase tubes (Widal tubes) with a total velume of

;]5 m)l per tube (01 ml each of antigen serum complement, red cells and haemo-
vsin

N ' - - ..
h e
at . .
h ; E
PR )
€eus 4 4 L1 Lent suspension was made e panes rea
o f haemolysin
) ) . mixture was
] e - FCwas used
- tewts
Procedure for the €F proper
S . K
ah - . . .
ser v -
cuar - ’
foi o
oe
Auer this primary *
miuics and 02 ml o . .
bation at 37* C was c. .
tation in order to ma S -
made aftes overnight + » . )

Highest dilutian Gnitial) shawin more than g it Has expressed a he
2 a ficat s Jhe
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Turations of CF autigens

. The C! antigens were titrated against the homalogous monkey antisera 1 a
chesshoard * tvpe titeation The antigen undiluted and diluted 1 2 14 and t §
{or higher for the concentrated antigens) was titrated against 2 fold dilutions of
the homologous scrum

Fach anbigen dilution was cheched for anticompiementary actinily with 2 15 1
075 and 05 units of complement Controls consisting of serum dilution without
iant’i]gcn clnmplcmm\! controls and a vironal buffered sahine control were included
n the tes

One unit of antigen was defined as the hlution of the antigen (in 01 ml) which
gave more than 2+ frxation (hacmolysis less than 50 per cent)

LNPFRIMFPFNTAL

Lffect of nutrient media In the matial experiments it w s found that
when Medum 199 had been used for outgronth as well as for mam
tenance of the cultures, the infectious tissue culture fluid had a tier
of less than 1 2 when used as antigen m CF tests It was therefore
attempied to preparc more potent antigens by using other nuinent
meda These experiments were performed as follows

The mcdrum used routinely for outgrowth of the cells m Rous flisks
Was—as mentioned previously—>Medium 199 with 2 per cent hone
serum In the present (xpertments this was changed after 4-7 days lo
booster outgrowth mcdium, and the cells were allowed 1o grow for
more days At thus tume the latter medmum was changed to a “mam
tenance mediam™ and the flasks were secded with virus After 48 hours
of incubation the fluds were harsested and used as anligens m CF tests

As “booster outgrowth medium” (in the followmg roferred to as
“outgrowth mediim™) 3 different medry (A, B, and €) were employed
For composition see Table 1

TABIE 1
* Guigrotih Wedia
| A | B c
Hanhs solution cn 88* 1 99 ca 90
Iactalbumin by drolisale 65 (] 05
Calf serum 2 0 10
Bovine ammotie flud 10 o i
Sodmm bicarbonate 0 on 011
Yeast extract 0 01 o1
Hucose 9 Q10 [ELY
100 100 100

* All figures are given in pef cent

Five diffcrent nuantenance medin were tried The composibion of
Nos 1,2, 3and 3 are hsted 2 Table 2 No 4 consnted of undijuted

porvine amaotic flud
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TABIF 2
“Matntenance Media”
3 1 N B s
Medium 199 100" 29 ca 80 5
Calf serum 0 1 0 zg
Tryptase phowphate broth 13 o 20
Gluense - 0 0 040 n4o
Monhey serom o 0 0 25
100 100 100 100

“ Al figures are faven in pes tent

A number of expersments with various combinations of these “out-
growih media” and mamtcnance media Was carned out, usng the
harvesied virus flnds as antigen The results have been combined n
Table 3 It will he scen that amongst the combinations tnied “outgrowth
medin” A and € with maintenance mediim 4 £ e the most satisfactary
polio CF anhigens Schmud! el al (13} have previoushy employed me-
dsum C for preparation of CF antigens from HelLa cell cultures Medium
4, bovine ammiotic flunds, was ongnally recommended by Enders (20}
for use as tissue culture medium

TABLF 3
CF Antigen Titer Obtained with Yarions Mediq Combinatinns

Maintenance Sfe fium

2 | o3 | 1 ! N

out A 2 2 1 24 2(a)
gronth B 12 1 1 12 zf.;’
medum [ 2 - - 3 2 ()

* Antlgen titer 1 2
§ (a) 1ndicates anti complementary effect of the antigen

Fram tha aea

) ed preferable o change from
twuath 2 per cent horse serum)

1 the cultures were about 4
days old

In Table 4 xarous data from experiments with all 3 types of polic CF
antigens are recorded The infectious titers obtamed w |'lh media A and
C were found not 1o be vignificantly different However, virus fluds
from cells grown with meditm C were conwistantly [ou;u] to yield a
shightly hetter anligen than the fluids prepared with medium i Th
was (or wstance noted, when anbigen difutions of 1 8 were c(ammc:l

(these datx are not ineluded m the table)
Tha €0 v
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nated from Table 4 that heterotogous fixation occurred with all the
antigens In the present experiments the heterologous serum tifer was
unusually high for type 111 antigen, 1. 64 However, the hdlerologous
serum hter was always sigmifieantly lower than the titer obtuned
with the homologous antisera

TABLE {

Infectious Titers and CF Antigen Titers Obtained by Cullivation of Polio Visus
w Varwous Vatrient Media

P
Polio N\utrient media used E— 2 CF titer n;}:;»lle CF titer of monkey antsera®
viros z 2 of mentary
type Oul | Mantenance £ xs— lanten] TR 1 n fiis
prowth CEC0E
Bovine
1 AS amn 84 14 none 2048 8 8
flund
cs 81 14 none 2048 16 ]
I A - 78 14 nane 8 256 <s
c - 84 14 none 8 226 <3
m A - 78 12 none 64 16 1014
[ - 77 14 none 64 16 1024

¢ Titers are expressed as reesprocal of serum dilution
§ For the composition of media A and C see text

Purification of CF Anlgens

Fluorocarbon treatment Fluorocarbon has heen used for purification
of viruses hy a series of authors (21-26) In the present experiments
all operations were carried out under a hood equipped with ultraviolet
lamps and an exhaust system One part of fluorocarhon (Freon 113‘2
was added to 9 parts of aqueouns virus suspension, both cooled at + 4
C The two components were then blended at top speed (14,500 rp m)
m a Sersall Ommmixer for 3 mmutes The blending vessel was kept
immersed 1n an tce bath durmg the homogemization and subsequently
atfowed to stand undrsturhed for § munutcs i the e bath Thereafler
the homogenate was centrifuged 2t 1000 1500 r p m/10 minutes 1n 2
refrigerated centrifuge to separate the aqueous from the erganic phase
The supernate (aqucous phase) was harvested from the centrifuge fube
and stored at + 4° C or — 20° C to be used as crude CF antigens At
these temperatures the antigens were found to b stable for ab Jeast
6 months

A series of virus birations was first crried out to determune the
effeet of fluorocarbon treatment on the mfectious titer of all 3 types
of poltorirus Table 5 shows that onc tre stment with fluorocarhon (1
part of Freon 113 plus 9 parts of infectious 1C fluid) does not influence

the virus titer of the fluids

1 Freon 113 (Trichli rotrifluorocthane CaClzka) I'1 Du Pont de Nemours & co
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TABLF § ot
Effect of one Fluorocarbon Freatment on the [nfectiug Titer of Poliovirus TC Flut

Polio antigen” 1 ginfectivus titer (TCH 0 02 mly
e ———
Eer e 1 et after
Tyee No tretment Ireatment
$
1 Onn T4 1
}l - (29/12) 72 73
3 (547) 67 68
4 - (0-118 A 76 78
5 (0-118-B) 75 T
b (0-118 C) 77 :é 77 1
n [/ 31
31 {573y 67 68
g m o111y 77 72
10 (557) 73 74
Average 735 735

The polio antigens derived from cultures with medm 133 as maintenance me
dium The antigens m Fxp 5 and 6 contained h wever 1 and 2 per cent calfl serom
Tespectrvely

TABIT 6
Fifect of one Fluorocarbon Treatment on Poho CF Antigen

Tk at 1iko ly tier wih

polio hy perfmmune sera
Antigen eed um ~+ treon Aatigen
freatment dluton Typet ! Typest ‘ Fypellt
Typel 199 Untreated i 4006 32 B
184y 172 4096 8 <8
" 81
Freon treate 1 i) 2048 <8 <8
112 256 <8 <8
1 <64
Typel Bowne  Lnireated "n 2048 D \p
{0-136) amniotic 112 1024
fima n <64
Freon treated 171 1024 »D \p
172 256
"

As mentioned prestously polto CF anbigens prepared wm different
media were not often anty €7, aad CF anbigens prepared m bovime am-
noti¢ fluid were found to be practically free of any anti €’ actiaty If,
however the fluids were anticomplementary this effeet could readily
be remosed by fluorocarbon treatment Also, the fixation with hetero
logaus antisera which has been desenbed 0 a previous section, was
found to be removed or reduced by Freon treatment (Tahle 6)

W hile the fitorocathon treatment of the antigens thus had a bene
ficral eficet as regards cross reaction sn the CF fest, 1t was 1n the pre-
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noted from Table 4 that hcterologous fixation occurred with all the
antigens In the present experiments the heterologous serum titer was
unusually lugh for type III antigen, 1: 64 Howeser, the heterologous
serum titer was always significantly lower than the titer obtmned
with the homologous antisera

TABLF ¢
Infectious Tuers and CF Antigen Tilers Oblaned by Cultwation of Polio \irus
in Vartous Aufrient Vedia

P
{,{’\‘]‘l‘l: Nutrient medin utv_d“ £ ; 1 e m},r::,n[r CF titcr of monkey antisera®
S o nrentn I
4pe gr‘r’x‘\j\‘lhf Mamtenunce | £yl |ntisen ety 1 J n r I8
Bovinc
1 A§ amn 84 14 nome 2048 8 $
flurd
cs - 81 14 none 2048 16 8
SR - 78 14 none 8 356 <t
[# - 84 14 none 8 256 <8
m A - 78 [ none 64 16 103
( - 77 14 none 64 16 1024

¢ Tuters are expressed as reaiproeal of serum dilution
§ For the compasition of media A and C sce text

Purniftcation of CI" Anligens

Fluorocarbon treatmen! Tluorocarbon has been used for purification
of viruses by a series of authors (21-26) In the present experiments
all opcrations were earricd out under a hood equipped with uitraviolet
lamps and an exhaust system One part of fluorocarbon (Frcon 1131)
was added to 8 parts of aqueous virus suspansion, both coaled at + 4°
C The two components were then blended at top speed (14,500 rpm)
1 a Servall Ommimixer for 3 minutes The blending vessel was kept
unmersed i an dee hath doring the homogenizabion and subsequg ntly
allowed to stand undisturbed for § minutes m the 1ce bath Thercafter
the homogenate was centrifuged at 1000 1500 r pm/16 nunules 1 2
refrigeratcd centrifuge to separate the aqueous from the organic phase
The supernate (aqueous phase) was harvosted from the centrifuge tube
and stored at + 4° C or 20° € to be used as crude G antigens At
these temperatures the antigens were found to be stable for at least
6 months

A series of virus hitrations was first earried out to determme the
effeet of fluorocarbon trcatment on the infectious titer of all 3 types
of pohiovirus Table 5 shows that one treatment with fluorocarhon (1
part of Freon 113 plus 9 parts of nfectious TC flurd) does not influcnct
the virus titer of the flusds

1 T reon 113 (Trichlorotrifluerecthane (2CILEL) I 1 Dy Pont de Nemours & co
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TABLY 8
Concentrattan of Patia OF Antigen by § Hours of U Mracentriupation
Fffect of telatin

| l \lrus titer log TCD 5002 mb
— T T or of
Fip | Virus Gelatn Supernatant . 'c'..‘,:r::
N boTape |0l G —— == —— | Sedimep® - Sratlon
Rina] . et
Uy | o vt
A 1 + 63 22 - 81 20
- 87 11 ~ 82 20
B 1 + 38 57 82
— 39 271 83
c i + 68 51 55 84 40
- 64 67 69 0
DI + 72 44 a6 24

* Sethment from each tube contalning 30 ml was resuspended in 1 ml of Hanks®
solutson

In mtroductory experiments the time factor was first cxapined by
centrifugation for 2,4 and 6 hours It was found that 4 hours of cen-
trfugation was required for safisfacfory sedimentation of the virus
Meti it wa established that a gdatin {Difco) preparabion employed in
the concentration 006 per cent (27) was free of poliovirus mhibitors
to type I and 111, and had ne untoward effects on the specific reaction
of the Lissue culture CF antigens (type IT was not tested)

The gelatin {Difco) was prepared as a & per cent stock solution
heated to 80° C for 26 minutes and hitered through an -1 Seitz-type
filter After centrifugation the supernatant was removed and the gel-
Irke pellet was resuspended 1n warm (37° C) Hanks' solution to girve the
destred concentration, usually 30 or 10 times The fantly opalescent
concentrated were then clanfied by centrifugation at 2008 r p ms3 min
[t was found that placing the tube n a 37° € water bath for 5 mnutes
befort centrifugation helped to dissolve the aggregates of gelatin

The resalt of the expertments with coneentration of CF anfigens 0
the ultracentrifuge has been shown in Table 8 At the end of cach
experiment the upper two and the last ten mt of the supernatant flmd
s well as the sediment were coltected The latter was resuspended n
:hml The samples from cach experiment were titrated in parallel on

¢ same day and 1n the same batch of ME TC
Oh‘l:al:;‘(; ‘{’rc seen from Table 8 that a satisfactory concentration was
ment o (ho‘r type I, whether gelatin was added or not In the experi-
oy 1“] tyrI;c I, howeser, a £ Y tration was ob i}
gelatin o E ul c? with gelatin added Mo data on centrifugation without

o, r‘a;al able on type JII mn the present sertes of experiments
factory ?:rf:h“l{nlmn technique described here proved to he very satis-
and agtacen l|:lconccnlralmn of viral antigens to be used in CF tests,

gen titers of 1 32 were readily obtaned when the fluids were
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sent experiments obseryed that a reduction of the specific polio antigens
also might occur during treatment with fluorocarhon

In Table 615 shown this effect on 2 type I virus anligens, onc grown
mn Medwm 199 the other m hovine amniotic flurd

The addition of 1-2 per cent calf serum to Medum 199 had a certain
protcetrve effect on the CF antigen during the treatment wath Freon
113 (24,25) Examples of the results obtained n the present expert-
ments are recorded in Table 7

TABIT 7

Protective Fffect of Calf Serttm on twa Different Ralches of Polio |
Antigens during Treatment unth Fluorocarbon

€1 antihods tier with
polio hy perummune sera

Nedum + Treon \ntigen
treatment dton e pet r Typelt I Typelll
Medium 199 Untreated m 4096 32 8
(118 4) 172 1096 8 <38
14 64
Freon treated 7t 2048 < 8 < 8
172 256 < 8 < 8
i <64
Medium 199 with Untreated n 2048 16 <16
1 &% calf serum 12 102¢ <16
(118 B) 114 256
Ireon treatcd 11 2048 <16 <16
132 1024
4 <128
Medium 199 Untreated 1/1 2048 AD \D
(086 A1) 172 2048
174 1024
Ircon treated 1/1 2048 ND aD
172 1024
174 64
Medwum 189 with Untreated 11 4096 ND AD
1 % calf serum 172 2048
(086 A2) 14 1024
I reon treated Y1 2048 A D \D
1/ 2048
174 512

Concentration of polio LI anfigen in the ultracentrifuge The purpose
of the following experiments was to (yvaluate the suttablity of CF anti
gens concentrated by ultracentrfugation The teehnique with the m’I’dl-
twon of gelatin before centrifugation has becn described by Baron 27)
and used by Hare & Warren for the concentralion of poliovirus and of
formaltn treated polio vaceme (14)

The CI™ antigens were 1 the present experiments concenirated m a
“Spinco” (Model L) ultracentrifuge tn amounts of 30 mi per tube

78000 X G (30,000 rpm)
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TABLE 10
CF Taters of Type U Guenra 11y Polio Anlisera Tested usth
1) [ferent Umits of Tyupe 1 CF Antigen

CF U ters of guinea piz type H sera®

Toe | .
et senTaped .?-‘rxc;,‘;n 1 42 3 4. W R I 3t
Crude 2 128 128 61 61 3 2 1 2
30xe neentrate
dlted 1 4 8 1 128 6 6y 32 2 3 Y

Titers as reciprocals of serum ditution

Finallv experiments were carried out with a number of type 1
guinea pig sera In one experiment (A) 2 and 8 umts of anligen were
used while 1n another expersment (B) 2 and 4 unils were emploved
Table 11 shows the results on o gutnea pig sera and one serum pool
which all were tested in both experiments

TABLF 11

CF Tuters of Type 111 Guinea Pig Polto tntisera Teste w th
2 4 and § Lnits of intigen

| CF 1t on type ML sera

CF | -
e Aot otn Lot | o | o3 o sms St
4 01 ml crude 2 2 1 3+ 16 2 4
Bim{®xconcrdlt 8 16 32 P 32 1B 1§
B 01 mlcrude 2 2 3 4 8 24
02 ml crude T8 16w o 8 16
0lml (BXeonc)dilit & SND NB ND ND SND 16

Legends see Table 9

By comparison of the results obtamed with 2 umts of antigen n ex
periments A and in B 1t will he seen that the serum titers were vers
reproducibie 1 fact they were dentical 1n the 2 experiments exeept for
serum $960 which showed a 2 fold difference m titer Furthermore
expeniments A and B showed that 1 units of antigen gave higher serum
titers than 2 units and that the titers were still ugher when 8 umts of
antigen were employed 1n the test

’A seres of {ype 111 antigens has been examined w ¥ ~-

f the examnation

of t
. “ wiowals - units of CF antigen are
adequate for the detection of smal! amounts of CF antthodies In con

trast for test
oF an“%m“ W08 of type 11X sera it 15 desirable o employ 4-8 nmits of

19 acTaeatx 53 3
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conccntrated 30 tunes (T supcrnabng fiuds from the contrifugdion
were Always found to be devord of CE - mbigen)

Ihe concentrated CE mtigens did however, 1lso rect with the
heterologous antisern, Uthough a1 lower titer ws obt uned thn with
the homologous wtigens

Lhe I'ffect of Vargung Amounts of Antigen i (1 Icsly

Durmg the axperimental work some dtr lid hoen obtuned which
mdicated that whilc 1-2 units of poho CI mbigen were sometimes
sitisTictory for CE litralion 1lso of guine 1 g scrt botler rosults might
be obt uned when morc unils of (1" ntigen were used m the tests This
problcm was therdfore examined for all 3 types of pohiovirus

In 11ble 9 are shown the results obtuned with (1 tests on 7 1yl
gumnc g scra In thas axperiment a crude tope Iyarus susponsion walh
vCE tilerof 1 4 (eg 4 units par 01 ml) was used  These sera were
tested gunst 24 wnd 8 units of wnligan espht units of nbigen hong
obtamed by cmploying 0 2 mlof (1 wligen mstoad of the usual solum
of 01 ml (1his simple mcthod for mercwing the wnount of pohio (1
wnbigens has ban suggosted by Sehonudt & Tennette (12) who found
that manercse n the total volume of the CF test from 05 ml to 06 ml
had no sigmificant ¢ffcet on the (1 antibody titers) In the presant
axperttitent (bl %) il was found that the €1 antihods iter of e
type I gumcr g sera did not vy wath the amount of nbipen

T1AB1D 9
Ct Tuers of Tpre l Guun a g Pyly Antisera Teste ! uth
Miffcrent Unids of (1 \nligens

Ot reof gHtenpigs mTypel®

.
2
Antfgen [y fer 55’:“ —_ ‘
55| nu | s | LUt ‘ 1wy | a0
2 2
01 ml «f 1 2 dilution 2 \ND 1€ <2 1 2
01 ml «f unliluted 4 4 12 <$ \ND f : 3
0. ml «f un filuted 8 (23 3 <2 4

Titers as reeypr e Iy fscrum dal it n
ND==n td ne
Subscquentls aght iypc 11 guien pig, sers were dostad g anst b
crude type ITEreon traated antigon wath o titer of 1 2 teqg 2umlbs pr
01 mb 1wl s with 130 timgs concentrite of 21 rcontre wed mbige I;
Thus Tutter hid @ liter of 132 wd was used 1 difution of 1 1eqg
umits por ¢ 1 ml (1ble 10) No differcnce in the hiter of the guiney pig
sern was seen whother 2 o7 & units of ainbigen were cnploved ,
Anothcr series of 10 type T guinca pip servw s te stad g unst 2 ,
4 unils of €1 ntigen nd g un the s e (1 titce was obtuncd mde
(nt of the number of units of Wwlipen cmploved

wd

pend
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TABIT 10 St
g Tested wi
Tutess of Type Il Guinea Itg Palio dnlisera
T Daffesent Laats of Ture H CF Antigen

toits | L1 titers of guinea piy type M sera®
Antigen Type { .?\"ﬁfn 1] 12 T3 4w | |7,
Crude 5 pas 128 & 61 32 2 4 2
30 % concentrate
dituted 1 4 g 128 128 & 6 3 2 & 4

+ Titers as reciprocals of serum diiutinn

Finally, experiments were carried out wilh & numbcr of type 1E
gwinea pig sera In one experunent (A} 2 and B unuts of antigen were
used, while 1n another experiment {(B) 2 and 4 umts were employed
Table 11 shows the results an 5 guinea Mg sera and one serum pool
which all were tested in hoth experiments

TABLY 11
CF Tuters of Type HI Guinea I'sg Polio Antisera Tested with
2 4 and 8 'nits of Antigen

¢ CF fiters on type Il sers

Ao, -

e ween L P [ w3 | o | 909 [,ﬂ,"‘;,
A4 QU mlerude 2 2 4 4 1% 2 1
01ml (30 % cone) dutat 8 16 32 32 32 16 16
B 01 micrude 2 2 3 s 8 2 4
02 ml crude 4 8 16 16 32 8 16
01m (3 xXconc)ddt 8 ND ND ND \D D 18

Legends sec Tahle 9

By companson of the results obtwned with 2 umis of anbifen m ex-
periments A and 1 B 1t will be seen that the serum lfers Were very
reprodueible, m fact they were 1dentical in the 2 experiments except for
serum $965 which showed a 2-fold dilference m titer Furthermore,
experuments A and B showed that 4 units of antigen gave hagher serum
titers than 2 units and that the titers were still higher when 8 umits of
antigen were employed mn the test

A senies of type 11T anligens has been examuined with various amounis
of antigen in the CF test The above mentioned ohsenations were found
to apply to all type 111 antigens studhed so far when these were used
CF tests against low-titered guinea pig antisera

From these experiments 1t therefore seems that for the e<aminatton
of type I and 11 guinea pig sera 10 CF Leets, 2 units of CF antigen are
adequate for the detechion of small amounts of CF antibodies In can-
g;q;.ntt?;c:‘cshng of type T sera 1t 1s desirable to employ 4~8 units of

19 actaramn 53 3
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DISCUSSION

Schmudt et al (13) reported the preparation of polio CI™ antigens
from TC flwds, uvang HeLa, KB or embryonic mtestmal cells m con-
tinuous culture These antigens could he used 1 CF tests without con-
cenfration In contrast, the aboye authors found that CF antigens from
monhey kidney TG fluids were of rather low potency In our hborators
engaged n the preparation of polio v aceine, the monkey hidney TC cells
were more easily available than HeLa cells or other eell ines and 1n the
bresent study such cultures were therefore employed for the prepira
tion of viral antigens In CF tests such antigens were i our laboratory
found to have titers of 1 2-1 8, when suifahle nutrient media were used

A serious problem n the preparation of CF antigens from "1C fhwids
1s the anhi-C' activity of some of these antigens In the present expen-
ments 1t was found that the use of hovine amntolie fluid as maintenance
medium for the cultures resulted 1n antigens with no or only slight
anti-C’ astisity Svedmyr et al (7) reported that the anti €' actby
could be abolished by heating the preparation at 56° C for 30 mwmules
However, 1t was shown by Le Bouvter (28) and confirmed by Schand!
& Lennetfe (29) that the homoty pic speeificity of polio CF antigens 1s
undesirably modified by heat, t e the antigens acquure during the heat
g a fugh degree of heteroty pic activaty

Hummeler &Hamparian (23) ntroduced treatment of the CF anhi
gens wath fluorocarbon for the removal of anti C' actrvity These and
other authors (23) found that the medum employed for the preparn
tion of the viral antigen was mmporiant for the preservation of the
speaific anligen during the Freon treatment In the present expernments
it was found that antigens prepared in media contaming 1-2 per cent
calf serunt was httle damaged by Freon treatment

The examination of monhey hy perunmune sera 1n GF tests does not
require the use of potent polio CF antigens Howoever, when dealing » 1th
sera of low CF titer, as for wstance sera front guinea pigs moculaled
with formahin treated pohio vaccine, 1t was found neeessary to cmploy
CF antigens of highcr potency, and studies on the coneentration of
antigen ' the ultracentrifuge were thercfore carried out Mare &
Warren (14) cnployed CF antigens concentrated i the ultracentnfuge
for the study of polio antisera The concentration of poliosirus 1 the
centrifuge 1s faelitated by the addition of gelatin to the TC Nwd prior
to the centrifugation as Baron his reporied (27) This [inding was
confirmed m our studies During the centrifugation withoul geintin a
proportion of the type I virus was found not o he collected wath ihe
sediment hut remained n the lower part of the supernatint (Table 8)
Moreover, the sediment 1s more easily disruptad during the lnanlpuh‘:
twons for the colltction when gelatin s not used In the presence ©
gelatin a firm pellet 1s formed, visible 1n the hottom of the centnfuge

tube
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¥ fferent umits of antigen w parallel titrations of the
KJ:I;TE:‘I:‘(‘Y::IIPR\C‘EUI:101 Mg sera it was found that for the dcyn(?tr‘wlr:‘h'un
of type I and 11 pohio CF antibodies the use of 4 or & umts of ":m e
1n the test was no better than 2 umts of nligen (Table 9,10) m\;'u‘r,
for the detection of type It1 CF antibodies 4 or 8 umts i regu :r_\
{wath all the 1ype 111 antigens studied) Rive higher serut titers than
did 2 units (Table 11) With the present knowledge on the properties
of the fhree antigensc types of poliotirus 1t s not possible ta explun
thus obsenvation

;rm:[‘our expertence which conform with ethers {14} w seums lhnl‘
the type 11 polioyirus provides a good CF antigen and also that CF
antibodies to tvpe IF are casify demonstrated Poliosirus type 1 pepre-
sents a fess potent antigen and polisvirus type I 1s mfenor o this
respect to the other two types

The present experiments confirmed the observation by others (12)
that a double vofume of infected TC flurds can be employed if a doubling
of the antigen dose 1s required Ants € effect through the use of @2 m!

mstead of the usual 1 ml of Preon trested antigens was not encoun-
tered

SLMMARY

Experiments on the praduction of CF polio anbigens from monhey
hidney fissue culture fluid <urus using sarous culture media have ben
deserthed  Results obtawed with Freon trealment of the anligen for
remoyal of anticomplementany actiuty and removal of what s pre-
suimably host antigen have been deseribed Also results of concentration
m the Spince ultracentnifuge with and without the addibion of gilatin
are recorded

By he wse of conrcentrated antigens 1t was demonstrated thit as
regards CF tests wath type I and type II poliosirus, 1-2 umts of antigen
are sufbitient Howeser, Wik e M 1t was found bedter to use 4-8§
units of CF antigen, 1n that higher serumn titers were obtaned n tests

wil ow-blered guinea pug sera, when the tugher amount of antigen
was employed
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A NEW SALMONFELLA SPECIES:
SALMONELLA STRAENGNAES = 1l:z4:15

By

K AL, B Bacnruas, E Bevorssos and T Mazrssos
Recebved 27 hi 1961

In November 1960 a Swedish UN force of about 600 men returned
to 1ts headquarters at Straengnaes The foree had been serving abroad
for about 6 months, the first 2 1n the Gaza area of Israel and immediately
alter for 4 months in the Cange, mostly 1 the Katanga area

During the hrief service numerous acule but slight cases of ente-
ritis had occurred, but no one had been seriously 1l On the return
o Sweden pone was suffening from ententic symptoms &s s imonella
carriers were suspected a faecal specimen from esery member of the
force was culturcd Twenty cultures yiclded growth of different salmo-
nella strains such as $ amager, S chieago, S hisangam, & mampeza,
$ stanleynille, § tapht munum, § st paul and § nfants

Four of the 20 strains proved to helong to a hitherto yunhnown spe-
cies Two of the men from whom these strans had heen 1sol ited had
shown signs of tnteritis while in Gaza, the other two while in the Congo
— only one of them with fever

Sera from 3 of the 4 men were tested for the presence of agglutinins
tonards the new type, all with negatine results

Biochemuceally, the strains showed the following characteristies: rapd
fermentation of arabinose, duletol, glucose (with gas), maltose, man-
nitol (with gas), rhamnose, sorhtol and xylose, no fermentation of
lactase, saliemn, sucrose and 1mosital, no production of mdol, no decom-
position of urca and no hiquefaction of gelatine, positive reaction n
Stern’s glyceral fuchsin broth and 1n d tartrate, formation of H:S,

negatne Voges-Proshauer reachion and positine mathyd =nt o s
< - . .

tu .

1118

=« wavw Saengnaes has been accepted

We are greally indchted Lo Professor £ Ao
matvon o€ e astipyed to B uffmann for yaluable help and confir.
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SUMNM L RY

The authors deseribe 2 new Salmondlla species § stracngnaes with
the aintigemie formula 11 710 15 Struns of this species were 1solnted
from four UN soldiers on return from the Congo
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PATHOPHYSIOLOGICAL INVESTIG ATIONS
INTQ THE TERMINAL COURSE OF EXPERIMENTAL
ANTHRAX IN THE RABBIT
By
B b “Norpere, € G SonwnTeaitw and H-J Hasses
Recened 41 61

One of the characteristic featurcs of Bacillus anthracis 15 ats unusual
reproductne capacity t vwo which explamns how it can appear
enormaus quantitics 1 blood and other fissues This ohservation has
long formed the basis of our conception of the mode of action character-
1zing thiy bactenium (Toussaint 1877} According to this conception
B anthracis v behieved {o cause a capillary obstruction, n parlicular
of the lungs This idea about asphywa 1s also to be found in other 1n-
terpretations of the pathophysiology of the discase So, de VWoulin
11936) believed the asphvxin to be a sequel of some damage to the
central nerous svstem In addition to these conceptions of the cause
of death 1n B anthracts infection, more or less speculative though thes
are a few experimental pathophysiologieal papers have also been pub
Lshed m the Literature of the early days Resartzew, for example, 2
Russian scientist in 1889 discovered that sheep dving of an experumen
tal wfection of anthrax showed anoxia m the termwnal stage The Q-
concentration 1 the blood was only half the normal value In 1912,
Burow published hts results of haematological tests carried out during
the various phases of experimental anthrax in rabbits gumnea pigs, and
mee He found a continuous reduction wn the number of erythrocytes
down to one third of the normal value when death occurred In adds-
tion he found poilalocytosis According 1o Burow the cause of death
was ebviously to be found in a hypoxaemia caused by haemolysis

Hence the early Dferafurc concentrated around iwo hypothetical
modes of achion of B anthracis, one of which was mechanscal and the
other chemieal

According to Topley & Wilson (1933) the 1dea of bacteria exerhing
some sort of mechanical influence 1s no longer compabible with “our
hnowledge of the wav n which the tissues deal with t
which have gmned access to them  Thas applies t b: e articles
As for anthrax Smith ef al (1955 2) have srlsz\\es to et in feneral

n that the fatal sutcome

29,5



SUMMARY

‘The authors describe a new Salmoncdlla species S straengnaes with
the antigenic formuly 11 zo 1,5 Strawns of this species were 1solated
from four UN soldiers on return from the Congo
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aged to prose the existence of a speailic lethal factor in plasma from
guinea pigs “dying of anthrax™ Obviously, this factor 15 not wlentical
with the substance from the cipsule In 1938 the syme team reported
that they had been able to prove the exntence of this toxin n wmilro
cultures of noncapsufated hactcrin

The morhid anatomy of both spontancous and experimental anthrax
1s very hitle known, m the hiterature of the Inst years, howesver, there
are two rather comprehensine studies of the pithologic anatomy of ex-
perimental anthrax First, Ross (1935) studred, from a histepathological
angle, the guinca-pig material presented exther that year by Snuth et
al, and a few years later {1939) CLomunshy published a histological
study of experimental anthrax i mice In both of these papers the
nterest 1s focussed on the presence of an extensive renal fesion as the
most important change i a pathogenchic sense Hoss considers the renal
lesion 1n the guinea pigs 1o be of the same type as i “lower nephron
nephrosts™ but makes no indicatton as te the relative probalnlity of the
two main interpretations of its ongin Lither, she writes, “toxic action
may be directly on the cells of the renal tubules, indireetly by some sy-
stemue action causwing renal ancvia and se renal epathelial damage, or
by a combination of these two factors” The “systemic achion” of Ttots
15 probably 1dentical wath the “secondary shoek”, the term uscd by her
fellow-workers 1n other connexions Finally, she refors to the fict that
Berg et al (1951) reached the same conclusion when studying the
cffect of Cl welchu tovun on the Radness of dogs™ Comnshy interprets
her finding as follows the toxin probably destroys “the permeability
of the iner glomerular membrane to pass to the tubules and bring
ahout the neerosis there’

Obviously, there are still many pents requinng elucidation n con-
nexion with the damage cansed to the organism by nfection with B
anthracts and finally leading to the animal’s death Experimental an-
thrax 1n the rabhit being charactenized chmically by asphyxia in ats
{inal stage, our work has concentrated on the termunal hypoxaemia
and 1ts causes The present paper 1s to give an account of that work

TFCHNIQUF

A Throughout our investigations rabhits o

f2426 K
used as expersmental animals The animals h: . oy pweight have been

ave heen anfected by intravenous n
hr‘é;";nt::e:li)io:tl-a::nf culture of B anthracis totalling 107-12 v 18 a4

n . .

be . . '
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n the case of experimental anumals 14 determined already at a stagc
when only 1/300 of the terminal hacterial count ts reached Although
streptomyein therapy after this entieal stage may eradicate the hac-
teria, the animals do still die

The modern itcrpretation of the mode of action of hacterst rests on
a chumieal foundation: “The basts of all harmful effects of hacternal
infeetion 15 quite certainly chemical” (Topley & Wilson) A consider-
able number of attempts have been made throughout the years to
establish a production of endotoxin or cxotoxmn by B anthracis As for
the earlier work n this ficdd 1t 15 suggested that the reader consult the
comprehensne monographs published, eg, by Sobernhieun (1931)
Quite rceently much attention has been paid to the work carricd out b
two g teams, one Amcrican and onc British, on the problem of the
production of toxing by the anthrax baedlus

The American workers, Watson ¢l al (1947), suceceded in 1solaling an
“inflammatory factor” from tissuc lesions eansed by the bacillus and
were also able to prove that this substance possessed a “tissue-damagng
capacity 1n skin tests” Nordberg (1951) showed that filtrates from cul
tures of capsulated bacilli—as distinguished from filtrates of non
capsulaled cultures—also had a “tissue-damaging capacity m sk
tests” However, Walson ef al have not been able to establish any 1den-
tity between thar “inflammatory factor” and the substance (1¢, poly-
d-glutaume acul) shovn to he present i the capsule of B anthracts (in
vestigations by Tomscih & Szongott, 1938, Ivanomes & Erdos, 1937,
Ivanovics & Bruchner, 1937) King & Stein n 1950 tried—though 1n
vam—io prove the existence of an active endotoxen and gloomily Jowned
Bloom el al (1947) n thetr statemcnt  “Qur knowledge of anthrax i
this respeet (1e, 1its mode of action) has not been added to smce the
turn of the century”

When starting to attack the problum of “the chemical hasis of the
vrulence of B anthracts” the British team around Smuth, consequently,
had to sct out from the fact that so far only factors of a cortan local
tissue-damaging capacity had heen shown to exist Snuth et al started
thewr work by preparing an extract of bacterrt from i vivo cultures
and iolating * xtracellular products” from affceted tissues However,
they failed to prove the existence of any toxicity m these products
(1933) Concluding that “the hilling poser of B anthracis 1s aswfnlul
manly sith the growth of the organism m the tissues of the host” they
then begin to study the processes going on within the infected amml
First, they earricd ont their work already mentioncd on the ternnal
bacteracmia and then proceeded with eltmeal and morbid-anatomy stu-
dies of cxpertmental anthrax n the rabhit These studies led to l:u‘
conception of a steondary shock as the causc of dcith After this ht_‘
mvestigations into the mature of the oedcma-producing factor \\(r;‘ rl"
sumed stnce that factor could be expected to "])r()(]llcc‘”'lg mscu'lllrx(nﬂl':_
age which leads to secondary shock Snuth el al (1953) finally
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aged to prove the existence of 4 specific Jethal factor i.n P‘ﬂ“.“"' from
guinea-pigs “dying of anihrax” Oby tously, this factor is not jdentical
with the substance from the capsule In 1938 the same team reported
that they had been able to prove the eustence of this tosin i in vitro
eultures of noncapsulated bacteria

The morbid anatomy of both spentancous and experimental anthrax
15 very hittle known, in the Iterature of the last years, however, there
are two rather comprehensive studies of the pathologic anatomy of ex-
perimental anthrax Farst, Ross {1955) studied, from ahistopathologieal
angle, the guinea-pig material presented carlier that year by Smith ef
al, and a few years later (1939) Comunsky published a histological
study of experimental anthrax m mice In both of these papers the
interest 1s focussed on the presence of an exiensive renal lesion as the
most smportant change 1n a pathogenctic sense Rass consaders the renal
fesion 1n the guinea-migs to be of the same type as in “lower nephron
nephrosis” hut makes no mdication as to the relative probability of the
{wo man interpretations of ats ongin Either, she writes, “toxic aclion
may be direclly on the cells of the renal tubules, indirectly by some sy-
stemic actwn caustng renal ancua and <o renal epithelal damage, or
by a combination of these two factors” The “systemic action™ of foss
1s prohably 1dentical with the “secondary shock™, the term used by her
fellow -worhers 1 other connevions Finally, she refers to the fact that
“Berg et al (1951) reached the same conclusion when studsing the
effect of Cl1 welchu toxin on the hdncss of dogs™ Conuasky interpreds
her finding as follows: the toxin probably destroys “the permeability
of the mner glomerular membrane to pass 1o the tubules and bring
about the neerosis there”

Obviously, there are still many pomts requining elucidation in con-
nevion with the damage caused to the erganism by infection with B
anthracis and finally leading to the anmimal’s death Experimental an-
thrax in the rabbit being characterized chnically by asphywa mn ats
final stage, our work has concentrated on the terminal hypotacmia
and ats causes The present paper 1s to give an account of th it work

TrCHNIQUF
A Throughout our mvestigations rabbits of 24 278 kg w1 — 1
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mainly consists of <pores It has thus been possible (o obtain comparatinels unt

form infective dose for the mvestigations
The concentration of blood gases has been determined analvtically according to
the van Siyle method blood samples having been drawn from the carotid arters by
means of a permanent cannula Inserted under local anaesthesia Samples have heen
drawn both hefore the infection to check the normal values determined presioush
and at various stages of lhc»infeclmn In particular much interest has heen devoted
[

venous post mortem blood These samples have been tahen from the rght yentricle
immediately after death The amount of blood gases m the arterial blood has also
heen studied 1 a similar manner 1n rabbats infected with other pathogenic micro
orpanistas 11~ Pastenrelle mullocida and Streptococcus pyogenes and a crude toxmn
from (lostridium notyr the latter preparation heing from a wefl known toun
producer (€1 novvi 2-A6) The titre of the crude toxin vas 0001 ml == ! Djo 1
white mice of 14 16 gm body weight (intravenous mjection) To further clucidate
the matter the concentration of blood gases has also been determined 1n rabbits
which have heen mechamically strangulated under anaesthesia

The O_ consumption by B anthraets has been studied 30 a seres of 1nyestigations
applying the Warburg technique The work has included determinations of the 0
consumption by hactersal cultures in Ringer's solution and of the O_ consumption
i a mixture of acrated blood Ringers solution and a culture of hactersa (1 part
acrated blood + 1 parts Ringer s solution) To compare the results similar 1nvestiga
tions hasve been made on ather micro organisms both pathogenie and nonpalhogente

Determinations of the numbers of red and white corpuscles and the hacmatoerit
value have heen carried out according to standard techniques The standard values
of each amimal have been determined prior to mfection and then by samples taken
at regular imtersals after infection and immediately after death [or the sake of
comparison the number of blood cells and the hacmatocrit value hase heen deter
mined il ¢wise 1n cases of infection cansed by Pasteurell 1 multocida and of mjec
tion of Clastridim not g1 toxin Further these salues have been determuned when
the infective agent has been added to normal hlood i1 t¢iro after incubatiyn for
Ghr at37°C

The osmotie resistance of ervthrocstes has been mvestigated through a numter
af experiments erythracstes from poth normal and infected rabbits haviag becn
analized Bloud samples have heen taken both before infectson and n smmedate
connexton with the death of the animal

In another series of (xperiments the 03 consumption 1n liver <lices mn the pres
ence of a B anthracts culture has been studied by means of the Warburg technsque
The Iner slices used have heen prepared from livers of healthy rabbits

AUsartous points durmg the course of thewr disease 1nfected rabbits have been
treated with a single dose of benzyl penterllin (100 000 international umis per b
body weight mtraycnousls )

Studics of the morhid anatoms ncluding a full post mertem gross examina
tion and a histological examinaticn of the spleen an abdominal hmph gland the
trachea lung stomach intestine Iner kidnet mjyocardium sheletal muscle brain
and adrenal gland have been carried out not onls on 26 ammals belcnging to the
sertes lreads mentioned but also on a series of 15 animals infected according 1o the
same technique but never uscd for any purposc other than the morhid anatemy
evammation Fach autopsy has been completed within 1 hr of the ammals death
which gencrally cceurred 25 %5 hr after the infection

In the latter group cach of 5 rabbuts cut of the 15 has Icen treated w1th 100 000
1aternational umits of pemciihin per hg body weight some 2 or 3 hr helore death in
order 11 studs the pathologieal picture of a tcrminal stage With no bacteria present
Nevertheless the rabbits died Just as cawly

The following hixation fluids have been used
formal Ichyde a 20 per cent aqueous selutien of T
cauttous heating to 70 80° C— rapid fixation

Tuid
sq;f‘l: sfo‘”‘:::ung stasming meth ds have been emploved  Haemalum eoun i;;t‘:ﬂ:
toxyin pieric acad fuchsin (van Lison s stam) PAS -.lamu:g according ;ndc:" fg<
hiss Scarlet Red Aleian Blue methyIgreen prromine (U nna Pappenheim) 1 a

A 10 per cent aqueous solution of
srmaldehyde during 156 miutes of
Helhh » flmd Carnoy s fluid and
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flueck s mo Hhealt n of Tis
t: f Mallors s An | ne Blue ¢ollagen stain

::?w{ ;1‘:;’;‘:&1 3 Turnt ull s Blue Lepchne s Penziline test an 1 :‘l 1 per ru;( ll‘fl];lr(:;l::‘
soluti 1 of Tl ndine Bluc buffere{ at vari us pil 01 gcr cent T necau

at var qus plf

RESUITS
1 Correlation between Climeal Mamfestations and Racteracnun

It has been established that all animals in the series under test have
actually died from anthrax within 2» 53 hr after bemng infected In no
case has 1t heen possibie o estabhish a peraente or chromie course of the
disease nor has any haemorrhage from the apus or the naso-pharsngeal
cavits been obsersed From blood films 3t was found that the bactern
fust appeated 1 the blood 20 32 hr after the moment of infection

Together with the bacteraema the amimals showed a mise tunper
ature which 1 some cases was conmiderable and less marked in others
The mamn chmecal manifestation was an ncrewstng dyspnoen n the
latter y art of the process

Tt was found i all aumals that during the first stage of bacteraemn
the blood contained only noncapsulated anthrax haeillr inthially as soh
tary 1 odies but later on when the temperature got lagher innerevsing
numbers Immedntels after the vrexia had reached and passed its
maximum the microbes tegan to appear n their eypsulated form Ina
number of cases the eapsules disappeared again for a imited | enod or
their frequency was reduccd for 2 short time gencerally in connexion
with a new nise i temperature Jater on when the temperature dropped
they would occur again n great numbers

Furthermore microscop ical exammation of smears of blood wilh
drawn during the decline of pyvrexia revealed v § irtial bursting of the
caf sule mn some of the microbes This process generally occurred wwhen
the dechning 1 or fell below the normal body
temy eraturc typical of that individual amimal The bursting of capsules
advanced slowly and at short intervals 1 the final slage immediately
before death when there were numerous hacilh 1 the blood stream
the bursting, of caj sules mereased to such an extent that the surround
g, medium e the blood seemed to he penetrated with the contents
of the capsules Thys could be seen from blood smears stained according
to ITesm wath old methylene blue dye 2t the moment of death or mme
diatelv afterwards as a reddish violet mass surroundmg the microhes
which on this occasion were noneapsulated The same eale -

s wul sie, tood) surrounding the mi
erobes assumed a hight blue hue

The correlation between the hods temperature of the sick animals
and the developmental phase of the microhes 1n the blood was clearly
noticeable During the nise in temperature

noncapsulated microbes
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alone are to be found whereas capsulated forms oceur durtng the fall
n temperature
The haemato-morphological examinations of blood from nfected rab-
bits showed that samples taken 35 hr prior to death contuned cp-
sulated B anthracis microbes However, 1t was not possible to establish
the presence of any free capsular substance and the crythrocytes shovwed
quite a normal appearance
Samples taken 1 hr hefore the ammal’s death proved to contan
numerous microbes with ruptured and partly defectinve capsules, ample
quantities of capsular fragments of varying sizes, and hberated cap-
sular substance
Blood samples drawn during the preagonal stage showed great num
bers of microbes and of capsular fragments and substance The staunmg
properties of the erythrocytes varied considerably Those that took the
stain 1n the usual way also showed normal shape and size A great num
ber of red blood cells remained almost unstained, 1n addition, and con
trary to the corpuscles showing normal staiming properties, they were
characterized by a significant increase in diameter size The presence
of abnormal erythrocytes as described 1s ty pieal of blood n 2 haemohy
tic state There were also many corpuscies of normal size but of 10t
parred stammng propertics (reduction of haemoglobin content) This
blood showed the same picture despite 15 mmutes’ acration durng
which 1t assumed a hght rcd colour By phase microscapy of prepara-
tions 1 a native state 1t was noticed that part of the crythrocyies had
assumed a spherical shape that clearly differed from the normal hicon
cave form
Examination of blood samples from rabbits that had been moculated
with Pasteurclia multoerda and from others that had been grven toxin
from Clostridium novy: at no stage of the disease revealed any changes
i the appearance of the red blood cells, nor could any signs of hacmo-
Iys1s be detected
2 Content of Blood Gases in the Course of Disease
The normal average blood-gas concentration as determined 24 rab
bits was found to be 11 6 per cent (by vol ) of O and 42 9 per cent thy
vol ) of CO. n arterial blood, and 8 2 per cent thy vol ) and 389 per
cent (by vol ), respectinely, in venous blood On the whole these blood
gas values show great individual diffcrences, probably duc to the fact
that there are considerable variations mn the pulmonary ventilation
the rabbit, particularly as concerns the breathing frequency
The determiation of blood gases according to van Slyke requiring
a comparatnvedy 'arge guanhty of blood for each test, 1t has not been
possible to carry out a continuous blood g1y anahsrs m each ammal
For this reason simples hve been tahen 1 a series of 10 rabbils, at
arious times before daith (the time range being from 3 hr to 5 min }
The results are presented i Table 1
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TABIE 1
Concentration of O_ and CO n Arterial Rabbit Bland at parisus Slages of Infection

\
Time of ] Relatise frequeney, | [N o,

[ ling »; AR
M| g ermRmebMAU B e
| desth) i i
10
ur a [E3ICaIEN 03
u 8 (H)(+)(+) 06 ;:'7)
167 10 (+)(4) 17 w1
m 18 (+) 47 2
12 30 (%) 99
= 101 295
109 40 (=) n
2558 60 + s 25
a2
173 7 + 123 212
163 90 + 105 373
170 300 = 1ns 348

Etplanations  + non capsulated B anthracis
{+4) capsulated B anthracis

TABLE 2
Concentration of 0+ and €0_ in Blood from Rabbils Inoculated with Bf anthrarts
| Artersal Hood Verous Hood
Hat by = - - -
\o“ \ by sal) o, O bawel) (00, byvol)
pas pas pm pm
112 136 03 405 276 02 290
1 137 0 w6 206 01 217
13 139 03 380 150 01 290
ns 121 01 381 151 o1 142
s 120 01 376 121 [ 167
13 13 02 413 208 01 27.2
120 101 02 340 137 01 187
12 1ni o1 331 231 01 30.3
123 136 01 | 202 01 248
24 107 01 313 186 01 218
12 127 01 158 212 [ 3] M8
Mean 124 02 187 199 o1 2417
Fral

p1 = prae
pre agonal stage
post mortem

W can be seen from the Tabte that both O« and CO: satues are par-
ticularly low just before death The reduction of Oz 15 noticeable alreads
somc 30 min before death, reaching extreme values 10 5 min before

In the followwng experuments we have thus concentrated on determin-
mg the O_ and CO salues immediately before death The results are to
be found in Table 2

From Table 2 1 can easily be secn that there 1s a very marhed hvpox-
aemia 1 the preagonal stage of anthrax infections The drop 1n CO:
content, although signiflicant, does not produce the same low values as
docs the O~ content On the whole the O: content of the venous blood
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alone are to be found whereas capsulated forms occur durmg the fall
n temperature

The haemato-morphological exammations of blood from nfected rab-
bits showed that samples taken 35 hr prior o death contamned cap-
sulated B anthracis microbes However, 1t was not possible to establish
the presence of any free capsular substance and the erythroey tes showed
quite a normal appearance

Samples taken 1 hr before the ammal's death proved o contamn
numerous microbes with ruptured and partly defectise capsules, ample
quantities of capsular fragments of varying sizes, and hberated eap-
sular substance

Blood samples drawn during the preagonal stage showed great num-
bers of microbes and of capsular fragments and substance The stamng
properties of the erythrocytes saried considerably Thosc that took the
stamn in the usual way also showed normal shape and s1ze A great num
ber of red blood cells remained almost unstamned, i addition, and con-
trary to the corpuscles showing normal stainmng properties, they were
charactenized by a sigmficant merease 1n diameter size The presence
of abnormal erythrocytes as deseribed is typical of blood t a hacmoly-
tic state There were also many corpuscles of normal size but of im-
paired staiming properties (reduction of haemoglobin content) This
blood showed the same picture desprte 15 mmutes” acration during
which 1t assumed a Light red colour By phase microscopy of prepara-
tions m = native state 1t was noticed that part of the erythrocytes had
assumed a spherical shape that clearly differed from the normal hicon-
cave form

Caanunation of blood samples from rabbits that had been moculated
with Pasteurella multocida and from others that had been given fonm
from Clostridium novy1 at no stage of the disease revealed any changes
1n the appearance of the red blood eclls, nor could any signs of haemo-
lysts be deteeted

2 Content of Blood Gases tn the Course of Discase

The normal average blood-gas conceniration as determined 1n 24 rab-
hits was found to be 11 6 per cent (by vol ) of O. and 429 per cent (by
vol ) of COz i arterial blood, and 82 per cent (by vol) and 389 per
cent (hy vol ), respectively, 10 venous blood On the whole these blood-
gas values show great mndividual differences, probably due to the fact
that there are constderable variations in the puimenary ventdation i
the rabint, particularly as concerns the breatlung frequency

The determmation of blood gascs aceording to van Slyhe requinng
a comparatively Iarge quantity of blood for each test, 1t has nol heen
possible to carry out a continuous blood-gas analvsrs in each animal
For this reason samplcs have been taken, tn g series of 10 rabints, at

vartous fimes hefore death (the tume range berng from 5 hr o b mn)

The results are presented m Table 1
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The experiments with Streplococens pvogenes have vielded results
uite analogous to those deseribed for Pasteurella multocid mocula
ons S0 high O and CO- values have been obtained and there 1s a
reat difference huiween the blood O+ of anthrax and streptococens
noculated rabbits The results are summarnized sn Table 4

In the pre agonal stage the Oz concentration mn the blood of rabbits
noculated with Clostridium novy: toxin was less than m amimals no
culated with the two last mentioned bactena, yet much higher than the
values obtained from blood after inoculabion with B anthracis The
results as may be seen from Table 5 ndicate that in the pre agonal
sfage the CO concentration, under the influence of a towsn of this hind,
approaches the s alues that are normally found 1n non infected rabbits
To further increase our comparative matenal we have strangled
anaesthetised rabbits The results can be seen 1n Table 6

TABLE §

Concentration of O and CO_tn Blood from Rabbits Following 11 Infection of
Clostrid am no yt Toxwn

Artenalble 1 Venous tnod
Ratbt T
e 0., by val ) CO-(*, by vab) 0" by vol} €O (", by vol)
i pt pas } pi pas pm pm
146 138 27 322 366 01 117
148 125 70 128 39 07 389
100 118 48 373 265 03 309
151 14 56 318 377 04 108
153 135 71 324 278 06 22
161 136 83 318 285 0a 308
162 119 39 320 327 10 333
163 132 61 398 345 04 394
163 130 50 380 404 04 105
165 88 39 377 249 05 335
166 122 83 370 338 04 36
Yean 123 a8 362 38 05 3.8
Fxplanations Cf Talle 2
- TABLF 6
oncentrat on of 0 and CO in Arterial Blond fram \on I
Undor Anceathoeen nfeete { Robbuts Strangled
Rabb t Ost04
205 e 29 3
7
ggg 17 23 33: ﬁ :
R 106 62 256 10
208 }gg 89 424 43 :
o 40 46
* us 53 il 5%
P T 2w

Fiplanations pas = pre agonal stage
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seans 1o follow the arteral value whereas the venous CO; content 1s
generally lgher than the corresponding arterial value

Tor the sake of comparison we have examned the hlood g1s content
m rabbils moculated with Pasteurella multoeids The results of these
myestigations will be found in Table 3

TABLY 3
Concentration of O and €02 in Blood from Rabbits Inoculated with P multocula
| Aric riat blood \ enaus bload
Rabhit -
No O {% k3 vol ) (O P by ol } 0. by vol} ’(n, (otssol)
[ pas pi pas pn , pm
172 134 119 351 134 05 a0
133 118 122 352 122 01 188
134 124 78 188 109 07 204
175 n7 90 180 167 01 160
117 122 80 157 15 01 215
138 132 95 359 196 (L] 170
139 124 97 348 166 10 173
12 123 82 317 101 L8] 196
144 120 99 361 165 0s 107
145 5 98 3ace 175 02 180
Yean 126 96 357 145 03} 182

Frplanations Cf Table 2

In this series only a shght reduction of the O. concentration eceurs
1n the pre-agonal stage As ean be seen from the Table, therc 1s a cont
siderible differcnee in the valucs of anthrax and pasteurelia moculited
vablits There 15 a feeling that the drop 1 O_ 1n the latter group may be
referred to the bad general condition of the animals (ipaired crcula-
tion, low vit1l capacity, cte ) whercas in the anthrax rabbits the sert-
ously low O: concentration must have quitc another, and basically dif-
ferent, background

TAHIT ¢

Cancentration of 0y and (0. in Blood from Rabbus Inoculated with
Streptococeus jyogines

Acteriad blaod J Venous hhod
Rabhit - ) "
1 O ("slysol) (O Cylyvol
v U B e S
2 188
12 176 113 131 254 12
;17;: 130 97 411 101 (53 1233
10%s 144 60 302 219 10 e
11/s 161 96 409 175 05 21
1145 17 139 362 120 39
ean 145 101 369 174 15 25

Frplanations Cf Tahle 2
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Orygen Consumphion by B anthracts

Tests have been carried out according to the Warburg tcchnique to
find out whethcr the low Oz concentration i blood tahen from anthrax-
infected rabbats in the pre-agonal stage may le causcd by 2 Ing con-
sumption of O by the microbe Wsetf The consumplion of 0Oz was dc_l:‘r-
mmed by mixing the culture of bacteria, after 12 hr incubation at 37° C
and centnifugation with a hquid comprising acrated © ibint blood (from
non fected ammals) 1 Ringer s solution (10 4) These tests showed
ahigh O consumption not only m the case of B anthracis but also
when other bacterin were present n aerated blood & low consumption
of 02 was found onfy 1 the case of cerfain apathogens 1s compare d
with the pathogens under test

Deter of the O. tion by culturces of bacterin in the
absence of blood mdicate that the biggest Oz consumption occurs with
1 Alow O~ T was found with Pasteurelia mulo-

c1da whereas 1ntermediate values were found for the other pathogens
under test

From these tests tt mught be ushified to conclude that the very low O
concentration 1n the blood of anthrax mfected rabhits cannot be caused
by the O- uptake of the anthrax baenlus stsclf since, e g, Pastcurelia

multoeida and Staphylococeus spp show about the same Oz consump-
tron 1n the presence of blood

Effect of B anthracts on the Hepatic O: Consumplion

In order to determine whether B anthracis interferes with the meta-
bolism of the indwidual organs a number of tests hase been carried out
W which the O~ consumption of the Iner has been studied by the War-
burg techmique The tests have been performed on shees of fresh rabbit
liver the normal O consumption of which has been determined in Rin-
gers solution Liver slices have then been mncubated with cultures of
B anthracis It was not possible, howeser, to find any defumte effect of
the on the Q. of the Iner shees

Vartations in Blood Cell Count and Haematocr Value

Already during our first experiments with anthrax infection 1n the
rabint 1t was found that, in the final stage of the disease, thesr blood
showed obvious signs of haemolysis A further study of this pheno-
menon has been carried out by haematological counts ana honmaigent

N the
* via e ddbie there 18 a decrea
ber of red cells when the nse 1n tem ot

perature has reached its max:
ih? k:o(!)r lempﬂmturc has begun to fall and the museat -

20 AcTarara 53 3
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As can be seen from Table 6, O, values as low as those found m ani-
mals dymg from anthrax do not eccur eycn after mechanieal sirangu-
lation

Furthcrmore, the blood-gas content of standard hlood has been -
veshigated following tn milro wnaculation (syrmge with mercury scal)
with B anthracis culturcs The results of these investigations are sum-
marized in Table 7 Trom the Table 1t 15 evident that in infected blood
samples stored for 6 hr at 37° G there 1s a considerable reduction in
the concentration of O: as contrasted with non-infected samples
Further, 1t 15 evident that inocul ited hlood samples stored at 4° C dur-
ing the same period of time show no sigmficant changes m the blood £as
concentration as compared with non-infected samples Hence 1t seems
Justificd to say that the concentration of blood gases docs nof vary
durmg 6 hr storageat + 4°C

TABLY 7

Concentration of O and €CO: in Blood Following wn vitro Inoculation
unth I anthracis

Infceted Non Infeeted
Simple —— Simples
No a 0 O | w0 t1hen alter
Calrvrol) [ abyraly oy rol ) i el
1 20 55 7 104 467 6 Ir at 37°(
2 27 538 158 428
3 25 367 15 277 -
1 82 398 81 306 6 hr at °C
2 102 431 101 396 -
3 97 443 92 432 -

The exception ily low pre-agonal concentration of Oz in the hlood that
had been moeulated with anthrax led to another mvestigation fo cs-
tablish whether the dark blood 1n question had lost its O. inding cap3-
cify completely To this cnd the infected blood was exposed to atmos-
pheric oxygen by rotating 1t m an Lrlenmeyer flask

We then found that afier 7 15 mun the blood wsumed a hight red
colour When measuring the O. content of this blood according to van
Slyke the O values were ngun similar to those found n blood from
non-mnfceted rabbits (e, normu « tlues) It appcarcd that the Mood
was capable of mamntaining these normal v alues for 30 mm after
which there was a gradual drop m O and after 160 min the above-
mentioncd execptionally low O. v alues were reached

The COz concentration of the mfected blood deerc wsed as the Q. -
creased and then started to risc as the O value sank It should nat be
forgotten that the respiration of the microbes n the blood my phy an
important role in the above mentioned processes
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tocnt value The leucocyie number, on the other hand, after a tempo-
iy 500[}15:(::“(31'1‘350‘ o “;g X"‘I;t“-ti(::m].ﬁlﬂb:l' values 1n rabbits
moculnle’d with Paslcur’élh multocida or mjected with Clostridum
novy1 touin has gnen the results summarized 1 Table 9 As can be seen
from this Table there 1s no real drop mn the number of blood corpuscles
nor in the haematoent yalues

TARIF 8
Aumber of Erpthrocytes and Leucocyles and Haematoenit Vafue of Rabbit Blaod
ollowtng Inoculation of Pasteurella multverda of Injection of
Clostridium noiyi Toxun

Frttre a
Ratbit | Sample | Body 1 Sty | Taoee | Hagmtor Agent
No aken | temp | mill eu ‘ cwmm | valoe
‘mm
839 i 390 60 6400 2 Past multocida
06 60 3400 26
pas i 60 1000 3
8139 pi 392 66 9700 36 Past multneida
03 66 10000 36
411 65 300 36
pas 06 60 5900 39
12/59 ps 398 17 6100 2 Past multocida
100 15 4200 22
pas 399 13 3000 2
ns s 291 55 6006 30 Past multonids
n2 53 8300 30
pas 105 58 10800 32
1439 P 390 76 8300 36 Past multorada
101 73 9000 36
pas 96 1% 3108 31
1 p1 333 71 7600 33 Clostr novyitaxin
pas 330 70 7800 34
20 p1 390 72 6900 36 Clostr novy i toxin
pas 390 73 6400 39
Expl pr = prae

pas = pre agonal stage
\o hemolysis

From Table 10 1t can be seen, however, that 1n the i vitro expen-
ments {syrnge with mercury seal) with B anthraeis mfection summa-
rized there, conditions are similar to tn vwo conditions

As can be seen from Table 11 the values of the osmotic resistance of
the erythrocytes m normal rabnt hlood range between 020 and 0 50
per cent i infected rabbits the correspanding values range hetween
020 and 0 75 per cent This shows that the osmotie resistance of the
crythrocytes has undergone a sigmficant reduction, and this fact ex-
plains the low values of the erylhroeyte numbers l’he experiments
20
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TABIE 8

Tollowtng Inoculation of B anthracis

Irytbra

Ratl it 5 1 llaemato
WELWRS L | e ol
mm value
1 1 391 70 9600 10 —
100 71 15000 31 +
392 38 1600 28 +)
pas 373 36 13900 8 B
12 p1 396 61 10900 12 -
101 67 17000 30 +
393 49 13300 30 )
pas 360 25 17300 10 )+
[ pe 389 51 8700 29 —
398 51 13000 29
382 50 7200 25 +)
pas 371 26 16500 16 +)(+)
9 1 388 50 6800 32 —
100 56 16900 27 +
376 15 18500 27 (+)
pas 368 35 29800 20 (+)(+)
177 p1 390 54 7600 28 —
102 56 16500 28 +
395 50 6500 28 (+)
pas 382 36 16700 16 (+)(+)
175 1 392 53 8300 33 —
102 55 18000 23 +
378 34 12200 20 (+)
pas 368 30 18500 13 ()
174 Pt 386 53 5800 34
101 55 156300 28
392 34 10800 20 )
pas 368 20 21200 12 (+)(+)
16 p1 393 61 5200 34 —
110 64 18300 32 +
386 54 7900 28 (+)
pas 368 38 15400 21 )+
13 p1 391 55 11200 37 —
112 61 17300 13 +
382 56 15800 28 +)
pas 371 23 16400 10 +)(+)
203 p1 392 65 5500 13 —
398 67 16800 38 +
381 16 10200 30 (+)
pas 370 28 18600 1> (+)(+)
Zrplanations p1 = prae infectionem
pas = prc agenal stage

+
(+)

ne B anthracts found
B anthracis noncapsulated
B anthracis cncapsulated
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ob-
quantilies 1n the Blood of anthrax cases would cause a c'\I:):I'nr‘_\‘n ,,,
struction, particularly pulmonar, leading to the asphyua well kno
anthrax

TABLF 11
Conhhinns of Osmotic Restslance of Rabbit Frythroeytes 1n B anthracis infection

Raltit No I Saniple taken | Owniotie resistance
u . on- o
. oo
° 4% o oon
: " e
o oo ps
48 Smoon
. s o
' o, S0
" . R
Y (L

Frylanations pi == prae infectionem
Pas == pre agenal stage

Investigations tnlo the Morbuld Anatomy of Anthrar

Gross Pathology

There has been great uniformty 1n our findings as concerns
bid anatomy of expenimental anthrax i the rabbut
these structural findings form a characte
whether the animals have died w tthout
have been eradicated by pemicillin ther:
cast For this reason we need not m
within the two 8roupsan tiis report

The spleen 1s generilly ot ahat
darh red pulp The ¢
wre less clear, 2 shg

A constant phen ¥ oittacling, sometimes yery strong, as
socated with oedema of the frachea, a condition reaching about 1 cm
into the mamn hronchy where it may often come 0 a sudden stop In a
few eases we have also found small submucous haemerrhages The

the mor
Put together
Tistic pattern wndependent of
any treatment or if the bacteria
apy n the last stages of the dis-
ahe any difference hetween, or
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TABLY 10

Number of Erythrocytes and Hacmaloertt Value of Rabbit Blood I ollowing 1n vitro
Inoculation of B anthracis

S } 1 tythroeytes mull cu mm 1 Tnemmtocnt salue

i W Wothout Wath Withe ut
anthex anthrax

1 76 76 12 42

63 76 33 35

52 75 20 28

2 18 18 7 35

50 5% 20 25

33 17 14 25

3 78 78 39 39

87 76 33 19

63 70 22 a7

4 78 78 36 36

67 80 3 34

56 77 16 18

5 72 72 18 38

59 72 33 34

54 72 30 b3

6 63 68 %% 36

61 69 16 38

59 50 22 30

The samples were mcubated for 6 hr at 37°C

Effect of Penicillin on the Course of Discase

A number of infected rabbits have been trealed at varous stages of
the disease with a single dose of henzyl pemeillin (100,000 ¥ UJjhg body
weight)

We then found that all rabbits treated with benzyl pencallin before,
or soon after, the culmmation of the temperature would recover whereas
the rabbits treated at a later stage when the merobes 1 thar blood Ind
assumed the capsulated form did not survive

Microscopic examination of materal taken from the hwer, spleen
and mtracardial blood revealed no mucrobes m a vegetatine shite
Smears, on the other hand, showed plenty of eapsular substmec from
microbes whose cellular structurc had hecn destroyed

When cultnating matern! on beef broth agar however, 1solated col
omes of B anthracis were found mn 25 per cent of the cases, and more
precisely when material from the spleen or Iiver was beng cultn ated
There 15 the possiiltty of the microbes persisimg m these orgms as
spores, however, none of the many smears made from the organs re-
vealed the presenee of any vegetaitine forms

As already pomnted out by Smuth et al (1955) there are strong re
asons 1o resise the theory launched by early workers in this ficld tTous

aint and othurs) according to which the microbes present mm ample



Figs 1-2

Fig 1 0 5397/59 RalInt kidney Hematoxyhin mih’; 300 X Bacterial masses in lhe
ace with heaty compression of ihe tu'

Fig 2 Ig’l;gg;glaﬁr:;? ‘:r""lnr‘ Hematoxvhin e( sin 300 X Dilferent types of tubular

derangement Strongly acidophil casts
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2) and b) O 5396/A! Rallat kidoey Ladewig 12% 3 ¢) P 238/60 Rabbut hidpev
Hematoxslin eosin 125 X “ote the presence in the glomerular space and i the
st ules of <tr ngly ackl phal casts and the different types of tubular degeneration

mteralveolar and 1n the penbronchinl and perivaseular connectine
tissue or as more circumscnbed miiltrations, particularly n the mter
lobular nterstice The vessels on the other hand show an obvious
corresponding granulocytosis and it s often possible to follow the
very migration of the granulocytes even through arterial walls of con-
suderable thickness surrounded by particularly ample wnfiltrations In
1ddition to the mfiltrations of granulocytes the material generally also
shows n rather distinet hyperplasia of the peribronchial 1ymph nodes
1 mphysema atelectasis and oedema are found 1 places, and 1n some
minor sections there are signs of an acute serous pnenmeonia with great
numbers of granulocstes 1n the exudate and also some desquamated

epithelia The exudate, as well as the oedema 10 many cases, 1s strongly
actdophil obviousls a result of haemolysis
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lungs have shown various degrees of hyperaemtia, oedema and emphy
sema and, in addition, haemorrhages mn a few cases The oedemn of the
trachea and lungs, which remains moderate 1n the new Iy dead ammal,
becomes strongly increascd if the body 15 left for 12-24 hr prior fo the
autopsy (a simular post-mortem development of an oedema of the lungs
has been deseribed by Holmsted! ef al 1 1957 from experimental por-
soming of mice with cholinesterase inhibitors) In a few cases we hase
found shight consolidations of the type known from pneumonin In the
pleurae and other serous cavifres a moderate, thin transudation has
been seen 1n a few cases, sometimes with an admixture of fibrmn or
blood Subepicardial and subendocardial petechial hacmorrhage 15 a
condition rather ofien seen

There 15 often a retropharyngeal oedema The gastric mucosa gener
ally shows the picture of an ocdema with haemorrhages or haemor
rhagic erosions of the fundus portion In a few cases even the wnfestinal
wall has been shightly oedematous

No definite gross changes have been found in the parenchymatous
organs hwer, hidneys, and mgocardium When urme has heen present
n the bladder the hquid has been dark, reddish, and somefimes deft
mitely nuxed with Hood

Microscopeal Appearances

The spleen 1n each case presents the picture of an acute splemtis with
a consuderable enlargement of the reticulum of the red pulp and also
with a rather widespread neerosis of the follicles The abundant inflam-
muatory ocdema stores not only leucocytes but also large numbers of
anthrax bacilly, in fact, the hacillh occur in <uch quantities that i1t scems
Justified to make them responsible for the greater part of the enlarge
ment of the organ They hase generally been found in very large quan-
tities 10 all organs subjected to mueroscopical examination, with the
exception of the bram, 1n particular in the spleen and Iymph-nodes but
also 1n the renal glomeruly, lungs, and hiver

The body lymph-nodes show the same hasic picture of a grave acuie
wflammation In many cases extensive necrosis of the follicles has
bheen observed The most constant features, however, are hyperacmit
and an ocdema which gencrally desvelops i the sinuses and 1s char-
acterized by the ample quantities of leucocytes and the admixture of
desquamated endothelal structures, bacilly, and all sorts of dctritus,
as dead cells and bacteria In some cases we have found this materal
to be ingested by the macrophages which occur n great numbers

In the tunica propra of the frachea there are hyperacmia, ocdema
and haemorrhages—sisible already to the nahed eye— and m some €15¢S
also moderate numbers of granulocy tes

The lungs i cach case show nterstitial mfiltrations of psvuan:
eosinophiles and eostnophiles, either m a diffuse manner hoth n the
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Fg f 0539759 Rabb t k dnev Hematoxsl n eos n 300 X Bactersal masses in the
lomerulat space With heary compresst n of the tuft
Fg 2 P23S60 Nabb t kilney Hematoxvhin ¢ sin 300 X D ffcrent 33 es of tul ular
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?() and by 0 539629 Rallit kidney lade g 12> X ¢) P 23860 Rabl t b dney
m(‘m?m\)\n € 30 1% %X Note the pre ence in the glomernlar space anl in the
ules of str ngl ac d ph1casts and the 1 {ferent tspes of 1ul ylar degenerats n

mteralveolar and in the penl ronchinl and jcrivascular connectne
:::“:‘En;!r a: more eircumsenbed infiltrations partieularly n the inter
o ﬂm‘cnhcc The sessels on the other hand show an obtious
vy "I:‘ r:'a:ng granulocytosis and 1t 1s often possible to follow the
ot l‘i lhlmlt of the granulocytes even through arterial watls of con
Ao 1o lllc ness surrounded by particularly ample infiltrations In
hows o m‘h\crlr‘lhllrnlmm of granutacytes the material generally also
Fmphvsema cal(] stinet hyperj las1a of the peribronchial lymph nodes
RO sectiom u’cclnus and oedema are found n places and in some
numl ore of gmnﬂ{o are signs of an acute serous pneumoma with great
o th ulacyies m the exudate and also some desquamated

clia The exudat( as w
ell as the oedema tn many
2cidophil abviousts o result of haemolysis e s strongly
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0 5403/39 Rabbit Iner Homatoxshin cosm 300 X Pronounced 1 tcuolization of the
Iiver eclls 1n the centro-lobular area The vacuoles are histologreally hmd free
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Fug 5
0 5402/50 Rabbit myocardizm Hematoxilin cosm a) 500 X b) 300 X The pictures
show different types of msyocadial degeneration In a) there 1s a granular decom
posttron ( cloudy swelling ) whereis i b) there are homogenized and huchls
acrdophtl muscle fibres showing p3hnosis

The lwer also contams considerable numbers of granulocytes both m
the sinusords and m the pcriportal connective tissue In each case the
Iner eells 1n the centro-lobular arcas show stgns of vacuohzation The
vacuoles may rewch the size of nueles, and they are not Scarlet-positive
There are generally two or more vacuoles m each cell which, m fact,
1s often so swollen that the trabeeular structure has disappeared com-
pletely In these cases it 1 often possible to demonstirate nuclar
changes as pyknosis and karyolysis Located centro-lobularly the arcas

containing these vacuolized liver edlis may show great irregulanties,
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0 539839 Rabhit lung Hematoxylin ¢osin 300 X Heavy sccumulation of pscudn
cosinophiles and enuinophiles pernascularly

may he altached eccentrically to the central vern, and my incorporate
a scctor of varying size

The myocarditm often shows signs of a degeneratine process in the
form of paiches of uncven stamability of the muscle hibres, disappear-
ance of the striation, and sometunes haryolysis In other cases the sar-
coplasm hecomes the site of a granular, scaly or discoidal decomposi-
tion, sometimes even associated with sarcolysis In some sections there
may also he areas compnising swollen, homogemzed, highly acidophsl
muscle ibres showing pyknosis Thete has been no fatty imfiltration in
our material

In the Aednreys we have found extensnve damage to various parts of
the nephron the changes sometimes having 2 mamly proumal, some-
times a more distal site Ta each section the changes may include most
of the nephrons, though with certain patches more strongly marhed
As for the glomeruli there are considerable quantities of hacilly in the
glomerular space, accompanied by compression atrophy, sometumes
even necrowis of the glomerufus In some cases the glomerular space
15 Iilled with a haghty acidophi! hiquid with or without red cells The
l‘il\lc;' show a distint poikilocylosis The proumal and distal conva-

ed tubules and the Joop of Henle, as already mentioned, show differ-

ent degunerative phenomena in different parts, esther with a distinetly



Fig 7
P 237/60 Rabnt brain Hematonylin cosin a) 125 X 1) 300 X Perssascular and
pericelular hasophil bodies wilh 1 somewhat grape like appearance

acidophil, homogencous plasm and haryopyhnosis or with a swollen,
vacuolized “foamy ™ plasm and an apparently normal nucleus Turther-
more, the eytoplasm often contains “hyaline” granules of various si7es,
the lumen containing “casts™ eomprising either a marhkedly acidophul
homogencous mass or elements of & corpuscular structuie, as red hlood
cells 1 varous phases of decomposttion, other cellular débrs, and
bacteria In certan cases most of the collecting fubules may contun
“casts” of thus kind, generally of the homogencous type The contents
of the glomerular space and tubuly and the “hyalne” miracpitheltnl
granules are positine to benzidine and assume an altractive vcrnuhon
colour with Ladewig’s stam The) are negative to PAS staiming and to
Aleran Blue and show no metachromasy with Tohudme Blue Finally,
the hidneys show «igns of a marhed ancmia

The suprarenal glands i a few cases showed small hacmorrhages and
cortical necrosts The latter generlly displayed a moderate granulocy be
cellular nfiltration The [ypid content n the cortex vared but wis
generally rather high, m particular in the zona fasciculata

In the winte substance i various portions of the brawn stem we e
found peculiar hasophil structures, shightly granualar, sometumes sphert-
cal, sometunes clouds, and showmg a pernvasculir or pericellular ar-
rangement at various levels These structures arc distnetly PAS posi-
tive and show metachromasy with Tolmdine Bluc at pH 36 61

The other organs subjcelcd to microscopiel (xamnation, as the
stomach and miestinal canal, rovealed nothing notewarthy m addibion

o the naked-cy e appearances
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niscLssiosn

In the present treatise on the pathophssiology of cxpermental :m]
{hrax m rabbits our wnterest has cuntred i parheular on the terminal
course of the disease In this phase of the infection there are obvious
changes 1 the physiology of respiration as ean alvo be understood from
the post mortem appearances
These changes 1 the field of respiration physiologs—described by
us alreads 1 1029—max be charactecized as an asphva assocrated
with an extremels low O concentration in the bluod and an advanced
haemolysts
The O concentration tn the blood has proved o he cxeeptionally
low 1n the pre-agonal stage of the process \1jhang the techmqgue of
van Styhe the O content of the arteral hlood 15 found to bhe 01 02
per cent (by volume) 5 10 muin hefore death This sery low Nigure seems
to be tspical of the terminal stage of anthrax as can be scen from a
comparalive snyvestigation of the pre agonal stage 11 mfectious disease
caused by Pasteurclla multocida and Streplococcus progenes Although
there 15 a drop in blood O cven here 1t 1s moderate 25 compared with
the values found n anthrax and seldom reaches below 30 per cent of
the inthial normnl O concentration Not even in strangulation of ana
esthetised rabhits was 1t possible to produce so low O concentrations in
the arterial blood as are found in the termunal stage of anthrax In
Jechions of Clostridium novy1 toxin n rabbits do not cause such a strong
reduction of the Oz content as B anthracis
1t has also been possible to demonstrate tn vitro the abihits of B 1n
thracis to reduce the O ccneentration 1 blood In normal blood 1n
fected with a cullure of B anthracrs and meubated for 6 hr at 37°C
there 15 a considerable deercase in blood O+ The same procedure carried
out at 4° C doces not result in any change 1n the O
Ten af the concentration of O 1n the bload 1 very low during the
terminal stage of anthrax the oxsgen capacity of the haemoglohin s
obviously not noticeabls imy aired W hen dark anthrax hlood poor 1n O+
is exposed to the air m a glass flask the colour changes to the hght red
tvpical of HbO  Consecutive blood gas analvses of the bload thus
aerited show however that the O content returns to an extremely low
value already within 1 2 hr
The question 15 whether the low O content i the blood can be at
1rihuted 1o the © consumy tion by the anthrax bacdlus There are tnwo
f:;ch speaking, apainst such an interpretation (1) The CO» content m
hlnod l‘n:lm anthrax infected rabbits 15 below normal m the termunal
::;‘zgha(r; cin}:‘l:u\hould not be the case if the bhacteria themselves had
the O consumi bio (";‘ urg techmque have demonstrated that even if
does not hiter 0 of anthracss must be considered rather gt
uch from the O consumption of other hacteria
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1y 7
P 237/60 Rablut brain Hematoxvhin eosin a) 125 X h) 300 X Perivascular and
pericellular basophil bodies with a somewhat grape-lthe appearance

acidophil, homogencous plasm and karyopyhnosis or with a swollen
vacuolized “foamy” plasm and an apparently normal nucleus Further
more, the cytoplasm often contamns “hyaltne” granules of various sizes
the lumen contamning “casts” comprising ather a markedly acdophil
homogeneous mass or clements of a corpuscular structure, as red blood
cells 1 sarious phases of decomposition, other cellulir débris, and
bacteria In certain cases most of the collecting tubules may confun
“casts” of this hind, gencrally of the homogencous type The contents
of the glomerular space and tubuli and the “hyaline” intracpithelnl
granules are positive to benzidine and assume an attractive sermilion
colour with Ladewig's stain They are negative to PAS staning and to
Aleian Blue and show no metachromasy with ‘1oluidine Biue Finally,
the kidneys show signs of a marked aneima

The suprarenal glands 1 a few cases showed small hwcmorrhages and
cortical neerosts The latter generally displayed a moderate granulocytic
cellular infiltration The hpd content 1n the cortex varied but was
generally rather high, 1in particular in the zona fasciculata

In the white substance 1t vartous portions of the brawn stem we havt
found peculiar basophil strueturcs, slightly granular, sometimes sphert
cal, sometimes cloudy, and <showng a pcrnascular or pericellular ar-
rangement at various levels These structures are distinetly PAS posi-
tive and show meticnromasy with Teluidine Blue at pH 36 61

The other organs subjccted to muicroscopical examination, as the
stomach and ntestinal can i, revcaled nothing noteworthy in addition

to the naked-c3e appearances
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the rabbit We also helieve that the further des elopinunt of the renat
Hson together with the hepatic and myocardial chinges s such can
be explmned by a marked hy poxacmie stite

Finally we should lhe to mention the obsery itions regarding the
pernascular and perieellular preeipititions of muco polysaccharides 1n
he white matter of the bran We consuder it too early for an inlerpre-
talion of these findings that 1n certam respeets show 1 resemblanee to
the mueod degeneraton of ohgodendroeytes hutn other respects gune
the impression of artifacts

SUMMARY

The authors publish the result of ccrtamn pathophy siologienl imvestiga
tions of expermmental anthrax 10 the rabbit Chimeally, the terminal
stage of the discase 1s characterized by asphyxia associated with an
extremely low O content an the blood (Tables 1 and 2) The O~ content
has been studied according to the technique of san Sivke 1n the arterial
blood 1t was found to average 0 2 per cent by volume prior to death In
tests using other infcctine agents as Pasteurella multocids  Strepto
coceus pyogenes nd toxin from Clostrihum novst the O coneentration
prior to death has been 9 6 111 and 3 6 per cent by volume respechivedy
{Tables 3 5) In cases of mechamically indueed asphyxia the ante mor
tem O concentration was 6 1 per cent by volume (Table 6)

The unusuaily low O concentration 15 not a result of the consump
tron of gaseous oxygen by B anthracis (as determined according to
Warburg) nor does 1t follow from the bactersal interference with the
mctabolism of the mndividual organs as has heen shown by ncubating
Tiver slices together with cultures of B anthracis

When the temperature curve has reached a maximuin in cases of
experimental anthrax in the rabht there 1 a reduction m the number
of erythrocytes and in the haematoerit value {Table 9) This 1s not the
case however in experimental infections by Pasteurella multoeida and
toin of Clostradium novyt in the rabbat (Table 10) In the terminat
stuge of anthrax there 1s a reduction of the osmotic resistance of the
red corpuscles (Tabic 11)

h,‘\ll):;:-t from ‘sl)mpl(;]ms of sepsis as splemtis Tymphademtis and pete
;cc: ‘asmun age the indings of pathologic anatomical interest have
cnal lesion of the haemoglobmuric nephrosis type hepatic and
myocardial degeneration phenomena probably of hypoxacmie onigin
and further pernascular and pericelylar precipitations of muco-poly-
sacchandes n the white matter of the hramn resembling the mucinoid
degeneration of ohigodendrocytes (arhifacis?)

Authors conclude that the termnal sta,
ribints 15 domnated by an cxtremely loss concentration of QO 1n the

hlood and that the ammals actually succymb,
to
the only cnuse the haemolysis which een T Mthough not

has b
fuctors Tesponsible for this asphyxia heen shown 15 one of the

8¢ of experimental anthrax in
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Another question of intcrest i thus connexton 1s whether B inthrics
exerls 1 gencral bloching (ffcet on ccdlulr respiration Thas s not the
ewe however 1 ¢ be found from our expcriments in which Iner
shiees ssere ineub wed together with anthrix cultures 1wccording o the
Warburg techmaque It was not possible to find any influence of the
bacterin on the respiration of the Iiner cclls

An mvestipation of the functional stite of the erythrocvtes m the
termnnal stage of wnthrix revenls a consideribie reduction of the o
motic resistance which cxpluns the advanced haemolvsis ] nown to
exist m the Iatter part of the course of «xperumentil anthriw This
haemolvsis naturadly 1 2 part i the reduction of blood O lut
cmnot offer the whole explination of the low O+ iues in eases |
mthrax The problem whether the low O content in anthrax 1loolen
be sufficientls exy luned by this hacmaolysis has to be left unsettled for
the time hemg

Considering 1l the varous findings reported m this article 1t en
be statcd that the termin:l course of nthrax 1 domunated by an ¢
tremely low O content n the blood causing the death of the wmmals
from asphyxii 1he haemolysis shown to be prosent 16 merely one cont
tributory cwse of the asphyvxer the basic cause of the extremels Jow 0
values bang unknown at prosent

Ay art from signs of sepsis s splenitis Ismphademitis ind peteehnt
haemorrhagc the morlid anatoms findings mdicate (a) renal damage
of the haemoglolinurie nephrosis type (b)) certun extensne digenerd
tine chnges 1 the Iiver and myoeardium and (¢) the presence wition
the white mtter of the brun of 1 pernaseulir nd pericellular sub
stanec whieh judging fromats st uming reactions seems to he ecmy osed
of aeid muco polss wechrides  [h¢ post mortcm apper wnees wdieale
amwssine rapid haemolysis wsocitted wath the development of 1 ren it
fcston ewsed 1n part direetly by the loeal effects of haemoglobin | art
probabls by renal ischaemin The Iatter condition may he part of 1
symptom complex mdicatine of ganeral hyvpoxacmiy o at mn have
its oripm 1n ¢ state of shoel accompaned by contraction of the renid
irteries  1he eentro lobulir Iner eddl degencration 1s of 1 tvye whnehy
wince the my ostigations by Buchner (1942) 1itmann (1949) wnd othtrs
s hdlicxed to be 1 sequel v of hypoxiemic condibions Iven the mye
cardial Icsion may be intory reted m the same way The renal changts
obsersed by us probably comeide in the mawm with the ch mges reg ortedl

wnd (cmuns/y from 1 menial of fungs pips nd mice T

by Ro s e

spectively These awthors however have prferred not to r
renal dim e directly to haamolysis Ross consydcrs the lesion to be 1
tower nej hron nephrosts e 1 hu moglobimuric nephrosis howostr
without grnvng wy detulad reture of the missive decomyosition of
tisstie of some knd whieh 1 pencerally found underlving such lesions

In our opinton the ran Wl lest noem sujporl the theory of h wcmohysis

15 one factor though nct the only onc m ¢xjorpnent} anthrax in



BRIEF REPORTS

4 SIMPLIFIED METHOD FOR MAKING CHROMOSOVF PREPARATIONS
FROM SKI\ BIOPSIES

By 4nlers Froland

e a1m of the present report 1s to describe a method for chromosome preparation
m?‘m S Tnopcs. 1 which the methods of Harnden (1960) for the tissue culture
and the tcchmiques of Moorhead et al (1960) for the preparation of shdes are com
Diaed Our method elosely follows the ongmal schedule outhined by Rathfels &
Sumtnot ieh (1958) for the study of chromosomes sn monkev cells

Specimens are obtaincd by means of the technique described by Fdwards (1960)
which m our opinion causes very hittle pain and leaves only a minute scar

The speeimen 15 cut nto very small peces (% mm X 1% mm) and fited to the
bottom of a 25 cc Eflenmeyer flash With a reasonably flat bottors {8-8 explants
each) m a plasma clot consisting of cocherel plasma and chick embrvonie extract
4cc of a nutrient composed of 70 per cent medium 199 (Glaxa) 20 per cent pooled
human plasma and 10 per cent embryonic estract 1s added 2>-50 per cent of the

brought into suspension

new culture flask are set up each containing 4cc of the nutnitient mitture 100
culated with the cell suspension to Eive a final concentration of approtimately 5000
cells per cc

1o about a week the cells will have grown out te cover the boltom of the flask

Col¢cemnid (Ciba)* is added to a final concentration of 0004 per cent and left to act
{or 20 hours.

to

- 5 @ ok b Ly wari stream ot air anto them or by fanning above
a spirit lamp Finally the preparations are stamed with aceto orcemn and mounted
i Fuparal

Results and Discussion

This teehnique which 1s 2 combmation of tno wellknown
methods
preparaltons With an appreciable amount of well s ot chrome.

Jubtudian i pread mitoses suited for chromo
The chromosomes do not hecome und
Left et for 30 oo ¢! nduely contracted although the colcemd 13
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This sork has heen supported by grants from the Danish State Researph F' "l()i)
tion ani the Damish Atomic Fnergy Commussian ounes
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BRIEF REPORTS

4 SIMPLIFIED METHOD FOR MARING CHROMOSOMF PREPARATIONS
FROV ShIN BIOPSIES

By Anders Froland

The aim of the present report 1s to describe a method for chromosome preparation
from shin biopsies, 11 which the methods of Harnden (1960) for the tissue cullure
and the techniques of Woorhead et al (1960) for the preparation of shides are com-
bined Our method closely follows the original schedule outlined by Rothfels &
Sumunot tich (1958) for the study of chromosomes 1n monkey cells

Specimens are obtained by means of the technique desemibed by Fdwards (1960),
which 10 our opinion causes sers little parn and leaves only a minute scar

The speeimen 15 cut into very small pleces (2 mm X 'z mm) and fixed to the
bottom of a 25 cc Erlcnmeyer flash with a reasnnably flat hottom (6-8 explants 1n
each) 1n a plasma clot consisting of cockerel plasma and chick embryonte extract
4 cc of a nutrient composed of 70 per cent medim 199 (Glaxn), 20 pet cent pooled
human plasma apd 10 per cent embryomic extract 13 added 25-50 per cent of the
o AT v . .

w
«
brought 1nto suspension

New culture flask are set up each containing 4cc of the nutritient mixture 10o-
culated with the cell suspension to give a final concentration of approximately 5000
cells per ec

In about a weck the cells w11l have grown out to cover the bottomn of the flask

Colcemud (Ciba)* 15 added to a final concentration of 0004 per cent and left to act
for 20 hovrs

The cills are thom tramem s 1 = = = % s . i
to test tubes

{ixative) on '
SIWIY BY By u supny i sitcam of ae

P onto them or by fanning ab
a spirat lam, e
,nSEuparzl p Finally the preparations are stained with aceto orcern and mounted

Resnlts and Discussion

This technique, which 13 a combin:

ation of Ly
PrepaTations wih wn apmecorebin o w0 wellknown mcthods, seems to gne

some analysiy mount of well spread mitoses suited for chrome
The chromosomes do not b
left act for 20 houss 't become unducly contracted, although the colcemid 1s

Recenned 11x 6] «
W.D) Depariment
This work has be

4w ataged o Tew s
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In the authors experience 1t offcrs the advantages of includmg only one sub
culture of the eclls and in avoiding the delicate handling of coverglasses Moreover
1 a evtogenetie laboratory, whare routine chromosome preparatians are made from
blood eultures much time and labour 1s saved beeause the preparation of shdes
from the stin cultures ean be made alongside those from the blod cultures

References 1 Fduards J I lancct @ 49¢ 1960 —2 Harnden D G Brat J Eyger
Path $f 31 1960 —3 Voorhead PP S Nowell P ¢ Mcliman W J Battys W D &
Hungerford D A 1xper Cell Res 20 613 19€0 —2 Rothfels A I & Sumwnooiteh I
Stain Techn 33 73 1958
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THE MITOTIC REGENERATION OF MAST
CELLS IN THE LOWER RESPIRATORY TRACT OF

HUMAN EMBRYOS
By

BERTE! GRAHSE
Recenved 191 61

The question of the repeneration of the mast cells 15 not fully under
stood It has been assumed that hoth homoplastic and heleroplashic re
generation takes place

The data m the hierature regarding the occurrence of mitoses in the
mast cells are few, however In the spleen of a hizard speeies (gongyrus)
Wichels & Nelis (1922) ohserved mitotie mast cells i large numbers
I ehner (1924) mentroned that he had seen mitoses 1n mast cells i the
mucous membrane of the sphenoid cavity and wn the epiglottis 1n man
and 1 the pyloric mucosa n mice Alferewr (1924) reported that she
had obseryed mast cell mitoses 1n mouse embryos measuring 16 mumn, 1n
gwinea pig embryos measuring 48 mm 1n rabbit embryos measuring
55 mm and 1n newbhorn cats She suggested that an abundant granula
tion n the mast cells may hude or ohscure the mitoses possibly present
Hence she assumed that mitoses could only be distinguished m sparsely
granulated mast cells Hauser (1937) stated that he bad detected only
a few  mast cell mitoses 1 the parotid m rumnants Paff, Bloom &
Retlly (1847) obsersed mast cell mitoses 1n the tissue culture from a
mast cell tumour {rom a dog Zifcer Elsasser § el (1021 1

ow  p LI lIkAsE cells in metastases of sarcoma Further
more fhirschmann (1919) who studied the mast eelfs in the larynx 1n
chrome larvngitis of non speaific pathogenesis Higucht (1930) who
msestigated the mast cells m the mammae, and Drennan (1921) who
investigated the mast cells sn albino rats reported that they had not
been able to detect any mast cell mitases

MATFRIAL AND METHODS
Simce an ab ndans

the mitotic Digures
al offers advantages
granules (Holmgren

2 actaeaTm 53 4 a2
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The material consisted of 30 human embryos with a crown rump length of 31 to
35 em, the difference 1n length between the yamous embryos was about 1 em Spe
cimens for myestigation were tahen from the following seven sites the larvnx so
as 1o include a portion of the sventricular cord the voeal cord and the laringeal
ventricle, the upper trachea, the lower trachea, the two main bronchi, the hyp
arterial lobe bronchi to the right and left From the smallest exght embryos with a
cronn rump length varying between 31 and 109 cm specimens could not be ob
tained {rom all sesen regions owing to the mmute size and low degree of develop
ment

The picces of tissue were fixed 1 a freshls made up 4 per cent basie lead acetate
solution embedded 1n paraffin and scctioned at 104 Staiming was performed in a
1 per cent aqueous solution of toltidine blue for 10-15 minutes The mast cells in
the subepithehial Iaver were studied

RESUITS

In the smallest twelve embryos, with a crown-rump length of 31 to
15 3 cm, no mast cell mitoses were discermble The smallest embryo in
which mttoses were observed measured 16 cmt In the embryo next n
s1z¢, with a crown rump length of 17 cm, mitoses were found i the
mast cells m all seven regions myeshgated, although 1n the laryny and
trachea they were few 1n number In the next two embryos, measuring
18 and 19 3 ¢m, a few mitoses were observed 1n the mast cells mn the
lobe bronchi, but none 1n the other regions In the remumng embryos
mutoses were defected only m one, whtch measured 23 5 em This em
bryo exhibited a few mutotic mast cells in the Iaryny

DISCUSSION

It was an interesting observation that the number of granules per
mast cell was small 1n the small embryos, and that granulation 1n
creased with the degree of development It s possible that dlfesew
(1924) was right m her assumption that the presence of mitoses may be
obscured by a nich granulation, and that this was the case regard to
the largest embryos mn the present investigahion No nmtoses wert
discernible mn the twelve embryos, howeter, which measured less than
16 cm, although the granulation n therr mast cells was so scanty that
1t could not hive been ohscured by the presence of mtoses Further
more, 1 the embryos with a crown-rump length excecdmng that of the
embryos 1 which mitoses were observed, the amount of granulabion
did not 1nerease so raprdly that the observation of mutoses would sud
denly have become mmpossible The granulitton mn the mast cells pre-
ventcd exact counting of the various mtotic figures, however, and
therefore less exact expressions for the determination of the number
of mitoses have been used In any ease the oceurrence of mitoses scems
to show that some mast eells, 1t least, undergo mitoic divsion daring
certain developmental stages

STUNMMARY
The mast cells swere nestigated wn sesen regions of the subepthelal

tissue 1 the larynx, trachea and bronchi m 30 human embryos with 1
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erown rump length varving between 31 and 33 em Mitoses were oh
servable m some mast cells 1 the regions myestigated jn five embryos
with 2 crown rump length varymng between 16 and 235 cm The pre
sence of mitoses seems to show that mitotic diision of the mast cells
15 possible during certam deselopmental stages, at least
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The materlal consisted of 30 human cmbryos with a crown remp length ol

35 am, the differoned in length botween the sanous embrios was ab \uh\:‘I::n:

cimens for insestigation were taken from the foliowing *c"‘ﬂ;“::l e turvs,

as to Includc a portion of the ventricular cord the socal cor pronchy the by

vantricle, the upper trachea, the lowcr trachea, the hml main it embraos s &

arterlal Tobe bronehi to the right and le(t 1rom the smallest e could tot bt ¢

crown rump length varying badween 31 and 109 em “’mn;tmdcgm of duek

taincd from all seven reglons owing to the minufe s1z¢ and low

ment te
The pleees of tissue were free .

sofution embedded In paraffin '

1 per ceut agitcaus salution of

the subcpithclial Taver were studied

RESULTS

In the smallest twelse embryos, with @ crown-rump fenghh D‘\;’:\‘;l
15 3 cm, 1o mast cell mitoses were discermble The smallest emncxl
which mutoses were observed measured 16 em In the l‘m:]r::d m
s1ze, with & crown-rump length of 17 em, mutoses \\crcl olarm“
mast cells 1 all scven regions myeshigated, atthough w the ;m\'\
trachea they were few in number In the next two cmbr30s, “;1 wix
18 and 193 em, a few mutoses were observed m the mast ci ’mbn‘
labe bronchy, but none in the other regions In the f"’mmm";m,r
mitoses were detected only 1n one, which measured 23 § em
bryo exhubrted a few mitotic mast cells in the larynx

DISCUSSION

It was an 1nteresting observation that the number of gl""“;);;
mast cell was small in the small embryos, and that gr‘mumilllﬂ"
creased with the degree of development It 1s possible that .
(1924) was right i her assumptron that the presence of mitoses ¥ .
obseured By a rich granulabion, and that this was the case 10 FEE
the largest embryos mn the present tuestigation No miloscs o
discernible in the twelve embryos, however, which me sured 1ess |
16 em, atthough the granulation i therr mast cells was 0 sc'm\\mlr
1t could not have heen obscured by the presence of nutoses rurf e
more, 1 the embryos with a crown-rump length exceeding that ¢ o
¢mbrsyos 1 which mitoses were observed, the amount of gr il
it not increase so rapidly that the observation of mitoses would ‘“m
denly have become mmpossible The granulation n the mast cells Pn
sented exact counting of the various mirtotic figures, howevels " .
therefore less exact expressions for the determination of the b
of mitoses have been used In any case the occurrence of mitoses ¢ "’:
to show that some mast cells, 1t least, undcrgo mitotic division durint
certain developmental stages

STUMVARY

The mast cells were mvesbigited in seven regions of the suhop(th(‘“‘l
tissuc 1 the larynx, trachea and broneht i 30 human canbryos with ?
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erown rump length varymmg between 31 and 32 em Mitoses were oh
servable 1n some mast cells i the regions myvestigated 1 five embryos
with a crown rump length varying hetween 16 and 235 em The pre
sence of mitoses seems to show that mitetic distsion of the mast cells
15 poss ble during certain developmental stages at least
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RESPONSE OF TISSUE EOSINOPHIL LEUCOCYTES
IN THE DUODENAL LAMINA PROPRIA TO INTESTINAL
OBSTRUCTIONS APPLIED

By

BorJE StApELL and Gustar Fock
Recened 914 61

The number of cosinophil lcukoeytes mn the blood decreases on the
day of operation (5), which has been mterpreted as an cxpression of
the emotional stress that eauses an nereased level of 17-kefosteroids
and 17-hydroxycorticosterords and alse brings about an increased con
centration of 18 hydroxycorticosterods in the plasma

In earlier expertments made in our laboratory the cosmophil leuho
cyte has been studied in tissucs after mflucnce of various pharmaca and
corticosteroids (9, 10, 11) Further, Ryfomaa (6) has mvestignted the
distribution of ecosmophil leukocytes in different organs and correlated
these abservations with the eosmophil leukocs tes of the blood For this
reason we thought that it might be of interest to study the relation 1n
connecion with apphed obstruction 1n various porhons of the mntestinal
loop

VMATERIAL AND METHODS

For the experiments 2 to 4 months old female rats of the Sprague Dawley stral
were used Their weight varied from 200 to 150 grams In the course of the eY
periments all amireals were housed under identical conditions They were fed from
the Litcher of the surgieal chmes of the Central Haspital of the Unnessity of
Helsinht All amimals were hilled at the same time of the day to obsiate drsal
variations in the number of cosinophil leukocytes that have been found to occur 30
the blood of rat (4) and mous¢ (3)

Operative measures The ntestinal obstruction was applied 1n ether narcosis of 5
to 10 minutes duration The abdominal skin was shaved and dried with a 2 per
cent solution of chloramine The abdomen was ncised in the median hoe The
obstruction was applied with a thin silk ligature arund the intestinal wall without
damaging the blood vessels of the intestine or the serosa After that the abdamen
was closed with a continuous silk suture

Histolngiwal preparations The animals were decaprtated without anaesthetics
Tissue spcenmens were remosed from the small mlestine 2 ems aborally to the
prlome valie and were fixed 1mmediately 1n Bown s solution After_embedding of
the preparations m paraffin histological sections of 3 4 werc cut which were stamed
with hemalum eosin

The eostnophil connt The cosinophil count was obtaincd by counting the number
of cells 1n an effective area of the mueosa of the small intestine Ve obtained the
Jamina propria of the small intestine as 20 7 per cent of the mucosa A microscope
with a 10 X planocular 90 X apochromatic objective and Zeiss micrometer e3¢

picce was used
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\fean salucs were calelated and the standard error of the means was ohtaine
0
nn 1)
value and n the number of observations The mgnificance of differcnce was cal
catated wih the use of the Stadents ! test as descrohed by Snedecor (1946) (8)
The P yafues were ohtaned from the tables of Fisher & Yafes (1933) (2) A diffe
rence was tonsidered hughly significant when P < 0001 significant when P < 001
and probably significant when P < 005

from the formula SY—

where ¥ indicates a single observation X the mean

RESULTS

Response to jequnal obstruction This group mncludes 20 expertmental
ammals As early as the first day after the appheation of the ntestinal
obstruction the condition of the ammals wias poor The intestmes were
Iargely expanded above the pont of obstruction

The histologieal preparations displayed aceumulation of inflamma-
tory cells 1n the lamina propria 1n so large amounts that to count the
eosmophil leukocyles was out of the question This group was ex-
cluded Animals which suriived the first 24 hours did hetler, i spite of
the fact that the intestinal obstruction was found to he complete An
msigmficant decrease of the number of cosinophil lcuhocytes was no-
liced m comparison with normal ammals

Response {o obstruction tn the terminal ddenm This cxperiment m-
cludes 30 animals which better stood the ntestinal obstruction The
number of animals 15 distributed evenls on different dags (5 animals)
Up to the 3rd postoperatne day the animals exhibited moderately cx-
panded nfestines and a rather good general condrtion Histologieally
s pertod of normal and subnormal values corresponds to the eosino-
phil leukocytes in the lamina propria On and from the 4th post
operative day the intestine was more expanded and the general con
diton of the amimals was aggravated The number of cosmnophi! leuko
eytes moderately increases howeser, not significantly in comparison
with normal values After this day a gradual deerease 1o the number of
cosinophil leuhoeytes occurs until the lowest value was reached on the
7th dvy when the ammals were agone Sgmificance 1s reached be-
tween the values of the 4th and 7th day
pclr‘l‘:‘lc’z"’:‘e ;:)l;?:]l:ﬂ“ci;on tn the ascendent colon Tu this group 30 ex

¢ used and they are distributed evenly on the

various days Up to the 5th
postoperative day the
wmadertely expanded ‘miestinal loo; i eomogi o

Ds The number of eosinophtl leuko
zi::zc;?x‘d: \\‘erc narmal on the 2nd postoperatine day, steadily -
o numhp o the 5th day, when sigmificance was reached After that
the numt ler “\;lhsi:mlm\\y {alls so that a Wigh sigmificance 15 reached as
e |:c:c;“\‘\: l:\c salues of the 5th postoperatine day On the 7th dav
™0 Mnerease. e wumber of eosmophil lewkoevtne wae b an =

Resy
30 ex
iy > vauy as e 2nd day an inereased number
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of cosinophil leuhkocy tes was counted mn the tamina propria Sigmficance
was not obtamed 1in comparisen with normal anumals Durmmg the fol-
lowing postoperatise dags the number of eosmophil leuhocy tes falls so
that normal level 15 reached on the 6th postoperatine day and hughly
sigmficant low values on the 7th day To these responses clinieally cor-
responds very cxpanded mtestinal loops on and from the 5th day The
antmals were 1n general 1n good condition despite intestnal obstruction
of one week’s duration

Response to elher anaesthesia and slarping This control group in-
cludes 20 anmmals The first 24 hours a elear sigmficance n the num-
ber of cosimophil leukoeytes i comparison with normal values was
found Already on the 2nd day the number of cosinophil leukocy tes falls
to values that are not sigmificant Nor are these values sigmficant in
comparson with other groups After a transient increase on the 3rd d
the number of cosmophil leuhocytes once more approxmmates values
that correspond fo other groups on the 4th day .

TABLE 1
Aumber of Tissue Fosinophis in the Duodenal Lamina Propria Influenced by
Frperimental Intestinal Obstructions

Num | \serige number | Probabil
Durionof | betaf | of hissie easino )
obstruction | amy | phuls & standard

mals |

Intestinal ol struction

364 = 59

131 + 46

294 + 15

520 + 60

276 + 49

288 + 47 o0
2 + 47

davs

Jejunal
davs

Terminal {leum

311 + 30
=122
576 = 161
= 5t
13
61
=54
502 = 111
+
-

Ascendent colon davs

}ooot
Descendent colon davs

372 £ 10 0001

dav

Starving and ether anesthesia
day>

8
648 + 139

BER L BN MO NS IO D de 0510
MG OO AM N AR A NS a oo
©
S
S
R

40> + 92

Controls
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DISCUSSION

An intestinal obstruction 1s a severe disorder affheting the org.;:m;‘m
The higher up 1 the intestines the obstruction 1 IOCM(":‘ to “tfu:(;r
degree 15 the orgamsm affected This fact was reflected also 1 ‘:
animal experiments, 1 which rals with jejunal obstruction did no
sursive the second das, while ammals with the obstruction in the ter-
imimal 1leurn 1 some cases got o for as fong as 4 week Obstructions
1n the colon did not affect the experimental animals at the beginming,
and they exhibited scverer symptoms only at the ¢nd of the first weeh

‘These changes 0 the general condition could be followed by the re-
sponses of the cosmophil leukoevte 1 the ducdenal lamina propria
After the shock Iike effect of the 2nd day, when the number of cosno-
phil leukocytes was fairly low, of corresponded to normal alues, the
number significantly increased 1n the period 2nd to 4th dvy In this
period the condition of the experimental ammals was the sery best
The mereased number of cosmophil leuhocy tes might be interpreted as
a defensive measure against both the contents accumulated i the n-
testines and toxacmia due to necrosis of tissue Durning this period cor-
ticosteroids are being secreted, which also causes f15sue eosinophiba to
anse, of which there 1s expenimental evidenee 19,19 11} Whether this
tissuc eosinophilta 18 produced through diapedesis from the blood 1nto
Twmma propria or by w1y of ncoeosimopoiesis m the lamina propria
atsclf, 1s wrapped i ohseunits as vet According to Rytomaa (6) the
blood 15 well capable of discharging the eosmophil Teuhocytes that
would be conditsoned by the eosinophihia in the lamina propria

After the 5th dayv the number of cosinophil leukocytes decreases
Cather rapidly, which might be mterpreted as a sign of the orgamism
being exhausted It has further been shown by experiments that tissue
cosmnophihia 1s transformed into eostnopenia after repeated injectians
of cortisone 1o expenmentat amimals (7,9) This period also conerdes
with the tissue phase of the eosmophil leukocytes 50 as st & assumed
and ealeulated by Rytomaa (6) The hissue phase was caleulated as
approximately 4 days and in earlier expertments 1t was assumed to be
A 106 dass (1) After thrs period the cells are destroyed, or are possibly
returned mto the circulation In these eases of intestinal obstruction a
destruction of the cells might be the most probable

Quile a sumilar hehatour pattern s seen 1 the blood of man 1 con
aection with operatine measures (5)

A comparatine study of blood—hissue 1 all probability would give

wnteresting wsight inte what happens 1o the cosmophil leukocyte 1t an
niestinal obstruction

SUMMARY

The study compriscs 1 total of 144 experimental amimnls of the
Sprague Dwley strun It attempts at elucsdating the manner of re
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of cosinophtl leukocy tes was counted in the lamina propria Significance
was not obtained in comparison with normal animals During the fol
lowng postoperative diys the number of eosinophil leukocytes falls so
that normal level 1s reached on the 6th postoperative day and highle
significant low values on the 7th day To these responses chinieally cor-
responds very expanded mtestinal loops on and from the 5th day The
animals were 1n general 1n good condition despite intestmal obstruction
of one week’s duration

Response o ether anaesthesta and starving This control group -
cludes 20 anumals The first 24 hours a clear sigmificance 1 the num
ber of cosinophil lenhocytes 1n compartson with normal values was
found Already on the 2nd day the number of cosiophil letthoey tes falls
to values that are not sigmificant Ner are these values sigmficant m
comparison with other groups After a transient increase on the 3rd das
the number of cosmophtl leuhocytes once more approximates values
that correspond {o other groups on the 4th day

TABLE 1
Number of Tissue Eostnophils in the Duodenal Lamina Propria Influenced by
Expcrimental Intestinal Obstructions

\serage number | Protsb?
of lissug eostno

Num
Duratton of bet of

Tntestinat obstruetton obstruction | am | phals + stindrd
maly | i
Jejunal 2 dass 5 364 + 58
Termnal fleum 2 davs 5 131 * 46
3 5 204 = 45
4 5 520 + 60
[ 5 276 * 19
6 5 288 = 47 oot
7 5 82 + 47
Ascendent colon 2 davs 5 31 =10
seende 3 5 510 + 122
4 5 576 = 161
5 5 729 + 54
6 5 iy o
7 5
Descendent colon ; davs 2
1 5
5 5 0001
6 5
7 5
Starving and ether anesthesia 1 day 5
2 davs 5
3 5
1 5
14

Controls
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THE EXPERIMENTAL PRODUCTION OF HEPATIC
VENO OCCLUSIVE DISEASE IN RATS
By

Ci THIA F Brous Havssen
Recerved 10 iy 61

In a preltminary communication to The Lancet from thrs department
(6) 1t was stated that veno ocelusive disease had been produced in rats by
the 1njection of the pyrrolizidine alhaloid monocrotalne (CirHs06N)
obtamed from several species of Crotalaria This communication de
seribes the experiments which hase been performed to further this
study

Human veno occlusive disease has been encountered wn the West
Indtes and the essential pathology (2) was sawd to be a connectrve tissue
prohferation within the centrolobular veins with partial or complete

Ty and q it back of blood within the sinusosds
The end result was hepatic cirrhosis with a predomunantls centrolobutar
distribution of the fibrosis

Swmilar pathological changes affecting the smaller tnbutaries of the
hepatic vem have been found or described i various naturally oceurring
diseases of ammals Such diseases are the W alkmg Disease of horses
and cattle mn South Africa and ragwort poisoniag n the Umited King
fom {3} The above diseases in anmmals are smid to be due to senecio
poisoning and there 15 some evidence that the human disease 1s also

caused by the ingestion of senecio compounds (10) which are used to
make bush teas (1 5)

Senecio posoning 15 caused by the pyrrohzidine group of alkalgrds
which arc found in plants of the genus Senecio (Compositae) Creta
laria (Legumminosae) and Helotropium (Boragimnacea), (5)

EXPERIVENTAL
T!
werm “Toats used were Wistar alb vo rats aged 7 to § weske and of
Enein 2 per
The mject o
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1 Present add ~oa

1 -
e Fund Royal Free
Hox. B nerous supplies of
Hae

W sace R I and ¥ ss



328

sponse of the cosinopinl leukocy te i the wall of the duodenal mtestine
in conncction with a mechanieal intestinal obstruction

The intestinal obstruction was eperatively applied by way of 1 silk
suture m the jejunal loop, the terminal ileum, the ascendent colon, the
transyerse colon and the sigmord colon

High intestinal obstruction (jejunal) on the 2nd day caused the am-
mals’ death, whereas the obstruction n other portions of the intestine
could be endured up to a weeh

These periods corresponded to an mstial decrease and low values of
cosmophil Ieukocytes m the lamma proprin Thereafter a gradual mn-
crease occurred up to the 4th and 5th days After that the number of
cosmophil leukocytes decreased until the animals on the 7th day were
n agone

These responses are interpreted as being dependent, to hegin with, on
a shoch-lthe effect, after which the animal’s defensive forces bring
about cosinophilia mn the lnmina propria, as 2 defence agunst touns
amongst others The subsequent cosmopenia 15 interprefed as being
dependent partly on exhnustion, partly on continuous sceretton of the
corticosterouds, partly on the tissue phase assumed for the eosmophil
leuhocy te
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ked d latation of the

Rat 1ver 8 days after imject oa of monocrotal ne show ng marl

s nuso ds The centrolobular ve n ts part ally eccluded by a f ne loose connect ve
tissue net ark (P cro Vallors X 250)

was ohserved Sidty two showed other and probably assocrated patho
logieal changes n the Iner and only 3 showed no obvious mueroscopical
change other than some congestion

In the centrolobular vemns a vartety of changes were observed 1
cluding a connective tissue networh obstructing the lumen sumilar to
that deseribed 1n the human ¥ OD {®) This network appeared as fine
fibrils staiming blue m piero matlory preparations and 1 ght brown with
silver stamns Sometimes occlusion was complete and other trmes a nar
row lumen persisted (Figs 2 3 and 4)

AManj of the veins were lined by moderately large oval or polyhedral
cells with a single central nucleus and similar cells were lving free
within the umina Oft times these cells appeared n two or three lavers
finmng the wall or were so numerous within the lumen as to form a cel
tular obstruction withm the vem (Fig 3) Considerable amounts of
fihnim which d to he org, were present m
some vems A fibrinous exudate surrounded many of the vemns and a

simular exulite could be scen in the nterlobar fissures and extra
eapsularly (Fig 1)

In Al the Iivers there was sinusaidal congestion frequently with gross
distension so that the appearance was often one of blood filled lagoons
tFig 2) Centrolobular haemorrhages and necrosis were present in
neirly every case In haematoxyhin and eosin Pref arations  was sel
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Fig 1
Rat liver 4 davs after mjection of monocrotaline showing marhcd centrolobular re
crosis and a fibrinous exudate surrounding the veins (Picro Mallors X 40)

to make a 2 per cent strength The control amimals werc grven intraperitencal n
Jections of N10 hydrochloric acid and water 1n the appropriate amounts In these
experiments all the amimals were fed on normal dict of laboratery chow (Dt
No 41, Oxo) The liver speciments were fixed 1n formahin and stamned by the usual

routinc proccdures
RESUITS

A total of 70 amumals were injected with monocrotalme and 67 of
these were avanfable for post mortem study Exeept for one rat which
was hilled after 27 days, all animals died or were hilled heeause of
sichness n 2 to 10 days after the first injection Twenty-five control
rats were used

Of thie 67 rats examined macroscopically, 58 showed marked ascites
but only 10 appeared jaundiced Lleven rats showed small haemor-
rhages 1n other viscera than the liver

The macroscopie appcarance of the Itver was similar i every case
The Iivers were congested and showed a fine red-yellow mottling on the
external surface The cut surfacc was simularly mottied, and thrs was
even more clearly defined after fixation The appearances were sumiar
to that of vcnous congestion of the Iiver as seen 1n cardiac farlure 1
humans The control serics of rats were not remarkable

Of the 67 rats exanuned after death, 65 Incrs were suitable for isto-
logy, and mn 28 (42 per cent) of these some degree of venous occlusion
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Rat 1ver 8 days after nje t on of monocrotal ne shos ng marked dilatation of the

s ouso ds The ceptrolobular ve n s part ally occluded by a foe lo se connective
t ssue netnork (P cro Mallory X 250)

was observed Sixty two showed other and probably associated patho-
logtcal changes 1n the lner and only 3 showed no obvious microscopical
change other than some congestion

In the centrolobular veins a varety of changes were observed
clud ng a connective hssue network obstructing the lumen similar to

that deseribed w the human \ O D (%) This network appeared as fine
fibrils staining blue 1n picro

mallory preparations and hight brown with
silser stains 1 was lete and other times a nar
row lumen persisted (Figs 2 3 and 4)

Many of the vemns were Lined by moderately large oval or polyhedral
cells with a single central nucleus and sumlar cells were lying free
within the lumsna Oft times these cells appeared 1n two or three layers
hinimg the wall or were so numerous wathin the lumen as to form a cel
lular obstruction within the vemr (Fig 3) Considerable amounts of
fibrm which appeared to be undcrgong orgamsation were present in
some veins A fit rinous exudate surrounded many of the vems and a
similar exudate could be scen 10 the mterlobar fissures and extra
eapsularhy (Fig 1)

In all the hners there was sinusordal congestion frequent!s with gross
Aistension so that the appearance was often one of blood filled lagoons
thig 2} Centrolobular haemorrhages and neerosis were present 1n
nearls evers case In haematoxslin and eosin prefarations it was sel
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Rat Iner 10 days after 1njection of monocrotaline showing partial ocelusion of the
centrolobular vein due to * endothehal proliferation” (H and [ X 250)

dom posstble to 1dentify veins within the haemorrhagie areas but con
neetive tissue stams revealed the venous walls The surviving hiver cells
were a hitle distorted hut otherwise showed no constant pathologieal
change At times the necrotic areas showed a fine connective fisste re-
placement in which occastonal fibroblasts could be identified Cirrhosts
was not observed 1n these «hort term experiments The confrol series of
rats were not remarkable

DISCUSSION

When the histologieal appearances were related to the survival time
after injection a constant pattern became evident Sinusoidal congestion
was always prescnt and haemorrhagic necrosis occurred n almost
cvery case even though the survival period was only 2 days

Venous occlusne lesions were never seen early The oval and poly-
hedral cclls hining the vems appe tred about 3 days after mjection, nd
by 6 to 7 days partial or complete obstructions were observed As the
survnval trme was prolonged, the sascular changes were more marhed
Connective fissue networks, f3pical of the human venoc-ocelusive dis-
case, were most likely to be found after 9 to 10 diys’ sursisal

These findings suggest a possible sequence of «vents n which the
prumary (ffect of the alk dord 15 anc of hiemaorrhagte necrosis of the
Iner cells and that the v wenlar lestons, with possible fibrin deposition
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Fig 4
is almost
Rat liver 10 days after 1njection of monacrotaline The centrol hular yein
entirely oecluded by a loose connective tissue an which a fes polyhedral cells are
enmeshed (Picro Vallory X 400)

and organisation, are secondary, this suggestion however, 18 not jet
proven

18 pr t and appears early, and haemor-
rhage may oceur from ruptuse of the grossly distended sinusoids, the
whole process 1n these expertments 1s extremely acute, and as yet no
attempt has been made to study the histochemical changes 1n the cells
which might eust hefore haemorrhage 15 evident

The nature of the polyhedral cells seen in the centrolobular veins 15
unknown The appearances suggest that they may be swollen endo
helial cells which proliferate 1n response te some stimulus Some are
detached and become enmeshed in fibrin within the lumen, whilst others
remain n situ forming a thichened liming

1f onc accepts the ability of endothehal cells to change into fibro-
blasts then venous occlusne lesrons may be produced by the endo
theliat cell proliferation In this Department, Filshie & Scoff (4) have
observed that endothehial swelling and prohferation can be scen in ves-
sels al a distance from a thrombus or mm experimental higation No gross
obstruction has heen obsersed n the larger branches of the hepatie
vascular tree i these rats, and histologically the endothelial prolifesa
tion was obsersed cacly and before the deselopment of ocelysion

The possibility of spasm oceurrmg 1n the centrolobular veins cannot



334

be excluded It may be that the alkalowd causcs vaseulir spasm with
resultant congestion of the sinusoids and haemorrhagic neerosts, and
this same spasm may mtrate the endothclial changes which may lead
to structural venous occlusions

Results of these tests are sumilar to those obtained in rats by the ad-
ministration of retrorstne (3) Davidson thought that the retrorsine had
a dircet toxse effect on the vaseular system and that endothelial pro
hferation was the primary Ieston with haemorrhagic necrosis as a se-
condury change The expcriments of Schoental and Head (8) usmg
monocrotahine m rats also produced hacmorrhagie centrolobular necro-
s15 within 2 to 3 days, as did their experiments using retrorsine, isatidine
and a mixture of alkalowds from S Jacobea However, the 4 latter also
produced, n addition to the necrosis, endothehal proliferation of the
wall of the hepatic vemns (9)

SUMMARY

The characteristic changes of acule veno-ocelusive disease have heen
produced i approximatcdly 40 per cent of rats following the mjechon
of large doses of monocrotaline The pathogencsis appears to be one of
stnusoudal congestion and centrolohular necrosts with sccond wry endo
thehal proliferation in the vens often assocrated with fibrin deposition
Partial or complete ocelusion may consequently occur The hacmor-
rhagic necrosis can be scen within 24 hours but s no-occlusions ar not
well established until 9 to 10 days afler mjection Further cxperimenls
have been carnied out and will be reported later
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ADRENALIN INDUCED ALTERATIONS
IN AORTIC TISSUE OF RABBITS COMPARED WITH
CHANGES IN HUMAN AORTIC TISSUE WITH AGE

By
Sy BERTELSEM
Receved 27 v 61

1t 1s generally known that several substances, njected miravenously
m rabhsts, may mduce aotiie alierations Josue {14) was the first to
produce such alterations by repeated njections of adrenaln in vemns
The alterations are often called * adrenalin changes” on account of the
method employed 1n producing them The alterations can he mnduced
not only by adrenalin and 1its precursor substances tyrosine and tyra
mune, but also by a number of other substances which vary greatly in
chemical nature and biologie effect Summares have been guen by
Anitschhow (1), Hueper (13), and Raab (23)

The object of the present paper 1s to report the results of a histo
chemeal study on adrenalim-induced slterations 1n the acrtic walls of

rabbits and to compare the findings with alterations m the human
aotta, reported 1n a previows study

MATFRIALS AND METHODS

Two groups of white rabhits {(weighing about 3000 g and about onc Fear old) were
kept on a uniform sufficient laharatory et The animals I proup § were gnen
imtravenous injections of adrenalin in daily doses of 0025 mgfkg until they died
In group 2 the animals were gven intessonais 1ntections of adcenalin i doses of

155, and two days after the last 1mnjec

This publication walt mention aortic alterations 1 a rabbit which

3 days The aorta showed
mmal had never been in-
we
Rre

s1ie 10 grants from the Damish

—_———
Sfate Screnc
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taken as serial speeimens at different distances from the alterations In several cascs
specimens from peripheral arteries (coronary renal) were remosed

The tissue was fixed in a 4 per ecnt formaldchyde solutton and some of the
specimens in 4 per cent hasic lead acetate The tissue was imbedded 1n paraffine and
cut 1n scctions at 5 # and stained with permodic acid Schiff s reagent (PAS) Aleian
bluc combined PAS Alcian blue and Hale’s staining modified bs Mowry, further
more with hematoxshin eosin, van Gieson Hansen Pskelund s modification of
Gamory s aldehydefuchsin staining and silver staiming ad modum Ioot The tissue
fixed 1n lead acctate was stawned with tohudine blue 1ipoid was demonstrated with
Sudan I, and caleinm with alizarm red

RISUITS

The first gross alterations were seen as small while-gray spots in the
thoracic part of aorta As the discase advances, the spots become con-
fluent, forming large humpy depressions of a more grayish color In
these areas the aortic wall 1s much thinner and unelastic, and these de-
pressions may gradually bulge out, forming aneurysms with very thin,
brittle and calcificd walls (Fig 1)

The lesions occur most commonly n the thoracic aorta and arcus,
while such changes are less frequently scen m the abdonunal aoria
F1g 1 shows a typical lesion in the thoracie part of aorta

Fig 1
Charactenstic adrenahin induced lesions n the thoracic aorta
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TABLE 1
Animals in Grasp 1 (Daily Injections of 6035 my {drenahin per hg)
Number of Gross alterations \ ~icroseopieat pictares
injections
4 no pormal
calcium granulets diffuse 1
" " the media
12 no caleaum granulets diffuse i
the media
15 no calesum granulets diffuse 1n
he media
15 3 spots 1n the arch Calesum  deposits (stage 2
and a big aneRrism and 3) and caloum granu
1n the thoragic aorta lets diffuse sn the media
21 no caleum granulets diffuse In
the media
23 no

caleium granulets diffuse 1n
he medta

TABLE 2
Animals in Group 2 (Injection of 0015 mg Adrenalin per hg every Second Day)
Aumber of
humber of Gross alterations ficroscopieal pictures
s no normal
3 na caleium granulets diffuse n
the media
7 a dmeurysm 10 the calaum  deposits  (stage 2
arch and the tho and 3) and caloum gramy
racic part besides lets diffuse 1n the media
several spots 1n the
thoracic sorta
9 no. normal
1 several anedrysms caleium  deposits  (stage 2
n the thoracye and 3} and calcium grang
aorta lets diffuse 1n the media
12 np sormal
13 several apeurysms calcium  deposits  (stage 2
1 the thotane and 3) snd calerem granu
aorta and 2 3 spots lets diffuse 1n the media
n the abdomrmal
part
13 no calesum granulets diffuse an
the media
14 several aneurysms caletum  deposits  (stage 2
0 the thotacle and 35 and caleram grang
aorta lets diffuse in the media

97 ACtarEATH 53 %
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taken as serial speeimens at differcnt distances from the alterations In several cases
specimens from peripheral arteries (coronary, renal) were removed

The tissue was fixed 1n a 4 per cent formaldchvde solution and some of the
specimens yn 4 per cent hasic lead acetate The tissue was 1mbedded i paraffine ani
cut in sections at 5 &, and stained with periodic acid Schiff s reagent (PAS) Alcian
blue combined PAS Alcian blue and Hales staining modified by Mowry, further
more with hematoxylin cosin van Gieson Hansen Ishelunds modification of
Gomory's aldehvdefuchsin staming and silver stainmng ad modum Foot The tissue
fixcd 1n lead acetate was statned woth tehwding blue poid was demonstrated with
Sudan HI and caleium with alizarin rad

RFSULTS

The first gross alterations were seen as small white gray spots in the
thoracic part of aorta As the disease advances the spots become con
fluent, formmng large humpy depressions of a more grayssh color In
these arcas the aortic wall 1s much thinner and unelastic, and these de
pressions may gradually bulge out, forming ancurysms with very thin,
brittle and ealeified walls (Fig 1)

The lesions occur most commonly in the thoracic aortn and arcus
while such changes are less frequently scen 1 the abdomunal aort2
Tig 1 shows a typrcal Iesion an the thoracic part of aorta

Fig 1
Characteristic adrenalin induced lesions in the thoracic aorta
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TABLE 1

Amumals n Group 1 (Daily Injections of 0025 mg Adrepalin per Lg)

Microscopical pletuses

Number of Cross alterytions
Imject ons
4 no
1 no
12 no
15 ne
1 3 spots in the arch
and a big anenrysm
1n the thoracic aorta
21 no
23 no

normal

calerum granulets diffuse
the medsa

calcium granulets diffuse 1o
the media

caleinm granulets diffuse in
the media

Caleium  deposits (stage 2
and 3) and ralaium granu
Jets diffuse in the media

calcium granulets diffuse in

calcium granulets diffase in

drenalin per ky et ery Second Day)

Microscopleal pictures

TABIF 2
Anumals 1n Group 2 {Injection of 0 015 mg A
umber of Gross alierations
3 na
6 ne
7 a sheurdysm in the
arch and the tho
racic part besides
several spots jn the
thoracie aorta
9 no
n seseral ancur) sms
n the thoracic
aorta
12 no
3 several aneurysms
in the thoracic
aorta and 2 3 speis
n the abdominal
Part
13 no
u

Several aneurysms
In the thorgcie
sorta

normat

calelum granulets diffuse in

ealaium  deposits  (stage 2
and 3) and calcium grany
lets diffuse in the media

normal

caleium  deposits  (stage 2

and 3) and caloum granu
lets diffuse in the media

normal

calooum  deposits (stage 2

and 3) and calcium granu
lets diffuse n the media

calerum granulets diffuse in

caleium deposits (stage 2

and 3) and ealctum grany
lets diffuse in fhe media

22 acraratn 53 4
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Figs 2-4
Fig 2 (Abzarin red X 350) Stage I The clastic fibres are closely packed and show 2
reguiar, undulated course Calcium granulets are precipitated among the meial
elastic fibres sn the vigorausly metachromatic ground substance The iatima con-
sists of a scanty subendothelial zone of mucoid substance
Fig 3 (Alhizavin-red X 525) The periphers of a caletrum deposit The big ealoum
granulets are scen among the elastic fibres The fibroblasts and muscle cells arc
normal and no signs of atrophy or necrosis are seen
£1g 4 (Eskelund’s modification of Giomort’s aldehyde-fuchsin X 140) Stege 2 The
elastic fibres are stretehed out and packed more closely together In the centre of
the caletfication the cclls hetween the elastic Bibres are still seen Note the breaks
of the calaification

Tables 1 and 2 show the gross allerations m the two groups I 1s
distinctly pereessed that there exists o direct relation hetween the
amount of adrenalin njected, and the degree of aiterations Compan-
sons between the tables seem to mdieate that the period of treatment
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Fig 57

Fig 5 (van Geeson Hansen X 350) Stage

3 The calcum deposit 1s fallen out of

the tissue during the preparation In the

periphcry the cclls and fibrls are pushed

away of the depostt

Fiy 6 (Eskelund s modification of Go

e awnar s

gond deal of caleium granulcts 1n_ the
ground sehstance The clastse fibres show
2 regular, undulated course

may be of essential importance to the changes This agrees with pre-
vious findings

In the case of the control rahluts we get a mrcroscomeal pucture of
eortd, wm whach the imernal elastic membrane 1s distinctly seen, and the
t:laillc fibres 1n media are elosels packed and show a repnlar cnnrca Tn

- . \ + wwostauce s tamtly metachromatic and Alesan blue positine
A{‘g%l her staning and PAS staiming show a distinet argyrophile and
SToulise zone or network i close relabion to the elastic fibres, and

224
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van Greson-Hansen’s stauning unveils a good deal of collagen fibrils
the ground substance The celle arc mostly fibroblasts, but even single
muscle cells are scen No caleification were scen m the ground substance
of the control group

After the adrenahn injections the lesions are primarily localized
the media The alterations ma3 he classified 1n three stages dependent
on the appearance of the caleium salt deposit

Stage 1 ‘The medial ground substance ncreases sporadically but in
some places the suhbstance appears i pools which separate the elastic
fibres In the strongly metachromatic and Aleian blue-positive pools
caleium granulets are sporadically deposited among the elastic fibres,
which show the usual undulated course (Fig 2) There are no degener-
ative of atrophic changes of the cells in the media, and no proliferation
of the intima 1s visthle The collagen fragments and reticular fibres are
unchanged, but a shight mcrease of PAS-positive substance 1s often seen
m close relation to the elastic fibres

Stage 2 'The microscopical picture 1s now characterized by mereased
caletum deposits, sporadically distributed among the medial elashic
fibr¢s In the centre of the caleifications the elastic fibres lose ther
undulated course and become out-stretched, Iying close to cach other
(Fig 4) The cells, if any, - visible 1o the centre of the calearcous hisste
—are atrophically changed, leading to complete necrosis In the pert
phery of the calcium deposits, calerum granulets may be scen mn the
medial ground subsfance, and the fibroblasts and muscle cells are nof
mal here, and no signs of atrophy or necros:s are seen (Fig 3) Around
the caletum depostts 1t often looks as 1f the cells and the elastic fibrls
are pushed away by the deposits, in these zones the collagen fragments
are mcreased 1n number (g 5)

Stage 3 In this stage the microscopic picture from stage 2 15 further
developed The caletum deposits increase 1n size, and neither cells nor
fibrils are scen 1n the centre of the caleification Breaks of the caleifica-
tions are often scen (Fig 4), or the calerum has fallen out of the bissue
during the preparation, and a hole 1s seen m the scetion (Mg 6) The
periphers of the deposits shows the same preture as in stage 2

Corresponding to the calcium deposits in stages 2 and 3 the mhm';
often shows proliferation of the fibroblasts and ncreasc of the g:'roum
substance Neo hipoid deposit 1s seen n the proliferated intuna (g 6)‘

The aorta from the rabbit with ‘spontancous adrenalin changes
shows advanced gross alterations in the thoracie aorta and shght alter~
ations 1n the ibdomnal part A big aneurysm occupics most of the ante-
rior wall of the thoracic aortx, which 1s thin and unelastic The l]lle(‘)v
scopic altertions correspond complctely to the alterations n stages 1,
2, and 8 seopicl

CompAarisons L ween m wcroscopreal alteratrons wnd the mero cl} .
pieture show that the diffusc and sporadic accumulation 'oflc.xsclms
granulets in the media 1s without any gross alterations (stige 1) Sp
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w the wall coerespond to small caleum deposits (stage 2), and gradu-
ally as the deposits 1ncrease n size {stage 3), the ancurysms are de
veloped

The tully calaatied adrenalinslesions rendet the affected parts of the
waseular wali fixed, ngid and aneury smatic The medial lisstie becomes
firm 1 the streiched or distended posihion beeause the calettieation,
o far as 1t destrovs the media, destroys its function as an elashic recoil
This point 1s made histologically obtious by the thinming of The wall
and the straightening of the elastie Gihnls 1n the affecteq areas

As mentioned, the amorphous ground substance m the control ani
mals as well as in the treated amimals reacts metachromatically, and 15
vigorously Aletan blue-positive, indicating 2 content of acid mucopoh-
sgcchanides The metachromasia 15 aleohol resistant The mtensity of
the metachromasia s conswderably increased Just hefore the calcrum
granulets become visible Incubation experiments with bactertal and
testeshyaluronidases indicate that the acid mucopolysaccharides chiefly
consist of sulphated mucopolysacchanides Not all the metachromasia
15 temoved by testeshsaluronidases, which mdicates that the sulphated
wueopoly<acchandes 1 the nortic wall are mamnl chondroitin sul
phates A andor C but chondroitin sulphate B and possibly heparins
are present

In this experiment alterations in the peripheral arteries are not found

nIscussion

Josue (14) described the gross adrenalin alterations as typcally
atheromatous plaques with caleification and formation of aneurysms
But Afofz (16} pomts out that the term “atheroma * should not be nsed
i@ canneclion with the adrenalm lesions, as the changes are confined
to the media

In the very numerous later publicalions on medhal aortic changes,
mduced partly by adrenalin, and partly by other substances, the mlcru:
:cop:c deseriptions of the lesions are fairly 1denticol and inaln ta tha

an o utpueraung or necrotic portions soon become unpr
::‘:d mt‘i;l cafclum <alts, and 1hes leads to the farmation of calgl'ff;l
s i the media usually localized 1 the wner lasess of 4
F7b ) Hueper (1), Raab (23) f the e,
mcr:“loh‘c present work no sign of primary necrosis has been found mn
o h( n“'l‘hc microscopic picture 1 stage 1, and the calerym granulets
{]va{‘sl::‘lﬂ]‘ n§ the exlewum deposits 1 <tages 2 and 3 indcate that the
caictum are primary That the caleareous tis:
e
‘"“.3 t.,\cm:"" neerohic 35 2 secandary bheAsmenan Tt “—‘ gradually
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nments of Krettmar ef al (18,19), Wenzel (27), Varela et al (26),
Harrison (10), Gllman ef al (6,7) All these authors found calcium
granulets 1n the ground substance among the elastic fibres

A number of publications from recent years report biochemieal exa-
mnations of aottic tissue from ammals with “adrenalin changes” m-
duced partly by adrenalin (Mazzoleni el al (21), Lorenzen (20)) and
partly by caleiferol (Glman el al (6,7), Grant et al (9)) Al these
investigations show an inercase m the content of hexosamune m the
treated anmmals, as compared to the control animals Gillman ef al (7)
found a rise i the total aortic iexose and hevosamine to approxumalely
twice the control levels, and the total amount of collagen ncreased
towards the end of the experimental period Lorenzen (20) found an
merease 1n the content of hexosamine and uptake of 6 sulphate, where-
as the amount of hy droxy proline was unaltered or had decreased None
of the authors mentioned correct therr results for calcium, which no
doubt explains the disagreement n the content of coliagen

Many authors (1,3,11,13,23,24,28) compare {he “adrenalm changes’
in rabbits wath the caleification i the media frequently found in human
arteries of the muscular type (Monckeberg (22)) Amischlow (1) ashed
for mformation of changes m the human sorta, resembling those of
experimental mechal alterations

It 1s not generally known whether a medial caleifteation of the humin
aorta with mcreasmng age takes place, though Kotz (15), Faber (4) and
Carkas ef al (5) histologreally haye deseribed such alterafions 1in detut

In previous histochemical nvestigation Berlelsen (2) studied alter
ations m human aortie tissue and showed a considerable mercase m he
content of mucopoly saceharides, collagen, and calemm with age Caleum
salts are deposited m the ground substance among the elastic fibrils,
and there are no degenerative or neerotic signs m the medm (Fig 7

The diffuse alterations 1n human aortic tissue exlubit many pomts (')‘f
resemblance to the loeal lesions 1 experimental “adrenalm changes
This apphies to accumulation of ground substance, local merease 10
collagen fibnls and PAS-posiine substance and the mimerahzation The
prineipal difference betwecn experimental medial changes and age-
alterations 1 human aottie tissue 1s that experimental lesions tend to
be localized processes, whereas m human tissuc the alterations are seen
through the total thoracic and abdominal aorta

The pathogenesis of the “adrenalin changes” 15 not clear Perhaps the
damaging effect 15 caused by a low oxygen tension m the aortic wall due
cither to variations in the blood pressure or to a constriction of the vasa
vasorum Possibly the merease m mucopelysaccharides 15 part of the

Process, finishing 1n caleification
: ' ’ * mn human aorlic tissue,
1)), scem to apply to the
depasit of caleum salts

15 ﬂ normal mineralizalion proctss m an organic matri, and the calenum
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crystals are deposited 1n the ground substance 1n close relation to the
collagen fibnls The crystallization of the calctum salts 1s dependent on
collagen fibrils and chondrottin sulphune acuds, as well as on the c?n-
centration of morganic material and one or ses eral “local factor(’s),
still unknown to us (Sobel (25), Glrmcher (8))

As mentioned, spontancous aortic alterations in the rabbit ase sumtlar
to expenimental adrenahin-induced changes Several authors have de-
senibed such spontancous changes 1n the medial aortic wall in rabbits,
cows, and horses (4, 11,17,29)

SUMMARY

Adrenalin-induced changes n the aortic wall of rabbits are studied
histochemically

The alterations are primarily localized 1 the media and ase charac-
terized by an increase 1 sulphated mucopolysacchanides, PAS—positine
substance, collagen fibnls, and mineralization of the ground substance
among the elastic fibnils

A secondary intimal proliferation 1s scen m relation to the med:ial
caleification

The adrenahin induced aortic alterations are compared with the alter-
ations 10 human aortic tissue with age

After pomnlast ~ £0L =

w «  w Lid ass ated changes on the elastic fibres at the sile of
crvstal formation suggest that an of polysacch and
elastin may be involved in mitrating caleification
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BACTERIAL GROWTH INHIBITING EFFECT OF SOME
PHLOROGLUCINOL DERIVATIVES

By
VEROMVICA SLspaas and JACORLS Stxovas
Hecenved 10161

Fxtracts of ferns contamning phloroglucinot dernatives have been long
10 use as anthelmintic drugs agunst human tape worm Asat has been
impossible to cultivate the tape worm Diphyllobothrium lalum tn vilro,
the sensitiuty of other test organssms to the therapeutic dose of anthel
mintic compounds has repeatedly been tried Earthworms (Straub 1902,
Carlson & Backstrom 1942, Widen 1944), small fishes (Yagt 1914,
Wasichy 1924), frogs (Straub 1902), tadpoles (Widen 1944), bacteria
(Huhtala 1949) etc have been used for the standardization of fern
cxtracts

Huhtala (1949) established a bactericidal activty of fern extracts
and of tested asprdin, flavaspidie acid, albaspulia and flixie acid The
method was merefy qualitatise and the tested substances rather limited

m number Thus we thought 1t worth while to test a greater number of
filicinie ae ¥ —2v o 1 °

labora
(Pentt ¢
acd ¢

pvsaut wonwms b-propyl 2,3-dihydropyran 2,4 dione  This
Iatter component of the phlorapyron molecule and related substances
are hnown to have bacterieiie 2etnity and are useful as presenatives
in the food industry (hogl & Salerunk 1932) Henee, 1t seemed proper
to test whether this antibactenal actinity of 6-propy1-2,3 dihvdopyran
24 dione was retained in phloropy ron or not

MATERIAL AND METHODS
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24) DimethyIphloroglueinol mp 162-164°

o4

Test orgamisms All substances investigated were tested with Staphylococcus aureus
ATCC 6538 Furthermore Mrcrococcus flavus ATCG 10240, Sarcing lufea ATCC 9341
Brucella bronchiseplica ATCC 4617, Pseudomonas sp 1<olated from sorl and Fsche
richia coli were used in some tests

Vethod The substance to be tested was dissolsed in aceton in the amount of
15 mg/m] 05 ml of this solution was added to 45 ml of previously stertlized huf
fered broth, and then aseptically diluted to gine triphicate tubes with 5 ml of buf
fcred broth respectnely contaming 150, 15, 15 015 ag/ml of the substance 1t was
found neeessary to use a buffer concentration high enough to prevent every change
of pH during growth since the solubihty of many of the substances tested dc
creases with decreasing pH, thus possibly giving a turbaidity read as growth in the
method Sorensen phosphate buffer 1 a final concentration of 1/15 mole per liter
was found sufficient When not otherwise stated the fests were performed at pll 74
Then two control tubes without added phloroglueinol derisative were set up in tn
plicate Further, control tubes with 1 per cent acetone were necessary, since accord
g to the dilution scheme the tubes with 150 #g/ml of the substance to be tested
also contained 1 per cent acetone This acetone amount was found to increase the
turbidits of the tubes during gorsth? When growth was noticed in the tubes with
150 ag/ml these control tubes were used for the estimation of maximal growth Cf
helow under evaluatton of results

The tuhces were mnoculated with 1 drop of a 20 hour broth culture of the test
orgamism and sncubated at 37° (when Pseudomonas sp was used as test organism
the tubes were mcubated at 28°) The turbudity of the tubes was measured after 24
hours with an EEL nefelometer calibrated to 100 against a barjumsulphate suspen
sion standard

Evaluation of results The mean values of the triplicate turhdily
rcadings reduced by the reading for sterile hroth were calculated 25
per cent of maximal growth? and plotted on semilogaritmic paper
against the concentration of the tested substance lawd off on the Togarit
mic abscissa From thus obtained curives the activity of the substance®
termed “Dy” 15 esttmated as the concentration causing a 50 per cent

depression of growth

RESUITS AND DISCUSSION

In Figures 1 6 are shown the growth-concentration-curves for the
substances tested and 1 Table 1 are hsted the figures for growth de-
pression actisity (Do) 1n decreasing order as estunated from those
curves Among the substances tested aspidin was found tobe the phiero-
gluctnol dernvative most active agamnst S aurcus, cf Fig 1 This 1s 1
conformity with earlier work on the brological activity of the fern
extractives, of Huhtala 1949 p 207, Widen 1944 p 64 The latter author
gues the followmng list of phloroglucinel dernvatnes effecine agamst
carthworms, in order of decreasing toxicity at pH 8 aspidin, flavasprdic

urbidits

1 Acetone cancentrations of 8 1 per cent and Jess bad no snflucnee on the t

tubes
"I'.'“:lca(n:ml growth = turbidty of control tubes reduced by the reading for stersie

substrate
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acsd, filvae acsd, aspudimol albaspidin As seen from Table 1 this corse-
sponds to our results at pH 78 w 1th the exception that we found filixic
ac1d shightly more actnve than flavaspidic acid
Substances which contain a4 3 butsrilfilicainic acid component bound
by a methylene bridge to a dernvatise of phlorobuts rophenon piz aspadin,
paraaspidin desaspidin and flavaspidie acid are found among the mne
most actiye substances listed mn Table 1 Though filixic acad 15 a trimernic
compound 1t may be included in this group because 1t 1s composed of
one flasaspidic acid umit and one 3 butyrslfilicinic acrd unit Since the
latter 1s onlv shghtly effective agamst § aureus Dsy = > 150 pgml, the
flavaspidic acid part of the molecule 15 obviouslsy responssble for the
acimity of ihwe acid The molecular structures of the remaiming four
substances at the top of the Table 1, 1 e, desaspidinol, methylene bis-
desaspidinol aspidinol, and methylene bis aspidinol have, as a common
feature, the methoxy1 group n para position to the butvryi group

TABLE 1
Crowth Inhibiting Actitty of Substances Tested aganst S aureus at pll 78
D o In ticating Concentration in ug ml for Causing a o0 per cent Depression of Growth

Aspidin

Desaspidn 1
Paraaspidin
Filixie acid 34
}lz s desasprdrnot 36

» Aspidin 76
ottho Desasprdinal 90
Albaspidin 100
Dayw

1 hloroglucinot

MethsIphloroglucinol -
Dimethylphloroglucimot -
Me his meths Iphloroglacinol -

° Growth at 150 #g/ml less than 60 per e
t
1 Growth at 150 sg/ml greater th pD o
I No effect noticed at 150 l;l:nl an 10 per cent

Tha s hia-

unvesugated by Rogl & Salemink
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For 6-prop3 1-2,3-dihy dropy ran-2,4-dione was found a D.s value of 150
pg/ml From the data reported by Kogl & Salemink (1952) a correspond
ing value of some 30 ug/ml can be evaluated The results, however, are
not directly comparable, we used a different substrate and worhed at
pH 78, they at pH 7

The butyry! unit has been found to contribute to the hacterierdal
actrvity of the phloroglucinol derivatives When the bulyrs! umt 1s
rcmoved from phloropy ron, deshutyrophlorops ron 1s obtmned As scen
mn g 3 the latter substance 1s less poisonous than phloropyron A
sumilar effect of the butyryl unit can be found by comparmg the curves
for 3-buty ryl-Nilicinic acid and filtcimie acd g 4 and the curses for
phlorohuty rophenon and phioroglucino! 1n Figs 5 and 6, respechively

TABLL 2
Growth Inhubtting Actionty of Substances Tested al Different pH Let els
agawast S anreus Do Indicating Goncentration wn sg/ml for Causing a 50 per cent
Depresston of Growth

Da
Substance .
pH 78 piteos pILES
Aspidin 03 02 03
Paraaspidin 30 17 20
Desasprdin 19 07 04
Ilavaspidiec acid 45 11 03
Desaspidinol 25 72 28

Iths known from carlier experuments with earthworms (Widen 194)
that the porsonous properties of some phloroglucinol derivatives are
dependent on the presaihng pH We investigated whether or not any
cffect of pH on the bacteral growth mlubition of the phloroglucmot
derrvatives could be estabhished The results are given in Table 2 where
D.o-figures for f1ve substances at different pH levels are histed As seen
from the table, the action of aspidin and of parasspudin 1 not much
changed when pH varies between 58 and 78 Ihe growth mlubiting
activity of desaspidinol 1s increased with mereasing pH For flavaspdic
acid and desaspidinol the opposite 1s true, the bactericidal effect hemng
ugher at lower pH These three different types of pH dependence are
lustrated 1n Fig 7-9 where the grow th-concentration curves at differ-
ent pH levels for aspidm, flavaspidic acid and des wspidinol are pre-
qented As scen m Fig 9, desaspidinol mn low concentration at pl 58
and 6 8 stimulates the growth of S aureus I'hus repeatedly observed
eoffect has not been noticed for any other of the substances tested

The effect of pH on the porsonous nature of the phioroglucinol dc-
rnvatives has been explamed (Widen 1944) by assumng that the un
disseciated molccule 15 more poisonous than the corresponding wn
Thus, a weakly acid substance would show its mram 11 porsonous
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bLe pownted out that during the course of tht nyestigation, 1arge chmeal
actisity of a substance from the results found with hactersa it should
ex ts with many th ds of patients were performed with
pute desaspidim as anthelminticum In part the smpulse behind these
experiments was the strong hactericidal effect found for desaspidin 1n
shghtly acid environment The clinical experiments the results of which
will be published elsewhere have heen much more suceessful than any
previous experiments with mixtures or pure substances of fern ongm
So there seems to be criteria for mdicating that the bacterial test with
S aureus could be a useful tool i the scarch for anthelmmtie drugs
aganst Diphyllobothrium fafum

SUMMARY

The bactenial growth hibiing actinsty of 24 phlorogiuenol denva-
tives was investipated nefelometrically with Staphylococcus aureus as
test organmism The most active substance was found to be aspidin which
caused a 50 per cent growth mhibition t a concentration of 015 pgml
The growth inhibtion 15 dependent on pH No bactericidal effect agaimst
gram negatnne bacterta was noticed at the concentrations used The
relationship between the growth mhibiting effect and the constitution
of the ph ) dernvatines 1 4
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achion at a higher pH than a more acid compound This was found to
bhe true for the phloroglucinol derivatives tested at different pH levels
The acidity of the compounds may be characterized by the relationshep
between Rf value and pH of the paper, found 1n a chromatographtc
study of the phloroglucinol dernatives i Dryoplerts ferns (Penttila &
Sundman 1960 a) According to this study, the substances tested can
be ordercd after decreasmg acidity as follows flavaspdie acid, des
aspidin, aspidin and desasprdinel

It should be noticed that when the substances with aspidin-lihe struc-
ture viz aspidm, paraaspidin, desaspidin and flavaspidie acid are al
lowed to act on § aureus at the pH most fasorable for grow th mhibition
respectively, they exhuhit a more unmiform activity (Dso varying betneen
02 and 1 7 pg/ml) than that indicated by Table 1 where Do as defer
mined at pH 7 8 vanies between 03 and 18 gg/m!

In order to confirm the observation of Huhiala (1949) that Eschen
chia colt 15 much less sensitive o the phlorogluemol derisaties of fern
origin than 15 S aurens we compared the sensitivity of thise two organ
1sms to seven of the substances found most active In no case could any
growth inlubiting effect against L colt be noticed These experiments
were performed with 150 pg/m! as maximal concentration in conformify
with the method used throughout this inyvestigation

TABLF 3
Growth Inhibifion of Aspidin Tested at pH 78 against Different Bactena
D,y Indicating Concentration in sgiml for Causing u 50 per cent Depression of Grow

Test Do

Gram positive
Staphslocaceus aureus 02
Saremna lutea Da
46

Microcaccus flavus

Gram negatwe
Escherichta eol
Bracella bronchiseptica
Pscudomonas sp

* No action could be noticed at 150 #g/ml

The difference 1 scasitivity established for E colt and S anrens w25
found also between other gram-negatine and gram-positive bactersy In
Table 3 15 scen the result of a comparison of the scasilivily to asprdin
hetween 3 gram-positine and 3 gram-negatine bacterin respectively AS
seen m the table, no effect of asmdin on the growth of the gram-nega
twves could he estabhished, whereas the gram positives were all nfubited
1n small concentration These results are m conformity with the gcm‘rd{
rule that phenolhic compounds are morc polsonous to the grum-posibive

than to the gram-negative bactena
]As to the possinlity of drawing conclusions ahout the antheimntic
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be potnted out that during the course of this investigation, large climeal
actrty of a substance from the results found with bactema 1t should
evperiments with many thousands of patients were performed with
pure desaspidin as anthelminticum In part the impulse behmnd these
experiments was the strong bactericidal effect found for desaspidin 1
shightly acid environment The clinical experiments the results of which
will be published elsewhere have been much more successful than any
previous experiments with mixtures or pure substances of fern ongin
So there seems to be criteria for indicating that the bacterial test with
S aureus could be a useful tool 1n the search for anthelmintic drugs
aganst Diphyllobothrium latum

SUMMARY

The bactenal growth hibiting actiyity of 24 phloroglucinol derva-
fives was investigated nefel trically with Staphyl cus aureus as
test organism The most active substance was found to be asprdin which
cansed a 80 per cent growth inhibition at a concentration of 015 pg mt
The growth inhibition 15 dependent on pH Mo bacterictdal effect against
gram negative bacteria was noticed at the concentrations used The
relationship between the growth wnhihiting effect and the constitution
of the pholoroglucinol derisatnves 1s discussed
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FROM THF BACTERIOI OGICAL DEPARTMENT OF SERAFIMERLASARETTFT
STOCRHOLM (HFAD ARNE JITHANDER U D)

ANTITOXIC IMMUNITY AS PROTECTION
AGAINST STAPHYLOCOCCIC INFECTION
An Experimental Study in Mice and Rabbils

By

ARNE LITHANDER
Recenved 216l

Only very few imvestigators consider the serum alpha anhiloun
formed at immumzation with staphylococere toxoid or toxin to be of
value in the defense against staphylococeic infcehions Therr conclusion
15 based on the results of animal expersments in which anmnls m
munized with staphylococcic tovoid or ton survived challenge mjee-
tions of the staphylococer in the same doses that were lethal i nor
mmmunized controls Onc counter-argutnent that has been presented ¥
that the staphylococcie toxin n the staphylococcic suspensions used
for the challenge mjection was the real cause of death of the controls
in the experiments 1n question Furthermore, the reason the immumzed
anmmals sursnved longer than the controls 1s said to be that the toun
of the staphylococer n the challenge mjection was neutralized by the
antitoxin However, the same amimals later succumbed to infection
Thus, Zllek (1) claimed thal immunization with staphylococcic toxim
does not protect agamst mfection with staphylococer but only mahes
the infection more protracted without preventing a fatal outcome In
animal experiments, however, he generally found a high level of staphy-
lococcie alpha antitoxin fo be effectis ¢ against mtoxication with staphy-
lococcerc toxin

Tisher (2) mmunized mice with staphylococere toxin and forma
hzed toxun After having infected the mice ntrapcritoneally with
coagulase producing staphylococes, he found that ammals immumzed
with a large amount of toxun were protccted agmunst death by infection
In these anmmals the lovel of alpha antitoxin mn serum was higher than
1 the other amimals [isher’s observation time of seven days, how-
ever, appears to be too short to decide whether the anun)ls m his ex-
periments would have survived ndefimitcly

In children and adults with pyoderma, Dobias ef al (3) found the
resystance ta be related to a ugh staphylococcte alpha anlitexin L‘D"‘
tent 1 serum They umphasized that a lugh antitoxmn content 15 no

qop
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he onlyv important factor, but that it may serve as an index of resist-
nee to wmfections Some workers have shown that a high content of
taphslococcic alpha antitoxin m persons suffering from boils preventis
ecurrence of the eondition

An attempt has been made 1n the present estigation to determine
shether a high level of alpha antitoximn 1n serum of animals immunized
\ith staphylococere toxord 15 of 1alue i preventing mfection with viru
ent staphylococer

MATERIALS AND METHODS

The experiments were made hoth on rabbits weighing approximately 25 kg and
»n white mice weighing 20 §m The rabbits were divided into four series In each
seTies ope graup of the rabbils was unireated and semved as controls one ot tnwo
sther groups of rahbits were immunized by subcutaneous mjections of staphylo
roccic toxoid containing 10 TU per ml or dilutions of the toxead The injections

wu Lk ALlel we 1astoanjection halt of the animals 1n each group of im
mumzed mice and of the controls were killed The antitnxin lovel mac shom

Ut 4 o [ (ent solution ot gastric mucin The staphylococer
used for the challenge of all the mice and of the tabbits in Series 1 and 2 were
untreated The staphylococe for Series 3 and 4 of the rabbits were washed 10 saline
faur tmes before the myest me =

the stanhilnen

wau wvan
PRSIt o

RESULLTS

”;l::lglc:nl and 2 reveal that the rise n the antitoxin level 1n serum was

A m\m\'.:l\ii‘;‘mum,\ﬂ;m immunized with undiluted toxoid than in
with diluted

a better revalt m ed toxord In addition, the dilution 1/10 gave

ha
very low 1n the controls n the dilution 17100 The antitoin lesel was
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1t 15 clear from Table 1 that there was a sigmificant protection against
the staphylococc mtroduced by wnjection in all groups of vaccmnated
mice Many of the controls died the day after the challenge mnjection,
a few more succumbed during the subsequent 13 days All of the mice
1n the group vaceinated with undiuted tovoid wese still alie one day
after the 1njection, and only two of them died it the first two weehs
after vaccination In the other two groups of vaccmated mice, the pro-
tection was less but they still survived sigmficantly longer than the
controls The relation between the antitotn level 1n blood and the sur-
wival of the mice appears to be rather close

The results of the experiments with rabints (Table 2) are less signi-
ficant due 1o the smaliness of the matenal Neyertheless the immunized
rabbits 1n all the sertes, withstood the challenge much better than the
controls It would thus appear that the rabbits immunized hy toxoid or
dilutions thereof were better protected agamst the challenge hoth with
wished and untreated staphylococct As in the experiments with mice,
anly very few of the immunized rabbits died during the first few days
after the challenge injection Among the controls there seems 1o be a
difference between Sertes 1 and 2 in which the rabhits were challenged
with a toxin contaiming suspension of untreated staphylococer and
Series 3 and 4 1 which toxin frec, washed staphylococel were nused as
challenge In gencral the former succumbed earlier to the challenge
than the latter

The following resulfs were obtained by culturing repeated samples
of blood from the rabhits The blood of the controls and of the im-
munized rabbits usually contained a great numher of staphglococer 1n
the first few days after the challenge At death also, the controls as a
tule had a very heavy of staphy! m the hlood
There was also a rather heavy contamination of staphylococer n the
bood at death 1n the immunized rabbits which died before the end of
the first week, but this was less pr d than 1 the corr il
controls Immunized rabbits which died after more than one wech
showed very few staphylococer i the blood at death All rabbits which
surynved throughout the observation time—seven weeks—showed vers
few or no staphylococer at all in the blood at the end of this penod l;\
the immunized rabbits which survived, the number of staphylococer

was markedly reduced as early as one week or cven less after the
challenge

Autopss a3 a rule revealed marked differences between the adrenals
of imunized rabhits and controls The adrenals of the controls 1n
Series ¥ 1nd 2 which succumbed to the challenge showed great changes
They were superficially red or reddish and showed hemorrhages 1
~ection In the controls 1n Series 3 and 4 the adrenals showed only
<light changes or no changes at all There were generally no chan, "
1t the adrenals of immumized rabbits which suceumbed after challe Nt
Two of them showed very shight adrenal changes e
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DISCULSSION

As 2 rule, immunization with staphylococeic toxin or toxord 15 Te-
ported to provide resistance to staphylococeie toxin, but not to nfee-
tions with staphylococer It 1s generally agreed that 1n nfections a rise
n the alpha antitoxin n the blood nentralizes the toxin 1t does not
prevent the wfection from leading to death, however, but only slows
down 1ts progress by protecting the organism aganst the toxin

The wniter’s experiments with both mice and rabbits revealed a dis-
tinct difference betw ecn immunized amymals, on the one hand, and non-
smmumized controls, on the other Many more immunized animals than
controls survised the entire period of ohsersation This suggests that
the immunzation had a protective effect Deaths of immunized anumals
following challenge njections were spread over the whole observation
pertod This was true both when washed and untreated staphylococcy
were used for the challenge On the other hand, the controls which
were gnen untreated staphylococer usually died shortly after the chal
lenge njection In the experiments with rabbits, there was also some
spread of deaths of controls njected with washed staphylococet

One explanation of these obsersations 1s that the preformed touin in
the suspension of untreated staphylococer quickly Lalled most animals
with a low content of antitoxin In immunized animals, on the other
hand the antitoxin nentralized the preformed toxin and thus protected
these ammals aganst the rapudly lethal effect of the toxm In im
munized ammals sursiving the whole observation tume the high anti-
toxin eoncentrations also protected them agamst the toxin formed
vwo by the staphylococer myected nto them With this protection, the
ammals could form antibacterial antibodics which later collaborated
with the nonspeeific defence forces of the orgamism to overcome the
'r"‘l“l“:‘“’“ The length of the observation periods—seven weehs for the
d:l]c)m:.:m‘ 180 weehs for the mice—should have heen sufficient to

Thet e whether the infection was defmitively extinguished
than Smaxcr:clx;lg:;c?‘:nm controls survived mdicates that factors other
W Appears from lha pha antitoxan level are of sigmficance, even though
portance The nu‘:hrcsulls that the antitoxin content 1s of major 1m
of the differcnces mt‘r“?f rabhits 1s too small to permit an evaluation
but even as fow 2 leyel e alnhlo(m content of the immunized rabbits,
Ggnificant as fess than five umts per mitliliter 1s probably

or:::::::ra;:‘:‘:‘:’cc that an 1nereased antitoxin content protects the
the blood eulture staphylococeic infection 15 provided by the results of
contrals, thore “s made repeatedly 1n cach rabhst In the majonty of the
a dml}; The ‘l:‘h“lm a great number of staphylococer in the blood
tsely hugh in imxp Mococeie count had decreased, but was still rela
\hie ehallonse & mumnized rabbits which suecumhbed within one week of

8¢ jeclion In the sursiving rabbats all or practically all
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THE ENTEROVIRLS DEPARTMENT STATENS SERUMINSTITUT COPENITAGEDN

COVIPLEMENT FIXATION WITH FORMALIN TREATED
POLIOVIRUS ANTIGENS

By
Jous Papapasactoter } and HFRDIS vou Macvts

Recenved 2an 61

For the routine assay of the potency of formalin treated poliosaceines
in vivo methods are ordinanly used Such methods are both time con-
suming and costly, and an exploration of the possibility of using wn vilro
methods for the assay of the potency of the polio saccine has therefore
been desirable

Several in pitro tests have been desenbed hrech (1,2) developed a
test for the measuring of the antigenic poteney 1o terms of the ante-
body combining power of mactive virus Antibody comhining tests have
been used also by others (3-5)

Hare & Warren (6) and Warren el al (7) have suggested the applica
tion of the complement fixation (CF) techmque not only as a supple
mentary assay of poteney of the final saccine hut also as a means of
following the antigenieity during the various stages of processing These
authors have investigated the possible use of the CF technique n two
wajys, firstly by the determination of the aihity of a vaccine to elicit
CF antibodies in varous amimal species and secondly, by the direct
measurement of viral CF antigens present n the vaccine

In the present study an attempt was made 1o evaluate the Jatter of
the two above mentioned applications of the CF technique

RATFRIALS AND MFTHODS
Tussue Culture

The preparation of thvpdmized | ahes kad t 3l
i i v kidnes tissue cultures has been described

Poliactrus Straing

waw
- - Type 111) strains were
- . . . ains emploved 1n this
[P «s -
Preparation of CF &=+, o+ .
Fer the prepara LI .
Roux botiles were « . -

" Present address Sational U

—_—_—
nuersi
Ient of Sicrnbioiogs Mnena Lanersits of Athens Fsculty of Mediene Depant
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traces of staphylococer in the blood had disappeared one 1o wo wecks
alter the challenge injection This course of events may have been due
to the fact that the immunized rabbtts—particularly those winch sur
wnved-—were able to elumnate the staphylococet njected mto them and
that most of the controls lacked this ahty

Laidence that intoucation caused the sudden deaths 15 provided by
the fact that the adrenal lesions were more extensive 1n conirols than
mammunezed rabbits, and i controls mjected with untreated staphy
lococey, 1 e muxed with pre-formed toxin, than mn controls njected with
washed staphylocacer "The ctreumstance that the lestons were less et
tensive i ammals which succumbed later after the challenge injection
suggests that the mtoxication was of Jess importance n these animals

SUMMARY

(1) Rabbuts and mice immunized with staphylococeic toxowd as well
as untreated confrols, were mjected with eoagulase-postine staphylo
coccy, which m some series were freed from pre-formed toxin by wash
mg and i others were untreated

(2) The immunized amimals sursived for a much tonger penod thn
the untreated controls

(3) The controlsn the rablit experiments gnven chllenge wjecttons
with washcd staphylococer as a rule Ined longer than those mjecled
with untreated staphylococel

(4) Larly deaths n the controls were duc to the effeet of the toxin
The elevated alpha antitonn 1 the blood of the immunized ammals
gwve protection agamst the pre-formed toxins immedintely after the
challenge injection Thercafter, the inereased antitoxm was a proteelint
force agamst foxin formed later, pernitting the orgamsm to develop
greater antibacterial resistance
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COMPLEMENT FIXATION WITH FORMALIN TREATED
POLIOVIRUS ANTIGENS
By

Jomn Papaparaciotor * and HFRDIS voy Machts
Recened 2o n6l

For the routne assay of the potency of formalin treated polie vaccines
in pwo methods are ordinanly used Such methods are both time con-
suming and costly, and an exploration of the possibility of using in vilro
methods for the assay of the potency of the polio vaccine has thercfore
been desirable

Several wtn miro tests have been desertbed Krech (1,2) developed a
test for the measuring of the antigenic potency n terms of the anti-
body combiming power of inactise virus Antibody combiming tests have
been used also by others (3-5)

Hare & Warren {6) and Warren et al {7) have suggested the apphca-
Lon of the complement fixation (CF) technique not only as a supple-
mentary assay of potency of the final vaccine but also as a means of
following the antigemeity during the various stages of processing These
authers have investigated the possible use of the CF technique 1 two
was, firstly by the determination of the abihty af a vaceme to eheit
CF antihodies 1n various animal species and secondly, by the direct

of viral CF antigens present in the vaceine

in the present studs an altempt was made to evaluate the latter of
the two above mentioned applications of the CF technique

Tissue Culture MATERIALS AND MFTHODS
b
in de:""(;‘:::?‘;':;;:;)"Psmlxcd monkes kidney tissue caltures has been described
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y
(MK cells) 1 about 100 ml of medium 199 containing 2 per cent horse serum as well
as antibiotics After 4 to 5 davs of incubatfon at 36° C the medium was replaced by
fresh outgrowth medium of the following composition (9)

Hanks® solution ea 900 per cent
1 actalbumin hydrolysate 05 - -
lucose 045 ~ -~
Ycast extract 01 - -
Sodium bicarbonate 01 - -
Call serum w0y - -

After a total incubation of 8 9 dayvs the outgrowth medium was remosed and the
cell sheet was washed wath Hanks' balanced salt solation After washing 50 ml of
maintenance medium were added consisting of bovine amniotic fluid with 1 2 per
cent calf serum and the bottles were mnoculated with 1 ml of undiluted tisste cul
ture sced virus The snoculated bottles were incubated at 36° C for 48 hours at
which time complete degencration of the cells had occurred The infected fluids
were harvested and pooled by virus type The ecell debris was remosved by horizontal
centrifugation at 2500 rpm /30 min 1n a refrigerated centrifuge and the super
natant was treated with fluorncarbon (Freon 113) (9) The Freon treated antigen
was titrated against the homologous monkey antisernm and stored at —20°C
this tomperature the (I antigen was found to rctain ats potency for ab least
6 months

Tormalin Treated Polioi trus

To Infectious tissue culture fluid cleared by centrifugation at 2500 r pm /30 min
formalin was added 1n a final concentration of 1 4000 The mrxture was hept at
37° € for varying periods of time Before use 1r CF tests the formalin treated tasue
culture flurds were dialvzad against Hanks Dbalanced «alt solution st 4°C

Concentration of Formalin Treated Polio Vaccine tn the Ultracentrifuge
Ccncentration of poljo vaccines was performed mn n *Spinco  (Model 1) nltra
centrifupe The flids were placed n lusteroid tubes with alumium caps it
amounts of 30 ml per tube and centrifugation was carred out at 78000 x G (30000
rpm) for 180 240 minutes in the cold in a rotor \o 30 Gelafin in a concenteatioh
of 006 per cent was added to the fluid hefore centrifugation according to bt
method of Baron (9 10} After centrifugaticn the gl Jike pellet was resuspende |
m warm (37° €) Hanks solution to give the desired concentration usually 3 X @
10 X The famntly opaleseent concentrates were then clarified by b minutes of wen
trifugation at 2000 rpm We have found that placing the tube tn g 37°C water
bath for 5 minutes hefore centrifugation helped to dissolve the aggregates of

gelatin (9)

Hyperimmune Vonkey Sera
The preparation of monkey hyperimmune sera has been described previoush (1D
The same lots of monkes sera were used throughout this study These scra were
kindly made available by Dr Annelise God(fredsen of this mstitute
Befare use in the CF test the sera were diluted 1 8 in veronal huffered saline and
wactnated at 60° € for 30 minutes The complement fixing, (C1) antibody hiter of
the sera against the homologcus (I lne virns antigens were 1 1034 1 2048 (31
tapel 1 256 1 512 for tape IT and 1 512 1 1024 for type 11}
Technique for CF test has been described 1n detail 1 an earhier communictation
(9) Veronal buffered saline (12) was tised as diluent
The Wive \irus CI antigens were titrated m blcck titrat,
I or the poliovirus type T and IT 2 § units of antigen were used and for the 1y
4 umits of antigen (9
The CI tests wer pex
05 ml per tube An am unt ¢
ment was allawed tu Teact v

ons with monkey antisera
pe 111

formed 1n glass tubes (Wadal tubes) with a total volume of
£ 01 ml each of anhigen serum dilution and comple
crnight at +4° ¢ Then 02 ml of sensitized 1 per cent
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d by 30 minutes of meubation
hee throcytes was added to each tube followed by

:t 3;"?:’,\11 necessary controls were included The test was read after overmight
standing at +4° €. Fixation greater than 2 + (less than 50 per cent hemolysis) was
considered a3 positive reaction

FXPFRINFNTAL
Polio ¥ accine Used as Antigen tn CT" Test

Fifteen pools of monoralent polio vacemes {fne of each type) were
examined 1n CF tests with monkey hypertmmune sera The vaccines
studied represent the product routinely prepared wn this laboratory for
use 1n humans

TARLF 1
Formatin Inactivated Poliobirus (Vaccine) as Antigen in CF Tests
with Potent Monkey Antisera

Dilution | Type of monkey antiserom
Vacc nes o of
vaccine | Type [ Type It Type NI
524 11 1024° < 16 <16
12 32
527 11 1024 <16 <16
Type 1 12 128
ype 540 11 512 16 1
(Brunhilde) 12 < 32 < <
547 11 1024 <16 <16
12 128
si8 11 1024 <15 <16
12 128
509 11 <16 512 <16
12 61
s L] <16 26 <16
Trpe N a3 12 <1 =2
OIFF 1y I 28 <16
820 11 <16 128 <15
12 < 32
1 I <1s 128 <15
12 3
s1e 11 <16 v vy
s HH < 32
H <1s <1 256
Type 111 s 2 <32
Gauketts i 1 <16 < %38
sk 11 <16 <1 <2
57 H <32
11 <18 < 18 et
1 12 <:
fue virus type |
tipe It 1024 2018
type 01 256

, 512 1024
lery expressed ay reaprocats of serum dilution
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Briefly, the Lechmque of The proecssing of the vaccine 15 as fallows
Crude, infected TC fluid 18 Seitz-filtered and nactinaled for 12 days
with formalin 1 4000 at 37° C and pH 7 A second Scitz-filtration 15
performed on day 6 of the inactiation At the end of the wactn ation
period formahin 1s neutralized by the addition of sulphite The 3 types
of pohostrus are represenied n the final trivalent pools as follows
Type 13 parts, type H 1 parl, and type 111 2 parts

The fifteen monovalent samples were examuned without concentra
tion and dialyzation in the CF test (Table 1) It was found that un-
difuted yaceine gave a considerable degree of ty pe specific fixation with
potent homologous antisera The same batches of vaccine were so
examuned after dinlyzation and 14 were found to give the same serum
titer Only one vaceine (No 509, type I1) gave a 4-fold lower serum hier
Ths particular batch of vaccine was before dialyzation shghtly anfi
complementary (anti-C') Since any trace of anti-C' activity was found
to be ramoved from the vaceines by dialyzation, the vaccines were sub
scquently always dialyzed hefore testing

TABLI 2
Monovalcnt Type 1 3 accines as Antigen in CF Tcsts with Monot alent Type 1
Gittnea Pig Sera

" ! Ci titer of 7 monesalent fype IT CF titee of

e Ruinen iy ser ey e

No [ Type | 41 [ 2 | s [ 4775 | aro6 [ [em| 1 |1 |

Vaceine 549 L nH 32 8 16 16 8 <2 2 - 6 -

Vaceine 550 L nmoo32 16 16 16§ L2 02 5 -

Vaccine 567 1L I <2 <2 2 L2202 oL <2 o1 - -

Vacane 555 L nm <2 <2 <2 <2 <2 <2 <2 256
Live CFantig 182 If 138 128 &4 64 32 2 8 - 258

* Titers as reciprocals of serum dilution
- Not done

1n contrast, Warren of al (7) have previously found that the amonnt
of antigemie material 1n commereial vaceines 1s nsufficient to permit
thetr use 1n practical CF procedures without concentration For therr
studies they used guinea pig anhisera To examinc whether the positne
results obtaned in the present experiment sith unconcentrated mono-
valent vaccines were due to the use of potent hyperimmune monhe}
sera 1n our CF test, a number of type II guinea pig scra were cxammc&f
in parallel against two type Il vacemncs, a ive type I Freon treated Ct
antigen, a type I vaccine, and a type I vaccine Monh¢y hyperimmune
wera of all 3 types were also mcladed i the exptriment The resulls are
<hown 1n Iable 2 It will be seen that it 1s possible tv measure CI" anhi-
bodies in the guinca pig sers employing type 11 monosalent poho yae-
cnes as antigens Howeser, the serum titers were 4 times Tugher wath
Iive type I virus antigen, indicating that less than 1 umt of antigen



' 367

was present m the \:\?‘cmc The negative results obtamed with type 1
and type I antigens \‘\hlch were included as controls show {hat the
reaction 1s type specific

The results oblamz.’d wath vareus saccne anhigens were usually
easily reproducible i Tepeated tests However, 1 some mstances the CF
serum fiters were found to vary dstinelly from one expermment to
another This difficulty was first encouniered when 23 type Il mono
yalent poho vaceines were employed as anhigensin a CF test In the first
expeniment 1s was found that while 18 of the vaccines represented good
CF antigens giung a titer of 1 128-1 256 with the homologous monkey
anbiscrum one vaccne gave a somewhat foner hter (1 64) and 4 vac
cmes thid not react at all When the tests with these 4 antigens {No 556,
857, 560 and 561) were repeated the results were found to vary a great
deal It will thus be seen from Table 3 that while 1n two tests (Exp 1
and 4) the titers were < 32, the serum fiters i Exp 3 ranged {rom
64 to 256

A serutimzing of the experimental data indicated that the variation
n serum titer mught possibly be correlated with small differences 1
the amount of complement employed 11 the titration of low poteney CF
antigens, and an experiment was therefore set up to study the effect of
varying amounts of complement

TABLE 3
Repeated CF Tests with Type I Vacetnes as Anfigen
CF titer * of 13pe 1l monkey secum
Fip no
Saceine pumber
1¥4 557 il
; < 32 < 32 < 32 < 32
H o <li}l§ < 32 64
2 64 206
1 < 3z < 32 < < 32
* Titer 83 recipracals of serum dilution
et dne

Soum Pier

BRI
Gn & of Comp omen
Fig 1
CE test with taa dtferest potao § antigems (A ang

amounts of ¢ molonoy 4 B) 10 the rlr;“ence of yarying

4 anticamplementar:
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Briefly, the technique of the processing of the vaceme 15 1s follows
Crude, nfectcd TC fluid 1s Sertz-filtered nnd machsated for 12 days
wath formalin 1 4000 at 37°C and pH 7 A sccond Seitz-hiltrition i
performed on day 6 of the mactis wion At the end of the mactisation
period formalin s neutrahzed by the addition of hsulphite The 3 {ypes
of poliosirus are represented m the final trpvalent paols as follows
Type I3 parts, type 111 part, and type 111 2 paris

The fifteen monosalent samples were examined without concentra-
tion and dialyzation mn the CF lest (Table 1) It was found thal un-
diluted vaccine gave a considerable degree of ty pe speerfic fication with
potent homologous antisera The same batches of vaceine were also
examuned after dialyzation and 14 were found to gne the same serum
titer Only one sacaine (No 509, type 11) gave a 4-fold lower serum titer
This particular batch of vaccine was hefore dialyzation shghtly antt
complementary (anti-C') Swnce any trace of anti-C’ activaty was found
o be removed from the vacemnes by dialyzation, the vaceines were sub
sequently always dialyzed hefore testing

TABLI 2
Vonopalcnt Type Il Vaceuns as Antigen in CF Tests with Monot atent Tupe 1
Guinea Mg Sera

i ) F nter of
CI titer of 7 monovalent type 1 ¢
Antig: nt typ t
oiigen Fulnes pig sera g
ne Type | 441 f 2 [ 473 ‘ | 4% f 4708 ’ 499 R I "
Vaceine 549 L I 32 8 16 16 8 2 2 - 6 -
Vaceine 550 L n 32 16 16 16 8 2 2 3] -
Vaccine 567 L I <2 2 <2 2 L2 <2 <2103 -
\aceine 555 L m <2 <2 2 2 L2 <2 o<L2 - 256
2 8 256

Live CF antig 182 11 128 128 64 64 32 2

* Titers as reciprocals of serum dilution
- Not done

In conlrast, Warren el al (7) have previously found that the amount
of antigenic malert il in commercial yacemes 1s mafficient fo permit
their use 1 practical CT procedurcs without concentration For thar
studies they used guinea pig antisery To examine whether the postive
results obtmined jn the present experiment with unconcentrated nono
\alent saccines were due to the use of potent hypermmune monhey
wera in our CI test, a number of type II gumex p1g serwere cmmmu!
n parallel agamst two typc IT vaceines, a Inve type II Freon treated €1
antigen, a type I vaccine, and a type I saccine Monhey hy perunmune
wera of all 3 types were also ancluded m the expermment The results art
Jhown tn Table 2 It will be seen that it 15 possible to measure CF anti-
bodics 1n the gumet prg sera employmg t3pe I monos alent polio ¥ it-
cines as antigens However, the serum biters were 4 times higher sath
Ine type II virus antigen, mdicating that less than 1 umt of anfigeh
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3
was present 1n the vafeme The negative results obtamned with type 1
and type I antigens e\\hich were ncluded as controls show that the
reaction 15 type specif;

The results obtainéd with various vaccine antigens were usually
easily reproducible 1n repeated tests However, 1in some instances the CF
serum tlers were found to vary distinctly from one experiment to
another This difficulty was first encountered when 23 type I1I mono-
valent polio vaceines were employed as antigens 1n a CF test In the hirst
expenment 15 was found that while 18 of the vaccines represented good
CF antigens giving a titer of 1 1281 256 w1th the homologous monkey
antiserum one vaccine gave a somewhat lower hiter (1 64) and 4 vac-
<ines thd not react at all When the tests with these 4 antigens (Mo 556,
857, 560 and 561) were repeated the results were found to vary a great
deal It will thus be seen from Table 3 that while 1n two tests {Exp 1
and 1) the titers were < 32, the serum titers 1n Exp 3 ranged from
64 to 256

A scrutmmzing of the experimental data indicated that the variation
wm serum titer mught possibly be correlated with small differences m
the amount of complement employed m the titration of low potency CF
antigens and an experiment was therefore set up to study the effect of
\arying amoeunts of complerment

TABLE 3
Repeated CF Tests with Type HI ¥occines as dntigen

CF titer * of type Il monkey serum

Fp no
\accine namber
S8 597 361
lz < 32 < 32 < 32 < 32
3 < 32 < 32 81
A 64 128 64 226
<32 < 32 < 32 < 32
*T

Mer as reey
Nt e procals of serum dilution

Seem T

Un 5 ot Comp sment

CF test with tag dilferent polio 1 iy

antigens (A and B) 1n the presence of v
amounts of eomplement & anticomplementary e



368

In Fig 115 recorded the serum titers ohtained employing two type |
vacemes of different antigenic potency with varyng umts of eomple
ment The serum titer obtaned with saccmne antigen A saned onh
shightls with different amounts of complement However, with antigen
B the serum titer was found to merease with deercasing amounts of
complement and when 15 umts of complement was used the two anh
gens gave the same serum tifer

Concentration of Polio vaccines n the Ultracentrifuge

Vonovalent vaccine A sample of type I vaceme was concentrated
30 X 1n the ultracentrifuge with the addition of gelatin 006 per cent
and the sedimentt was resuspended 1n Hanks® balanccd salt solution
'I‘ln:l original material and the 30 X concentrate were fitrated simultane
ously

The CF antigen titer of the vaccine was 1 and the titer of the con
centrated antigen was 1 32 The recovery of the antigen by ulfracenirt
fugation was thus satisfactory No crossing with the 2 heterologous
polio sera was noted erther with the undiluted original or with the 30 X
concentrate diluted 1 2 Suntlar resulls were obtained with type Land
11 The supernatant of centrifugated vaccines neser gave any reaction
when examuned i CF tests with potent homologous or heterologous
sera (9)

TABLI 4
Correlation of the Ihlution of the 3 Components in the Final Trwalent ¥ accine with

the Required Concentration and the Endpoint Difution of the 16 X and 38 X
Concentrate for the Delection of the Companent in CF Test

Endpoint «ilution of the concentrate
Dbilution in Required for the deteetion of component

Lontponent the (n\?len! Concentration —_—
o0 10 x concentration |40 3 conceiration
Type I 12 2 x 14 116
Tape 11 16 6 X 1112 15
Type HI 13 3 x 1213 19

Trivalent polio vaceine 15 our laboratory prepared by pooling 3
parts of type I, 1 part of type II, and 2 parts of type 111 vaceine In the
resulting trivalent vaceme the type I component 15 therefore preseit 1
a dilution 1 2, the type IT1n a dilution 1 6, and the type T a ditution
1 3 When the trsalent vacemne was used nndilufed as antigen i CF
tests, only the type I component gay a positive result, as 1t was 1o pe
expected, while no reaction was obtamned with the type 11 and type m
components In order to be able to demonstrate these two components
1n the final trisalent vaccine by CF tests, 1t was therefore necessary o
concenirate the vaceuie

Tn Table 4 are listud the results obtained m CF tests with the trivalent
vaccine concentratcd 10 X and 30 X as antigen The tiler of the con-
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centraled antigens {endpoint dslution of anfigen) was found to corre
spond well with the values tobe expeeted 1if the concentration procedure
was satisfactory e g did the 30 times concentrated antigen give a type I
antigen titer of 16 which was to be expected since the type I component
represents haif of the yolume n the trivalent \accine

TABLF 5
1 rotocol of the Testing tn CF of the Monovalent Vaccines and the Trtalent Pool
1n Concentratt n 10 X and 30 %

CF 1 ver of | LF g ter of
mopkey an serun an igen
e —
1 o om s ] n m
Type 1 567 1024 11
569 1024 11
570 1024 Tt
Type 1T 549 128 11
50 128 1
Type WL 555 206 11
526 3 11
Trnalent Pool 256 <32 <32
10 X concentrate 1024 128 256 14 12 12
30 % concentrate 1024 128 256 116 14 18

Each of the type I and type 11 components were represented in the trivalent pool in
20 1 tet volumes while the 2 1ype 11 camp nents each were included
in 10 liter amounts
Taters cxpressed as reciprocals of serum ditution

In Table 5 1s presented a protocol of the CF titration of the original
components of a polio vaccine as well as of the final trnvalent pool and
the 10 X and 30 X concentrates In the preparation of these pools the
%o tvpe 11§ components were found to differ somewhat 1n potency mn
the CF test as measured by the serum titer oblained In the 10 X con
centrate of the vaccine the type 111 component had a titer of 1 2 while
:\;lol 4 dilution did not react at all Since the expected titer of the type

<omponent 1n the 10 X concentrate would be 1 2 1 3 it may be

coneluded that a concentration of an antigen bs ultraceninfugation 1s
Nt always quite guantitative

F r\r:hgpn Lontenls «f Monovalent Components during the
Processing of the Polio § aceine

u‘:"‘ :@d:;ln‘fn)lms the CF anfigen of the monosalent vaceines during
oty '|l“| ;;r\ch\ hon with formalin 1 4000 at 37° C samples were
‘pe 11 d clrcnl stages of the processing from one type 11 and one
1 the CF “l“:l‘uT(;ynl vaceme All the < imples were dialyzed tefore used
the dats “:"m R e nlmlh are recorded in Tible 6 which alke shows

T oactemamn 33 4



370

It will he seen from the table that the formahn treatment resulted
2 shight reduction of the CF antigen content for type 11 1s well as for
typc IIT by both hinds of nctivation procedure Thts drop n antige
neity was reflected 1 2-4 fold drop mn scrum Gfer in the CF fests
during the inactivation period

Suntlar results (not ncluded i Table 6) were obtamed n other
cxperunents with type I

TABLT" 6

Decrease of CF Antigen during the Inactivation of I oliot aceine as Measured
Ly Serum Tiler

CL titer of Fomologous monkey sertn

Saple | Formaln 14000 1H 7 tenper tre 3 ¢ [For ally12000 {17 lemperature b €
a3

Tyye Il Type LI Type Il Pype 10
\necine No 61t iV eciie \o €19 ‘accii e Zo 612 nce e No 6
1 12 11 12 11 12 11 12
0 256§ 32 512 128 128 <32 512 <3
1 256 32 512 G4 64 <32 512 <
3 250 r4 1024 256
¢ 128 <9 512 64
G+ 256 <30 3¢ <32
7 64 <L32 256 <32
9 128 <32 256 <32
12 128 <32 256 <32
14 128 <R 512 <P
134+ 128 <82 250 <3
25 128 <32 128 <P
7 6 <2 128 <%
56 61 <12 128 <P

* Dilution of antigen
§ Titers are expressci as reearr cals of serum dilation

1 Sample after filtration

Anticomplementary Achwily of Poltovirus hept at 37° €
with and without Formalin

In the previous <xpermments formalin trented polia v icemes were
used 18 antigens 1n CF tests

Another expermment was set up 1n order to compare the A ¢ actiaty
of paliovirus suspensions kept 1t 37 C wath and without the addition
of formalin Cell debris was remowed from the mfections virus TC
fluwds by centrifugation but no filtration was carried out The virus
niter of the flmds was 10 3 10 ¢ ind 10 2 per 0.2 m] for {ypes 11
and HI respectively

Lhe pi of the fluids was et 8 wd was not idjusted Tormihm wis
added to 1 final concentration of 1 4000 and the flurds were placcd m
o water bath 1t 37° € Yor ¢ach vrus type controls without formahn
were mticluded Ondvs0 1379 12 and 15 of the ¢xperiment s ymples
were collected from  he three types as well as from the controls The
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samples were stored at +4° C until used m CF tests The results are
recorded m the left part of Table 7

Titrabion of complement 1n the presence of the vamons samples col-
lected revealed that the formalin treated fluids became ant:-C’ during
the f1rst day of inactivation and remamed so to some degree for at least
6 days (Fig 2, part A) By dhalysation of the {lurds the anti-C* effect
was completely removed

TABLE 7
Decrease of CF Antigen during the of Unf at 37°C
with Formalin 1 4000, at pH 8 and at pll 7
CE tter of homologous monkey antiserum
Sample! pits pRLT
day
Type Type M[Type il Typel Type 1T |Type Itf
antigen anhgen|soilzen|  anugen shtigen | anhzen
11 12 14 11 11 } 11 12 11 12 11
0 2043° 1024 128 128 512 2048° 512 128 <32 512
12048 512 <128 128 128 2048 512 128 512
2 2038 512 128 256
3 1M 512 <128 128 128 2048 512 128 226
5 1024 256 128 226
7 1024 512 32 128 1024 206 128 256
9 1024 512 64 128 1024 128 128 236
12 256 <128 61 256 102t 256 128 236
15 128 <128 32 32 1024 256 226 256

Taters are evpressed as reciprocals of serum dilutson

1vee i reee
]_‘m wahioe}_ neg
®
. 2N pant
. s
HERY i
{a
Ve ]
zad
3 Formai n o me
g e me n Formo
3w ne e e pant
, /‘\ 4
R T
L N e

oort Dags

— AN E R Y My g ayzar on
— AN CRIe s et aayretan
L Fig 2

'y activity of pot after jnactivatior
p us n at 37*
wuh formalin before and after dialvzation, pH 321 Rc without aud
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The results obtained with heat-treatment alone (without formalm
Fig 2, part B) were Icss regular The type I fluid thus became strongly
anti-C’, and thus effect could not he removed by dralyzation

The deerease in CF antigen during formahin mnactivation at pH 8 for
15 days was substantial, the drop 1n serum titer heing 16-fold for types
Iand HI and 4-fold for type IT (Table 7, left part) A stmular experiment
was carried out at pH 7 and 15 recorded 1n the right part of Table 7
Here the Joss as expressed in CF serum lter was unsignificant

From these experiments st scems that the pH of the virus suspension
1s important for the preservation of CI antigen during the inactivation
of poliovirus

It should be added that no antigenie cross-reactions were found after
15 days of inactivation 1n CF tests, even when the heterologous monkey
sera were used in a dilulion of 1 16

DISCUSSION

The results reported here confirm observafions made by others (7
15,16) that formahn treated poliovirus can he used as antigen mn CF
tests However, the tiler of the antigen 1s low, and 1t 15 therefore neces
sary to use the CF serum tifer in order to express the relatine potency of
various formalm treated polio antigens

In our experiments the CF test could regularly be used to demonstrale
the presence of antigenic material m the monovalent pohio vacemnes of
all 3 types CF tests could also be employed to demonstrate the type |
component 1n the trisalent vaccine manufactured tn our laboratory

However, smce types I, IT and III are represented in final dilutions of
1 2,1 6,and 1 3, respecinvely, 1n the trivalent vaceine, it was necessary
to concentrate the vaceine by hugh speed centrifugation 1n order to be
able to demonstrate the type II and ype 111 antigens n CE tests 1n
contrast to the finding by other workers (16) no CF anhigen could be
demonstrated m the supernates The same authors (16) found non-
specific cross-reactions hetween the 3 types of formalin inactivaied
poliovirus tn CT tests No such crossing was observed 1n the present
studies p

Complemcnt fixation tests on samples removed at different stages 0
nactivation of poliovirus revealed that a shight loss of CF antigeme
matenal occurred during the mactination period This decre ts¢ varied
somewhat from batch to batch for all 3 types, but the present expen-
ment seemed to indicate that the type IIT antigen was shightly more
vulnerable than types Tand II ]

It 1s of interest that the loss in CC antigen was of the same ordcr‘n
magnitudc whether the strus mactivation was carried out with forma: l:\
1 4000 at 37° C o1 1t 23° C with formahn 1 2000 (Table 6) In cor;lr:;s l.
changing the pH to 8 (m experiments with fm;malln 1 4000) had
more harmful effect on the CF antigen (Table 7}
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It was found that the situs fluid becomes antt C after the addition of
¢ormalin and remawms so for a varying number of days the fimd agam
becomes non anticomplementary at the end of the mactiation period
Gard (17) has presented evidence that the conceatration of formal
dehyde decreases during the nactivation peried This ohservation
together with the fact that the antt € actinity can be removed com
pletely from formalin treated poliovirus by dialyzatson (Fig 2 A) points
to the formakin treatment as the factor responsible for the anticom
plementary actiaty of the vaceine Heat treatment alone (without
formalin) may also render the virus fluids anticomplementary (Fig 2
part B) Ths cffect cannot however, he removed by dialyzation

Warren ef al (10) have found that polio vacaine under certain eir
cumstances may retamn its ability to fix complement after it has lost
its immunizing capaeity for monkeys

In the present expersments only one monovalent vaceine {type 1)
was found not to he able to fix complement This particular bateh was
also found not to be antigenic for gumea pigs

o mforraton on the correlatian of the complement fixing actuaty
of a vaceine and the antigenic activity in humans 1s to our knowledge
avalable at present However it seems reasonable o conclude that 1n
our set up the demonstration of viral antigen n the unconcentrated
monoralent [olio vaccines 15 a useful tool in the production of polio
vaceine as it will allow the exclusion of wnferior batches of monovalent
vaceine without antigemiaity testing in amimals

SUMMARY

The content of complement fixing antigen 1n monovalent polio vac
eines as produced in our laboratory has heen found sufficient fo react
w1lh monkey hyperimmune sera as well as with guinca Pig sera from

rautine antigenicits tests The tests were found fo be type speeifie
Whils tha m -~

hout concen

the trivalent
.

. . tigen content
suutt 1 1o acerease shight!y duning inactination at pH 7

1115 suggested that CF tests constitute a useful supplement to other
antigemicity tests on formalin mactiyvated 1olio vacemes particularly as
regards prehminany testing of monovalent vacemne hatches
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ETIOLOGY OF RESPIRATORY TRACT INFECTIONS
IN MILITARY PERSONNEL
1 Vurological Findings

By
7 Dister, H Fxecusp, G Tatrree, G 11ameoy, G 1 BFSTROM,
L Piresos and T WessLEs
Recened 25 1161

During recent years considerable study has agan heen devoted to
respiratory tract infecttons For the most part, 1hey have been con-
sidered to be caused by siruses or at least viruses are thought to he the
primars ctiologseal agents (1) but the role of the bacteria n these
nfections 1s still under dispute

Tissue culture methods have provided for the discovery of several

new’ airuses, which hase been assocsated wath sespiratory tract wm

fections Some tvpes of adenoviruses seem o be defimtely associated
with these infections in military personnel and 1n ervihan population
groups although the ncidence of adenovirus infections n cervihans
seems to be far fess than that m mmbtary personnet (10)

Another group of viruses associated with respiratory tract infections
has alvo been demonstrated These agents have shown hological re
semblance to parotitis virus and Neweastle disease virns The group has

been called the paramfluenza wiruses and inclodes three different
types (2)

The influenza
cal 1gents of non . H
MT\ cause non o N * Y. van

Finally several agents helonging to the Feho-group of siruses not
differing biologieally from members of this group have also been
associated with respiratory tract disease {1} A number of virus strams
aseocitied with the common cold and nrot yet classihied have also been
found (24)

Research on the chiologs of respiratory tract infections in military
1 ursonnel s been carried out in Seeden with more or less tensity
duning the last decades In the middle of the thirties the mnterest was
concentraled on pnaamococenl lobar preumonny (8, 13) 1 ater the use
of sulfonumides 1 prophstius and therapy was for some years the
man topic (14) Durning and after the world war II the studies were
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MATERIAL AND MFTHODS FOR VIROLOGICAL
FEXAMINATION
Collection of Specimens

Throat The virological specimens from the throat were taken by cotton swab
from the tonsil and hypopharsny repion The swabs were immediately placed in
tubes w th Parker 199 medium with 5 per cent horse serum and 1000 units of pems
¢ 1l n and 1000 meg of streptomyein/ml These tubes were subsequently frozen in
dry ice thermosflashs and transported to the s irolog cal laboratory where they were
frozen at —60° C for not Jonger than a fortnight before analysis

Faeces These speeimens were taken by rectal swahs of cotton which had been
snaked in 50 per cent sterile glycerin immed ately before use They were also placed
i the Parker medium and frozen in dry ice before iransportation to the laboratory
where they Were stored at —60° C for not longer than 14 days

Blood The blood was tahen by ven puncture about 2o ml was collected each time
The serum was p petted off after coagulation for 12 hours at +4° C and centnifuga
tian 1t was then frozen at —20° C in tubes contamning about 4 m! of serum each

Trssue Cultures

Monkey Ridney Trypsin zation of Rhesus or Cynomolgus monkey hidney was
a —

was used The cells were
The maintenance med um
Hemalsorpt on Test

The hemadsarplion test was sarmed ¢t ace rdin,
£ 1 the mod licat
< Shelohop s techn que (21) reported 1y Chanock ef al (£33 eation of Vogel
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concentrated on virus research, especially with mfluenza virus In
fluenza 1 nultary personnel has been caused by influenza B m 1943
(16), by influenza A 1n 1944 (15) by flucnza B in 1946 (16), by m
fluenza A, type AL, m 1947 (16) In 1950 sporadic cases oecurred
durmg the summer and a fairly cxtensisc eprdemic followed during the
carly part of 1951 The 1solated strams were related to 1947 Al virus
(19) In 1957 mfluenza virns A2 of the Astan type caused a wide spread
cprdenne also 1 Sweden (12)

Adcenoviruses have been studied m some small epidemies mostly
children (11).

An attempt to vaceinate mihtary personnel agamst influenza was
made 1 1947 but with the same negative results (6) as in other parts
of the world This was presumably because the vaceme did not corre-
spond to the virus ty pe, which caused the eprdemie & new attempt with
greater success was made with the strain A 2 just at the start of the
cpudemuic of Asian mfluenza (9) in 1957

Although considerable hiterature has bheen gathered durmg recent
years concerning the role of the various viruses of the respiratory tret
n epidemnies or m sporadic €ases over a period of many months, studies
considering bhacteria and viruses 1t the same time are sparse

The amm of the present insvestigation 1s to follow the respiratory tract
infections of military personnel over 2 number of years It 18 assumed
that the etiological agents will change from one infection season lo the
next, and the hope 15 to get a fairly broad analysis of thiy group of
nfections n a long term programme

In a first series of papers the results from three periods, the wnter
and spring of 1959, the autumn of 1959, and the winter of 1960, will
be reported The present first paper deals wath the virological findings,
a second will give the hacterological resnlts and m the tinrd paper an
analysis of the ehnieal observations will be undertaken m the light of
the virologieal and bacteriological results

PI AN Ol STUDY

The 1myvestigation was carried out at a military camp at Uppsala The number of
conscripts varied betw cen 580 and 989 partly due to the fact that thes were on dolb
clsenhere m Sweden for varrous length of time when they could not be c(nmlm‘d‘

All conseripts who were reporting for respiratory tract infections at the hespita
of the camp were examuned by a group of one phssician and one assistant from lh}l"
laboratory They visited the eamp esery morning examined the conseripts wit
tespiratory tract 1Afections and took the specimens Disease hist oy and sympltoms
were registercd and the following specsmens were tahen

Spcctmens fram the nose and throat for bacterialagical and virological examina
tian were tahen at the first visit and repeated after fve davs

Faeces spectmens were taken for virological examination at the same intervals

PBlood samplis Were collected at the first visit and repeated twice at fen dad

1<
mglf;::nshuric of the discase was recorded cach time a specumen was tahen The ;\]hn)lr
study was carrsed out in clase collaboration with the head physician ufﬂu‘c;ln ) n: ‘r
ment Pnly cases with a complete set of specimens gre reported though hewove

oul® two specimens of bload were procured in 20 per cont of the eases
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MATERJAL AND METHODS FOR VIKROLOGICAL

FXAMINATION
Collection of Specimens

Throat The virolagical specimens from the throat were taken by cotfon swab
from the tansil- and hypopharynx region The swabs were immediately placed 1n
tubes with Parker 199 medim with 5 per cent horse serum and 1000 unuts of pem-
eitlin and 1000 meg of streptomyein’ml These tubes were subsequently frozen in
dry sce thermasflasks and transported to the virological lahorators where they were
frozen al —60° C for not longer than a fortnight before analysis

Farces These specimens were taken by reclal swabs of cotton which had been
snaked In 50 per cent sterile glycerin immediately before use They wese also placed
in the Parker medium and frozen in dry ice hefore transportation to the laboratory,
where they were stored at —60° C for nat longer than 14 days

Blood The blood was taken by \enipunclure, about 25 ml was collected each time
The scrum was pipetted of [ after coagulation for 12 hours at +4° C and centrifuga-
tion 1t was then {rozen at —20° C in tubes contaiming about & M1 of serum each

Trissue Cultures

Monkey kidney Trypsinization of Rhesus or Cynomolgus monkey kidney was
catried ot according to methods deseribed before (22) The mamtcnance mediam
was Parker 199 solut

s 10n with entibiotics (100 units and 100 mcg/ml of pemieallin
and heant mra s ommen 41

pr .
2 . .
hen . .
. . was used The cells were
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B A e aere o3t A zalnst 1nfluenza vir
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B G adennaies 2 1 2 and 3, and ornithosis Further
rcehant Bunnell resction 'r:.r‘ mononucleasis was carricd ut on each ~erum a1
the antibody titres were ¢ o

plement fixing antibodies a;

The l‘;hmpkmml fixat} - ' ' '
£en and serum respectly T '
vously (18) <t h
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produced 1n tissue cultures This was reduced by the addition of inactnvated (56° €
40 min) guinca pig serum and incubation for 1 hour at 37° ¢ according to the
technique deseribed by von Zewpel (2%)

tntigens
Paul-Bunnell test This rcaction was carrred out according to the original method
(17) When the titrc excecded 1/40 the Davidsohn adsorption test was carried out (3)
Inflienza A, B and C-antigtns The antigen was produced as a membrane antigen

1 egr fot i - homogemization of the
membran supernate was used as
anbigen . tds from chick embrios

infected with the strain 1233 1avlor

Paratnfluenza antigen The three type strains HA2 Ca and HAI were cultisated
on monhes Ridney cultures with Parker 199 as maintenance medium When the evo
pathic effect was maximal the tissuc culture flnds were harvested and centrifuged
at 2000 rpm for 15 min Aftcr dialszing the supernatant against yeronal buffer
pH 75 1t was usad as the antigen

Parotitts antigen The antigen uscd was a virus antigen obtamned by Sharples
centrifugation of infected allantoie fluid from chich cmbryos

Adenovirus a e PR * erom
tissue culture f per
- this

«uent methanol
procedure

Ornithosis anfigen The Squabb “f ygranum CI " antigen was used Control anh
£cns were testcd concurrently with the Iygranum antigen 1n these sera positine
agamst the Isgranum antigen

RISUITS

The average number of conscripts and the number of cases durms
the vartous periods are reported in Figure 1 and 2, top part The total
number of cases was 221, of which full serological testing could be
carried out according to plans i 208 cases In 13 cases an nwdequite
number of hlood samples was recened

The results of virus wolations are presented n Figure 1 Figure 2
shows cases with a fourfold merease m anbibody titre The figurs
gue the followng general picture of the occurring infections

Influenza A The wnfluenza strams of February 1960 were of the
Astan type The tirst occurred on PFebruaty 2nd and the ¢pidemic came
to an end on March 8rd 66 cases of resprratory tract mfections were
hospitahized during thus tume and 41 were diagnosed as mfluenza &
(4 6 per cent of the total foree)

Influcnza B During the period 121 27 2 1939, mercased titres for
mfluenza virus B were found m altogether #1 cascs The eases fiad
mostly the character of common cold and no mflucnza B virus was
solated

Inflienza € Increascd antibody titres for mfluenza viras € oceurred
i two cases In one case this virus was the only detectable cause of
the distase, 1t another case antihodies for mfluenza € occurred simul-
tancously with influenza R-antibodies )

Paramnfluenza No viruses of the parammfluenza type were nnl.:h‘(]
A few eases showad an nerease in antibody titres, buf the ehologica

sigmficance of these findings 1 uncertan
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Fig 1
\umber of cases and isnlations of viruses during the winter of 1959,
the sulumn of 1929 and the winter of 1960
0 numher of cases

M simultaneous jsolations of twe different viruses

Adenoptrus type 3 During the outhreak of nfluenza B in January
and February 1959, mentioned abosve, adenovirus type 3 was 1solated in
21 cases, an increase of antibody litre occurred n four of these eases,
and 1n addition, four ¢ases showed an increase 1n antibody titres with-
out positive varus isolations In four cases a symultancous Increase
antibodics eould be shown for adenovirus and influcnza B

Adenomrus type 7 Adenosirus type 3 and 7 were both 1solated in one
case i January, 1959 In September, 1939, adenovsrus type 7 was 150-
lated in W0 cases, and anbbodies were fonnd 1 due course m these
cases Duning the epulante of inftuenza A in January and February,
1960 Uns varis was isolated in sixteen cases, and an ancrease 1n antibods
titres ocettrred 1n elesen of these ¢15¢s An inerease 1 antibody titres
without positive virus 1solafions occurred n ten cases An mcr‘cssc mn

antibody titres for both adenovirus 7 and influenza virus A was found
n nne c1ses
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Jscellaneous viruses In the autumn of 1959, pohovirus type 1 was
wolated from si1x faceal spceimens No case of chinical poliomyelitis was,
however, diagnosed Two stramns of Herpes simplex virus was 1solated
in Octoher, 1959 and one stran in January, 1960, without any chinical
manifestations

The antibody titrations resealed a fourfold increase for ormthoss
varus i two eases m February, 1959 A posttive Paul-Bunnelt test was

also found during the same month
It 1s scen from the Figure 2 that the frequency of posiive cases—
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which here means cases showing at least a fourfold increase m antibody
titres for the sirus m question—s for January, 1959 71 per cent, for
February, 1959 71 per cent and for February, 1960 77 per cent The
average percentage of the whole material was 57 per cent

PISCUSSION AND SLMMARY

From the virological point of view, the matenal was dominated by the
outbreak of influenza B 1n 1959 and the epderme of mfluenza A i
1960 The latter spread all over Sweden and had a fairly mild course
The sunultaneous oceurrence of adenosirus type 3 duning the influenza
B and adenovirus tvpe 7 during the influenza A epidemuc 1s of interest,
as 1t indicates that respiratory tract infections caused by viruses might
be muixed infections They are then domunated by the virus which 1s
most aggressive i these two outbreaks, the influenza viruses A further
compheation m the analysis of these mnfections imnolves the role of the
bactena which will be dealt with 1n the following two papers A more
extensive discussion of the results will be presented m paper HI
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FROM THE DFPARTMENTS OF BACTERIOLOG)Y AVD VIROIOGY,
LMVFRSITY OF LPPSALY SWFDEYN

-

AETIOLOGY OF RESPIRATORY TRACT INFECTIONS
IN MILITARY PERSONNEL

9 Baqcterwological Findings

By
Z Di~ter, H EEELUND, G LatreLL, G Livosov, G LorsTROM,
L Puivipsos and T WESSLEN
Recenned 20 v 61

Concerning the aetiology of acute resprratory nfectton, especially
during recent vears, attention has largely been focussed on siruses, as
has been pomted ont m the ntroductory arhicle of this senes {3)
Among the hacterwa, howexer, the beta streptococes and their importance
n zcute tonsillitis and exudatne pharyngitis have been the object of
detailed studies the d of strept cal having sared
hetween 4 and 8 per cent in such myestigations Other common patho-
genic bacteria present 1n the respiratory tract, meluding Staphylococcus
aureus, pneumococct, and H influenzae, have been ascribed relatively
miner mportance 1n causing acute resprratory infections In the com-
prehensive imvestigations carried out i 1947 by the Commussion on
Lcute Respiratory Disease 4) the correlation between the expected and
observed numbers of carriers was paor with regard to the various
species of respiratory-passage hactera in connexion with re-mnfection
The famly studies of Brimblecombe and his colleagues (1) showed a
simiar trend but they made the interestmg observation that the mn-
cidence of pnenmococer mereased during attacks of “common cold’,
and that the outhreaks of this infection could be followed with the aid
of pneumococct It was found in a Swedish investigation earried out
durning the 1940's at a number of day nurseries (8) that a marked 1n-
crease in certan pneumococcr and beta streptococes took place at periods.
dunng which there was a particularly high mcidence of respiratory in-
fection this was especially true of children aged under 3 years

Certam recent mvestigations also suggest that the part played by
hactena m resprratory mnfection 15 possibly bemg underestimated
Ratchie reports two studies which indreate this In the one (11) he used
autovaceine, and 1n the other (12) antibioties, prophylactically In both
series he oblained a reduced ineidence of respiratory infection Burhe
(2} showed that cluldren given sulphadimdme prophylactically before
tonsilectomy ran less rsk of bactenal infection These series must be
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et f Upper Respiratory
et Isolated from 212 Cases of Upper Re
D"“‘lbmo;‘:(tfﬁa:: r{;;:'n’p’:;rll]pymla during the W nter and Autumn of 1959 and
Infection the Wnter of 1960

e T vt | Paeume | Venlngo
spah |Peme| e P 1 o
Yo ‘s * . .
W enter 1929 a R
Nose and throat 7 li g H H
Throat 22 S H
Nose 7 1 10 1 0
Negatne [1} 82 87 ki
9
Total positive specimens 36 18 13 k1
Autumn 1959 106 o _
;::::thd threat 255 n9 g : :g ?):
110 2
:‘Zéiun 68 617 915 o155 %8
Total pasitive specimens 532 333 85 85 42
Wanter 1960 ; “ “
“ose and throat 1212 2 -
Throat 405 243 41 41 -
Nose 122 95 81 14
Negatine 3t 30 824 865 986
“Total positive specimens 639 26 176 135 14
RFSLLTS

The ncidence of bacteria 1solated from the respiratory passages
durning the three periods of mnvestigation can be seen from Table 1 and
g 1 Only those orgamisms are recorded which were 1solated from
swabs taken on the first examination, before they had been m contact
with the hospital environment The cultures {rom the second set of
swabs are affected by treatment and possibly also by nosocomial n-
fechion Baetenia negative swabs were obtamed from 32 7 per cent of
cases during winter 1939, from 10 7 per cent duning autumn 1959, and
trom 162 per cent during winter 1960

No partienlar organism predominaled m the posttne swabs, bhut
Slaph aurcus was most commonly present n 36 per cent, 532 per
cent and 64 9 per cent of cases during the respective periods The cor-
respondmg figures for beta-streptococer were 18 per cent, 38 3 per cent
and 27 per cent H influenzae was roughly equally common during each
penod, viz 13 per cent during winter 1959, 8 5 per cent duning autumn
1939, and 176 per cent dunsng winter 1960 It may be noted that me
ningococes were isolated during all three perods, the figures hewng 7
per cent, 4 2 per cent and 14 per cent respectinely, no case of meningi-
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regarded as being to some cxtent selected, however, and few large m
vestigations have been pubhished on the actiology of respiratory fee
tion studied from hoth viralogical and bacteriological aspeets As stated
m the introductory paper of this series, therefore, a study of this nature
was therefore decided upon, taking 1nto consideration the part of the
bacteria hoth as primary acttological factor and as comphictting » virus
mnfcelion

MATERIAL

The nvestigations were earried out at a militars barrack near Uppsala over
three Jong confinuous periods during the vears 1959 and 1960 or details of the
planning of study during the periods m question the reader 1s referred to the first
paper of the sertes Results of the bactcriological nvestigations were obtained 1
a total of 222 cases

MFTHODS

Data concerning the extent and technique of sbeeaimen taking may be found n the
preceding paper (
Culture All samples were culturcd on the following media

(1) Mcat 1fusion agar with % per cent sheep s blood 2 plates

(2) Meat mfusion agar with 5 per cent sheep s blood and gentian violet
(1750 000)

(3) Phenol mannite agar (Chapman 3) contamming 75 per cent NaCl

{4} Meat infusion agar with 6 per cent haematin

(5) VMeat mnfusion broth containing 65 per ¢ent NaCl for enrichment «f
staphylococer

{6) J nrichment medium as described by Holmes & Lerma? (8) for isolabng
beta streptococet

All cvultures were ncubated at 37°C and were read after 24 and 48 hours
Media 1 was used for both acrobtc and anaerobic culture and media 2 and 4 werd
incubated in a 10 per ecnt carbon dioxide atmosphere After 24 hours growth it
the enrjchment broth the cultures were plated out on media (f types 1 and 2 08
reading the species of bacteria were noted and colonies suspected of being pneumo
cocer beta streptococer H nfluenzae staph aurcus ar meningococer were further
tested as follows

Pneumococct were confirmed by means of therr aptochin sensitnaty and whet
sensitive typed by Veufeld s capsule swelhing method The optochin test was carrie
ont by a paper strip meghod

Streptocoect were tested for the presence of soluble hacmolssins and the st
sttty to bacitracin was examined by Waxrfed s techmque (9)

Beta streptococet were tsbed by Dr Ingemar Juhlin Department of Climeal Ba¢
terology Allmanna sjukhuset Malmo

If Influenzae were confirmed by the positive satcllite phenc menon

Staph aureus were verified by the coagulase test performed on a glass shie
Phage typing was not carried out

Meningococct were confirmed by fcrmentation with dextrose maltose and hevn
lose
The following serological nvestigations were performed
Antipneamolysin testing (API) was carried out by a methad described be Tune
vall (14)

sntistreptolysin determination (AST) was dance by a mcdification of Ihsen s
method (7) The readings were made as described by Packalen nnd Bergguist (18)
for the determination of antistaphylolysin :

Antistaphylolysin testing (AS1A) was performed I the method of Pachalen and
Bcz‘i:ql‘:lliz‘xh(:sozxgumsl influen-ae bacteria were ¢shmatad by a complement fixation
reaction described Iy Tunevail (13
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TABLE 2
Result of Typing of beta-Streplococct
Sumber of
B e
-
e
Group Type 15t vosit 2nd viat
Wanfer 1959 ,
A 4,44 16 1430 1
146,29 -
3,48 2 -
[ 21 2 1
E - 1 -,
G 16 RS 1
H -~ 1 z
L - 1 -
Nen typable - 5 1
Total 18 5
Autamn 199
A 1 1
1,4 1
59,12 20,4 1
9 2
22 1
¢ 21 $41- -
G - 1
15 H
on 1y pable 3 '
Total 1 .
Winter 1970
4 1 .
3 1 "
527 1
9 2
10 2 N
12 1
22 1
¢ 21
¥ _ ﬁ 1
N - 1
15 1 .
Nen typable 3 } +1
Total . .
—————
* Denotes th
on bomotes that the same tape of streptocuscus was 1solated from the sme patient
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1359 1960
Totol number of  |-JoClFelr]) [Moy) [Sepr]oct [nov |
conscripts (seo932 [76] [wsg ] ei]
o

101

Tolal number of
sick conscripts 50
! _Dﬂ ool
.

Par cant 1

o J 0 o an 00

1
Pneumococel

]_D_D.D__m_a_z_ﬂ_a

‘jm ol en

H influenzae

ol [l 0 ;e ol
10¢

Meningococts

o o [ N o SO s B
Fig 1
Incidunce of various bacteria por cent of conseripts with acute respirators anfection
durmg santer and autumn 1959 and winter 1960

t1s occurred, however Fig 1 shows no marhed concentration of hactert
at any particular tume, suggestive of an eprdemrc due to the organism
1 question, the shight peak of beta-streplococer i October 1959 mught
possibly suggest such an outbreak

In some eases 1t was possible to solate two or more species of bacteria
from the same mdn idual, the most common finding being Staph aureds
. combmation with some other organism

Typing of beta-sireptacocet The results are collected in Table 2 As
can be seen, typing proved possible n a satisfactory proportion of cases
No epidemic concentration of any particular type of streptococeus oc-
curred on any occasion Notable, too, 15 the scanty inerdence of group-A
streplococes during winter 1959 A« a rule heta-streplococel, w hen pre-
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respiratory passages, but untreated, arc included As esn e seen, the
effect of ¥ ihn upon p \f] \tnve organisms was good This
was partscularly true of beta-streptococcr and menngocotey, ahich
were almast completely ehminated The results were less good with
pneumococes, and particularly strikmg are the 10 cases 1t whieh despite
treatment preumocacct were isolated from the second swab only Staph
ayreus was ehpnated »m 2 surpnisinaly farge number of cases, but this
must be viewed 1 the light of the nature of the series and tests on a
selected number of stramns showed that all were penscilhn sensilive
The findings concerning H wnfluenzae were interesting During winter
1959 they were still being 1solated from & out of 10 cases after treatment,
and 1 5 cases they were found fuest m the second swab despite treal-
ment It 15 of course difficuit to establish whether bacteria 1solated
{he »econd of tno swabs taken at an wlerval of B doys Tight be an

expression of new mfection or whether they were due to the nereased
1ieid that was alwass to

he counted on when seversl samples were
taken Both these factors were probably at plas, but especially concern-

wng B mfluenzae nosocomal snfection mught have heen relatively
common

TABLE 4
Bacteriological Fandings i $37 Cases Treated with Penscillin and in 80 Cases
not Treated with Pemathn

Maciena isofated

—

Type of Only at

Roth at o
hactena \ 15t Spsit 13t amd 2ad Mt h\?xlyxx.;:x
’ not Not
t Treated | (noto | Treated | (D3, | Treated |, e
Wnter 1959

\ mestag 5 1 - 1
neumococes 13 1 - 5
Beta strep 13 1 3 1 H 3
H influenzae 5 EY b 2 5 3
Staph aureus 19 5 7 4 2 ;
tatumn 1959
N\ mening 1 -
Preumocnssr 2 1 N N 3
Beta stren ® 1 Z 3 !
H anfluenzae 2 - - 2 1
Staph aureus 13 7 ?i :
2
Winter 1900
N mening 1
Pneumococes 5 2 1 - 2
Beta strep M 3 2 1 ? 3
H influcnzae 6 6 1 : 5 H
Staph aurews 2 19 n 13 3 :
1
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sent were 1solated from the firet swabs, but in 10 cases they made their
first appearance at the second sampling In 7 cases beta-streptocoect
were 1solated from hoth first and second swabs, more than one type of
streplococcus being present m two cases

Typing of pneumococct The results are collected 1n Table 3 A sur
prisingly large number of organmisms prosed untypable None of the
typable stramns tended to predominate In 7 cases they were firstisolated
Irom the second swabs, and 1n 6 cases they were 1solated from both
first and sceond swabs

TABLF 3
Results of Typing of Preumococet

neumocacel ; \umber of cases

Tspe 4 st usit 2nd wisit

Winter 1959

9 1
11 1
15 23 1 1
17 2
19 1
20 1
Non typable 11 + 4¢ 344
Total 2 9
Autumn 1959
18 1
29 1
33 1
Non typable 3 2
Total 4 4
Wanter 1960
9 1
40 3 .
Non ty pable 541" 1+1
Total 10 2

* Denotes that the same type of pncumococens Wwas isolated from the same patient

on both occasions

H influenzae Strains of this organism were not typed It s worthy
of note that H mflucnzae was 1solated from the second swabs only 1n
a large proportion of cases (37 per cent)

Results of treatment Pencillin treatment, with the usual dosage, w15
employed m a large number of cases A broad-spectrnm anh)noulcl\\‘.f
used 1n only one casc The results of treatment are shown 1n Tab c"
For purposes of comparison subjects with latent pathogens 1n the
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Influenza A mlection was also present n 8 of the 14 cases of streplo-
coceal mfection Pneumococer too were common duning ths period,
bewg present w 10 cases It 1s odd that pneumocacet could not be 150-
fated m more than half of the cases in which there was significant m-
crease n the antipneumolysin titre

DISCLSSION AND SUMMARY

The results of the bacteniotogical and serological mestigations ear-
ried out m this study showed no important diergencies from those
previously reported or from what might be anticipated 1n a series such
as this With the exception of heta streptococct dunng September and
October 19539, the incidence of latent pathogenie bacteria was no higher
than 1s usual among healthy National Service men The [inding of
meningococer during both periods of myvestigation indicates that swab-
tahing transportalion, and culture techmique Were satisfaclory The

Uctober 1909 however, was matched by a high mnaidence of sigmficant
rises 1n titre The same was found during the influenza A outhreak in
February 1960 Most of the streptococer 1solated during these penods
belonged to group A, but no particular type predormnated It was not
unusual to find sipnificant nises 10 antibody {stre in the absence of the
corsesponding pathogenic bacteria in the respiratory passages, and this
was rather dilficult to explam It was also noteworthy that smaller rises
n titre cecurred within the different systemts Without apparently heing
weompanied by corresponding clinieal wnfection This mught possibly
be due to unspecilic response to some other acute mfection

The results of penicilhin theraps were 1n general good when the
orgamisms were petucillin sensitive (e g beta vireptocoecr and menmnpo-
cocct) In the ease of H ynfluenzae the results were less good, and nosa-
comial infections might have heen involved 1t 1s not intended to diseuss
here the chinical significance of the findings, as this will be done 1n the
finnl article of the seriee Briefly, howeser, 1t might he said that a con-
centration of primary beta streptococeal infections took place during
wiumn 1999 and winter 1960 and hacteria such as preumococet and
H mflucnzae were proyably also of primary aetiological sigmficance
Apirt from \hus concentration of primary streplococeal infections, bac-
terial mfeclions were chiefly secondary to primary virus infections in
he vuthre ks of acute respiratory disease

HEFERENCFS

Brimblecambe F A W Ceulchabank R Masters B L
Rl DD Stewart G T
Sarn I &t
’r\ Santers o D Family Studies of Respiratory Infections Brit Med J

1
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Number of cases ﬂﬂ

Signiticant increase
of anuibody lilres
number of cases

73 § Nsl

Fig 2
Incidence of significantls raiscd titres agminst antistaphylolysin (Asta) antipneum?
Ivsin (Apn) antistreptolysin (Ast) and complement fixating antibodies against
H anflucnzae among sick conseripts

O==rise 10 titre against a scrologieal titre system
W == simultancous rise 1n titre agamst another scrologieal systom an addition

Serologrcal tests Up to the present Ast, Asta, and APn estimalions
have been done on the whole sertes  \Hi ¢stimations were carried out
only on the winter-1959 series The requirement for sigmficant rise i
titre was, for lysin systems more than a doubling in titre, and for AHh
ncrease by at least four times With AST, however, a slightly smaller
imncrease was somctunces accepted mn clineally uncquisaocal cases 0
streptococeal tonsillitis (Sce paper 3)

Fig 2 shows the distribution of the serologicalls proven cases over
the various months There was a striking AST pcai of 10 cases during
September and October 1959, beta-haemoly ie strcptococer were 1solated
from the throat in all of these cases

The period February March 1960, when influcnza A was comunom,

was also charactenized by o lugh meidence of streptococeal infechion
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The part played by staphglococer 1 nosocomial infections s well
Lnown and these organisms are probahly responsible for the majority
of severe sephic lesions encountcred sn hospitals at the present tune A
serv large number of mvestigations concerning staphy lococcal infection
have been published dunng recent years One of the aspects of this wide
Nefd 1s the a of the st h s of ir
of infection a matter about which opintons still sary Seme authors
stress the sigmificance of dust and air in ransmithing infection whereas
others believe that direet and indirect contact between carrers among
yatients and staff 15 of greater inportance In attempts at prophylats

therefore attention has been focussed on these different modes of 1n
fection 1 turn

A condition for judging the virulence of staphylocace: 1wolated {rom
a source other than a focus of inf 1 that ats pat ty can be
established This 1y true of all nosocomial infectise agents and with
regard to haemolytic streplococer for example, 3t has been shown in
expenimenls on yoluleers that dustborne streptococer hase lost their
pathogeniaity (14) During recent years pathogenieity tests have also
heen carned out on staphylococes (1 7 16 12 15 16) hut these hate
heen frustrated by lack of hnowledge of the factors determiming the
virulence of these orgamisms 1t has been claimed o have been shown
with the il of sanous ) method n
with immunological techmiques that staphylococer wolated from the
respiratory tract of healthy carrers hase lower pathogemecity than
<taj hylococer solated from patients with elimieat infection (9) Certan
authors also maintun that their results indieate that staphylocoeet 10

lited from the hands of persons such as hosputal staff are tose 1 -
ous as a ®

in the rc . b

authors oo patnogemieity can be found either
with bucchoment or immunological methods hetween staphylocoecr of
the same 1ype 150lated from different sytes {17y
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The part played by staphylococes m nosocomal 1nfections 1s well
hnown and these orgamsms are probably responsible for the majority
of severe sephic lesions encountered m hospitals at the present time A
1ery large number of nvestigations concerning staph lococcal wfection
have been published durmg recent years One of the aspects of this wide
freld 1s the eluedation of the t T of
of wnfection a matter about which opiions still sary Some authors
stress the significance of dust and air mn transmutting infection, whereas
others believe that direct and indirect contact between carrers among
patients and staff 1s of greater importance In attempts at prophylaxs,

therefore attention has been focussed on these different modes of
fectian wm turn

A condition for judging the virulence of staphylococer 1olated from
a source other than a focus of infection 15 that 1ts pathogenicity can be
established This 15 true of all nosocommal mfective agents, and with
regard to hacmolytic streptococes, for example, it has heen shown n
experiments on voluteers that dusthorne streptococer have lost therr
rathogenteity (14) During recent years pathogenicity tests have also
been carried out on staphylococer (1 7,10 12,15,16) but these have
been frustrated by lach of hnowledge of the factors determiming the
‘virulence of these organisms It has been claimed to have been shown
With the aid of varous biochemical methods sometimes 1n combination
with immunelogical techniques, that staphylococes 1solated from the
respiratory tract of healthy carriers have lower nathaean ¢ o

ous s a source of
n the resprratory
authors no certa sault 1 pathogentaity can be found, either
with hochcmcal or immunologieal methods between slaphylococer of
the same tspe 1solated from different sifes (17)
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The present inyestsgabion was designed to compare staphy lococet 1s0
fatcd from dust and objcets with organicms originatmg from patients
with ctinical infection and from he respiratory tracts of healthy
carriers

MATI RIAL

Ihree paticnts under treatment 5t Universits Hospital Uppsala for staphslogoceal
mfeetron were selected for the purposes of {his investigation heeause thes were
Judged ta be *dangerons carricrs’ of nosocomaal infectyon

Case I 1i-vear old garl frem the Depargment of Pacdiatries with nfected gene
ralized cezema

Case 2 21 vear old man from the Department of Plastic Surgers with extepsne
infocted buens

Case 3 38 vaar old man from the Department of Thoracie Surgcry with pulmo
nary fubcrenlous treafed hy operation During the postaperatine periad the wound
hecme infected and empsama resylted

All three patients were trested in msolation rooms at the vespectine departments

Sampling and Cultur

Specrmens were taken from the nose and throat mn all three cases Ordtnar thrtat
and nasopharyngcal swabs were used Speeimens from infeeted shin Tesions in cases
1 and 2 were talen by mueans of a throat swab which was first maistencd » th
hroth and then rubbed oser the arca to be ¢xamned A1l swabs were placed in 280
slope tubes amd transported 1 dquichls as possihle to the Ithoratory  Samples of
Py ema pus were talen i ctve 3

Fuvironment

Comprehensive 1nvestipations were made in all theee cases samples heing 12kt
fram 10 different sites an cach pahient s soom (the ahjeets (xamined varied shgbtt
from ¢1se o <ase) Swabs were tken from the hands of two of the pitents avd
1 cise 3 also from the hands of one of the nnryes attending him An ordinars thrat
swabh moistened wath broth was rubbed over a mven surface of e obyeet fo be
eximined 6 strainy of staphylococer Were plated out from the imtsal enlture from
tach objeet piz 60 slraans from cach patient The strains were first tested Tor abthts
fo form coagulast and phosphatase Tests for antibiobic sensitivity and a test o0
the number of dulfusible antigens (Quchteriony) were then undertahen i those
that were positine

Dust

Samples wert tahen with sterile aquares of flannclctte that had fiest been washed
ta ramone ans bacteriodal substances A certain area of the flaar was waged with
ane of these cloths which was then placed 1n a sterde flask in which 1t was stored
at room temperatire but shielded from sunshing unfil culture coutd be wndrtahed
A1l samples from the sick room were tahen on the same occasion for each inds
vidual paticnt 15 samples were takes from different parts of the room aad €
turcs of theae samples were repeated once weekly The olsers ation period was there
fore 15 weeks When possible 15 strans were plated cut from cach culture This
was often mmpasable hawerer especrally during the T wetks shes onl a fev
colonies davelopal The primaniy isolated strains were tested for coagulase jro
ductr o and those that were positive were then adennfud by dtormineg their
reststance pattern for antibiotics and diffusle antrgens

Modia

Qsdinact broth
plates with 75 per
plates were meuhl
werg hept at roum tamn
were placed in tubes ¢
bacterigl growth steon

5 per <ent shoep s Blood apar plates and phened mannitol agar
cent sodyum ¢hloride (Chapman) were ysed for 2l eubures The
ted f17 48 hows, at 37°C uad the phene ] mannitol agar plates
crature for a further 3 davs beferc cxamnaticn The swabs
whaymny, otdinats becth 1€ the primary plates shrned 16
lary culture was carricd ont from the broth tubes
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T prepare cultures ¢f (he dust 30 m1 of brcth was placed 1n a flash ccntaining a
fannaits square a0d vig rcusty <haken Ab ul 1 mb f this broth was ur.-akgdl
onts plates which were allewed to dry for 30 minutes 1n a thermostat with the lic
open and were then incubated and real off as above

Strains were selected from the primary culture { r continued investigatin on the
Vasis of the appearance and pigment formatinn of the colonses

The strains 1solated were then sul jected to a series of binchemical and sero
logical tests phage typed and tested for pathngemicity an mice The following
techniques were emploved

Coagulase Coagulase formation was estimated by the tube cullure method

Phosphatase Borber & huper s method (2) using plates contaming phen > lphtha
lein phospharic acid was emploved After sncubaticn for 24 hours at 37°C the
vlates nere expased to \H(OH gas when phosphatascforming c¢] mies hecame pink

Staphylohinase Christie & Wilsons (3) Dibrin containing plates were used 4
clear zone Tound the colony was counted a5 a posiline reaction

Haemolysin pattern The production « [ alpha beta and delta Ivsin was deter
oined by tmeans of the antitowin steip meth { deseribed by Blek U Lewy (7) The

enuita ity test for ontibrobics The diffusion method worked oul by I Fricsson
et al was used (8) Strains designated resistanl were these not inhibited by the
110 wing & mgee ml in 2 1U/m] ervtheo
myem 4 yml streptomyen 12 yiml tetracrehines 4 yfml chlromycetin 12 y/ml
Ar;:l nosobi)cin 16 y/mY Strains inhibited by these concentratinns are termed sen
ative

Ihage lyping This was carred oul 10 2 lmite1 extent by dr G Wallmark State

. . ngs meth 1 with «ne central and 4 pers
The central basin was farst filled with Bur
- ¢ mes serum (000 LfmD) and the plates were incubated for 24
b ur< 1o the refnigerator for diffusion The perigheral basins were then 1cculated
#ath the strams {o be examined The substrate { t the basins Was brain heart i

fusi b'r'.‘ﬁ’h (Mfer) with 0.3 per cent agar The plates were next incut ated for 48
olire ot Ve £

in
tn
th
th

1

! . SuLAI ty Were Killed an) eYam n 1t

RESTLTS

General characterusties of type strasns The most important features
of 1npe struns from the 3 patients are shown in Table 1 These strains
were wolated from the actuas foct of mfcction 4s can he seen, all strains
Im characterized by high actnaty snd all form a numher of 'oxlraccllu-
t-r enzymes They dilfer wifh regard to ressstance pattern for antibie-

s phage Bvpe and duffysible antigens Struns from case § were
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Womper o7
Sraphytacaccs

™
brow

Qaor baeds
Top hest

Fig 1
Result of dentification studies of 114 coagulase and phosphatase positive slrains
1solated from differemt objects in the three dangerous carriers
W denotes coagulase positive staphilacocey identical to the original
infective strain

[1 denotes coagulase positive staphylococer not identical to the eriginal
mfective stran

sensitine to all antibioties but pemiesllin, strawns from case B showed
a not uncommon hospital resistance pattern, and strains from case C
were characterized by exceptionally high resistance and were sensitive
only to streptomycin All strams reacted to Group-111 phages Strams
{rom case C proved thificult o ty pe, and reacted only with concentrated
phages

Concerming diffusaible antigens gning visible precipitation lines
agmnst Wood-46 serum, the figures were, for strain A 9 hnes, strain B
7 hnes, and stran € 8 hmes In the account that follows, the terms on-
ginal steawn and mfeefion stran always refer to the strains solated
from the focus of infection 1n the respectine patients

Enptronment test Altogether 180 strains of staphylococer were 150~
hiled Of these 189 stramns 114 were coagulase positine Al of these were
also phasphatase posttine The results of wdentification tests by means
of resistance pattern for antibioties and diffusible antigens for these
strams are shown 1n Fig T As can be seen, no fewer than 100 of these
114 strams were wdentical with one of the strams 1solated from the
chnieal infection concerned Calculated 1 relation ta coagulase positsve
strains, 52 out of 53 (98 2 per cent) were identscal 1n case A, i case B
the figures were 21 out of 24 (83,4 per cent), and 1n case C 27 out of 37
73 per cemd) were 1dentical

In all three cases straws were wsolated from the respiratory passages

that 1n 0o way differed from the strain 1solated from the focus of 1n-
Tection 1n the respective patient

Dust Analysis

[

po R
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i WEEKS
1,2,3,4,5,6,7,8,9,10,11,12,13,1%,15
Number of straras |15 15 15 15 15 15 15 8 15 15 — 15 — 2 —
Coogulaseestrans (12 15 1S 15 14 7 15 3 1 12 —
1denticol sirains 1215 15 15 % 7 1% 2 1110 —
Stranstestedn viro] 5 . 5 — e — 3 — 3 — —
Stanstested o vivo ] 5§ — B e F —— 5§ o 5 e ——
100
8

Mortality g4
per
cent w0

Fig 2

Result of mouse pathogentaty tests on strans isolated from dust from the room of

the patient with infeeted eczema The distribution of strauns exammed by 9o
chemical and wdentity fests 1s also shown

511 S

Result of
the patient with mfected

mouce pathogenicity tests on strams 10
purns The distribution ol
and wdentity tests 1s also shown

WE E KS
1,2,3,4,5,6,7,8,9,10,1,32
Number of streans (15 10 t5 15 15 — 5 2 8 15 — 15§
Coagutase + sirans 2 10 15 15 15 — § 2 & 15 —
identicot steains 2 1 1215 15 — 3 1 8 15 — 15
Strg nstesled n witra — 5 — 3 — 3 — 3 — —
Stra ns tested A vivo § — 5§ — 3 1 § -— —
100
80
Mortolity go
per
cent w
20
g 3

lated from dust from the room of
F strains examned B

lachemical
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as before by determining the resistance patlern for antibiotics and the
diffusible antigens and  howed that 295 wcre 1denticnl with infechon
struns from the respeetiie patients These were distributed thus, case
A 126 strains, case B 53 strains, and case C 115 strams The determina-
tion of diffusible antigens proved n this connexion to be of great valuc
As a matter of fact the strams could be 1dentified as onginating from
the respective patients by this method hecause of differences sn the pre-
apitation pttern

T xtensive biochemical analyses was carried out on 75 strains that on
the basis of resistance pattern and diffusible antigens had proved to
be 1dentical with infection strams This included tests of phosphatase
and staphylolinase formation, haemolysin pattern, quantitative deter-
mnation of alpha Iysin aud hvaluronidase, and phage typing The re-
sulls are shown n Table 2

As can he seen all the stramns examined were coagulase, phosphatase,
and staphylokinase posttice: All but 2 of the dust horne strains analysed
formed alpha Iysin only one did not form beta Iysin An intercsting
finding was that 7 dust strains formed beta lysin Quantitative deter-
mination of aipha lysins disclosed no great differences The vanations
were no greater than man he explamed by normal errors of the method,
however Huvaluronmidase formation, which was also measured, showed
analogous results Some stramns gave higher, and some lower, titres than
the oniginal strains

Phage fyping All dust stramns subjected to detailed hochemical ana-
Iy1s were phage typed with the following results €ase 4 All stramns
but ene reacted with phages 6 747/53 1034 group 181, mz the original
infection stramn The dnergent strain reacted with these and 1n addition
wilh phages 81 and 421 which belong to group T It 15 noteworthy that
all the strains that could be shown to form bela Iysin reacted with the
same phages as the ongnal strain Case B OF the 27 strans 1solated
{rom the dust collected m the room of this prlient 22 reacted with the
same phages as the strain isolated from the burns (5/77/819 1034 group
Iy The remarmung 3, all solated during the third week of the investi-
falion, reacted with phages 3B3C/71 group 11, and were therefore of
another type Note that their vesistance pattern for antihioties was the
same as that stated in Table 1 as characteristic of the infection stram '
Lage C‘ 1the the oniginal, the strains 1solated from dust reactr 1 nanrt

. ¢ . = v it uliinat stran

A irulence tests embracing 92 strums were carried out on mice The
Tesults arc shown 1n Figs 2 4 A< can be scen, the virulence of the
srains remaned unchanged week after week, and no diminution took
place The mortality was 100 per cent for strans from Case A
ccnt for those from Case I3, and 93 per cent for Case C The s

» 73 per
were hitled and exnmined  Ahseesses were found in 9l org;

UrILors
ans, and



Number of strains
Crogutase « stra ng
Ident cal stra s

Stra nstested n viro

Stro ns tested 1n vive

100

80

Mortalty
per
cent

Fig 4
Re<ult of mousc pathogentesty test on strams 1solated from dust from the room of
the patient with enpvema The distribution of strams examined by brochemical and
1dentity tests is also shown

culture resulted througliout n growth of the same strain that bad been
used to mnfect the amimals The distribution over the 15 weeks of ob-
servation of dusthorne strains examined by coagulase-, 1dentify- and
extensive biochemtcal tests 15 also shown mn detal 1n Figs 2-4

DISCUSSION

Ixperiments were carried out to compare the pathogemicity of staphy-
locoeer 1solated from chrucal infections and the upper respiratory tracl
with organisms 1solated from dust and objects m the patients’ enyiron-
ments Three patients were selected who could be assumed to be ‘dan-
gerous carriers’, and whose environments nught be expeeted to be
heavily mfected

The three patients fulfilled the criteria of ‘dagerous carriers’ and
mestigation of their surroundings disclosed abundant staphylococcus
aurcus on practically every objeet examined The strams from the foes
of infection showed brochemical similarities, but differed with respect
to resistance pattern for antibiotics, phage type, and number of diffus-
ible antigens On the basis of the mndividual characteristies of the re-
spective strains 1t was possible to identify 1solated environment sirains
Most of these were wentical with the original stran from the focus of
mfection, and their biochemical properties were unchanged Of 180
strams picked at random 100 fulfiled the requirements for ahselute
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1dentity, viz the same iochemieal characteristics, {he same resstance
pattern for antibiotics, and the same diffusible antigens as the stran
from the focus of infechion Bearing in mund the fact that m making
the initial selection regard was paid only to the appearance of the colo-
nies and to pigment-formation, this must be considered a good yield
The ens tof ad carrier ys d 1 to a very great
extent by the bacterin with which he 15 mfected The patient with the
extensive eczema 1s 4 good exampel of this no fewer than 52 of the 60
strains smitially 1solated were identical, using the criteria gusen, and
showed the same bochercal charactenisties as the stran from the
focus of mfection

Comprehensn e dust analyses were performed  Altogether 465 strams
were wolated Of these 386 were coagulase posthive, and 295 proved to
e wdentical with the onmnal strmns from the {ocus of infection Deter-
mnation of the number of diffusible antigens was found to he a parti~
cularly uselul method, and could be employed 1o identify the patient
from which the dustborne stram ongmated This was particularly true
of stramns from Case A, mm which the pattern was characterized by a
distinet extra line stparating 1t from other staphylococer

Biochemieal analyses disclosed that the strains formed, m addition
coagulase, phosphatase and stphylokinase With regard to haemolvsins,
alpha Iysin formation could not be demonstrated among a few of the
strains  but 7 dust stramns formed beta lysin, on the other hand, al-
though the infection stramn could not be shown to do this Quantitatine
alpha-lysin and hyaluronidase determinations revealed no reduced
activity among the nfection strains

Phage 1y ping gave spmlar results Dust strawns reacted with the same
pliages as the onginal strmin Some strains proved Lo be of different
types however,and it 1s of wnterest with regard to these that they showed
the same resistance pattern as the oniginal strain Finally, pathogenicity
tests on mice largely confirmed what had already becn foungd by other
methods The dust stramns retained thar pathogeniaaty for mice through
oul the observation period, no reduction bewng noted

It mav therefore be concluded, to judge from the findings of this
wiestigation  that staphylocoeer do not lose any of therr enzymatice
actinity  phage typalality, or mouse-pathogenieits when they are pre-
watan the environment of 1 patient nfected with these organisms or
when they are recovered 1n dricd state from dust No difference has been
found belween strans ssolvted from infectious foet and respiratory
pssages and most strains 1solated from ensironment and dust h;)
trading of the strums has therefore heen possible, and n this respect
the results best tally with those of Thomas ef ol {17) 1t has heen shown
B prestous papers that a large number of the staphylococer present on
ll;«‘ ‘sk:‘n ;Ir‘c chnmclc:‘lzo(l by lower actuaty This discrtpaney may he
apluned by accom
will rcsullwbn‘ clun:csa‘mn of the prganistas to a new environment,

26 acTATATI 53 §
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The question of whether the findings of this my estigation may permit
the drawing of conclusions concerning the pathogencity of staphylo
coccl tn man must remam open It 1s not yet known what factor with
regard to these organisms 1s of the greatest unportance n this respect
In the animal experiments we used a method which requrres large n
fection doses The results are not necessarily refevant to natural mfec
tion 1n man Infection tnals 1 man using small ifechion-doses, as Elek
(4, 5) has carried out, might possibly better elucidate this pont With
the methods at present available, howeser, no difference has been de-
monstrated with regard to biochemieal activity or ammal pathogenicits

SUMMARY

Three ty pical dangerous spreaders of pathogemie staphylococer were
sclected for this msvestigation One was suffcring from mfected gene
rahized cezema, one from extensuve wmfected hurns, and one from em
pyema A large number of strains were 1solatcd from the patients er
vironments and werc compared with {he orgmnal infection straims
Several different tests, mcluding enzgmatic activity, phage-typability,
resistainee pattern, and mouse pathogemeity were used No difference
could be found hetween, on the onc hand, strams 1solated from the
focus of infection and respiratory tracts of the patients and, on the
other hand, most stramns 1solated from environment and dust
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FROM STATF\S SERUMINSTITUT (INTFRNATIONAL SALMOVELLA D
FSCHFRICHIA CFNTRE), COPENHAGEN, BEAVARA
CENTRAL VETERINARY LABORATORY WEYBRIDGE, FAGLAND A\D
BAYFR BIOLOGICAL INSTITUTE E\VING, FAGLAND

SIMULTANEOUS OCCURRENCE OF E. COLI B
AND L ANTIGENS IN STRAINS FROM DISEASED SWINE

Influence of Cultwation Temperature
Two New E Colt K Anligens K 87 and K 88

By

Iv\ @rskoy, FRITs @rskov, W J Sosha and J M LracH
Recerved 19+ 60

In recent years there has been a steads inerease m the mterest m
I colt strams, especially hacmolytic strams ysolated from diseases 10
swine (Timoney 1956, Sojka el al 1957, Ewing et al 1958, Rees 1939
@rshov el al 1960)

A number of such stramns have been evamuned at the International
Escherichna Centre and some new antigens have heen found which will
be described 1n the present paper In the course of these nyeshgations
a number of controversial findings appeared which could only be e¥
plamned when it was found that a coll stramn could contan L and B
antigens at the same time Turthermore, 1t was found by chanee that
mcubation of the culture with an L antigen at a lower temperatur®
than 37° C influenced greatly the agglutinability of this culture These
findings scem to have a certam academic mterest but are also quite
important from the point of view of diagnostic bacteriology

Before presentmg the results, the serology of the E coh B and L
antigens will be reviewed briefly Both are characterized as K anhigens
As regards their thermostabihty, they are similar in some respects, 1 t"
after heating cultures contaming cither B or L antigen to 100° C, no K
agglutination takes place in sera prepared with Ive culture (OK serum},
nather do such cultures evoke formation of K antibodies The test
which 1s used to distinguish between the two kinds of antigens s the
cxamination of the agglutinin-binding capacity of 100° C cunftures A
culture contaiming a B antigen will stll be capable of combmng \\1[1;
the B agglutinins after heat treatment and the serum wiil be depleted
of these In contrast, the same hind of absorption carried out with an
L antigen culture does not tmpar {or unpairs only to some extent) ihlc

ontent of L antibodies 1n the serum Ordmanily 1ve or non-heated cu \
tures of strains possessing erther type of h antigen fail to react or rt‘nlcl
only to a low titre n sera prepared with boiled culture (O sera) untt
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° lled O nagglutin
they have been heated to 100° C Such struns are cal
nhli For other properties of the h anhgens, the reader 1s referred to
hauffmann (19a1)

MATFRIAIS AND MFTHODS

@ -4 ke .- *

the U antigen ot 145 will be 0G 71 G 7 has a strong relationship with 03
::ﬂ‘ix::x‘elfonn;h\:: \vgnh 032 while 142 hat no relationshin with 08 but also some
relat pnship with 032 Table 1 gives a surved of the antigens of the five strains G7
15 here assigned to QO group 8 While no decislon has heen taken as regards the O
ant gen numbering of 143 G 7 has H antigen 19 and 145 autigen 45 The K antigens
of the strasns will be dealt with Jater

TABLF 1
Stratns Lye 1

Antivens
Stea n T N
e o ——— e ———— H
B T
Ry C 2907 141 8aa b—83a ¢ (B) 4
E58 i 8 bl 28 (L) 4
69 141 8%2 c (B) (4]
G1 BG1HG I BT (BY 88 (L) 13
145 26 T) 87(B%) 1

€G91s non motile but molile sirains of this serotype have H antigen 4

Preparation of anttsera Rabbits were injected intravencusls five times at two
dav intervals with increasing doses ranfing from 01 to 10 ml of the following
antigens 18 hours broth cultures heated ta 100° ¢ for two hours were employed
L . using saline suspensions of

- 10% cells/ml) Bleeding was

. « 3 4t uslL was performed by suspending plate
caltyre ditectls 1o a drop of serum dituled 1 10 Tube agelutinations were carmied
out as ttralions with two fald serfz! dilations of 1 10 serum and a saline sus
Pension of the cilture which wes either preserved With 05 per tent f rmalm or
g;:l;d to ‘IOD".(' for one hour The tubes with unheated « 1 == -

Su  watts {these mixtures wcre

er cent agar added was used for plates
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wd beef broth for flud mcdium In both cases 1 per cent peptone 03 per cent
NaCl and 02 per cent NagHPO; 12 H20 were added

The plate eultures were mecubated at 37° C for 20 hours or at 18° C for o days
This prolonged meubation was ysed 1n order to obtamn a sufficient amount of cul
ture for the experiments

FXPFRIMFNTAL RFSUITS

In Tahlc 2 a survey 1s grven concerning shde agglutination eross tests
of the five straunsy 1n question It will be seen that all stramns are 0 -
agglutinable 1 the O sera concerned, which means that the agglutina
fion 1 the OK <era—as H agglutimation can be excluded—are condi
tioned by K antigen reactions It 1s further esident that RY C 2007 and
12 68 are closely related as regards their K antigens and that the same 1s
true for G 7 and stramn 145 These relationships are mdependent of the
cultisation temperature Finally a reciproeal K antigen relationship cin
be found hetween L 68 and G 7 but only when 37° C cultures are ¢
amined, te the K antigen common to I 68 and G 7 15 not demonstrable
m bactersa grown at 18° C

TABLF 2
Results of Shide Agelutination Tests

Ok &
Cultures J Cultry ) b . serm
| emp | a 14> oo |
RYC2007  37°C 44+ _ R _
18°C  ++4+4
res 37°C s
18°C  +4+ -
67 37°C IV -
18°C +++ -
145 37°1 4
18°C +++ e
G% 37° C -
18°¢ F4t
Serumdtlution =1 18
C\h::m: no agglutination + 4 and ++-+ symbolise different mtcnsities of a€

glutination
* Fach strain was tested m all frne O sera corresponding to the strajns

The results of cross absorption tests hetween OK sera of RV C 2007
and [ 68 are shown in Table 3 Serum RVC 2907 15 depleted of h anti-
bodies by saturating the serum either with homologous heated culiuﬂ;
grown at 37° C or with the heterologous hcated culture 3 88 grown =
%’1” C This meaus thit both strams are m possession of the B 'Inug('r;
presionsly nuuhered K 85 (Orshov el al 1966) It should be added Vi
the titres 1 OK scrum RVC 2907 are rather low New serum prepara-
tions did not result n hugher titres Similar low-titred sera are seen
after immunization 1th some other col strams



107

AUd U] IMHUII0I J0j PIFUTLIL 2u SUsA I L

oo L[} ¢ PASGUNG Suul
213y prpaoads SINSU uopprUpN[RIE U

Sopu 10w i S $3IUY J0 PIRIAID SUN WL IQ3 IO PRI 2N suopdiosqu

fiyswip supipo o

woyual aqm uf wonmas [eypdodseddvir © Hup furdse

wupau sp) Uf PIPUOUSTSIL PUU NS UL

a10jaq put sujupinEde
S{1a%ip pION D13 ST
poyse

or 1

p RN WO IYIR IY Jo ani

0 juaadm N UL SIS

1 B L06T YA WS
13 prysay oY) Jwy) suvaw o8
AU W a0y Yy UL wuw I 2
uopnjip ug IfiedIu sural 0
§ [er0adjora 38 uIN[H 5T ML
2 ajwatpuy §3ryo8aq up saandt ]

[ L a . ¥ 3 4 1
0 0 0 ar9 oris o019 [t 0 oz e o OTF )81 -
0 0 0 o9t os?l o erg 0 0 ¢ ore 09sc 0 JolE 891
0 0zt 0zg 095z o7l. 083l 08 09t o8 ggz1 ozts  08TE D8l '
0 0 0 0z¢ 0sg  0IE 0 0 0 0zg 09z ORY YelE  L06EIAN
a4 H au ou B au au 2 au Ju > au ) 001 03 pATUT
—— — e Z
N 0 019 oF 0 0 041 o )81 ‘
0851 2] i 0z 0 0 g I'e )ats ol
[ 0 oty oF 0 I3 07 of )81 “
0 0 ore 0 0 0 g 0z yaup LossaaM
prnyuypemso |
[ PYERTERANY *
\quun spun | — — = squun | saun
Jo una 7 ot &4 sas 1o s 3 c00F G1 2an [ gus
e - = 2 -
wna3s 1O whak 0 s 4O wnaak >
ey =t °
LIRS 2063 1AM
sa uondiasqy §$013 Jo SIS

(sworyoupnio0y squL) §94 PUD L063I Y MM E1
€ sl



408

According to the defimtion of L antigens, the ahsorption of serum
E 68 by homologous heated culture cultinated at 37° C reveals that L
antthodies are left in the serum reacting with the E 68 culture grovn
at 37° C, while no agglutination of the 18° C culture takes place When
the absorplion of serum I 68 is carried out with eulture RVC 2907,
antibodies are lihewise still present which are capable of combming
with the 37° C culiure of E 68 The O magglutinability of an 18° C cul-
ture of E 68 in homologous O serum (see Table 3, column 5 and Table 3,
column 1) mmphes the presence of a K antigen under these growng
conditions also As the 18° C culture of E 68 fails to agglutnate i the
homologous OK serum absorbed by heated 37° C culture, the enlture
seems to lack the L antigen, and the aboyve-mentioned magglutinabihily
must he ascribed to the B antigen The L antigen found n stran I3 68
has recenved the new K antigen number K 88

Turming to the results obtained with heated cultures recorded m
Table 3, 1t will be scen that the O titres are rather low Ths could be
eaused by a low content of antibody n the sera, but under conditions
not recorded here lngh O titres were found in the same sera Most prob-
ably the low O titres are caused by heat stalhity of the K anligin
greater than that usually found 1 B antigens It will be noted thit
washing of cullures used for agglutination wnereases the hitres con-
siderably Heating to 120° C did not give unequisocal results

In all four absorbed sera (Table 3, columns 3, 4, 7 and 8) some ag
glubimins are left which react with heated culture of RVC 2007 grown
at 18° C As titrations with the three other heated cuitures showed de-
pletion of the cross absorbed sera, RVC 2907 and L 68 can he considered
wdentical as regards their O antigen It will be <een from the iochencal
patterns recorded 1n Table  that RVC 2907 and I 68 helong to the same
bioty pe and, as mentioned above, both stramns have H antigen 4 These
two strains represent L and L+ forms of the same sero-fermentalne
type —

RVC 2907 = 0141 K85(B) H4¢
1268 = 0141 K85 (B), K88 (L) 4

At this juncture it would be appropriate to mention stram Cf 9
swhich probably should be deseribed as a variant of {hus same scrgg“
mentatise type (for fermantation reactions, sec Table 4) Tins
otram was recenved from Kelen and co-workers and has already been

scribed by them (1959)
(ICI\C(-IL[-): el jl , who uscd I 68 as a reference stram, found that 1. 68 h'\(:
an L anbigen and that €G 9 had a B antigen No relationshp was fn‘\:“:‘
betwucen these K antigens Exammation m thrs Ialmr.ltof,\ shm\r)d ‘:h
€GO had a B antigen different from that of RVC 2907, even ll():‘i_
some relationship was found bctween the two B anl[g&ns Strams -\(lu\
lar to CG 9 were also recenved from laboratories England “,h;“: e
type has been referred to as 12145 (Sosha ef al 1960) Among Lng
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strams was one recened from Leach, Newmarhet (Bayer Ltd ). This
latter strain, 23219, was 1solated from a swine oedema au(nr:s;v' Imm‘
heart blood 1n mmived culture with a stran of serotype 0141+ K 85 (B)
H4 As both strans gave the same Mochemical pattern and had ““:
same O and H antigens, some sort of variation hetween the two K
antigens was sought When single colomes {rom platngs of the 0141:
K 85 stran were exammed, onc out of 40 colonies gave a typical ag-
glulmation i the OK serum produced with CG 9 (dilution 1:10), while
the remaining 39 colonies aggiutinated 1n K85 serum only (dilution
1 10) When new platings were made from K 85 reacting colontes, they
again split off colonies reacting only 1n CG9 OK serum with a frequency
of 1 30to1 40 In a series of consccutive platings of colomes reacting
in k85 serum, 1t was imvanably found that a few colomes contained
the K antigen of CG9 A number of stock cultures with the serotype
0141 K85 H 4 showed the same phenomenon It has not yet heen pos-
sible to find the reverse variation, re to isolate colomes equipped with
k 85 antigen 1n a CG 9 culture The finding, which 15 only briefly men-
tioned here, 15 probably the effect of a sort of variation comparable to
a certain extent with the O form samation m Salmonella (Kauffmann
1940) This 1s the first case of this type of variation described 1 the
E coh group A mere detailed report 1s wn progress and will be pubhiched
later

The 1 fuestion hould the K antigen of CG9 be
labelled with a new K antigen number This 1s not a question of aca-
detmic mterest only, as strains of this serotype are frequently found in
ocdema disease 12 swine In Canada, for example, the majority of hae-

molytic colt strans 1solated from cases of oedema disease belong to
this type

In cross ahsorption experiments using OK sera of RVC2907 and
CG 9 1t was found that, apart from a weakly deseloped common K anti-
gen factor, they both had speeial K factors it has been decided to place
the k antigen of €G 9 as a K subtype of K 87 and the following seroty pe
formulas are therefore proposed for the two types 1n question.—

RV

07 = 0141 K 85a,h—>85a,¢ (B), H 4
19 = 0141 K8%,c(D) H—

where “a” symhalises the weak common K factor and — symbolises the
‘v nation from the K 85) faclor to the K 83¢ factor
Some doubt exists as to the fine structure of the O antigen of CG 9,
t smoll amounts of agglutinins for the homologous heated eultute wll
be deft when O serum €G 9 and O serum 141 (RVC 2907) have been
cross absorbed 1t cannot be deeided whether these weak agglutinations
W caused by some B agglubinins i the O sera or by specind O factors
n he strans )

Sumilaely some doult remains n connection with the common K
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factor “a” Tulure myestigations might show that this factor could he
assigned o the common O antigen (0141) Serological and biochemenl
analysts of the rddationshup between O and B antigens are i progress
m different faboratories and 1t mught he that the distinetion hetween 0
and B antigens will be difficult to draw very sharply

TABIL 4
fhachunical Reactions of the Stramns Feammcd

2
®

ny 27

Adonitol
Duleitol

Sorbitol
Arabinose
Aylose
Hhamnose
\zltose

Salian

Inositol

Tactosc

Suernse
Mannstol
{lucase

Sorhose

Indole

Gelatin
Ammonium glucosc
Ammonium eirate
hNOy

\ nges Proskaucr
Methy) red
Tirea

KON tost

* Occastonally strains of these scrotypes are posttite n the urea test

bbbt

[ +\+|ij_|+|t++++++| 5

S T i RN
. HEA ;
o
Fir+ + +I++I+
R S S VNP

l|+|+|+|++ii++||++++++u

It should be stressed here that the practical diagnosts of these 1wo
0141 types necessitates the use of two OK sera corresponding to n;L
two types, as the common factor “a * will not mamfest atscll m st
agglutimation veing dilutcd sera .

H(\)nl) a hmited number of stramns have heen fosted for the b 8, =
8%, ¢ vartation and, unttl it has heen shown that this varnition s 1
unnversal phenomenon for Wl struns carrymg the K 85h mbigen, lhc‘i\
designation K 85a, b (B) will be uscd for such struns Therefore the
serotype of 68 will be 268 = 0141 K 85, b (B), K88 (L) H4 .

inally i could be mentioned that some prelinnary cxpernninis
Show that strawns with K anfigen K Srm"i)Q (I3 115) are more loxic for
i are stramns with K 853, b (12 6¢
ml'f(l‘uthml(‘rrd‘m(m bhetween 1268 and G 7 1s rccorded in Yable & \W;
absorption of OK scrum 68 with homologous heated cul‘hm gr‘n‘\;r

al 37° C, agglutiuns were stilt present for lh(‘lmnm]ognus 1168 .n;( o
the heterologous G 7 culture cultivated 3t 37° € (scc column u"-
compare with column 7 1 Table 3) This indieatcs that the eross
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action hetween the two strains can be ascribed to the L anhgen By
means of additional absorption of the serum with Iive culture of G7
grown at 37° C (column 6) the L agglutinins were removed In con
trast, an 18° C culture was not capable of removing these (column 5)
Removal of antibodies from serum I 68 exclustvely be means of 37°C
lise culture of G 7 caused depletion of the serum for L antthodies com
bimng with G 7, while the titre of I7 68 grown at 37° C was only lowered,
and that of the 18° C culture was unimpaired (column 4) This result
supported the conception that the reaction of L 68 grown at 87°Cm
homologous OK serum includes both an L and a B agglutination

The conclusion to be drawn at present 1s that I 68 and G 7 carry the
same L antigen = K 88 Just as IT 68 1n addition possesses another hnd
of K antigcn, this also scems to be true as regards G 7 {sce right half
of Table 5), but the antigenie structure 1s not as intelligible as that
of 68

Apart from the content of agglutinins for the L antigen common to
G 7 and IZ 68, the “pure” L serum of G 7 (Table 5, column 9) exhubits 1
peculiar trait, namely the content of antibodies which react with both
non-heated and heated homeologous culture when grown at 18° C Suc
cessive absorption of the “pure’ L serum by Iive 37° C culture of L68
dud not climmate the reaction of G 7 regardless of cultiyation tempera
ture (Table 5, column 12) Had the examunation of the 18° C cultures
been omtted, the results would imply the evistence of an L antigen of
an L antigen factor at G 7 different from that common to I 68

In order to throw some additronal Iight on the K antigen of G7, *
more detailed examination of the relatronship between G 7 and 149
was carried out This latter strain has no antigenic relationship with
E68 It 1s evident from Table 6 that both non-heated and heated 142
cultures react i OK serum G 7 but not in O serum G7 In contrast,
nottheated and heated cultures of G 7 agglutinate both m OK and 0
serum 145 In both cases the cross reactions are independent of cultt
vation temperature Saturation of Ok serum G 7 and 145 with a boiled
culture of 145 removes all agglutinins 1n OK serum 145 In OK serum
G 7 there are shll agglntimns left for non-heated G 7 cullure when
grown at 37° C, and for both 37° and 18° C  heated G 7 culture (co-
Iumn 5) In O serum 145, all cultures are partly O-magglutinable, thus
demonstrating the presence of a K antigen According to the outcome
of absorption tests, strain 145 should have a K antigen of the B t3p¢
One of the strange things 1s that this stramn 1s capablc of removing the
agglutinins for nonheated 18° C G 7 culture from OK serum G7,1¢
a K agglutimn, while the homologous strain grown at 37° C1s not Ths
paradoxical result led to an attempt to absorb OK serum G7 with a
boiled culture of the homologous stram cultivated at 18°C (Table 6
column 6) By this procedure depletion of the serum was obtamed for
all agelutinins except the L agglutinims, and furthermore the same cul

ture could remove both O and h aggluliming from OK scrum 145
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(T‘lbl.c 6, column 11) A new O serum of G 7 was prepared in the usual
way, i ¢ by immunization with a boiled culture grown at 37° C This
time the titre could not he recorded as zero, but as twenty when 14
was tested after treatment with formalin or heat However, when the 0
scrum was prepared with a boiled culture of G 7 cultvated at 18°C
antibodies were present which reacted with unheated culture to 1 low
titre but with heated 145 culture to a lugh titre (Table 7) In thus con
n(‘chon it should be noted that heated G 7 culture grown at 37°C
('l.lblL: 6, column 2) was capable of depleting the 37° C O serum but not
the OK serum of antihodies reacting with heated eulture grown at 18°C
(column 4) A sumular absorption of the 18° C O serum was not under
taken All the results obtained point to the fact that both the agglutinm-
binding capaeity and the agglutinogemic capacity were better man
tamed m the heated culture of G 7 grown at 18° C than in that grown
at 37° C Whether these properties refer to the O antigen or to an Ok
antigen complex cannot be stated

TABLI 7
Comparison befween Dufferent G7 O Sera (Tube Agglutinations)

| Culty 0 sert G7
Cultures l:mr:
' {39 old 379 new [the]
Formalinmized
G? 37°C 0 40 80
18°C 0 80 160
145 37° ( 0 20 80
18°¢ [ 20 80
08 37°C 0 20 0
032 37°C - 20 20
Heated to 100* C
G7 37°C 5120 5120 2560
18°C 2560 5120 2560
145 37°C 0 20 2560
18° € 0 20 2af0
08 37° ¢ 1280 5120 2500
032 37°C 0 640

See hey to Table 3
Aeans not carried out

and 145 have not been complclelz
ate that G7
anhgen

The antigenic structures of G7
clanfied as yet, 1t can only be stated that the results mndic:
and 145 have the same K antigen In G 7 grown at 37° C this K
ave m the same way as a thermolabile L antigen, but m
J 1 145 mdependent of cultnation temperature
G 7 and 145 are

scems to betr
G 7 grown at 18° C an
1t behases in the same way as a B antigen In addition,

related as to therr O anbigens



415

TABLE §
Resulta of Cross + bsorptean Tests between O Sera of G7 and 155

O serum €189 0 serum 15 )

Cattures Il SN RS G
heate 1 to Cuithy
JLUN

he Ty )0
w0 e | e | R
a1 37 ¢ 5120 5120 610 o
: 18°C 5120 5120 2550 0
W K1 2360 0 2260 0

See key to Table 3

It 35 esadent from Table 8 that a boted enlture of G 7 grown at 18°C
1s capable of depleting O serum 145, while no decrease 1n the homo-
logous titre 15 obtamed by absorption of the 18°C G7 O serum by
cullure 135 This means that G 7 has the complete O antigen of 145,
and 1n additien a strong special factor When these resulis are eom-
pared with the resulis \i 4 previonsly regarding different ah-
orptions of the OK sera, the facls can be defined as follows —

Lie culture G7, 37° C, produces O antibodies G G 7~
100° C culture G 7, 37° C, produces O antibodies G 72
100° C culture G 7, 18° C, produces O antibodhes G 71 G 72
Lue at 100° C cultare 145, 37° or 18° C,

produces O antithodies G 71

In the seroformulas given below, G 7 has been assigned to O group 8,
even though the O antigen 1« not 1dentical with test type 08 The O
antigen of 145, having no relation to test type 08, 1s called ¢7 Both
strains agglutinate to some extent i O serum 32, and test stramn 032
reacts 1n O serum 145 and 1n O serum G 7, but only when this 1s pro-
duced with the 18° € culture In other words the mode of reaction 1s
stmular to stramn 143, but 1n contrast to test culture 98, which also ag-
glutirates un the 37° € G serum of G 7 (see Table 7)

Asatas an open question whether the h antigen common 1o G 7 and
143 can be desenbed as a B or an L antigen, this anbigen will be num-
‘mu: K87 (B7) According to this, the seroformulas of G7 and 145
will be —

G7=08 nhB8T (BN,K8 (L) W1
145 = 0? K87 (B”) H45

The strange h anligen of G 7 has at least no direct connection with
the L antigen common with E 6%, but i might he supposed that the

mare prisence of this L antigen in the 37° G cultu
condition of the other K antigen 1n some w ot paeneed the

ay 11 Bard to beheve that
s 1 so for the foWowing reason —From G 7.1t 18 possible to 1solate
on 1 bromthymol Bue lactose medm colontes with an appearanice
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deviating from the usual These colonies have lost the L68G 7 L antt
gen A non-healed culture from such an L~ colony hehaves m shde and
tube agglutination mn the same w a3y as G 7 grown at 18° € An OK scrum
produced with the 18° C culture contamed L antibodies reacting with
L 68 grown at 37° C culfure This shows that the L antigen was not
completely suppressed in the 18° € culture used for immumization This
might be an mcorrect statement, as 1t cannot be exeluded that L anti-
gen was formed after the culture was mjeeted nto the ammal The
Aperiment must be repeated with a culture treated with formaln m-
stead of a Ine one The L- culture of G 7 does not cause formation of
L agglutinns reacting with L 68, thus pointing to the camplete lack of
the L antigen, and yet this serum also confamned agglutimins which
could not be removed by absorption either with homologous heated Lr
or L culture grown at 37° C

It was stated above that strmn G 7 sphts off colonies Jaching the
L268/G7 (= K 88) L antigen On bromthymol blue-lactose plates these
colomies differ m appearance from the L+ colomes, while they are the
same on the broth-agar medsum used throughout this study It might
then be inferred that the 18° C culture of G 7 possibly originated from
such L colonics, or from a ninture of the two variants i which the L
vanant had gradually disappeared during sub culture However, thisw
not the case Lven after several sub-cultures at 18° C, the agglutinabiity
i OK serum L 68 was fully restored m new sub-cultures cultated 2t
37° C for 24 hours The desclopment of the L antigen was suppressed
Just as suddenly when the mncubitron temperature was changed the
othier way round from 37° to 18° C L 68 hehaved in these respects 10
the same manner It can be mentioncd here that the cultures were mort
opaque, and especially I 68 more mucoid, when grown it 18° than at
37° C, perhaps mdieating a botlcr development of an M antigen at thrs
temperature

Turther evidence 1n favour of the possibility of the stmultancous €5
stenee of B and L antigens was produced by means of a gunetic €3
periment Strain G 7 happens to be a genetie donor stram, which means
thet it carries a fertthty factor () which 1t 1s able to transmit to other
coli stramns Genetical expermments hasc not been undertahen on a targe
scale, but 1t 1s sufficient to state here that another colr stramn witha B
antigen can m addition acquire the L anfigen common to G 7 and 1 [
when 1t 15 converted to the donor state through contict with G7

As mentioncd above, the simultancous presence in the same strumn
of I, and B antigens cannol be detceted by the conventional method fof
K antigen determination The difference m the desclopment of an L
antigen at different cultnnation temperatures offercd a means—at et
m the present case—of differentinting hetween L and B antigens For
obvious Teasons it w s decrded thercfore to screen the existing L antt
gon test strams for addihon]l B anbigens The agglutmalhity of nmll-
heated culture grown at 37° and at 18° C was exanuned O sera, and
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1n Oh sera unabsorbed and absorbed by homolagous culture heated to
100° C Mo B antigens were detected 1n the 18°C cultures, t¢ no case
was obseryed where, 1 contrast to the 37° C culture, an 0 nagglutin
able 18° € culture failed to react in the absorbed serum In many cases
the 18° € cullures were {ully ble wn the carresponding O sera,
and 1 agreement with this fact no or only a very faint reaction was
scen 10 the absorbed sera, thus showing that the formation of the L.
antigen 1 these cultures has been suppressed In other cases both cul-
tures were imagglubnable mn O serum and hoth reacted mn the absorbed
serum Seven B anbigen test strains were examined as regards their O
wagalutability Tn sic eases the 18° and 37° C cultures failed to react
n the O sera In the remamning case the 18° C culture was O agglutin-
able whue the 37° C was not

DISGUSSION

The present study covers several aspects of coli serology, and 1n ad-
dition the labelling of some new K antigens One aspects 1s the sup-
pression of the L antigen at 18° C, another the introduction of stramns
furmushed with two types of K antigens Yet another 1s the appearance
of a k antigen which 1n one strain presents itself as a B antigen while
1 another the same antigen can hardly be characterized as heing either
L or B or something else, as the properties of the antigen vary at dif-
ferent temperatures Another aspects which perhaps 18 worth notice 15
that all the strains involved are 1solated from pigs

As regards the first point, the suppression of an antigen at 18° C,
stmilar experiences have been described previously Rowland (1914)
showed by means of wet film Indian ink preparations that B peslis
was clothed with an enselope when propagated at 37° C, while the cul-
ture grown at 20° C deseloped no envelopes Later Schiitze (1932)
found this envelope associated with an antigen which was more readily
produced at 37° C than at 26° C Felir, Bhatnagar & Pif (1931) de
scribed how the Vi antigen of B tsphosus (S fypht) strains was sup-
pressed at cultnation temperatures between 20° and 25° C, and alsa
between 40° and $35° C At these temperatures the resistance to O
agglutinins was annulled Jude & \icolle (1952) and Micolle & Jude
11952) made a more extensise study into the influence of cultivation
tumperature on the devel of togically 1d: V1 antigens
On the basis of Va {

gl iy, O 3, capacity to ab-
serb V1 agglutinns and sensibility to Vi bacteriophages they w ara «kt
oo .

. : 5 oy sununl
s wulad U oAumvestigators find the inhibition of the vy antigen
cntirely reversible

27 acraearic 53 4
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gen, designated L antigen The Vi and L anligens resemble each other
m many ways but differ in others The mam differenice hetween the tno
antigens 38 that the bindmg capacity of the L antigen 1s destroyed v
heating for 1-2 hours at 106° C No report has appeared regarding the
mfluenee of the cultnvation temperature on the amount of L antigen
n £ coly, but Kurimolo, Suzukt & Fuyu (1954) deseribed some findmgs
along these Iimes 1 an Alcalescens-Dispar stramn The stram was ¢lumed
to possess a K antigen This was hecause of lack of antisera only re-
cogmized by s O magglutnabihity  As Franlzen (1931) has demon-
strated that several of the K antigens of Alcalescens-Dispar strams are
serologically identical with I, antigens of E coli, 1t may be assumed that
the O magglutinaihity deseribed by Kurimolo el al was due to the
presence of an antigen of the L type Those authors reported that the
K antigen was formed at 28° hut not at 24° C They also found that i
cubation on media contaming more than 05 per cent glucosc hibited
K antigen formation In thrs Inboratory this latter fact could not be
confirmed as regards the G 71268 L antigen (= K 88) deseribed here

Furthermore the present pper reports that a sercenmg of severit
strains with scrologieally different Lo antigens did not show suppres
s1on of the L antigen at 18° € n all cases It was al first thought that
this mght wunply that possibly more hinds of so-called L antigens were
mvolved On the other hand, 1t must be taken mto consideriion that
even scrologically wdentical Vi antigens exhant different behaviour i
chfferent stramns

The whole problam of suppresston of antigans bears some resemblnet
to data obt tmed m quite another field of mucrobiology Spuarch (1936)
found that two Nenrospora crassa cultures form stran speerfic spore
antigens when grown at 25° €, wlile a different but stramn commott
antigen 1s found at 35° C As no absorplions could be carried out with
the techmgue employed, Sparchk could not tell to what extent thus dil-
ference was qualitatine From our own experiments with I colt it has
been found that temperature influenced the amount of L antigen That
1t was prolihly not a complete miubibion was best seen from the faet
that some agglutinogenie power of the I anligan was mamtamed 1 the
18° C culture This pomted more to a gquntitative than to a qlmll(lll\c
difference at the two cuifnation femperatures

The mamn question whiel arises concerning the action of cultiv yhon
temperaturc on the antigen forntion s the cause of thrs (ffect In
Paramecum aureliq where, in contrast to £ colt (s far as s known)
there 15 a mutual exclusion of diffcrent anhigens, Sonneborn & Brale
(see Beale 1952) demonstraled that the temperature defermmes which
one of a scries of alterntive antigens 1« bang fermed T was Jhows by
crossing explruncnts that diffcrent gencs at mdependent fota are con-
corned with antigen production W different femperures The \vl'ﬂt‘ of
the cytoplasma suppresses or llows the action of the genes W hmh:‘\;
A silar mechanism 18 mvolved w £ colr 1s unknown but b woukd
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certamly be worth while using a combnned genetical and immunological
approach to the prablem of antigmic vanation

Ysually the suppression of the L antigen formation tn E colt grown
at 18° C will mainly be of academic importance, as coli strains generally
only have one type of K antigen However, when in addstion strains
possess another ty pe, the problem 1s also important as regards practical
serological typing When it 1s stated that coli strans vath hoth L and
B antigens have not been found hitherto, 1t should be added that this 1s
perhaps because such strams have not been looked for Thal they have
been disclosed now was only hecause of the occurrence of cross reacting
strains hntpschildt (1935) points to the possiihty of B anid L antigens
being present at the same time but considers this to be unlikely He
adds that 1 practice 11 will be mmp ble to 1
in stramns provided with L antigens, as the L titre wall mash the pre-
sence of a B titre This 1s also true 1f the two antigens are equally well
formed under all possible environmental conditions In the present work
1t was reported that almost all the B antigen test strams examined were
0 magglubnable also when grown at 18° €, and that many L anfigen
test types beeame O agglutinable at that temperature It was inferred
therefore, that at least these last mentioned strains were only provided
wih L antigens Other procedures may be apphied 1n order to examine

the possibihity of a more complex antigenic structure n strans forming
L antrgen at 18° C

The phenomenon of the existence of strains With two hinds of K

antigens 1s remimiscent of a finding reported previously {(Brshov &
Gr v een

tic
st

i any UL W known £ colt antigen groups On account of the heat
Libility it had been Justifiable to s 15 that the antigin was more com-
pirable to an L anbigen than to any of the other antigens F conversion
txpeniments indicated that the f antigen was carned over from donor
to reaapient stramn It s reported in this study that m a similar con-
version experiment also the Loantigen G ZE 68 (= h 88) can e trans-
lerred from G 7 to a stram having a B antigen It 1s considered that this
speths in fvour of comparing the h 88 L antigen with the f+ antigen

The thard problem mentioned in the mtroduction to the discussion
w s the finding of 2 k antigen, the propertses of whick varied dependent
on the sran, and within one of the strains dependent on the cultivation

tumperure This problem has not been mvestigated sufficiently at
the prosent stage, but suffice 1t 1o say that 1t mught he duc to the O-B
complex Lihing certain properties mn strain G 7 when cultwated at

17 C hauffmann & Vahlne (1943) and Vahlne (1945} calladt ass —1
A e . .

we swmmne also states that after heating to
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100° C, L antigens ean combine with L agglutinins to some extent, so
that low L titrcs may he climnated by absorption This shows the
difficulty which sometimes exists diffcrentiating between L and B
anfigens Genctical experiments which are in progress confirm that L
and B antigens are different, 1 e that they are determuned by different
genchical factors, but i practice they can be hard to distinguish from
cacly other

In fact, a thorough reinvestigation of the nature of the B antigens
1s ealled for Kpupschildt (1945) demonstrated three different B anti
gens mn a rather large material and consequently the B anbigen was
thought to be a rare type of K antigen Subsequent studies have shown
that B antigens are very common, and are perhaps the most frequent
among the L' coli K antigens (sec also Urshov 1956) Kuupsclldt de-
monstrated the B antibodies by absorption of an OK serum by a boiled
culture of a strain from the same O group contaiming an L anhigen or 2
heterologous B antigen Since then many B antigens have been de-
scribed, but only 1n few cases has it been possible to use this approach
because strains with identieal O antigens but with different B or L
antigens are not easily found Another possibility for demonstration
of B antibodies would he absorption of an OK serum with a K sanant
of the homologous stram While this procedure has been feastble when
working with L and A anligens, 1t has always failed when attempts
were made to produce pure B sera Therefore, 1n most cases—and also
in the present paper—the demonstration of B antigens has been based
on the inagglutinahlity of Inve, or at least non-heated cuiture, mn O sef?
and the heat stability of the agglutinm-binding capacity of the strants

All the prineipal sirans dealt with n this paper were 1solated from
pigs When 1t 1s taken into consideration that the same antigens wer®
found 1in different combmations 1n the strains, one 1s ichned to think
that special conditions cither in the antmals themselves or in the piggerd
favour the exchange of genetic material between the strams

SUAMMARY
The present paper describes the serological analysis of a number of
interrelated L colt types frequently 1solated from oedema disease and
enteritis i swine
(1) Strams with both B and L antigens are described
(2) The L antigen 1s established as a new K antigen, numbered

K 88 (L)
(3) Development of this L antigen 1s suppressed at 18° C cultrvation

temperature
(4) Several,but rot all, known L antigens will show this temperature

dependence
(%) In one stramn the K 88 (L) antigen s present together with the

already known K anligen 85 (B)
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(6) In another strain possessing the k 88 (I} antigen, an “"}[\_::’s“l:
 anhgen {probably of the B type) 15 found at the same time
numbered h 87 (B?) .

(7) Straing cfusl which possess k 85 (B) or k 87 (B?) without the

L) anhigen
htzg)( ’lzhe dﬁcclxon of the B antigen 15 not influenced by cultnation
temperature

(3‘) The stran carrying the h 87 (B?) and K 88 (L) anligens 1s a
genelieal donor stramn The L antigen can be transferred from this sirain
fo other colt strawms along with a fertility factor

(10) Prelmnary details are given regarding a new type of anbigemc
sariation 1n E colt K antigens In certain cultures a constant low per
centage of cells 1s found which have a B antigen different from that of
the parent organism 1e cither one or the other B antigen 15 c(pre'sicd
This vartation occurs in strams having the onigmally described h 85 (B)
and 1s symbolised as follows h8oa b—a ¢ (B) The a factorisaweak
factor common to the parent and the vanant cultures

{11) In one strain the properties of the O {or © B) antigen 1s partly
damaged at 100° C when the culture has been cultinated at 37° C but
not when grown at 18° C In other words, the horled 18° C culture he

haves m the same way as a normal hotled culture, whereas the hoiled
$7° C culture does not
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ALS STATF\S SFRULMINSTITUT AOPFNHAGEN (INTERNATIONATF
SALMONFLLA UND FSCHERICHIA CFNTRALF) UND DF\f VETFRINAR-
BARTFRIOLOGISCHFN INSTITUT DER UMYV FRSITAT BFR\

EINE NEUE SALMONELLA-SPECIES:
SALMONELLA LOCARNO =57:z yizsa

Von
F Katrivass, H FFy und F StECK
Fingegangen 71161

Y 1ne ncue Salmonella spectes wurde 1m \ ctermir Bakienologischen
Institut der Universitat Bern aus einem grossen Gurtelschweif (Cordy-
Ius giganteus) isohert und mut Salmonella locarno bezeichnet

. Das Ticr wurde 1960 aus Sudafrika importiert und mit 50 anderen Tieren derselben

« Me 2w uNenErwEgErIng

lus dem Abszesseiter wurden feromonas und Profeus isohert aus Herz und
Leber und nach Tetrath A Bakterien die
auch aus dem Darm gezuchtet wurden

Die neue Satmonella-species serhielt sich in der biochemischen Unter-
suchung wie folgt heine Spaltung von Adonit Lactose, Saccharose und
Saliesn heme Indol-Bildung und hemne Spaltung ven Urea, Gelatine
fnach Aohn I aulrop) wurde nach 2-3 Tagen verflussigt In Ferro-
chlond Gelatine wurde H-S prompt gebildet, wahrend die Gelatine nach
einigen Wochen verflussigt war (der genaue Zeitpunkt dieser Verfliis-
Stgung wurde nicht festgestellt) Prompte Spal 1on Arabinose,
Duleit Glukose (mit Gas) Inosit, Maltose, Mannit (mit Gas), Rham-
nase Sorhit Trchatose und \ylose

[« set ber dieser Gelegenhent nachgetragen, dass die von uns friiher
busehrichene Salmonella-spectes § bern = 1,40 zizy»  Maltose und
Manmt st Gy prompt spaltete

n S focarno ergab emne positine Reaktion in Stern’s Glycerinfuchsin-
“nulnllnn f1ch 1 Tage und positine Reaktionen 1n flussigen Ammonium-
‘mn x,ml Gluhose und Natrum-Citrat Mitrat wurde reduzsert, die
oges-Proshauer Reahtion war negatin und die Methylrot Reahtion
:xmln Von den organsschen Sauren waren d-Tarteat und Natnum
trat nach 2 Tagen positiy, wahrend - und »Womsdure nach 13 Tagen

Regaby wiren Muhal war nact
h 1 Tage und Natrium-VMalonat nach 2
Tagen positin Der hCN-Test s negatss ol nach 2
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Auf Grund der Gelitine Verflussigung der prompten Duleit Spaltung
und des Verhaltens m org mischen S wiren kann diese neue Salmonella
spectes zum sub genus 1 gercehnet werden

Die serologische Untcrsuchung ergab, diss die neue Salmonella spe
ctes dic Formel 57 zw 71 besitzt, dso cin neues Salmonella O Anfigen
enthlt, das mit dem Artzona O Antigen 34 auf Grund gehreuzter Ab
sorptions \ersuche identisch 1st

ZUSAMMI NI ASSUNG
Is wird une neue Salmonella specres  Salmonelln locarno =
57 z+ zio aus cmem verendeten grossen Gurtelschwerf rsohiert he
schrichen Gleichzeitig wird hierdurch eine neue Salmonella O Gruppe
57 aufgestellt

IITIRATUR

F Ronffmann H Tey & I Stec) TFme ncue Salmon Ua sy ct s Salmor ella bern
= 140 z(zq Acta path ct microbiol scandimav 50 335 1960



FROM KAPTEIN W WILHELMSEN OG FRUES BAKTERIOLOGISKE INSTITUTT,
OSLO USNIYERSITY AND RIKSHOSPIT SLET, 0SLO

PASTEURELLA HAEMOLYTICA VAR. UREAE
Action on Blood Agar and Serologteal Reactions

By
S D HEMRIKSEN
Recersed 7161

Since the Jast report (5) the number of strams of Pasteurella hae-
molytica var uree 1solated 1 this mstitute has increased to 9 from
8§ different patients, 8 1solated from the nose and one from sputum So
far only one strain, a stram from a maxillary sinus, has been shown to
be the cause of disease The others were all present n farrly large
numbers m the eultures, but their role as pathogens 1s uncertamn It 1s
the purpese of this paper to report some new ohservations concerning

the action on hlood agar of these stramns, and also some serological
studies

ACTION ON BLOOD AGAR

In previous papers (3,4,5) 1t was stated that our strams regularly
produce a green discoloration with a more or less marhed, but usually
fant partial haemolysis Throughout the penod of time when these
studied were earned out, our blood agar was prepared from a commer-
c1al dehydrated blood agar base, stated to give a pH of 7 4, by addition
of human bank blood contuning a citrate anticoagulant solution In
this same pertod we had frequently been dissatisfied with the perform
ance of our blood 1gar, mainly because # hacmoly tic streptococer tended
to give green zones with hittle genuine haemolysis Various experiments
led m' he conclusion that the main reason for is was that the biood

15 was due to the tap water or

. base hefore addition of blood
was adjusted to pH 08, more satisfactory results wors sannealt v
tamed
the grec
irrcgul-

In order fo ranfirm s v

wn quantny o1
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Auf Grund der Gelatine-Verflissigung, der prompten Duleit-Spaltung
und des Verhaltens in organischen Sauren hann diese neue Salmonella-
species zum sub-genus 11 gerechnet werden

Dic serologische Untersuchung ergab, dass dic neue Salmonella-spe-
cies ie Formel 57: za0: 212 hesitzt, also cin neues Salmonella O-Antigen
cnthiilt, das mit dem Arizona O Antigen 34 auf Grund gekreuzier Ab-
sorptions-Versuche identisch ist.

ZUSAMMENTASSUNG

s wird ecine neue Salmonella-species: Salmonella locarno =
57¢7:: 712, aus cinem verendeten, grossen Guriclschwerf isoliert, be-
schrichen. Gleichzeitig wird hierdurch eine neuc Salmonella 0-Gruppe
57 aufgestellt.

LITERATUR

I' Kauffmann, }I ey & I Steck  Fine neue Salmonella-spectes Salmonella bern
= 1,40 z; 732 - Acta path ct microbiol scandinay 50: 335, 1950
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at

Agtatmation tests were set up by mixing tnofold seram dilutu s sAMEE B
110 with cqual solumes of sahine susprnsions of Yivlng organ stimation

: . + hkewise

. with the

’ looplul of twofold
The lar reaction tests were carried out by mixing a !
srum ailations starting with undiluted serum ®ith a loopful of very thin bactersal
suspension The reactions were read by phase contrast rmansmp)“ paigue wsing
he complement fixation tests wcre carried out by & conventional «"( e s
2100 per cent haemotytic units of complerment and incubation timey
Ni<ation and 10 minytes for haemolysis

RESULTS

Results of agglutination lests are shown i Table 1 Our stramns Tah)
mto two groups with minot mutual cross reactions The 4 strans of
P haemolytica var haemolytica fikewrse fall info two groups, one con-
suling of fwo strains obfamned from the Nationaf Coilection af 13pe
Cultures, London, and the second of iwo Norwegian strains from the
\eterinary Inshitute, Oslo Cross-reactions Were weak and of low hter

TABLF 1
Agalutinntion Reactions of Strawns of Pasteurells haemolyhics bar ureae anid
var haemolytien 1n Corresponiding Immune Sera

Immune tera agamst strain
Antizen straing R0t T Py
Var urrae
34205 1280 80 <20 <20
248 6 80 2560 PSS <2n
3169 60 160 1240 <10 <20
4027 £0* 1280 0 <20 <20
585 61 1980 160 <20 <20
h8 142761 1280 390 <20 <20
13061 80 2560 <20 <20
1865 61 160 2360 < <20
Var haemalytica
20 <20 1280 10
(LY 20 <20 1280 10
9712 a0 0 <20 1280
230 a0 E <20 1280

© Strain 3974 R0 1silated from the same patient gase the same reactions as thas
strain

Thi Complement fixation tests, shown i Table 2 gave similar resulls
t Toss rearlions were sery shight or none The strams of P haemolytica
sar ure w when tesled s th the homalogous t3 pe serum, shos ed distinet
prozoft phonomena in low serum dilutions wptod 23or1 4

One of the scrological ty pes of P haemolytica var ureae gave positive
cpsular reactions i the forrespanding serum tant 58361) 1n serum
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NaOH-solution The {wo porfions were used fo prepire blood agar by
addition of 1dentical quanhities (8 per cent VA ) of the same sample of
human blood The two portions were prepared stmultancously and
under 1dentical conditions  After the blood agar plates made from these
two portions of agar had sohdified, two plates of cach portion were
noculated with each of our strains, and ane of the plates was tneubated
1 a closed jar m a humid athmosphere, the other in an ordinary incuba-
tor at 35° C The plates were checked after 24 and 48 hours

In order fo chech the pH of the two sets of plates, the agar was re-
moved from one plate of each portion, crushed, put m a centrifuge
tube and centnfuged until a small quantify of flnd had been pressed
out The pH of this fluid was determined by means of mdicator paper
strips and was found to he hetween 6 7 and 6 8 n the unadjusted por-
tion and 7 2 m the portion which had been adjusted to pH § with alhah

On the more acid plates all strains of P hacmolytica var urcac pro-
duced distinet green discoloration with more or less confluent growih
Of 4 strans of P hacmolytica var hacmols tica 3 (9380, T20 and T185)
produced a greenish discoloration wath hittle or no sign of hacmolysis,
whereas the fourth (9712) produccd disfinet although weak zones of
B-hacmolysis

On the more alkalme plates none of the strains produced green dis-
coloration, the struns of P haemols tica var urete produced ne hae-
molysis, but all 4 strains of var haemolytica produced distinet zones
of g-haemolysis

Thus the results indicate that P haemolytica var ureae only produces
the characteristic green discoloration and partial hiemolysis when the
blood agar ts on the acid side of the neutral point, and 1s entiredy -
active on the alkahne side

Furthermore, the 8-hacmoly sis produced by some struns (3 ont of 4)
of P haemoly tica var haemoly hica 1s dependent upon the pH and fends
to disappear on the acd side of the neutral posnt It was surprising that
such small changes could have such a marked effeet

The results mahe it clear that P haemoly fica yar ureae in agreement
with previous suggestions 15 not truly haemolytic, and the questhion
then arses, whether 1t nught not be better to consider this orgniems
as a scparate spceas rather than 2 variety of P hacmolvtiea Hn“t‘(‘f‘n
the two organisms show so many other sinmiwrties that it s folt U‘)“
such a change may not be rcquired for the time being, but <hould n‘-
left untsl our state of knowlcdge about these organisms has advanced

further

SEFROTOQOGY
Methods

1ms
d by antrasenous nyecticns f safine suopens
mmune sera were produced

‘§’r\l“r‘|‘l :\rﬂnnl\mﬁ from blood agar cullures Wilh intervals of § to 5 dass & ‘C::‘
nfl - lhl‘i- aumber of injections had to be giien and the d wage had become
wderal

gh before satysfactory sera were obtmnad
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suegests the possibilits that these sera mav have contained incomplete
ant body In this connection 1t mav be recalled that Ine antigen heavy
dosage and prolonged immumization appear to favor development of
meomplete antibodies against other orgamsms (2)

SUMMVARY

Pasteurella haemolsfica var ureae produces a distinctive green dis
coloration and weah partsal haemolvsis on blood agar on the acid side
of neutrality (pH 67 68) but 15 entirelv mactine on the alkahne side
(pH 72)

Some stramns of P haemolytica var haemolvtica produce 8 haemolvsis
at a shahtly alkaline reaction (pH 72) but not at a shghtly acid re
action (pH 67 68)

P haemolytica var urcae 1s not a truly haemolytic orgamisms and
the question whether 1t should be considered as a separate species 1s
discussed 1t 1s supgested that this decision should be left for the future

P haemohybica var ureae ean be diided nto two serologieal tyjes
one of which (tspe 1) has a type specific capsular antigen
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dilutions up to 1 8, whereas all other stramns gave negatne reaclions in
their homologous fype sera The strams which reacted, all grew with
distinetly mare mucoid and slimy colontes than the others

TABIF 2
Complement? Firation Reaclions of Strains of Pastenrella haemolytica var ureae ani
var haemolytica tn Correspontding Immune Sera

gains
\ntigen sirains [mmune ser1 against stemn

5% 61 2860
Var urcae

3520 59 6144 <24
218/60 <2 6153
9369 60 24 6144
1027/60 3072 <24
585 61 3072 <
KA 1427/61 3072 <
4334/61 <24 6144
1805/61 <ot 6144

Var haemolytica
T20 <24 <24
1185 < <M
9712 < <2
9350 < <2

 Pasteurella hacmolstica var urcac gave marked
serum against the homologous sero type m Tow

Thus 1t 1s clear that P haemolytic 1 var ureae can be diaded into at
least two serotypes The fact that 8 strams of quite different oridin,
geographically and epidermologreally, could be referred lo one or tht
othier of two ty pes, suggests that the number of 1y pes 1n Norway mu be
moderate One of the two t3pes, which 1t 15 reasonable to designate
type 1, since 1t contmns the t3pe stram 13520 59), has a type sprerlic
capsulir antigen (and probably a speeific somatic antigen as well).
whereas no capsular antigen was demonstrated n the sccond tspe.
tape 2 ;

It 15 reasonable to aseribe the strong and compact agglutination o
type 1 strans m difutions up to 1 20 a< well as the capsutar reactions,
to capsulir antibody, whereas the fincly granular and very slow re-
actions 11 higher dilutions of this serum, and of the other type m the
homologous serum probably 1s due to 1 different hind of antiboth

None of the tuo types showed sigmificant cross reacttons with
of the two tipes of P haemolyhica var haemols tica, but swmee lh‘l\
organism can be dinided mto at Jeast 11 tapes (1) this result ts of h-
miled sigmfreance

The tendency of our two t3r
agglutination and complement

any

h(s to show prozone phenoment hath tn
frvation with the homologous type sera,
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dilutrons up to 1, 8, whereas all other strams gave negalne reactions in
their homologous type sera The straing which reacted, all grew with
distinetly more mucoid and <Jimy colonies than the others

TABIF 2
Complement Fixation Reactions of Strains of Pasteurcila haemolytica tar ureae ant
var haemolytica in Corresponding Immune Sera

\ntizen stralns Immune sera aganst strain

8a 61 218 60
Var ureae

352059 6144 <M
218160 <M 6153
1369/60 24 6144
4027/60 3072 <24
585/61 3072 <A
hy1427/61 3072 <24
4334/61 <24 6144
1805/61 <2t 6144

Var hacmolygtica
120 <24 <2AH
T185 <24 <24
8712 <24 <24
9380 <24 <24

Antigens prepared from strans of Pastcurella haemoly tica var ureae gave marhed
prozone phenomena with immune serum against the homologous sero type 1n low
dilutions (up to1 24 or1 48)

Thus 1t 1s clear that P hacmoly tica var ureae can be divided into at
least two serotypes The fact that 8 strans of quite different orgm,
geagraphically and eprdemiologically, could he referred fo one or th
other of two types, suggests that the number of types in Norway moy be
moderate One of the two types, which it 1s reasonable to designale
type 1, since 1t contauns ihe type stram (3520 59), has 1 fype speerfic

apsulir antigen (and probably a specific somatie anbigen as welth,
whereas no eapsular antigen was demonstrated i the second tvpe,
type 2
It 1s reasonable to ascribe the strong and compact agglutination of
type 1 strauns 10 difutions up fo 1 20 as well as the capsulr reactions,
to capsular antibody, whereas the finely granular and very slow re-
achions 1 lugher dilutions of this serum, and of the other type 1n the
homologous serum probably 14 due to a different Lind of antibody

None of the two types showed significant cross-reactions with any
of the two types of P haemolytica var haemolytica, bul since this
organism can be dnided nto at Teast 11 types i1y, tins resuif 1 of I

ificance
mlTl‘CI:lcStlf:dcnc) of our two types to show prozone phenomena both

agglutination and complement {txation »ith the hamoelogons 13 pe sera,
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Each of the 12 herpes simplex virus 1solates tested were from recurrent herpes
simplex vesicles on shin or iucous membranes They were all 1s0lated and passaged
1 § tumes 1o HeLa cells bef Te the preparation of CF antigens

Immant atian Antigens

Guinea pig loduey cell cultures were moculated with 05 ml of undiluted virus
The botlles were incubated at 36.5°C 1 diately after complete of
the cells had tahen place usualy n 2 days the fhwds wth the eells were frozen
and thawed harvested and stored 1n rubber stoppered tubes at —60° C A fresh tuhe
was taken for each immunization and the material was used without centrifugation

A control cell culture ymmunization antigen Was prepared similasly, except that
oo virus was 1noculated

Immani-ation of immals
A group of § Young guinea pigs veighing about 200 gm Were immunized 4 times
with imtraperitoneal injections of the virus antigen as mdicated m Table 1 A

similar group of anymals were immunized by an identical schedule with the control
ctils cultore antigen

TABLE 1
The Immunt ation Scheduiles and herpes simplex CF Anttbody Titers of Pooled Sera
of 5 Guinea Pigs Immunt ed with the \irus or Control Cell Culture Antigen

Time L Herpes sumplex CF antibudy tuer
‘weehy alter Successive
e et smmuRITatons Tmmunsed Tmmupized Tn
nization calture antigen
] 19wl itraperitoneally <1 <1
1 10 ml 1ntrapentoneally
8 10 m! ntraperstoneally
9 226 <4
24 20 ml 1ntraperstoneally 64 <4
26 128 <t

Complement furing Antigens

CF antigens were prepared 1n the same way as the immunization antigens but 1n
Hela celis The fluids were harvested immediately after all or nearly all the cells had
degenerated but were sull adherent to the glass surface for which purpose the

n‘xllu;u E\ere examined microscopreally twice a dav The CF antigens were stored
at —2,°

Complement {ization Test

LF tests were made by Bengtson s techmimie with m nom — 3%
upits of cumplement being used
were used 10 1dentification tests .
xhelnlmbnd) titration A titratic
ncluled in each test The titer o« ui was usually 1 16 but var
tests by one tube up o down 4 coatrol titration of com’r‘lemenl n me‘ﬁé‘ln‘:(ﬂ
each tested antigen way also included 1n each test “

RESULTS
Herpes umplex Gutnea Pig Immune Serum

The herpes simplex CF aptibady responses of guinea Mgs immunized
with gminea pig kidney cell culture grown sirus are shn\\?n n Table 1
One week after the third smrunization with 10 m of “irus the CF
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IDENTITICATION OF HERPES SIMPLEX VIRUS ISOLATES
BY A COMPLEMENT I'IXATION TLCHNIQUE

By

Prixa Haroves and Sivto TARPILA
Recened 141161

The more extensively cell culture methods are routinels used m virus
solations, especially from throat specimens the more of A problem
does the identificntion of herpes simplex virus 1solates become

In many cell culture svstems the cytopathogenic cffect of herpes
smmples viras isolatcs may be difficult to distinguish from that of some
entcroviruses Cor the wdentification and typing of the latter 2 com
plement fination (CF) techmque has been reported by 1 number of
mvestigators (3,5 6 7,8 9,11) Therefore it was felt desirible to de
selop a ssmilar identifieation procedure for herpes simplex virus 1solates

Thus report deseribes the preparation of herpes simplex immune
serum switable for CF studies and the methods used m the suecessful
identification of 12 herpes sumplex virus 1solates in HeLa celis by ths

technique

MAITRIAIS AND MITHODS

Cell Culture

Hel a cells were grown in small Carrel flashs in a medium containing 40 3 er cent
human serum in Hanks solution At the time of virus inoculation the cultures were
washed three times with Hanks s¢lution and 7 ml of a mamtenance medm ton
tamning 5 per cent herse seam 5 per cent tryptose | hasphate 1 roth an1 90 per cent
[ agfe s munimum esscnttal medmm (2) was afled to each flash Tle nmier of
cddls 1 er flask was at that time ay proxamately ¢ mithon

Gunea 11g hidney cell cultures o
methods from the Litreys f 2 5da
10 y¢r cent calf serum and 005 pcr
and the matntenance medium 10 je1
bumen hydrolysate in Farles s lution

Virus Strains

The herpes sing lex virus stram
tion antigcn was 1solated n 1959
wentificd by a neutralizati n test It
twice 1n guinea | 1g hidnes <l cultures

tH  used in the pretarat n of the ammunIza
1 HeLa cdlls fr m a 1313 al hergetic vesicle anl
hal leen jassagel tw ce w Hela celis anl

This study was supjorted v grants from the Stgri i Juselius 1 ounlatt n and the

Finmish State Council for Vatural Serence
lThc technical assistance «f Mrs Hilkka Ala Vial hola and M ss Sirkka hernen 1s

gratefully acknowlidpe 1



431

4 were {ram recurrent herpes
h of the 12 herpes simplex Virns 1olates teste
n:;;ﬂ:tsmlu ‘on shin or hucous membranes Thes were all isolaled and passaged
1 § times in MeLa cells befsre the preparation of Ck antigens
Immant gfton Antigens

Guinea pig kidnes eell cultures were inaculated Sith 05 mi of undifuted sirus

"\ controt celt culture smmumization antigen was prepared similarly, except that
10 virus was inoculated

Immuntzatian of 4Anunals

4 group of 5 young guinea pigs weighing about 200 gm were 1mmuamized 4 times
with mtrapentoneal injestions of the virus antigen as idicated 1o Table 1 A
similar group of animals were immumized by an 1dentical schedule with the control

cclfs culture antigen
TABLE 1

The Immuni ation Schedules and herpes simplex CF Antibody Tilers of Pooled Sera
of 5 Gutnea Pigs Immun-ed with the Virus or Control Cell Culture Antigen

Herpes simplex CF anubody titer

weeks alt Succesvive
ane Immunsations Immomzed | Pmunired mith
immunization ‘ with varus rultare anAlgen
o 10 ml intraperitonealls <4 <4
4 190 ml intraperitoneally
& 10 ml intraperitoneally
9 236 <4
21 20 ml 1ntraperitoneally 64 <4
26 128 <4

Complement fusing Antigens

CF antigens were prepared in the same sas ac tha e
HeLa celly The fluids wer
degenerated but were sty

culturcs were examined 1 .
st 25°C

tamplemeat frzation Test

CF tests were made by Heagtson s techmane with m n o o
umts of ccmplement being used an .
were used an identifieation tests an
the antibcdy Giration A titration
melufed 10 cach test The titer of t '
tests by (rie tube up oF down A €
sah tevted antigen was alsy inclua

Caun 1esL

RESULTS
Herpes sumplex Guinea Pig Immune Serum
The herpes simplex CF antibody responses of guinea mgs immunized
wilh guindy g kidaes celt eniture grown virus are shown in Table 1
One wedk after the third immunization with 10 mi of virus the CF
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antibody titcr of the pooled serum of 5 gumnea pigs was 1 256 A fourth
tmmumzation with 2 0 ml of virus after a 15 week rest period did not
increase the titer No CI actrvity with herpes sunplex CF anbigen was
obtatned 1n the pooled serum of 5 guinea pigs immunized with a control
cell culture antigen

The specificity of herpes simplex mmune serum taken mn the fina!
bleeding was tested with poliomyelitis type 1 and adenovirus type 1 CT
antigens prepared adentically with the herpes simplex CI antigen Mo
reaction wath these antigens eould be noted at a scrum dilution of 1 4

Identificalion of herpes simplex Virus Isolates

Each of the herpes simplex virus 1solates tested gasve a complete 4 +
fixation with 8 antibody units of gumea pig immune serum The CF
anligen titers were between 1 2 and 1 16 There was no correlation
between the number of passages of the virus 1solates and the antigen
titer No antigens were significantly anticomplementary In addition
to the standard mamntenance mediwm used m the study, vanous other
modifications were tested, but they aill gave simufar results One such
test 1s shown n Table 2

In addition to Hela cells primary trypsinized human embryonic
fihroblasts and human amnion cells of a continuous hine, stram Ulreeht,
obtamned from Dr R Doorschod!, Hygienisch Laboratorum der Rijhs
Unnersiteit, Utrecht, Holland, were tested for the preparation of CI'
antigens It was found, however, that all herpes simplex virus 1solales,
whether adapted to HeLa cells or on prunary passage, multiplied very
poorly m the amnion cells and no virus CI activaty was observed m
these harvests In fibroblast cultures the CF antigen titers were signi-
ficanily lower than in HeLa eells

TABLE 2
The Reactions of herpes sunplex CF Antigens Prepared i V artous Media with herves
simplex Guinen Pig Immune Serum and Control Cell Culture
Guinea Pig Immune Serum

Teaction

with con

Renaction with herpes | Vool eell
sumplex immune st rum olre
fmmune

Medium use(llin lh'z'
-abion of (I antien um
preparation @ Antigen dtfatns sntigen

i
1112 14 18 1w gz s

Lagle’s m* + 5%h s§+ 5% tryptf
Eagles m* + 5% hs§

Eagles m* 4 105 h s § + 5¢, trapt t
Eagle’s m* + 10%h 58
Vedium No 199 +10% hs§
m essential mediumm  § Horse serum  § Tryplose phosphate L
3 2 1= different degrecs of hemolysis 0 == complete hemol

e e e
e dn e
e
- e
- e
cosos
EETT TN

hroth
* Fagle s moimu sl

4 ==no hemolysis,
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DISCLSSION

The 1dentification procedure generally used for herpes sumplex virus
ssolates 15 the neutralization test on choroallantoic membranes of chick
embryos, the poch count bemg used as wdicator (8) Our experience,
howexer, has been that the herpes simplex virus strams 1solated 1n cell
cultures do not always produce clearly demonstrable pochs on chorno
allantole membranes s primary passage On the other hand, the
herpes simplex neutralization test in cell cuiture tubes difficulties have
heen encountered with the “break through” phenomenon In such a test
even with high concentrations of hypenmmmune herpes simplex anti-
serum 1solated foc1 of degencrated cells begin to appear m the cell
culture tubes and slowly increase mn size The interpretation of such an
identification test 15 diffrcult

According to the results of the present study, the CF typing test could
he used as an additional :enfication procedure for herpes simplex virus
solates 1n laboratories where CF tests are in routine use

Preparation of a potent virus CF antigen from herpes simplex 1solates
should not be difficult 1f a surtable cell culture system 1s selected In
the experuments reported, the CF antigen titers 1n HeLa cells were
usually 1 4 or 1 8 A potent herpes sumplex CF antigen can also be
prepared 1n chich embryo tissue culture as reported by Schmudt, Len
nefte & Sohn (10) and rabbit kidney cell culture as reported by
Artzet (1)

In the preparation of a suitable immune serum for the herpes simplex
CI" test the earlier expeniments were made with chick embryo grown
virus but the virus CF antibody titers in gumea pigs were low (from
1 1to1 16) Punfication of the cell culture grown virus with fluoro
carbon {4) for the preparation of herpes simplex immumzation antigen
could not he done because the tirus antigemieity was completely re-
moved before the host antigemicity The preparation of the herpes
simplex immumzation anbigen 1n a strictly homologous cell culture
system with guinea pig kidney cells and guinea pig serum produced n
9 weehs 2 immune serum of high CF antibody titer (1 256) and with
no CF' 1wchivity agunst the control antigens of HeLa cell eultures

“ince this study was made, several herpes sumplex virus strams re
ceived from the State Serum Institute, Helsinka, by the courtesy of Dr
K Penttinen have heen wentified by the CF techmique

SUMMARY

The 1dentifieation of 12 herpes simplex vtrus solates 1 Hela cells
by y complement Dixation techniquc 1s reported
Hela cells primary trypsimized human emhryonic Nbroblasts and

hum in amnion cells of a continuous line were test,
i ed for the prepa
of (F antigens In Hela cells the ants et and

gen titers were highest and
sipmfscant anticomyplementary effeet was noted ® "

28 acTATATH 53 4
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A herpes simplex immune serum with a high CF anbibody titer and
no actinity against host antigens of HeLa cell cultures was prepared in
gumea pigs by mmmumzing the animals with gumnea mg hudnes ecli
culture grown virus
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TRANSACTIONS
OF THE SWEDISH PATHOLOGICAL SOCIETY

Vleettng December 3, 1960
G Voberger DIAGNOSIS OF THYROID GARCINOMA HISTOLOGICAL
CLASSIFICATION

The follow ing modified classification has been followed at the Institute of radio
pathology since 1960

TABLE 1
c of Thyraid C:

GRADING

1 Differentiated cancer
1 Highly dafferentiated
A Predommastly or purely papillary
B \hxed papillary and folhicular
€ Predominantly or purcly follicular
Moderately differentiated
Parthy solid with preserved follieular structures
1ow differentiated

©

w

solid with
4 Hurthle-cell carcinomas
5 Fpidermod carcinomas

follicular

11 Undifferentiated cancer
6 Small cell carcinomas sareoma hike
7 Gaant ed] carcinomas

STAGING

1 Solitary encapsulated lumors with snvasive growth only in the capsute or
the el sest adjacent thyraid tissue

3 Encapsulated multiple tumors and fumors 1nyading the major part of the
thyrard gland

I Tumors growing outside the thyroid gland and cases with metastases

The expertence so far has shewcd a good correlation belween the sarious types
¢ tumors an§ their k1ol gical behasiour such as the degree of chinical malignancy,
\he radi i.dine uptake and the radicsensibility Thus the highly differentiated
fothicular types of carcinomas have a greater tendency Lo accumulate radio fodine
29" 435
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than the lower diffcrentiated tumors The undifferentiated carcinomas of the small
cddl tspe are usually highly radiasensitrse but also mans of the low differentiated
more or less solid tumors may be considerabhy radiosensitine

S Fran-én and J Zapek DIAGNOSIS OF THYROID CARCINOMA  ASPIRATION
BIOPSY OI THE THYROID (I AND

During the last five vears the authors s estigated 1the usefulness of the aspira
tion bicpsy 1 the diagnosis of tumors of the thyvroid sland The aspiration hiopsies
were performed wath a thin needle (22 gaugc) connected with a Tuer lock svringe
having, a special hendle sshich pcrmits a singlchanded operation (Franzén s syrage
KIFA Selna 3 Swiden) The use of a thin needlc and the short aspiration time
cmploved (1 2 seconds) minimized the admixture of blood

The aspiration biopsy of thyrold tumors was performed g mare than 400 cases
Irom the results so far obtained it can he concluded that the application of this
method in most cases gives valuable diagnostic tnformations

1 B3 the inside palpation of the tumor with the needle soft solid fibrotic
stony hard-—caleifred yascular, pulsatine cte

2 By the macroscopie examination of the material obtained solid tissuc par
ticles  old blood pus serous fhud ete

3 By the cytologic analysis of the smear preparations The difficulty in dis
tinguishing the highly differentiated carcinomas from henign epithelial hyperplasia
has to he pointed out On the other hand the highly differentiated thyrowd car
cinoamas can readily be recognized in the metastatic grow th

J Futhorn DIAGNOSIS OF THYROID CARCINOM S CTINICAL CONSIDI RATIONS

Onlv one half of paticnts sursically treated for thyrord carcinoma have ecrrect
preaperatne diagnoses In many cases of slaw growing thvrowd carctnoma there are
no chnieal signs that misht facilitate differential diagnosis between cancer ant
benign nodular goiter

Thyroid carcinoma is usaally suspected on the basis of anamncstic data or finl
ings at palpation Scintigraphy 15 ane of the preoperative aids to diagnosis It mav
help us to establish the diagnosts of thyroid cancer 1f uptahe of radiotodine can be
demonstrated m the metastases Although uptahe of radisiodine ts often demon
strable in a thyroid carcinoma it is gencrally less than that in normal thyroil
tissue  \ defect 1n the samtigraphic record of the thyroid gland will therefore be
suggestive of malignancy

Multiple microscopte neoplastic lesions are demaonstrable m approsimately !H‘l
half of patients with papillary thyraid caranoma frequently even in the nm“i
fiealthy I he The chipical significance of those microseapic lesions howerer 3s Nt

set fully clueidated

G Ustberg GRANUTOMA MATIGNT A

A 4D year old woman had ulceration of the nasal cavity and lesions on the outer
wurface «f the nose Biopsy showed polvmarphous nucrohizing granulation tissue
without any definite tumotirous character Treatment with ¢ rtisone and rocn!,i::':
produced temperary impros ement The patient died 11 months after onset and t!

1 rceurrence
Ml('lo:(l:ur::rll:r;acwmumnan revealed proncunced swelling of the fncck l#cel\,c'l::;’
mucosae of the nasal sinuses and <nlarged firm Iymph nodos of the neel
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anit kidneys showed multiple pea sived yellow-white patches Large ll:mour 1:;:
focs were also seen 1 the kidneys These lesions, hke some microscaple foc -;
lungs and bronchy, showed very polymorphous tissue with a pronounced te;: e‘n:"
16 necrosis In addition to inflammatory cells pumerous palymerphous reticulw
eslls were found with a number of plump giant cells The histological yuclurel
resembled that seen 15 bmphogranulomatosis maligna Hodghin while the climica
picture was not suggestive of thus disease The case illustrates the difficulties en
countered 1 the diagnosis of * malignant granulomas of the nose

U Hencdson PELIOSIS HFPATIS

Recently peliosis hepatis was seen as a by finding in 2 cases examined at the
department of Pathology, Malmo In these 2 tases the patients were elderly women
with adsanced mammary cancer They had been treated for a long time with sex
hormones, vestrogenie and androgemuc derivatives Desmte Widespread metastases
the lver showed no signs of invasson In addition to typical pelinsis foes they
showed marked stasis with partial destruction of the parenchym 1n some arcas

In recent years some cases of peliosis have been published 1 which the patients
hase been treated with h An 1hibity—though diffieult to

1udge—1n the present cases is that the hormone therapy might have paved the way
for peliosas hepatis

& Lindgren MILIARY CHOLANGIOMATOSIS WITH DEVELOPVMENT OF GANCER

G F Voigt FAT EMBOLISM AND PNEUMONIA

During the last 2 years we have had the opportunity of examining 33 patients
®ho had surived traumatic injury for at least 7 hours These cases rmay he divided
1nto the following groups according to the sites of lesions

1 Manly skull and brain anjunes (13)

2 Mamly thoracic 1njuries (13)

3 Injuries of the limbs oaly (6)

In all cases in groups 1 and 2 inflammators changes could be demonstrated
[} 1n the lungs of the presence of any fat embolism) The
pncumonta was probably due to the cerebral or thoracic sojurses In group 3 focal
tneumoma could be demonstraled in only one case the canse of death was cerebral
fat embalism It would thus seem that pulmonary fat embolism can hardly be a
common cause of fatal pneumonia This s supported by the resnlts af expecimental
studies intravenous injection of homologows fat never produced pnewmoma in
rabbits that were allowed to live up to 14 days after the injection

F Beraman EAPFRIMFA\TAL CR)PTOCOCCOSIS

The course of infection altes subentaneous injection of Cruptococeus nenformans
1 mice was followed histologicalls and bacteriologically 4 large nutmber of gmamals
died (rom disseminated eryptococcasis with widespread snflammat
Ucularly o the lungs Animals that died late in the souree

nry changes par-
roa .
IR P .

LN Y » % s dilielent phases with mycetermia could be
dutinguished The irst phase necurred during the fiest few hours after the ingecting,
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the second m assocration with a generalization of the ery ptococeal infectian 2 16
days after the injection and the third phase 1n assoctation with graye ers plococeal
lesions 1n the central nervous system The histological changes i the organs closely
resembled those deseribed m human bemngs

F Bergman & F Linell CRYPTOCOCCOSIS AS A CAUSF OF PROTEINOSIS
ALVEOLARIS PULMONUM

Lung changes with the character of proteinosis alscolaris were described 1n 1923
by I'tnell Magnusson & YVorden m a case of crv ptococcosis {Acta Dermato \ererco
logica 33,1953) The lesions which i 2]l respects resembled those deseribed in
protemnosis alveolarss pulmonum, were concerved as secondary to crivptococeosis

In an investigation of cxperimental crptococcosis 1n mice by Bergman 1t was
found that en regression of the lung changes the alseolr i some arcas were filled
with large macrophages with PAS positive granules i the cytoplasm The cells
closely resembled the so called septal cells 1n proteinosss aly eolarss pulmonum in man

The findings thus suggest that proteinosis alveolars pulmonum might sometmmes
be caused by cryptococeal infectron

G Unltquist U-B Sundgquist J Thorell STUDIES OF THF « CELLS IN THE
ISLETS OF LANGFRHANS

Accarding to quantitatrie mvestigations of the pancreatic islets m guinea pigs
after repeated subcutancous njectzons of cabalt salts the change 1n the a cells 1s
Tikely to be of progressin nature Honever the cause of the characteristic sacuolisa
tion of the a cells 1t not hknown After injection of cobalt saits hyvperglycaemsa 1s
observed 1n gurnea pigs but the blood sugar changes can probably not be responsible
for the a cell changes Such changes 1 the « cells can rather be seen after hypo
glycacrma The cobalt induced hyperglycaemia 1s somewhat reduced 1n guwnea pigs
treated with hexametonium hefore the cobalt injection No effect of hexametonium
on the cobalt induced yacuolisation of the a cells 1s noted however In adrenal
ectomised guinea pigs on the other hand neither hvperglycacmia nor vacuohsation
of the a cells does appear after injection of cobalt salts

Adrenaline (1 5 mg/kg bw } was admimstcred 1o subeutancous injections to
guinca pigs durmg 4-5 days and the effect of the 1njections on the pancreatic 1stets
was studied by means of haryometrs An inercase of the nudlear wize of the a cells
was nofed but no vacuchsation of the cytoplasm The increase of the size of the
 cell nuclel was not more than about 8 1 comparison to ahout 25 ¢ after cobalt
treatment Judging from those results the adrenaline admimstration seems to have
a stimulativ e effeet on the @ cells The cobalt ¢ffect however prabably s not merely
due to an achion of adrenaline released from the tdrenal medulla but 15 of a mote

comphicated nature

H Rnutson PANCREATIC ISLET CITOLOGY IN RATS O\ A HIGH FAT DI

A karyometric studv of the pancreatic 1slct cells Was carried out 1n adult male
Wistar rats on a shiphtly hyvpolipoetropic high fat diet Nucla were measared 12 7 #
scctions stained by Gomori s chromalum hematoxyhin method using a direct micte

slanimetric procedure After 3 and 6 weehs the animals showed a statistically signt
: n nuclear

ficant decrease In  cell nuclear size (8% numerical rediuction 17 MER:
area) The 8 cell nuclear size also decreased (41¢¢ after 6 wechs)
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The results were discussed with regard to a hypothetic a cell functional activity
i fat metabolism, but the a cell nuclear change could possibly also be related to a
slight hepergly cemic tendency 1n Fats on the high fat diet However, the concomitant
reduction 1n B-cell nuclear size then seemed paradoxical 1t %as concluded that endo-
crime actrvity as revealed by pancreatic aslet cell morphology must he complex and
not easity cluodated i long tesm experuments of this kind

L Lidberg EXPERIMENTS ON SENFCIOSIS

The alkalosds line and both 1solated from yarious
Senecio and Crotalaria plants, Were administered subcutancously to pregnant and
non pregnant female rats

The livers of the non pregnant rats showed centrilobular, haemorrhagic necrosis,
proliferate endophlebitis and after a few wechs severe fibrosis, megaloctiosss and
bile duct proliferation

The pregnant rats were hughly resistant towards these alhaloids Even at doses high
aboye thosen given to the non Dregnant rats no changes were seen In the Iners of
the embryos one could observe shight centrilobular necrosss, the athaloids were thus
uble 10 pass the placenta

The early toxic effects were studied in the newborn rats by means of intravital
staining with trypanbluc It was shown that bath the nuclet of the hner cells and of
the venous cells were Il stained blue

4 Prun & v Jonsson DFMYELINATION IN MALIGNANT LY VPHOMA

Report of a case of generalized reticulum cell sarcoma the imtial symptom of
whith was rmpairment of hearing progressing to complete deafness
Past mortem revealed

1l sarcoma with diffuse
Jovasion of the suft meninges and of some of the Virchow Robin spaces

The pons showed a discrete unspecific diffuse demyelination af the pyramidal
pathwavs The transserse pathwars of the pons showed 2 hilateral pactial and 1
some plares ssmmetric, demyeltnation with abundant fatty granular cells and
moderate ghiosis without aty p1a or mitoses “o cystic soltenings perivascular myelin
destructiuns haemorrhages or thrombi Tumour growth was seen surrounding and
1mnsading some parts of the acoust ~mam = Lar t ¥

Ftiologie possibilities were d
<ne might consider the possibs
by Astrom et af (Bran $f 93 1958)

Demselimation processes of differcnt morphology and pathogenesis are evidently
«apable of uccurring in malignant 1ymphoma

U Brunk HISTOLOGIC AL INVESTIGATION OF PHOSPHATASFS IS\ THALLIUM
POISONFD GOLDFN HIAMSTFRS

(hanges in the alkaline phosphatase content could be demonstrated 1n the hidney s
small intestine Lestes and adrenals In the kidnevs there was a great loss of the
¢nzvme The deerase was most marhed 1n amimals killed one we

ek after receiving
& dove that normally killed the animal< in 2 weehs Ahaut 8 hours after » single
maoderate dose the thin hand of alkaline phosphatase immediately ahove the nuclei
disappears from the small intestine

The amount of alkaline pheaphatase in the testes d
ecreases 1n proport
tose and time the Dosson 1y allowed to act propertion fo the
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The hamster females have 2 small amc unt of alkaline phosphatase 10 the adrenal
cortex This amount nereases substantialls § 6 hours after administration of 2
ublcthal dose The males have a considerably larger amount of the enzvme which
2lso appears to inerease somewhat 1 thallium poisoning

The content of acid phosphatase decreased in the hidneys and 1 the small intestine

In the kidnevs the decreasc was proportional to the dose and the period the
ammals were allowed o suryive In the small mtestine of poisoned anmmals onks a
thin layer of the enzyme was demonstrable immediatels above the nucler between
the nucler and the enticular border

G Shold FFFTECT OF CADMIUVM POISONING O\ TESTFS

In gttiea prgs and rabbits no pathologic changes could be demonstrated m the
testes despite repeated mjections of 1 mg of cadmium acetatef100 g bodsweight Jn
hamsters the metal produced the same type of changes as those hnown to oceur
m rats and mice In addition the testis capillaries were Itner by a homogeneous
cosinophibe substance which 1n some sections contamed collections of somewhat
deformed nucles while mn other seetions no nucler were demonstrable Suspecting
that the injurious effect of the cadmium on the testes might be due to its migration
mto the vascular walls specimens were studied by the sulphidesilser method
Withmn one hour and a half of the injection small black granules could be demon
strated 1n the endothelial cells of the capillaries of the testes The results suggest
that the toxie effect of cadmium 1s due to its migration into the vessels of the testes

Meeling April 15, 1961
A\ O Herg ON THE EFFFCT OI' CONTRAST MEDIA ON THI RABBIT KIDAEY
S Orell LOCAI TISSUE CHANGIS APTIR VACCINATION AGAINST INFLUENA
G Vort HISTOCHFMICAI INVISTIGATIONS O\ ZINC
N Fhrenberp A CASE OF ANGIOMATOUS LIVER CIRRHOSIS
\ forsby ADINOMATOID DYSPLASIA OF THL LUNG
U Brunl & G Skold OSSIFICATION OF THF PHALANGES IN TOFTUS

\ Stormby TME FFFECT OF SALILYLATE AND CORTISONF 0N
HI TFROLOGOL S TRANSPLANTATION OF CANCER

C G Ahlstrom \ Forsby & \ Jonsson ROUS SARCOMA IN RATS AND HAMSTFRS

Rous chichen sarcoma (strain Mill Hall) transferred subcutancousls mto new born
sats grew for a short whilc 1n some of the amimals and then regressed
On the other hand noculation of new born rats wath cdlalar and ol Cree

(Sehmidt Ruppin Strain) Was followed

Reus chicl ¢n sarcoma
material of another g

wathin # weeks by the appearance of Ivmphogenots cvsts an i | rogressively gr



i

sarcomas in about three fourths of the ansmals The rat sarcomas could not onl be
teansplanted 10 series 1n rats but also re transferred to chichens

The same chicken sarcoma matersal induced polymorphocellular sarcomas m
Dew born and adult hamsters withm 14 days 3 months The sarcoma could be
serially transmitted in hamsters and re transferred to chickens

Chromnsome analysis of the rat sarcomas showed a chromosal pattern of rat type
No preeitation limes were found in the gel between rat sarcoma extract and anti
chicken sarcama sera

N Jongson ROLS SARCOMA I\ MICE

Attempts o transter Tous sarcoma {Strain MMl Hill) to mice with celinlar and
cell free material have been mainly wnsuccessful as 1o the earlier anvestigation

After sub or injection of cell material from
Schmidt Ruppin stramn of nous sarcoma inte new born up to four days old Swiss
Mice progressitely grawing tamours develeped locally 1 18 out of 81 ammals after
17 184 days The histological picture was that of a polymorphocellular sarcoma
Partialls a spindle cell sarcoma Metastases 1n the lungs were scen in three amimals
Hemorrhagic lesions were not obsersed The tumours have successfully becn trans
Planted to full grown mice and carried through seven passages They have been
Te transferred 1o hens Attempts to transfer the tumour with cell free material have
bitherto been unsuccessful
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The hamster fomales hase a small amount of allaline phosphatase 1n the adrenal
cortex Thrs amount tncreases substantially 5 6 hours after admimistraticn of a
sublcthal dose The males havc a considerably larger amount of the enzvme which
also appears to 1ncrease somewhat an thallum 1 oisoning

The content of acid phosphatase decreased in the hidness and in the small intestine

In the kidness the decrease was proportional to the dose and the periol the
amimals were allowed to survive In the small intestine of poisoned animals only a
thin laver of the enzyvme was demonstralile immediatcdy above the nucler etween
the nuela and the cuticular border

G Shold FEFFCT OF CADMIUM POISONING O\ TESTI S

In guinea pigs and rahbits no pathologic changes could be demonstrated mn the
testes despite repeated injectrons of 1 mg of cadmium acitate/100 g bodvweight In
hramsters the metal produced the same type of changes as those hnown fo occur
in rats and mice In addition the testss capillaries were hiner by a homogencous
cosinophilic substance Which 1n some sections contatned collections of somewhat
deformed nucler while m other sections no nucler were demonstrable Suspecting
that the injurious effect of the erdimum on the testos might be due to Ms migration
nto the vasenlar walls specimens were studied by the sulphidesilver method
Withit on¢ hour and a half of the mjection small black granules could be demon
strated 1n the endothelial cells of the eapillaries of the testes The results suggest
that the toxic effect of cadmium s duc to ats migration into the vessels of the testes

Meeling April 15, 1961
\ 0 Hery O\ THF FFFFCT OF CONTRAST MFDI\ ON THF RABBIT KID\FY
S Orelf 10C AL TISSUF CHANGI S AFTPR VACCINATION AGAINST INFIUFN7A
G Vot HISTOCHEMICAL INVESTIGATIONS ON /1N
\ Fhrenberg A CAST Of AW\GIOMATOUS [IVER CHIRHOSIS
A Forsby ADI'\OMATOID DYSPLASI\ OF THI 1UMNG
! Brunk & 6 Shold OSSIFICATION OF THF PHAL ANGIS IN FOITUS

\ S¢yrmby 1HE FIFFCT OF SALIGYTATI AND CORIISONT ON
HI TPROI 0GOUS TRANSPLANTATION O (AN R

¢ G Ahlstrom \ Torsby X \ Jonsson ROL S SARCOM Y IN BATS AND HAVMISTH ns

Rous chicken sarcoma (stramn \hll Hill) transferred subcutancously into new born
rats grew for a short while n some <f the animals and then regressed
2nd imoculats » of new born rats sith cHular and cel) free

On the otfer ) was follovwed

material of another Rous chicken sarcoma (Sehmudt Rupbin strain
thin 4 weeks by the appearance of Ivmphogenc us cyvsts and { rogressively growing
wr
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sarcomas o about three fourths of the animals The rat sarcomas could not only be
transplanted in serses 1n rats but also re transferred to chickens

The same chicken sarcoma material induced polymorphocellular sarcomas 1o
8ew born and adult hamsters within 14 days-3 months The sarcoma could be
semnally trausmitled 1n hamsters and re transferred to chichens

Chromosome analyuis of the rat sarcomas showed a chromosal pattern of rat tvpe
Vo precipitation lines were found in the gel between rat sarcoma extract and ant1
chicken sarcoma sera

V Jonsson ROLS SARCOMA I\ MICE

Atempts to transfer Rous sarcoma (Stramn Il Hill) to mice with cellular and
rell free matersal have been mainly unsuccessful as 1n the earhier anvestigation

After subcutaneous or intramuscular injection of eell containing material from
Sehmidt Ruppin straim of Rous varcoma intn new horn up to four davs old Swiss
mice progressnely frowing tumours deseleped locally n 18 out of 84 animals after
17114 davs The hustological pacture was that of a polymorphocellular sarcoma
parbially a spindle cell sarcoma Mctastases In the lungs were scen in three amimals
Hemorthagic lestons were not observed The tumours have suecessfully been trans
Planted to full grown mice and earried through sesen passages They have been
v¢ transferred to hens Attempts to transfer the tumour with cell free material have
hitherto been unsuccessful
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Gard S DBittiger, M & Lagercrantz, R Institute of Virolagy harolinska Institutet,
Stockholm 1IVE POIIOVIRUS VACCINF

Small scalc tests with the CHAT type 1 strain have been conducted since the
winter 1957/58

Occurrence of contact infections of susccptible family members was dependent on
the age of the vaceinees In families where the virus was fed to a child less than 2
>cars old sprcad occurred 10 45 per cent If the imdex child was more than 2 years old
contact infections were obscrved 1n onhy 4 per cent The himited spreading capacity
of the CHAT stramn was confirmed 1 another study where onlv 3 out of 119 sus
ceptible contacts hecame mnfccted aftcr foeding of the virus to 10 per cent of the
pupmls mn a school for blind children

A variation to d* from the original d character was quite frequent (about 40 per
cent} On a few occasions (approimatels § por cent) a moderate gain 1n 1oira
thalamic neurosirulence 1 monhevs was ohserved

The following tion sch was i Primary
activated vacone at the age of 6 to 12 months possiblv 1n combination wath TPD
vaccine Provided that all members of the houschold have had inactivated vaceine
Ine virus of tape 1 1s gnen at the age of 2 vears Types 2 and 3 are not at present

ton with

under consideration

{rro L HBottiger M Fagracus 4 Heller I Aallings L O Melen B Ol G Salen
stedt I & Wendel R The State Bacteriologieal I aboratory  Stockholm
SWEDISH [ \PERIENCI 5 OF VACCINATION USIAG RILLED POIIOMYFLITIS

VACCINE

The Swedish ¢Xberiences of polio saccination are presented (a) 1n the form of the
result of studics of the antihad) formation in children with no antibodics aganst
the three 1ypes of polio virus praor 1o sacunsbion ( triple pegatne ) and (b) as
tabulations of the morbidity rate of paralyvtic pohio 1n vacanated and uns accinated
humans

A gradaal improsement 1n the activats of the sacanes was noted duning 1957 1929
It 1959 an anbtibody response to bpe 1 was ebtammed i 90 b per cent of the childeen
after tno vacanm injections and to type 2 or 8 in 99+ 997 per cent After three
njcctions the antibody response was 100 per cent to all types

The protective action as judged by the morbidity rate of paralvtic poliomselitis
1n vacemated and umaccnated ndniduals of the same age group and during the
same period of time has been estimated at about 83 per cent fallawing two nfections

and about 96 per cent after three 1nJections of vaccine
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Dscussion

Svedmgr 1 Serologteal results for stance so callcd comversion rates may not
be strictly comparable af the methods used for antibody demonstration vary Mas the
fact that the results of the Swedish yaccinations appeared less satisfactorv during
1957 than later on be due at least partially to the shift in 1928 to a more sen
sitne techmique for demonstration of neutralizing antibody?

The decrease th the number of paralytic cases during the last few years as com
pared with earlier intereprdemic pertods 15 probably not as marked as <hown by the
fignres since cases mot caused by polievirus have only vecently been ehimimated
Thus the metdence of paralytic RSSE now estimated at about 25-50 cases a year
may have heen as high earlier although the cases were then diagnosed as polio
myelitis

Vol € Salk (JAVA 169 1829 1999) detccted antibodies with one preparation
in 9996 10000 and 99 96 per cent for the three tvpes 1n 4716 vaccinated Per cent
figares entwels depend on techmque Buological assat without standard is not
reliable

The results of paliomyelitis vacanalion are still apen ta discussen (Brownlee J
Am Statist A 50 1005 1925 hnowelden Brit Ved J 5122 620 1959)

Yorden 4 Dep of Medicine Luand Universits STUDIES OF THE INACTIVATION
OF HFMOLYTIC COMPLEMENT BY HUMAN GAMMA GLOBULIN-—ANTL
HUMAN GAVVA GLOBULIN

The quantitative precipitin curve between comercially available gamma globulin
and 1ts antibodies was used to sclect Proportions between antigen and antibody for
the formation of ymmune precil itates in antigen excess cquiltbrium and antibody
£xcess Preformed precipitates were washed and mixed with complement 1 kmetic
studies of the nactivation of complement The time for 50 per cent inactivation of
& mplement was recorded Complexes “In stata Rascendr™ starled to inactivate com
plement with almost ne dclav while there was regularly a delay hefore the mactiya
tion produced by immune lexes became d

Prefremed gamma gl bubn—antt gamma globulm preaptates were heated at
56°C f r 60 minules and the inactivation of complement was compared with the
Inactivaticn produced by upheated precipitates

Heating was regularly found t) diminish the 1mactivaticn effect of immune com
Ilexes and this was true both with c)mplexes formed 1o antibody excess and 1n
antigen cxeess Contrels in which only gamma globulin was mixed with complement
and the wnactivation follcwed showed a reverse effect—after heating the gamma
&1 lalin protuced an wncteased inactivation of complement

Coderbery A & Gustafsson B b Institute of Histilagy Lund Universits

HALMOLYSIN RESPONSE OF GERWEREE RATS TO INTRAPERITONF AL
INJECTION OF SHFEP BLOOD CFILS

The restMe of haemolesin of 8 grmiree rats and of a eontrol group of an equal
number f B rmal rats £ inteaperitoneal injects ym of shecp biosd cells was studied
Bt samyles €1 ttration were eollected at «ne week intervals fcr 80 days after
the njection The highest values occurred on the Tth dax and the maswmum hires
were cubitantially higher In the controls than among the germfree animals But
the ditference ¢ T the means way not sigmficant In the e ntrol ammals ho

the titres fell rather rapidly in the beginumg while the Utres for the Kcr::::!

v -
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amimals fell but shightly and through out the rest of the experimental period 1t was
significantly higher (5 6 times) than in the controls

Marked hypergammaglobulinaemia occurred 1n the control amimals AR increase
1n the concentration of the gamma globulins also occurred in the germfree animals
but 1t was much less marked

This studs will be published elsewhere

Discussion

Fagraeus A The results suggest that the spleen »s responsible fi r the Jargest part
of antihody formation tn the control animals The antibods cursve for the germ feee
animals suggests that the antibodies are produced n other Imphoid tissues Have
ans comparative histological inyestigations heen performed on spleen or Iy mphaodes
from the different experimental groups?

Midsson S B & Skanse B Dep of (lin Chem Malmo allm sjukhus Malmo
TAPIRIFNCE WITH TI STS 1 OR ANTIBODIFS AGAINST THYROID ANTIGF\S

The serological methods for demonstrating antibodies against antigens prepared
from thyroid are deserahed The frequency with which antibodies could be demon
strated 1n a variety of thyrosd discascs 1n a Britsh series and sn a personal series 1s
reported In the present investigation antibodies svere demonstrated by the use of
the complement fixation reaction and the agglutination of tanmin treated red blood
cells coated with thyvroid antigen

A large hypothyreasts serics well defined on the basis of clinical data was studied

The results will be published edsewhere

Duscussion

Fagracus A Has delayed hypersensitnnty been studied te  cutaneous test with

thyreoglobulin?
Norden A Have the authors had the opportumty to follow changes of the anti

body titre in indnidual cases both by the precipitin and complement fixation tes?
Are the curves parallel with cach other or 1s perhaps a positise precipitin reaction
an expression of a weak auto immune mnjury o the thyreoid gland and a positne
precipitin plus complement fixation reaction charactenistic of widespread nyuns?

Some fungus infections such as coceidioidomycosis hehave i this manner and
therefore the serological results allow an assessment f the prognosis

Grubb R It would of course be technically possible to do sereen tests for thyrond
antibodies 1n all patients at 4 department of internal medicine [t seems not 1m
possible that it would be as useful as routine Wassermann tests The question Te
quires further study and the uscfulness of such a procedure will depend on the
frequency With Which hypothyreosis 1s missed and the percentnge of non speaifie

reactions 1n the serological tests

Hallander H & Damelsson D Institute of Bacteriology Uppsata University  THF
DFYFIOPVMENT OF ANTIBODIES IN 1YMPHOCYTFS Of THF
THORACIC DUCT
The deselopment of antibodies i1 priro 1n the Iymphocytes of the thoracse duct

was investtgated
Cells were taken from the thoracic duct of rabbuits immunized with coli 0127
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Antibodies were produced in these eells against the bacteria as demonstrated by
flu ot antibodies and reaction No cross reactions with 0128 was
esident Vashed lymphocytes from immunized rahbits also produced antibodies
agamst diphtheria tovoid in the secondary response hut not in the primary reshonse
The antibody titres were measured by the Boydens haemagglutination techoique
Titres was also obtaiged from Jysates of the Jymphorytes but the speaifiaty 1s
unclear The fluorescent antibods technique showed only relatnely few cells to be
engaged m antsbody production Lnna and Giemsa stained preparations shnowed no
obvious plasmacells

Discussron

Fagraeus 4 Tissue eulture fluids from spleen cells sometimes give a pon specifie
reaction with 1anned cells coated with PPD We have avorded this complication by

adsarbiag the culture fluids with tanned cells coated with a different antigen €&
bovine gamma globulin

Juhlia I & Eniesson € Dep of Chinical Bacteriology Valmo allm sjukbus Malmo

4 NFW MFDIUM FOB THF BACTI RIOLOGIC EXNAMINATION OF STOOLS
(LSU 4GAR)

A new medium (LSU agar) intended for the 1solation of Salmonelia and Shigella
by innculation from faeces directly and from enrichment broths was developed
The medum 1s buffered and contains large amounts of lactose and saccharose urea
and g triple ndicator system 1t §s moderately inhubitory to Escherrchia colt and
Prateas whose s ! anhibited species incinding S
typhi and Shigella grow freely without suppression of their antigen formation
Colonial morphology and colour changes are distinetive LSU agar proved superior
to the Desoxycholate citrate agar and SS agar in promoting the growth of Salmo
nella typhi and Shigetla sonner Parallel rouline use of LSU agar and Endo agar
N oaa . . .

¢ vusel 1L antbiotic therapy when the amount of Salmonelle dimimished and
Proteus increased

Kpettén L Dep of Climical Bacleriology Malme allm sjukhus Malmd 4 STLDY
OF ADFNOVIRUS—HOST CFIL SYSTFM BY THF PLAQUE TECHNIQUE

Strains of adenavirus type 4 and 5 on cell monolayers form plagnes Plaques can
be scen an the 8th day after infectisn There is however a continuous 1ncrease fn
number of plaques per plate for at least three to four weeks

4 tincar refati nahip hetween the concentration of virus seeded and the number of
ilaques was ¢bserved The frequency distril utlon <f plaques shows agreement with
the 1 oisson distrit ution

Appr ximately 50 per cent of the virus Is attached to monalayers 1n 30-60 my
Butes

o & wingle cle growth experiment pr Reny virus was first detected infraceiiy
Tarly ut -Imu:’la fours The peak cf virus titre was reached at ahout 36 hours The
siel] obitalacd am anted 10 ab ut 104 pfucell Newly produced virus remains to a
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Targe oxtent cell associated Only a fow per cent of the progensy virns was found
*free” even 72 hours after infection

Of n thousand eclls infeeted wath virus eell ratins of abont $0 3 to § were capable
of formmg cell colonies

Paulsson J -} Bjorklund B & Bjorkinnd V' The State Bacteriological Taboratom
Stochholm  TURTHER PURIIIC VTION OF o NORMAL St RUM CYTOINTIC
TACTOR (C1) AGTIVE O\ Hela C111S I\ VITRO

Normal serum possess 1 toxie effect upon ahypical cells cultivated i vitro 1t was
succeeded 1n preparing a evtolvhie fraction fiom a normal serum by means of con
tinuous curtmin clectrophoresss (Bjorklund B Proc Soc 1xp Hiol Med 103 1
1960 and Fed Proc 19 56 1960) The ovtolytic factor (C{#) has now undergone
further refinement by repeated continuous enrtan electrophoresis The techmque
results m sterile fractions that may be exanined by biochemucal methods without
losing thesr binlogieal propertics and that may alse he abserved directhy m tissue
cnltures The ovtolvlic effect was produced with about one ag and the esterase effect
2-3 #g per ml of the refined fractions These effeets and the detarls of the method

are discussed

Discussion

Retchard P A priors it scems reasonable ta assume that the factor 1s a protem
When one wishes to purify proteins one should always trv to combime different
methads to utilize separation on differcnt principles In these present case enly one
paraumeter was utibzed 112 the migration of the compound during paper clectroe
phoresis Tns method 1y actually known to gnne a very poor separation of proteins
which 1s scen n one of the shides 1o repeate the same method again does not help
If & repeat run 1s made a different pH should be used

My conchusion must therefore be that the punificd factor consists of a4 muxture
of many different substances proteims and compounds of smaller moleeular weight

In the authors plaee I should therefire be extremely hesitant to claim the ex
1stence of 1 speeinl htie serum factor

Lanrell 1-B  The cells were propagated i medium contatning 40 per cent human
serum Was some serum alse present in the teshing svstem?

Is the serum of the culture medium mactisated of nat? Can the hyars of the cells
i herse immune serum he terpretated 10 the conventicnal wa 1o tmmanelysis
hy antibodies and complement ?

In Proc Soc Fxp Bl Med (1960) Bysrhlnnd writes that (s dissocrated from
the intubitor by dialvsis Ne evberimental data confirm this statement On such 2
dissacration of (1 from the mhilntor L1 ought to be actinated How was the ma
terial tested after the actnating dialy sin®

In nene of the experiments recorded the evtolvas ocenrring on addition of am
mune serum was demonstrated to be ensed by the presumed actnvated €1

Coucernng the latic effeet ©f €3 1n absence of antibedies the question of jre-
paration artefacts must he convidered

Grubb B When the authors elims that sa called €1 18 amique as a factor pre
pared from human plasma wath 2 direct evtolytic effeet 1 hey to refer to T 3hreaus
15 salecrtinn

1 should be pleased to hear whether the Whie wctinity of the clectral horetycally

punified fractions disappears ot dihvais
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Seedmpr 4 Twould Ik, to know if these preparations having a tic effect on
HeLa cells and other estab ishel cell lines have been tested 1n primary cultures of
pormal human eells Newtl'er 1n todays lecture nor m Hyrklunds earlier paper
{Proc Soc Exp Biol and Yed 190 103 1) have such experiments teen reported
Since #t 13 often seen that Hela cell cultures are more sensine to “tovic in
(luences (eg from sto 1 extracts in virus 1solation experiments) than are primary
culteres of human or monkey cells comparative imestigations may be required in
wh ch the normal cells are tested with more than the mimmal doses active agast
Hela cells

Grubb B The phenomena which is referred to as CF has been referred to for
alaut 2 years \o basic data with which we might be able to judge the possible
hiolog cal sigmificance of so-called CF or its supposed importance in cancer has heen
furnished To be able 1o form a clearer opinion I would like to ask

1 Itss hnown of have any attempts been made to find out Whether so-called CF
differs m itre in cancer patients as compared with other patients or with healthy
persans?

2 In m) opimion the so cslled immuno aclivation 11 ap obscure pont and it
would be 1nteresting to hear inter alta which types of sntigen antibody reactions
Elve rise to socalled smmunc activalion and which do not

Crubb R Now 1f the reaction between cellular antigens and therr antibodies
“eauses 1mmuno activation of cytolytic factor one might wonder how it 15 to be
understood Ihat the s called anti cancet serum does n t produce lysis of normal
cells For accarding ¢ doe B rklund hamself (st Arch AUl & Apphied Imm 8
186 1926) normal human cells generally contaln at least three cellular antigens
aga nst which antib dies are present n the so called ants cancer serum This s true
#tso of such serum 1o which human plasma has hien added 1 excess

Lanibled € Ponts nn 1 7 - e
eal Lal r
FRACTIO -~
N\ormal human serum was split up into 32 fractions «ith the aid of continuous
¢urtam electrophares s These were tested for protein snd ester sphitting capacity
on substrates such 33 casen gelatin tosylarginine methyl ester hydrochlonde
(TAMe) lesuthun indoxyl acctate and phenyl acelate These fractions were also
tested for the presence of throm! kinase an | prothrombin
A number of protealytic sclisiies Wwere dem matrated s e of them probally
never previ usly descrited
Two aryl esterases were shown One of these was labile and the ather stable when
treated ol 36 € € ¢ 30 mimules One of them nas tofalls mactnated by EDTA

whereas the presence of FDTA was necessary for the otber s activity under the con
#1l ns «f the experment

Prordlunt N BiaeMlun L B & Pautsson I F The State Bacteric logical Laborator
Steb tmo MUTOMATIC CONTROL DLRING €ONTINUOLS CULTLIF oF
ATHEIEAL CFLES OF HUMAN ORIGIN 1N “S1INSFR® CLITURES

An apparatus T rile ¢ nting us culture of atyylcal tels in Spinner™ cultu,

designed In c fal rall nowith Me T axclsson and M A S Andersson of e

Swelish State Hacter! 1 gieal tah rat ™ iy deseritel The cell count 1s Lept c:}:

Ve
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stant by a rcday system activated by & photo clectrie cell which by means of 1To
srammating regularly selects the cultures flasks and automatically adds new enlture

d and supplics the corr d amount of ecll suspension onto centrifuge
flasks The reactine capacity of the control system has heen tested waith the aid
of particles of various hind and found to he within = % per cent The apparatus
would appear to have a numbcr of uses within the fiecld of microbiologs

Bjorklund B Bjorklund V & Panlsson 4 F The State Bacteriological Tab ratery
Stockholm INNMUNO ACTIVATION OF THE CYTOLYSIS OF ATYPICAL CEILS
OF HUVM AN ORIGIN (Falm)

A Ditic svstem apparentls ndependent of complement has been identified n
normal serum (Bjorklund B \IJth Nordic Congr Pathol and Microbiol Gothen
burg 1958 Prac Soc Ixp Biol Med 103 1 1960, I'ed Proc 19 56 1960) The
system 15 present in serum in the form of an inactine complex consistmg of 1
eytohvtic factor (CT) bound to an inhitor (CGI) Both factors have been recovered
m relatnely pure state from human and equine serum Pguine antibodies to antigens
from atypieal human cells react 1n vitro 1n the presence of normal human serum
with Hela cells and other established human cells €1 is thus actnated which
sarts fragmentation and Iyvas of the cells Antibodies alane do nat cause ¢y tolysts
On the other hand the pure (1 free from mhibitor execrcised Ivtic effect even m
the absence of antibodies Ior purposes of demonstration the pure companents
were added to menolayer cultures of HeLa cells in Rose s chamber whercupon the
course of events was clucidated with the aid of ime lapse cinephase ¢ ntrast mer)

graphy

Iscusston

Taurcd! 4 B Byorhlund showed (Int Arch Allergs 1937 20 153) that the oo
tonde effect of horse immune serum on cancer cells ¢an be chiminated by absorp
tion at -+4° C of the antibcdies by eancer cells or by purificd cell free so called
cancer antigen

Such treatment should apparently chimmate the antibodies But <houli at not
also activate CI 2 If it does the serum should bring about evtolysis but according to
Byori lund no eviols sis occurs In 1955 Vorgan Mountam prepared antibodies agnnst
Hel a cells by immumzation of rabbits She proved the existence of these antibodies
by sbsorption with HeLa cclls at +35° C By these procedure her sern ke those
of Byorl lund lost therr cytotoxic effect But there too the cytolyte factor if such
a factor exists shonld be actinated Has Byorklund performed the crucial experiment
with ahsorption of the horse antiserum at +35°C?

The central role of this {T' for the lysis of cancer cclls by antibodies must be
questioned until more conclusive expiriments have proved 1ts existence
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