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STUDIES ON THE GROWTH OF HUMAN MELANOMA
CELLS IN VITRO

By
Y RoBERT BirasHax!
Recenved 123111 60

In previously reported experiments (1) 1t was observed thal tumour
cells from human uveal melanomas could grow 1n tissue cultures for a
Iimited ptriod of time varying from a few weeks to 2-3 months Al-
tempts to establish a permanent hine of cells 1 vitre 1n media of diffe-
rent comy were all ful

In the present publication observations on the effect of oxygen and
carhon droude tensgon as well as of pH on the growth of cutaneous and
otular human mahnant melanoma cells mn sitro are reported. In addi-
tion some ohseryvations on the effect of para-phenylenediamune on hu-
man melanoma cells will be deseribed

Tumour tissue fom mine patients with malignant melanomas of the
shin {types mostlyundetermined) and seven pattents with malignant
melanomas of the uvea was used The uveal melanomas were of the
followtng types 1 spindle B (chorowd), 1 epithehord (chorowd) and 5
unxed types (2 1ms, 2 cihary body, 1 choroid)

MATFRIAL AND MFTHODS
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to the indisldual experiments il be given together with the results i
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RFESULLTS

As prevtously deseribed (1) macrophages, fibroblasts and melanoma
cells appeared 1n cultures of uveal melanomas In those of shin melano-
mas epithelial cells were also noted The melanoma cells were round
(F1g 1a), unipolar {Iig 1) hipelar (g 1¢) or multipolar (Fig 14d)
Intermediary forms were also frequently observed Mitoses were scarce
(Fig 2) and could be seen only during the first 2-3 weeks following
explantation No relationship could be determined between the histo-
logtc types of the melanomas and the number of mitoses encountered
m the cultures Most of the melanoma cells coming out of the explants
were unpigmented or shghtly pigmented at the beginming However, m
the course of onc to two weeks mcreasing pigmentation was usually
seen In some cultures this was already the case after onc to two days
of mcubation

The Influcnee of Oxygen and Carbon Dioxrde Tension on
Melanoma Cells in mitro

Seven preliminary experiments were earnied out with a modified gra-
dient culture techmique n order to study the influence of oxygen ten-
ston on the grow th of melanoma cells Stationary tubes, contaming 3 10
explants placed 11 2 row on 50 mm long coverships, were placed mn a
vertical position and filled with fliid medium, the distance from the
upper and the lower explant to the surface of the medium bemng about
5 and 45 mm respectively  After one week of mecubation the coverstips
were removed from the tubes, and the cultures were fixed and staned
No gross difference between the growth of the upper and the lower ex~
plants could be demonstrated

In a second series of experiments cultures were gassed for 3 minutes,
three times weehly with the following gas mixtures 5 per eent 02 + 95
per cent Ne (8 tubes) 13 per cent O + 85 per cent N (2 tubes), 50 per
cent O + 50 per cent Nz (9 tubes), 5 per cent O: + 2 per cont CO» +
43 per cent N2 (2 tubiesj, 15 per cent Oz + % per cent CO. + 83 per ceat
Nz {2 tubes), 20 per cent Q2 + 1 per eent CO2 + 79 per cent No (2 tu-
bes), and 20 per cent O> + 5 per cent CO: + 75 per cent N. (2 tubes)

After ten days of mcubalion the cultures were fixed, stained and
examined microscopically In the presence of 5 per eent CO: the fibro-
blasts secmed to be more proliferatnve, but olherwise no gross diffe-
rences between the growth of the various cultures, were ohserved

In a third series of expertments the effect of continuous gassing with
50 per cent Oz + 50 per cent Nz and with 5 per cent Oz + 95 per cent Na
were studied The cultures, were grown tn open tubes placed m steride
gassing chambers Control cultures were grown at room atr After three
days of incubation the cultures were fixed and staned with the follow
g techmques Hematoxyhin-van Gieson, hematoyylin-cosmn Fontana-
Masson, Wilder’s reticulum stain, PA'S and Sudan It and IV



3

In these experiments 30 per cent O» seemed fo have 4 stimulating ef-
feel on the mitotic actiuty The tolal number of mitolic figures m the
indnidual gronth zones was small, varying from 0-3 This does not
neecessarily mean that the mitotic coefhicrent (2 2 the number of mitoses
per 1000 non-dn1ding celis) was <mall, but since onfy a lunsted number
of cells appeared in the growth zomes tn most cuttures, the mitobe to-
efficient could not be established However, in order to obtain a seme-
quintitative estimate of the influence of oxygen tepsion on the mitolic
actiity, a comparative study of the numher of explants, showing at
Ieast one mitolie figure relative fo those showing ne mitotic 2chuty at
all, was carried out

The results shown in table I indicate that 50 per cent O had a stimu-
lalery effcct on the mutotre actisaty as compared to room air (21 per
cent Oz), while 5 per cent O. had no such effect

TABLF 1
The Infiuence nf Oxygen Tension on the Vitolic Actwity of 1-2 Days
Ol Caltures «f Uveal Melanoma Cells

\o of explants
Gas phate

Total
+ mitoses ~ mitoses |
Room air 2 n Ex)
50¢% Oz + 50 ¢c Nz 27 3 62
Raom air 3 Y 54
5¢ 004 %€, N\ 3 47 50

This ¢ffeet on the mitotic actisity was mostly seen 1 young cultures
7nd was less marhed i cultures which were mare than two days ofd
when exposad to the various oxygen tensions (see Table 2) The smitatic
Drures were alwavs shsersed close (o the horder of the explant, and
usuafly 1 areas where no fibroblasts were seen

TARIF 2
The Infinence of Oxpgen Tension nn the Viitetre dctit ity
W of 1 11
Old Cultares of Loeal Melanoma Cells d o

o of phants
G phase — Total
- m tones mitosey

Toom air

507 0-+ 500, \y i }3 g;

Hoam air 4 47

EEN NN FRRN 2 1 b
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As previousty Teported A1) yackanoma cells are able ta earry out ac
tive gmentogenesis i Vieo Vamg Wildets reticulum stamm ne gross
Afferetices 1n pigment formabion conld be detected hitween cultures
grown at § per cenl, 21 per cen't and S pr eTTt OB W

The stosage of glycagea and fat was studied m cuftures stuned with
PAS and wah Sudan 113 ond IV No glyeogen rauld he demonstrated,
bt the cells contatned varving amounts of Tat Tiowever. A accumias
hion of {81 Seemed to be wdependent of the oxygen tenwion under whith
he eells had beon grown

The smelagama cells appeared as round cells, unipolar colly, bipolar
cells, or maltipoinr or dendothic cells These vanous forms may te-
present mantfesfatians of a process of differeniation The runnd cells
were quitc nuperous 1 young eulturcs, while the multypolar eclls were
gredotnant m ofd cuitures 50 pir cent O scemed 1o shmylale the
furiafion of multipolar tells (Fig 3 a,1) while § per cent Op had the
opposife effeef AL 5 per ecnt Oz multipolar cells only appearcd m the
penphery of the grownth zone (Fig $), while simylar cells were Tound
m Al parts of the growth zoue at 50 per cent O

The Influence of pH Variations op Melanoma Cells n vitro

For the study of the taflucnce of pif on human melanoma cells m
yitro 4 M dass ald cultures were used The pH valucs of the media were
adjusted to 57 ~631~7H-81-84 by the addition of primary or sc-
condary phaspliste The media were changed once a week, and pH was
eontrotled with the pif mider After 16 days of cuttinahion, the cultures
were fived and st nped

A total of 34 explants from a skin melanoma and 141 explants from

cused medinoma were used 1 thiy expeniment The mmn difference
wWhith was obweried, « 15 the predommance of bipelar and myliipolar
ecls at pH 7 (F1g 3, while the round t3pe of colls wax mare {requent
at gher and Jower pH salues (i 5) Also wnpracellutar €af accumy-
frtien seumed 16 e more conspicttons a1 pM 7 than at other pif values
Giveogen could not be domenstrated

As munfioned heforc no mutnte actetady could usuvally be demon-
strated i cubtyres more than e seeks obd o the pr(‘scnl. ecpenments
no cultitres showed milobe figuecs, mdieating (hat the dechine 1 mit
atie aetinaty is stnrcated o ¢changes i ph

3 day ol §1 Vi e
1y ol 410K cxershin culture of 2 mal;gnant melano;
{mised Loped (Pret o 284/s0) 2 o the choery
a found Jumer eclls Sudan 0 IV stan % 4,0
b Unlilar melancma cell Bematoss)is «an Gieson stain X 300
¢ Ftpcdar melanoma cells P AS stain ¥ 30
o Maltiwlar melanma el 1 4 € statn % 230
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As yreviously reported (1) melanoma cells are able 1o carry out ac
Uve psgmentogencsis in vitro Using Wilder s reticulum staint no gross
cifferences 1 pigment formation could be detected hetween cultures
grown at 5 per cent 21 per cent and 50 per cent oxygen

The storage of plycopen i fat was tudied i cultures stuned with
PAS and with Sudan I and 1V No glycogen could he demonsirated
Lut the cells contaned varying amounts of fat However the accumula
tion of fal scemed fo he indept ndent of the axygen tension under shich
be cells had been grown

The melanoma cells appeared as round cells umpolar cells hipolar
cells or mullipolar or dendeitie cells These sarious forms mas re
1 resent manifestations of a process of dsiferentiation The round cells
were quite numerous i voung cultures while the multipolar eclis were
t redommant in old cultures 50 per cent O seemed to shmulate the
formation of multip olar cefls (Fig 37 b) while 5 per eent O had the
opposite effect A1 5 per cent O multipolar cells only appeared sn Yhe
veriphery of the growth zone (Fig 4) while similar cells were found
w afl parts of the wrowth zone at 50 per cent O

The Influence of pH \ arwalit ns on Melanoma (ells tn 1 1ro

For the studs of the influence of pH on human mdlanoma cells m
witro 4 0 days old cultures were used The pH valpes of the media were
wpustid 0 57-61-70 81-84 by the addstion of primary or se
condary phoshate The medit were changed onee a wech and pH was
controffed with the { H meter After 15 davs of cultnation the cultures
were trced and staned

4 total of 54 explants from 4 shin melanoma and 141 explants from
2 neal melanoma were used an this experiment The main difference
which was ohserved was the predeminance of hipolar and mulhpolar
el at pIL 7 (Fug 6) while the round type of s was more frequent
;11 higher and lower pi \alues (Fig, o) Also sntracellular fat accumu
ation seemcd to 1 e more cansprenous at pH 7 than at other pH values
:l\‘ngcn could not be demonstrated

$ mentioned hefore no mitotie actiaty could usual
Sirated i eulitres me re than tno neehs nh]) in :‘ho pro‘:?rxlt)f:ucc:'ll:::::s

n\o cullures showed mitotie figures mndicating that the dechne sn mit
olic Aelinsty s untelated to chinges in pH

Bdsy 1R e I'_ll:ll’
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Influence of Para Phenyl on Human Vel Cells
wn viro

Para phenylencdiamne has been shown by Riley (9) to induce re-
grussion of S 91 mouse melanoma i yno In the present experiment
the cytotoic effect of para-phenylenediamine af concentrations of 05—
1-2 per cent was studied 1n 41 explants of skin melanomas and
157 explants of uveal melanomas Freshly prepared para-phenylene-
hamine solution was added to the standard medium The cultures nere
17 37 days old when exposed fo the compound After one week of in-
cubation they were fixed and stamned The only effect of paraphenslene-
drvmine \\h\‘ch could be observed was an merease m cellular pigmenta-
tion (Fig 64a,b) Signs of cell degeneration were not more conspicuous
In treated cultures than 1n controls No ntracellutar crystal formation
as deseribed by Kopac, Cameron & Chambers (6) in normal and ma-
hignant rat Iner cells, and by Vatoltsy (7) in chick embryonal heart
and shan fibroblasts, wn vitre, was noted

DISCUSSION

A purmanent stram of human uveal or cutaneous mahignant melano-
wa cells could not be estiblished by changing the O_ and CO» tension
or the pH of the media

However 30 per cent O« scemed to have a stimulating elfect on the
mulotic sclivity of melanoma cells, which contrasts with the results ob-
tained by Aieler (3) on embryonic mouse heart myoblasts This author
has found a marhed reduction in the mitote coefficient of these cells
when they were exposed 10 1 50 per cent O~ 4 50 per cent Nz mixture
The different re ictions of melanoma cells and myoblasts 1o ngh oxygen
tensions might be due to differences i their metabolism This possi-
Inhity, howeser, 15 not Iikely since, 1n this laborators 1t has heen shown
that the met tholism of tumour eells 1s inhibited by high oxygen tensions

Fig 2 Fys 3abantbeg §

tig 2 9 day ol flying covership culture of a mabignant mel. ma
(same as Fig 1} The eulture has be o e horold

en exposed fir 3 davs to continuous gassing
WHR S0 jor cont O_ 450 Jer rent N Miloth
W e 2 Milolle Nigure in 2 melanoma cell PAS
Fig 39 dav ol flying coverstip culture of & m
same a3 Big 1)
a The culture has heen submitted to a continuous
. wus gassing with 50 per cent O 4
50 per tent N2 for 3 dags \umerous dendnit e
S per et N for 3 dass dritic eclls growing out from a small ex-
b Gonteelal room ke \elane matow A
polar celle Sulan M1 1\ stain % 100 " ote the clunely packed short bt
Fig 410 day o] flring ¢ vove?

alignant melanoma of the choroid

Ta e - L
tmixed Upey (Prtov - b
gassing with 3 per cen N .
phees o € ihe piaston © N
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(4,4,5,8) Also it should be mentioned that the fibroblasts which were
frequently scen 1n the present experiments, seemed 1o be more prohife-
rative under conditiens, stimulating the growth of melanoma cells

As another posstbility, 1t should be pointed out that the distance of
¢iffusion through the fluid medum of the vertically arranged stabio-
nary tubes, may represent a hmting factor If this s the case the cells
might be suffering from a relative lack of oxygen at 5 per cent Oz and
21 per cent O Thus, 1t is concennable that the present experiments
{he metabolism of the melanoma cells at 5 and 21 per cent O: has
maunly been of the glycolytic type, while at 50 per cent 0O: the respira-
tory mctabolism would also have played a role This would not only
explum the effcet of 50 per cent O: on the mitotic actinity but also the
(fferences 1n cell differentiation between cultures grown at various
oxygen tenstons

The cxperiments did not show any difference n the mitotic activity
which could be related to the difference 1n melanoma types

SUMMARY.

The effect of oxygen and carhon dioxide tension as well as the effect
of the pll upon the growth of human useal and cutancous melanomas
was studied 50 per cent O: + 30 per cent Nz was found to have a sh-
mulating effect on the mutotic actnaly of melanoma cells 1n young
cultures 1-16 days old

Melanoma cells seemed to show a higher rate of differentration at
pil 7 than at mare acid or alkaline values

Studying the influence of para-phenslenediamine on melanoma cells
1M v itro, an ancreased pigmentation was the only effect obsersed

REFFRFACES
1 Bartshak Y R ™« N
2 Fisher 4 Some o
Kerwthoof = o

pr s 15 e Figs Sa band Figs 6a b
0w FIPTIP . N

AL A . the charaid
N pt
b T R ST Nt b round et e

}:Y:mlg.?.]\':l;l)nﬂng coverdsp cullure of a malignant melanoma of the choroid

@ Moderately pigmented hy
son stain x 450

+ The cultare has been ex,
Heavllv p, bipolar

polar melanoma cells Control Mematoxslin van Gle.

pm‘rd 6 005 per cent PP B A solution for one week
el in van Gieson stain, ¥ 450
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AUTORADIOGRAPHIC ANALYSIS OF THE
ACCUMULATION OF LYMPHOCYTES IN WOUNDS

By
Kare-Laik FienteLits and Haxs DIDERBOLY
Recersed 23 %160

In a previows arlicle (Fichiehns & Ofernd 1966) 1s was made probable
that lymphocytes formed before the onsct of the healing process were
malbilized 1ta the hlood and aceumulated wn the wound This conclusion
was based mdircetly on measurements of the specific actinity of
desoxy nibonucleie acid (DNA) 1n the wound and control shin after adm-
nistration of P32 In this article a similar conclusion 1s reached with the
aud of labeling with H-thymidine and subsequent autoradiography,
which allows observations on the cellular level

11he
. . cell
.

MATERIAL AND MFTHODS

Four 2 months old male mice were used weighing 18 20 g 95 C H3 thy midine
per € body weight (spee act 27 Gmillimale, Schwartz lab  New York) was mjected
Inteaperitonealls dails for 4 davs On the 7th day of the experiment 2 parallel

incivions were made on the right sude of the b
Tong amd choved maiy om the rix « back Fach incision was about 1 om

On the 12th & 13 -
il el mith e xw ture On e. th 23 of the experiment, when there wa

and the wound a2 w '

10 pet cent forme + . S
whicl byt baem . 0, . et
. . . .
. . .. .
.. , .. .. . ‘ .
. .
- . ©Waseuurely filled with ear =« v e
ol mmmm e~ 2 ae, . - '
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Fig 1
Lat clled fihroblasts 1n the wound A labelled 1smphoctte at the arrow

TABIF 2
The Labelling of Fibroblasts and Fpi lermal Cells tn Control Skin anit in the Wound
b tontrolshin W ounit
Nutmber of an mat { Fstro | Fpiler | libre-  Fpider
Hasts 'maleetly Hasts | maleelly
1 Labelled cells viewfield 84 1s 95 13.8
Grain eruniflat elled coll 58 15 52 44
Total grains counted in labelled cells 980 1063 988 1206
2 Labelled rellsslew fleld 29 138 TR 122
- - 55
3 1342
3o 39
. . .
P .
4 "
. - u o o4
Tetal gralns counted in labelled eellc 411 5 563 &

The 1 abelling of Ibroblasts

The Iabelled cells 10 corum ather than “round cdls” sere mamty
fibroblasts as defaned by Finerty & Cowdry (1960) and comprised 73
e ecat of fhe ibelled eclls i corsum of control shin and 55 per cent
of the Tibelled eells in conum of the wound From Table 2 1t 1s evident
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RFSUITS
The Labelling of “Round Cells’

Ty preal lymphocytes and simnlar cells with a small, dense, deeply
stamned nuelens, corresponding to macrophages as described by Funerly
& Cowdry (1960) were classified as “round cells” In addibion a smaller
number of plasma cells, and probably also monoeytes were ncluded n
this group From Fable 11t 15 evident that the number of labelled “round
cdls” per view field was hugher in the wound than n control shin This
was vahd for both eprdermis and corium n all 4 amimals This merease
of the number of labelled “reund cclls” per viewfield can be explamed
by the Iinely cellprohferation 1n the wound and the consequent distr-
bution of the label to more cells However, the total number of grans
n labelled “round cells™ was lugher i the wound thn in control shin
mn all cases Since there 15 no free thymidine avatlable for DNA-synthests
during the wound heafmg, (which started more than 3 days after the
last injection of thymidine), the merease in total label means, that the
additional label of the “round cells” has been brought te the wound
from outside—probably by nucleated blood cells This additional label
may origmate directly from accumulating mononuclear hlood cells,
which were labelled hefore wounding Another (xplination s that the
DNA of labelled nucleated blood cells was reublilized at the formation
of “round cells” within the wound Such a reutihization of DNA should
gne alower gram-count in newly formed “round cells” than in the cells
from which the labelled DPNA was rentihized The level of the label was,
howeser, too low n this experiment to allow an estimation of the
deercse 1n gram eount (sec Table 1) This renders 1t more difficult fo
tell whether there was a4 simple accumulation of lymphocytes from the
blood or a reutilization of DNA of nucleated hlood cells

TABIT 1
The Tabdlling of Round ((lls 1n Contfrot Skan amd 1 the Wound

Control skin Wouhd

Numbcr of ammal
Corfum ‘l pl lermis| Corinm ‘LN lermis

1 Tabclled cellshaew field 17 08 59 31
Grain countf/labelled eell 6 37 48 17
Total grains counted 1n labelled cclls 21 55 500 241

2 Pabelled cellsfvien field 12 8 79 55
Gramn connt/labelled eell 77 66 55 18
Tatal grams counted 1n labelled cells 77 27 877 513

3 Labelled cdlsview ficld 12 11 6¢ ﬁ::
Grain countflabelled <l 52 45 42 42
Tatal grans counted n Jabelled cells 119 a8 5% 413

4 1ahclled cellsfvien ficld 06 a7 ;; 3;
Grain countflabelled cell 46 ";g oy an

Total grains countcd n labelled cells 51
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dermal cells Another
before wounding and wiich transformed to eps:
;:plnfmhon 15 ll:’n the DNA of lahelled nucleated biood cells was reuti-
hized at the formation of eprdermnl cells within the wound

Discussion of the Method

1n this expennment one viewfield i the wound was compared to onc
in the control skin The distance between two structures within the
int et skin mnereases when an mncision 15 made i the immediate vicomity
of these structures, partly due to edema and partly due to cell prolifer
ation If shonhage duning the histological proccdures 15 proportionally
the same 11 the wound and 0 conirol skin, then a smalles part of the
oniginal bissue will be seenin a viewfield of the wound than in a view
ficld of the same tissue had no incision heen made The shrinhage mas
he porportionally greater in the wound than control shin, but 1t 1s
it gt nae could compensate for the 1
simtiar expeniments in gunea
s 250 per cent of that of an
equally large piece of control shin (Fichielius & Olerud 1960) The con-
clusion 15 thus that a viewfield 1n the wound comprises only a part of
the omginal tissue This 1s an error which strengthens our mam con-
* ' " n outside

the wound, onfy

+ nerally speaking
wran count per cell 1s halved at matotosis, and the mere mitoses 1 a

tissue the less the gran counteell will become with time As a con-
sequence the gran counteell 15 lower in the wound where there 1s an
mereased [requency of mitosis In the wound the Jabel 1n more cells has
been diluted to such an extent that the daughter cells are no longer
repistesed s Labelled The loss in the total numbLr of grans regrstered
1s fhus gre iter in the wound than in centrol shin Agam thus 15 an error
of the mcihod which strengthens our mam conclusion that Inbel has
bean brought to the wound from outside

Discuaston of the Hesully

Irrespectinely of whether our results indsente a transforimation of
cells or «rcubiizabion of BN, they have confirmed the results of the
ervher vy nmunts with P2 (J ichleltne & Qlerwed 1960} The wvm of the
tresent experiment was only fo complement the preceeding experiment
on the cellular livel and hence the small series Wath regard to the
congrucnee of the results af the Preceeding and the present experiment
nd to the praat difference n label of the “round cells”
and control shan tihe merease of grams over lahelled * round cells” was
‘;;’ llunc\ lm tn;l:ml :llnd 38 lumes in epidermis), the concluston that

Wl was hrought to the “roy .
el ws b 1;1"‘ e und cells * of the wound from outside must

of the wound
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Labelled eprdermal edls i the wound

that the number of labelled fibroblasts per viewfield was higher i the
wound than 1n control skm m all cases See also Fig 1 The total number
of grams m labelled fihroblasts was also ngher m the wound than n
conltrol skmn 1 all cases (The difference was, however, very small m
the first animal) That indicated that lahel had been added to the fibro-
blasts from outside, probably via nucleated blood celis This additional
label may ongmnate direetly from accumulating Iymphiocytes, which
were labelled before wounding and whieh transfornred into fibroblasts
Another explanation 1s that the DN A of labelled nucleated blood cells
was reutihized at the formation of fibroblasts withun the wound

The Labelling of Epdermal Cells
The labelled cells i epidernmis other than “round cells
epithehal cells and comprised 87 per cent of the labellcd cdlis mn epider-
mis of control shin and 75 per cent of the Tabelled celis m eprdernus of
the wound From Table2 it 1s evident that the number of labelled
cprdermal cells per view ficld was highter i the wound than in control
skin i all cases Sce also Fag 2 The total number of grans an Libelled
eprdernital cells was alo lugher i the wound than in control shain i all
ases That means that label has becn added to the epudermat cells from
outside, probably 11 nucleated blood cells This addittonal label may
ongmate direcly from accumuling lsmphocy tes, wineh were Hibelled

were all
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¢y idermal cells yielded by the present expenment may provide a better
under 1 of the hanism of tizat w delayed type of
allergy and the mechanism of passive transfer of such sensitivity (Chase

1046 Haxthausen 1917 Hagerman 1904 Fichtelius 1959)

SUMMARY

A rdjaingdy small fraction of the Ivmphocste j opulationt tn Tnice was
Tabelled with four daby mjechions of H* thvimdine Three days later
when free thymiding was nondetectable a wound was made on the
mice and after an additional frne divs when there was a marhed acen
mulation of lvmphoevtes in the wound the animals were sacrified and
the wound and 1 symmctricly located area of the ammal skin was
exmuned autoradiograptucalls It was shown that thete were more
Iabelled “round cclls n the wound than in control shin and that the
adthienal fabel of the round cells was brought to the wound from
oulside—prolnblv 11 nucleated blood cells In addition 1t was shown
that the labelling of the fibroblasts and ¢pidermal ¢ells was higher in
the wound than in control ship The significance of this finding 1s
dineussed with regard fo a possible trephocvte function of the ivmpho-
cvles and therr trinsformafions wto fibroblasts and epidermal cells
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The conclusion, that Iabel was brought also to fibroblasts and epi-
dermal cells i the wound from outside, 15, however, less certam The
mcerease of grains over fibroblasts was only 1.7 tumes and over epadermal
cells 16 times There was, however, an merease 1 all four animals in
both fibroblasts and epidermal cells of the wound and the two crrors
of the method discussed above tend to diminish possible differences
These data make 1t probable that label was brought from outside also
to fibroblasts and eprdermal cells of the wound

Our experiment does not indicate whether mononuelear blood cells
transform into fibroblasts or epidermal cells in the wound, or whether
DNA of these cells (perhaps mceluding granuloeyles) 1s reutihzed on
some level for the purpose of fibroblast or ¢prdermal cell formation m
the wound

A large body of eonflicting hiterature exisds on the transformation ot
Iymphocytes and monocytes mio other eddls Medawar (1957) witles
“heyond the central nersous system, there ean be few cells o which
Iymphocyles have not heen alleged to transform themsclies” Some
authors state that iymphocytes and monocey tes can he transformed into
fibroblasts The hiterature s reviewed by Yoffey & Courtice (1956) and
Trowell (1958) However, real evidence that lymphocy tes or monocytes
can transform nto NHbroblasts 1s lacking

There 15 general agreement that lymphocytes are not lost on the
surface of the eprdermis after migration through it However, the ulti-
mate fate of lymphocytes mn the epiderms s not clear Andrew &
Andrew (1949) state that there 1s no evidence to mdicate that Iympho-
cytes degenerate wialhn the epidermis, hut that the lymphocytes are
transformed o ordmary epithelial ccdls On the other hand Andreasen
(1952) clarms to have seen lymphocy les degeenerating m the epidernus
and stales that the epideinus 1s one of the disposal arcas for the {ym-
phocytes of the hody

The extent and level at which DNA 15 rentiized for cell probferation
15 far from clear The reader s referred to @ discussion on s subjeel
1n Stohlman’s “The Kincties of Cellular Proliferation™ (1959) If our
results can be explamed by DNA reutihzation as we are inchned to
believe, 1t 1s an mmportant contribution 1o this discussion, because, as
far as we know, a renthihization of Tabelled DNA las not becn shown to
occur i such a way that the reutiized Labelled DNA can still be visual-
1zed n autoradiographs

A reutthzation of lymphocyte-DNA for cell prohferation 1 a wound
fits very well to the old 1dca of Alexts Garrel, that fymphocytes supply
something nceessary for tissue growth This trephocyte funchion for
lymphocytes has found many supporters durmg the past ycars and has
been advocated recently by Kelsall & Crabb (1958) and dndreasen

(1959), but 1t has not been shown Lo exist A reutihzation of lympho-
cyte-DNA also fits very well into the hy pothests of Wedawar (1957) that
nuclere aculs eirculate m the body The mformation on the labelling of
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dermal cells yielded by the present experiment may pros 1de a hetter
Jerstanding of the mechanism of sensifization 1n delayed type of
ergy and the mechanism of passne transfer of such sensitivity (Chase
lﬁ,’llarlhnllx(n 1947, Hagerman 1934, Fichleltus 1939)

SUMMARY

A relatively small fraction of the Iymphocyte population i nnee was
slted with four daily mmjections of H*-thymidine Three days later,
1en free thynudine was nondetectable, a wound was made on the
1cc, and after an additional five days, when there was a marked accu-
ulatton of Iymphoeytes tn the wound, the antmals were sacnified and
¢ wound and a symmetnely located area of the amimal skin was
ammned autoradrographically It was shown that there were more
belled “round cells™ in the wound than in control shin, and that the
Iditional label of the “round cells”™ was brought to the wound from
stside—probably via nucleated blood cells In addition, it was shown
it the labelling of the fibroblasts and epidermal cells was higher n
1c wound ihin n control skin The sigmficance of this finding 1s
iseussed with regard to a possible trephocyte function of the lympho-
\les and therr transformations into fibroblasts and epidermal cells
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The conclusion, that label was hrought also to fibroblasts and ept
dermal cells 1n the wound from outsid, 15, however, less certain The
mncrease of grains over fibreblasts was only 1 7 times and oy er epidermal
cells 16 times ‘There was, however, an merease 1 all four anmmals m
both fibroblasts and epidcrmal cells of the wound and the two errors
of the method discussed above tend to dimsnish possible differcnces
These data make it probable that labed was brought from outside also
to fibroblasts and epidermal cclls of the wound

Our experiment does not indicate whether mononuclear hlosd cells
transform nto fihroblasts or emdermal cells 1n the wound, or whether
DNA of these cells (perhaps mcluding granulocytes) 1s reutilized on
some level for the purpose of fibroblast or eprdermal cdl formation m
the wound

A large body of eonfheting hierature exists on the transformation of
Iymphocytes and monocytes 1nto other cells Medawar (1937) wntes
“beyond the central nervous system, there ¢in he few cells into which
Iymphocytcs have not been allcged to transform thomselies’  Somd
authors state that lymphocy tes and monocytes can be transformed mto
fibroblasts The hiterature 1s reviewed by Yoffey & Courtiee (1956) and
2 rowell (1938} However, real evidenee that {ymphocy tes or monocytes
can transform into fibroblasts 1s laching

There 1s general agreement that lymphocytes arc net lost on the
surface of the epidermis after migration through 1t However, the ulb-
mate fate of lymphocyies in the epidermis 1s not clear Andrew &
Andrew (1949) state that there 15 no (vidence o indicate that Iympho
cyles degenerate within the epidermis, but that the lymphoeytcs are
transformed into ordmary epithehal cells On the other hand Andreasen
(1952) claims to have seen Iymphocy tes degeenerating in the eprdormis
and states that the epidermis 15 one of the disposal areas for the Iym-
phocytes of the body

The extent and level at which DNA 15 reutilized for eddl prohferation
15 far from clear 71he rcader is referrad to a discussion on this subjeet
i Stohlman’s “The Kinchics of Cellulir Prohfcration™ (1959) If our
results can be explained by DNA rcutihzation as we are mchad to
helieve, 1t 15 an amportant contribution to this discussion, because, as
far as we know, a reutiliz ition of labelled DNA has not becn shown 1o
occur 1 stich a way that the rcutilized Libelled DNA ean shill e visu -
1zed 1n autoradiographs

A reutilization of lymplioeyte DNA for cell prohiferation in t wound
fits very well to the old idea of Alexts Carrel, that Iymphoey tes supply
something necessary for tissue growth This trephocvie function for
Iy mphocytes has found mny supporters during the p st years and has
heen advocated rocently by helsall & (rablb (1958) and Andrcasen
(1939), but 1t has not been shown to cxst A reutilization of Iympho
cyte-DNA also fits very well 1nto the hy pothesis of Vedatar (1937) that
nuuclmc acids cireulate n the body The information on the labclhing of
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RESPIRATORY TRACT INFLAMMATION \FTER
EXPOSURE TO FIRE SMOKE
By

Giras Skhotp and UrF BRt sk
Recaned 25 x1 60

“The inflammatory changes somelimes seen mn the respratory Aract
at post-mortem exammation of sictims of explosions or fire aceidents
have long bren regarded as the cffect of the heat on the mucosa {Har-
bz, Foersler, Goldbach) However, judging from the case described
befow and from subsequent animal experiments, 1t would appear that
the resprrafory fract changes need not always be due to such heat but
may alse be caused In chemreal enitabion (fire smoke)
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RESPIRATORY TRACT INFLAMMATION AFTER
EXPOSURE TO FIRE SMOKE

By

GARra ShiiLn and ULy Brizk
Reeaised 223160

The nflammalory changes somctimes secn in the respiratory tract
at post-mortem examination of victms of explosions or fire accidents
fiave fong heen regarded as the effect of the heat on the mucosa (Har-
bulz, Foerster, Goldbach) However, Judaing from the case deserbed
belaw and fram subse anumat ¢exy ts, 1t would agpear that
the respiratory tract changes need not always be due to sueh heat but
may alse he caused by chemteal irrtation (fire smokel
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ongestion with blecdmg out m the alvcaly, oedema and, 10 l“;"mlﬂl')‘r
lso emphysema (Zinh, Fuscher, Goldschnud!, Schyermng, f!ir PL
tronchutss 15 rare and when 1t does oceur, it 1s usually only mild (Zink)

In persons who survise a day or so, howeyer, autopsy may show se-
\ere acute tracherbis and bronchitis as well as pneumontae and not n-
frequently pleural cmpyema In cases survnng still longer, scvere in-
flammation of the lung tissue may be seen In such palients a rcd.uchon
in the reststance of the lungs owing to the exposure fo the heat is held
responsible (Fischer, Goldschnud!) .

Schyerning appears to he the only one to hasc suggcsted that exposure
4o torTovne smohe and sool rueht cause pncumoniae In recent hitera-
ture this possihihiy appears o have been sgnored, and the pneumonia
has been aserthed entirely to the exposure to the heat, 1n accordance
with the finding by Harbalz that exposure to hot gases can cause ne-
crotic changes 1n the mucosa with shedding of epithclium and an accu-
mulation of leucocytes at such sites Harbitz demonstrated this type of
milammation from the hase of the tonge out m the finest branches of
he broncht

Foerster studicd persons who had suddenly been exposed to severely
hot gases that were foreed 1nto the lungs, and he was able 1o show that
i1y some sites the epithelium projected tufthhe in a umiform eosinofilic
substance containing a number of red Mood cells and hming the lumina
of the bronchi But he could not demonstrate any mintration of leuco-
cytes or shed epithchum In ammal experiments performad under the
above mentioned conditions he was able to produce stmilar changes 1in
the epathelial cells as well as leucocy te inftliration and shed epithelhium

Goldbach also studied the effect of heat on the respiratory organs i
animals exposed to a hot current of a1r (660° C} At autopsy he found
hyperaemia of the internal organs and, partieularly n the lungs,
oedema, transudate, blecdings and atelectasis The epithehum of the
resprratory tract was shed, the sept: of the lungs were swolfen with
nfiliration, partieularly of erythrocytes, and 1 several places the
alveolar epithelium had boen shed

In the present case neerobizing inflammation was seen n the respira-
tory tract but not in the mouth or the nose The question that then
arises s whetber these changes were produced entirely by the heat or
whether smoke (as a chemical agent) was also a causal factor Judging
from the woman's report, she had not been near the actual fire for
more than a sceond or so Her very slight burns might well be ascribed
to the effect of the heat and the fact that no burns were demonstrable
;nllhc mouth or the nose also perhips suggests that she had not Iin-
l::"f:;(rlrnlnlse:::ll);:l:;l(:hh ::mnunt of hot g7s The woman was found lying
room A hop “«;::rho u’w room {hat was on fire, and the air in the
full of smoke It to‘un(is”l’xhl\“m o identls pot o very hot, but 1t was

cly that onee the woman had realized that

she could not put out the fire i the toilet, she had mmediately closed
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Hamster Trachea after ¢xposure to firg smoke H 1 x 210

nuclet observed Scattered accumulations of polvmorphonuclear loucocytes were
found 1n the deeper laver of the wall of the trachca The Tungs showed considerable
ocdema swelling of the alvcolar septa and many of the alveclz contaned pely
morphonuclear lcucocytes The bronchs were filled with Ieucoes tecontaimng Dibrim
and the muecsal epithelinm was shed

Autopsy had thus revealed necrotizing inflammats noof the trachea and broneh
pneumoma and lung ¢ edemn

ANTMAT FAPI RIMENTS

Dense smoke produced by burning corh hinoleum shwings and des fohage was
conducted for 10 minutes into a cage contaiming, four full grewn brown hamsters
werghing o n the averagc 100  The temperature of the smohe varicd between 28 and
30° C 24 hours later the amumals were lalled by exj osure to hvdrogen sulp hide fames

S on aftcr the amimals had been exposed to the smol e they shawed distinet signs
of rcspirators trouble which persisted untel thes were 2 elled

Autopsy of the anmmals ravealed a gross reddening and a grav sillow coating of
the trachea Histologically the mmner wall of the respiratory tract was lined by a
thick laver ccnsisting of granular masses which stamed red with ¢rsin and densedy
studded with leucoevtes maimnly polvmorphonuclcar (Fig 1) Here and there small
greups «f shed epithehial «dls and escen small bladl granules worde seen The sur
v unding sub cmithelial connective tissue contained partly sparse and jartly dense
accumulations of polym rphonuclear leucoeytes The eapillaries were wudened and
m some regions small hacmorrhages were secn i the sub ¢pithchal connectine
tissue These changes could be demonstrated from the larvne down to the middle
bronchi though they were mu st proncunced in the upper part of the trachca The

lungs showed capitlary stasis

DISCUSSTON

In victtms dving so soon tcr 1 firc werdent that v ¢ffect of (O
ean be regardud as neghgable the burns ir¢ usuatls <o oxtensive that
they can per sc cxplun the daath The lung chinges usually consist of
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CY TOCHEMICAL DEMONSTRATION OF SOME ENZYME
SYSTEMS IN HeLa CELLS®
By
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Hecerved 12 v 80

Cultured colls are steadily guining the interest of biological restarch
workers They afford cxcellent matertal for cytochemical stadies, since
the handlog, of gregaratiaes e he redyced to a mimmum The cells
can for mstance, he obtuned as 2 monofayer on & cov(rslip Turlher,
the ccIf strains are ysually cultured i standardized conditions and thus
the effect of different factors on the cells ean he studied indisidually
The HeLa cell stran, ongmnalls eultured by Gry (1932) 15 the most
widely used stran everywhere in the world

One possible approach to the problem of alterations 1n the cells 15
the comparatue study of their enzyme systems, which can be performed
even by histnchenueal wethods Of the oxidatine enzyme ssstems sue-
cmie dehvdrogenase has been demonstrated yn ¥el s cell cultures hy
haufman & Hdl (1395, using neotetrazolium 1s (Jectron acecptor The
cdlls were frozen to mimimize unspeesiic reductase bty and meu
bated 10 agar contaning medium Sites of suceime dehydrogenase ac-
traaty appeared as aggregales of formazan erssials i the cytoplasm
Alhahine phosphatase, acid phosphatase, unspeeifsc esterise and aden
osine triphosphatase have been stedid by Gropp 11939) and Gropp ef
al (19,8 1904}, who demonstrated them prneipally on the cell sur
face Bs contrast Sandnifter & Schemer £1938), 1 an exfensive study
of cytochemistry of Hel = cells, hraefly mention that alkafine and acid
phosphatase unspeeific esterase and aminopeplidase arc found situated
w the cvtoplasm unilaterally m the yicsmty of the ety T

o omans ot al (19045 have studied alkaline
phosphatase with the Gomeri method i aleohol frxed HeLa cells
connection with other 1mvestigations The phosphatase appeared to he
tistributed diffusely n the cytoplasm and to some exient i the nucler,
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the door, but had then mhaled the smoky air a while {at most 10
minutes) 1n the hall where she lay on arrival of lier neighbours

It thus appears less hhely that a few minutes’ mhalation of the smoky
air 1n the hall, where the smoke was not <o very hot, should produce
such grave changes m the respiratory orgins This assumption 1s also
supported by the fact that no elongated epithelal cells were found anv-
where H sounds more hihely that the changes had nstead bheen caused,
at least in part, by chemical irnitation by the smohe inhaled

To check this assumption amimals were allowed to inhale dense fire-
smoke of about 30° C, which was probably somewhat cooler by the time
1t reached the anmnals’ cage The results of the experiment strongiv
support the assumption that the chemucal irritation by the smoke 14
sufficient per se to cause necrotizing imflammation of the mirwass

It 1s not known what substances 1n the smoke are so irntating as lo
cause mnflammation hut it 1s a fact that exposure to sulphur diouide,
for example, or volatile acids forming 1n association with combustion
can produce Instologic changes 1n the airways (Pefrr) closely resembling
those scen in the present experiments

SLMMARY

Report of a case of fatal respiratory tract nflimmation after ex-
posure to fire smohe

Analysis of the case, autopsy and amimal (xperiments suggested that,
1n conirast to what 15 widely believed, such a reaction neced not he
ascribed entirely to the effect of heat, but can be explained, at least in
part, by chemical irnitation of the mucosa
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CYTOCHEMICAL DEMONSTRATION OF SOME ENZYME
SYSTEMS IN Hela CELLS®
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Cultured cells are steadily guning the iterest of Prological risearch
wothers They affard excellent material for cytochemical studies, since
(e bandlng of prepatations, can he reduced to a mummum The cells
can, for instance, be obtamed as a monolayer on a coversip Turther,
the el strasms ate usualfy cultured m standardired conditians and thus
the effect of different factors on the cells can be studied individunlly
The HeLa cell stran, originalls cultured by Gry (1932} 1 the most
widily used strmn evervivherc m the world

One possible approich to the problem of alteralions n the cels 15
the comparative study of their enzy me systems, which can be performed
esen by tastochemical methods Of the oxidatine enzdyme sysiems sue-
e dehydragenase has been demonstrated sn HeLa cell cultures by
Ranufman & Ihlt (11939), using neotetrazolium as clectron aceeptor The
eells were frozen to mmimize unspeabic reductase ackisity and ncu-
bated w agar-contauung medwm Sites of sucerate dehvdrogenase ac-
tnaty appeared as aggregates of formazan crystals n the cytoplasm
Alknbine phosphat actd phosphatase, peeiftc esterase and aden-
osine triphasphatase have been siudied by Grapp (19533 and Gropp ef
al (1958 1939), who demonstrated them prnempally on the cell sur-
face By contrast Sandritter & Schiemer (1938}, wm an exfensive study
of eylochenmistry of HeLa celly, briefly mention that ath itme and aeid
phosphatase unspeetfic esterase and aminopeptidase are fouad sxluak‘d
n the extophasm unddateralls in the vieinity of fhe euets «o To

~ vure wanes 2loal (1939) bave studied alkaline
phosphatase with the Gomorr methad i alcoho! fived HeLa cells i
with other i3 est

The phosphat d to be
distnbuted diffusely i the cytoplasm and (o some exient in the nucley,

3 Mdress aria Hosptat Helunks
" This mest
Foumus Jmestigation has been supported bn grants from the Swgrid Jusehius
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particularly n the nucleolt The actinity varied greatly from ecll to cell
in the same culture and scemed to dimingsh with the aging of the cells

The purpose of the present work was to obtam a general view of some
enzyme systems of potentral interest in HeLa cells and to develop a
serics of modification of general histochemical mcthods which would
give satisfactoraly umform results and could be followcd routindy mn
the laboratory This was felt to be a necessary preliminary to a study
of the effect of differcnt <nvironmental factors on the cnzyme systans
of tissue culture cells :

MATFRIALS AND I THODS

The Hel a ecddls used were continuous!y grown in a medium containing 30 per cont
of pooled heat anactivated and filtered human scrum tn Hank s solution Dctails
concerning the culture and properties of this Hd a el line are to be found i the
paper of Pentlinen Saren ef «f (1958)

Succinte Dehydrogenase

After the culture medium was pourcd off the cddls were carefully mnsed twice
with sabne The substrate solution was preparved according Nacklas Taou et al
(1957) except that 02 ml of 005 M Mg(1> was added to 1t The cells were 1ncubated
1 the culture tubes for 2-3 rs at 37° In som¢ experiments 750 mg of polvvnsl
parrohdonc (\MW 11,000 | ight) was added in 10 ml of substrate solution Some
tubes of these series were frozen n acetone—sohid carhon dioxide mixture before
ane¢ubation In all cascs a control preparation was incubated m a medium from
which succinate was omitted

€ ytochrome (xidase

The cdls were rinsed with saline and iocubated at 37° for 1 hr in a medyum
prepared according to Bursfone (1979) and contamming p amino diphcnslamine
(Fluha) and 1 hsdroxy naphtoic acid 2 (Fluka) The reaction product was chelated
with cobalt 1n 5 per cent neutral formalin einsed rapid!s in water and mountad 10
ghveerine jedly

feuctne Aminof epiidase

The cells were rinsed and ncubated at 37° for 2 hrs according to Vachlas et al
(1958) The copper sulphate uscd for chelation was dissolved an 5 per eent neutral
formalin After fixation and chelation the cedls were dehnvdrated and mounted an
Datex (Bofors) The lcuev] 8 naphthvl amide substrate was prepared by Dajac
1 aboratorics As coupler Fast Bluc B salt (I€T) was used

45 eslerase
Part of the cells were fixed for 5 min in cold neutral formalin after the rinng
The method of Gamort (1952) was used with
N N )strate and drazotized 4 amino 25 dicthoxs
s coupler The cells were incubated for 2 hrs
at room tamperature The nucla were counterstained with carmalum snd the eclls
mounted an ghheenne jellv

Alkaline Phosphatase

The cells were rinsed woth saline and fixed an cold ncutral formalin fir 5 mns
The reaction for alkahine phosphatase was performed according 10 Pearse (19603
the stable dyazotate «f 2 henzovlamime 4 mcthoxy toluidine (Fast Viclet Bsalt Icn
being ustd as s ppler The incubatyen time was 15 30 minutes at ro m temperature
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Actt Phosphalase
hatase The reaction was
fixabion was the same as for slhahine phosp!
m:ti‘:sal:‘rgn:;lix I:Pnn( the stable diazetate of § ammno 3 1 dimethsl azobeniene

(kasy Goenet GBC salt) being used The sacubation time was 1 hr at reom tempe-
rature

3 -nutleot fnse

The ninsed cells were incubated for 2 hrs at 37° in a medium prepared accrding
methad of Wackstern & Vewsel (1927
“‘T“ﬁi m:&nngmmls of the tmethnds are presented tn the Tatle T tegether with some
results

TABLF 1
1 ovt Taeatizat o1
Frizeme Pre fisation Incut ation Mamon pejrriatt
Succmte - 2 3hraat +37°C Formol  Vitochonana
dehy drogenase PVYP adled saline (O
3 fochrome - 1hray 437°C Cepalt Cstoplasin
oudase (emahin
fevesd amine - 2hrsal £37C°  CusO,  Crloplasm
peptidase fcrmalm
Naghthel AS - 2hes at rocm - Cstoplasm
esterase temperature «ften umilat
near nuclevs
Ahalme Neute formalin 130 mins at Crtaplasm
phasphatase Smas at +4°C  reom
temperature
Neute formalin  $hr at room - Cyioplasm
phosphatase Smins at +4°C  lemperature aften umlat
near nucleus
3 nuefeotidase Zhes at +27°C  Foarmalin Suclear
structures

RFSLITS
Sucetme Dehydrogenase Fig 1

‘The achsity appeared s seemingls mtramatochondrial formazan de-
postts, evenls distributed throughout the eytoplasm I polyvinyt pyrro
hidone was omitted from the mcubation medim the deposits were lar
gee and uneven 1n size, and the preparations appeared darker than the
corresponding ones meubated with polyvinyl psrrohdone Controls
cubated without substrate wese negative in both sacey Freezing, and

esult

Ppreparation 1n

ost giant cells
v

sl achinaty thaa the normal loohing cells
(ytochrome Oxidase Fig 2
At the sites of achnhy

» browmsh Black granules appeared fairi
evenlt distribuled 1 the ovtoplasm In a few cells the grannles \\cr)e
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Suceinic dehydrogenase Oby X 40 Fanal enlargement 500 X I1he activaty is 1 ealized
to coarse granules 1o the 3 toplasm sngacsting matochondria A multinucleed giant
Il with rather pronounced reactinvity s seen to the left
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(stochrome oxatase Obp X 40 Final enlargement 500 X 1he reac

q:numl the nuclcus espeaialls 1n a large binucleated cell in the upper jart «f the
photogeaph To the T1ght 15 scen 2 degeneratimg eell with condensed evteplasm
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situated predominanthy umiateralls close to the pucleus In the m unn'\)
of the cells aggregates of these granules could bt seen surrounding the
nucleus o reaction however was present in the nucleus stsell A1l the
cells of the population seemed farly evenly stawed

Leucine Amnopephidase Fig 3

The activity appeared as purple or purplish blue pranules throughout
he cytoplasm The ntensits of the reaction rarted greathy {rom cell fo
cell n the same population Usually 1t was most intense 10 the cells
growng, in the nuddle of the coverslip Some gimi el showud mor
achisits than the normal sized cells and some less

AS Fsterase Fi 4

A bright blue finelv granular precipitatce ndicated the activty of
esterise The reaction in the eells seemed to be most intense 1n the evio-
plasm unitateralls m the vieimity of the nueleus 1 fact which 16 sug
gestine of the Golgi apparatus {Sandritler 1928) The nucla werc com
pletely mactive which enabled them to he counterstaincd with car
malum The reaction was usually rather umifarmly distributed among
the Inang cells of the Jopulation The giant cells however appeared to
be more active than the cells of normal size

Frxation with formahn caused diminution of the intensity of the
reaction and did not improve distinetness of the localization

Alkaline Phosphatase T o

A brown or brownish black precipitate formed at the sites of achivits
n the cytoplasm The actinaty was Beneralls strongcst arann 1 #ha n ot

@ u Lpiepatuons otten appeared patchy The patch
mess could be avorded howeser o a certam dupree by rajud fixation
with formalin which does not diminush the actinity In seemungh ho-~
mogencous preparattons the actisity of different cells vanied The giant
cells ver, affen shamed « low ackroly

Actl Phosphatase Fig ¢

The activits 31 pearcd very Ike that of alkaline phosphatase hut was
on the whole more evenls distributed The reddich brown granules were
manly situated unidaterally close to the nuclei n the cvioplasm In

giant cells a distinetls hugher activity could be seen Formalin hixation
was faund to give good results
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Fig 1
Suceinic lehvdrogenase Oby X 40 Final enlarg ment 500 XTI ¢ actisity 1s localized
to coarse graoules 1n the cvtoplasm suggesting mitoch ndr a A multinucleated g ant
cell v 1 rather pronounced reactivity 1s secn to the left
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Fig 2
Cstochrome oxidase Oby X 40 Final calargcment 500 X The reaction s strongest
around the nucleus m a large b 1 cell 1n the upper part f the

photograph To the right 15 scen a degenerat ng cell with condensed evtoplasm
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<ituated | redominantis umiaterally close to the nuclcus In the m yority
of the cells aggregates of these granules could be scen surrounding the
nueleus Vo reaction however was present in the nuchns itself Al the
cells of the poj ulation seemed farly evenls stmined

Leuctne Amunopepltidase Tig 3

The activity apj eared as {urple or purplish blue granules throughout
the cyto lasm The intensits of the reaction varied greatly from cell to
cell 1n the same population Usualls 1t was most antense m the cells
growing 1 the middle of the covershp Somu grant ccdls showdd more
actiaty than the normal <ized cells and some less

AS Esterase Fig 4

A bright blue finely granular preeimtale indicated the ctivity of
esterase The reaction in the cells seemed to be most intunse m the evto
plasm umlateratly 1n the viamity of the nueleus n fact which s sun
gestive of the Golgr apparatus (Sandritter 19>8) The nucler were com
pletelv nactine which enabled them to be countcrstamncd with car
malum The reaction was usually rather uniformls distributed among
the Ining, cells of the populition The giant cells however appeared to
be more active than the cells of normal size

Fixation with formalm causcd dimmnution of the intensits of the
reaction and did not improve distinetness of the locahization

Alkaline Phosphatase Fi, 0

;\hhm\\n or brownish tHack precipitate formed at the <ites of achi ity
:l:mc estoplism The actinaty was generalls strongcst around the n elo

lhul drauoens otten appeared patchy The patch
owerer, to a certain degree by rapid fixation
with formahin which does not diminish the actinity In seemingly ho

mogencous | reparations the activity of diff
cells very often showed a low actiyity ot elisvamed The giant

ness could he warded

Actd Phosphatase Fig 6

The actinity apy cared very hike fhat af alt -1 osphatase but was
own granules were
the evtoplasm In

. Fo
oo 1 s rmalin fixation
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I cucine aminopeptidase Oby X 40 Frmal enlargement 500 X The enzyme actinity

15 evenly distributed i the cvtoplasm The contrast scen i many nucleoli 15 pre
sumably duc to an wnspeafic reaction

5 -nncleotidase Figs 7aandb

A positive reaction was indicated by brown deposits almost entirels
restricted to the nucler, the nucleoh being most intensely stained In
diniding cells only the chromosomes scemed to be colourcd In giant
cells some activity was present even m the cytoplasm

DISCUSNSION

Durmg these studies we have noted that it 1s possible to handle cell
cultures with the rouhine histochemical methods YWhen the nnsing of
the cell cultures 1n the tubes and pouriag of reagent solutions 15 care
fully done, practically all the cells are preserved The obseryations con-
cerming the effect of fixation are compatible with the mformation
Pearse gives about the tissue enzymes m his hook The edlis can he
fixed with cold neutral formahin before demonstration of phosphatases,
this 1s even preferable The AS-csterase actinity, howeser, 15 dimimshed
by fixatien Succnie dehydrogenase, ¢y tochrome oxidase leueine amune
peptidase and 5’-nucleotidase do not tolerate ¢ven a short fination

The observed loealization of succinie dehydrogenasc very probably
corresponds to the mitochondria \When these ware osmotically pro-
tected with polyvinyl pyrrohdonc (Scarpellt 1958), the formazan dc-
posits were quite uniform 1n size and intensity of colour Without pro-
tection, the deposits were variable 1n s1ze due to swelling and possibic



ki 4
Naphthol 1S esterase 013 x 40 Final e)nlzrgtmznl 200 X T the left a giant cell
exh b Ung a strong Teact 1 as seen In s me ather cells unilateral Juxtanuclear ac
Lyity may be Dscrved Ahove the € ant cell 15 situated a copdenved cell Tie pro
minehee [ the nu lear Structures depenls up N ¢ unter stayming With tarmalum

rupture of the mitochondna which evun causes an anpcrease n the
intensits of the reaction In osmotically protected cells preparalions
the most actine cells (grant cells) pparently have a greater densits of
mtochondria

The localization of leucine ammopeptidase seems not to be connected
with any cytoplasmic structure The dve granules formed are relatively
evenly seattercd in the evieplasm with a shight tendeney to concentrale
unilateralls close to the pucleus This ts not quite 1n agrecment with the
obsersations of Sandruter (1928) who elums that aminopeptidase 15
present predomnantly in the region corres onding to the Golgi apra
ratus Whether the deviation belween his results and ours s due to
differences in techmigue cannat be deeided since no detarls of the
method used were given n his article In thes connection it should also
e pomnted out that HeLa cell stramns used i different 1aboratories mas
differ very much from each other

The actinity of acsd phosp hatase and AS esterase however 15 greatest
1 the stemity of the nucler umifaterally o that the reaction product
forms a find of pointed cap on one side Thiy probabls indicates the
e of the Golgt apparatus a» suggested by Sandritter Using Naphtho!
AS acetale substrate no reaction on the surface of the cell could he
demonstrated Thiv 1s 50 contrast lo the results obtamed by Gropp



Fig 5
Alhaline phosphatase Objeetive X 40 Final cnlargement 500 X T1he reaction typie-
ally varies from cell to cell Giant cells with low actraty are scen in the middle and
to the right

Fig 6
Acid phosphatase Oby X 40 Iinal cnlargement 500 X The actinaty an the grant ce))
1s vers marhed In the upper Jeft part a condensed degenerating cell 1s seen In some
cells umlateral juxtanuclear activity 1s visible
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Jan Y -
Figs Taand b
5 nucleotidase Obj X 40 Final enlargement 500 X
« Localization 10 nuclear structures In the giant cell a specifte reaction is also
enceuntered 1n the ¢vtoplasm In the other cells black apparently nonspecific depo
sits of lead sulfi l¢ appear

b Somewhat abeve and Lo the left of the middle 15 a cell under,
eing mitol,
dnision The chromus mes sxhibit str g reactivity
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All aline phos P atase Ol jectiie X 40 !inal enlargement 500 X The reaction B¢

alls varies from ecll to cell Ciant cells with los actisity are secn in the m ddie and
to the right

Ly ¢
Artl1th latase Oty X 40 Iinal enlargem nt 500 X The actisty intle g ant cell

15 vers marhe ! In the 1 per Ift part a ¢ nden ed degeneratang ccdl s scen In some
eclls sanlateral juxtan sclear activaty 1s v sitle
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(1959), who uscd a-naphthy! acetate as substrate and found the ac-
tivaty predomimantly on the surface

The reaction for alkaline phosphatase, too, scoms to be most inlense
round the nucleus, having a tendeney to umlaterahty, although nover
as much as acid phosphatase and osterase

§’-nucleotidase differs from all other enzymes studied m this work
Its activity 15 almost entirely restricted to the nucleus, particularly to
the nucleolr and apparently to the chromatm structures In mitotie cells
the activity can be seen in the chromosomes Only the grant eells (v
Jubit achivity 1n the ey toplasm, where 1t 1s unlaterally distributed elose
{o the nuclens

In all preparations some degenerating cells could be seen These ap-
peared darker than any other cells m all the enzyme 1eactions studid
This phenomenon 15 partly due to shrinhing of the ¢ytoplasm and
subsequent condensation of the cell and probably does not indicate any
real increase of activaty In grant cells the nercased o1 decreascd ae-
tvaty s real and mdicates deviabions i the metabolinm

The differenees noted m this work between the cnzyme patterns of
the ordmary HeLa cells and the grant cells suggest a possibilily for
detection of metabolically dilferentrated cells of the same stran, assum-
ng that the experiments are made with a suffictent number of controls
Some pilot tests made are quite encouraging (Forfeltns ef al 1960)

STMMARY

Suceinie dehydrogenase, ¢y tochrome oxudase, leuvine anunopeptidase,
AS-esterase, alkahine and acid phosphatases and 5-nucleotidase have
bheen demonstrated in Hela eells

Succinie dehydrogenase 15 present m the nutochondria in the eylo-
plasm The localization of acid phosphatase, AS-esterase and to a cer-
tain degree even alkaline phosphatase and ey tochirome oxid ise, 15 most
intense 1n the cytoplasm m the vty of the nuelas, a fact suggesthive
of the Golgy apparatus Leuame anunopeptidase 1s evenly distributed
throughout the c¢3toplasm 5-nuclcotidase 15 present only mn the nucleus,
espeetally in the nucleolt of ordimary celis In gant cells even the yto
plasm shows activity
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FROV STATENS SERUMINSTITUT, COPFNHAGFY

HAEMOPHILUS VAGINALIS AND ITS ROLE IN VAGINITIS

By

S P Laracr?
Recenved 24 60

Several papers have recently been published suggesting that many
cases of vaginitis are due to small Gram-negative rods, and claims hase
been put forward for the recogmition of a new speeies ealled Haemo
philus vaginalis Howesver, the reports on the charactiers of the organ-
1sms which have been considered H paginalis differ in some important
ways among themselves A general summary of the deseribed characters
of H pagqinalis and of the clinical condition, 15 given below Table 1 hsts
some of the characters described by various authors Tables 24 and 2B
Iist the ineidence of H vaginalis, the ty pe of cases investigated and the
diagnostic crifer1n

H pagtnalis 1s a Gram-negative, small, pleomorphic rod Cocco-brerl
lary forms are common It 1s fostidious 1n its growth requirements, and
the best medium for 1s0lation 15 Casman’s blood agar (Casman 1947),
or a symilar medium  Incubation with added carbon dionide aids the
1solation The colonies are small at 48 hours, and the organism mas or
may not lyse the blood The organism shows some biochemical actinaty
and ferments some sugars, producing acid The reports of its sensttivaty
to ant:biotics vary considerably It shows little or no virulence for small
laboratory anumals

Infection may be symptomless, or may be accompimied by a mild
agmmitis H vaginalts 1 reported to disappear when trcatment s sue-

1 The author 1s now at the Department of Bacteriology Unneraty College
Ibadan Nigeria

This work was ecarried cut at the State Serum Institute Copcnhagen under a
Carlsbery, Wellcome Travelling Rescarch Iellowship and a further grant from the
Carlsherg Toundation to the State Serum Institute to contimut the work

I wish to thank Dr J Orshov and the staff of the State Scrum Institute for their
help and kindncss espeesally Dr A4 Regran whose department the worl was donc
Dre H Iautrop and B Rorner for thur help and advicc and Miss dase {anqhorn
and her staff who so patiently prepared the media My thanhs are alse duc to Drs
I G Bertelsen Find Andcrsen and G Stalumann for the spuamens and dincal
detarly

t';;’lr § T Cowan of the \ational Gollcetion of Type Cultures Tond n kindly sup
plied strains of Haemophilus spp Professor C R Amtes of the Unnersity of Alherta
bad Dr 4 Fpquem of LInstitut Pasteur Pams strains of H tagimahis and Nir
I %-abo of 1undbech Pharmaccuticals Denmark  the stran of I tapnalis from

Drs Gardner & Dukes
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cossful Human solunieer expeniments are suggestive, though rln;m;
expenimental mfections were obtatned when discharge was moc;xgz:rc;
saginally than when pure cultures were used (Gardner & Dukes 5

TABLF 1
Same of the Characteristics of I raginalis as Hesertbed by Other Authors

! &
! Candner & Wureh ¢ Amtes
1eapold tuz Janes
! W D 1
Gram stain -— - — orvanable - s
Pleomorphism Some “ame Snm‘al \lz::..:r
Colony size Small small Sma £
Lysis B Sany Greenng & 8 -—
Oxidase — v \_‘f T
Nitrat —
2 nexd Murcacrophl  Microaerophil \S Aerabic
Improved CO_ \S + - -
Glucase 4 4 A 1
Lagtose — —
Vartous ofher sugars lested with same tqriable resulls
Pentcillin \S R 5 4 o R’
Streatomyen \S R Serkt N
Chloramphenicol NS R(S) s
Tetracyelmes S s & \S
Hacitracn S S s (Y

NS = et stated 1o report

The reported incidence of the orgamism n cases of vagimitrs varied
from about 3 50 per cent, and 11 one series 1t was not found in any case
They are gnen 1n Tables 2 A and 2B (Doll 1958) It was common to
fannd ot ted wath Trch hiy and Candidn albscans

Diagnosis was made on chmeal grounds, en mMicroscopieal examina-
tion of stamed and wet films of the discharge, and on cultuce of the
organism 1in most eases Howcver, n somte of the reports, dtagnosis was
made wathout culture According to Gardner & Prles (1955, the ot
gamism was often the only one found on the 1solation plates hut most
of the other authors do not regard this as common

The staind films showed numerous small Gram negatine pleomor-
phie rads Fputhelial cells were plentifut in the wet mounts often show-
g a refracidle cstoplasm due o the pactemal masees on tham Gardner
& Dukes (1933) called this the *clue cell” The other authors have
remarked that sueh eells nere and dhagnostic i the +|

1 eucoeyles were considerid seanty by most authors, although Amees &
Jones (1957) found them frequent

Zeopal { 119:3) was the first Lo desersbe the wolatu v <€ such an organism and
hay symmarized

ts characters n 8 mere recent sympowtim (Leogal{ 19+6) H
falated i from the urines of men and from swabe of momen with very POV
f the men

in Whem it was frund had prostatitis with or without uref
thritig
(e toer & Duker (1751 1425) weolated the orgamsm from cases of saglntts and
a



FROM STATENS SERUMINSTITUT, ( OPFNHAGEN

HAEMOPHILUS VAGINALIS AND ITS ROLE IN VAGINITIS

By

S P Lsrwa?
Recened I3y €0

Several papers have reecntly been published suggosting that mmy
cases of vagimtis are due to small Gram-negatiy ¢ rods, and clatms hune
been put forward for the recognition of & new species called Haemo
plulus vaginalis However, the reports on the chiracters of the orgn-
1sms which have been constdered ' vaqunalts differ in some mport it
ways among themselves A general summary of the deseribed chargeters
of I paginalis and of the chimieal condition, 15 given bolow Table 1 hists
some of the characters described by various authors Tables 24 and 2B
hist the incidence of H vaginalis, the type of cases mveshgaled and the
dugnostic critenia

I paginalis 1s a Gram-negative, small, pleomorphic rod Cocco hail-
lary forms are common It 15 fostidious n ats grow th requiremnts, and
the hest medum for 1solation 1s Casman’s blood agar ((asman 1947),
or a similar medium  Incubation with added earbon dionide ads the
1olation Tle colomes arc small at 48 hours, and the organism may or
may not Ivse the blood The org umism shows some hochemical activity
and fermenls some sugars, producing acad The reports of tts sunwitiaty
to antibiolics vary considerably It shows hittle or no virulenee for smll
Iaboratory anumals

fufecfion may be symptomicss, or may be accompnted by a nuld
vaginihis I pagnalis 1s reported to disappear when traatment s sue-

1 The author 1s now at the Department of Bactericlogs  Unwnersty College
thadan Nigeria

This worh was cirried out at the State Scrum Institute Copenhagen under 2
Catlsherg Wellcome Travcllimg Research Lellowship and a further grant from the
Carlsherg Foundation to the State Serum Instiute to continue the work

I wish to thank Dr J Orshor and the staff «f the State Serum Institute for thew
help and hindness espeaially De 4 Regn i whe se department the serk was done
Drs I [antrop and B Rorner for thar help aud advice and Miss dase Langhorn
and her staff who so patiently prepared the media My thankhs ar¢ also duc th Drs
1 G Bertelsen Find indersen and G Stakemann fcr the speaimens and chimeal
details
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. ’ the necessity for
methods of Gardner & Duhes Breft & Loken Debray (1959) stress
Tor » suitable transpori medium & Fich medum for growth and incubation §n
carbon dioxide

TABIE 288
Distributions of H taginalis 1n Male Patients

el Dingnostie
Author Total Type of case yosinatts ingnost
i
Jeopold 1953 965 Unknown All posstive 55  Cult uriney
cases had prostatitis
]~ urethritis
9 Husbands of wives with  #45  Cult urines
positive cultures
18 Mistory non speeific 11 Cult unines
urethntis
Gardner & Dukes 1955 6  Hushands of wises with 100 Cult urethral
recurrent infections
47 Mushands of wies with 98 Cult urcthral
If taginalis infections
*  Husbands after cxperi- 3 cases  Cult urcthral
mental inoculation of
wives
Mav & Maughan 1956 12 Wanes infected and 50 Smesr urethral
resistant to treatment
Amies & Jones 1957 371 \on gonmncoceal urethratss 8 Smear urethral

SATERIAL
Group 1
Prehminars work was done on ot e .
arehiminar 'as done on several hundred : o
and incubated . . s
. (described befow), as 1

selection
Group 1T
Smears and

cultur
vcriod of tite < es {com :\6 patients were examined all in e <hildbearing

divided into - = They were
n a printed R : who filled
cinical state - . ermine the
determint-z ¢~ . .

were nor . L S .
mans we i .. .
percentay 3

The fouowng ¢ sotn

Piteria Were waed for classifieation
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from some of the husbands of these cascs They named the organism Haemophtlus
vaginalts and deseribed the clue cedl and ehnical condition 1n a surves of just
under 1200 pabents They reported and discussed the mmcrdence of mfections with
T vaginalis € albicans I vaginalts and other pathogcns, and the resulls of volun
teer experiments Gardrer Dampeer & Dul es (1957) deseribed a similar surves of
aver 3000 private and elinic pathients

1ABIE 24
Ihateibution of I vaginalis i ! emaly Paticnis
No of it M ignostie
Author eases Type of case .“.‘,’f'ﬁ’.‘l’{‘- { ’t'ri‘ll';m
!
1 capold 1953 58 Carvieitis &+ f—erosion 27 3
Gardner & Dukes 20 Prisatc obstet & gyvnac 485
1955 43 Olher conditions ¢ g cemvicitis 0 WALS(
78 Normal controls 0
Gardner, Dampeer 1211 Vagimites 4 WAS(C
& Dukes 1957
Threh & Lutz 560 I cucorrhoca 22
Tutz & Wurch 100 Normal pregnancy 20 5C
1958
126 Trichomonas cases 2845
Hay & Maughat 991 (jmic obstet & Gynac 1
1956
was
% Pregnancy & vagimitis 40 [
Amies & Jones n Cases of carviaitys 51 WAL C
1957
829 Grade I ccrvieal smears 41 S only
positive asaslable
smears
Brewer ¢t al 211 1 cucorrhaca 42 WALS+/ (€
1957
Doll 1958 300 Vagimitis [} WMSC

* The percentages are difficult to derne in some of these reports but have been
worked out from the available data WA - Vet Mount §  Staned smear ( Culture

Tutz & Wurch (1951 had noticed the common oceurrence of small Gram nepative
rods 1n the vaginal florg during presnancy Later (Warch & Fatz 1955 futs ot al
19568 b 1957) thes reported further study of these organisms and of orgamismy
from cases of leucorrhoca Thear chinical description agrees substantially with that
of Gardner & Dules (1955 They named thor orgamism Haemophifus 1 aginatis
haemolpticus and stresscd its frequent occurrence with T t aqinalis Ray < aughan
(1996) described a series «f cases but bascd thar diagnosis on chinal grounds and
wet mounts and smears alone Brewer ct al (1957) described a series of eascs using
clinical microscopical and somutimos cultural grounds for (sagnosis dmes & Jones
(1957) imvestigated casta of cerviaitis and found a much lower incidence of thar
arganisms ( Fables 2A and 2B) and rather different characters (Tablc 1) They uscd
2 serum seast medivm for 1sclatim unlike the other authors whoe all used blacd



39

4nd a Wthium chioride Jaury1 sulphate choeolate agar (for vocipes, tee helow) With
most of the specamens, none of the selectie media offered any advanlage over
carefol examnation of a well spread Casman's medium plate The plates were
\ncubated at 37° € for 48 hours with approvimately 8 per cent carkon dinvide and a
moist atmosphere 12 a closed jar
The plates were examined at 48 hours and films made of all the various type of
. ¢ ’

3% 24 hours and then fims were prepared and stamed by Gram’s mithod The
plates were kept for a further 4 5 days at 37° C without added earbnn dioxide, and
examined for any new type of colony, and further differentiation of the original ones

AN the small rods proving Gram negative deeply staimimg or Gram variable and
some Gram positive rods, for purposes of comparsson were hept and frecze dried
They were also subcultured on 1o a nutrient agar plate with a Ygrey alr coccus™
streaked across it Gram pegative rods, obyiously not of this series, which grew on
nutrient agar were rejected Such rods included coliforms and a few miscellaneous
ofganisms such as B amitratum, Pseadomonas spp etc

Meda used -

* 50 £, veaut extract

. thioglycollate 05 g.

* for 20 minutes Div

ws wet wtas sun and plug with wool plugs

s
tmpregnated with paraffin wax
asman "’l‘rdl"m (Fasman 1947} (Ortinal formula) Bacto orateose nentans
- 3 stacssdnikute 2o per cent hlood and 75 per cent wat
Th; h‘;lcr 121\ l;t nmlllr({l if the blood is slighily lysed be storage er?
Gardner & Dukes modified (his sightly by adjusting to pH 75 and
‘t‘Y‘I: r'hbl: blood Their method was followed in this i‘mm".mﬁ» 1108 S per

1aU LT INE UeL) ated h
Heat in 3 water hath at §0° G far o genriiated horse blood (87 per cent) and mix

C for a f
Jat In 3 water bath or a few minutes, fo chocolate the medium (ool to
Add 300 ml of stenle ascitic flud which has becn warmed 1o 350 C Pour plates
wr g aalty w  aedliug o4 Dath at 80° C
ot -
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Condition No of | Obligatory Symptom i Qbligatory Sigms
cases (Subfective) | (O} Jeein e)

Vaginitis 30 Discharge Inflammation of vapinal
wall redness ovedema cte

Cervictts 20 Discharge Tisible ceryvicnl Tesion

Vagnitis and Ceryietis 8 Discharge Sipus of hath

Discharge 20 Discharge Discharge scen

isec Haneous 6 All had Discharge  Mliscellancous--for example
fibroma of uterus

Normal 32 None No abnormality of gemtal

tract dotected

4 fun of the patients with vagimitis with cervicatis ind with both had adnoxatis
as well

The series consisted of primary speamens only  Follow up specimens were not
included No cases in this series had reeent treatment In 24 per cent of the cases
the plates were overgrown with Prodeus spp these cases were removed from the
series The specimens were not examined for abligate anacrobes ar Mycoplasma spt
Yeasts were of Yow wncidence (3 Torulopsis glabrata 2 € albicans) but no speenl
medium was used for theie 1solation 7 rageralny was loohed for 1n wet mounts frem
many of the hospital patients but the number of cases was too small to relate
statistically etther to the chinieal condition or the meaidence of Gram negative rods
However the cascs in which 7 1aginalis or veasts were found hase been retamed
in the series and therefore at as posmible that they were the prime caust of some «f
the cases of vagimtis

The pH was determied by the cdimaans using pH papers but thay found that
the mcthad was difficult to apply and 1ts use Was discontinued

PROCIDURI

Fiims ~ Iwo smears of the discharge were made ustng an ordinary stenfe sW ab
and stained one by Gram s method and one with Iecishmans or Giemsas stan
They were examined for clls and orgamsms

Wet mounts were not examined for cluc cells largels bocause staining appeared
necessary to determine what kond of organisms were on the cddls Itas possible that
chue cddls 1 stamned films showed u diffcrent mcidence frem clue eddls in wet
mounts the method used by some of the vther authors and that artefacts wre
ereated 1n stawning In same eases clug cells appeared to he duc to the large number
of bacteria on the films <o that many organisms coated the cells bul often when
there were large numbers of organisms duc to the proces of drying thoy tended
to be massed round the edges of the cell rather than on 1t causin, an appearance
differing fram that of a clue cell In other cases at ~eemed that there were clumps
of arganisms on some of the epithchal cells whale the ilm as a wholc had a lower

N b 1oa gy v ame physheal aliraction by the
ree types of Jdue cell were found
(true (ue cell) those wath small

Gram negative rods mixed with other orpamsing tmixed (ue «el) and those with

other organisms only (false cluc cell)
Cultures  Swabs werc taken from the posterir fyrmix wath stersle precantions

vsing a buffered Charcoal img regnated swal (Stuart et al 1924) They werc placad
immedtately i a thioglyec llate transport medium which was prepared freshly once
2 week but with no resazurin or mcthvlene blue i 1t Thoy alwavs reached the
Jaboratory within four hoars of having been taken oftea within a shorter ime

They were plated onto Casman s blacd agar ( Casman » Medium ) with and with
out a pemathin tablet Casman s medum with 1/500 000 crystal sidet a checolate
agar with addud satse flnd { Modafict Mcl cod s Mudium ) (McFeod <t al 1934)
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2nd a lithium chloride Jaury1 sulphate chacolate agar (fi r recipes see below) With
most of the specimens none of the selective media offered any advantage ever
careful examination of a well spread Casmans medum plate The plates were
1ncubated at 37° C for 48 hours with approximately 8 per cent carbon diyide and a
moist atmosphere 1n a closed jar

The plates were examned at 48 hours and films made of all the various type of
¢ lony on the plate not only those conforming 1o the deseriptions of 1 vaginalis
and stammed by Gram s method Subcultures on to Casman s medium were made from
single colonies of all Gram negative small rids and all suspicicus Gram positine or
Gram variable rods Any type of colony which was too sparse or too small to film
was The were with added carbon dinxide for
18 24 hours and then films were prepared and staned by Grams method The
plates were hept for a further 4 5 days at 37° G without added carbon dioxide and
examined for any new type of colony and further differentiation of the original ones

All the small rods proving Gram negative deeply statung or Gram variable ani
some Gram positive rods for purposes of comparison were hept and freeze dried
They were also subcultured on to a nutrient agar plate with a  grey air coccus™
streaked across it Gram megatne rods obyinusly not of this series which grew on
bulrient agar were rejected Such rods included e« hiforms and a few miscellaneous
organisms such as B amtratum Pseulomonas sip etc

Vel aused -

Thtaglgeollate transpart medium
“P‘ancrer-l.: digest «f casein BEL Trypticasc 150 g dextrose 50 £ teast extract

) pus 1 WWI Jurathin wax
| Casmans medium (Casman 1947) (Original formula) Bacto proteose pebtone

Ad
1300 m1 of sterile aseapre 1010 which has heen warmed to 5¢° C P sur plates

Lithirm Chlorile Lauy,
Baen
Sod

gl sulphate Vedum

hr
Pou =
o

-t
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from their 24-hour subculturc It 1s possible that these cultures were mixed but the
shape and vize of the cells of any strain remained constant, the strains were filmed
many times, and 1n some of the cases serial single colons solations wcre carried out

The films were made from 18 hour old cultures from Casman's medium plates
and the staning proccss was controlled with a gonocuccus and a pncumococeus
The method of Gram staiming was with carbol methy1 violet and carbol fuchsin and
the constituents and method of preparation of the stains is given 1n Aristensen 1953
Decolourization was carried out with 99 pecr cent aleohol applied for 2 minutes

Types of the Small (olony Found, and Thewr Nalure

Many of the small colontes found on the plates were circular, entire,
shiny and melted on touching The majority showed no speeial differ-
ential characters, but some were flatier or matt or distinguishable in
other ways Many caused shight greeming of the blood medium round
the colanies Lysis was unusual and nearly always from Iyhic strepto-
coccl or larger colonies such as micrococet or cohiform organisms The
small Gram-negatine rods did not scem o produce a colony easily
distinguishable from those of many of the small Gram-positive stramns
a- or y-lytic streptococcal colonies were less easily confused

Many of the authors deseribed “melting on touch” as characteristic
of H vaginalis This property 15 common to many of the small 24 48
hour colontes of both Gram-positine and Gram-negatine strams, al-
though, when older, the colonies of hoth types may he soft, but do not
melt on touching In general, when a 24-48 hour colony, or part of it,
could be moved about entire on the plate, then 1t did not consist of
small Gram-negatine rods

Strains of both Gram-negative and Gram-positine small rods, and of
many other organisms, caused greeming of the blood round them to a
small extent, but only streptococcr and some Gram-positine rods caused
greeming of modified McLeod’s medium

Most of these small colonies consisted of small Gram-positive rods
which would be described as “diphtheroids”, many showing palhisading,
snapping division, clubbing, barred forms, and other such characteri-
stics Microscopically, the Gram-positive and Gram-negative small rods
often resembled cach other in size and shape, though frank pallisading
was commoner with the Gram-positive, and clubbing and barring were
useful differential characters Large Gram-positive rods of the lacto-
bacillary type were also found, though their colonies were often minute
when grown aerohically on Casman's or modificd McLcods medium

The organisms, 1n general, were very deheate, and necded subeultur-
g onece a day an sold media to be certamn that strams were not lost
A heavy mnoculum was preferable They were sensitive to different
batches of media, and a few stramns might be lost suddenly, for no
apparent reason Eight of the thirty three strams were lost but as many
of thetr properties had been determuned, and as films of them were
avaulable, they have heen dlassified and meluded in the incudence of the
stramns On several oceastons, strains were only regamned from the

frecze-dried cultures
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BACTFRIOLOCICAL INVESTICATION
Source of Strawns

o4 strains of small Gram negatne rods were examined in detall 22
from the patients 1n Group 11 1o from the patients m Group 1 and 17
stock strans (3 H nfluentae 1 H parainfluen-ae 1 H sws, 1H
cams and 11 strams of # vaginals (one wolated by Gardner & Dukes
and 10 1solated by Amtes & Jones)) In addition 4 small Gram positine
rods were examined 1n detail for companison 26 were examined for their
antibiotic sensitiity only, owing to the differing reports on the anh
Iotic senstraty of I vagnalis

UFTHODS

cet1 naem n 1 per cent

o vou |
yeast extract and €2%5 per cent Japanese agar alded This will be referred to as

“sems sol d Casman s med um )

Colonsal morphology amount of growth and haemolpns were cxamined on
Casman s medium (rabl it Ho d) Four mamn types of effect on the blo @ were seen
1) the stra n d d not affect the blood at 24 hours but at 48 hours there m ght be
sl ght green ng where the grawth was heavs but n t round isolated colonies o

change occurred on further incubation (1) there was some greening of the blood
at 21 hours rn nd 1ha < .

. o es ) EDss

tezence of growth was tested on Fildes peptic blaod

UeCartnen 1ot Ty o5 tested [Fildes pep! k n-o exiract agar (Mach e €
195

ani
colo :
WAt w1 redy streaking @ grey arcae < be Suettm
- '
- a closed jar Such a jar
. { growth by ani need { ¢
. - - t
.
- "
. e . suem the

0 stra os which failed to
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Oxidase was tested for by rubbing a Iittle growth from a modificd Vel cod s plate
on to a filter paper on which a solution of tetra-methyl phenylenc diamine hyden
chloride had haen placed

Nilrale rednction was tested on Casman’s medium by noculation into the medum
near a piece of filter paper, soaked 1n 40 per cent KNOg and dried laid on the plate
(Cook 1950). The plates were incubated acrobiealls Anacrobic ncubation masy be
more successful for Hacmophilus spp Arcas of greening of 05 2 em diameter ar
more were shown by the positine stramns Some of the mitrate negatine strains caused
grecnung of the blood for a milimetre or so round the stab when a nitrate paper
was not present on the medium and possibly a very weak nitrate reduction could
have been mashed HyS production was tested for with lead acctate papers above
sami-sohd Casman®s medium Indole production was testad for by inscrting an oxalic
acid papcr above semi-solid Casman’s medium without glucose Sugar reaclions werc
tested woath semi-solid Casman’s medium without glucose or starch but with bovine
albumin to a final concentration of 05 per cent, and 00003 per cent Hacmin 1 per
cent yeast cxtract and 0225 per cent agar added

Antibiotic sensitivity was tested on Casman’s mudinm, using hugh concentration
tablcts (dihvdrostreptomyein 3 mg, aurcomyan 1 mg, chloramphemicol 1 mg, bac
tracin 10 mg) and measuring the zones of inlubition (Juend 1951, 1955) Pemcillin
was similarly tested using a tablet contaiming 25 1u Sulphathiazole (10 mg) was
tested on a peptone-free chocolate horse blood placenta hroth agar with addad
asertic flund

RESUITS
The orgamisms could be divaded into the following 5 types

(@) 23 I influenzae type (and 2 atypical strams and 1 I cants)
(b} 22 possible H vagtnalts

(¢) 3 musedlaneons small Gram-negatwe rods

(d) 3 Gram-negative to Gram-postlive rods

(e) Trankly Gram-posihwe small rods

The differentiating characters of the types are presented m Table 3
and discussed 1n the large print helow Other characters of less dag-
nostic value arc given m small print, hbut may be just as important from
other points of view If, m any ty pe, the number of strains 15 not given
for any tests, 1t can be assumed that all were tosted

ta) 24 U Influenzae Type

Tins type comprised 3 stock H influenzae, 1 I para-nfluenzae, 1
I sues, 9 of the 10 I vaginalis stramns from Amies & Jones, and 9 of
the 16 1solates from Group 1

2 atypical stramns and H cants are mentioned here They resembled
this type more than any other type They are deseribad below

Fhese morphologically rcsembled the stock I wnflucnzac strains
Pleomorphism was pronounced, filaments were often present, the cells
were bacilary or cocco bacillary and were umformly Gram-negaine

Their 24-hour colonies on Casman’s medium were errcular, cnlire or
SDhightly irregularly edged shuny, transparent flat domes up to 0.5 mm
which melted on touching At 48 hours they bec une colourliss, trans-
parent, delie tte colonies with regular or shghtly ieregular edges with
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rarsed centres, and were up to 35 wwae dranacter Tate rnlhq nr;crc::c(:
1n size up to 2-3 mm, the colanies differentiated showing “Iw'(rtfc ‘rci
and srregular edfcs, gning 2 poached egg type of appcnranclc “dnm\l:c
the general appedtance, although rmnoy yanatnns uccurrc;l. a ¢
of hoth Amyes & Jones” struas and of our wolates and I suts 8as
smallee colonies

TARLEF 3
Some ( haracteristics of the Strains lavestipated
1 | Miseetla Lram ot matt
IR e o ey
0 oEiYPC Tnaiy  negative  positive e rods  ve
| Yoo roun e
..
Number 23 22 3 3 . 3 Y
Graty stan” — ~N — —{ +
Marphologs + H W D el
Amount of growth N ) N
cotony size o ~ -
énlnn} im} 1ypet 22} Hy MoorD DorHy HyorD
Filect on rahbit
blond (plate)§ none G Gornonc Gorvine  {1orponc
GeowthanCasman s
without hload - - + ~(+3 -
Growth on Fildes
& Leynthals + - — — ~
Satelljtism + — -
Catalase + -
Ovxidase + - —
N\urate + — ~— —_
Peniesilin® Rors s 5 . ) ery
Bacitrasin s < “ o S
Streptomyein S 5 o 5 Sy
Chloraraphercol s S 5 s 5 s
fureomvcin < IS - < Sy

== Geam Begathe V = Gram vamable 4 == Grem hoswtsne
t B I mnfluen-ne Hy = as /1 agtnalis type D = Mifterent
4 (i == greening (sce text)

= one strain showed st shightly

¢ R==resistant S == sensitive S(r} Some ressstance shown by an occassonal xirain

The charaelrs of ths tape 1ot showen tnt Tahle 3 may be sumtmarnized
as follows  The growth on Casman’s medmym was faie 1 smouny but
more on modificd Meleod s mediam, swgle colonies showed) 1o €55ert
P R T

N BIstie strans
of : m ihs series)
The They gres on
a15¢

s~ b osactor onlv (the
stoce bt para wnflaenzae dnd 3 siram from dmies & Jones) Growth

was not improved by 8 per cent €Oz on Casman's or modified Mebeod's
wedir They showed the serobte type of growth i thogly catiate, thes
wirewmsinsitine 1o phenod red L1 strans only tested) , imdole was not
produced cxeept by the 3 stock ¥ eaflnenzae and 2 of Amirs & Jones”
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strams and H:S was not produced, except by the stock 1 para-influen-
zae, the H. para-influenzae hike stram from Amres & Jones and 1 H
influenzac type (weak production was shown by these strams)

The 2 alypical strains Both these resembled the H influenzae type
more than they resembled any other type One was a stran of H pagt-
nalis 1solated by Annes & Jones It was a Gram-negatne rod consisting
of long, fine filamentous cells in an entangled hair pattern The colonies
were flatter and larger than the H nfluenzac type and hecame rachally
striated after a few days It was g-13tic on rabbit bload, and produced a
soluble lysm, and was ovidase negatine It did not reduce mitrates It
produced He§ strongly

The other was a stramn from Group I This stramm was a tiny Gram-
vartable rod which formed small, dry and eoherent eolomies, which dif-
fercntiated after a few days and developed protruberances and resem-
bled a circular half bunch of grapes The organism was non-lytic on
Casman’s medium, but Iysed the hlood shghtly 1n the soluble Iysin fest
It was oxidase negatinve, did not reduce mtrates and was a strong H S
producer It was also relatively 1esistant to aurcomyem

In all other characteristics tested, these two straing resembled the
H 1influenzae type

H cams differed also Its colonies were larger, denser and of shiffer
consistency It needed X and not V factor

These two strams and H cams will not be discussed further

(h) 22 possible H vaginalis

This type cemprised the H wvaginalis stoch stram from Gardner &
Duhes, 6 stramns from Group I, and 15 strains from Group 1I 7 of these
strains resembled the others n all but morphology, and their growth
n the thioglycollate medium They are mcluded i this type, and the
differences are discussed below

They were Gram-negative or deeply staming They were more deeply
stasning than H influenzae and needed carefully controlled stainimg to
dctermine whether they were Gram-positne or Gram-negatine They
were small rods, often 1 pairs, approximately 02 to 04 X 10 g, or
sometines more cocco-bacillary Milaments werc not seen Pleomorph-
1sm was not stribing and was less than H influenzae The cells showed
a typieal arrangament differing from H anfliwenzae Brzarre and dege-
nerate forms wdre rare, even n 48-hour eultures

some of the strains were sharper 1 outhne, and less coceord, wath
squarcr ends They sometimes showed morc palhsading and sharper
angles between cells than the stock stramn Occastonally they deveddoped
granulcs at the (nds which dud not cause bulging of the cells Morpho-
Jogically, this type of rod s only distinguiskiable by the stanimng reachion
from strams of small rods with Gram-positive granules, whose whole
¢l becomes Gram-posiinne on subculture, and from certain frankiy

Gram-positine rods
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The seven strams presiously mentioned usually rt“i’mh]lcd‘:hc Il.
pagnalis type on films from the 1solation plates, hut am'l; subeu ull"(x’r;(;.
and especially on films of 48-hour cultures, they showed a "‘lm'(’ o
shaped, rather irregular loohing cell, which stammed unevenly, g 5:
the mass of cells a blotchy appeirance Indinidual cells also nl’l’el‘"?‘
more pleomorphic and degenerate Stramns were fouad which coul dl be
placed m a series showing all gradations from these to Gram-positive
forms where an uneven Gram-positivity of the cellgavea sular blotehs
appearance

21 hour colonies on Casmn’s medium were ewrenlar, smooth domes
with entire edges and shimy surfaces, up to 03 mm 1 diameter They
melted on touching At 48 hours they were still smooth domes and grew
up to 075 mn1, with a whitish tinge to the colony The mass of growth
was whitish grey and the colonies appeared whiter and denser than the
H nfluenzae type Later, no {further differentiation oceurred as a rule,
though in some of the strams the colomes developed a slight point,
giung the colony a low conical appearance Indnidual colontes mas
seachup o -1 S mm, and, 10 some straws, botl the mass af the growth
and mdmaduat colonies developed a shght metallic sheen The strains
showing the blotehy type of stainmng had colomes resembling the H
sagtralts type though i some stramns they were a httle smaller

The characters of the possible H vaginalis stramns not in Table 3 are
as follows

The gronth on Casman’s medwm was less than H inflienzae and
even poorcr on modified McLeod s medium  Ssngle colonies caused
greening of rabint blood i 2448 hours and some strans, on further
neubation, turned the whele plate chocolate and produced clear zones

round single colonies Soluble Iysin was not produced They did not
grow or very poorls, on ascitic fluid agar (results varied from batch to
batch) They did not appear to need \ and V factors but showed mhibi
tion by towc faclors 1n the medium They were sensitive to phenol red
{only 4 sirmns tested), growth was mmproved by 8 per cent CO. on
modilied McI eod s medium, more ot less indifferent on Casman’s me-
dum (one strains needed CO: to grow on modified McLeod's medium)

In thiogiveolite media 17 showed aerobie and 6§ mucroaerophilic 1y pes
of growth Indole and H $ were not produced

te) 3 Muscellaneous Small Gram \egaftwe Rods

All from the patients i Group 11 Thesc three strams all differed
from each other sn morphology and ofher characters They differed
from the possible i1 vagtnalts group 1n morphology 2 were headed and
Gram samable One was a thin weakly-staiming Gram-negative rod
Colonzally, they rcsembled the I vaginntiy type to a certain extent at
48 hours, hut later developed colonial diffirenees The colonies were
m geaernl, smaller than thos¢ of the other types Both aerolie :md'
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microacrophtlic growth in thiogly collate were represented i this group
The stram showing satellitism was not cheched for its X and V needs

(d} 3 Gram Aegafwe to Gram-Postfwe Rods

All from the patients 1n Group II Although this phenomenon was
common, these strains needed many films to ¢stablish their Gram-posi-
tinaty, and so were mcluded

Several such strams were 1sclated, but only three were examined in
detatl At 24 and 48 hours, the colonies of these 3 resembled the H vag:-
nalis ty pe, but later became flat and irregular They differed from each
other m morphology and 1t was not suggested that they formed 2 homo-
geneous group All these strans showed microaerophilic growth One
stram needed CO: to grow on McLeod's medium

{e} Gram-Postlwe Rods

4 were examined m detail and 26 for their antibiotic sensitivaty only
The strain showing satelhitism was not cheched for 1its X and V needs
All were from the patients i Group 11

Antibiotic Sensituty

All the H nfluenzae type were resisiant to bacitracin, and ather
resistant or moderately sensitive fo pemeillin Al the other types were
sensittve to hacitracin and highly sensitive to penieillin, grving much
farger zones than the H wnfluenzae type The stramns n all groups were
sensitive to streptomycin, aureomycin, and chloramphenicol, except the
atyprcal strain from a patient in Group I, which was relatively resistant
to aurcomycin and showed a lesser degree of sensitivity to chloram-
phenicol and streptomyein than the other strams  Sbhout half of the
strans mn each group were resistant to sulphathiazole

In view of the reports of the rcsistance of strans of H paginalis to
vanious anthibhotics, 30 strains of small Gram posiine rods were tested
and 2/30 showed moderate resistance to penicilhin, streptoms cin, aureo-
mycm and bacitracin None showed any to chloramphenicol

\o strains showed motilily spores were not scen nor did any grow upon nutrient
agar Cajsules were not demonstrated but were not cxtensives losked for

The poorcr growth on blood media of the If influcn~ae type may be duc to \
factor destroving substances 1n sera and espeaially red blood ¢efls of various species
(3% aferworth 1951) Admees & Jones noticed thubitran by sheep bload In semi sahd
Casman » medium the growth was either confluent cxtending al ng the stab or
discrete colonies formed sometimes fluffy The strams showed httle difference an
appearance Presumably these are the puff ball colonics  described by Gar Iner &
Dules All the strains grew acrobically Most of the strams of all sreups yrew an
aerobicalls but this point was not fully investigated There 1v somc djubt whether
H influen-ae will grow anaerdbicalls (Topley & Welson p 904) Buryes's Manual
considers 1t as a facultatne anacrobe

The viability was low and all but
two davs on Casman s medum at \
dails subculture was marg rehiable
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or wo Ionger In semt solid media thes Ined about a weeh The I influenzae type
Tined Tonger on all media A heavs anoculum was better for all of the more dehicate
strar
“’;h‘:shcal resistance was low for the few strains tevted They were Jalled by 50°C
for hail an hour This was substantially the same among all the groups

All grew at 30° C within a weck on Casman’s agar, except 3 of the miscellaneous
and Gram negaline to Gram posibie strains At 22° C,a few of the 1T influenzae type
and of the miscellaneons and Gram negatise to Gram positine strains grea None of
the possible }f vaginalis group gres

The strains withstood freeze dryang all but the ast few strains have been revived
from the freeze dried state

By the paper technique, If inflaenzae type were oxidase positine The strams
positine by this technique were negative or weak positive when the same dve was
R ' wn of the differing reparts on

o medium for determimng the
on to the production of acid
4y 4w jeutitede W SHLAL LEC Inedia and lunevall (1931) confirmed this, and
showed the stimulating action of small amounts of some carbohvdrates on this acid
production although no carbohvdrate was utilized The sugar reactions of I 1n
{luenzae have heen variously reported With many of the strains in all groups, there
was some aeid production in the controls and so fermenlation was assumed when
there appeared mnre acid in the test than in the control Other strains gave more
dlear cut results with a negative control With others, there was fcrmentation an
all of the tubes
In general acid was produced in glucose by almost all the strains, 1o laevulose
and dextnin by most and 1n lactose manmitol and sucrose by random strains
throughaut the groups “o gas production was ohserved with ans stramn Sugar fer-

mentation carried out by this technique did not appear particularly useful in
distinguishing the strains

Serology

0125 stramms dmes & Jones gsing an agglutmation test, were sble t show two
groups and 2 odd strains but thev had difficully from suto agalutinabilt
susgested that their strains become aut y fvned subettare.

af . . .
anc i . '
. wese 4 Slramns the M oame
. - . * type Further work has

Incidence of the Types 1n the Paltenls in Group I{

All the strains of H anfluenzae type asolated from patients were
derned from the patients 1n Group I Although these spccimens came
from both sexes all the stramns were 1solated from female patients No
stram of this type was found 1 patients m Group 11 Possibly this 1s
due 1o the low. wewdanae of 3 wrfbeercne Yype, 1D per cent 10 3 per cent
::n(:,r‘o.ulu‘l' 'lloll3 Group I and Group I1 specamens wore wlatand an +

“vs Mns woutonp | came fro C
The low incidenee \ From the Gronp e

ol I vaginalts ty pe strains from the Group I platcs
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1s artificial Experience had not been acquired in the work Many strams
died and many we rejected Only 6 were kept from the several hundred
plates 1 order to carry out a preliminary survey of the media and
methods

The distribution of the strains, of the presence of small Gram-nega-
tive rods on the films and of clue cells, 15 shown m Tahle 4

TABIF {
Incrdence of the Strains Isolated wn the Investigation

i 1 116 women ngZed 18 10 55 years

lef |2
Organlsms grown Strins v 2| EL
] :s | £E5
By 8% | &2
1 oE | 8% 'SE

Gram-negative rods grown 33 11 1 7 1 [ 7
a) Posuible I vaginalis 15 6 1 3 1 2 2
b) Miseellancous 7 2 0 3 0 1 1
e) Gram ncgatnnve to Gram positive 11 3 0 1 0 3 4
Small Gram-negative rods in smear 20 6 12 4 10 17

AN clue eclls 9 1 5 1 8 6

There art more strains from patients yn this Table than n Table 3 because some of
the strains were lost and also because not all the Gram negatne to Gram-positine
strains reeorded 10 this Table werc examined n detail

The number of cases n this series was low, but a few mferences can
be made from Tabie 4 and olher data not 1n the Table L much larger
series of cases 1s desirable to demonstrate the validity of some of these
pomts

It can be scen that the 1solation of small Gram-negatine rods 1s as-
sociated trregularly with the chnical condition, although there 15 &
tendency for possible I vaginalis strains to be cultured shightly more
frequently from cases of yagimitis of cervicitts compared with cases of
discharge and normal patients, and more so from the patients with
disease than from the normal patients Percenlages are not gnven, as
the numbers are cansidered too low

Orgamism of all kands were numerous n 285 per cent of the
smears, but this finding was not cspeaally associated with any group
of patients Small Gram-negative rods were present, n greater or lesser
numbers on 59 per cent of the smears, but these eascs were not pre-
donunately distributed 1n any chmical condition

Small Gram-negative rods on the film tended, though not uniformly,
to be accompanied by the 1solation of small Gram-negative rods from
the specimen It made no difference whether the rods scen were numer-
ous, moderate or few The specimens n which the smears had small
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Gram negatie rods (9 per cent) yrcided 20 out of 393 of the straine of
small Gram negatine rod 1solated those smears without {41 pev ant)
vielded 8 The H vaginalis type 1solations showed the same distnbution
as other small Gram negative rods

Of the 116 specimens small Gram j ositne rods were seen i 63 per
cent of the smears and cultured 1n 70 per cent small Gram negative
rotds w1 59 per cent and cultured 1n 28 5 per cent

In all the smears where there were numerous small Gram posiine
rods then small Gram negatne rods also occurrcd Smmarly where
small Gram negatine rods were numerous small Gram poutne rods
oreurred Alson a majonity of the smears where moderate or few small
Gram positnne rods occurred then small Gram negative rods were pre
sent and viee versa Thus mans of the small Gram negatine rods seen
on the film may hase been decolounized cells from Gram positive strams
Thws may be one reason why the small Gram negative rods in the smears
sometimes failed to grow on culture In addition the medsa may have
been unsuitat le for some strains and antagonism belween spreies may
have occurred on erowded plates Also some of the small Gram negaine
rods scen on the films mav have been obhigate anaerobes Vibrio ke
forms and fusiform small rods on the films were not recorded as small
Gram negative rods

Clac cells nccurred on 32 smears 3 were true clue cells 22 were
miced clue cells and 7 false clue cells None of these types of cells
showed a significant association with any clinieal condition Thev were
commanes when thete were numerows orgamisms on the film The
tsolation of #f pagrnalis tvpe stramns was commoner when clue celfs of
any type had heen found on the smear 7 were 1solated from 28 pee cent
of the specimens where clue cells oceurred and the other 8 from the
remaiming 72 j ¢r cent Miscellaneous and Gram negative to Gram post
tie strains showed an even distribution with regard to clue cells How
ever anls a thied of the specrmens which had cluc cells on them yielded

Gram negatue rods s culture This casts doubl on therr value m diag
nosis of the condition

Leucocvtes were more in pathol 1 but showed
no sigmiient assoctation with the isolation of small Gram negatine
rods

DISCTUSSION
fur
108 , V4 pura infitcen ae Hosmank 1 L.
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m this work were indistinguishable from H influenzac and 1 from
H parainfluenzae They suggest a low madence of H paginalis How
cver, they used serum yeast agar which might not support the growth
of the H vaginalis type, or 1f 1t did, only badly Demuing, who used blood
agar for 1solation, considered lus strams to be H influenzae, but does
not state the mcidence The significance of H influenzae 1n this site 1s
unknown, especinlly i view of the frequent occurrence of non-cap
sulated H influenzae m the respiratory tract without disease The m
frequence of mdolc positivity, and the cross reactions in serology shown
by Amues & Jones suggest that many of these strains may be non-cap-
sulate H influenzae 1t 1s perhaps surprising that H nflucnzae 1s not
reported more frequently and was not reported from the larger series
eg, Gardner & Dukes’ 1,200 cascs, Gardner, Dampeer & Duhes’® 3,000
cases However, the colontes do not resemble the H vaginalis type, and
possibly 1t 1s rarer 1 gencral gynaceological practice than in suspect
cases of gonorrhoea Deming thought that many of his cases were due to
the patient’s scxual habits, with the primary source of H inflnenzae
being the mouth and respiratory tract In routine gonococcal diagnosis,
H mnfluenzae would not normally be investigated because the colontes
do not rescmble those of gonocoecr and the oxidase reaction 1s negative
or very weak 1f the dye in poured on to the plate

21 of the other fastidious Gram-negative rods rescmbled the stock
strain from Gardner & Dulkes, and, from their description, Lcopold s
strams and Lutz & Wurch’s appear to beleng to this type, although the
stramns of the two latter were g l3tic This possible H vaginalts type
shows sinular characters but some differences i morphology How
ever, 1t 1s difficult to be certain that the strains can justifiably be classed
m a smgle group, both because an arbitrary decolourization time 1s
used to separate the strains from very stmilar Gram-positive organisms
and, also because 1t 1s uncertain whether this group consists of sumlar
members 1 view of the small number of tests carried out, and the fact
that the criterion 1n many of the tests 1s negativity

The taxonomic position of H vaginalis, if 1t 1s a group, 1s doubtful
It 1s not established that 1t belonas to the Haemophilus genus if need
for A and V factors 1s taken as a criterton of this genus, as these strans
certamly have not the nced for X and V factors of H influcnzae How-
¢ver, the X and V needs of Haemophuus putorium and Haemoplulus
(itreus are not exactly determuned, and Haemophilus ptscirm needs
d1 phosphothinmine but not X or V factors for growth, while H canm
needs only X factor, although this species possibly resembles Pasteurella
more than Haemophtlus The strams differ from Haemoplulus spp
other ways, such as ahsence of filaments, oxidase reaction fadure to
grow on Fildes medium Of the Haemophilus genus these strains per
haps resemble H cilreus most, but this orgamism grows on X\ and V
agar, produces filaments, produces mndole and was 1solated from cases
of exanthem coitale n cattle, (Bergey’s Manual) Bordetella pertussts
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and Bordetella para pertnssts were remoyved from llm’]mﬂr'lh'll”f‘: ﬁ;‘;
detella, as their need for hlood was largely to neuira 1ze toxic lac I’
' by toxte factors Two strans o
and H paginalis also shows inhabition by d be the tests
B pertussis and one of B para-pertussis were examine H 2 I oo
deseribed 1n this paper, and did not show much sumlarity to vagi
nalis These strains of Bordetella were microscopically different, S‘O‘W:
growing, pemetthin resistant and showed many other dxl'fcrcnc;s \
strain of ¥ ducreyt was also examined early 1w the work but th no‘
appear simlar to the H vaginalis 1ype colomally nor s nuinhonla
needs The J{ vagiralis strains do not resemble Brucella or Pasteurellt
(deseriptions—Burgey’s Manual, Topley & Wilson's textbook), though
stramns of these orgamisms were not examined m parallel They do not
appear to resemble Lacfobactiius, diffenng m morphology, i oxygen
needs, and other characters, but m view of their absence of catalase 1t
would be inleresting to test the growth of these strams at sarous
acidities and on typical lactobacitlary medra such as lomato juice agar
It seems also possible that they are 4 group of Gram negative or v an_uhl(-
Corgnebacterta, wn the Wider sense, 1w other wards “diphtheconds™, or
vanous poorly-stamning strains of such orgamisms nol comprising a
homogeneous group In many respects the few Gram-positive small rods
exammed 1n detail showed similar characters Growth on fellunte,
further biochemical tests, cell wall analysis, serology, and examination
of the Gram reaction at an early stage of growth, such as 4 hours, maght
be of value
The rest of the strams examined scemed to he a heterogineous group,
some of which were snmlar colomally and in other characters to the
H vaginahs group and were extremely hable to confusion with 1t They
m2y be Gram-negative, Gram-variable, depending on the stage of the
culture and other factors, or trankly Gram-positise Howeser, unfess a
sery exact jechmque was used they could easdy be confused with the
H vaginalis {3pe
s work shows that there are many pifalls 1 the diagnosis of
H vaginalis vagubss, of thus 3 a clincal entity nd of H vaginalis 15 a
spectes Factors such ag tdignosts by methods where eulture 1 not used
or 1 unsuccessful, absence of detailed 1y estigation of the strain, over-
decaloyrization 1 Geam staming, stamning of 48 hour cultures and
others may cause confusion They may also explatn the high inecidence
of the orgmism found 1 some of the series of cascs desertbed Unfor-
tunately, the numbcr of cases smyestigated n this paper was low The
meidences are gnen m Talle 4, and 3t ean be interpreted that the or-
gantsm 1s ittle commoner 1n sagiitis than 1n other pathological con
dilions, bug m pathol than n normal
women In siew of the high cure rales claimed for sulphonamde pre-
parations,

1L 1s possibly of wnterest that about half the strains of all
types showed sulphathuzole resistance

Possibly the vaginal fiora 1n America, Canada and Denmark 15 dif-

-
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ferent Doll in Germany, n a short report, stated that he found no H
vaginalis using the methods of Gardner & Dules

It 1s also possible that there was an epidemic of some bacterial con-
dition or possibly a viral disease both 1n Leopolds and Gardner &
Dukes’ areas Gardner & Dules (1935) successfully nfected volunteers
However, 1t was much easier to cause artificial infection with discharge
from cases than with pure cultures The use of filtered discharge 15 not
described, so 1t 1s not possible to disprove a virus mfection

It 1s difficult to explain the absence of H vaginahs {3y pe strains m a
series of normal women and cases of cervicitis (Gardner & Dukes 1955),
and of vagimtis (Doll 1958) Lutz & Burger (1958) found them com-
monest 1 trichomenas cases, next in normal pregnaney then i leu-
corrhoea, and the other authors remark on thewr frequent assoeration
with 7' paginalis This series was not long enough to myestigate this
point In the othier presious reports, the vagmitis 1s described as nudd
mn most cases, and, 1 some cases, as more or less symptomless One s
struch by the mildness of the cases, and this 1 perhaps borne out by the
rarity of pus cells Anmues & Jones found pus cells common Gardner &
Duhes (1955) and Lutz et al (1956) and others, comment on the ah-
sence of pus cells, perhaps a rather unusual finding 1n an acute bae
terial inflammatory condition Certainly in this series pus cells were
commoner m vagmitis and m cervicibis than in women with “simple’
discharge or normal women, but were not specially assocrated with the
culture of small Gram-negative rods

Clue cells 1n staned films do not appear of much ‘rlue becausc
epithehal cells with only Gram-negative rods on them are rare, and
partly because cells with a mived flora on them show little association
with the growth of small Gram-negative rods

It scems possible that small Gram-negative rods occur n the normal
vagina, and under pathological conditions find the cnvironment bettet
for growth perhaps a change of pH, suppression of antagonssts or such
factors oceur under these circumstances Some of these strams may bt
H influenzae of H para-influenzae, and some may form 1 homogencous
group which can be called H paginalis, though more work 15 needed to
establish this What part they play m the causation of vagimitis needs
a larger scries with careful climeal classification and bactcriologieal
examnaiion of the strams isolated

SLMMARY

A seres of stock strains of M vaginalis, H wnfleenzae and H para-
tnfluenzae and strams 1solated both from routine gonococe 1l diagnosis
plites and from speeimens from a clinically classified scries of 116
patients were comparcd

Ihey fell into a group of ¥ influenzac or H para wmfluenzae type

strains, a group resembliing H paginalis as described by Gardner &
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Duher (1933), and 3 muscellanrous grouy of orgamstas Thu strans
clssed as H vaginalis were shown to differ i some characters, yet the
otraums resembled one another 10 a considesable extent The taxonomie
position of these strams 13 uncertan

Mo strong evidence for a causal relatonship to wagtaults contd be
demonstrated 1 this short series of patients

Gtress 18 [axd on the importance of careful Gram staimng nd detarfed
mveshigation of smafl fastidious rods found n vagmal specunens hefore
they can be categortzed as H vagtnalis
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DEVELOPMENT OF THE LEWIS BLOOD GROUP
IN THE NEWBORN

By

O J BRENDFWOES
Ttecerved 10 11 60

The so cafled T ew1s blood proup wasongnalis discovered by Vourant
(1) who based upon studies of a few famulies considered the new factor
10 have a dominant mheritance not excluding a recessine heredity

Andresen (2) mdependently discoverett an antibods o the same
bloodtype and named the factor Ty Andresen tested mothers and child
ren with his zantiseram and found a distrbution of the new bloodtype
indicating that mothers who were 11 positine from a genctical point of
siew ha ! o be considered homozsgotes while nfants which were It
1 ositive mught 1 e homozsgotes s well as heterozspotes for the 1.1 gene

Andresen found 2 distibution as follows

Mo ters ‘ Chih Tren
03n m) tenonts 9monhs | 10 17 mon bs
T pe AN
Na o, o AT Na e
it 166 21 78 79 LA} 1’ 16 12
I S8 79 21 21 29 27 12 64 46 kil

1 rom the tal le at wall L e seen that the T1 gene becomes demonstrable
sa m single dose 1n the cells of the mfants dunng the perod from
birth to the nge of six months Andresen venfied his theory by further
studies of comy lete famulies

The stng le reeessine mhentance of the T ewis factor w s also verified
N Rtace et al {3) i astudy of 79 familics Further evidence to support
the recessive mbenitance of the T ewis factor was resealed by the studies
f Crabb (4) who showed that adult 1ewis 10sitnve mdivaduals werc
non secretors i the ABO sastem 1e homozygotes for the non seerelor
wene Simnlarly b was found that Tewis postine individuils seereted
T ewrs substance m therr salna (4 0}

The next {hise m the develog ment of this system was Andresen s (6)
finding of an antito v which acglubinated the eells of most Lew)s

This w rk was carred oul in 19 3
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negatne indviduals This new factor which Andresen called L: was
fully developed in O and A: cells but often less marked n Ay cells

The nomenclature for this system was changed n 1949 {7) The gene
for the origmal Lewss (Ly) type was ealled Lea and that for the L.
type Leb

Individuals of type Le (a+b—) are genehieally Le® Le®

Individuals of type Le (a—hb+) are genchically Leb Leb or
Le# Le? or
Le? Leb

Le” indicates additional allelomorphs 1n the theory

The incidence of these blood groups n this country are (8)

Le(a-+b—) 18 per cent, Le(a—b+) 75 55 per cent, Le(a—b—) 645
per cent

These figures omgmate from a study of 1055 blood donors tesied with
anii-Lea sera and an anti-LeP serum which agglutinated Ar cclls at a
similar scale as O and Az cells

The purpose of the present studsy has been to mvestigate the develop-
ment of the phenotype Le(a+b--) m newhorn and to determune
whether an actual difference exists as to the development of this factor
hetween matures, prematures and nfants with erythroblastosis A
simlar study indicated that the Lewis group 1s but spaningly present
1n the blood before birth 1n infants which are homozygotes for the Le2
gene (9) Rosenfield & Ohno (10) found that cord blood gave the reac-
tion Le(a—b—) Unger (11) tested 102 cord bloods and all were Le(a—)

MFTHODS

Lhe bloods were tested against two anti Lea serums and one ant: Leb serum A
four per cent suspension of the cells 1n 1sotonic saline was made Two volumes of
the test serum and one volume of the cell suspension Were ncubated for twa hours
at room tumperature 1n Rh tubes Three grades of agglubinability with anti es
~erums were distinguished as follows

—  no agglutination
{+) fammy agglnhination
+ defrmite agglutination

RFSULTS

Phenotype Le(b +) could not be demonstrated in any of the samples
tested The development of the phenolype Leta+) was found to be
mdependent of the ABO group of the cells These data have not been
listed 1n the table

According to the table 1 the phenotype Leta+ ) faintly present mn
the cells of some mfants even m the first week of hife In the total
number of observations during the first week of hfe, 10 of 45 samples
or 22 per cent were weakly Leta+) As carly as in the sceond week of
Iife a radical changes has taken place as imndicated by the fact that the
cells now 1n the majonty of cases are cither weakly or defimitely Lewis
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ange m agglutmability shows no marhed difference 1
{)P?csl::)‘ucr ;;'}:):;?mfo \\hlcilglhc material 15 divided The agglutinability
appears more rapidly than what can be aserhed to the postnatal pro-
duction of erythrocytes Consequently it may be concluded that the
Tewss reeeptor 18 actually present but hardly demonstrable m the
erythrocytes produced hefore hurth After birth, however, the cells will
be ‘changed within a couple of weehs wherehy the Tewis receptor
hecomes easilv demonstrahle

TABLE 1
Age of the Children in Days

; 07 1; (lih ERE z«‘m 1w olaowae JI: mll 4

Chlldren born t) a —

1 1 1T - 2 - - 1 1
nirmal time a(+) 3 3 1 1 1 1 6 1 2 4
a4+ - 2 4 2 2 2 1 2 3 2
Premature until 6 2 — 8 -
weeks to early al4+) 4 1 1 -
born chitdren 2 4 2 4 1 1 - -
Premature 6 weeks a — 12 2 1 - -
rmore o early  a(4) 1 T 1 1 3 1 1 -
toen chaldren a + 2 1 6 5 2
Children a— 1 - -
suffering fram a4y 2 1
erythroblastosis 2+ - - -
Total a— 35 1 1 3 1 1
distribution a4) B 4 6 2 : 4 7 2 2 4
a4 6 9 12 & 4 1 2 3 3
Number of children o1 16 14 13 8 8 5 5 7
TABIF 2
Tt tal Irstribution
In first week £1 ifc After {5nth das of Wit
a~ 3 a~—
ag+) al+) 29
s+ a4 4
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STUDIES ON THE ANTIGENIC FACTORS IN A GROUP A
STREPTOCOCCAL CULTURE TILTRATE

By

1 X Hasson mnd S F Horwt
Heeerved 19 X5 60

n our carhier studics on streptococeal antit odies 1 human sera we
have found numerous antihodies of different specifieity corresponding
1o sanious streptococeal antigens (6 7 10) Wuth very few exceptions
several of these antibodies were demonstrated in sera from adults
whereas w sera from children the number of antiboties was low but
gradualls mcreased m relation io age to the aduit level To get a betler
understanding of these Tindings and therr rclation o streptococcal
diseases we found it necessars o ry to charactenze the antigenie fae
tors formed by the g hemolytic streptocacer Sexeral authors haye
shown that these hactema give rise to a Jarge number of anhigenic sub
stances during the course of therr growth (13 156 7 9 11 14 19
and others) In the present imvestigabion we have tried o separate g

purify these substances by salt precipitation and 10n exchange chroma
tography

VATERIAL AND METHODS

Ant gens Filtrates were made of 18 haur enltures « £ # hergolvtn L
T ancel eld genin & GALGth tspe 3) gron in beel we o4 €0 1 SHeRigeneer (S8

frae r Anammune serum fr moa b fse immunized with stra 0 Dachez \1 §

Tr { & Quehterlony 3% 1h
3 P thathety hertony 3¢ ra‘r}a'l.cd for current nterest and advice and Assoc Prof

e most valuatde substances he mad,

?::H::"rn: and B Johanssan Coteborg are thanked fon o co an ) l’r:“(‘rlu‘:,l‘iir:“c“:
fpi - . 1stance of \imes 4
. A The investigation was
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STREPTOCOCCUS HAEMOLYTICUS STRAIN S84
GROUP A {LANCEFIELD)
TYPE 3 [GRFFITH)

REFERENCE SPECTRUM

$1 ertoysn O

Dk torn ong

REFERENGE o 2
ANTIGEN
Pootewase p #tu to
w
9G
. REFERENCE
It SERUM

Fug 1
Diagrammatic representition of the reference spoctrum

(Lanctfidd group 4 Griffith vbe 10) Was used for the immune elcetraphoretic
analyses

Serum from a patient with a long history of mitral stenosis on 1 rheumatic fover
base (20 Case \o 4) was nned as a reference serum for the double diffuston analyvses
bheeanse of ats high antibody content (6)

Reference speetrum  Throughout the imveshigation all «f the double dffuvon
analyses were performed as comparatine malsses of the tested «abstance and the
reference antigen Y means of the relerence scrum The reference spectrim was
formed by the ten times concentrated culture fltrate of the stram S84 and the
human reference serum  The precipation pattern «bttined consinted of aght sero
logically separate precipitating systems labellad a4 to BRI (Tag 1)

Purtfication of antigen Salt precipitaticn of the antigemic facte v was performed
by means of precipitation of the filtrates with Na SO; at full saturation and wath
(NH) SOy at 20 40 €0 80 ind 100 per ecnt salurati noat room temperture (20°)
The preparations were tested for protan wWith Mark ham s mcthed f ¢ mrere heddaht
anahvsis (19

Separation of the antigenic factors m the Oiltrites was ohtanad by amn o
wll as eatron exchange chromategrapy e rdimg t¢ Petersan  Sol ¢ (163 The
amion exchange chromatagraphy experiments wore perfirmed «n DE AT cellul e
(I astman & hedalk) It conld n t be used wath it th r ugh altcrnate washings with
W N10H and ¥ H(1 Columns 24 cman diameter werd filled with the cxchanger sus
pended n the anataal Tuffer After settling the substanee was packed to a ¢ nstant
haight of about 6 om and 200 J00 ma of protan was added t the cclumn For the
elution phosphate buffers pH B8 werc used with stepwise tnereases imonte
<trength Iraction I was cluted with 6001 ¥ phasphate buffcr fracton TEsith 0 005

Y phosphatc buffer 0000 ¥ MaCl and fraction HE with 002 3 buffer 002 ¥
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HEAT TREATMENT OF REFERENCE ANTIGEN

FEFEREEICE
REFERENCE ANTIGEN
:nmzn B D HEAT TREATED

60 MINUTES

REFERENCE  SERUM

Fy 2

analyses of the veference spectrum
:ml the heat maled antigen

\JJ li(\ull‘ (r-(l\ w iy \As du\ed\\\h N1 hoffor 4+ 01 ¥ N\at) The eflluent
e

ncnnlrahtm in cach fraction
- .
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PURIFICATION
OF REFERENCE ANTIGEN

PROTEIN DIALYZED Na,S0, (NH,),S0,
CONTENT 100 % a0%
% Saturet on Solv g1 00
T 100
55 % 70 % 88 &
ELIMN ELIMIN ELIIN
ATED ATED ATED
T 50
40 l\"%
L o

kg 3
Diagram of the purification of the refurence antigen by salt preeipitation and dialysis

Inffuston gl techurque The antigense factors of the diffurent fractions scre
analvzed by diffusion mn-gel methods The double diffusion mecthod of Ouchtertony
(15) was uscd as deserabed by Hanson (6) The immunc dectrophorests of Grabar &
Witlhams (2) was apphied as modificd by Wadsworth & Hanson (18} as wdll as 1he
comparatine immunc electrophoresis descrabed by the latter authors (18) The dlec
trophoretic separations werc performed n o sodiem veronal buffer of pit 84 with
a potential gradient of 53/em an the agar for 70 minules The localization of the
hemoly tre aclinity of streptolysin O after dectraphorests was determined using the
techmique deserabed by Hanson Raunio & Wadsworth (8) The activats was scen as
hemoly sis of sheep blood dls put 1 hasins made 1n 2 ploaglass matrx which was
placed on top of the agar after the dectro separation

RESUI TS

Identifcation cxperiments with hnown antigcns By maans of the
1eolated streplococcal anhigens some of the anbigeme factors n the
refcrence culture filtrate could be adentified It was then found that
tactor a corresponded to protemnase precursor, whereas factor b identi
fied with both the Dick toxin preparation and the streptococcal DNAse
B Comparaine analyses of these two antigense preparations showed
a reaction of non-identity Factor e identified with streptolysin O The
preparations of DPNase and streptokinase could net be referred to any
of the factors a-h, but streptohnase gave n precipitate with the refer-
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Fig 3
ota of a drawing of 2 double diffusi>n amaly 1 sh win, the antigenic factors in the
r:ptrnn'(:nhanlll:ncd by salt 1 recipatatict ¢ f the reference antigen with (\Hy) 504
at Diffcrent concentralions 1 reference aptigen 2 20 per cent satufation 3 40 per
cent 5 8 per cent § 3100 per cent saturatson < f (\Hs)280¢ and
7 relerence scrum

cnce serum In the same way some of the hines could be wdentified 1n
the spectrum obitamned with the reference antigen ard the horse 1m
mune serum (7)

Lharacterization expertments on the anligeme factors Some of the
antigenic factors diffcred an heat sensitiity Thus the factors e, f, g
and ft were destroyed alter 60 min at 06°, the factors ¢ and d at 100° C
Heating to 120° for the same length of time left only factor b (Fig 2)

in order to punify the antigenic factors experiments werc performed
to ehiminate broth proteins, non antigenic substances and antigens not
rescting wath the used immune serum (ki 3) Dialysis of the filtrates
«himnated 55 per cent of the protetn content without loss of anv of the
inbigeme factors a it N1-80s at 100 per cent saturation did not precip
tate any of the antigenic factors a I, but did precipatate 30 per cent of
the jrotun matenial in the dialyzed culture filtrates Precipiiation with
1NHAH0 1t 40 [er cent saturation and dialysis of the supernatant
reduced the protein content by 88 per eent without affecting the factors
@ I At vsaturition higher than 60 per eent these factors were all found
i e precspilate This as allustrated by the double diffusion analysis
shown in Fig 4

Attempts to separate the demonstrated antigenic factars were made
by means of 1mon and cation exchange chromatography The separa-
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SEPARATION

OF REFERENCE ANTIGEN
BY ANION  EXCHANGE  CHROMATOGRAPHY AT 4 68

EXT
15-T

I I E I

ANTIGENIC  FACTORS _ [STREPTO

e b ¢ d ¢ [ g h|LSIN O

REFERENCE

ANTIGEN | &+ + 4+ + 4+ 4+ 4 *
FRACTION | + ) # "
I W+ -
m W oH o+ o+ o+ +
V4 H B +

g 3
Results of the fractionation on DLAE cellulose after salt preeipitation of the
roference antigen with (NHg)aS0y at 40 par cent saturation 1he clution was made
with phosphate buffers pH 68 of stepwise inercasing 1onie strengths apd with an
addition of Na(l The table shows the antigenie factors and the streptolvsin O
actrvaty 1n the different fractions

tions were performed on the culture filtrates after preaiptation with
(NH1) 2501 at 40 per cent saturation A typieal fractionation on DIAE-
cellulose 15 shown i Fig 5 The comparative double diffusion analysis
of the fractions I IV with the reference spectrum showed that some
separation of the antigeme faetors could be obtamed (Figs 5 and 6)
Iraction I showed a concentration of factors @ and ¢ while factor b was
present i a low amount The second fraction contained factors a and &
The third fraction showed the presence of factors a, b, ¢, d and e with
an mcreascd concentration of faclor b compared to the reference
antigen Finally, n fraction IV factors b, ¢ and d were found n low

amounts Streptolysin O actinty was found 1n fractions I, HI and 1V



SEPARATION OF REFERENCE ANTIGEN
B MEANS OF ANION EXCHANGE CHROMATOGRAPHY

REFERENCE z r:a;t;.nnnczm
ANTIGEN

REFERENGE  SERUM

FRACTION 1 FRACTION 1

¢
Double d ffus on analyses of the fractions of tai ed by separation on DEAF cellulose
ol the reference antigen

A typical cunve from a fractionation on €M celiulose 15 scenin Fig 7
These columns were elnted with buifers of increasing pit On equnh
brating the antigeme preparation with the starting buffer at a pH lower
than 490 a preapiate was noted This precipilate was dissolsed and
eaffed fraction I It was found 1o contam all the factors « h (Fig 8)
Strey tolysin O actisily could also be demonstrated Factor b could he
wolated at pH 68 (friction IV w Fig 7) Fraction V cluted at pH 69
showed the presence of the anligenic {actors @ and b "The factor b was
present i a very low quantits howeser as i was only midieated by a

5 actararm 521
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SEPARATION OF REFERENCE ANTIGEN

8Y CATION EXCHANGE CHROMATOGRAPRHY

Ext
a0 50 a8 69 % 86
a02s M [Qo25M €QO25M
ACETATE BUFFER PHOSPHATE  ngiPO4
BUFFER
[ ANTIGENIC FACTORS  |STREPTOLYSIN
@ b c d e [ g & 0
REFERENCE
o e +
Al
[RACIMS |0+ + + + + + +
I-I pH40-50 -
W pH S8 +
¥ pH 69 |H (H
ML ¥ pH 269 B
—

RECHROMATOGRAPHY OF FRACTION ¥

NEXIE ]

Fiqg 7

Results of the fractionation on G\ cellulose after salt precipitation of the reference

antigen with (NHjy) S04 at 40 per cent saturation The elution was made with

yarious buffer solutions of inereasing pH as indicated in the NHig The lable shows

the antigenic factors and the streptolysin O activity in the different fractions

Fraction I was obtained as a precipitate when the pH of the antigen sample was
adjusted to < 40

deviation phenomenon m the comparative double diffusion analysis
(Fig 8) Rechromatography of this fraction showed that it was possible
to obtam factor @ 1n an immunologieally pure form A wenk streplo-
fysin O aetraty could be found wn fractions IV and V
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SEPARATION  OF REFERENCE  ANTIGEN
BY CATION EXCHANGE CHROMATOGRAPHY

i 1 TION
REFERENCE % § FRAC
ANTIGEN ) ECHROM T

REFERENCE SERUM

FRACTION FRACTION X

RECHROMATOGRAPHY
OF FRACTION R

Fig §
Dl te diffusion analyses of the fractims ¢btaned by separation experiments on
U ¥cellulose of the reference antigen

Sanme ehiractensshies of the antigemie £ietors were also noted w ime
tune electrophoretic analyses These experiments were performed
with the culture filtrate of the strain C203 S and the horse immune
serum A spectrum of elesen precipitation ines was formed (Fig 9a)
B means of the proprations of pursfied streptpcoccal antigens several
af these precspitates cauld be sdentifted using the comnaratinm s = =
N o At o - .
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SEPARATION OF REFERENCE ANTIGEN

BY CATION EXCHANGE CHROMATOGRAPHY

Eat
pHa0 s0 s8 69 7% 86
Q025 M aozsm Qo25M
ACCTATE BUFFER PHOSPHATE K608
BUFFER
ANTIGENIC  FACTORS _ |STREPTOLYSIN
@ b ¢ d e f g h o
REFERENCE
ANTIGEN pH76| & + + + + + + + +
RIS W+ + + 4+ o+ 4 +
I-I pH40-50 -
¥ pH 58 + +
Y pH 69 [ (H
i) -

RECHROMATOGRAPHY oF FRACTION ¥

I pH 69 | + -

Fig 7

Results of the fractionation on CM cellulose after salt precipitation of the reference

antigen with (Ni[;)_S0: at 40 per cent saturation The clution was made with

various buffer solntions of increasing pH as indicated 1 the fig The table shows

the antigenic factors and the streptolysin O actnvaty o the different fractions

Fraction [ was obtained as a precipitate when the pH of the antigen sample was
adjusted to <40

devintion phenomenon 1n the comparatine double diffusion analysis
(Fig 8) Rechromatography of this fraction showdd that 1t was possible
to obtain factor a in an mmmunologically pure form A wcik strepto-
Iysin O actiaty could be found 1n fractions IV and V
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SEPARATION  OF REFERENCE  ANTIGEN
&y CATION EXCHANGE ~CHROMATOGRAPHY

%
FRACT ON
i<
e [ B &l

REFERENCE SERUM

FRACTION I FRACTION W

RECHROMATOGRAPHY

FRACTION % OF FRACTION T
N
et 9A
t8 oA

Fg 8
D atle 110 i 0 analyscs of the fract ns btaine! by separati n exporiments n
Cyecell 1 e { the reference antigen

S e charactenstics of the antigenie factors were aleo noted 10 im
mune electrephorctic analyses These experiments were performed
with the culture Hltrale of the strmn C203S and the horee wnmune
scrum A speetrum of eleven g reesp ation ines was formed (Fig, 9.a)
B3 means of the preg arations of punificd streptococeal antipens several
of these | reciystates could I e identificd using the comparatine mmunc
¢lectrop horetic method (Fi 9b) Thus 1t was found that the proteinase
g recurse s had the lowest eleetroy he telie mohabiy where s the twe pro

5
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STREPTOCOCCAL ANTIGEN

Dick foun
streptococcal DNAse
prote nase steeptalysin O
precursor streptok nase  broth
— +
=

[ ]
ant: STREPTOCOCCAL GERUM

Fig 9a
Immune electrophoresis analvsis of a streptococcal culture filtrate (C 203 S) using
a horse immune serum The wdentified preeipitates are designated

STREPTOCOCCAL ANTIGEN

e e

—_&@"7 =
anti STREPTOCOCCAL SERUM
Fig 95
Comparatine immune clectrophoretic analssis showing the identification of the

proteinase precursor precipitate The proteinase precursor preparation 1s compared
with the electroseparated streptococeal antinen by means of a horse immune serum

cipitates that corresponded to two antigemic substances mn the broth
showed the highest mohlities In the region hetween these precipitates
were found precipitation lines corresponding o streptokinase, strepto
lysin O, streptococeal DNAse B and Dick toxin (Fig 9a) The localiza-
tion of the streptolysin O precipitate was in aceerd wath the distmbution
of the hemolytic activity as determuned after electrophoretic scparation
of the reference antigen using the techmque of Hanson et al (8)

DISCULSSION

Using 10on exchange chromatography 1t was found that some separa-
tion and purnification of the antigenie factors could be obtuned In these
experiments the CM-cellulose was found to he a uscful exchanger With
this substance as adsorbant 1t was possible to get two of the antigente
factors, namely, the ¢ and the b factors, 1n an 1mmunologically pure
form The chromatography of the streptococcal antigens on DIIAL-
cellulose also showed some separation of the antigemic factors Chang-
mg the experimental conditions might possibly give a better scparation
even if a comparatively good separation was obtained with the rather
large clution steps used 1n the experiments on the DCAL-cellulose It

should be noted, however, that the immunological techmique used as a
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test of the punty of the fractions 1s a sensthise one and that thcdpg
sence of very low quantities of antigenic factors could he reveale n
the other hand 1t does not exclude the presence of non antigenic sub
stances or antigens for which the corresponding antibodies were not
present n the used immune serum

It was valuable to have the opportunity to include m the inveshigation
the sireptococeal antigens isolated and designated by Halbert (5) The
purity of these substances was confirmed 1n our experiments and this
Mustrates the usefulness of the continuous flow clectrophoresss and
caleim phosphate chromatography used by Halbert for the 1solation
of these substances

1t should be mentioncd that the antigemic factor which Halbert first
supposed to correspond to erythrogente toxin he later designated tenta
tinely a5 DVNAse B (5) In our expertments we found that the factor b
sdentified with both a preparation of erythrogenic toxin and the DNAse
B Comparative analysis of these Ino antigens showed boweier reac
tions of non identity 1mmune electrophoretic analyses showed dif
ferent mobilities for the two factors and 1n the spectrum obtained with
the horse immune serum they formed two serologically separate prect
prtates (7) These results mndicated that the two precipitation hnes cor
respondung o Dick toin and DM Ase B were supenimposed and n the
actual reference spectrum were seen as line bB

It mny seem confusing that streptolysin O activity was found in some
chromatograp huc fractions where the antigenic factor e wdentified as
strej tolysin O could not he found In control experiments 1t was noted
however that the presence of streptolvsin O could be demonstrated m
lower quantities by means of its hemolytic activity than by the double
diffusion 1n gel method

This imestigation offers the possibility of further evaluation of
findings reported earlier on streptocaceal antihodies 1 human sera
(6 7) Thus the most common precipitating streptococcal antibody in
human sera 15 anti streptolysin O which 1s found 1 abmost all sera
from adults This may indicate that the antistreptolysin O titration
mm be a good test for detection of wfections wath B hemolytic strepto
cocet pathogenic for man Antibodies against DN4se B were found
it out half of the sera from adults whereas antibodies against Dick
toxin were found 1n only a few cases Unfortunately streptokinase did
T e oo e gl e e
oot af hi serum b not been {rated wath -2t etohmry e
Parmtian Thus antit odies may exist ramet atreston o Molunase pre
sera and this mas perhaps 1 3 hy ll’:‘g:’\mA myreptohipase n human
trejarations The ap mr:’nnz“crf ac\ hl‘r“p(‘uhc olivet of streplohanase
g therapy using lh:: (uhle“‘;e \: (l)f;’m“ agamit streplohinase dur
This troul ie might be elim, en @ problem for the climician

mated af a stre;

plokinase could be
wilh retained actiaty Fut without antigemcits prepared
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SUMMARY

The antigemc factors 2 streptococeal culture filtrate (stram S84)
were purified and partly ssolated by means of salt precipitation and ron
cxchange chromatography expcriments Some of the antigenic factors
have been 1dentificd with known streptococeal antigens usig diffusion.
m gl methods Some immunc electrophorctic characteristics of these
factors are reported The sigmificance of the findings as corrclated to
the corresponding antibodies found in human sera 15 chscussed
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FROY THF VATIONAL BACTERIOLOGICAL LABOR ATORY STOCRHOLM

STUDIES ON THE INACTIVATION OF BACTERIAL
VIRUSES BY NORMAL HUMAN SERUM
z

1 Effect of phage concentration, femperalute, pH and molarity
on the kaneltcs of the col T 2 phage thactivglion®

By

£.ARS OLOEF hALtnNes”
Neeened Buth

In a preceding paper (Aalltngs 1961) the wactnation of bacterio-
hage T 2 by normal serum was found to proceed as a zero order reaction

The purpose of the present paper? 1s o study the ratio between fhe
phage and mactisating serum principle, and the nfiuence of temper
ature, pH and salt concentration on the reaction veloeity

Yateral and methods

45 described (n a preceding pader (hallings 1961)

FXPERIVUFNTAL

{nactivation of fresh phage added to an tncubated muixinre of phage
amd normal serm To imvestigate the excess of inachivabing serum prin
ciple m the reaction muixtures ordwartly emplayed, the follaw g expert
ment was set up Three serum dilufions were tested For each dilution
Tour rows of tubes contaming phage—scrum mixture were placed i a
witerhbath at 37° € At the time satervals listed i Table 1, two tubes of
«ach difution were ehitied, diluted and plated according to the standard
procedure Fresh phage was added to the remaming tubes after two
houry Erom then on the decrease w phage activity n these tobes was
followed at the same time intepals as with the ongmal reaction mix
turcs Withm the range of serum dilution tested (1 o1 40), the fresh

(litpes were nctinated at about the same rate as the particles imtially
present

FRFUT TS e
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SUMMARY

The antigenee factors in a4 streptococeal culture filtrate (stran $84)
were purificd and partly solated by means of salt precipitation and 1on
exchange chromatography expcriments Some of the antigenic fictors
huve been identificd with known streptocoecal antigens using diffusion-
m-gel methods Some unmune electrophorctic characteristics of these
factors are reported The sigmificance of the findmgs as correlited to
the corresponding antihodies found in human sera 1s discussed
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FROM THF VATIGVAL BACTERIOLOGICAI LARORATORY, STOCRHOLY

STUDIES ON THE INACTIVATION OF BACT. ERIAL
VIRUSES BY NORMAL HUMAN SERUM
2

9 Effect of phage concenlralion, temperature, pH and molarly
on the hinetics of the colt T 2 phage inactwation!

By
Lars Oror KaLLines
Recenved 5 x160

In a preceding paper (Kallings 1961) the inactnation of hacterio-
hage T2 hy normal serum was found to proceed as a zero order reaction

The purpose of the present paper? 1s to study the ratio helween the
phage and mactnating serum principle, and the mfluence of temper-
ature, pH and salt concentration on the reaction veloeity

Maleral and methods

As deseribed in a preceding paper {halltngs 1961)

FAPFRIMENTAL

Inactivation of fresh phage added 1o an incubated muriure of phage
and normat serum To imeshigate the excess of inactis ating serum prin-
ctple 1n the reaction mixtures ordinarily employed, the following expert
ment was set up Three serum dilubions were {ested For cach dalution
four rows of tubes contaiming phage—serum mixture were placed s a
waterbath at 37° € At the time 1ntervals listed 1n Table 1, two tubes of
Crch ddution were ehatied, diluted and plated according 1o the standard
procedure Fresh phage was added to the remamming tuhes after two
houss From then on, the decrease in phage actinsty n these tubes was
followed ot the same lume wlerals as with the onginal reaction mix-
tures Within the range of serum dilution tested (1 5 1 46), the fresh

phages were mactinated at ahout the same rate as the particies 1mitally
present

' _ﬁ:led&\r grants from the Swedish Medical Research Council
2 The skilfu) technical assustance of Mrs Maud 7
e e aud I indberg and Miss Birgitla Sund
3 A prehimupary report was read
and Microhi Tngs publich

at the 1929 Scandinasian Congress of Pathology
ed in Acta path et mucrc biol scandinay Suppl 18§ 207,1951

e
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TABLE 1

Time Survwal Relalion of Fresh Phage Added to Incubated Reaction Miztures
of Phage and Normal Serum

Per cent survlvors

Renction time T'ina) serum diluten
15 12 140
A n A B A B
10 72 97*
20 45 52
30 34 30 112 112 100 96
40 19 20
60 17 16 68 61 87 87
90 4 6 38 39 61 65
120 3 6 28 21 52 62
150 9 1 37 3
180 8 9 29 28

* Figure derning from a single experiment, the other data represent the means
of two identrcal experiments

A Original reaction mixture Total volume 1 ml, 1 X 10¢ T2 particles, phage and
serum (R A ) dil 1n barbiturate buffer, 0125 M, at pH 74 * 005, 00025 M Mg

B 01 ml phage (1 X 10t T2 particles) added to origial reaction mixtures mncubated
for 2 hours at 37° C

Inactivation af varying phage concentration The standard mnactina-
tion test procedure was applied 1o study the influence of mibial phage
concentration on the course of inactnnation Four different phage con-
centrations rangmng from 10:-107 particles per m} were used After
incubation with serum, the reaction maxtures were diluted to gne an
expected number of about 200 plaques on the phage control plates

As seen in g 1, the proportion of mactinated T2 particles was found
to be mdependent of the mrtial phage concentration

As the result could be influenced by reactivation due to dilubion, the
number of surviung particles from the highest phage concentration
used was assayed mmmedsately after dilution and also after standing
for two hours at 37° C to allow postulated equilibrium conditions to he
reached There was no significant difference between the assays

Inactivalion at varging temperature With the aid of the standard
mnactnation procedure, the wmnactination brought about by constant
serum concentrabions after four hours incubabion at different tem-
peratures was determmed As shown m Fig 2, the nactnation reached
a measurable level at 17° € while none was observed at 12°C With a
serum concentration of 1 10, an optimum level of nactnnation scemed
to be obtaned within the range of 28°-41°C After an ncubation of
24 hours at 6-8-10-12-14° C, mactivation varying from 14-56 per cent
was recorded for temperatures above 10° C with serum diluted 1 2 and
1 1 No mactisation was observed after 9 days incubation at +4°C

In the experiment lustrated 1n Fig 2 the concenfration of serum



&

-

Log rendual Phage &
-

oS 4126 oo
Serum concentration

Fg 1
of various 4 of T2 by various concenlrations
of rarmal gerum at 37° €
Abscissa Arithmet value of serum

concentration on log scale Initial l‘ng‘ ph:g:
1y 4736 B635 C530 D 433 Reaction mixture Total volume 1 ml 1 X
.Tc:n‘plniu:zs yhage and serum (AD) Al wm barbaturate buffer, 0125 V1 at pH
74005 00025 M Mg'e Reaction time 2 hours

g
lo

Por cent Inactivation
g

0w w0 w%e
Tomparatore

Py 2
Inactivatian of T2 by narmal serum af parous temperatures

Final serum @) 1 10 Reaction mittore Total solume 1 ml 1 X 10% T2 particles
phage and serum (A 4) dil In barbiturate buoffer, 0125 M at pH 74 = 005 00025
A Mg~ Reaction time 4 hours

was chesen hugh enough to gre a demonsteable mactiyation at 17° G
s the inacfisation between 28—41° C reached the level of slow progress
of the reaction, it was necessary to repeat the experiment vsing various
sesum difutions {o get a true prcture of events The results are Listed
s Table 2 The iactnalion capacily av different temperatures s ex-
pressed as the reciprocals of the dilutions giving 50 per eent inactn a-
ton

According to these expertments the wnactination rale at the 50 per
cent level was found {0 nefease with temperature up 1o 37°€ AL
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TABLE 1

Tune-Survwal Relation of Fresh Phage Added to Incubated Reaction Mixtures
of Phage and Normal Serum

Per cent survisors
Reaction time Tinal serum dilution
15 125 140

\ n A B A B

10 72 97+

20 45 52

30 34 30 112 112 100 96

40 19 20
60 17 16 68 61 87 87
a0 4 G 38 39 61 65
120 3 [ 28 23 52 62
150 9 11 37 34
180 8 9 29 28

* Digure dernving from a single experiment, the other data represent the means
of two 1dentical experiments

v Origmnal reaction mixture® Tatal volume 1 ml, 1 X 101 T2 particles phage and
serum (R A) il an barbiturate buffcr 0125 M at pH 74 £ 005, 00025 M Vg™

B 01 ml phage (1 X 10t T2 particles) added to original reaction mittures incubated
for 2 hours at 37° C

Inactivation af varying phage conceplration The standard macin -
tion test procedure was applied to study the influence of mitial phage
concentration on the course of mnactivation Four different phage con-
centrations rangmg from 10* 10° particles per ml were used After
mcubation with serum, the reaction mixtures were diluted to give an
expected number of about 20¢ plaques on the phage control plates

As seen in Fig 1, the proportion of mactisated T2 particles was found
to be mdependent of the mitial phage concentration

As the result could be mfluenced by reactivation duc to dilution, the
number of surviving particles from the highest phage concentration
used was assayed immedrately after dilution and also after standing
for two hours at 37° C to allow postulated equilibrium conditions to be
reached There was no significant difference between the assays

Inactwalhion at varying temperature With the aid of the standard
mactivation procedure, the mactisation bronght about by constant
serum concentrations after four hours ncubation at different tem-
peratures was determimed As shown m Fig 2, the mactivation reached
a measurable level at 17° C while none was observed at 12° C With a
werum concentration of 1 10, an optimum level of inactivation seemed
to be obtaned withun the range of 28°—41° € After an incubation of
24 hours at 6-8-10-12~14° C, mnactnation varying from 14-56 per cent
was recorded for temperatures above 10° € with serum diluted 1 2 and
1 4 No mactivation was observed after 9 days mcubation at +4°C

In the experiment illustrated i Fig 2 the concentration of serum
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ity was tested i e<periment
many factors, the reproducibility

{llucl?:[‘vi‘lr:)ricnt HI was set up to test the plague size af the persistent
fraction

2
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Hours Min
Fig 3
Tume swrovor curves of 12 at sarons temperatures and ¢onstunt

concentrafion of normal serum
binal serum dil 15 Reaction mivtare Total volume T ml 13 104 T2 particlcs,
chage and serum (SNAY g o 3 M, at pH 74 + 005,
oM A& separate experiment In
2% alsa foltow o af

t 1% The course of this curve
Wasintermediate to those at 37* gng 43¢

A counting plates had about e same thickness (= Tmm) 1f all
plaques on 4 plate wery not measured, plaques within an area chosen
at rindom were deermingd

The pligues of the survicore were
plagques on the cantrgl plates (Tahle 3)
btween the dats oblamed wgs analysed according to the conventional
rarninee ratio test s to esperment I, all six mean plaque diameters
were compared N could 1 demonstrated that there was a highly

found to be smaller than the
The probabihty of difference
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temperatures above 37° C the rate appeared first to deerease gradually
and then, af about 15° €, abruptly

The experiments thus seemed to indicate that the reaction has o very
high temperature dependence at low temperatures, corresponding to a
Q 101 of 7t at 17°-21° C A second nteresting ohseryation was the
relardation of the veloaity ahove 37° C, especially the rapd drop at
about 45° C

LABIE 2
Fffcet of Temperature on the Inactivntion of T2 by Sormal Scrum

Reelprocal of & rum dflution
Temperiture ( () reducing inftial phage activity
1050 per cent

21 64
29 254
17 159
41 312
435 312
45 230

Reaction mixture  Total volume 1 ml, t > 104 {2 particlcs phage and scrum
(IVA) dil in barbiturate buffor, 0125 M, at pH 74 + 005, 60025 M Mg Incubation

time 2 hours

To mvestigate 1f the apparently deercasing reaction rate above 37° C
could be attributed to heat mmactivation of the phage nactivating
prncple, varous ditubions of normal sernm (S$S A ) were heated at
37°,40°, 44° and 45° C for two hours The phage mactivating capaciy
was then tested according to the standard proccdure at 37° C ‘The
heating of serum at the temperatures indicated was not found Lo cause
any significant reduction of the inactsating capaerty

The findings made further experiments necessary The coursc of
mactnnation at vartous temperatures was followed at close time intervals
as indicated in Fig 3 It wall be secnan the fig that the lugh tomperature
dependence and the retardation of the reaction rate above 37° C in-
dicated by the first experiments could be ascribed to deviations from
the hnear course of mnactination

If only the mmitial rates werce considerad, the velocity was found lo
mcrease contimousty with temperature At the temperature range 24°
30° C the merease 1n vdoctty corresponded to Q 10 = 196 and at JO°
37°C to Q 10 = 160 The mean of two doterminations of the rate at
445° C gave Q 10 = 281 at the mlarval 377 15°C

Plaque size of survtpng parlicdes In three time  survivor cxperi-
ments the diamcters of the plagques werc measurcd  Lxponment ]
(Table 3) was devoted to plaque sz after incubation of the reaction
mixtures at different tamperatures $s plaque siz¢ 1s hnosn to be .

1 The tunperature coefficient caliulated according to the vant loff cquation
h 10

1w My, e

O ('\] 2 1
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Tty wan tested 10 experimen
ny factors, the reproducsin "
{llullnf;(e‘r?xi(:: Iil was set up 10 test the plague size of the perststent
fraction

Pec cent SUTVVOrE

1 2 W
Hours Hin
Fig 3
fime avtpks of chrses of T1 af varions lemperatures ond coastant
enneentration of notmalt serum
Final serim @) 15 Reaction miviuee Total <ntyme T mi 1 X 104 T2 particles
phage and serum (SSA8) il in barbiturate buffer, 0125 3, of pl 74 2 005,
QU5 M Vg kack oF the three figures 1s derived from # «eparate experiment In
Ahe Botte i VKK 15 anacissalir 2 may 2k folluwed at 41° The toutse of this cone
was intermediate to those af 37° and 43°

All counting plates had about the same thichness (% 1 mm) I all
plagues ve a plate were nol measared, plagues within an area chosen
AL tandom wese deterined

The plagues of the sursturs were foupd to be smaller than the
Plaguts on the conteel plates (Table 33 The probalaitty of difference
helwcin the dita oblaned was anslysed accorting to the comvenbenal
Tarnnee st kst AR to expeniment J, ol six mean plague Gramelers
Wn compared Woe 7T be demonstraled that there was a hughly
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sigmificant difference (variance ratio 1706 P<00003) hetween the
observed dameters The six data were mdividuatly compared for differ-
ences at the 5 per cent level of sigmficance according to Harlley as
cited by Snedecor (1956) It was found that the plaques formed by
phages surviving incubation 1n serum at 24° € for 90 and 150 mmtﬂes
were sigmificantly smailer than those of phages wcubated at 37 °C
for 13, 60 and 80 munutes, the plaques obtaned from the phage-serum
mixtures incubated for 60 and 90 minutes being significantly smaller
than thosc of the broth conirols Of the salues obtamed m expenment
11 only the mean plaque dirmeters after mncubation of phage + serum
a4 24 5° € for 45 mnutes and of phage + broth at 37° C for 120 minutes
were compared according to the conventional variance ratio test The
diiference m plaque size proved to be highly significant (xanance ratso
16 77, p< D 00DY) In expetiment I, the sigmficance of the difference
n mean plasue size of the sursnors constituting the persistent fraction
at 37° C and the controls was lower {(vamnance ratio 4 06, p<005)

Inactwation al varying hyd tration The rate of 1n-
actination at varying pH was tested 1n a senes of experiments using fve
different sera Barbiturate or Tris maleate buffers of different pH were
used ss diluents The hydrogen-ion concentration of the final reaction
mixture was lested by electric pH-meter The degree of mnactivation was
caleulated against controls of phage and heat-macinated serum at the
same hiuhion apd p} The reachion mxlures and tontrols were treated
according to the standard procedure

TABLF 4
Rate of Insctwation af Varging plf

i \elocity®
83 100
1 11
7 102
i3 092

S Btrrecsd aen o n o - ¢

The pil dependence was studied for pH 6-8 W
renction rate was found to be dependent on the 03
all sera exhubuting an optimum ot pH 78 Table

ihin this range the
110 a moderate wavy,

4 sha -
tion rate at pHL 6 8-7 8 shass the wnactia
on . . .
wl - . .
re '

=e aes brle used as diluents i mactination t,
ests
performed according to the standard procedure The result 1s gncnsxtn
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‘Tablc 5 wherc the effect on mnactivation s expressed as the reciprocals
of the serum dilutions mactivating 50 per cent of the phage parhicdes
As will be seen, optimum mnactis ation oceurred at 0065 M N, corrc
sponding to a total molarity of 0 100 M

TABLY 5
Fifect of Varwous Sall Concentrations on the Inactivation of 12 by Normal Serum

Motarity Beciproent of serum
dilution reduckng
nitial phiage activity
1050 per cent

Na(l Triy maleate bulfer Total

0055 0035 0090 179
0065 803> 8160 280
0 085 003% 0120 268
0090 0035 0125 251
0095 0035 0130 232
010% 6075 0140 200
0115 0035 0150 189
0125 0035 0160 159
0135 0035 0170 1113
0145 0035 0180 108

Reaction mixture Total volumc 1 ml 1 X 104 12 particlcs phage and serum
(A0) d) an Tris (hydroxymethy)) aminomethone maleatc (Trys maleate) buffer at
pH 71 % 01, 00025 M Mg+ Incubated 2 hrs at 37°¢ 2 013°C

A similar experiment was sct up using diluents consisting of varying
concentrations of Tris-malete and constant concentration of NaCl o
see which factor was the most important, the concentration of NaCl or
the total molarity As shown i Table 6, optimum et ation oceurred
at 0 100 M As 0100 was the Jowest molanity tested, the expermient was
repeatcd with buffer solutions contuming 0 060 M NaCl and diffcrant
concentrations of Tris-malate to guve total molaritics varying wround
0 100 Optimum condibions were wchieved at 0110 M

TABLE 6
1 ffect of Volarity of Dilient on the Inactivation of T2 by Normal Serum

I elproenl af serum

Mibetty ‘ ditutfon reducing

tultlal phige actiity
o

Ml Tris mteate bulfer Totat } W p T
00915 00085 0100 750
00J15 00285 0120 123
00915 00335 0125 103
00915 00385 0130 282
00915 00485 014D 213
00915 00585 0150 13
00915 00885 0180 147

mixture 7Jotal volumc 1 ml 1 X 108 12 particles phage and serum
(An/;‘q)drll(:ln in Tris (hydroxymethy) aminomethane maleate (Iris malcatoy buffer
at pH 71+ 01 00025 MM Incubated 2 Brs oat 37°C ¢ 813°¢



DISCLSSION

If the mactination of T2 by normal serum was merely the result of
collisions hetween the participating molecules a temperature coefficrent
of hout 15 might be expected The replacement of extrancous material
on fhe receptor spots of the mhiinted phage particles 1 erude lysates
by the imactnating substances of normal serum (hallings 1961) neces
sitates 1 ugher energy of actination For companson the nentrahzation
of activated T2 parficles by immune anfibodics has a Q 10 of 14 (Cann
& Clarh 19)4) contrasting to a Q 10 of about 2 for neutrahization of
natine T2 (Hershey 1941 halmanson el al 1942)

Confined fo the ymtal rates of nactivation of T2 by normal serum
cateulations of the temperature eoefficient at varous temperature lervels
resulted 1n 1 Q 10 of about 2 as reported above Thus the complex reae
tion of mactnatton of T2 by normal scrum seems Lo tahe place 4t ahout
the same energs of actination as neutrahization by immune serum Thrs
catls attention to the jossible participation of a catalsst in the first
mentioned reaction

As desenbed above determination of the decline of [ hage activity at
close time ntervals revealed that the deviation from the hinear course
aprearcd at lower levels of inactis ion at temperatures abave and
below 37° € than at 37° For example at 237 the constant rate secmed
to be disturhed as early as after inaetination of the first 10 per cent of
e mihind P hage actisity The resemblance to the temperature character
stics of an enzyme reaction 1s conspieuous

Reflecting the complex chain of reactions there are two types of
curves one smooth 2s at 37° C and one discontinuous particularly
muhed at 45° (Fy, 3) The discontinuous progress of maclunation

ypears below as well as shove the optimum temperature In the
prosent stage there scems to be no satisfymng explanation of the phen
omenon Besides the steps leading to the final inacta ation of the phage

particles scveral antagonmstic  reactions probably sith different fem
perature dejendences have 10 be considered Ahe actnatimg effect of

norml serum on wnhtbitud | hage 1 articles 1 erude Iysates the effcet
of § reformed inlnbitors o the phage mactnating serum principles and
the (ffect of mnlubtors produced during the course of inactnation As
n Bipieal enzyme reetions the last mentioned mmhiitors may be the
comy lex af virus pashiele—anactny aling substances itself or breakdown
1roducts Though according to the cxperiment described above the
wractis thing effect of normal serum was not dimpmished by heating
undilsted scrum at the temperatures (£45° C) and perinds used m the

present study heat denaturation of factors wm the reaction maxture may
stll oecur

The contact with mCom il serum was found

size of surviving phage particles The nfluet
wreter 21 thnat 37°

to dimimish the jlaque
<l nce on plaque size was
M3E° Ains influence was more marhed during
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Table 5 wherc the effect on mnactivation 1s expressed as the reciprocals
of the serum dilutions mactivating 50 per cent of the phage particles
As will be seen, optimum mactis ation oceurred at 0065 M NaCl, corre-
sponding to a total molnity of 0 106 M

TABIL %
Effect of Various Salt Concentrations on the Inactivation of T2 by Yormal Serum

Molnrity Reciprocal of serum
dilution re lueng
lnnhlgz)h'u,c netivily
tn 50 prer e

Naf) Tris male ve buffer Totxl

0055 0035 0090 179
006% 0035 0100 290
0085 0 03% 0120 268
0090 0035 0125 251
0095 003% 0130 232
0105 0035 0140 200
o115 4035 0150 189
0125 003% 0160 L3
0135 @035 0170 111
0145 0035 0180 108

Reaction mixture  Total volume 1 ml 1X 10} T2 partielecs phage and serum
(AU) Dl an Tms (hvdroxymethyl) amiomethane maleate (Tris maleate) huffer at
pH 71201, 00025 M Mg** Incubated 2 hrs at 37° ( = 063°(

A simlar cxpermment was set up using diluents consisting of v irying
concentrations of Tris-maleate and constant concentration of NaCl to
see which factor was the most important, the conecntration of NaCl or
the total molarity As shown in Table 6, oplimum nactiyation occurred
at 0 100 M A< 0100 was the lowest molarity tested, the expermment was
repeated with buffer solutions contmiming 0 060 M NaCl mnd dafferent
concentrations of 1 ms-maleate to give total molanties s arying around
0100 Optinum condhitions were achieved at 0 110 M

TABIF 6
Fffect of VMolarity of Dilncnt on the Inactivatton of 12 by Normal Serum

Molarity ‘ Recipr ieat of seritm
dilutlon reducing
- - = — - fnitial phage ¢ ctinily
Nl ris muleate buffer Tota ‘ 130 per conl
00915 00085 0100 750
00915 00285 0120 123
00915 00335 0125 103
00915 00385 0130 282
00915 00485 0140 73
00915 00585 0150 193
00915 00885 0180 147

Total volume 1 ml 1 X 10+ T2 parhcles phage and serum
thyl) aminomethane maleate (Tris malcate) buffer
fncubated 2 hes at 37°C+03°C

Reaction mixture
(A \) dil an Tris (hydroxyme
atpH 71 £01 00025 AT Mg
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the linear progress of mnactivation than at the level of retarded rate In
this conneciion it 1s interesting to note that the mdctination at 24° was
arrested at a much carhier level Whether these observations may be
fahen as evidence for the existence of incompletely wmactivated phage
particles by normal serum will be discussed i connection wih rete-
tivation experments to he reported in a following paper

The reaction rate was found to be moderately influenced by the pl
and strongly influcnced by the total molarity of the reaction medium
Optimum rate was aclieved at pH 7 0 and at a molanity of 0 100-0 110,
te at a molarity below that of physiologieal diluents Rarlow el al
(1958) have reported optimum pH between 6 9 and 7 5 and a maxunum
mactivating actinity of normal scrum with a salt concentration between
0126-0 150 M

The present findings bring to mind the observation of Jerne (1952}
and Jerne & Shopsted (1953), confirmed by Cann & Clark (1954), thi
physiological diluents mhibit phage ncutralizabion by mumune anti-
bodies They obtamned optimum rate mn 0 001 M NaCl

As found in the reported experiments, the mactivation reaction seems
to take place 1n an excess of mactivating prineiple The activty of fresh
rhages added to an incubated phage-serum mixture dechines at the same
rate as the phages ongmally added The mactisation of different phnge
concentrations proceeds in agreement with the percentage law

Suppose that at excess of machivating normnal serum components, ihe
uptake of these components follows a first order reaction This imphies
that the pace of the mactivation process must be set by a subsequent
reaction

The assumption of an enzy matic nature of the pace-making reaction
fits the experimental findings as do complement and Mg+ dependence

- SUMMARY

The mactivation of colt T2 phage by normal serum was found to tahke
place at excess of mactyy ating princaple

The progress of mactinalion at different temperatures corresponds
to n Q 10 of about 2 Dependent on the temperature, the reaction seems
to he mubited after an mmitial hinear course

Contact with normal serum could nfluence the plaque sizc of the
survivng T2 particles

Optimum reaction rate was achieved at ptl 70 and 0 100 M

The results are discussed m relation to the findings reported m
neutralization of phages by immunc serum

T he characteristics of the inactivation process by normal serum hae
been found to resemble an enzymatie reaclion 1 many respeets
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cold nutrient broth and immediately plated according to the "3"["“";
procedurs Two fusther reaction muxtures of cach dilution were lal:lﬂl‘::
10+ in prewarmed broth after the incubation and then hept at 37
for 2 hours before bemg pinted To determine the mtial vieus activady
and the spontancous decrease both procedures were repeated with
four | hage hroth controls After dilution and immedhate ]v}almg of the
reachion mixtures conlatning a serum concentration of 1 25 28 per cent
of the phages remamed active whereas 25 per cent survned of those
hept at 37° C after the dilution The figures for the activity tn the dilu
Lions With serum concentration 1 38 were 09 and 63 per cent

The degree of mactwatien caused by the two serum concentrations
used 1 this expcnment was the same as had previously been found in
expeniments where the imbial phage concentration was 10f nfections
particles and the reaction mixtures onls diluted 1 10 1n phisiological
«ahine The lack of evidence ol reactivation 1n the present experiment
1grees with the findings reported 1n connection with experiments indi
eating that the mnactivation reaction conforms with the percentage law
(halltngs 1661 b)

In prebmmary cxperiments the dilution 1 10-1 100 in saline or dis
filled water of phage serum nuxtures (serum BS, dil 1 20) wmcubated
for 2 hours at 37° C caused no s1gns of reactination nor did storing of
the undiluted reaction mixture at + 4° C for 7 davs

In analogsy with observations concerning the inactivation of bacterial
and animal viruses by immune scrum 1t might be assumed that the
statnlity of the phage normal serum complex should inerease with the
reaction time The reaction mixtures (serum SSA dui 1 17 and 1 26)
were therefore incubated for only one hour in order o enhance the
reactivation by chlution Dilutions 110 1 100 1 500 and 1 1000
sahine ind distilied water were plated after ene hour at room tempera
ture nd after 6 days at + 4° C Controls of phage and heat mactivated
serum were sncluded m the experuncnts No significant difference in
1etvaly was found with inereasing dilution or between the two diluents
used when the dilutions wese hept for one hour at room temperature
before bang plalcd Howewver stormg at + 4°C for 6 days caused an
mereast inactnats which was more esident when the reaction mixtures
werc diuted wn distilled water (61 per cent average survnal) than in
sahine £33 per cent average sursnal) The corresponding sursinal after
onc hour at room temperature was 2 per cent The ex ecrimental proce
durt was the sumc s used i the cxperiment summarized 1 Table 1
In this experiment howeser the dilutrons were only Lept at room tem
puriture for ond hour before plating Owing to the relative mstabilits
of the T2 phages i distilled water, room temperature was choosen
anstead ¢ 37° € to securc reproducibility of the lest results As will be
seenan Table T oustng, segum AD achinals wereased with diution

\s soon s after one hour at room temperature The inerease was gre iter
w dishilled water than w saline

€
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3 Reaclwation of Inactwaled Colt 72 Phagest
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Lars Oror Kartines?
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Studies on the hancties of the reaction hetween colt T2r+ phages aud
normal serum have been presented in two previous papers (hallings
1961) The reactivation experiments to be reported?® n the present
paper were performed in order to study the nature of the combination
betwecn the phage particle and the inactinating serum factors Attempts
have been made to reactivate coli T2r phages i rawetion maxtures of
phage and scrum by dilution at various 1onie strengths and pH, by
treatment with a catton exchange resin to remose Mg, and with
proteoly tic (nzymes

As will be evident from the following cxperniments cert un methods
did not restore infectinity These negative expermments have also boen
reported 1n detul with respect to their signifieance for the understand
ing of the forces uniting phage and serum factors

MATI RIAND AMND MPJHODS
The materral and mcthods were the same as deseribed 10 a provious paper (Aal

tings 1961 a) Migh titer phage stocks werc prepared by the agar laver tahmque
viclding 1011 12 infeetious particles per ml (Sanstrom & Adams 1951)

TAPERIMINT AL

Lffect of Dilution tn Broth, Saline and Distilled Waler

About 75 X 107 12 particles were meubated for two hours 1t 37°C
m aserum (A A diluted 1 25 and 1 38 an barbiturite buffcr) Duph-
ate portions of each concentration were then chilled diluted 104 an

1 Auded by grants from the Swedish Wedieal Rescarch € sunetl

- The shilful technienl assistance «f Mrs Vaud fndberg and Mass Brrgitta Sund
t1sson 15 gratefully achnowludged

4\ preliminars report was read at the 1959 Scandinavian (ongress of Pathe logy
\nd Microbiolags Publ in Acta path <t microbiol scandmay Suppl 74§ 207 1961

82



87

lutt w1 100 in distilled

numt er «I sctise phage parhicles was higher after &

::::?:ha‘:r:n saline The difference hetween the mtanl‘ ;.; the "n’"e":',f‘.'.lngﬂl'::
tive number of survivors after dilution n salin

:;Tn :m:;‘.’lun 1 100 It is interesting to note that the inactiation cansed by

Seram B {(dil 1 20) had reache the level «f arrested rate (Fig 1)

Ta sum up undcr certan conditions the safectssity of phages 1
aetinated by normal serum could b te estahlished to 2 limited extent
Iy cilution Prolonged storing of the mactivated phages m distilled
water proved to be the most cffectine way (36 per cent reactivation)
Under fasourable conditions exposure to room temperature for one
hour was found to merease the activity by about 10 per cent The dilu
tion ¢ffeet seemed to be dependent on the duration of the preceding
mncubation of phage and scrum as also on indiidual propertes of dif
ferent sera

Fffect of Didulion tn Media of High lome Strength

Tn dfnem dg b ¢ V0o 4T '

e parbicles and
~ef al (1956) to

In four expern
menby phages and normal serum were mcubated and then diluted as
described in Table 4 Three diluents were used Michaehs buffer + 2 M
NaCl according o Pillemer 2 M \aCl and 015 M NaCl The dilutions
were ket at 37° € for one hour hefore plating To pravent reunion
when the dilutions were mixed with the 1solomic plating media part

of each dilulion was first kept at 56° C for 30 minutes to desirov the
[ hige mactisating allily

Frctiminars oxjeriments hat first Teen perf rmad to 1nvestigate of the mere heat
denaturstion <f the serum fact v3 could restore the anfielnaty of the snactinated
phage particles Reaction muxtures of phages and serum (A A BS and A S diluted

} 25 sn11 20) were Incubated for one and tw hours at 37° € and heated at 56°
ot ™

¢ percentage «f actiye particles
was .

i . . e diluted reacts n mixtores dud
nt ¢ a3 3 pmhicant d terence compared 10

he unheated dilutions The ac

tis ty was caleulated sec rding t nt in heated and unheated phage

the plaque ¢
enntr s

s will be suen an Table 4 onls an nconsiderable difference w 15
found between the relatis e number of actyy e phage particles i the three
diduents of diffcrent molarits Thus the difference between the means

of the d i1 for the reichion mixturcs dituted 1 2 M and 015 \ Nacl
was onlv 4 % per cent

Fffect of Varying the Hydrogen Ion ¢ oncentration

Two scts of experiments were performed En hoth of them phage and
Aerum wert maved md incubated al 330 C Tn the first sct the reaclion

mixtures were broupht to different pH valucs by the equtious addition
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relatree numher of active phage particles was higher after dilution I 100 10 distilled
water than 1o sakme The difference hetfeen the Means of the sofvival was 98 per
went The relative number of sumIvors after diutton 1 10 in saline was not lower
than after dilution 1 100 It 1s intertsting to pute that the inactivation caused by
serum B (dil 1 20) had reached the level of acrested rate (Fig 1)

To sum up, under certain conthtions the infectiuty of phages 1n-
sctivated by normal serum could be re-established to a limited extent
by dilution Prolonged storing of the mactivated phages in distiled
water proved to be the most effectine way (36 per cent reactnaton}
Under favourable condilions exposure lo room temperature for one
hour was found to merease the actinty by about 10 per cent The dilu-
tion effect seemed {0 be dependent on the duration of the preceding

tcutyition of phage and serum as also on ndadual praperties of dif-
ferent ser

Effect of Dintion it Vedra of Hhigh lonic Strength

In atfempts at sphiting the wmon Hefween the phage partieles and
the utactinating serum factors, the method of Pillemer et al {1936) to
eluate properdin from the PZ complex was adopted In four experi-
ments, phages and normal serum were sneubated and then diluted as
desenibed i Table 4 Three diluents were used, Michaelis buffer + 2 M
NaCl according to Pitleraer, 2 M NaCl and 015 M NaCl The dilutions
were hept al 37° C for one hour before plating ‘To prevent reusion
when the dilutions were mixed with the 1sotomic plating media, part
of each dilution was first kept at 56° C for 30 minutes to destroy the
phage inactivating abibity

Prelimminam rrnee =~ = 41

-

Was : N
It

not . s

) .. b N

controls phage
by will

found ;rvl\\i::\:;;“ w Table 4, only an nconwiderable difference was

diluents of lh”en‘:nf:’).:'h;o number of actine phage particles in the three

o the datn fr the wa“ anty Thus, the difference between the means

was ants 1 % por sent chion mixtures diluted 1 2 M and 0 15 M NacC)

Ffeet of ¥ sy the Bydrogen fon ¢ oncentration

Two sel
e ml;(:f}:q»;-nmmh were poeformed In both of them, phage ang
Tt o ]m a’nd meubated a1 37° € In the fiest set the reaction
irought to tiffere nt PH values by the cautioys additon
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o[ 01 n HEY or 1 n MaOH, then stored at 37° € of 22° C for 30 or 60
mnutes respectnely, challed, neutralized, diluted 1 10 1n 1ce cold saline
and plated aceordmmg to the standard procedure The pH values were
determined with an clectneal pH meter The effect sas tested at ssx pH
\alyes ranging between 92 and ¢ 1, the latter bemg the 1soclectric point
of the T2 particles The two driferent sera wsed (A A and BS) were
drluted 1 25 and 1 23 sespectinely At each pH value the phage actty
was calculated according to ihe pligue count of controls consishing of
phages and heat fnactivated sera, set up and treated wn the same way
as the reachion wixtures The pH \aration was not found to merease
the number of active phage particles 1o the reactson mixtures

Ia twa ather cxperments reaction mixiures incubated for 30 and 60
myaales were chifled, tifuted 1 10 1n cold Tris maleate hullers of di
ferent pif, stored one hour and then diluted 1 10 1n Tris maleate buffer
at pH 70 hefore beng plated To reduce the Joss of mfechinily due to
the direct PH effect on the t1irus particles a high serum concentration
was used {1 2) and the meubated reaction mixtures were kept at
4+ 4° C the whole tune hefore plating As wn the above experiments,
controls with mactinated serum were meluded The etperiments were
performed 1n triphieate Only the relatise plague count afler itution
at pH 85 of the yeaction mixture incubated for 30 minutes seemed to
be a fittle hugher (7 per cont) than the corresponding figure after ditu-
tion ot pH 7 0 {Talde 5)

TABLE §
Thbution at § agtaus pH Valurs of a Phage Serum Muxture Incubste §
for 30 an1 €0 Manutes ot 37% ¢

Plot @t em | Ser gent surervors

W min mn
M 292 201
H 303 1
4 349 31
7 364 e
M 324 a5
P 369 296

374

- it

React] n mixture serum (5§ A diluted 1 2
methane  taleate buff, o - in Teis {hydraxymeths’) aminn
Vg adied tnp0saea ™ P 705007 012330 about 167 T2 particles per ml

ONing $o the seatter of the data ohtawned abose, the procedure was
rlcpc:\u'd in two furlher teaphieate expenimints using anolher serym
diluted T 10 As 1n the previous expenments no defimite reactivatin,
effect cond be demonsteated ¥
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Effect of Removing Mg+ from the Incubaled Mirture of Phage and
Serum

As was reported by Barlow el al (1958) passing a serum through a
resin removing dinalent eahons or chelaling the cations by ethilencdix
mine tetraacetate depletes the serum of iactnating capacity The ac-
ity 18 restored by the addition of Mg but not by the addition of Ca*
These findings could be confirmed by the present author (unpubhshed
experiments). Thus, magnestum 10ns scem to parhicaipate m the reac-
tion between the phage particles and the inactinating scrum factors
The following experiments were designed fo mvestigate if attempts to
remove Mg+ from the complex could cause reactinvation

A resm of the carboxzhic acid type was used (Amberhte IRC-30)
Before use 1t was converted from the hydrogen to the sodmm cyele by
the addifion of NaOH and neutralized by waslung m 0 153 M saline

A portion of a reactron mizture of abou! 1 X 10t T2 particles per mi
and serum {A A, dil 1:10) was mcubated for 23 munutes at 37°C,
chilled m 1ce-water and diluted 1.10 1 cold barlaturale buffer and
another portion was heated at 56° C for 30 mmutes The mintures were
then transferred to dialyzer tubes which were placed m a beaker cons
tamng the resin suspended m serum heated at 56° G for 30 minutes
and diluted 1-10 i barbiturate buffer Controls of phage and heatcd
serum were treated similarly The beakher was left at room temperature
overmght The resin was changed after one hour Neat day the reachion
munlures and controls were dealt with according to the standard proce-
dure The rean treatment was found to reduce the magnesium content
of the reaction mintures so that no magnesimum could be detected with
an ergame reagent { (4-[p-mtrophenylazo}-1-naphiol), Johnson 1938)
sensitine to 1 part magnestum m 5 mlhon parts solution The relitne
phage activity was found to be about the same whether the reaction
mntures were heated or only duuted before treatment with the resmn
The mean aclinity of three determinations was 698 per cent which
hiould he compared with the values obtamed w the followmg expert-
ment

A reaction mivture was made up ncubzited and chilled as indicated
above In this eaperiment the resin was put dircetly mto tubes con-
tamming the reaction minture These tubes were mcubated at 37° € for
25 munutes The mactnation after the uitnl meubation period was
dutermined m untreated samples Controls of phage and hieated serum
were treated correspondingly  The direct contact with resir was found
to reduce the virus titer of the controls by an average of 18 per cent

\fter the mcubation of the phage-serum mnture with resin the man
actiaty 10 sy samples treated separately was 740 per cent, practically
the same as found mn the untreated reaction mintures (75 4 per cont)

plicate cxperiment waith the same dilutin of

The procedure was Fepeated moa b ilutin -

«rum (A A) and mcubation time and with ancther serum (VO il
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f actine phages was 637
bated with T2 for 30 minutes The relatine number o

:."u;:.:. ‘nnd 662 with rewn treatment for the fiest serum 622 and 61 2 for the

stehnd xerum tested

AftemDis to remove Mge from the complex of phage and iractivating
serum factors thus did not prove to increase the number of infectrous
particles

I ffect of Trealment with Proteolytic Enzymes

It 15 cvident from the precedmg experiments that the reaction leading
to nncination of phages by normal serum was not eastly reversed
Therefore, the effect of methods able to break comparabi ely romplex
wntons was tested As the complement and other inactinating normal
scrum factors are known or supposed to be protetn w nature, the effect
of three enzymes hydrolvsing —CO—NH—links {(tevpsin papamn and
ficin) was studeed

Trypstn  Trypsin (Difeo 1 250) 1 g per 100 ml phosphate buffer
was used Two experiments were performed In the first (1) phage sus-
penston and serum (BS dil 1 20 in harhturate buffer) were mixed
and incubated for two hours at 37° C The rcaction mixture was then
heated at 56° C for 30 minutces to stop further mactination and dnided
in two portions To the one of them 025 mt of the try psin solution per
mi was added and to the other 0 25 ml harhturate buffer per ml Both
portions were then ncubated for 30 mputes at 37° €, diluted 1 10 m
cold 015 M sahine and plated according to the standard procedure

In 1 secand experument (11} phage suspension and another serum
(A0 i1 100 barhturate buffer) were mixed and neubsted for
two hours 1t 37° €, cintied and duaded 1n two pothons The fisst por-
fion wis diluted 1 10 1n 015 \[ salipe and plated To the second 0 2 ml
trypsin soluton per ml was added This portion Was ncubated for 10
munutes at 37° € before diluting and plating as sbove

TABLF §
Fifect [ Teeating the Phage Serum Mixfure #1th Trypsin

React on miviure
Faperiment

Flage contrgl
Praque count® | [efcent Fta fae conne
Treated
! ¢ 40 56 23
1 Lntreated 925 st 30{2
1) Treatet
I { 545 381 30
Unteeated 1S 3 1225
T Memneof g VT oate ..
' . .
o, : " "
~ " -
I b .
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Effect of Removing Mag* from the Incubated Micture of Phage and
Serum

As was reported by Barlow el al (1958) Passmg a serum through a
resm removing disalent eations or chelating the calions by ethy lenedin-
mine tetraacetate depletes the serum of inactivating capacity The ac-
tivaty 1s restored by the addition of Mg* but not by the addition of Cy+
These findings could be confirmed by the present author (unpublished
experments)  Thus, magnesium tons seem to participate m the reac-
tion hetween the phage particles and the mactivating serum faclors
The following experuments were designed 1o myveshgale of attempls o
remove Mg from the complex could cause reactivation

A resin of the carboxylic actd type was used (Amberlite IRC-50)
Before use 1l was converted from the hydrogen to the sodium cyele by
the addition of NaOH and ncutrahzed by washimg m 015 M saline

A portion of a reachion mnture of about 1 X 10+ T2 particles per ml
and serum (A A, dil 1 10) was meubated for 256 mmutes at 37°C,
chilled n 1ceswater and diluted 1.10 in cold harbaturate huffer and
another portion was heated at 56° C for 30 minutes The nuxtures were
then transferred to dialyzer tubes which wete placed i a hevher con-
faming the resin suspended m serum heated at 36° C for 30 miutes
and diluted 1 10 1 barliturate buffer Controls of phage and heated
serum were treated sinilarly The beaker was left at room temperature
overmight The resm was changed after one hour Neat day the reachon
mntures and conltrols were dealt with accordmg to the standard proce-
durce The resin treatment was found to reduce the magnesium content
of the reaction mntures <o that no magnestum could he detected with
an organic reagent ((4-[p-rutrophienylazo]-1-naphtol), Johnson 1958)
sensitive to 1 part magnesium in 5 mulhion parts solutton The relatine
phage actinity was found to be about the same whether the reaction
mixtures were heated or only diluted before treatment with the resin
The mean actinvity of three determmations was 698 per cent which
shiould be compared with the salues obtauied e the follow g expert-
ment
A reacthion muxture was made up, ncubated and chitled as indicated
above In this experniment the resm was put dircetv to tubes con-
tamming the reachion mnture These tubcs were inctthated at 37° € for
25 pnunutes The mactination after the imihial incubition period was
determined m untreated samples Controls of phage and heated serum
were treated correspondingly The direct contact with resm was found
to reduce the virus hiter of the controls by an average of 18 por cent
After the mcubation of the phage serum minture with resi the moan
achivity 1 sivosamples treated separately was 74 0 per cant, practie IN
Ihe same as found m the untreated reaction mintures (75 4 por cent)

The procodure was Tap ted 1 trphicate ayperiment wath the same difntien of

werum (4 A} and incubation time and with another spum (V8 dil 1 thoan
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percental activity wnas nereased (9 2 per cent) after treatment with the
actnated papma
TABLE 8
Fifect of Treating the Phage Sesum Mtxture with Paparn
e ——

Reaction mitture Chage conteol

Trema em Per eem Ytaqoe rount”
actiaty
483
Actysated pagpasn ;zi ;s‘ 3
Non activated papain e e

* Means of 3 duplicate expcriments

Jlratl:n mittore approt 9 X 103 T 2 particles per ml and serum €A b‘)‘ diluted
1 1p in harbsturate buffer, D125M PH 73+ 00> Mg " added to 0002y l’h;ge
control Fqual parts of phage suspenston and nutrient broth Papain added to 00
02 per cent

Fiein Freshly prepared one per cent aqueous sshution of fiem (Mann)
wae used Reaction mistures and controls were adjusted to pit 62 with
01 n HCY after the addition of the fom sohution

n two duplicate experiments T2 phages and serum (A O, dil 1 10)
were mcubated for iwo bours a1 37° € One porhion of the reachon
mixture was treated with 0 25 ml fiean solution per ml (37° C, 10 min )
The other portion was placed 1 1cenater, 025 ml barbiturate buffer
per ml idded and pH adjusted to 62 Phage controls in broth were
treated correspondingly Al mixtures were then diluted and plated
aceording to the stand-rd method After treatment with frein, 44 8 and
43D per cont of the phages were found 10 be actie compared fo 319
and 31 1 per cent in the untreated mixtures—thus a difference of 129
Inr cent in both expersments

In further experiments of this 1y pe the difference between the relatine
1laque count of treated and untreated muctures was found {o werease
consideribly 1f the reaction period between phage and serum was
~horter or serum Turther diluted To examyne this, T2 phages and serum
{85 drtuted 1 40 were ncubated at 37° C for 20 hours At the tune
ntervals histed i Fig 2, samples were treated with ficin as 1o the above
©xpermmmts The deerease i sirus actinty m untreated samples was
determined at the sime time Barbuturate buffer was added nstead of
Hmm sohubon i these comtrot samples and the pH adjusted to 62 Part
of the control smples was chilled and diluted iImmediately and part
Was meub ded for 10 minutes as the fiem treated midures The differ-
tnee bedween these two steps was Iater found to be neghgible The -
actvation was ealrulted secarding to the plaque counts of hiom treated

ind unircated phage controls wath <erum heated at 56° C for 30 my-
nutes Asshownun the fig the difference between treated and utitreated
Feachion mMIstures was 34 per cunt after one hour, 24 per cent after two
hoars and so on deercsing tonards zero with mereasing reaclian tume
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The results of the two experiments are presented in Table § The
treatment with trypsin was found to incrcase the number of actne
phages The difference between the activity i treated and untreated
mustures was 13 5 and 16 8 per cent

Papatn Papan 1 350 (Mcrck) was used m 2 per cent aqueous solu-
tion The solution was made up according to Kalmansson & Bronfen-
brenner (1943) Before use 1t was taken from the refrigerator nd
activated by the addition of 0 1 ml of 16 per cent cysteme hydrochlonde
per ml The pH was adjusted 1o 7 4 and the muxture meubated at 37°C
for 30 minutes (Rosenlierm 1937)

The resistance of the phage particles towards the papan preparations was first
cxamined as preliminary experiments had revealed a considerable decline of ac
taty i treated phage controls Different dilutions of actryated and non activated
papamn were added to 2 series of tubes contamning one mi phage suspension preincu
bated for two hours at 37°C After the addition of the enzvime the suspensions
were incubated for 10 minutes at 37° C, diluted 1 10 1n 015 M saline and plated
according ta the standard procedure A< is shown in Table 7 the titer of infectine
particles deereased 1n relation to the amount of papain added A loss of infeetiaty
was caused by activated as well as by non actinated papun The stoch suspension
of virus used i this experiment had been stored n the refrigerator for about
6 months In the followimg experiments a fresh Ivsate (1-2 weeks old) was used §s
mentioned 1n a previons paper (hallings 1981 2) in connection with the aetrsation
of inhibnted phage particles 1n crude Ivsates papam treatment of this fresh hsate
was found to inercase the phage actinaty by an average of 125 per cont The same
phenomenon was obsarved after treating a fresh Dysate with trypsin f temn was onls
tested on old hsates

TABLY 7
Effcet of Pajamn on the Infectii ity of the Phage Particles
vercentl concentrntion of Pl gue count®
m“:‘x':‘s:::-:nlﬁ;ﬁ heke \etnated pipun [ Non acthynted pap rin

02 91 54
01 134 ne
002 149 162
0002 156 157

- 175 175

* Means of a duphcate (xperiment
Phage suspension  Approx 9 X 163 T2 particles 1m 05ml barbiturate bufler
0125¥ pH 74 % 005 + 05 ml nutrient broth Mg added to 09025 V!

The action of papun on the umion betwecn phage and mactivating
scrum factors was testcd m three dupheate expermrments Phage sus-
pension and serum (A O, dil T 10) were mcubated 1t 37° C for two
hours The effect of the different papain concentrations given m Table
7 was (xamuned The mntures were meth tted for 14 or J0 mnutes
hefore dilution 1 10 m 015 M sahne and plating according to the
standard procedure As the varmous papun concenlralions g about
the same relative number of ietive phages the rosults m Table 8 are
given as the means of the obscrvad plique counts As wall bo suen the
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In the reported cxperimcnts the virus aebinsty n the reaction mixtures
wns related to the actiaty in controls treated 1n the sime way Yorm
stance actnation by diduton m distilled water of phages whibited by
bacterial products (Sagih 1923) should he revealed hy the controly
Therelare the merease of the astinity ebsenved seems to he die to an
actual reactiation process and not fo the liberation of parbicles alreads
wmhubtted m the ongmal virus suspension

Methods able o cause molecular re arrangement were found more
clfeetine to revarse the reaction than methods able to hreak physical
Hoods Thus higeston of the camplex by peoteolitic enzvmes alwavs
inereased the number of actine particles though only 1o a certam extent
Jrmuted by the [ hage serum reaction time (Fig 2) The effect of methods
apt to change equibihrium and electrostatic charge was found to be
srreguiir and dej endent on the wndnadual properties of certamn sera
Prolonged storage mn distilled water appeared to be the most effechise
of thew procdures If the factors i the complex could be easily dis
sotiated 2 shfl i the cqulibrium by dilntion should give a guanita
tne refease of free phages from the complex according to the law of
mass 1wclion Ne conssstent relation could howeser be demonstrated
tween the activits and the degree of dilution It 15 worthy of note
that 1 moderitely mgh salimity (0 6 M) enough to ¢luate properdin from
zvmosan (Plemer el ol 1906) did not restare the actraly of the i
acluated phages nor did difution in 2 M saline

In contrast to the present negaine result of treahing the mactinated
pliages by a ention exchange resin W edgwond et al (19a6) found that
the intubition of Newcastle Disease Virus by normal serum was reser
sibl o s certun extent by this treatment

The regorted lindings [ ot to 4 firm umon hetween the phage par
ticle ind the inaetn ating serum factors The tendency towards deereas
g reactnation with increasing phage serum reachion time and serum
concentration refiects a renclion procedng 1o srreversiility The rela
tion fetween the degree of reactivation and the period of preceding
contel with serum 1s especralls evident sn the experiment shown in
Fig 2 where the frackon of phages recavered after fiemn treatment
gradu iy decreases For comparrson with speeific antiphage serum
:hlﬂ“l"'" with pagam was found to eause complete Teactnahion not

tmited by the length of contact of {hage with antibody prior to treat
meat while sf the § hage was overneutrilized s coudd not ke teactuaied,
{halmanven & Bre nfenbrenner 1943)

Wath regard to he non 8 eosfic chiracter of the inachvating prin

alo i pormal scrum the demonsdrated stabdits of th eom o
not v e o1t

ne
L. .
th

LoBpmting o
M ation as moder dels dissociable by dilution A ;hus‘;! fo m‘i( r[



Per cont ypactiyated T2

t 1 . [ % 20 bours
Reaction trme of phoge scrum mrelures

— — unireated mixtures
o—0-—0 ficin treated mixtures

g 2
Inerease an (he nunber of wnfectians parficles after frein treatment of a phage—
serum muxfure incubated for partous periods al 37° €

Reaction time given on log seale —Reaction misture  Scrum (BS) diluted 1 4000
barbiturate buffer, 0125 M, pH 74 £ 005 approx 1 X 100 T 2 particles per ml Mg
added to 00025\

The experiment wWas repeated with consistent resulls when usmg an-
other serum

The addition of trypsin, papain and fiem o serum was found to
completely abolish the mactnating capaeity of serum, due either to
digestion of the mactinating serum factors or to non-specific mhihition
of the reaction as seen after the addition of varous proteins (Hallings
to he published)

DISEUSSION

As shown Iy the present experiments, the number of phage parlicles
remamng actnve after contact with normal serum may be mereased
under certain conditions The first question to be discussed s af this
merease 1s caused by the re-estabhishment of the mfectnaty of separate
or aggregated particles maetivated by serum factors, the dissoetation of
aggregates of native phages or by the activation of particles mhubited
n some other way

Speafic aggregation 1s hnown to oceur with antiphage serum
(Schlesinger 1933) High concentration of phage 15 howeser necessary
to give a visible preaipitate Burnet (1933) observed no reaction unless
the oniginal titer was 2 X 107 or lugher Dopending upan the wize of the
particles about 10" 10" phage particles por ml seem to be requirad for
avisible reactson (Merrtll 1936) Later Hershey el al (1943) found that
If the concentration of phage escecds 10 plaque-fornung units per ml,
the veloety of the reaction with antibody incrcases deersively which
suggests specific aggrcgation of the phage If a corresponding pheno-
menon occurs With normal scrum, 1t was not hhely to apparr m the
present experiments as the suspensions were mostly diluted to 10
plaque-forming umts hefore use
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pretation seems to be just the imperfect speeificily of this carly form
of antihody

The stabihity of the phage-normal serum complex scems to Juslify
that the observed neutrahzation of the mfcetinity of phages after con-
tact with normal serum majy be characterized as an nactisation reac-
tion

SUNMMARY

Attempts have been made to reverse the mactivation process by dilu-
tion at various 1onic strengths and pH valucs, by the exclusion of Mg
and by digestion wath proteolytic enzymes The complex between phage
and the mactivating factors 1n normal serum proved to be of consider-
able stabibly  Under certain conditions dilution, especially i distilled
water, gave a measurable reactivation Only treatment with proteolytie
enzymes caustd a regular although not complele dissociation of the
unmon  After prolonged contact between phage and normal serum the
reaction seemed to be irreversible The effect of normal serum on colt
12 phages may thus be looked upon as a true mactivation process
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FAPFRIMFNTALI
tal thly at 3¢° € and below

The expersments under ths heading were mamly performed to deter
e the temperatures and periods appropnnte 1o presenc the inac
t ating 1 otency and to mvestigate the dees of aetin sty lihdlv to occur
(0 sera standing at room temperature and meubated 2t 37° G the veac
ton temperature generally used

co6 ose  om @1
Se mco en s on

Fig !
Decay of phage tnacts al ng cap ety of serum menbate  at 33° €
(urves fr m left 10 fight Scrum unheated heatel for 05 15 2 35 4 and 5 dads
Delails are grnen in Talle t Abscissa  Arithmetical values of serum ¢ ncentratwans
on a Ing scale

TABLE 1
Decrease of I hate Inact sat ng Capatity after Incubation at 37° €
{ W ciprocalof sertm N
b eru
Tine B S actvivine,

41 1000

12h urs 385 873
28 741

36 286 619
18 240 54
0 . 217 492
12 196 "
& 119 we
4dass 1" 270
41 mnn

it
‘| :".:l ndm wture T taly lume 1 ml alout 1 X 10 T2 part cles phage and serum

1 jn Pact torate luffec 0125\ at y1 T4+ 005 000
cilated at37°C £ r2h urs Duplicate experiment 07 Me In

T ¢ The et dting capacity was found to be unaltored after
weubation of four different sera for 8 12 hours at 37 = 03° C The
serr werc ancubated undiluted  After about 12 hours the mactnating
capaats gradusfiy diminished The deere ise heeame first evident at low
serum coneuntr ions (1 1) As will be <ecn i this figure iMystrabing
bt (ffect of expavurc ta 3% L trom 12 Wiours to > davs the shape :f
tht mactivation  serum coneentration curve ehanged sath nereasss
rroment iion tune of scrum The tyyical eurve with a steep sfoj e 'ﬁ
k]



FROW TIN NATIONAT BACTFRIOTOGIC AL [ ABORATORY, STO( RHOIV

STUDIES ON THE INACTIVATION OF BACTERIAL
VIRUSES BY NORMAL HUMAN SERUM!

4 Decay of the Colt T2 Phage Inactaling Capacily al
Various Temperalures?

By

Lars O1o1 Karrinas?
Reconad 1616t

An extended knowledge of the thermostabilsty of the virus neutral-
tzing capactty of nermal serum s ttuportant (rom scyeral aspects for
the practical handling of fresh serum, for the methods used to preserye
or destroy the ncutrahzing ability, to «stimate the deterioration of
serum activ ity durmg various experunental conditions, and to elucidate
the nature of the serum factors participating in the virus inactivation
reaction

Fhe mactivating property of normal serum on col: T2 bacteriophages
ts known to be thermolalle Van Vunahts el al (1956) found the n-
activating effect to be destroyed by heating fresh serum at 56° C for
15 munutes In the present paper a detaled study will be reported on
the stabihity to temperatures ranging between — 60° and + 80°C
Ividence 1s presented for the appearance of a virus mhubting effect
when serum s heated at temperatures between about 54° 70° € The
findings are discussed 1n relation to the thermostabihty of the comple-
ment factors, properdin and conventional specific antibodies

MATERIADL AND MITHODS

The material and methods were deseribed i previons papers (Aallings 1961 a ¢)
Sterile scra were placed 1n a waterbath refrigorator or frazing box for varwous
pertods at the temperatures Iisted below  diluted in 15 fold steps and tested for colt
phage (1 2r ) nentrabizing activaty according to a standard mactyabion procedurc
(hallings 1961 2} The serum dilutions mantioned bedow refer to the final dilutions
1n the reaction mxtures if not othersisc 1s stated Al cxpermments were performed

with sterile precautions

1 Auded by grants from the Swedish Medical Research Council

+ A preliminars report was read at the 1959 Scandinasian Congross of Pathologs
and Microbiologs  Publishcd 1 Acta path ot microhol scandmay Suppl 144207
1961
3 The skilful techmical assistance of Mrs Maud Lindborg and
pissan 15 gratcfully acknowledged

< Rirgutta Sund
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modified A time—surynal experiment was performed to facilitate the
understanding of this phenomenon A preliminary experiment had first
to be done Two lots of the same serum (AT A ) a fresh one and one
neubated undituted at 37° € for three days were diluted in 15 fold
steps and tested for phage neutralizing actissty (two hours mcubation
at 37° C) The neutralizmng potency of the serum lot pre incubated at
37° C was found to bhe decreased by 60 per cent of the onignal actraty

On the basis of this test tno serum ditutions were selected for the time
experiment causing A a neatrahization rapidly reaching the level of
tersistent fraction and € a reaction somewhat slower Four mux

tures of phage and serum were made np contamung per ml A 0065 mt
fresh serum B 0 060 ml serum ncubated undiluted at 37° C for three
days € 0045 ml fresh serum and D 0 045 ml serum incubated as B

The mixtures were divided mnto 1 ml ahquots and were placed m a
waterbath a1t 37° C At the intervals indicated i Fig 2 duphicate ali

quots of ench muixture were tested for remaining phage actruaty accord

wng to the standard procedure It was revealed by this experiment that
the mactinabion by pre incubated serum in companson to that by fresh
serum was characterized by a prolonged initial lag period and an earher
devration from the hiniear phase to the retarded reaction rate

2

t ons of a serum incubated und luted
at 37* C for 3 days

Fg
Tume—sur tal curves of two concentra

Proce Jure an | 3ignif cance of sym}ols are indicated In the
¢ text Rem; n) !
et ety 4y in the serum ot incubated at 37° C for 3 days 893 ;Omperg :::t,ph:
molytic units

2' € The stabilits of s1x different sera was tested at 22 203°C
The activity was found to he unchanged after 1hout 30 hours incuba
tion and to be reduced to o per cent after 4 5 days The find:
Mlustrated I 180 sert i Table 3 where the mnereasing serum
irtions necessary o mactinate af | er cent of the phages are histed The
grogress of mictination at different serum conecentrations was nfl
enced by the exposure of undiluted serum to 22° € 1n the same w "
deserit ed for sera pre mecubated 2t 37° ¢ R

$ 1 Your differcnt <
tennds The went

ngs are
concen

€ were placed at 4 = 05°C far Vemng

Tile 4y 1 ‘ h S
the amactina °
L o anereasing persods of fame at
~ ol N
01 —~T T~
7=
LA LIBRARY
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gh serum dilutions rapidly bending to the almost constant level of
mactivation caused by the persistent fraction, gradually flattened out,
the phase of persistence appearing at lower and lower levels of mac-
tnaton The drop m nactination at lugh serum concentrations demon-
strated 1 the figure was found to rceur tn different sera after incuba-
tion of serum at various temperatures In the experient shown n the
figure the rceiproeal of the serum dilution able to inactivale 50 per cent
of the phages after different periods of pre-incubation was caleulated to
express the decay of the mactinvating property (Table 1) As shown in
the table the smhial activily was reduced to 50 per cent after ahout
60 hours The 50 per cent decay appeared after about 48 hours 1n an-
other serum

The stablity under the ordinary conditions of the mactivation test
was also exammed 1e the stabibly whin sera were diuted prior {o
incubation at 37° C Two different sera were first serially diluted
barinturate buffer according to the standard mnactivation test and then
placed at 87° C for varying periods before phage was added The mix-
tures of phage and serum were kept at 37° C for one or four hours As
seen mn Table 2 diluted serum scemed to e more thermolabile than
undiluted The inactiyating capacity of diluted serum was found to he
unchanged after about 4 hours A decrease of 50 per cent was reiched
as early as after 6 8 hours incubation

TAB11 2

Decrease of Phage Inactivating Capacity after Incubatton of Diintions
of two Sera at 37°C

Scrm
1 u
Hours —_ —
Reeipracal of Neclprocal of
serum ¢
l;[;:-lll::,n‘l‘ln,! Serum :‘u-lnny mnetisating \(‘rlllll’l‘l:/(’ll\ﬂ\
094 0f the mte N, ol e o
phages phiges
145 1000
1 139 959 46 1 1000
2 149 1028 459 996
4 455 987
6 12 112 338 7313
8 33 228 213 462
10

Reaction muxture Total volume 1l about 1 10+ T £ particles phase and scrum
dil 1n barbaturate butfer 0125\ at pll 74 + 005 00025\ Mg Incabated at 377° €
serum 1 (A £ A) for 1 hour serym 11 (A A) for 4 hours Duplicatc espenment

The reported findings ndicate not only that the virus mactivating

o
power of normil serum decrcased during prolonged «xposurc to 37° C
but also that the ncutralization caused by such serum was quihitifndy



o comy st ok on

O]
Sarven copcentrat on

Fig 3
Decay of phage tnacti aling capneity of sesum stored at +4°C for { 2§ dags
Abscissa Anthmebical values of serum eoncentrations «n & | g scale
Detarls are gnen in Table 3 serum 1

~ 30° ¢ Themactnaling capacits of two sera storcd 211 —30 =17 G
wis dimingshed after about two months (80 and 87 per cent of the
imitial activity expressed as the reciproeal of the dilution able to n-
\etisate 50 por cent of the phages) The influence of storage at — 307 C
on the wactnation at dilferent serum concentrations was similar to
that observed 1fter storage at +4° C

—60° {  Sera were stcred in rubber—steppered tules 1n a dry ce hox As the
tutes were n o scaled the influence of (O «n the phage inactivating preperty «f
serum was € - e b e . .

precipitated
0 mimutes - "
thages acee .

m Wl catin {n 1l ¢ inactivati n turve was «bserved compared t) serum controls
han fle! in the same way but n L trealed with O The experiment was repeated
with the same an | with an ther serum with e« nustent results The exposure to €Oz

during the o1 Tage ceall not be tery intense as the wolid (O was kest outside 8
metal box ¢ ntalning the sera

Reference scrum stord ap — 60 € was tested dandy according to the
standird procedure during an inveshigation on the vanatiwon of mac-
tu sting eapreats of normal sert drawn from persons of different phy-
swlopient ind puholegieal state (1o be published) St reference sera
ohserved for periods sarving from 2 to 6 months were analysed with
rexpeet o the scrum concentration necessars to inactivate 50 per eent
of the plnges, the slope of the hine e part of the wnactisation curve and
the level of the persistent fraction \o sigmilicant difference was ob-
senved an (s respeets wath fnercang time

Tiphteen ordinars serum specimens stored at — 60° € were retested
Afler mowds samang ftom 3-19 months The serum concentrations
wble to snachiv ite 50 per eont of the phages were not sigmificantly n-
ereased The slope of the curves was caleubited according 1o the equa-

8
tion 10 p

ro
w which pg = the ol number of phage partichis, p = the numher
af ghoge particles ranuming aclne ¢ = scrum concentration, L

~Ltge o
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4° Gas shown i Fig 3 “The slope of the straight part of the curse does
not seem to deerease with the tune of storage as at 37° C On the other
hand the gradual loss of mactivating effect and the ncrease of the
rersistent fraction was the same as seen at 47° €

TABLT 3

Decrease of Phage Inactu ating Capacily after Incubation of tiwo Sera at 22°C

Serum

1

Th 1t cipracal of

s rum bl

Sernm netivlty 1
e,

\L i

eciprocal of
serum il

Inachvating imictivatm,, | SCTUm activiy
N0 nte
phanes phages
~ 308 1000 401 1000
12 hours 293 951
D A 309 1003
24 281 912
i, 29 4 955
2davs 251 815 279 696
3, 244 792 26 4 658
4 178 578 260 618
5 159 197
6 102 254
7 62 155
8

Reaction mixture Tatal volume 1 ml about 1 X 104 T 2 particles phape and sernm

(I
Mg

A0, H AT
Incubated at 37° ¢ for 2 hours

TABIT 4

1) dil n barhiturate buffer 0125V at pH 74~ 005 00025V

Decreate of Phage Inactivating € aj acily afler Storage of two Sera at 4° €

Serum
1 [ 1
Thys Necipr weal of I erproct of
r ~erim
inaetivating Serumaciany | R S¢rum nethvity
% g of the . S0y e Fthe o
Phiacs Phnes
401 1000 285 1o o
1 412 1070
2 185 00 392 1018
1 358 813 380 987
6 243 1
8 167 4160
10 11 277
12 85 21¢ 58 670
14 18 514
18 175 55
23

hagc and serum
mixture Total volume 1ml about 1 ¥ 104 1 2 partiches phag ;
“(;\Mlm'{1 A Ay i) an barbeturate buffer 01250 at pH 74+ 005 0 [IFERR)]

I
y Incubatcd at 37° € for 2 hours Duplicate o< criments

Mg
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uspension + nutrient broth 238 determinations of the phage actaiy
\fter incubation for one or two hours at 37° C wath heated serum were
ompated with the correspondmg determinations {228) n broth con
rols 118 of 166 heated sera proved to refain some actiity The mean
1hage actaty w all serum contrals was found to le 93 4 per cent of
the mean of the hroth controls No decrease 1n the relatie number of
suriiors was observed after a reaction time of two hours in compan
<on to one hour In a triphcate expersment four different sera heated
at 56° C for 30 mumutes were diuted 1 5 and incubated with phages
for 24 hours at 37° C In comparison to the plague counts of hroth con
trols treated 10 the same was 87 7 per cent of the phages were infect
ons Thus the progress of inhiition with time if anv must be vers
slow

The stability to temperatures between 3o° and 70° C was examined
in a series of experiments An ultra thermostat waterbath accurate tor
+002° C was used The temperature was determined with the aid of
A calibrated {hermometer with a precision of + 00%° G Firsthy the
individunl thermoresistance of seven different sera way deternmined by
heating undiluted sera for one hour at temperatures from $0° 10 62 C
The sera were then diluted 1n barlsturate buffer and mixed with phage
suspension to a final serum dilution of 1 10 Six sera were found to
Biehine wn abouf the same manner In several duphcate expenments the
wtnaty sas critically destroved hetween 47° and 49° € When ey
Bated with ser1 heated at 49° 13° C the number of active phage par
ticles was a few jer cent higher than in the broth controfs (1 5 broth
controls in each experiment) The number of infectious phage parhicles
deereased when the sera were exposed to temperatures above 26° C
Macimum ihibiting effect on an average 29 1 per cent of the controls
was reached afler heating the sera at 62° G The activits of the seventh
scrum was destroyed more gradually within the temperature range 48°

52° C The mactisating effect was not completels abholished the in
activated virus Iraction neser being less than 15 per cent

Two (4 and I} of the six sera shoning 4 similar thermoresistance
wad the seeum with at errant properiies {C) were seleeted for further
examination of the stabality at 45° 50° € for onc hour The nactinating
cipaeity of the heated sera was tested agawast a comparatuely frosh
phge Ivsate (4 weeks) and an old one (7 months) The means of all
fresh and old [hage determimnations at each temperatuce tested, e
fisted in Tatle 7 The loss of serum activity at a enitical temperature
and the appearence of 3 hage inhil thion at ove this temperature as ob
served r the g rehminany expenments was confiemed The vitus why

Mlung effect of serum especrall °
PRI specialls marhed after heating at 62° € coen o

Pnga
contac

frcsh Ut
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constant indicating the slope and @ = a parameter (Kallings 1961 1)
Table 5 lhists the quotient between the A values of fresh and stored
serum The differences between the persistent phage fractions with
fresh and stored serum represented by the per cent phage actinaty re-
maining at the serum dilution 1 75 are also shown n this table The
slope of the curves was found to decline with the time of storage while
the persistent fraction was mncreased, showing thus in some respects
the same type of phenomenon as appears after storage of serum at
higher temperatures
TABLF 5
Vodiftcation of Phage Inactwating Capacity after Storage al —60° C

Ratio between | 1 evels of persistent frac
Alonths kvalues of Iresh tion ol stored serum In

Numl er of sera
and stored sertim | relation ta fresh serum lested

6 10 + 20¢, 3
7-12 13 — B1eq 13
13 16 17 —1389% 5

It may be mentioned 1n this connection that repeated freezing and
thavwing of fresh sera was not found to influence the virus mnactinating
potency

The ohservations pertuming to serum stability at 37° C and below are
summarized n Table 6

TABLF 6

Stabudtty of the Phage Inactiwating Capacity of Undiluted Normal Serum
at —60° C to +37°C

Temperalure \ Stabllity | 50 per cent of init 4l activity
60° C 6 12 manths
—-30°C 2 months
+ 4°C 1 4days 6 18 days
F22°C 24 30 hours 4 Sdays
+37°C 8 12 hours 2 3davs

Stablity above 37° C

Investigation of the stability above 37° C was induced by two tnter-
esting ohsersations Firstly, the inactivating system of normal serum
was found to resist heating at 45° C for at least two hours entirelr
(Aallings 1961 h) Sccondly, 1t was observed that the retivly was not
completely destroyed by heatng at 56° C for 30 minutes or that there
was an unexpectedly high number of sera contuning heat-stable n-
hibitors

In a large number of experiments two kinds of controls were nsed to
determine the mmtial phage actiaty, namely equal portions of phage
suspension + undiluted serum heated at 56° € for 30 mnutes or phage
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mestabylity of actise scrum factors, the sera were also hmlu_lwaflcr
dilution 1 5 i barbiturate buffer at temperatures belween 47° and
62° C and tesled for remammng actiuty The loss of actinity in these
«rum dilutions was the same as in undiluted sera

Finally, the cffect of heating at 80° C for one hour was tested Owing
to ungui.ﬂmn 1t swas necessary to dilute the three sera 1 10 prior to the
evinunation After heating at this temperature no virus mnhinling ac-
tuaty remamed

htnelics of the phage infubifing action of healed sera In a duplicate
cvperiment, sera A and B were first mcubated at 62° C for one hour,
then sermally diluted, muixed with phages and wmcubated for varying
puriods 2t 37° € to exammne the time and coneentration dependence of
the reaction between phages and heated serum The sera were diluted
110, 1 20, 40 and 1 80 and ncubated with phages for 1, 2 and 4
hours The pumber of acline phages did not change with ncreasing
reehion ime The mean phage activity at each scrum dilution (12 ob-
servations) was 864 (1 10), 850 (1 20), 868 (1 40) and 900 (1 80)
per cent of the mean of 4 broth controls Thus there scems ta he no
relationship hetween the decrease in actise phages and the concentra-
tion of serum within 1he range tested It was expenienced 1in previous
experiments thal the number of :nfectious phage particics m mixtures
of phage and low concentration of natine serum might decrease below
the number obtnined 1n broth controls when serum was diluted more
than 1 50 1 100 and when the reaction mixtures were tncubated at
77 € for some hours This deercase may he due to a “sponfancous”
Toss of infecinnity duc to the lessened amount of protectie colloids and
o) the appearance of a phage ishibiting effect The percentage of
Phage acltuts ohtuned 1t serum diluton 1 80 may thus be uncertamn

The difference In therms stahility appearing hetween serum C and the other sera
mght e due to different concentrations of factors necessary for the inactivation of
thagey The criginal thage Inactivating eapacity «f the 7 sera used was therefore

determine ! ace rding to the standard inactivation test The strength of the sera
expressed as the reen

procal of the dilutitn inactivating 5
T pensed 2% the reaiprocal of the o nE 30 per cent «f the phages 1s

" - . n of duplicate 1n
al . 81 per cent of the

ne ' stronger than the
. .

ne mging -~ - . .

Cea . . e
a o [T .
" . ' e ) )
; -

- e ar
0 r - W owoau” 4 b0 and S4% € were tested )
Lm,.(n': n r.(“uen lzll:‘r':((’;d ;’t’rlh\h(mu] that the complement actis ity of x‘"ux?(t
\ significantly (p ? higher than that of y
e S at of serum B though the difference
Heating was feund Us duminish the hem il tic
Piwer o f the two sera at th,
rate A< much av 43 46 pef cont acthuty remained afier heating for one h‘n::’:‘l.

! Thenks are due 10 Dr 8 Heferstedt fcp kin ! help and advice
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TABIL 7
Dcercase in Phage Inacty abing Capaerty of Serun at 317°-10° for 1 Hour
Mcan Per Cont Pha Sctinty after Incubalisn with Heated Serum Dilutel 110
for 2 ltours at 37° ¢

Iysue <E Tyeare
Serum | | g | oS — -
heated Serum Serum I 4y | B2 Serum ( Sewm | ES
—— W TR Ey
BEREEEE £ 1 [ ws
7 171 18 Hs 4 14 11 6
4513 199 141 107 162 12 t6 731 70 38
w1 2t 286 246 18 11 IR
47 63 841 R0 846 3 9 s 2
4817 884 1099 B4 1050 27 1y 232 22 n9
114 1170 025 1018 196 1p 379 179 2
5014 1001 1032 494 1082 1020 10 534 534 2
5114 1105 924 988 w7 b1t] 57 677 2
5214 930 917 936 933 930 18 %4 84 1
5914 932 932 2 8% 855 2
414 965 973 gp6 940 921 16 710 872 819 €
5614 891 953 872 1140 922 32 64 836 &2 12
5814 821 950 1016 932 930 16
€014 777 825 871 991 858 20 (90 s70 730 8
6211 707 800 812 819 778 2 401 725 647 €
6412 884 820 874 1155 94 8 806 968 887 4
611 896 902 1019 1059  9C% 12 901 762 8§32 4
010 960 260 968 5 955 a5 2

12 lisate T 7 months 11 1 month old

Reaction mixtures Total volume 1ml 01 ml heated scrum -+ 04 harturate buf
fer 0125\ pll 74 % 005 4 about 15 X 104 T 2 particles w 0% ml harbiturate buf
for 00025\ Mg Controls 05 m! nutrient broth + 05 ml'T 2 suspenst nas ab ve

For ool actue prages

FEaR W e W e
Tempora ore
Fep ¥
D ercase e phar wnactin ating cap wilyy of serum h aled gt 3%
according to Talle 7
Mcans of all cheervatisns with sera 4 € B (Jeft curvd) and with
serum  (right curve)

mn°c

[he means of Ul determinttions of the phage actinaty after meubn
fion yath scry A and B on the one hand and with € on the ofher e
grplucliy presentad m g 4 The number of obscrations W cich
tompar tture s hsted m Table 7 7To woud corgulion the seruv wern
lutcd 12 1 harbiturate buffoe hofore hating at 62 € nd 15
fore he thing ot 61°, 06° and 70° € As dilution nught change e ther-
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mostability of actine serum factors, the sera were also hcated after
dilution 1 5 i barhiturate buffer at temperatures between 47° and
62° C and tested for remaimng actraty The foss of actiaty m these
serum dilutions was the same as m undiluted sera
Finalls, the effect of heating at §0° C for one hour was tested Owing
to coagulation 1t was necessary to dilute the three sera 1 10 prior to the
crammation After heating at this temperature no virus inhibiting ac-
tiaty remamed
hinetics of the phage wlubiting achion of healed sera In a dupheate
experiment, sera A and B were first wncubated at 62° C for one hour,
then sertally diluted, mixed with phages and incubated for varyng
periods at 37° € to examne the time and concentration dependence of
the reaction between phages and heated serum The sera were diluted
110,120, 1 40 and 1 80 and incubated with phages for 1, 2 and 4
hours The number of acine phages did not change with increasing
reaction time The mean phage activity at each serum dilution {12 ob-
servations) was 864 (1 10), 830 (1 20), 868 (1 40) and 900 (1 80)
per cent of the mean of 4 broth controls Thus there seems to be no
relationshup hetween the decrease in active phages and the concentra-
Yim of serum within the range tested Jt was expenienced in previous
experiments that the number of infectious phage particles in muxtures
of phage and low concentration of natrve serum might decrease below
the number obtained 1n broth controls when serum was diluted more
:1::“("1 50 1 100 and when the reaction mixtures were incubated at
l“'“ of :);r:x:::lhnlurs Tlhhw Idccrcmc may be due to a “spontaneous™
tor) the nl\pmr‘n;:co :‘) " cﬂ:‘:;‘n:-dha;l‘nur'ﬂ r;; p:ot;::nc colloids and
Phoge actiyily gt phage mhimting effec e percentage af
ained at serum dilutron 1 80 may thus be uncertamn

m;‘;‘: ::f;trﬂllrc 10 tharmostability appearing hetween serum C and the other sera
Phages ale to diffcrent concentrations of factors neetssary for the inactivation of
ﬂmmmcdt <tiginal phage nactivating capacity of the 7 sera used was therefore
cxpressed ::; rding to the standard imactination fest The sirength of the sera
N a0 m ;:l ! l'”l'trmr »eal of the dilulion mactisating 50 per cent of the phages is
activatt n tests In preveius experiments the standard deviation of duplicate m
ean tter paerle rined on dafferent davs was found to be + 81 per cont of the
There ne¥ | Rallings 10 be published) Serum C proved ta he <t nows ok -
LY * ' - R

. e o 3 y

« npans Cooubaudb 38" 307 and 51° C were tested?
-.‘v‘";:n'r:rl’;llnn‘np-g?:‘e&:ﬁ sher-hlhu\ru( that the complement actiy Itl).;‘lc;irur:h(e
wasrery il T o gher than that of serum B though the hifference

Meatn,
e A3 moih '_‘""-; (g himanisk Ahe heme 1y lic power of the two scra at the <ame
Pet cent acthits remained alter heating for ane hour at

1 Th:
Anks are duc Vo DF 8§ Hederste it tor Kind help and advice
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48:( As was cxpeeted no hamolybie activity was rovealed after heating at 50° ar
:.4 l(‘:]l‘m- on¢ hour with the test system wsed nor when a surplus of scrum was
este

TABLF &

Original Phage Inactivating Capacity of 7 Normal Sera Used for the Tnvestigation
of the Stabuity at 37°-70°

= Reclprocal of serum dilutions inac

Serum Tusaling 50 per cent of the phages
A 185
3 250
1 5410
D 351
L 1465°
F 159
G 131

Duplicate experiment

* NMeans of repeated tests

Reaction mixture Total volume 1 ml phage and serum diluted in barbiturate buf
fer, 0125M pH 74 2 005 about 1 X 104 1 2 particles 00025 Mg* Incubated for
2 hours at 37° C

TABIF 9
Deerease in Hemolytie Actinily of Scrum Heated at 46° 48° and 50° ¢ for one Hour
Serum & rum
- » I -
Sample Actinity In50 Pereontre Aclisity n50  Percentre
| percent he mluing per cent he maining
! molytic unity adivity molytic units acusity
Unhcated 121 4 100 1330 100
46° ( 1039 87 1148 861
48° ( 526 414 610 459
50° ¢ <58 <41 <ah <38

Reaction mixture  Total volume 125 ml 075 ml scrum dilution i yeronal—\aCl
buffer 05 m! scnsitized sheep ervthrocytes Incubated 1n a waterbath at 37° C for
45 minutcs Hemolysis estimated spectrophotomctrically 50 per cont units caleulated
according to von hrogh s (quation

Thus the disssmilar behaviour of heated serum € in the phage mactivation test
does not scam to be cxplaincd nather by definitcdy higher titers «f phage mactisat
ing powcr or templament activity nor by an mercased stability of the thermolabile

complement factors (€1 and €2)

DISCUSSTON

the mactnation of phages by normal serum 15 hnown fo b a com-
plex reactwon 1n which several scrum factors partiapatc Van Vunakis
ot al 1936 and Barlow et al 1958 prescnted ovidence for the roquire-
ment of properdin and €’1 1 The propcrdm requirement was also de-

monstrated by Wedgwood (& al (1956}, I andy et al (1938, wd [z
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el al (1960} On the other hand several authors have reporied results
indieating that the properdin system alone s not essential for the phage
wmactisation (Cowan 1998 Velson 1808 Pernus & Turn 1908 Toussatnt
& Muschel 1909) According to these the phage neutrahizing potency
of fresh <eram 15 {also) thought to be dependent on ihe presence of
rarmal antibodies A discussion of the diserse findings does not fall
within the scope of the present paper they ate only meationed to gie
an autline of the factors which may participate 1n the reaction Seseral
other factors hase to he conaidered m addition lo those related for
examj le the primeiple in serum activating virus particles intuhited by
host prodacts (Rallings 1961 a) and the occurrence of mhibitors to the
ncutralization process (hallings 1961 h @)

\ost factors defined and undefined are likely 1o be wnlvbited or
denatured at different temperatutes and {o form snactive or pathially
active complexes with other serum comjonents varying with the tem
perature Thus 1t 15 (vident that heating of serum will have a very com
1lex effect on the phage mactnating ability as resealed hy the present
findings (Fig 4)

The hemols tic actinity of gumea pig C 1 and € 2 15 lost by heating for
10 mnutes at 50° C (Pillemer et al 1941) C3 and C4 are mactnated
at 63° and 66° C respectnely {Echer & Pillemer 1942 Pillemer of ol
1941} Storage in an 1cc hox for 3—4 days may reduce the C activity by
0 ter cent (Boyd 1946} Pillemer el al (1942) studying the comple
ment activits 1n speerfic immune fixation found that fresh guimnea pig
serum lost ol yer cent of its complementary activity during 19 hours
m the cold The complement 15 known to be stable for profonged storage
ta <e sled ampoules frozen on solid CO  {(habat & Vayer 1918)

Pifiemer el af 11904) found properdin in serum 1o be stable at 13° €
Tartis anactivated at 50° C and complelely inactinated at 56° C for 30
mitules It was stahlc Tor 1 2 dass at + 1° C and for a long me at

@ € Punfied [roferdin 1s stable at 66° C for 30 minutes but 1s
mactinated at 100° € for 5 muputes wd after two months af + §°C
(Pillener 19)6)

For comparison ccnventional immunc antibodies are known ta he

vt jul v
noules to reduee the speeifie neutralizing capacaty enly shghily :hlle
hoating st R0 € most al olished it Heating at 75° ¢ destroycd therr
Wil 1o eruse precipitabion hut not to fix the complement Howeser
Heilellerger ot al (1046) ohserved that heating, weak human anty
Fneume coccus sern al 56° C for 30 minutes reduced th
o atable antibods markediv © mount of pre-

Witinn the femperiture ringe 0° 1o 15 C
the phage o
Tetenes of normal serum as found 1 the { resent slu(?\ s!::ﬁ:\;ah:g
mere stable than the hemolstie activats of the comy fement and sho‘z evj
W
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about the same stalility as the activity of properdm measurcd by the
zymaosan method

As reporicd above, the virus mactinating capacity of diluted serum
was more thermolabile than that of undiluted serum An analogous
phenomenon has heen observed for the thormal machivation of the com
plement Cavallo (1958) found that the deterioration of diluted guina
p1g complement during 45 minutes at 37° € was about 15 per cent while
1t was almost neghgible when undiluted sera were treated n the same
way The phage neutrabizing capacity was, however, stable during 4
hours at 37° C Thus thermal nactination of the phage neutrahizng
system would not occur during the reaction tumes ordinartly used in
mvestigations of this activaty

Landy el al (1958) reported that heating pools of fresh buman sert
at 37° C for one hour consuderably increased the 12 phage neutrahzing
action Only some mdividual sera were mflucneed 1n this way In the
present experunents individual sera were used throughout A tendency
towards steeper slopes of the mactination enrves was observed after
mcubation of some sery at temperatures hetween 37° € and 43° C, the
merease was, however, within the error of the methoa

The decreascd slope of the inactivation-serum concentralion curve
which appeared during storage of scrum for more than 6 months
the CO: 1ce hox may be due fo the formation or release of mhibitors
to the virus neutralizing activity The scnsitiaty of the neutrahzing
reaction to the action of inhubitors imtnlly present or ordinanly for-
med during the progress of the reaction may also be meresed by the
deterioration of substances participating in the virus nactination
Modifications of the factors participating in the neutralization rcaction,
leading only to quantitative variations in the total neutralizing potency
should displacc the curve without altering the slope

The analysis of time phage survtvor curves of scra pre-incubated at
22° C or 37° C revcaled that the most marked effcet was not only 1
slowing of the constant mactivation ratc but a prolongation of the
mtial lag period and an earhier deviation from the hinear to the re-
tarded rate of reaction, (speaally evident at the higher serum coneen
trations The phage activating effcet, evident at low serum concentri-
tions, was not found to decrense while the nentralizing powcr was
partly inactnated These circumstances would contributc to the flatten-
g of the serum concentration inactunation curves aboerved

What causcs the neutrahzation reaction deflect from ihe hnear
course at an ecarher level 1s not cleir although an inhibator effeet might
be a plaustble explanation for the phienomenon obscrved when serum
1 kept at temperatures hetween — 60° and + 45° ¢

The fact that mcubation of phages with gh concentrations of nor
mal serum previously he ated at 49° 53° C rarscd the number of infoe-
hous particles m comparison to the numbcr obtuncd m broth controls

points to a phage aclivation effeet previousty only demonstrated at low
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«erum concentrations (Ralltngs 1961 a} However the discontntous
ccurse of the ime surynal curv at the reaction temj erature 45° € ind
the scrum <hilution 1 o previonsly reported (hallings 19611b) and the
1 resent findings ndieate that the activating capacity of normal serum
15 not only a projerty of low concentrations of fresh sera The actinat
ng effect seems lo oceur also i high serum concentrations but 1
sencrally mashed by the lugh phage tnactnating power The achinating
{ rrnerple sectas fo resist heating to 96° 66° C for one hour as revealed
I+ the cxj enments summanized in Table 7

Contrary to [ revious findings (Van Vunahis ef al 1926 [ andy el al
1138) heating at a6° € for 30 munutes was not found to destrov the
hage hiliting abihity of normal serum comgletely The remaming
actnity was not imited to an insignificant number of sern but was a
common ] roj erty demonstrated in 72 per cent of the tested sera

It 1s worthy of note that the phage inhubiting effect seemed to be
nullified at 70° 80° C temperatures known fo destrov the activity of
immunt antil odies There appears to be no revson however to classify
the fhage inhinting ctisity observed at and above 58° C as due to
comventional antibodies or heat sfable inhibitors onigmally present in
an acine state m the serum as the serum effect 1s abolished at about
»0° C Considering this and the changed kinctics of the inhubition 1t 18
thought to te due to non specific inhinting substances formed or
releasedt duning the heating of most sera

SLMMARY

The [hage mactivaling capacsly of normal serum s found to he
stible during two hours at $9° € and to he destroved during one hour
M 48 € When scrum s heated at temperatures above 52° 53°C «
hmited sirus inhubiting, effect ayjJears m the magorits of sera This
eifect s most marked when serum 1 heated at 62° C and disappears
tetween 70 tnd 80 C

Serum aclinity is stable during 2t cut 8 12 hours at 37° € about 24
30 heurs A 22°C 1 4 dass at 4 4°C 1 2 months at — 30° C and §
12 months 1t 60 € The detcrioration of the neutrahzing ability 1n
er axes when serum s diluted [ nor to imcubation
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FROM NATIOVAL MFDICAL CEVTER IV KOREA PATHOLOGY DEPARTMENT

MORPHOLOGICAL EVIDFNCE OF HEMATOGENOUS
DISSEMINATION OF PARAGONIMUS WESTERMANI

By

Jorcey RiacsTED and hy Hone hiv
fece ved 124 mi 60

It has not been scitled with certanty whether ectopic nfection by
the lung fluke {Paragomimus S\ estermam) 18 hrought about by hema
topenous dissemination or by migration of the parasttes through soft
tissues

Chi 1926 10 a review of {he hiterature conecerning cctopre infection
s the tung, fluke favourcd the latter hy pohesis which 1s manly hased
on cxperimental studies in dogs (hawamura & Vaisut 1916 Ando 1917
and Yohowa & Suyemor: 1919 and 1921} The latter authors found
that 11) Immature parasites did not migrate mto the eranfal cavity
of dogs when introdueed in the sides of thewr neeks {2} Young distomas
did not penetrate jnto the er inial eavitv when introduced 1nto the orbits
of dogs bul 1n some cases made fheir way into the pleural cavity

3) Young distomas introduced info the commen carotid of dogs were
not bang ecarried into the cramal eavity but in several ¢ases were en
countercd in the [lcural ety and (4) When both larvae and adulis
were mtroduccd direetly into the eranial vty of dogs only one aut
of over one hundrud worms were later on found 1n the cramal casety
Tut \ pumber were met wath in the Tungs or the pleural cavity The
authors suggested that the parasites had left the cramial cavity by the
sctous sinuses and the ermial eavity to he an unfavourable location for
he dovdlopment of Paragonimts W stermam This conclusion « well
founded but on the other hind the oxp erunents faled in demonstrafing
the routes used by the [arisites towards the bram The experynents
do Dol 1 ¢ 1h 0 Tavour of hemalogenous disscnination but nerther do
hes support the provionsly forwarded o imon  that the tugh werdence
Teurebral farigonumiass in cluldron moght be dite in s

au
Other aothors quotad from Clury bave held the opumon that the
flukes are spread Uy e blood stream Thus Yusgrave 1907 found

lesicns i eseey orpan txeepd the stomach presumably due fo hema
toacnous disscoumation  Aim 19y, ohiscrved that i cerebral para

8 actamati 822 .
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Aarta with multiple minute depressions of the intima

gonsmiasis the left side of the brain was more frequently mvolved than
the right side, and related this observation to the fact that the feft
carotid artery 1s a direet branch of aorta which 1s not the case with the
right carotid artery However, the number of observed cases seems 100
small to allow any conelusions

At the National Medieal Cenler i Korea we have observed a case
of paragonmimiasis with changes of aorta, pulmonary arlery, and atria
of the heart winch render 1t Tughly probable that the parasites have
penetrated the walls of these structures, the observations thus strongly
suggest that Paragomumus Westermam at least is able to spread by the

blood route
CASE RLPORI
Ihe pathent was a 7 vear ald boy who was admiticd to the Pediatric Department

NMEn May 1959, His main complaints wore cough wath ds sproca and severe general
weakness he had hamoptssis ance He was in a svory poor condition emaclated
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or less complete loss of elastic membr

Fig 2
A erhoef( stained sectlons of aorta showing canals through the whole wall with more
tissue scars

3 simple

anemic, and dysproele he had generolized edema and was runaing an wrregular
Tever There were no neurological ssmptums Chest X Tay reyealed extensive halateral

densities Mantoux was negative and sputum contained no Tb but eggs of Para
gonimus Westermam were demonstrated 1n the sputum

Autopsy (A 11739} showed paragonimasis with massise mvolve-
ment of lungs, liner, pleura, pericardium, peritoneum, and probably
brain Additional findings were adhesne pericarditis, mlateral pleuntis,
and peritomtis The peritoneal cavity contained small sacks contaming
seitowish brown maierial, m the 1atter numerous eggs were found and
Salmonilla paratyphosa B was grown on cullination Numdrous adult
worms were found in charactersstic cavilies 1n the Iungs and in the Iner
both on macroscopical and microscopical exammation Tremendous
numburs of ¢ggs were demonstrated in the ergans mentioned, especially
m the pentoneal caits The right cerebral hemusphere exhibited a
5% 5 X 5 em hemorrhage in front of the central suleus, hut neither
worms not eggs could be demonstraled n sections from this lesion No
other parisitie disc 1ses were encountered at the autopsy

In the ascending aort t and in the aortie arch about 15 minute, round
depressions of the intima wire Tound, 1t Yooked as 1f this himited area
of the aortic nbima had been pricked repeatedly with a fine needle
"



Fig !
Aorta with multiple minute depresstons of the intima

gontmmasis the left sude of the bram was more frequently imvolsed than
the night side, and related this ohservation to the fact that the left
carotid arlery 1s a dircet branch of dorta which 1s not the case with the
right carotsd artery Howesver, the number of observed cases seems too
small to allow any conclusions

At the National Medieal Center 1 Korea we have observed a case
of paragonitmasis with changes of aorla, pulmonary artery, and atrn
of the heart winch render it lughly probablc that the parasites have
penctrated the walls of these structures, the observations thus strongly
suggest that Paragommus Westermam at least s able to spread by the
blood route

¢ AST RTPOR1
Ihe patient was o 7 vaar old boy who was admatted to the Pediatric Deg artment

AME 1n May 1959 Ehs maln complaints were congh with dvspnoca and seyere genera)
weakness he had hemoptysis once MHe was in a vers poor condition emaclated
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I arger magmification of Fig 2 (B)

adults of Paragonunus Westerman are able to migrate through dense
membranes as the aorty, and (2) In this patient lanae or young adult
warms have at some tume heen prosent w constderabde number m the
Jumen of the vaseutr system

The aortic festons wore scatlered over a rather hmisted area of the
intima, this makes it most probible that the parasites hase made thewr
way through the vossel wall from 1he outside towards the lumen of the
ant s bl dbe oppasite tonke beon, (ollassed, ape sonld evpeat, thal the
“trachs” of 1he pirasites had bheen spread over a hirger are of the
mtima Bosides, it scems unhihely that the parates should have been
ible 1o aflach themselves sufficiently to the intima of aorta lo omit
hemng washed away by the blood streamn Wh deser the migration route
through the aorle has boen the findings dndicate that (3) the mgration
of the Paragommus Westermant 1y nof nocessanly directed toward the

tissues offering “less impediment 1o the worms' nugration”, as provs
oushy supposed
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(Fig 1) Microscopie examination of serwal sections of these pecuhar
aortic lesions showed that they represented about 1 mm thick punched
out canals right through the wall of the aorta, <o that the normal strue-
tures of the wall were completely replaced by a morc or less cellular,
occasionally vascularized conncctive tissue i some cases with the
character of small ancurdsms (Figy 2,4, and 4} Suntlar lesions were
found 1 both atria of the heart and in the pulmonars artory, and finally
mieroscopie cxamination showad a simalar sear - a small vessel
pancrcas Homosiderophages were seen an adventitia corresponding to
the lestons
DISCUSSION

The abserved vascular Jesions m a well established ease of widelsy
disseminated paragonmuisis do not match any speaific vascular dis-
case, they can hardly have baen produced by anyihing but the uigra-

tion of parasites through the vcosel walls
The findings thus mahe 1t highls probable that (1) Larvae or young
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PRESENT STATUS OF LABORATORY S1UDIFS ON
TOBACCO CARCINOGFNESIS
By
Fraest T Wasorn and Dietricit Horpvass
Received 5 ix 6D

Defimtise proof that smokmg 1s 4 cause of cancer 1n man rests upon
(pdemiolgic i studies Stitistreal surveys both of the retrospective
and prospective type have shown without exeeption thal smoking
articulariy of eparettes has 1 high aseoctabion with cancer of the
ung 1n the o} inon of scyverat jubhe health suthonties the assoeiation
1s regarded 2s causatne (103 7,9 10 18 20 23)

The biste siwmficance of Jaboratory studies does not he 1n adding
to the proof that smeking 19 1 cavse of eancer 1 man but rather
dehining the various steps mvohed i tobicco carcinogencsis and n
pernutling studies lcading to safer smoking, products It 1s along these
Hines thit our resenreh pragem s diveeted The present tej ort coneerns
the current stitus of laheratory research in this ficld

RAFDUCTION IN SMOKECONDFNSATF

Statistienl studies have shown that the risk of developing lung cancer
mnereases with the amcunt of fobaceo consumed (4 5 8) Similarhs
ologieal exyeriments hasve demonstrated that the number of tumors
chtarned 10 mtee is retated Lo the amount of tobacco smoke condensate
wpplied €26y For these reasons studies were undertaken for possible
wavs of reducing the ameunt «f smoke condensate of cigareties

Fuler Coparettes A provious pubilicatian showed magae differences
w smohe cond nsile m dulferent tvyes of Smerican ciparcttes (2))
MnenR the don 3ouhing, Amenean cigarettes the amount of smoke con
densate ranged from 39 8 me Lo 17 7 g per aguetetle o geeetad kang
size cigarreltes (85 mm) were found to 1 e lopher in smoke condensate
and micoting conlent than repular eparcties (70 mm) when smoked
under standird conditions o the «ume hutt fength (23 mm) and
etharetles wath Hillor Ups were found to e Jower than [ lain crgarettes
A reducte nan smioke condensate ean nlso be achieyed through tohaceo
sileetien and high g orosits or | crfor sted naper

Tuese studies indicated that the presentls used filler mtenals do
1 Lseleclindds romme cirapopens ¢ promoting substances {rom 1o-

19
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It 1s tempting to relate the factors that govern the migration of the
worms to high oxygen tension This would explain that flukes prefer
the lungs, and also mayhe that the brain 15 “an unfavourable location
for the desvelopment of Paragonimus Westermani”, once located mn the
bramn the worms will cause mfarction and thus themselves abolish
their possiilities of oxygen supply They probably then dic and are
resorbed, or migrate to more favourable locations after having de-
posited some cggs, that the Iatter cvent actually may occur was de-
monstrated by the aboyve mentioned experiments of Yohogawa & Suye-
mort, where a hematogenous route was considercd most hkely

SUMMARY

In the aorta, the pulmonary artery, and hoth atria of 2 7 year old
boy who died from disseminated paragonimiass small sears were found
at autopsy The nalure of the scars mdicates that they were trachs of
parasites which had penetrated the vessel walls The obsersation lends
strong support to the concept that Paragonimus Westermani 1s able to
spread hematogenously
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FRaCTIONATION SCHEME OF CICAREITE SMORE TRWDIWSAIL
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Ad Btipes 10 an Attempt 3o reduce e amount of polvpuciear hydro
earhons we 1dded 1 number of chemicals to tohaceo before making
them into eigaretles In cach msiance the matenal was added 1 powder
form fo standrd eigarelle Whaces e a conecentraton of 4 ta 5 per

eemt The selectivp of the additives 15 hwved munis on the Dollowing
pomts

1 Possible change of combustion temperature and conditions ecbalt
D oxlde d evieium carbonate
4 The mieraction with the thermie formed radicals of aromatic
hvdrocarhons cojjer (1 pitrite or with aromatic hydracarhons
themselves chohie aeid a6 1t occurs under exporimental candibions
% The wve of some pudes et silicates v emploved It varsous
citalvhic procusses  alumupum oxude trihydrate and anhvdrous {ac

Dinted and non actnaled) ennnum sticate magnesism avde and
banie aeud
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bacco smohe condensate However, in view of the fact that most filter
cigarrettes tend to reduce the total smoke condensate, provided a
smoker does not sigmficantiy merease Tus smohing habuts, cigarettes
with effective filters represent a «ifer smohing product thw plan
cigarcties

Butt Length Studies determiming the smoke condensate and nicotme
content of the first and second half of eigarcttes showed tha! the
second half of the cigarette contains 41 to 45 per cont more smoke
condensate than the first half and the nicotine amount rises smularly
(23)

Puff Frequency Studymg the puff frequency per cigiretle indieated
that the amount of smoke condensale markedly mereases with the
frequency of puffs per cigarette (23) Smoking onc of the §5mm
cigarettes, once a munute, gave a reading of 351 mg of smoke con-
densate, twice a minute—53 0 mg, and three fimes a minute—64 [ mg

Inhalation  Studying the extent of mhalation by measuring the
variations of mhaled and not imhaled aerosols of cigarette smohe
showed that if the smoker takcs the smoke only mto his mouth for
approximately fwo scconds, aboul 10 per cent of the acrosols are re-
taimned On the other hand, a smoker who deeply nhales will retun
up to 90 per cent of the smoke acrosols (25)

In summary, chimeal laboratory studies indicale that safer smohing
would inelude the use of a type of cigarette, which 1s as low 1n smohe
condensate and nicotine content as 15 commensurate with smohing
satisfaction, which essentially means an effectrve filter eigarette They
also suggest that cigarettes should not be puffed too frequently or
smohed to the butt nd that the smoke should not be deeply inhaled

THF IMPORTANCE OF POLYCYCLT( HYDROC ARBONS

On the basis of previously published bwological and chemical studies
it has heen proposed that the wdentified carcimogenie polycycelic hvdro-
carbons represent a major group of mitiatimg carcinogens i {obacco
smoke condensate (17, 24) The polynuclear aromatie hydrocarbons
ar¢ mamly formed during the combustion of the tobacco The tobacco
of our standard eigarettes contams only vers minute quaniities of
benzo(a)pyrene (002 ppm) A bioass v mdieates that these polyeyche
by drocarbons of the condensate by themselies, however, ¢ account
for not more than 3 per cent of the total biologien! actinity and on the
hasis of the most potent single fraction from the condensate, 1n which
the aromatic hydrocarbons are enriched more than 50 times (Frac-
tion B, Mg 1), these compounds ean account for only 10 per vent of
the established biologieal activity It has, therefore, been clear that
additional carcinogens or co-carcmogens have to be present Fig 1
shows the procedures currently tn use for chemncal separation of
cigarette smohe condens e
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Additwes In an attempt te reduce the amount of polynuclear hydro-
carbons we added a number of chemicals to lobacco before making
them 1nto ergarettes In each instance the material was added tn powder
form to standard ergarelte tobacco 1 a coucentration of 4 to 5 per

cent The selection of the additises 1s based mamly on the following
points

1 Possible change of combustion temperatare and conditions  cobalt
111} oxtde and caleiem carhonate
2 The imnteraction with the thermic formed radicals of aromatic
hivdrocarbons, copper (II) mitrate or with aromatic hydrocarhons
themselves, ¢hohe acid, as it occurs under experimental condstions
3 The use of some oxides and silicales as employed 1n varfous
catalytic processes alumtinum oxide trihydrate and anhsdrous fac-

tnated and non-actisated) alummum silicate, magnesium oxsde and
boric acid
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bacco smohe condensate Howeser, i view of the fact that most filter
cigarrettes tend to reduee the total smoke condensate, provided 2
smoker does not signmificantly merease his smoking hahits, cigareltes
with cffectine filters represent a safer smokmng product than plun
cigarettes

Butt Length Studies determuning the smoke condensate and nieoline
content of the first and sccond half of cigarettes showed that the
second half of the cigarctte contams 41 to 45 per cent more smoke
condensate than the first half and the nteotine amount rises snmlarh
(25)

Puff I'requency  Studying the puff frequency per cigarette mdicated
that the amount of smoke condensale markedly mereases with the
frequency of puffs per cigrrette (25) Smohmg one of the 83 mm
cigarcttes, once a minute, gave a reading of 351 mg of <moke con-
densate, twice o minute—53 0 mg, and three imes a nunute—64 1 mg

Inhalation  Studying the extent of inhalation by measuring the
sariations of inhaled and not inhalcd acrosols of cigarette smoke
showed that tf the smoher takes the smoke oniy mto us mouth for
approximately two seconds, about 10 per cent of the acrosols are re
tamned On the other hand, a smoher who deeply mmhales wall retamn
up to 90 per cent of the smoke acrosols (25)

In summary, chmcal laborators studies indicate that safer smohing
would mnclude the use of a type of cigarette, which 15 as low 1n smohe
condensate and nicotine content as 15 commensurate with smohing
satisfaction, which essentially means an effective filter eigarctte They
also suggest that cigarettes should not he puffed too frequently or
smohed to the butt and that the smoke should not be deeply nhaled

THI ITMPORTANCE O POIYCYCIIC HYDROCARBONS

On the basis of previously published biological and chemical studies,
1t has been proposed that the identified earcinogenic polyceyclic hydro-
carbons represent a major group of mthiating carcinogens n tohacco
smoke condensate (17, 24) The polynuclear aromatic hydrocarbons
are mainly formed during the combustion of the tobreco The tobacco
of our ~tandard cigarcttes contamns only very minute quantitres of
henzo(a)pyrene (002 ppm) A bioiss iy indicates that these polycyche
hydrocarhons of the condensate by themselves, however can account
for not more than 3 per cent of the total brological ctintty and on the
hasis of the most potent single friction from the condensate, n which
the aromatic hydrocarbons are enriched more than 50 times (Frae-
tion B, Fig 1), these compounds ean account for only 10 per cent of
the established hioloical actrats It has, thercfore, heen clear that
additional carcinogens or €o-carcinogens have to he present Fig 1
<hows the procedures currently n use for chemical separation of
aigaretie smohe condensite
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BENZOIaIPYRENE VALUES OF CONDENSATES FROM CICARETIES WITH

ADDITIVES
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sim oxide and alummum siicate Chemical delerrmnations for poly«
eyche hydrocarhons i these gondensates, carred aut on the condensate
smoked once a mmnlc. show an werease m unzo(a) pyreae for several

s s for the oxide trhydrate (18 parts
pﬂ ,mm(,m and a dccrmsc for copper mitrate (08 parts per million)
compared to 1 15 parts per ymllion for the standard cigareite (Fig 3)
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In cach experiment 50,000 cigarettes were smohed Al the cigarettes
were smoked on a standard smoking machine previously described
which puffed three imes « muinute {28) The results of these expermments
were compared to standard oigarette condensate from the same smoh-
g machime in {wo nstances, caleium earbonate and copper D
nitrate, the agarettes were smoked m addition on a smokmg machime
puffing cach eigarette mdivdually once o mmute These condensates
were compared 1o standard eigarettc condensate from the same smok-
g machme

The bhiological results from condensates oblamed from the three
times a minute smoking machine indicate an nercase in actinity for
aparettes to which aluminum oxide trihydrate and mowsturized alu-
mnum oxide have been added (Fig 2) The materials swere apphied wn
50 per cent concentration with No 5 Camel hair brushes three times a
week to the whole back of Swiss (Millerton) female mice ‘The mce
were shaved whenever necessary  There was a suggestine decrease
in biological activity m oigareties treated with copper mirate, magne-
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BENZOLa)PYRENE VALUES OF 10BACCO SMOKE CONDENSATE
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D tterent cRarette smoke condensates
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evef In 4 presious study where tobiceo smoke condensate was se-
parated nfo basic, acudic and neutral fractions and then recombined
no loss of actisity was ohsersud 128)

With 4 new technique, using distribution between organie solyents
foflowed agam by column chromatography one could remove poly-
cychie hydrocarhons more carcfully to nearly 00 ppm (12) Thrs se-
parafion ts now under way for later hiological testing Al subfractions
of the chromatographed nitromethane extract are lested by chroma
tography on acctylated paper The polynuclear hydrocarhon eontaining
fractions are rccombined and rechromatographed Thus results m a4
frackan saatler than one per eent which cantawns all palyeyele hydsa
carbons The other fractions are combined and will he used for {inal
testing

Ste Stream Smoke Chemucal analyais of the side stream smoke
dnowedd » marked wncrease 1n bemzo{aypyrene {47 ppm), a finding
n Jgreement wath that of Rolip & Falk (15} {Frg 8 Thes mdicates
agaim that i formation of higher polyeyche hydrocarbons is a result
of mcomplete combushion and that more complete combustion as does
ake place dunng We pulfing of cigacettes forms less polyeyehe hydro
cathons The differences 1 comthustion {emperatures during the rest.
wng and puifng phase are not rery marked A awgaveite burns at rest
at a temperature of 843° € and during pufiing has an average tempera-
ture of 884° C (22)

Puff Frequency Bunzoia)pyrene delermimations on eigarettes putfed
ante tnice and three himes 2 munute showed a tendency 10 increase
in benzola)pyrene content from 115, 1.25 and 135 vespeetinely The



124

(11, 12) ‘The biological results from the smoking machine puffing
once a mmute show differences for hoth additives compared to the
standard tar (Fig 4) At the end of 15 months the standard condensate
shows a tumor yield of 44 per cent papillomas and 14 per cent cancers
The cigarctte treated with caleium carbonate yielded a condensate that
gave 18 per cent papillomas and 2 per cent cancers The one treated
with copper (IT} mtrate was still lower y1elding 6 per cont papillomas
and 2 per cent cancers The much lower actissty of the condensate
from cigarettes treated with copper (1) mitrate also was indicated by
the fact that the first papillomas appeared five months later than
that of the standard condensate There can be no doubt, therefore, that
at least with some additives a sigmificant reduction m hiological actndy
can he obtamed Work 15 now 1n progress to determime precisely what
other substances may he lowered besides polyeyehic hydrocarbons since
whatever reduchion 15 ebserved for benzo(a)pyrene and other o far
wdenbified carcinogenic hydrocarbons 15 not sufficient to account for
the decrease m hiologreal actinity The reason why the decrease n
activity s more marked n the once a4 nunute smohing machine com-
pared to the three times a minute machme may be that i the latter
instance the amount of acrosols that <ettles 1n a eigarette 1s so great as
to overwhelm the catalytie actinity of an additne As far as the
standard cigareties are concerned, the iological actinily of condensale
from the three times a minute smohing machme 1 not sigmificantly
different from that of the one time a minute smoking machine The
present hiological results with additives arc 1o be regarded as prelimi-
nary findings Large scale additional hiological investigations are neces-
sary to substanhate the present data

Reduction of Polynuclear Aromatic Hydrocarbons in (igarelle Smohe

Condensafe  The concept that polycyelic hydrocarbons play an -
portant rale m tobaceo careinogenesis 15 underhmed n an expernment
where the pofycsciic hydrocarhons sere remosed from toliaceo siiiohe
condensate to the extent of lowering the benzotaipyrene to 01 ppm
which compares to the standard value of 115 ppm We utihzed an old
technique of partitioning in the neutral portion (28) All fraclions
hesades the so called B fraction (hexane cluate) yrefded the material for
hiological testing Biological studies with thas material now an progress,
after 11 months shows only onc out of 50 Swiss mucc developed o
papilloma compared to the standard condensate which developed 14
papilfomas and & cancers In this chemical separation, of course, wt
have not only reduced the amount of polyeyclic hydrocarhons, hut also
come other compounds of the neutral fraction, since only 93 per cent
of the neutral portion could be used n the recombination of the other

of course, concenable that during the chemical separa-

portrons It v and acidy How-

tion, the materia lost biological activity tuse of alkal
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SQME CONSTITUENTS OF DIFFERENT SHMOKE CONDENSATES
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Shart term lests during which varons frachions aof tohaceo smoke
condensates are apphied to mouse shin have shown that the sebaceous
pland ety ay well as the degree of hypery lasia arc not due to the
polyeychie hydrocarbons i the amount present w tohaceo smake con
densate but rather ire due lo several otlier groups of substances in
tobaceo smoke condensate (21} Such tevts m 8 per cent cotcentra
tion have shown positne sebaceaus gland and hyperplasia actiaty for
the meobhne free hasie portion as well 29 for the actdic and neytrsl
fractions of tobacee smoke condensate (21 28) \lith more diluted
soluhions 133 Jer Nl we ke found the highest short term activity
of the major condensste frachons natk tie phenalte and the andie
fractions Table 1 % e also found that if the yhenolic fraction s re
mosved from tobaceo smoke candensafe Ui remasming, condensate has
virtually lost all of Ws short ferm uctisty when tested in 33 per cent
concentration The biological activity of total tobacco smoke cehden
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difference between cach consecutive value 1 within the expermmental
deviation which s = 0 1

Bult Length The mam stream of the sccond half of n cigirette
contains Jess polyeychie hydrocarbons (benzo(a)pyrene 0 85 ppm) thin
the first half (benzo(a)pyrene 185 ppm) per gram condensale, ob-
tained under standard smoking conditions using the full automatie
Ethel Mark VII smoking machine (25) ‘This result opposes formerly
published data (13, 16) Therefore, analyses have heen repeated several
tumes, using the tracer-techmique for benzo(a)pyrene (11) and shll
confirmed our first finding Sinee such data nught be indicatne for
the way i which polsnuclear hydrocarbons are formed dunng the
combustion of & cigaretle, we are presently engaged in the deternuny
tion of the amount of polynuelear hydrocarhons in condensates from
different sections of the eigarcite In this respect we found i our
standard cigarette (85 mm) which we shortened to 54 mm and smoked
down to a butt of 23 mm as usual, the amount of 1 85 ppm which 18
within experimental deviition, the same amount obtamned from the
condensate of the first 31 mm of an 85 mm sfandard cigarefte These
results perhaps indicate that the condensed smoke particles within the
aigarette influence the combustion process and thus the forming of
combustion products Further mvestigations are wn process

Other Plant Producls Analysis of the condensates of non-tobicco
cigarettes made of differcnt vegetable fibers and spinach showed a
lugher content 1n these materials of polynuelcar hydroc irbons (benzo
(a)pyrene, 28 and 19 ppm respeetney) as compared to tobaceo
cigarette condensate which may be a result of less complete combustion
of the products and duc to differcnces m the nature and composition
of the precursors of thest materals The data for the tobacco and
spinach cigarettes are compared 1in Fig 6

In summary, the formation of polynuclear aromatic hydroearbons
regarded as a major group of mittiting carcinogens n tobacco smoke
condensate, scems to be a resuit of mcompietc combustion of toh weo
Steps that could lead to more complete combustion of tobaceo should
lead towards a reduction m those substances Some additives may work
towards this end

PROMOTING COMPOUNDS

Adding the number of earciogenic polyeyelic hydrocarhons idenli-
fied i tobacco smoke condensate and comparing 1t to the established
Iiologreal activity of this material inchcates that they can nccount for
only a small part of the total actiaty (24) There have to be n smohe
condensate either other mtuiting carcinoguns  or promoting sub-
Jtanees, or hoth Dvidanee now on hand indicates that tobcco smohe
condensate does not only contam mmbating carcinogens, but also pro-

moting substances
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tar in deternunations of parts per million and percentages, and we sug
gost that in future comparssons of chemieal constifuents of different
types of smoke condensate, all of these fractions be determined and
Iisted and, in addition, maybe the value of phenol itsell
At the present lime we are analyzing the portion which has pract:
cally all the polyeselic hydrocarhons and accounts for less than 2 per
cent of the total condensate. for the presence of promoting substances
which must be of a different type than those described (Fig 1) Pos-
sibly some of thesc are long chained unsaturated hydrocarbons such as
polyterpenes Atany rate,we know from our hiological expertments that
other carainogenic or promoting materials must be present also in this
fraction This fraction also had positine short term as well as long term
acurity wnicn cannct he accounted Yor by The presence ol so Tar herein
hnown polycyclte aromatic hydrocarbons Short term tests have shown
that the biological actinity of subfractions of fraction B (Figure 1) of
the neutral tar has been placed by solvent distrbution between cyclo-
hexane and mtromethane into the mtromethane fraction We now have
2 neutral constituent of only # 15 per cent af the total smoke condensate
where the henzota)pyrene content has been enriched to 700 ppm and

9 actipaTn 52 2
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sale minus the phenohic fraction on the basis of long term studies
remain to he carried out Short term tests wath spinach cigareties
added to our knowledge of promoting substances In the spinach ciga-
rette both the basic and phenolic fractions arc low These resulls are
consistent with the helief that mn the short term test with cigarette
smoke condensate substances other than polycychic hydrocarbons are
responsible for positive results

Boutwell has demonstrated some promoting actisaty for phenol and
phenohie fractions mn 10 per cent and 5 per cent concentration (2) The
phenol results have been confirmed m our lahoratory using a single
dose of 75 pg of 712 dimethylbenz(a)anthracene as well as repeated
apphications of benzo(a)pyrene i a 0005 per cent concentration as
mitiator For hoth substances 10 per cent phenol proved to he a potent
promoting substance The phenol fraction constitutes about 9 to 10 per
cent of tobacco smoke condensate, about 10 per cent of which are
phenoels (27) Promotmg actinily was also shown for the acidic and
phienolie fraction (10 per cent acetone solution) but nene for the neu-
tral fraction after six months using 3 times weekly pamting apphea-
tions of 0 005 per cent benzo(a) pyrene as inttiator

TABIT 1
Short Term Tests
Condensate I ractions (33 ¢7) Relatine Setnaly
Cigaretle +++
Acidie ++
Basic
Neutral
Phenolic +++
C1g minus Phennl +

Long term biologital tests alreads completed have shown that the
mecotime frue basie portion of tobacco smokc condensate has some er-
emogente activity (28) It has also been shown that the acidie plus the
neptral frachon together have a groado bologieal activity tham esther
of these fractions alone (28) Gdllhorn has shown promoting actiafy
for total tobacco smohe condensate (6) Sigmificant promoting activaty
appears 1 the phenolic fraction and partrcularly with phenol atsell
Roe has shown promoting actinity for the phenolie fraction using 300
gammas DMBA as imbiator (19) W would prediet that if the phenolie
and aadie fractions of tobacco smohe condensate are sigmificantly re-
duced, the total Biofogical actinity of tobacco smoke condensate would
dechine Long chain acids, as present m the acidic fractions, miy also
have promoting activity (13,27) It 1s pertinent in presenting the cheme-
1cal constitucnts of tobacce smoke condensate to hist not only benzo(n}-
pyrene, but also ymportant subfrictions since we rcfg.ml the total hio-
logical actinity a result of all these fractions In Fig 7 we list the chem-
rcal conshituents m tobaceo smoke condensate for o standard cigarette
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(3) A reduction of promoting substinces, such as the phenols and
fong chain acids, throuch selective Hiltration 15 more Iikely than that of
polyeychic hydrocarhons beeause they are present n larger concentra-
tions, and what 1s more important, they hase acidic functronal groups
Since palyphenols are regarded as a major precursor of the phenols,
and since air cured tobacco contains definitels less polvphenols thin
flue cured tobacco an additional was of reducing phenols in tobaceo
smohke condensate may be at hand (14)

SLMVARY AND CONCILSIONS

(1} The basic proof that smohing 1s a cause of certain tspes of
human cancer rests on cpulemialogical studies Such studies have
established that smohing, particularly of eigareltes, represents a cause
of cancer of the lung and that simoking al<o represents a cause of cancer
of the mouth Iarynx and esophagus

{2) Animal evidence underhines the epidemiological datn an that at
demonstrates that tobacco smoke condensate considered to be car-
cinogenic to man 1s proved o be carcinogenic to laboratory animals

(3) Brologteal and chemical evidence has demonstrated that the ear-
cirogenie actinity s due te the presence of smtiating as well as promot-
g substances A reduction 1n either of these groups would lead to a
reduction 1n carcinogenic actisity

i4) Steps have heen listed which should reduce the rish of lung
cancer, for smokers who cannot give up or drastically reduce their
smobing habits These mcluded measures leading to @ reduclion w

smohe condensate exposure for the indinidual smoker and w steps.
directed towards red mtiating

stances mn tohaceo smoke condensate

3¢ and t sub-

{5} Suceess along these lines should be followed by a reduction jn
the meidence of those cancers related to smoking

REFFRF\CFS
American Cancer Society Annual Rep rt 1928 p 20
P
2 Boutuell RA & B ok B R ‘The \umor 1romoting schion of phenol and
R """'r‘;l;ll;! ctmiounls f rm use shin Cancer Res 1y 13 24 19,9
el ung cancer and excessiy
) Uy Rt ety and e “)“e cigarctie sm king Dr Litlle s reply
Dot irm:;.ihll ‘4 llnllung caneer and other causes of death in relation to
T mf“ ‘(;:;:ﬁ fep rt on morlahty of Hritish doctors Brat Al 2
S Dorn HF

from cancer and other diseases
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garelte Tobacco Tar Lancer Res

<o smoking and cancer of Jung
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where most of the short term activity ressdes We are now in the process
of separating this frichon into the polvevelie hvdroearhon friction an
other mtterinls

ERFCVENTIVE MEASTUREPS

It has heen clumed that one could not «stablish the caremnogenic
actruaty of 1 given substance unless once had soled specafie earcno
Hens This 1s anall founded view If 1 given matenal produccs eancer
for 1 grnven mmimal tissuc this proves by defimtion that this matcnal
15 carcmnogcnie nd whether or not onc ean dentafs the speeihie ear
cmogen docs not after this fact Our rowon for s irclung for the speet
fic careinogns or co careinogens n tobaceo smoke condons ate his not
been to give more credince o the human and ammal findings but
rather to pormit upon idantific whion of these substinces fo study their
1 ossible reduction Wiathin our present knowludge we ean nccount for
vmajonts of the ¢stablished ologic il actinity of tobiceo smohe eon
dcns ite through vt comintnation of ittt thing, earemnogcns nd promoting
substances

The Inologica! results of diffcrent smoke condens ites suggest the
presence of ymbating, cremnogens as will as promoting, substances The
next step must be to attempt 1 reduction of both these groups Propor
whvanee i ather dircction should reduce the total wehisaty of tobaceo
smohe condens ite

As stated the major purpose of wmmil evidenee 15 to define the
mechamism for 1 better understanding, of carcinogencsts nd n j ek
culir to define the s earfie substances responsible for the ciremogenic
wtinity Inview of the data it hand the following preventive measurcs
short of giving up smol g, altogether which obviously would te the
most complete maasure re 1 order

(1) Reduction in exposurc to smoke condensite through (1) Mod:
fication of smoking habits  thy Cigarcttes with resulting lower content
of smoke eondensstc () Svaidinec of decp inhalition smohing eipt
rettes to the «nd ind of drawing on 1 agrcttc too frequentls

(2) Turthcr attempts to reduce the mitnitig carcinogens through
the use of ddibines Present attom €8 0 this dircetion arc promising
Such additines may not only decrase polycvelic hydroc srbons but yos
by also promoting substinces s found for the phenolic fraction
from cig trettes with e tlerum ¢ trhon ate nd copport I nitrade 15 adds
tives Attempts have also huen made to study precursors of the joly
evelic hydrocarhons with the hope that some precursors are | articy
Tarly susceplible to form these substanees (29) W find however that
most org umc matert \ls vield polvesyeliec hvdrocarbons during pyrotysis
espectalls above 700° C Also 1t docs not scam possible to remose selce
fivels the polyeychie hy droc irf ons through Hitration
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(Y ORSTA\DF PROF DR AARND TURLNFN LMD PROF DR PAALQ VARY)

BEOBACHTUNGEN UBER DAS VORKOMMEN VON
SCHAUMZELLEN IM ENDOMETRIUMSTROMA
BEI HYPERPLASIE

Von
Coais v NUMERs Und UsRO NEvINEN
Fingegangen 9 xi 60

Abgeschen von den fur die Malignitat charactersstischen Verdnderun-
gen un Endometrium sind ym Zusammenhang mit Carcinoma corporis
uter1 gelegentlich 1m Stroma Zellen heobachtet worden, die weitgehend
von threr Umgebung abweichen Manche Autoren haben diese Zelen
als \anthomzelien angesprochen, wahrend sie nach anderen wieder
um h htlich Bau und tigen E haften son diesen
weichen weshalb sieu a als foam cells, S len, Pscud: i
zellen usw bezeichnet worden sind Die genannien Zelen wurden im
Stroma des Endometrniums serhiltnismiissig selten angetroffen und
dann fast ausnahmlos im Verewn mut Korpusharzinom

Harrts (1958) fand derartige Zellen 1n 16 von 150 untersuchten Ge-
wibsproben von horpuskarzimom Im Zusammenhang mit anderen
pathologischen Verdnderungen des Endometriums honnte er heine
heobachten, dagegen i zwer son 400 untersuchien Zersvixpolypen
Hareis bezerchnet die Zellen als “foam cells™

Fine dhnliche Untersuchung haben auch Arone & Litfig (1959) aus-
gefuhrt, wober sie zu dem Resultat kamen, dass Psendoxanthomzalten
femmte .

ab

~ m uass winse Zelien hein Glykogen enthielten, und dass sie

bet Polarsation hene Doppelbrechung hervorrufen Ste kénnen daher

nicht als \anthom., sondern var als Psevdonanihomzelten getten
Nach der Auffassung yon Pickh (1908) werden Xanthomzellen auch

m Pyometrium angetroffen Schuler (1927) wiederum st anderer
Meinung, denn ber seinen f

eichen Unter honnte er
weder 1n alten noch 1w {nischen Pyometrien derartige Zellen finden

Auch in der Lateratur wird nichts berichtet, was die Beobachtung von
Tich hestatigen konnte

Wie aus dem obigen hervorgeht, werden die Schaumzellen fast aus-
nahmlos 1m Fndometrium des horpusteils und auch hier nur sporadisch
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Die 1w der Sehleimhant des Corpus Utert anzufreffenden \Ia;.m
phagen teiit Teyrter (1%2%) mvier Grapyen on die of snch den Stoffun
benennt the sie phagozsiert haben 1 Die ( ylophagen simd Zelfen dic
1 rythrozylen gefressen und zerstzt haben (1 cythrophagen » NMamers
1912) 2 die Siderophagen, m denen HiemosideTn angetroffen wird
(o Sumers 1042} 3 Qe 1 ipophagen die ncutriles Felt phngozstieren
and 4 die Moeophagen die saure offenbar za dea Palvsacchanden
zahlende Stoffgrupy en fressen und aufspoehern 1 eyrier hemorht dws
alle die ohen genannten Stoffe auch 1n e und derseiben felle pefunden
werden honnen

ELCFNFS MATFRIAL

It wissenschaltlichen T abor der Unmyersitats Erauenilimh in el
sk sind unter den untersuchien pathotogiseh snatomischen Proben
seit dem Jahre 198 m 32 hypery lastischen Endometrien Schaumzellen
sefunden worden und ferner wurden derartige Zcllen noch her etmpen
Korpuskarziaomen sowie n emem Zervixpolyp inpetroffen Von den
ohon genannten 12 Patientianen standen 10 1m lter von 41 64 Jahren
nur zwer waren yunger die ane 19 und die andere 27 Jahre alt

{31c Prohien & wen merstentenls her Ausschabunien pewonnen worden
nur eimge wemge ber Operationen Alie waren nach 1 ormalimfiation
und Afhoho! Sylolbehandlung in Paraffin cingebettet worden Mit dem
Askrotom wurden von Paraffinblock fuir die Farbung 4 pstarke Schnitie
stmacht die alle nach van Gieson und mit Hamatoxyhn ¥ osm pefarbt
wurden tin Teil der Profen v rin n ceantam = Qer Perjod
waute Setulf Reakton Fool} und
nach dem \ erfahren

e Menge der Schaumzelion i m diesen 171y arafen recht untcr
sctuediich In manchen sicht man nur sereinzdie Zollen oder heme
Gruppen (R1g 1) wahrend die Zellen i indetent Proben sicderum
wrossere Hawtfen Ydden (Fig 2) Die Schaumzelfen dic 1n allen Schiely
ten des SMromas sockommen sind growser als die anderen 1m Stromn

! * sehr yerseieden pewohnbich sind
Umpgehuny, unterschaden sie sich
v aene Farbharket {Fig 33 Das Proloflasma
st hell und schaumig, es sehewnt gesissermassen aus eincm feinen Netz
oder winzipen Blischen zu hesichen und tedweise fithrt es reichlich
Manc Grinvla Stellenweise sicht man i oder zwischen den Zellen
runde offnungen oder Vakuolen Aus der Struktur zo schliessen haben
d ¢ Zetlen Tett entalten das jedack ber der Behandiung, der Probon
sursehwunden st Da und dort sichit m i dass die Zalen Blutpipment
enthalten dus am deatlichston i den mit Ham 1toxyhin T ooin pefarbten
Pripariten henvortmtt (Fay 4) D ¢ Zuitkern st zumeist Klan und
<tk pefart b oft exzeminneh gelegent serme £ orm han sehr verschieden
san maslens 1st er vund order ny o e Aernmonbran st ziemhich diek
Zuneiten homumen z2werthesmge Schaumzcdlon vor Bet der Perjodsaure
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angetroffen, wahrend sic m der Schleimbaut der Zervix als grosste
Seltenhest gelten konnen (Chiare 1955, Harris 1938, Krone & Iillg
1959 und Schiller 1927),

Dubs (1923) beschreibt zwei Falle, wo Xanthomvzellen 1m Korpus-
karzinomgewebe vorgefunden wurden In hewden Fallen honnte ber der
betreffenden Palienhin kemne Hj percholestermamie festgestelt wer-
den, weshalb die Zellen semes Lrachtens nicht dadurch hedingt sen
honnten, wie fruher angenommen worden war (Puihus & Pick 1908)
Lubarsch (1918) memt, dass die Ursache der begrenzten Nanthom-
bildungen keine generelle sei, sondern Folge einer lokalen Storung des
Cholesterinstoffw cchsels

Nach semen wetlaufigen Ausfuhrungen uber das Vorhommen der
Xanthomzellen 1m Endometrium und ihre Herkunft hommt Schuller
(1927) zu folgenden Schluss ,,Zusammenfassend lasst sich sagen, dass
wir ¢ 1n unseren Fallen mut emner orthichen Cholesterinspeicherung in
Zcellen des cylogenen Gewcebes zu tun haben, die auf Grundlage ciner
allgemeinen Bereitschaft  physiologische Hypercholesterinamie infolge
zahlreicher Geburten und infolge des Khmakteriams, verhunden mut
orthehen Ursachen, wahrscheinbich Abhebung von Schlemmhautfalten,
auftritt®

Spwack (1932) hat un hyperplastischen Gewehe der Uterusschlemn-
haut grosse mononuklare Zellcn mut viel Proloplasma und cxzentrisch
gelegenen Kern gefunden Sic heschireibt die fraghchen Zellen jedoch
nmicht genauer und sagt anch mehts uber thre Herkunft Spriach ge-
braucht fur diese Zellen auch kemne hesondere Bezeichnung

Gillman (1941} hat dic Beobachtung gemacht, dass bet Metropathien
1im Stroma Fett angereschert vard  Black, Heyns & Gulman (1941)
stellten fest, dass her zwer hastrierten Frauen, denen Oestrogen ver-
abreicht wurde, das Fett in den Stromazellen zanalun Auf Grund des-
sen hommen sie 7y der Ansich!, dass moghcherserse das Qestrogen
beim Auftreten yvon Schaumzdien i Stroma eine Rolle spaelen honnte

Der heutigen Auffassung gemass sind die Ursachen fur das Entsiehen
von Schaumrzellen m erster Limie orthcher Natur Ber Dntzundungen
und auch in Zusammenhang muit Drusentumoren treten Hy peramie und
Gewebsyeranderungen i dem erhrankten Gebict ein Infolge von fettiger
Degeneration der Leuhozsten und Gewebszerfall entstehon Fcitstoffe,
die von den phagozy ierenden Zellen gefressen werden  Demzufolge
wachsen diese an, thr mnerer Bau ceriahrt Veramderungen, das Proto-
plasma wird schaumg, der Kern schrumpft und wandert zur Pern-
pherie, und die Zdlen nehmen das Ausschen von Nanthomzellen an

Tm Stroma der normalen Uterusschleimhaut werden in allen Phasen
des Menstruationszy hlus frag, makrophagenahnhehe, phagozy icrende
Zellen angetroffen, die nicht selten Blutmgment enthalten Die Makro
phagen yermchren wich nach dem Gewebszerfall ber der Menstruation
Dicse Makrophagen gehen nundestens teilwase aus den Reticuium
zellen des Stromas hervor (0 Aumers 1942)



Figs §-f

Fig § Schaumzellen mit Blulpigment im Plasma Haem Fosin X 500
tig 3 Verjodsiure Sehifl posithve Granula fm Plasma dcr Schaumzellen Perjod

Jer Faser in
(\NCFoot)



Figs 13

Fig 1 Zerstreut im Stremagewebd erscheinende emnzelne Schaumzellen Haem
1w X 12%

I1g 2 Grossere Gruppen v n Schaumzellen im Str magewed ¢ des hy perplastisel en
1 ndometriums Haem Iosin X 12

Fig 3 Zahlruche Schaumzellen mit hellem talwerse granulirem Plasma Haem
I om x 508
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Die \ erfasset hahen abwerchend von den fruher n der Literatur mit-
geleilten Untersuchungen festgestellt, diss Schaumzdllen auch 1n
hyperplastischem Eadometrium varkommen Dic Schaumzellen ent-
oprechen hinstchtshich Struhtur und sonstiger Ligenschaften den in der
normalen Schiemmhaut anzutreffendens Mahrophagen, weshalb sie als
de glochen Zelten angesehen werden Zwexfellos stehit e extreme
Form dieser Zellen m Frage

SUMMARY
The anthors have established the occurrence of foam cells m the
stroma of the hyperplastic human endometrium, carlier reported only
n connection with adenotarcimoma of the endometrium Concerning
therr structure and other qualities the foam cells correspond to the

macrophages of the normal endomctrium and ohsiously represcnt an
extreme form of these eclls
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Schuff-Farbung sicht man im Plasma der Schaumzellen kleme, sith
positn anfarhende Granula (g 5) Im Bereteh der Schaumzellen
komuien ber der Stthermpragnierung deutheh weniger Prakollagen-
fasern zum Vorschem als sonst im Stromagowehe (Fig 6) Bemm Wach.
sen sclhieben die Zellen die Fasern vor sich her Da am Rand der Zelle
gewebe jedoch kewne Pibridicnhaufon zu schen sind, muss cin Tel der
Prakollaganfasern atrophiert und verschwunden sem

BISPRLCHUNG

Den frubeien Untersuchungen gemass werden Schaumzellen im
Stroma des Endometriams nur mm Verem mit Korpusharzinom ange-
troffen, und nur ganz ansnahmwerse 1 Zellcgew che von Zersipoly pen
oder Zervinharzinom Sowert uns hekannt ist, sind bis ozt hetne Mit-
tealungen uber Vorhommen von Schaumzellcn mm hy perplastischen
Endometrium publiztert worden Spuvack erwahnt i threr Veroffent-
hichung nebenber grosse mononukleare Zellen, die sie in hy perplast
schon Korpusendomctium gelunden hatte, ohne jedoch Genwerts
uber thren Befund zu berichten Gillman hat Vormehrung des Feits im
Stroma ber Mctropathicn beobachtet, und Blaclk, Heyns sowie Giliman
verwersen auf chie eventuclie Rolle des Ocstrogens i der Atiologie der
Schaumzellen

Wie aus der Beschretbung unseres eigenon Matenrals hervorgeht,
werden Schaumzellen gelegenthch auch an hy perplastischem Korpus-
endometrium gefunden, allerdings nur relatiy selten, so dass alse von
hemer mit der Hyperplaste regelmassig verhnupften Lrschenung die
Rede semn hann Trotz threr Seltenheit sprechen diese Befunde aber 7u-
gunsten det oben erwahnten Vermulung von Black, Heyns und Gillm
Bis aul svar Ausnahman standon die betreffenden Patientinnen alle
dem Kinnakterium nahe oder hatfon s hererts uberscintten

Die heutrutage sorharschondc Auffassung von der Atwologie der
Suliavaazellon <lebt v Bnbdang ot don von « Noaers und Ueneler
gemachitcn Beobachtungen D i den Schaumzddion oft golundene
Blutpigment stellt unzwerfcdhalt phagozy ticelen Stoff dar, was augon-
schembhich aueh betreffs der nachgewiesen schletmartigen Substanzen
zutnfft Die Struklur des Z3 toplasmas spricht wiederunt dafur, dass die
Zellen Fettstoffe gefressen hahen Die Sehwmzellen sind nsichthich
ihrer Iniganschaflen und thres Baus der von v Numers und Feyrter
Desclirtehenen Makrophagn so ahnlich, dass sicals ane extreme Form
dieser Zellart angesehen werden mussen Der die Hyperplasie henn-
zerchinende, von Ausbleben des Deosquamation bedigte lange Bestand
dcs Korpuscndomddnmms sowye die allmahiich ansctzenden regressivn
Veranderungen biclen offcnbar gclegentlueh gunstige Verhaltnisse fur
das Auftreten von Makrophagon des Schaumzdlicnty pus



e 11 the lumour-

Low power magailicatl n of the tumour showing three cell 2ones 1o the lumours

sstands o the centeal part evstic cavities ave formed Cold absalute scetone fixation
(H &t X 9)

dehydration the sp were 30 a mitture of o butyl and methy1 meta-
covlate 9 11 to which 1 per cent binze)| perovide had been added as a catalist

Seeti ns were cut an & Sjostrand micrt tome using glasyknives and were examined
with a Philips EM 100 B

RESULTS
1ightmicroscopic Stndies

[a most epithelial tumnur wlands three cell-zones can be distins
guished & peripheral zone composed of a aingle layer of cells, an inter-
mechafe zone composed of a varying number of cells, and a central
zone 1 which one or often seyesal rystic cavities can be found (Fig 1)

The peripfieral or marginal cell layer usually conssts of a single row
of columnar cells resembling the inner enamel epithelium of the enamel
organ Intercellular eytoplasmic bridges are seen crossing the irregular
apaets hedween adjacent cells

The intermeduate zone 1s combosed of anastamosing stellate cells and
has a superficial resemblance to {he stellate rehiculum of the enamel
orgin This 20ne often forms the man part of the singie tumour-wland
Desmosomes can easily he demonstrated where the celis are 1 glose
contact with each other t¥Fi1g 2)

The cefls occupying the cenlral zone of the 1sland are polyhedrical,
butsary in shape and size often beng rather large (Fig 2) Arcas with
sirbniate refafions between cells alternaty with areas of loose texture
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THE ULTRASTRUCTURE OI' THE SIMPLE
AMELOBLASTOMA

By

H Mor, F Crawsiyand H P Prurest s
Iteeened 15 xit 60

The ameloblastoma (or adumantinoma) 1s a bemign odontogenie
epithelial tumour having no properties of productng hard dental tssucs
It occurs within the jwwbones, the most frequent site being the lowcr
molar region The ameloblastomas show considerable variation in histo-
morphology and have been classified into severaf types one of wielh
1s the siumple ameloblastoma In this type the epithelial tumour tissue
15 arranged 1n arregular islands or acanthomatous masses or 1t mm)
show a plexaform pattern The tumour islands are embedded 1 2
mature connective tissue stroma The histomorphology of the simple
ameloblastoma has been deseribed 1n great detail m several light
microscopic studies (Bernter 1939, Ianger 1958, Small & Waldron
1953 and Thoma 1931) whereas no electron-microscopre study of this
tumour seem to have been published The present mnvestigation 1s con
cerned with the ultrastructure of a simple ameloblastom as revealed
by clectronmicroscopic examination

MATCRIAL AND M1 THODS

The tumour tissuc cxamined was remosed during operation of an amcloblastema
occurring 1 the lower gaw af a 40 sear old woman The tumour presented atself as
a swelling the size of a walnut located in the left premolar and molar region The
swelling had mncreascd slowly during the last six month prior to admission X rad
examination ravealed a multidccular ¢vstie lesion with a scalloped outline On
histologs the tumaur prosed to be a simple amelsblastema aand the tumour contain
ng arca of the mandible was roseeted

1 or examination 10 hpht mrcroscope the tissue was fixed i sahne formaldehyde
(4 per eent) n cold (4°) absolute acetone and an modified D dson s fixation
flusd After embedding ra paraffin 4 6 mucron thick stchons were cut and stained
with haematoxyhn cosin tan Greson s conncctivg tissue stamn [ endram s phloxin
tartrazin, unstained scctions were used for phasecontrast microscope studies

Tresue to be ¢xamined 10 elcctronmicrcscope Was obtained during the operation
and sas freed tmmediately exther in 1 per (ont buffercd 0504 to Which sucrose has
heen added (Cauifteld 1957) or in potassiumbichiromate (Dalton Felin 19>4) After

ant from the Danish State Rescarch ! oundation

orted by a g
Jupr Unnersitctaparhen 4 Capenhagen §) Denmark

1 Present address
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Tig 2
Phase contrast photo-micrograph shawing the three cell zones of the simple
ameloblastoma At the bottem evlindrical (peripharal) <clls an the nud zone star-
shaped eells showing desmosomes (arrows) and at the top of the photomicrograph
the large polvhedrieal ecdls with ntracdlular avities (8) 0s0p fixahion X 900

Apart from tias typreal prcdure some ¢pithehal ishinds composed of
only peripheral and ilermediate zones and fcw slands composcd
almost exclnsively of stedlate cells conld he scen

Whereas the nucdlet in the peripheral and itermediate edlls form a
compratinely great part of the cell-body, the nueler of the contral cells
are quitc small and condnsed  The nudla contam onc or several
nudleolr those of the peripheral nuela having the most distinet ones In
the cytoplasm of many of the columnar cdls a P AS-positive pyronno-
phile and metachromatie substanee was demonstrated This substance
was particutarly obvious m the hasal part of the oxtoplasm The c)to-
plasm of the central cells Timng the exstic spaccs shows o marked

cosmophlia
The epithelial tumour-slands are embedded 1 a collagenous con-
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Intermediate ct!l\ frem

Fiy 5
4 tamcur islang Some celly are closels abprosimated by
means of cytoptasmic At points of contact attachment
Paques are present In the cyloplasm fibfillar clements (F), mitochondria (M) and
errcular profiles (P) 0s04 X 4500

(Fig 3) Below or peripheril to this membrane a layer of coarse,
spengiform material with the same cleciron density as basement mem
hrane ean be secn The connective tissue fibers and the fibroblasts may
be located close to and parallel with the hasement membrane in those
areas whieh lack the layer of spongiform substance

The columnar or peripheral cells contain many round or ovord mito-
chondrra many of which are loeated 1n the vieimity of the poles of the
nucler The mitochondna measure 0 25 micron in diameter (Fig 3) and
show a triplt layered outer membrane and a few 1ner membranes or
cristae lthewise triple-layered In the cytoplasm of some peripheral cells
7 complex system of irregular vaenoles or canalicul ss noted (Fig 4)
These vacuoles are to some cxtent tn communication with each other
They scem 1o be bordered by a thip membrane having minute graneles
ttached to the outer surface The vacuoles contain an almost homa-
¢cneous, samewhat flocculent material of moderate electron density

10 scterary 322



Part of the infranuclear ¢ytoplasm in a peripheral cell Conspienous im the ey loplasm
15 & system of cavities or eanahiculy ($) cantaining a substance of moderate electron
densits 1 antercellular cleft 0304 fixation X 26 900

ective tissue stroma with a moderate number of cells (predominantls
Nibroblasts) and bloodvessels (Fig 1) The peripheral columnar cells
rest upon a wdll defincd basement membrane adjacent to which an
cosmophlic hyalme zone may be seen The histomorphologieal preture
deseribed here s thus typical of a simple amcloblastoma

Llectronmiscroscopic Studies
A continuous hasement mambrane, 350 600 & thich, scparates the
connectny e tissue stroma from the peripheral cells of the tnmour wslands



Fig §
Intermediate cells from a tumiur island Some cells are closely approximated by

means of

AL points of contact sttachment
placques are present In the cyloplasm fibrillar elements (F), mitochondria (M) and

circular profiles (P) 040y X 4500
(1'g 3) Below or perpheril to this mombrane a lagcr of coarse,
spongiforn matenal with the same eleciron density as basement mem
brane can be seen The connective tissue Nibers and the fibroblasts may
bt located close te and parallel with the basement membrane in those
areas which lack the layer of spongiform substance

The columnar ot peripheral cells contain many round or ovord mito
chondria many of which are loented in the vieimty of the poles of the
nucler The mitochondria measure § 25 mreron 10 diameter (Fig, §) and
show a triple-lnered onter membrane and a few 1nner mombranes ot
cristae lthewsse iriple-layered In the cytoplasm of some peripheral cells
1 complex system of irregular vacuoles or canalieul is noted (Fig 4)
These vacuoles are to some extent in communication with each other
They scem 1o be hordered by 1 thin membrane having mtnute granules
altawched 1o the outer surface The vacuoles contan an almost homao-
geneous, somewhat locculent matenial of moderate electyon density

10 acrerury 52 2
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Fig 6
a Micrograph lustrating the appearance of many attachment zones (D) cut in
a plane perpendicular to the surface of the cell Tonofilaments (f) coming
from the ¢3toplasm attach themsddses of the desmosames or aftachment plaques
(D) A layer of low clectran density separates the attachment plagues 05Oy
fixation X 13250
In the center of the micrograph a wroup of small circular profiles varying in
s1z¢ These presumably represent Golge sosicles 0sQy Dixation X 20 660
¢ Milochondna m the cytoplasm of clls from the ntermedsate 2zone The milo
chondria show three lavered outer and inncr mombranes Milochondria of this
appcarance can be found m cQls from the periphoral and central zone as well
OOy fixation X 20 600

The system af canaliculs, which prohably represents the endaplasmatie
reticulum, 15 well developed in the basal portion of the ¢ytoplasm, but
may he found 1n the apical (supranuclear) region as well In a small
number of sections 1t was present n cells m the mtcrmediate zone of
the tumour wslands Daally small dense geanules of about 150 A
drameter are distrbuted freely 1 the eytoplasm of the peripheral cells



Fg 7
1 gh magnification electron m erograyh of attachment plaques al Ihe Intermediate
cells Betacen the plagues a dayer of I w density is seen Bundles of tonelilaments
anchor (hemselves 1o the internal face of each attachment plaque D304 fixation
X 80000

The cdls of the intermediale zone are surrounded by a distinet
plasnu mebrane eharacterized by numerous foldings oc interdigita-
tions (¥ B) Inbetwcen the phisma membranes at points of close
cantict 1 narrow zone of lower clectron density can be distingurshed
(hig 6 1) The detarled composition of contact zones vary to some ex
tent In some cases there 1s a shight increase in density and distineiness
of the cell membranes whereas i other areas the point of contact 15
comy osed of three lavers or zones namely two dense ones separated hy
a hiser of lower density In several contact arcas there 1s an accumula
tion of dense osmiophilic matern! on the inner aspect of the joining
1lasma membranes (Figs 622and 7) In this way the proper attachment
PMaques or desmosomes are formed This structure 1s found to be a very
characterstic feature of the intcrmediate cell layer although attach
w
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Fig &
Large central cells containing mitochondria (M) and cireular profiles (P) of varv.ng
s1ze The plasma membrancs show a striking degree of conyvolution The ¢vtoplasmic
fingerlike projections interdigitate with similar projections of neighbouring cells
Between the cells are irregular clefts At the top of the micrograph a large cavity
bordered by mucrovilli (x) N nucleus Os0; frxation X 6 250

ment plaques could be demonstrated at the supranuclear or nuclenr
level of the columnar as well (Fig 3) Finally desmosomes are present
between the central cells which are adjacent to the mtermediate cell
Inyer

The cytoplasm of the intermediate cells 15 often dominated by bundles
of fine filaments (F1g 6a) The bundles arc seen running between each
other 1 all directions, 1n the vieimty of the plasma-mambranc they
gather into thicker bundles or tufts which seem to terminate or to be
embedded m the osmiophilic attachments (Fig 7) Usually, the desmo-
somes are located on the lateral aspects of the fingerlike eytoplasmic
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Fip 9
Part of a central cell showing a vacuole hordered by micronilli (v) The content of
the vacu le scems different from the content of the intercellular clefts (I) The
superiicial parts of the cytnplasm contain manv small circular profiles S nucleus
0504 fixation X 11,500

projections thus showing an edge toward the cell nucler (Fig 6a) As
a rule the desmosomes recerse the tonofilaments at an acute angle

Mitochondria of tspicat morphology and size (#2 62> mucron) are
sparsely distributed throughout the cytoplasm of the mtermediate cells
tkhig 6¢) In some cells small round profiles are seen 1n the vieumty
of the nucleus (Fig 6b) n rare cases accompanied by single flattened
saes These structures are considered to rep resent the Golgr apparatus
Granules of 120 X in size are evenly distributed in the cvtoplasm of the
mtermediate eclls though usually sather few n number the endoplas
mie reticulum 18 but httle develog ed or not present at att

The evoplasm of the central cells contains few mitochondria they
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Central cells of a tumour sshind M mptochondry v micrenalls Granahit or

sesteular masses presumably orginating from disintcprating «dls are found an
the mtercellular spaces 050y fixatien X 6050

are of the samc type as those encountered 1n the peripheral and inter-
mediate cells, but some show signs of degeneration \ttachment plaques
or desmosomes and hundles of tonofilaments occur seldom in the most
centrally placed eclls n the tumour sland, but are as previously m-
dicated scen at the Junction betwaan central and intermediate cclls A
characteristic cytoplasmic compenent 15 found m the central cells,
these are small cireular profiles of varying sizes usually not execeding
01 micron 1 diameter, localized close to the phisma membrane The
plasma membranes af the cells 1n question nsually follow a yery com-
pheated course and have irregular processcs, folds, and myagimations
(Ing 8) The cell-membrands are m some arcas dosely approamated
while m other places irrcgular clefts scparate the mdndual eddls Cells
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taking part in the hmitation of large intercellular spaces are often pro-
vided with fingeriihe projechions or rmerovith {Figts 8 and 10} Vacuoles
without obvious mutual connections with inteseellular clefts can be
clearty sten n these eells {Figs 2a09) The himiting membrane of
these sacuoles are likewise provided with microy M1 The intercellutar
clefis mav contan material possibly enigimating from dsintegrabing
celly (Fig 10)

The nuelet of the different cell types 1w the ameloblastoma yard wn
morphology While m the peripheral cells the nuclear shape 15 often
oval (Fig 3}, those of the intermediate and central lavers are invanabiy
round (Figs 5 and 8) The triple-layered nuclear membrane shows now
and again deep myaginations The nternal structure of the nucier 1
composed of a rather fine granular substance and i quite 2 numher
of nuclei one or several nucleolt can be seen (Figs 2and 3)

VISLUSSION

In the greater part of the ameloblastoma examned three cell zones
can be distingusshed  a peripheral , an intermediate, and a central zonc
W here adjacent Zones meet, transitional celitypes are seen and st is
natural o assume that the ceatral polvhedncal cells are derned from
the intermediate stelfate cells and that the lafter 1n their turn are
derived from the peripheral cells

The petipheral cells of the tumourous islands resembie the colis of
the wner enamef epithehium of the enamel organ, a fact erphasized by
seseral authors (ef Bernier 1955 and ! anger 1958)

The present study shows that the ultrastructure of the perapheral
cellsraries same of the cells are characterized by infra orsupranuclear

accumulation of mitnchondriz others hy the presence of irregular
cavilies or vacuoles contaning a syhsk:

fine bundles of filxments are seen i the ¢;

e of ynknown I won,
3taplasm of these cells

This variation 1 altrastructure might be interpreted as differences
in degree of differentiation and it would be of considerable mierest to
corapare the ultrastructure of the peripheral cells of ihe simple amela-
blastoma with the wtrastructure of the ner enamel cpithelium at
different stages of Mifferentration However, the ultrastructure of the
innes caamel epithelam n man are not desersbed to any extent n
the srlicles hatherto published on electronnuicroscope studies of amelo-
genests Furthermare, most of the work published 15 concerned with the
more adanced stages of amelogenesis {Ienz 1927, 1938, 1949, and
Mplen & Scolt 1938a) There seem, honer er, judging from lh‘c puhl‘xshcd
photormcrographs to exist distinet points of resemblance hetween the

whirasstructote of the inner enamel epithelium cells And tha roe ¢
eolfc nf th o~ t



152

only a shghtly developed Golgr-apparatus, probably mdhicating a rather
low metabolic activity. The most characteristic components of the ¢yto-
plasm of these cells are tonofilaments and the desmosomes Tonofila-
ments and desmosomes have been desertbed to occur in many epthehal
tissues, as 1n stratum spinosum of the eprdermis (Selby 1955, Charles
& Smiddy 1957, Odland 1958, and Hibbs & Clark 1959), and n the non.
cornified stratified squamous epithelium (ctr Vogel & Glatthaar 1938)
1t 15 assumed that desmosomes play an important role i the mechan-
cal stability of the tissues In fully differentiated stratified squamous
epitheliim the number of desmosomes 15 great, exceeding considerably
the number demonstrated 1n the epithelial tumour presented here

The tonofilaments are coarser and the miercellular spaces smaller n
the ameloblastoma as compared with normal or tumorous squamous
epithelium Typical desmosomes are regularly seen hetseen the cells of
stellate reticulum and hetween the cells of the stratum intermediim of
the enamel organ, at certam stages of matrix-formation they have heen
demonstrated between the amcloblasts and the cells of the stratum
mtermedium (Nylen & Scolf 1939) In the simple amelobiastoma ex-
amined we have not observed a cell-layer corresponding to the stratum
miermedium of the enamel organ 1t s beheved that the presence of this
lay er 1s of 1mportance 1n the formation of the hard dental tissues (Mars-
land 1951) The problem of the occurrence of this layer m ameloblsto-
mas which does, not produce hard dental tissues 15 not clarified (Manley
1954, and Hodson 1957)

The large central cells of the ameloblastoma contan few mitochon-
drin as do the intermediate cells The cells are hept n contact with cach
other through folded or villous mierdigitating projections of the pls-
ma-membranes A simlar eell {3 pe scems not to occur m the normal
cnamel organ On the other hand the central cells resemble the super-
ficinl cells of the stratified squamous epithelum of the oral mucous
membrane deseribed by Sognnaes & Albright 1958 As a rule the central
cells do nol show desmosomes or tonoftlaments, their microvillt and
wmall vesicles nught play a role for the exchange of fliid between the
cells and the intercellular spaces which they adjoin Cytoplasmic strue-
tures of this kind are known to be present m cells with absorptive wnd
secretory achivaties

In summar:zing it may be said that the outer cell-layers of the amelo-
Dlastoma-slands resemble the outer cell-layers of the enamel organ
The intermediate layer 1n the 1slands have points of sumilarity with both
the stellate reticulum of the enamel organ and stratum spmosum
strafafied squamons epithehum Purthermore  the central parts of the
ameloblastoma-follicle resemble the superficial layers stratified
squamous epithehum Thus the degree of cell-differentiation of the
tumour-tissue 15 simlar to that of the cells of the dental lamma at the
time of development of this structure However, thorough knowledge
of the ultrastructure of the normal odontogenie tissue has to by gamed
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before the degree of differenhation of the ameloblastoma can be
cstablished

SUMMARY

Tisvae Temned, fram o smpte ameloblastoma of the lower jan of a
46t year old woman was i 1p efeciron pe after Tixation
1n buffered 0s0s and embedding i metaerdlate and by hght siesa-
scopy after routine preparation

Three cell zanes can be distingurshed n the tumour wiands 2 pert-
pheral cvhindncal smgle-cell tayer, an termediate layer compased
of star shaped cells and 1n the central parts polvhedrical cells some of
which may undergo cystic degeneration The star-shaped cells form the
tulk of the tumour 1lands and contain tonoflaments and desmosomes
and a few mitochondnia The central cells have irregular folded plasma
membranes, thev are ofien closely approximsted and comlun few
mifochondnia tonofilaments and attachment plaques The cell mem
hrane may show nuerovilli and 1n the superficial zones of cyfoplasm
small sesicles can be found

The ultrastructure of the peripheral cells varses, a number of cells
are characterized by 1rregular cytoplasmic casihies or canals contnming
1 bomogenous substance In contrast to the ntermediate cells thes
contamn few desmosomes and tonofilaments

The structure of {he fumour issue 15 compared with that of ibhe

eaamel organ and stratified squamous epithelium and the degrec of
Quferentiabion s diseussed

ALKNOWLFEDGEMFENT

The anthars want (0 express their gratitude to professor Frik Husted for delner
g the material used 10 this work

RFEFRENLFS

The Management of 0,
L The ral Disease o 515578 €.\ 3 aby Company
Caulfsel} I B Fliocts of sarying the vehicle f.

’ o hem Cotes 3 vy yine the vel icle for 0504 10 tissue fixatisn 3 b1 phys
L

arll(:l 4)0&392;;.;:::‘1: ‘i;u'rbc torofibrils of the human cpidermis J invest derma
daltor A 7 &

2734 293

fermer 2 1

\:,l,\g).rtv’r”r In Fine Structure of Cells Samp « m e
Faxsk

l‘wlu;(}{ll (h;udhru 3 P &Pwdbory J 2 The od mtpgenic tum ra~—thesr edasst
sl n - hustonathol g« and clinleal hehavior In man and domestieated
snimaly Cancer 1961 In press e
'l‘bb'ch:elf ;’('a;s‘:’ ‘".n ;)I(zlnm n;’(cﬂ scopie studies of the human eprderms
opo,
. rht;h BarPa s, ”)gp =raphy of the stratum Malpighsy J binghvs Mo
iaon J } Ohservat] ns on the arigin and n.

ature of the sdamantiqa h

speclal reference § S
Tects sna(‘cgst_lcr > esetain muco epidermoid variations Brit 4 blast Surg



154

Horstmann F & Anoop A TFlchtronenmikroskopische Studien an der Fpidermes
/7 Zellforsch 47 348 362 1958

fanger ¥ Histopathologic der Tumoren der hicfer und der Mundhchle p 417
Georg Thieme \erlag Stuttgart 1958

lendrum A € The phloxin tartrazine method as general histological stain and
for the demonstration of inclusian bodies J Path Bact 59 399 404 1947

Ten- H Tlektr kroshopische Untersuch 1 der Amelobl hicht Disch
zahnarztl Z 12 1568 1576 1957
Ten~ I Flektronenmikrosk he Untersuch der Sch Disch

T
zahnarztl £ (3 991-1605 1958

Len= 11 Bestehen zwischen Schmelz und Dentin pracformieric Bahnen? Flehtronen
mihroshopische Untersuchungen Disch zahnartl /7 14 272 279 1959

Manfey } B Adamantinoma in relation to tooth desclopment tust J Dent 58
137-150 1954

Marsland F VA histological imvestigation «f amelogenesis 1 rats I Matrix for
mation Brt dent J 9f 251 261 1951

Nulen Maree Ussing & Scalt D B Flectran microscopie studies of the early stages
of amelogenesis Abstract J dent Re< 37 48 1958 (a)

Mylen Marte Ussing & Seotl D B An Flectron Microscopic Study of the Tarly Stages
of Dentinogenesis  Public Health Service Publication No 613 US Dept
of Health Tducation and Wellfare Washington D C 1958 (b) 55 pp

plen Marte Usstng & Scott D B Personal communication September 9 1959

Odland G F The fine structure of the interrelationship of cells in the human
cprdermis J bicphys biochem Cxtol § 529 518 1958

Palale G F A studs of fixabion for electron microscopy J exp Med 95 285 298
1952

Pfliger I Uber dic vom zahnhildenden Gewehe ausgehenden Geschwulste \da
mantinom und Odontom Dtsch Zahn Mund u Kieferheilk 27 97 121 1956

Pindborg J J & Clausen F Classification of odontogenic tumors Acta odont
scandinav {6 293 301 1958

Selby € € An electron microscopic studs of the emidermis of mammalian shin i
thin sections J hiophyvs biochem Cytol 1 429 {44 1955

Sjostrand F S\ new mucrotome for ultra thin scctioming for high resolution
electron microscopy  Fxperientia 8 114 115 1953

Small T A & Waldron € 4 Amcloblastomas of the jaws Oral Surg Oral Ved
Oral Path & 281 297 1954

Sognnaes R F L Albright J T Flectron Mlicroscopy of the epithelial hining of the
human oral mucesa Oral Surg Oral Med Oral Path ff €62 673 1958

Thoma A 3 The pathogenesis of the adent gemc tumors Oral Surg Oral Meld
Oral Path 11 662 €73 1951

Yogel 1 S Glatthaar ¥ Weitere clehtren mikrosce pische 1 ntersuchungen am Por
troharcinom Oncologia 71 138 147 1958
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ON THE NATURE OF COBALT INDUCED CHANGES IN
THE ALPHA CELLS OI THF ISLETS OF LANGERHANS
IN THE GUINEA PIG

By

Gosta T Heprguist and ULLa BROT SUab@yist
Recerved 22 xi1 60

The characteristic change in the « cells observed hy van Campenhout
& Cornelis (2 3 4) after the administration of cobaltous chlonide to
guinen jigs was interpreted as clectine damage to the a cells resulting
from the cobaltous chloride Attempts have also heen made to explain
simnar findings 1n other ammals by the same reasoming, Observations
suggesting other explanations have however been made and diergent
opinions have heen expressed regarding the changes Fxperiments ap
plung wtal staming 1n rats rabbits and guinea pigs treated with co
baltous chlonde did not for instance confirm the previous assump
Aon that this subslance may cause damage to the o eells {(17) Nor has
exarmination of the pancreas of rats by electron microscopy after the
administration of cohaltous chlonde revealed changes comparable to
the # cell damage induced by alloxan (25) Jacy & Cardeza (19) like
wise ohserved no changes 1n the nucler of the « celis of guinea pigs hut
noticed reversible degranulation as well as vacuohisation of the eyto-
11sm anad reversible changes of the mitochondrit in some « cells

The nature of vicushis stion of the « cells 1n the gumea g 15 not yet

elear ud the objeet of the present insestigation was to endeavour to
throw light on this problem

MATFRIAL AND METHODS
Cuinca pigs (Foth males and females) recensed daily for 4 days e
n;;r(lnn ';(\r"bk.:\'\(,‘:\‘ <hl ride (20-30 mgkg) or cobaltous n Irilt.(;:-;l‘)“:n":z:;
and were thes killed together wup eomttol animaly that
(09 per cent NaCl s lut nn) in the same ! *t had recened the solvent
- .

- s
83 412 14) Even of 3t & priort seemed
Suppertel by grants fr m Magnus Bery alls 3f flelse Stockholm
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unhikels that changes in the 1slet volume could artse within the short period during
which the experiment was 1n progress a calculation of the area of the islets 1
relation to that of the pancreas was made by tracing off the pancreas surface at a
magnification of 12 and the wslet surface 2t an approxuimate magmification of 200
and determimung the area by planimetry

RFSUITS

After the admimistration of cobaltous ehloride a lugh degree of vacuo
hisation was observed m nearly 30 per cent of the e-cells 1n all the fixa
tions used (g 1,2) Vanations in degree were, howeser, apparent for
the different fixations, the changes being most marhed i the spect
mens fixed in formalin (Fig 1 2a) and least noticeable, although qnte
distinet, mn the unfived, frozen preparations (Fig 1¢)

Tables 1 1o 3 show data obtained at the quantitatine examination of
the islet cells

The haryometric determination (Table 1) revealed an inerease of
nuclear size 1n the e-cells of the guinea pigs both after the administra
tion of cobaltous chloride and after cobaltous mitrate The g-cells, on the
other hand, showed a shght decrease n the nuclear size although, m
the present matenal, 1t could not be statistically established

In a pregnant ammal treated with cobaltous chloride buf nof m-
cluded 1 the series in Table 1, the nuclear size was somew hat mereased
m the a cells (30 9 u- as compared with 29 2 g2 1n the controls), and was
approximately the same in the g-cells (264 x2) as the corresponding
figure 1n the controls (268 ) Vacuohsated a-cells were observed,
although n lesscr numbers than in the other amimals (65 per cent as
agamnst 27 6 per cent)

A comparison of the vacuohisated and non-vacuohsited e-cells with
respect to nuclear size showed 1n most nstances « lugher mean value
for the former group (35 1 &” as agunst 32 2 =) In g 3 wall be seen
the frequency curve for nucler m vacuolisated and non-y rcuolssated
a-cells mn the amumals grven cobaltous chloride n relation to the values
for the contro! antmals the a cells in the expermmental amimnls displny
a broader nuclcar size speetrum and a displacement 1 the direction of
higher values with respeet to nuclear <ize Compression with deformt
tion of the nucleus, as well as fibres and septa of cytoplasm between
the nucleus and the eell membrane, were sometimes observed m the
vacuolated e cells (Fig 2) The nuclear structure was also clerly
distinguishable 1o these deformed nucler ind nucler pyvknosts was
seen only 1 one or two 1volated cases (Fig 2b)

Fig 2aand b
« cells 1n an slet of Tangerhans m a guinea pig after adi
mitrate showng vacuoles and some nuclear deformation b
structure (a) Pvknosis distinguishable i only one cell
dehydefuchsin Ponceaufuchan a) X 2200 b)Y X 1400

mynistration of cohaltous
hut with retained nuclear
(h) Bowns flnd Paral
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Cunea g pancreas with sacy 1satcd a-cells alter admlInistrati n of cobalt «alt
Paraldchydefuchs n P nceaufuchsin
a) Formaln fix X 500
b) R mes fic x 300

¢! Frozen sections af unf ved panireas with two vacuolise ] cells
Phase ¢ ntrast X 2200
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TABIE 1
Muclear Sime i a- and B-Cclls (42) and Bja Valne
a cell nuclel |8 cell nuclei /2
memalue | m anvalue | P
Control anumals 242 268 a1t
Ammals mjected with cobaltous chlomde 321 255 0791
af 7 7 i
t 208% 112 T
Contral antmals k183 e aase
Animals mnyceted with cobaltous nitrate 186 283 06
ar 3 3 k1
t 8961% -2+ 17 2818
TABLT 2
dumber of a Cells in per Cent of Tolal Number of Islit Cells
N\umber of
a cells total Uighest an 1
number of lowest values
islet cells
mean value *o
Control ammals 116 124 107
Amimals injected with cobaltous chloride 172 174 170
ar 6
t 12577

TABIT 1
Area of Pancreas Islets in per Cent of Total Pancreas drea
blel nrca pan I righestant
mean yalue %, ’ lowest values
Control animals 155 188 125
Animals injeeted with cobaltous chloride 197 213-185
df G
t 269

very probable
** wigmificant

df  degrees of freedom i
3§ ncarly probable

t  Students t test
«  probable

The differential count of the islet cells (Table 2) reverled a defimite
mercase, by narly 50 per cent, n the reldive froquoney of a cells

An mcrease by 25 30 per cent m the islet surface m per cent of the
total pancreas surfce was demonstrited (Table 3)
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DISCUSHION

The investigation confirmed the observahions of van Campenhout
and Cornelss regarding vacuolisation of the a cells after the admunrstra
tion of cobalt salt A study of wlet cells hardened 1n different fluids and
espectally of the cells 1n frozen sections of unfixed malerial suggested
that the vacuolisation of the a cells 15 not a fixation artifact However
as the sacuolisation was more marked in formalin hardened specumnens
than 1n those fixed by other techmiques a certain element of artifact 15
probably present Falhmer (8 9) made a similar observation 1 the
a cells of certamn hony fishes changes in the a cells could be demon
strated with the 1d ol some formalin fixation methods but not with
othcrs and therefore should probably be interprefed as an artificial
prodirel

As was the case 1n an carher work (17) this mvestigation as well
revealed no defimite destruchion of the a celts A comyressed deformed
nucleus with the nuclenr structure retained was seen 1n some of the
fughfy sacuofisafed o-cells as san Campenhoui and Cornehis have
ilready rcported ( reulzfeldt & Schmudt (6) who only oceasionally ob
served nuctear destruction when counting the aslet cells conaidered
that the « cell chunges arc not a manifestation of prumary damage but
nsterd anse as a result of abnormal stress The changes i nuclear
size supgest that there 1s increased activity 10 the a cells after the ad
muntsiration of cobalt salts and that this herghtening of activaty has
ftached & maximum n some of the vacuohsated cells The nuclear
compression observed in some of the vacuolated a-cells may probakly
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be mterpreted as reflecting a maximum accumulation in the cytoplsm
and distention of the cell membrane by sceretion products, perhaps as
a termination of the cycle of actinity The differential count and vo
lume determination also suggest that the a-cells are subject to a pro
gressive transformation similar to that observed 1n rabints affer the
administration of cobaltous chloride over a period of 10 to 11 days (11)
Cobalt salts appear to have an a-cy totropic rather than an « cytotoxic
effect Thus, morphologically speaking, we have here an analogy with
the B-cytotropre action of the hypoglycaemic sulphonamudes (21) Itis
not yct clear whether the analogy also applies to the function

At 1ts present stage the investigatron has provided no defimite clue to
the primary eause of the heightened activity 1n the a-cells Several pos
sibihities anse to the mind, namely, a direct, sttmulating effect on the
a cells by cobalt salts, an indirect effect on the a-cells as a result of 2
metabolic, hormonal, or enzymatic disturbance caused by the action of
cobalt «alts on other organs or organic systems, or a ncurogenic (sym
pathetic system) stimulation of the a-cells directly or indirectly pro-
duced by the cobalt salts Of these alternatives, the last two would ap
pear to be more likely than the first Among other things, it has not
been demonstrated that Co®™ hecomes locahized to the slets of Langer
hans (28) The fact that knowledge 1s still insufficient regarding the
changes occurring n the blood sugar after the admumstration of cobalt
salt 1o the gumnea pig makes 1t difficult to go more deeply mnfo the
question of whether the mechanism has any conncction with a metr-
bolic disturbance Van Campenhout & Cornelis (3,4) noted hypergls-
caemta 1n this amimal after ntracardial admii.tration of cobalt salts
but not after repeated subcutancous mjections In rats, cobalt salt ad-
ministration resulfs i a considerable degree of hyperglycacnmia sith
the maximum about 2 hours after subcutaneous injection (15, 16), and
1t seems likely that similar conditions should cxist for guinea pigs
I'rom the evidence of experiments at present 1n progress this would also
appear o be the case, with a single subcutaneous njection n guinc?
pigs 1t 1s, however, difficult to belteve that hy perglycaema could be
the cause of the a-cell change, on the contrary, one would almost expect
to find signs of diminished a cell activity m association with hyper-
glycacmia It would scem logical to consider the possimlity that hyper-
glyeaemia might be a sequel of hyperactity of the a-cells This pre-
sumption 15 contradicted, however, by the obsersation that hy pergly-
cacmia can alse be produced 1n pancreatectonuzed or partially evis-
cerated dogs (20) Other metabolic disturbances besides hy perglyca-
emia may occur after admimstration of cobalt salts, n proteins, for
instance (27, 22) as well as wn lipoprotetn and cholesterol (5, 22,24, 1)
and m glutathione (13), but it seems improbable that there could he any
direct causatine conncection between these changes and the a-ul:
change As regards hormonal factors, the opinion has been advanced
that the cobalt effect probably cannot b produced m pregnant an



161

mals The findings 10 ote of our cases belie this assumption A res
\stance to cobalt achion 1n young gunea fugs of a few days old 1< also
noted (18)

several observations suggesting a connection between the adrenals
and sympathetic svstem and the cobalt salt effect have beep made It
should he especiaily stressed that the effect of cobalt salt on the blood
sugar 15 not observed after an adrenalectomy (10, 13) or after the ad
munustration of dihydrocrg (7,17 Sympatt stemn ad 1
stimufation with glycagenolyvsis in the Iner also demonstrated histo
logically (23}, would be on acceptable explanation of the mechanssim sn
byperglycaemin

1t 1s not known whether the characteristic change 1n the a tells m
guinea pigs can also be attributed to a simlar mechanism hut 1t seems
likely It s interestmg to note that n cats the e cells efease 1n number
affer vagotomy, sympathetic stimulation, or an adrenalin mjection
€26} If the acell change s atiributable to a sympathelic system-
adrenahin effeet the question arises whether the effect 15 transferred
to the « celfs by nervous pathways or by humoral transmission

SUMMARY

Fxamsnation of the cells in Langerhans shets with the 21d of harvo-
metry and a duferential count revealed 1 relative merease in the num
bee of a cells as well as anerease of nuelt ir size 10 the & cells after sub

mjections of cobal chloride and cot nstrate over a
period of a few davs The islets also displaved a shightly increased rela
tite volume i relation fo the exocrine pancreatic rarenchyma The
characteristic « cell change, with vacuoliwation of some of the cells, has
thercfore been nterpreted as a phertomenon of a progressive nature
ta eytotropic cffect) s genesrs 15 discussed 11 1< suggested that the

change may he a resull of hetghtened actity 1 the adrenal andor
svmpathetic svstem induced by cobalt satty

RFFIRFNCIS
1 Boyt G S & MarLean A Olserrations on the meraf 1 ~

2 -« '

¥ .

4 raniampenhout F & Cornedrs ¢ Destruetl n expéri
ampen périmentale des eellules alg ha
S ot pgdocrines du’paneréas Dull Acad Royel Méd Belg ser §
S Cren B & Carbo I Pancreatic alrka » 1 ¢
metabolism 3 (f elln F
6 Creup fetdt W & Schmids B
Mutzucker und die §ank K
exp Path u Pharm 797 ) )

C en a



S

e
=

"
M

162

Fihs S Anderson 11 I A Colline M € Pharmacologie Differentiation Between
Fpinephrine- and HGE Hyperglveamias  Application i Analysis of Cobalt
Hyperglieemia Proe Soc Fxp Bial Med §3 382-386 1953

Talkmer S Histological  histochemical and cleetronmicrascopical mvestiga
tions on the cells of the endocrine panercatic tissue of the marine telcost
Cotius scorprus hungl Fysiograf Sallsk Handl \ F 71 1960 (in press)

Falkmer S Marine Teleosts as Fxporimental Anmimals in Diabetes Research
Acta path ¢t microbiol scandinay Suppl 14§ vol 51 1961

franek  Jamarche M A hocaret R Sur le mécanisme de 1 hypergheéme
pricoce provoquée chez le cobave par admimistration de chlarure de cobslt
Compt rend Acad Ser 255 1165 1167 1957

t Holt € & L Die Warlung von hobalt and Cadmium auf die A Zellen der
Langtrhanschen Inseln /7 f Naturforsch 9b 319 325 1954

Hultquist G T Dahlen M & Helander ¢ 6 U ber die Technik ber Darstetlung
und 7:hlung der sogen Silberzellen in den Langerhans schen Inceln
Schwerz Zschr £ allg Path w Bakt f1 570 589 1948

Hultqinst G The effect of cobalt chlorde ani synthaline \ on reduced gle
tathione 1n bloed and tissue 1 rats wWith partial panereatie duct hatiin
Brit I Fxp Path 37 377 360 1956

Hullquist T Fifect of certain sulfhydryl bl ching substances on blood sugar
and islets of Tangerhans in ks Acta path et microbiol scandinay §
153 159 195%

Hultquist ¢ Om mehanismen £30 hebethhmdverhan pa chttor Nord Mel
62 1636 1687 1959

Hultqmst G T 1 ffect of Cobaltous Chloride on the Blood Sugar 1evel and the
Jslet Cells an Rats Fypenientia 15 34D 1959

Hultquist G T Efect of Cobaltous Chloride Svathaline A and 1PTD on the
Islets «f {angerhans Studied by Means ¢f Vital Stawnng Acta Soc Med
Upsal 64 255 260 1959

horp W & feComyte P M Thi \aturc and Iuncticn of the Aljha Cells of the
Pancreas Dinbetes $ 347 366 1955

Tacy P E & Cardeza 4 b Fleetron microscopy «f Guinca piy bancreas kfec
of coball on the acini and sslets Diabetes 7 368-374 1959

Lacarits S S Goldner M 6 & Voll B W Selectine destruction of the pan
creatic alpha cedls by ccbaltons chloride in the doy, Metabalism 2 513 52
193

Joubaberes 4 Analise de Lachin beta cvletrepe des sulfamides hypoghed
miants Presce Med €4 1421 1424 1960

Marrone N Vapmm P & Barlara I Stotho suply tffetty bicumoral ¢ ntol

Varrone N Barbara 1 & Vannmun P Stuthc suph effetts bioum ral ¢ st
pict did clorure di cobalto nel «omigh 1T Osservazicm istalogiche e sic
chimiche <ulla ghianddla surrenale sul fesato ¢ sulla tiroide Arch S¢
Biol 43 231 244 1959

Mubheryee S A De I N R Muhkeryt B Alpha (A1 Actiaty and Its Relati 0
to Gl eaemic Level and Imulin Scasitinats @ Allno Rats Indian J Ved
Res $5 337 344 1957

\ordmann M % Wolf F Flehtr nunaptiehe Untersuchungen des Panhroas
unter normalen und abncrmen Stoffwechsllagen Virch Arch { path
Anat 334 54 67 1960

Sergegeia M 1 Microscepic changes 1 the tslands  f Lanperhans produced by
sympathetic_and parasvmpathetic stmulaty noan the cat Anat Ree
297 317 1940

Simon 4 Arnould P & Tranch € tleetr phoresis Hf scrum pratens an the
ceurse of byvporgle bulingemia produccd by Cibalt chloride in the guined
mg Compt rend Sce Biol Pams 151 997 998 1958 .

Dirich F & Copp D I Thc metabolism of radioactive cobalt (Cowt) in norma
and alloxan diabutic rats Arch Biochem 37 148 153 1954



RAPTEIN W WITHELMSFN OG FRUES BAKTERIOLOGISAF INSTITUTT,
0OSLO UNIYVERSITY AND RIKSHUSPITALET. OSLO

{MMUNOCHEMICAL STUDIES ON SOME SEROLOGICAL
CROSS-REACTIONS IN THE KLEBSIELLA GROUP

4 Immunsation of Mice with Purifted Capsylar Polysaccharude
By
Jort\ ERIKSEN und & D HENKIRSEM
i € Unns Mamt
with the technical assistance of U'nnt Wecerved 30 %160

The antigeniesty of purified pneumococcal capsularl polysacchanide in
o and man e heen well wtehohied, Waewse We leng lashing peo-
tectne value 1n both species of small doses of polysacchandes (2, 3,5,
©,7,8,11,12)

Fellon & Ottinger (3,4) <howed that large doses of types 1 and 2
pneumococeal polysaccharide caused an spparep)y Nie-long specific
unmunological paralysis

The experiments reported 1n this paper were carred ol o study the

behaviour of same Klebsrella eapsular palysaccharides under simtlar
esperumental condttions

MFTUHODS

The eapsular poly sassharides were prepared from strais M4-148 8 sarulent strain
uf !}( p:\t\l'l\:l\h 111 \)pe !(\) straim § 57 of hl ozaense tine
Atrain ~f & v

b a . '

I v e wewod de
s¢ we wmmng hxm-r 19b), eanuslln( m mmunn wrlh cald water, removal
of organisms by high 3 or fi

ethanol acetate

with
fien swarm A1 11 2 ) .
Ll - - .- . .
e PR .
' . . . .
. e -
. . R . . . . .

s et LDyg 0 z:cn expers-
casuialed vy e mtlhod of Rred .x aineh (10) The mumber of organ
hms cotrupondln‘ Ve each LDy was also caleulated {rom the colony counts ©
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RFSUITS

Experyment Ao 1 Of three giroups of 48 muce cach, one was m]eclﬁ(l
with 5 pg doses of type 1 polysacchande, onc with 1000 pg, and the
third with none The muce were challenged alter one week, with the
results shown in Table 1 Both doses of polysacchande gne some pro-
tection, and there 1s no <1gn of ummunological paralysis, but the larger
dose seems to gue less protection It was thought that this Tight be
due to a delay of the immunc responsc, due to overloading with anhigen,
and new experiments were carried out with increased mters als between
immuntsatton and challenge

Experument No 2 Same plan as in No 1, exeept that the interval
between immumsation and challenge was 2 weeks The results, shown
I1n Table 2, are practically the same as w exp Do 1, v1z a more efficient
protection caused by the smaller than by the larger dose

Ezxpernmenl No 3 Same plan, 3 weehs wntersal The results are
<hown in Table 3, and mdicate that now the two doses of polysaccharude
gne about equally good profecttan, about 3 log units, suggesting that at
this time the mice which recenved the lnrger dose had caught up with
those recenvng the smaller dose

Expertment Mo 4§ Same plan, interval 4 weeks The results i Tahle
1 are comparable to those obtained 1 exp Mo 3 Both antigen doses
give reasonably good protection, ¢ 28 and 22 log-units respectively

Experument Mo 5 1In this and the following experiments the poly-
<acchanide was prepared by a different method The interval between
immunisation and challenge was 3 weehs Agamn the polysacchande
Eives appreciable protectton, with a shight difference 1in favor of the
smaller dose In this experiment the pratection produced reached a
mauimum of more than 4 log umts wath the smaller dose and nearly
4 log units with the larger dose

Fzpertment Mo 6 Same plan, interval 6 weeks The results shown in
Table 6 show that in this single instance the larger dose appears to give
better protection tham the smaler one, but the difference from the
other experiments may not be significant
" :\r;;)lln(‘u;mlr: ‘:r l:‘(;cn:lu:lll:&hh::ed in these experiments 15 presented
e Ammun r!md g“ee \h(-.‘:m e polysacchande injechions produce

ce 1 moderate degree of protection,

which raises the LDs from 6 fold to nearls 20000-fold, . duffarant
l:;[:;-r:::;"m:“'ll;h:"rr:‘:ll:h s expeeted, indicate a wede range of vanation,
o stons evn be driwn only with great caution It
seems howeter, that the smaller dose of polysaccharide has a belter
l‘“('f‘:*cl :in all experiments except the one with the longest meubation
. Ic (6 weehs) This mas mean thay the larger dose causes a certamn
o e o e S L6 s, sy . n
real mmunologienl ]nmlwn‘ m the other hand there 15 no sign of
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It was not practicable te test higher antigen doses than 1008 pg
since more concentrated solutions than 1 500 hecame too viscons to
handle .

Polysaechandes praduced by both methods are effectrve antigens+
The figures suggest that the cold water extraction method may give the
more efficient anhigen but this mas not be wa and additional expert
ments wold F¢ required to show whether the difference 1s real or not

Frpertment No + 'The purpose of this experiment was to find out
whether injection of a caj sular polysacchande prepared from the sero
tyje AF which cross reacts with type 1 would protect mice aganst
type 1 mlection (9a 9b)

In the first attempt two proups of mice were immunised with type 1
(o u8) and t3) e AF (1000 pg) j olssacchande respectinely But when the
mice were challenged 3 weeks later with a type I culture a satisfactory
end point was not obtamned mn the group recening tvpe AF polvsac
charide and the LD , could not be determmed The experiment was
therefore repeated and this time a third group of mice were njected
with a capsular | olysaccharide prepared from hlebsiella type 21 which
does not cross react with ather type 1 or type AF This group was
wtended to serve as a contral that the injection of capsular polysac
chanides did not cause any nonspectfic protection The results are
shown in Table 8 The mice myected with {ype 1 polysacchande show a
moderate immumity with an about 300 fold increase of the LD where
as the grouys mjected with type AF anad type 21 polysaccharides show
Iittle or no immumity with mereases of the LDx (14 fold and 10 fold
respectively ) which may very well be within the experimental error of
the method Although it 15 possible that there mav be a real difference
1t seemss safe to conclude that the type AF polysaccharide dose not cause
a speafie 3y of sufftcrent de to ke of any value as a
I rolechion against tyvpe 1 anfection It seems that the eross reactivity
tetween these two types 1s msufficient fo cause sigmireant cross pro
tection such as was found 10 the classical experiments on the cross
reachion between hichsiella tyje B and pnenmococens type 2 (1)

COMVUFNT

The results show that purified casular polysaccharides prepared
from helbsiclia g tipe 1l hike ocenss polysacchandes
vie wbigerat vo Tiee. AMhough Yhe presence of polssaccharide proten
comt lexes 1 the § reparations eould not be excluded 1t mav be noted
hat these polvsaccharides contained httle nitrogen less than 1 per cent
and that most of the preparations were prepared by a method mvolving
extriction with hot water which probably would have a marhed de
na}]};rmg eficet of any rotein iresent an the extract
he immunity produced 1s not of a vers high o
Itclection agamst 1 moderate number of o:‘g'[f:urrrgerr::;r:;;“‘l"x'o};:?cs
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6 to ¢ 20000 LD in different expermments In this conneetion 1t mas e
menfioned that attempts to detect precspitating antibody m the blood
of some surnviving mice by means of a gel-precimtation technique, fuled
to give any evidence of the presence of such antibodies

The immunity appears to be of a farrly long duration, and 1s still
defectable after 6 weehs, hut unlike the results obtuned hy Felton &
Otlinger (3) with pneumococcal polssaccharides tapes 1 and 2 the
fargest dose that could be grven, did not produce mmmunologieal pira
Iysiy, but apparaently only a reduction of the level of immunity m the
early stages ‘This may possibly suggest that these polysacehindes do
not remam as long m an active form, as the pneumacoccal polisac
chartdes have been shown to do

The finding (hat the polysaccharide prepared from type AE did not
give nise sigmfbicant to protective immunity, may hol Surprise m view
of the compirativels weak cross-reaction between the two types
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FROM THE INSTITUTF OF GEVERAL PATHOLOGY, L MVFRSITY OF
COPEENHAGEN (CHIEF K 4 JEASEY UD)

SEROLOGICAL TYPING OF THE STAPHYLOCOCCI BY
MEANS OF GEL-PRECIPITATION REACTIONS®

By
RrALS JENSEN
Recenved 3 x1 60

Due 1o the capacily of {he staphytoeoces to diselop rusistancs to most
of the chemotheripeuties, and to the oceurrence of staphylococcal
nosoconual hospital infections, ncreasing attention has heen focused
on the staphylococeal problem Furthermore combatmg staphylococcal
infections have presented con b i 1 1} It
cannol yet be defunutely stated which sources and routes of infection
arc most important Neither do we know for certan which arc the
factors that detcrmine the greater sensitinaty of the mdividual patient
1o staphylococeal infections, and hardlv anything 1s hnown of possible
differcnces 1n the virulencc of the staphylococer For elucrdation of
these problems thercfore, 1t 1s of the utmost unportance to be able to
classify the pathogenic staphylococer to be farmiliar with their anty

gente structure and to know which staphylacoceal antihadies are gvad-
able i the organism

In presions emdemnological siuthes phage typing has played the most
unportant role, but relativels few lahoratone the Y
staphylococeal phages and practice this technique The types are not
clearly defined tranwihions from one type to another occur frequently,

and a number of the staphslococeal strains cannot be typed by means
of this method

Serological typing of the staphylococet has been attempted on numer-
ous ocensiens The best rosulls are obimned by means of the shide
agglutination rcactions It ss agreed that pathogenic staphiylococe: may
be clasafied in three serological groups as set forth hy ¢
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myestigation of serologieal typing of staphylococei by means of the
shde agglutination reactions, and both nvestigators have heen able to
use this method in emidemiological studies The widespread occurrence
of common antigens among the staphylococet and their extremely com-
plex antigenic structure have, however, necessitated the extensne em-
ploy ment of absorhed sera (Pullel & Orta (19,20, 21)) and the macti -
tion of some of the antigens by heat, trypsin or aleohol Julianelle (10),
Hegemann (6), Hobbs (7) and Krag Andersen (1) have tried using the
complement fixation reaction, but this method does not give type spe-
cific reactions Jultanelle & Wieghard (11,12, 13), Cowan (5), Verwey
(22), Hobbs (7) and Hegemann (6) have attempted to use precipitin
reactions, by which tt 1s posable to differentiate between the patho-
genie and non-pathogeme staphylococer, but which are not successful
m establishing a subdivision of the pathogenie staphylococer

Summarizing, tt may be said that of the serological methods used for
typing the staphylococes, the shde agglutination reactions have so far
proved to be the hest By means of this method 1t 1 practieable wilh
certamiy to dnade the pathogeme staphylococer into Cowan’s three
groups A more extensive classification of the staphylococer 1s possible,
but then the types are not well defined and results cannot always be
reproduced

On the basis of the foregoing, the author has previously (8) mvest
gated the gel-precipitation reactions in ty pmg the pathogeme staphylo-
cocct This method has an advantage i that it affords a sunmultancous
differentiation between several different antigens Immune sera pro-
duced by mmmumazing rabbits with formahn-kitled staphylococcr were
employed for the experiments It was found that the great difficullies
mmolved n serological 1y pmg of the staphylococer are due to the wide-
spread occurrence of several common antigens (9) It was seen that
quantitative differences in the oceurrence of these common antigens
from one culture to another of the same strain compheate therr elassi-
fication and explam the difficulties encountered i recogmzing scro-
logien) fapes By means of b sera, however, 1t was possible to dnide
the staphylococar into 6 defimite types These findings have siee in part
been confirmed by Cohen and collaborators (4)

The aboye-mentioned attempts to classify the staphylococer by means
of the gel-precipitation reactions (8) led to the observation that all
normal human sera contain antibody agamnst an antigen which 1s
present i most of the pathegenic staphylococer (antigen 1) (M
Further i cshigations show that, hestdes the antibody against anbigen
A, a few normal sera contain antibodies agamst other staphy lococeal
antigens

The greatest diffrculties encountered on previous attempls to use llllv
gel-prceipitation reaction for 13 ping the staphylococer have been due to

ent of large amounts of undiluted immune sera which are

plo) m
the employ AN

difficult to produce, as well as to the fact that immune sera obt
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immumzation of experimental animals with staphylococer gencr::]ll)
contairs many chfferent antibodies and thus are difficult to render
M « of absorption

spf[ftl\?:ehl'\\rsx?[mulhes may be overcome by using the spunmncoucl}
occurning staphglococeal antibodies 1n human sera for the typing, as
these sera can he obtaned o large amounts and, furthermore, they
hate most often heen found to contam antibedy agamnst only one or, at
the mosi, Leo anbigens other than antigen A

MATFRIAL AND MFTHODS ¢«

The sera from patients and normal donors used in these jmvesbigations wre
examined by means of the gel precipitation reactrons with extract of yarious staphy-
lacoccus stramns The staphvlococc: employed were pure cultures from patients with
staphvlocncca) 1nfections All the stramns were coagulase positine The staphylococer
were grown on veal Infusion agar at 37° C for 14 hours the growth was then scraped
from the medium and extracted with 1sotomic phosphate buffer, with pH approx 6,
at room temperature for 14 days, after which the suspension was employed dicectly
for the tests [n the present experiment each serum was examned against 20 different
staphylacoceal strans In order to obtamn antihodies against as many different

staphilosoceal antigens as posuble 2 new batch of staphilacoceal strams was
rrnianel fan ovae 200 an TRL Y ‘ i .

the
pla;

.o s w S0 walia todreeang of
plasma produces flocculation and lessens the anubods content of the eitrated
«ma

RESULTS

5o fat eramnation has heen made of sera from 931 donors, cach
serum being tested aganst 20 staphylococeal siramms All these sera
contained anlibody aganst antigen A, While 240 of the sera contaned
antibody against onc or several other antigens in the siaphylococcal
steans employed Most of these sera, however, contamed only smail
amounts of antibody and therefore could not be used Furthermore,
antibody aganst the same antigen was {requently found 1n seserat of
the sera Of the above-mentioned 240 sera, 19 were selected for motre
detaifed examination So far, howeser, only sesen of these sera have
proved to e serviceable for further mvestigations

These seven sera centym anithadies agaynst esght different staphylo-
cocetl antigens As far as possible, only sera contamming anfibodies

agninst one or two antigens were chosen, but nevertheless 1t was found
that these sera were not spe

oific enough to allow typing without em-
ployment of spectal methods for wdentification of the antigens This
€an be scen most distnetly w g 3 In thy experiment the cups marked
N were filled with a staphylococcus steain which 1s knawn to contamn
anligen € The remaming cups were filled with varous unhnown strains
12 acTeramn 52 2
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® ® Gel preeipitation reaction hetween serum from
a healthy donor (i the long wells) and varous

C (o] staphvlococeal stramns (in the cups) The cups

marhed \ contamn the antigen ( for which the

—C—c_ unknown staphslococer i the other enps are 1o
A A he examined Note the reaction of non wentity
between bands D and € and 4 and ( =nd the

the reaction of wentits between the band
front of vup Y and hand €

which were to be examuned for their possible content of antigen € It
will be seen that the serum in the long wells contaims antibody agamst
antigen C, which causes the precipitation bands marked ¢ In addibion,
this serum contams two other antibodies namely D which causes the
preaipitation band marked D, and A which causes the precipitation
bands marked A Without a comparitive stram n the cups marhed \
1t would not have bueen discovered that the D band was cansed by an
antigen (D) other than the one tantigen €) for which the unknown



Fig 2
Same experiment as fHustrated an Fig 1 bt with
A A another donor serum  contalning  antibodies
®A @A agamst anbigens 4 #nd B The cups marked X

contain both antigens far comparison

srams were bemng examuned This difference ean now be seen by the
crossing (reachion of pon-dentity ) of hanads € and D Simultaneously,
the merging (reaction of sdentady ) of the hand wn front of cup ¥V with
Land € n {ront of the neighbouring cup proves that the anbigen m the
unkhown strain in cup ¥ s anhigen C

Fugs 2 and & lustrate the reactwns with two other sera Fig. 2
wlasteatis acase where the comparatine s{rasn m the cups marked \
shows reactsons with 1wo iffcreni anbigens stmultancously From Figs
12



Ty 3
Same cxperiment as i Tigs 1 and 2 with em
ployment of still another donor serum contain
ing antibods agamst antigen I Here the cups
marhed \ contain antigen I for comparison

1 and 21t may scem that the antigen A band covcrs other antigen bands
It 15 cvident from Mg 3, howcver, that the I band passes through the
A band If the results are read dircctly msterd of from photographs,
other bands will be distinetly visible through the A bind Flus, however,
15 difficult to reproduce photographically

The experiment shows that abserption can be cntirely avorded by
placing 1 esery other cup a staphylococcus stram which ts known lo
contain the antigen for which the unknown strans are to be exunined
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taphy lococcal sepsis

Cel precip tation react on hetween serum from a patient with s

i the long wells) and 20 1 fferent staph)l coceal strains (10 the cups) Reacti ns
w th at Jeast seven different antigens ean be seen

In this way reactions will occur that can he compared with the reac
tions given 1y the unknown strains in the other cups On the hasis of
reactions of 1dentity and reactions of non awdentity with the hnown antt
gen bands from the comparatine strains 1t can be determined whether
the unknown struns contain the antipen o question Wath this lech
nique a serum such as the one emplosed in the experiment llustrated
mn Fig 1 can be used in testing unknown stramns for three different
antigens since the reactions can be performed first with 2 comparatie
stram which contans antigen C then repeated with a comparatise
strain contuming intigen D and finally wath a comparatise strain con
tanmng antigen \

Accordinghy extracts were | repared of various strains each possess
TR e amuemh of une of Yne eipnt mugens agamst which antinodues
bad heen found These extracts were cmploved for comparatne pur
poses s 15 cadent from the ifustrations four of the cups around each
well will thus eontun the comparative strains while the other st cups
are left for the unhnown strams

By means of this techni que 1t was jossible to (xamne the staphyla
coces for therr ¢antent of eipht different antigens These antigens have
been designated 2 VB G DT F G and . Wath this method 1681
strains of staphivlncocer hase heen exammed Up to six of the eight
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antigens were found to be present simultaneously n a few of the struns,
whereas olher strams contained only one or two antigens Of the 161
strans cultivatcd from various patients with staphylococeal infections,
47 different cominnations of the eight antigens were observed I s not
yet certan whether these 47 combinations represent 47 different types
but prehnunary myvestigaitions suggest that caeh stram preseats the
same antiganie structure from one subeculture to another There 1
however, no doubt that a few of the antigens can vary n occurrence
within the same staphylococeal strains, but such anbigens may be
ignored On the other hand, provious mvestigations have shown that
the staphylococer cont nn considerably more antigens than the 8 men
bioned above, and that 1t 15 only a matter of ex mmning a sufficienth
large number of sera to find antibodies which demonstrie additional
antigens For thhs antigaue analysis it was constdered pproprinte to
try to employ sera from patients with staphylococel infections An
myestigaition shows that these patient sera contain antibodies more
frequently and often m greatcr amounts than do sera from healln
persons Sera from such pitients, however, often simultancously con-
tamm antihodies against numerons different staphylococecal antigens
which m tkes than unswit ihle for antigenie analysis This s elearly seen
from g 4, which shows the reaction betwecn serum from a patient
with staphylococeal sepsts (i the long central well) and 20 diffcrent
strains of staphylococer Not less than scyven different antigen- ntihody
bands are visible

DISCUSSION

Gel-preeipttation reactions with extracts of staphylococer line pm\ul
to be wdll-susted to the examination of human scra for staphy lococenl
anbibodics By this mcthod the simultincots oecurrence of antihodies
aganst as many as seven diffcrent stiphylococeal antigens wert de-
monstrated m scra from patients with staphylococcal  nfechions
(Fig H

simtlarly, staphy loecocc Al antibodies have baon demonstrated i sert
from hailthy donors Apart from the normlly occurrmg antihody
agmnst the staphslococeal antigen A ¢9) which 14 prosent i all human
sera, demonstrible amounts of other stiphslococeal antibodics were
observed m 240 of 951 sera from heatthy donors Of these 240 serd
seven could be uscd for cxaummation of the intigenic strueturc of the
staphylococer With these seven seruat was prachie Wbl to demonsir e
the occurrcnee of aght different staphylococe) antigens v spect i
techmque 1s employed, wherehy staphylococaal struns with 1 lugh
content of @ known wnligen are used for comparison of the unhnown
otr uns, the nature of the antigens i the unknown struns hang weer-
tnmed by means of reactions of idenlity and raactions of non wdentity
Tn this way, absorption 1~ ntirdy avorded  Prodnmimars aivostigations
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show that the antigente structure m the staph\lncn_ccl 15 extremely com
plex Of 16% staphylococcus strans examned 47 different antigenic
combinations were observed with up to six different antigens occurring
simutaniously n some strams This fully explaias why a samhclonl
typing, of the stap hvlococer 1s not practicable with other serological
melhods

W\ hether 1t w1l he practieable to type the staphylococer by means of
the mcthod deseribed 1 the present work s still uncertan It can how
over be emploved for elueadation of the problems associated with therr
tsping, and 1t may also be used 15 a guide n connection with other
serological methods

Investigation of the antigenic structure of the staphvlococer and the
oceurrence of slaf hvlococeal antibodies 1n the serum of patients wath
staphilococeal mfections may perhaps throw some light on the prob
tems copeerming the viralence of the staphylococer and the resistance
of the jatrents

A comparisan hetween the antigenie structure of staphilococer and
1 hage type togical type by shide i\ t and b resist
ance pattern will likewise be of great mnterest Imvestigation of these
problems will t ¢ continued

SLMMARY

As previoush demonstrated  serum from healthy persons alwass
contains 2 normally occurring antihods agaimst the staphslococeal
antigen & Sometimes the serum {rom healthy persons also contmns
antibodses agunst other sty hylococeal antigens These antibodies can
be demonstrated v means of the gel precipitation reactions with ex
tracts of stap hvlococer

By mcans of gel precypitation reactions and with ¢mployment of
seven selected sera from healths donors an analssis Bas been made of

the staphxlococct 1s exceed

o 1or s nylococens strains 47 different com

Pmations of the eight antipins were obseryed Up to six ditferent anty
&ens were found o oceur simultaneously in some staphvlococer

In sera from  alients with staphslacoceal tnfections i was possible

with the technique deserihed 1 the present work to demonstrate anty

bod (s apunst up to seven different staphylococeal antigens siuttane

ouslv On account of theyr complex nature sera from these patients do

not lcnd themselyves so well to an antisenie analvsis of the staphslococes
s do the seleeted sera from healihy 1 ersons
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FROM THE INSTITLTF OF CLINICAL BACTERIOLOGY (L \VERSITY OF LI;I\D)
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A NEW MEDIUM FOR THE BACTERIOLOGIC
EXAMINATION OF STOOLS (LSU-AGAR)

By
Isousr Jusies and CagrL FRICSON
Hecerved 30 w160

The amount of hiterature deserihing media for the solation of entero
pathogenie bactena 15 ummense (3,6) Some of these media have be-
come rather extensisely used but none has offered undisputable ad-
santages There 1s no such thing as a thorough understanding of the
metabolism of the microorgantsms concerned, nor of the pharmaco-
togical influences exerted on 1t by different substances, and this lack
of knowledge reduces medium composition to a groping 1n the semi-
darkness of empiricism W hile the supreme medium, built on a solid,
seienhific bass 13 shill to be hoped for, there will be a continvous flow
of new suggestions and modifications One will he deseribed here

What demands should be put on an jdeal medium for the bacterio
logic exanunation of stools?

It must allow all the important entero-pathogenic bacteria (salmo-
nellae shigellae, entero pathogenie coly, staphylococct) to grow {reely
white suppressing the growth of other microorgamsms In practice this

wdeal hs to be much motified Howerver, the following claims on the
medium would seem yustifed

11) To suppress all growth of gram positise bactenia
€2) To suppress coli to a certain extent

13) To suppress Proteus as much as possible and inhbit the swarm-
g phenomenon completels

(4) To allow Salmonella species Salmonella typhe anclusie, and
Shugella to grow freely
[ETRO m

(1] .

" "

(8} 10 be ecasily prepared without differing qualittes in different

hatches

Back r1a other th in Salmonetla or Shugella but with the same inabilty
to ferment the sugar igredients of the medium should nevertheless
b separiblc by means of the outward appearance presented by their
colonies

18>
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Theoretical Motwatons for the Chotce of Test Substances

The choice of the tested mbibitors (sodium citrate, sodium desoss
cholate, bile, sodium thiosulphate, sodum tetrathionate, potassium
tetrathionate, crystal violet, magnesium chloride) 15 based on mstruc
tions ohtamed from manuals as to what substances are generally used
for this purpose, and the approximate effcet to he expected from them

The choice of two sugars, lactose and saccharose, 15 promoted by the
desire for a posable exclusion also of species that ferment saccharose
but not lactose In this way, the number of cheek-ups, such as fermenh
tion tests in flmd media etc may be lessened The fact that some Sh
gella strams are able to ferment siccharose must then be speennlly
considered

The adding of urea 1s intended to simplify the separation of Profeus
and other urease producers (1) It 1s true that urca 1s heat-lahile, but
as has been stressed by Trdwell (10) and Sucburth (9),1t1s quite posst
ble to cffcct a heat sterihzation of a medim contamning urea if proper
regard 15 given to the fact that part of the vrea s decomposcd Wilh 2
suitable pH and buffering, this circumstance will not entail any dn
advantages

The system of indicators 1s constructed 1 such a way as to show
distinet acid and alkaline changes (2) A system of two or more mdt
cators 1s best capable of rendering a good result The original colour of
the medium 15 also of tmportance, and 1t 15 further desirable that the
colonics themselves should tahe on clear and contrasting colours
I'nally, the mcdem must be buffered i sueh a way that the indicr
tions, while bang perfectly distinet, are hmuted to a comparatnel
small area ncar the pH changing colony

IXPIFRIMENTAL
The Construclion and Testing of Vedinm Vartelies

Diffcrent combinations and amounts of ingredicnty have heen seri-
tinized 1n a total of 34 medunn sarietics For prictical reasons @ €oM
plete (xamination of every mathematieally concervable combimnation
hs not becn made The finally chosen variety was namad I SU-gr
(I actose, Saccharose, Urca) In Tables Tand 2 all the ox unmad vark
ties arc represented schematically The test-strains used in the prehinn
nary tests were Salmonella typli-muriem  Salmonclla enleriludts, Sal
monella lypht Shugella sonner, Cscherichia colt Proteus sp Out of the
combinations that were examined, the one deseribed below proved to be
the best 1n regard to the growth mtonsity of Salmonella and Shugella
the inhimtion of coli, the mhibttion of Proteus nd its swarming, and
distinct differences of colomnl morphology and colour changes

Certamn obscrvations may be of ntcrest Thus magncsinm chloride
proved too strong an mhibitor, and alcoholic erystal violct produced 1w
mappropriate colour m the medium Ox bile was difficult to handle and
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(id not give better results than sodm desoxycholate Potissium tetra
thianate ss preferable to sodium tetrathionate owing to ils better het

stabily

ty (3) A great amount of sugar enahles weal fcrmenters to pro

duce a comparatinely swift chnge of colour The adjustment of the
huffering effect prosed essential for inting the extension of the violet
colour change especially Several combinations of indicators have been

examt
pH T

ned both i agar plites and in test tubes with huffers of different
he finally accepted combination showed the most visid and dis

tinct colour changes The second hest combmation consisted of water
blue, propyl red, and alpha-naphthol phthalein There was cevidinee

however, that different batelies of propyl red gave different rosults
LSU-aqar
Ingredients

(1) Bactp Beef 1 xtract 30 g
Protcose Pcptone No 3 Difco EL R
Peptone UCT AL (Paris) 70g
Agar 210 g
Aqua destiltata 800 ml
(2) Potassium tetrathionate Schuchardt Munchen 05 ¢
Urea Baker Phillipsburg N J 50 &

L actose 400 ¢
Saccharose 4008
Aqua dcstillatq 80 ml
(3) D1 sodium hydrogen phosphate X 2 H20 Merch 6208
Potaseium dihydrogen phosphate Aerck 134

tri sodum cttrate X 2 20 g
Aqua destillata 20 ml

(1) Sodium desoxycholate Merch 20 ¢
Aqua destillata 20 ml

(%) Watcr blue 2 per cant solution Merch 30 ml
Phenol red 1 per cent solution Merch 1(0)3 m{

100 ml

a

Ipha Naphtolphtalain 1 per cent solution Merck

Dreparation

W

Ad (2)
Ad (3
W)
Ad (%)

Note

to reduce its (O_ content

The gistillcd water sh uld be autoclaved at 122° ¢ for 1

The nutrient agar 1s autoclaved at 122° ¢ for 15 minutes after pH adust
ment to

It 1y dissolved and desmfected 1o a water hath of 60°( for 1 hour

It a5 dissolved and desinfected 1 a water hath of 80°¢ for 1 hour

It 15 dissolved and desinfected 1n o water bath of 60°( for 1 hour

A 2 jcr cent solution of water blue 02 grams are dissolved in 10 mi of
aq dest and are autoclaved at 122° ¢ for 15 minutes

A 1 per cent solution of phenol red 10 gram 1s dissolved 1 60 mi of 96
per cent alcohol and 1s heated 1n a watcr hath until secthing after which
40 ral of b iling water are addad

A 1 per cent solution of alpha naphthal phthalan 10 gram s Aissohved in
50 m] of 96 per cont altohol and this is heated 1o a water bath until secthing
after which 40 ml of boiling water are added The resulbing medium has a
PIL of apprcximately €8 The colour ts a hight vellow brown Jt js irans
parent No further sterihzation than that stated above 1 needed So far no

1y infected medium batches have been met with
P et 5 minnles in erder
In this laborators auteclased distitied water has pH

ahout 6 8
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The Gross Morphology of Vartous Bacteria on LSU ager

¢ prehminary exanination with the above-mentioned test-
sl;f:: l‘l‘:«: sl:ud variety was chosen for further tests Varous Salmo-
nella and Shegella straws, 117 wn all, were cultivated on the medwm,
together with a series of other enteric bacteria They are deseribed 10
Table 3 The Salmonella and Shigelld strams all grew coprously The
colomal morphology ete of the different groups of enteric bacteria as
observd mn their growth on the medium may be studied 1n Table
The grouping of these hacterra 1s based on the Tesulis of sugar fer-
mentattons reported in Table 5

TABLE 3

Shecies of Salmonella and Shigela Studied on LSU Agar
Name “\umber of strains

S paratyphy B

S typhi murium

Y bredeney

% heidelberg

S montevideo

S orantenburg

% thampson

5 harerlly

S muenchen

$ manhattan

S hovis morbificans

S typhs

S enteriidis

S dublin

$ panama

S muenster

S anatum

S amager

S cerro

S fohanneshurg

Shflexnery
Sh sannd

~
=

D

Tetal no of strains

I

l

The insestigated Salmonella strams, except Salmonella typh, all pre-
sented a umiform aspect separate colontes of 2-3 mm, that were clear,
cireular and had an entire edge, they were smooth, uncoloured, with or
without a faint pk colour change 1 the medmm {Satmenella cerro
duffered by possessing an trregular edge) After an incubation of 24
hours there was a distinet pink colour change surrounding a group of

several enlontes If streak moculation 1s practised the growth 1s rich
wid confluent, translucent after 24 hours and
a Tmely granulated surface in 1ts

presenting an entire edge,
change ¢

¥ centre, and 4 moderate pink colour
Plate 1) Thete s 0o trace of green, gray, blue, whate, or violet,
007 is there "y precipitation of salts I romn the beginming, the whole
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e N,

Plate 1
Streak cultures on ISU agar after 18 hours incubation at 37°C

1 Proteus miralilis 2 Salmontdla typh: murim 3 Pseudomonas
4 Ischerichia coli 5 Shigella sonna 6 Rlebsiella 7 Salmonella typhi

culture gives an unpression of pink After 2 3 days a fant yellow tma
may appear n the translucent contre, wecompanied by a dear po nphery
and a pink colour change
In secondary streaks Salmonella typht does not always show the ok
colour change after 24 hours but it will appear aftcr 48 hours (Plate 1)
Its single colonies are often smaller than those of other Salmonella
species, but otherwise their morphology 15 the same
After 24 hours, Shigella strams appcar m separate colomes and n
streahs as uncoloured and translucent, and they often present anar
regular cdge, a somewhat rough surfacc and no colour change \fter
18 hours both single colomies and stre ks are opaque with a turquorst
centre and a elear, irregular edge, showing no preapmttes or colour
changes (Plate 1) After three days the contre 15 opaque, hghtening
towards the uncoloured, translucent, outspreadmg (dge A funt yellow-
1h colour change 15 to be seen The fact that there 1s no prieymtate
constitutes a charactcrstie difference between Shigella and Ischericlna

or other fermenicrs
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r1a whose fermentation patterns show the closest sumi
In:l}:::(;::':}?::(t‘ of Salmonella (Arwena Bethesda Ballerttp Alkalescens
uspar Providence and others) may be mdistinguishable from Salmo
nella aller 24 hours yn separate colonies In secondary streaks however
there 1s a definste difference consisting of opaquencss A blue or green
colour and a vellow or green precipitate These mamfestations are
probably caused by & weak and slow sugar fermentation that does not
appear in the routine broth fermentation
“on fermentatine bacteria tPsendomonus Alcaligenes) m ssngle
colonies are sometunes impossible to distinguish from Salmonella at
feast 3f the icubation 1s only continued for 21 hours After this penod
the secondary streahs are genesally pink or uncoloured without any
colour change and with no granulatien of the surface After 2 3 days
the culture becomes opaque often vellow white greenish or grev some
times marhedly mucoid with a pink violet or no colour change There
are no precipitates Tven though the outward aspect does not differ
much from that of Salmonella Pseud: 18 drately r
ble by the tough and ropy consistency A qurck and simple e
may be ohtamed by means of an oxulase test
With few exciplions lactose andor saccharose fermentess even
slow onts show a yellow or green precipitate in the medium after an
meubation of usuilly only 24 hours Mifferent spectes of bacterra pre
sent different types of eolonies I'scherichiae are a Iight or dark blue
which may or may not turn paler towards the edge they are opaque
and waxy hichsiellae as 1 rule hecome mucoid 1ellow white and

opaque while other species are different shades of grey vellon white
and green

rilication

‘Turning to Protens single saccharose fermenting strains here hehase
lihe the lactose andor saccharose fermenters described ahove Ow g
to the cffect of urcase other Proleus strains produce a violet colour
change i the medium  Separate eolonies 1n small quantities may after
24 hours present a Salmonella ke appearance thus they are trans
fucent and {iskh exhibiting an entire edge and a pink colour change
The eolontes are offen small however \o swarmng occurs A pro
tonged wcubaton ot 3 <econdary streak 1s always accompanied by the
strong, violt colour change The culture 1s pnh violet translucent
simoath nd hixs an entire edge

After 2 3 davs incubation of secondary streaks of certain Profens
strains the vidlet cofour next to the culture turnes out to disappear
Somctimes there even ss v villow eoloration and precipitates This
1henoncnon s mose ag farent after incubation at 20° C than at 37’ C
An anvesbigation of 21U strasms (Table 8) revealed this shift from a
violetinto a vellow colour change in the medium 1 96 jcr cent of the
murabilts nd 100 {or cent of the vulgars strans but not at all w mor
gamsirains The oxg lanation of this chy inge toward greater acidily may
be either 4 slow saccharose fermentation or a deselopment of hvdregen
13 sctamrn 522
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stilfide which are both to e scen in murabilis and pulgaris, ut nol 1in
morgani Lven though Proteus in small quantities will sametimes call
for secondary streaks (see “Routine methods”), i 1 afterwards without
cxeephions casily distinguishable from Salmonella, and m no way com-
pheates a diagnosis

TABIE ¢
Characteristies of Different Proteus Species on LSU Agar

Tneubation 20h e 1’Bh 3 W IPH 2P} Ty
f
— | e
Medium colour \iolet {Yellow | Violet [Yellow | Volet )\clh\v«
Prot mirabilis numbir 114 u 108 17 5 120 125
per cent 912 88 86 4 136 40 an
Prat s ulgares nuniber J ki 2 & a 7 7
percent 429 571 286 n4 [ 100
Prot morgan number 78 0 78 [} 78 [ Ol
pereent 100 ] 100 0 100 0
Prot retiger: number 1 ] 1 0 0 1 !

On the hypothests that large amounts of £ colt on an LSU-agar plate
would dinunish the possibslities to recover small amounts of Salmo-
nella, two tests were made The results are guen in Pigures 1 anid 2
In the first one (Fig 1), suspensions of E colt and § {yphe-munit
were mixed 1 a tube series, where the ratio of I colt-suspension to §
fyphi-murmm-suspensien was saried after the schema, 10 0,9 1, 8 %4

3, 9,0 10 F'rom cacli tube 0 1 ml was spread o an LU
agar plate with a 90 mm diameter After 24 hours' meubation at 37° C,
the colonies were counted “Caleulated numbers” are derned from the
plate where only onc knd of bacteria exasted In the figure, averages
of two series are ginen In the sceond test (Fig 2), the method was
sumilar, but the amount of $ {yph-murmm-suspension m cach ube
was constant, and enly the amount of I colt-suspansion raned “C -
culted amount” of S (yphi-murmm m this lest was obtmned by 1he
transfer of pure S typhi-murium-suspension to LSU-agar The resulls
of both tcsts show that cven very small amounts of & {ypli-muri
can be recovered i expected numbers i the presence of large amounts
of E coli Thus, all of the 16 caleulated § typl-murnun colontes wert
recovered w spite of the co-existence of more than 350 I colt colomies
on the plate Although the test method used insolves many pipellations
and 1 consequently hable to gine deviabing resulls, the accordanct
between calculated and obsersed numbers 1s good in the pertinent parts
of the curves (Mg 1) This was the case also i the two mndiadual
series, on which the averages gnvenan the figures are based



195

colcutated number of Ecolt

o= = observed  wa= "

. ——— cotcuated <o = S typht murium

N —_
e observes -u- W

N

Numbar of bactarss en the Plot

01 2 3 4 5 6 7 8 9

10m Styen morium
W o§ 7 E s o 321

0 mUE eoty
Ambunts of bocterial suspensions

Frg 1
(alculated and observed recovery rate on LSU agar inocalated from mixed
suspensions with varsing 5 typhi murum E coli ratios

me—eu Oberved Aumbes of Ecoll
. —am ~u= = Styphimarium

Caleulated

E

z H
160 -
& £
s 120 Ny
H ”"w 53
B 3
H 53
Z <0 2 £
A%

o, .0 z

. y by
Ve Va Ve
£ eols aitutisn

Fig 2

Recovers rate on LSU agar inoculated from mixed suspensions with varied

mounts of E. coli but fixed S typhl murium eoncentration
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4 Compartson between LSU-Agar and other Media

In this laboratory, I'ndo agar was previously used for isolatng Sal
nmonella and Slugella from stools For about 5 months, Lndo agir and
LSU-agar were mn parallel use The results of these cxperiments are
ginvenan Tables 7 and 8 It was found that the colonial morphology on
LSU-agar cnablcd the observer to discard immediately far more samp
les than on Iindo agar The number of contro! tests with sugar fer
mentation ete was thus conaiderably reduced (Table 7) With 1 grow-
g experience of the medium, these controls can he almost enfirely
dispensed s ith

The maternal meludes 76 samples from 25 patients where at lewst
one medium gave a positnne result In all these eases LSU-agar yeldud
postline culturcs whercas 44 samples were negilive on 'ndo gar
(Tahle 8§) This hugh frequency of negitive samples on Indo agir may
possibly have been technical rather than factual, since proteus over
swarnung i many cases made an eshimation unpossible

TABIY 7
{omparison between Fndo Agar and I SU Agar in Routine Use
Rate of Fermentation Conltrols in 683 Negalit ¢ Specimens

e “""’“c‘u‘l‘n‘,'"";;" suspect 1 ermentation controls
e R,
1ndo agar { ISUaqr Fudo ayar LS agar
J— — | — 1 — —
Num Ter \um Ter \um Ter [ Nam  ler
er  cent Fer | cent | dber | eemy | Yer cemt
Primary plate 554 810 665 972 130 wo 19 28
Secondary plate 536 784 601 879 148 6 83 121
Total 1090 797 1266 925 278 203 102 73
Secandary plate noculated from cnrichment broths (f  Routine methed in tett
Primar plate direet inouculation from facces
TABIL 8
Comparison betwcen Fado dgar and ISU Agar in Routine Use
Results in 76 Positr e Specuncns from 25 Patients
Tnie apar ‘ ISU agar
Positine Negaine Positive Negative
Num \I’xr [ Num ter | A\um Pur r\um ber
ber cent  ber  ceml  ber  cent  ler cent
Primary plate® 8 10 49 860 20 278 %2 722
32 421 #Ht %79 76 1000 0 a

Secondars plate

ne of specimens
r plates

* Hoptime changed during one period g0 primars plating wos do
Table 7

from hnown salmonellosis patients during anether primary Indo aga
< omitted 1 such cases Primary and sccondars plste see note

only were N
n 28 cases cennected with overswarming Proteus

+ \egatnne results i
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TABLE 8
Growth of Varwous Bacteria on some Selective Media

hinlat
Bloodugar | 1SUsgar | DOOCGnT | S e
Organisns T e Sl B R A I P
S e T e Pan N e
0 o
h col 1/100000  >500 >500
Fech eolt 14500000 278 100 152 547 o 0 00
3 0 0
Prot 1/100000  >500 375
rotens 1500000 3% 100 130 400 ° o [
0
S typhe 1100000 500 400 130
T 1/500000 200 100 160 800 31 155 00
S typh1 murium 14100000 >500 >500 >500 101
o ysolooo 349 lon 332 951 188 539 16 46
Sh senner 1/800000 500 >400 14 0
1/500000 296 10¢ 223 753 2 07 o 0

From seven (28 pet cent) of the twenty-five patients, Salmonella was
wolated on LSU-agar only Out of the remaming eighteen, {wo were
diagnosed 1n earher samples on LSU-agar than on Fndo agar Even
after the beginming of antibiotic therapy I SU-agar proved superior In
23 samples from 14 patients, which were taken while the treatment
fasted or afterwards, Salmonella was 1solated only on LSU-agar Con
sequently the risk that the patients leave hospital as carriers 15 con-
siderably reduced if LSU-agar 15 used

Sinee Endo agar s not usually recommended nowadays as a medium
for 1solating Salmonella, a comparison was also made hetween LSU-
agar and two media that are often presenbed n hiterature Desoxy-
cholate citrate-agar (DC-agar) (made by the State Bacteriological La-
horatory, Stockhelm), and S$-agar {made by the Bacteriological In-

stitute of Lund) The results can be seen i Table 9 which nresents ths
avpenen £ - -

ter
ne

SI0 > wacsuaut ol Dot cultures, 18 hours old, dituted 1/160,000 and
1500000 02 ml of cach dilution of the different test bacteria were
spread onte 40 mm plates with Blood-agar, LSU-agar, DC-agar and
SS-agar After an meubation of 24 hours at 37° C the number of hactera
was recorded As may be seen from the table, some 30 per cent of the
colt were suppressed on the LSU-agar, but 100 per cent on the other
iwo sclectine media The suppression of Proteus was somewhat stronger
on the LSU-agar, being complete on the other two mecia here, too It
emerged, howeser, that Salmanella typhy, Lo, was stronglsy mhibited
by the other two selective media Thus no Salmonella typ.lu colonies
were te be found on the b agar, and only some 15 per cent on tie
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DC-agar, while the LSU-agar allowed 80 per cent of Salmonella lyph
to grow as compared with the amount that could be 1solated on the
blood-agar In the ease of Salmonella typl-muruim, oo, LSU-1gar 15
obviously the most advantageous, and this is even more true of Shigella
‘The LSU-agar was conscquently mueh less inhubitory than the SS or
DC-agar to all the bactenia examined

This may seem to unply a certam diswdvantage since undesirble
bacteria are allowed to grow, but since Profeus swarming 15 tolalh
suppressed, and the morphology of the vartous types of bacternais very
characteristic, this fact 1s of second mportance only That coli should
be allowed of a certain growth may even be of advantage, since enfero
pathogenic coh can consequently be 1solated The essentially different
possiltties of 1solating Salmonella, especially Salmonella typht, wnd
Shigella, are so marhed that there ean be no doubt as to the superionty
of the LSU-ngar in this very mmportant respect

Rouline Mclhods for the Eramtnation of Stools

For more than a year now, LSU-agar has been used m the roulne
work of this laboratery, and with good results The following methods
have been employed The plates are dried for half an hour at 37°C It
15 of some mnportance that they should not get too dry A prmmn
moculation of stools 1s effeeted by means of parallel streahs—to secure
sigle colonics—on LSU.-agar and in 3 flmad media  Rappaporl (7,8)
and Kauffmann (3,4) broths for the enrichment of salmoneliae, nd
sodium chloride broth for the enrichment of staphylococer After 24
hours the two Salmonella enrichment broths are subcultured with
parallel streaks to LSU-agar The sodim chloride broth s subeultured
on blood-gar

The substitution of a more selcctine solid medium for the cnriching
broths 1s not recommendable (5) Not even when the solid medium ¥
15 tolerant as this one, 15 Salmonella always to be 1solated on the pri-
maty plate It 15 8 sine qua non for the wsolation of Shigella (hat the
primary plate should not be too strongly inhibitory To our experience,
the enriching broths differ especially in that Proteus and Psendomonas
are much more effectively minbited by the Rappaport brothr On scvertl
occsons 1t s been possible to 1solate Salmonella from one of the two
enriching broths only There has been no particular exammation as to
which broth renders the hest result but everything pomts to the -
1 intages of a parallel use of the two broths

If there 1~ a sufficient number of suspeeted colonies on the sohd
medmm, an agglutination test 1s made direetly If the number s fess
cecondary streaks of 5 10 colonies are made on LSU-ngar After an
Lncubation of 24 hours at 37° C1t may easily be decided which cultures
deserve a further mnvestigation These cultures are subjected to agglu-
fin ition tests, and a fermuentation sertes may then sustn the dnignosis
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As for the biochermucal tests the most important items have turned
out to Fe lactose manmtol saccharose the production of ndole and
hudragen suliide and finally the bacterial molility The advantages of
a hndrogen sulhde test should be particularly stressed In those fow
cases where a 24 hour ncubation of the sccondary streaks docs not
{ermit a conclusive nterpretation an incubation of another 24 hours
neatly lwavs chinches the matler definitely

A verhal tabular and photo pictorial deseription of what the various
I 1ctersal colonies look like on the medium does not gne Justice to the
clear and eastly distinguishable differences hetween Salmonellia Shgella
and other species An expertenced diagnostictan has no difficully m
analyzing the secondary streal cultures

DISCLSSION

The cssential properties of the medmum described above may be
stated thus the advantages are the favourable growth conditions the
alyably lessened need for broth fermentations demanding hime and
work the distieet and typical gross morphology of the cultures en
af ling, 2 conclusive mterpretation of secondary streaks so that a great
numier of suspected colonies can castly be examined The medwmm
aftows of a normal development of antigens A direct shide agglutina
tion 15 made with perfect ease It 1s a strjang point that even smail
wnotints of Salmonella 1n a sample can be revealed by this mediam
This 18 of the utmost importance for the control of the therapeutse
result If the medium 15 strongly snhibitory there 15 always the rish
thnt the result of the treatment 1s regarded too optimusticalls and mn
consequence the patients leave hospital as caeriers Furthermare pa
tients under antibiofic treatment often have a large amount of Profeus
w their stoals and on certain media this makes the 1solation of Salmo
nelfa «xtremely difficult or even impossible The 1SUagar on the
wiher hand antubits any Profens swarming completely and eince the

Proteut colonies moreover assume 2 violet calour Salmonella colonies
ean ewily 1 e dislinguished

Like ans other medium the I SU agar for 1ts optunum use reaures
from {1 o alsrmo .

b

'
& ~% Su oty nal mofe and any Swarm;
completels There are distinct differences th:t gnlnm;l ‘:‘n::xir:l::‘\
<€ the vanous sjeaes of hacterin Calour changes and precipitates
the ted uns arc clear and easils interpreted Combined with the secon
dary streak svstem these factors g rovide simy bfied and considerah!
enhanced [ossilnlities to examine 5 gre1t number of suspeet colamcs)
Urcase [ roducers as well as Iactase and saccharose fermenters are easily
distinguished from Salmonelts and Stugelta [t 1s of special mportance



200

that even a faint and slow sugar fermentation 1s noticeable m this me
dium LSU-agar 15 easy fo prepare m such a manner that its properties
reman constant throughout It may be hept in a refrigerator for at
least two weeks, and still function satisfactorly

STMMARY

A new medium (LSU-agar) 15 described, which 1« mtended for the
1salation of Salmonella and Siugella by moculation from facces direetly
and from enrichment broths The medium 15 buffered and contams
large amounts of lactose and saccharose, urea, and a triple mdicator
system It 1y moderately inhibitory to Eschertchin colt and Proleus,
whose swarming 1s completely inhimted Salmonella species, including
S {yph aud Shugella grow fiecly without suppiession of their antigen
formation Colonial marphology and colour changes are distinetue In
laboratory tests, the LSU-agar proved defimtely superior to the Desoxy
cholate-citrate-agar and $S-agar in promoting the growth of Selmonella
typhe and Shigella sonnet Paraliel routine use of LSU-agar and Lnde
agar showed drastic differcnees Salmonelia was demonstrated m 76
stool samples Positive results were obtained on L$U-agar m all the
cases, while the wolation on Endo agar failed m 44 mstances The
superiority of LSU-agar was most evident after the onset of anfilnolic
therapy, when the amount of Salmonella dinunished and Prolens m
creased

A suttable routine procedure for the wolation of Salmonella and
Shugella n faeces 15 described m detail
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AN APPARATUS FOR THE RAPID AND UNIFORM
STAINING OF BACTERIAL SMEARS

By
avar Jungs
Recenned 16 x11 60

In the hacteriological labaratary a great number of shides with smears
of climcal <amples or cultures are staned every dav Staming racks
with 2 sandbox as overllon colltetor are sdt widely nsed Such and
sumifar racks allow only mdnidual and manual handhing of cach shde
Much time can be saved 1f some hind of mechanization or collectiviza-
tion 15 intraduced, at least 1f the aumber of slides to be stamned at the
same {ime exceeds ten or fifteen Indimidual starning also feads 1o a
sarying quahfy as regards eolour tones and contrasts, which 1s irrtat-
wig to the nucroscopist and sometimes makes 1t impossible for um to
mithe any judgment of the preparation It sometimes happens that
shides fall down from the rack and get smashed agamst the floor or
dirtvan the sand The fingers and natls of the personpel are constantly
disenlated by manual bandling of the overllowing shides

In order to elimmate these draw-hachs and nussances and at the same
$ume consideralily ncrease the capacity, a new stamming rack has heen
devised (kig 1and 21 Supported by a robust metal construction {(a),

Ahar 1h) may be rotated by turning a knob (e) The knob s hept steady
n four different posttsons by a spring laaded ball cateh (e) mounted
a plate altached 1o the hnok On the br there are twebve shide holders
consisting of Metal springs {4} The size of the construction 1 adyusted
to fit over the basins in the laboratory benches (Fig 2 1)

The shufes ate mserted in the holders and are hept horizontally while
lhf‘ stun 1s poured on Al the shdes are stuned at the same time
(Fig 2hy Pouring off the stz ts accomplished hy turnimg the hnob
10 1 posilion 3LBO” Rl In tus pasttion, the shides mas also be rnsed
with water If more stan 55 1o Je paurid on, the shdes are returned to
the banzontal posihion uthernsse Biev mrax hn sntaia? 6= she yorbieql

. e n thys
o - Thus gves

ot means safer qudgment of the smears \Manug)

treating of the shides can he Hosded throughou! ihe staimng procedure,

ont
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Ty
o

Ig 1
Stamning rack a stand, b turnable bar, ¢ knob, d metal springs

The staiming rack 1n usc

which keeps fingers and nails of the technical assistants free from
stain Finally, the stunmg capaceity per unit of time 1s considerably -
creased, as all the shdes on the rack can he treated simultancous!ly as a
umt throughout the different stages of the staming procedure
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SIMPLE SAFETY DEVICE FOR BUNSEN BURNERS
IN BACTERIOLOGICAL LABORATORIES

By
InGMAR JUHLIN
Recerved 16 xu 60

In every bacterwological laboratory espectatly where tramnmg of tech
nieal 1ssistants takes place there 1s always a nsh of infections among
the personncl caused by ignorance incompetence or accident Ur
skilled personnel 15 of course more exposed to such risks It 15 1m

yortant to try out every possible deviee that may inecrease the safety
lal oratery work

bac f d

Safety devt e far B o
tare 3 lulnvtn burners w thout glass cshinder a holder | screy
om plate d gu Ingstengs e ring f curved elevations

203



lyg 2
Bunsen burner with safety device in use

Stenlization of plalintim wires 1 the Bunsen fiame 15 done hundreds
of timtes each day i bacteriological labarators routine Witl « corree!
technique this brings about a complete mcneration of the nfectious
material If the technical assistant 1s eareless or untraned, howeven
an unsufficiently burned clot of infectious material may drop lo the
tabie or the floor or get caught on the clothcs with potential possibilities
of spreading and causing infections

The folowing sumple safety deviee has been constructed to avord such
accidents and has been used 1n this laboratory for some time (Fig 1
and 2} It consists of a holder ta) with a sercw (h) for the attachment
to the burner, and a cireular bottom plate (¢) welded to the holder and
surrounded by a low wall Three gmdmg strings (d) are welded to the
bottom plate and are Jomed with a ring (e) at the top A pyrex glass
cylinder rests on thrce curved elesations () on the hottom plate

The Bunscn bhurner tube 1s inserted through the hole in the holder
(a) so thatits upper end protrudes about a centuncter aboyve the bottom
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plate (¢) The holder 1s fastened to the burner pipe with the screw (b)
41 supply to the flame 1s secured threugh the openings between the
elevations (f) on the hottom plate

The platinum wire 1s 1nserted into the flame wnside the glass cyhinder
If any material 1 thrown away from the loop, 1t will stick to the hot
glass or fall to the bottom plate where 1t 1s easuly destroyed when
desired
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A MECHANIZED PROCCDURE I'OR THE PREPARATION
AND TUBING OI' FLUID CULTURE MEDIA

By

INGvAR JUHLIN
Recenned 16 160

Until cheap plastic tubes will beconte as ulable, most boratories shil
use glawssware for the tubing of culture madia Washing, drymg, plug
gmg with cotton-wool, tissue paper, or the hke, and sterilization are ex
tremely timceonsuming and thus expenssse procedures In the prepant
tion of mcdsn, (specrally such that do not stind autoelaning ifter
tuhing, there 15 the additional work of removing and reinserting plugs
hefore and after the dispensing of the medium

To mcet the much ncreased demand for tubed medin of v irsous
kinds, a thoroughly reviscd preparation proccdure his been introduced
at this laboratory, with successful results To accomplish this, 1t has
been necessary to furnish the laboratory with some new implements
both commerctally nwalable ones and such of our own design

MATERIATIS AND MITHODS

1 Contaimer made of perforated stainltss steel The dimensions are 350 X 550 X
170 mm Sec Fig 1 It 15 dnaded nto two compartments by a partibon wall (2)
paralldl to 1ts long axis Both long walls (b) are fastencd with pegs (c) at the lop
and with hinges (d) at the bottem so that they e easthy P turned open Intide
the long walls there 15 1n cach compartment gust above the betom an adyustable
T shaped bar (¢) for the regulation of the inchinati n of the tubes On both sides
of the partition wall there are vertieal U shaped bars (f) which in combination
with a svstem of mowable bars (g) hangtng from mctal cords () serse o separate
the tubes 1nto scetions and sup port them This arrengoment allews the het ar or
steam to penctrate freely anto and among the tubes during sterithization (118 2)

2 Filamatic Vial Fallers Mcded AB 5 an auntomtical dispensing apparatus de
livered by Natienal Instrument Co Balumere €5\

3 Metal tube caps CAP O TIST hy 349 1017 mm ddlinvercd by the firm Lodi &
(1e Flawil and Mogclsberg Switzerland They arc avarlable in five different cclears
(blne grecn rod vedlow wilver)

Techmque for Autoclavable Media

The contamer 1s piched with washed and dricd test tubes, mﬂl«ml
previous pluggmg or Wrapping I ach compirtment holds 232 (1617 X
150 mm) tubes (8 layers of 29 tubes) The total capacity of the con-
tawer 15 thus 464 tubes The arrangement of the tubes can be scen 1

one
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Fig 3
Contawncr, piched with sterile tubes, durig filling with sterile
nan-autoclayable medium

Fig 2 With the tubes i this posttion, the flurd medium 1s dispensed
by @ “Filamatic” Vial Filler In this way 1t s possible to supply evers
tube m the contamer with 5 ml medum m about 7 munutes Thus, 3000
(F1g 3) portions of 5 ml may be tubed in less than an hour The metal
tube caps, sterihzed by dry heat or 1 the autoclave, are put on the
tubes, which ate transferred to string hashets and are autoelased m the
upright position i the customary way

1 echmqute for Non-Auloclavable Media

The contamer 1+ packed with washed dey empty tubes as before, hut
m 0 lagers only, so that cach compartinent holds 174 tubes Tlus s 1o
ensure an optimal sterihization and to accomphsh uniformty m the
coagulation of Lowenstem-Jensen's, Loffler's, or sinular media There-
after, the contamer 1y wrapped n coarse paper and steriized i dry
heat at 175° C m 90 minutes  After coohing, the wrapping paper 15 cul
and folded out so that the long stde can be aponcd and all tubie mouths
made visible Beforchand, the filhing outhit  plastic tubmg, valwe
system syringe  has been autoclaved Thus, the sterile, non-antoclas-
able medium ¢ be transferred to the tubes through a closed stenile
systan The sterihly of the tubes i muntamed by means of thetr
almost honizontal position, which nunummzes the rish of wiection with
arrhorne bacteria (g 3)

If the medhum 15 to remain flud the sterle metal tube caps are put
on and the tubes are then ready for use
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1f the medium 15 o be solidified by heat {Lowenstein Jensen Loffler
or the ike) the procedure 1s 1dentical up to the pomnt of filling the tubes
with medium  After this has been done the inchination ansle of ihs
tubes 1s adjusted by means of the L-shaped bar (Fig 1 e) The long
walls are closed and loched with the pegs and the contamer 15 plncEd
i an autoclase where 1on of the d 1s effected at 82°—
80° C After that the tubes are 1 lugged with stenle rubber stoppers or
metal caps

By choosinp different meta) cap colours one can idenhity different
tubed media wilh the same appearance omtting time consuming la
belling Different media with identical use fe g enrichment broths for
Salmonella) where the wdentity of each medium 1s obvious are pre
ferahly equij j cd with tube caps of the same colour

With the techniques suggested above the following adsantages are
gamed

(1) Several re arrangements of the tubes on their way from the wash

g department pa sterthzation and medium dispensing to the
wtoclave are avoided

The cumbersome pluggag, of the tubes with cotton wool can be
omtted altogether

13} There are no plugs to be removed Lefore the dispensing of me
diem

3]

The medium 1s disy ensed guickly with exact volume in every tube
(5)

The disj ensing of <terile mudia 1s much simphfied and tmproved
hoth through the inchination of the tubes and the cxastence of a
jrotectine “japer roof” ind also by the use of metal caps fitted to
the outside of the tubes instead of the inscrling of cotton wool
jlugs

16} The comj ktely closed filling ssstem further increases the safety
wien absolute stenlity 15 essential

At the coagulation of slants of Towenstem Jensen s or Lofflers
media th mehinitun of all the tubes 1n one comjartment (174
tubes) can be simultmeously adjusted by sumpls turning a handle
Twne-consuming, Yat tihing, of the tubes or their storage boxes can
he avouded This tnsures safe and casy 1dentification gs the mark
«f wdentits can not diagjcar In aceident and ean not remain lon
ker than d sired It will not hapy en that old | eneil marks or paper
Lat eds confuse the wentitication

Binally the supposted metal cays comy are favourably with other

commerciath avaitable tyjes thes are much easter to handle are
;nl lu‘\l as durable wegh a quarter and cost a third of some other
irands

U acrivvn k7 o



208

Fig 3
Contaimner, pached with sterile tuhes, during filling with sterile
non-gutoclas able medium

Fig 2 With the tubes n this position, the fluid medmm 1s dispensed
by a “I'lamatic™ Vial Filler In this way 1t 15 possible to supply every
tube 1n the contamer with 5 m! medium 1in about 7 minutes Thus, 3000
(Fig 3) portions of 5 ml may be lubed 1n less than an hour “The metal
tube caps, sterilized by dry heat or in the autoelave, are put on the
tubes, which are transferred to string baskets and are anfoclaved in the
upright position n the customary way

Technmique for Non-Auntoclavable Media

The contamer 1s packed wath washed dry empty tubes as before, but
1 6 layers only, so that each compartment holds 174 tubes This 15 to
ensure an optimal sterihzation and to accomplish umformaty n the
oagulation of Lowenstem-Jensen’s, Loffler's, or similar media ‘There-
after, the contamer 1s wrapped in coarse paper and sterihized i dry
heat at 175° C 1 90 minutes After cooling, the wrapping paper 16 cut
and folded out so that the long side can be opened and all tube mouths
made visthle Beforehand, the filling outfit—plastic tubing, valwt
system syringe  has heen autoclaved Thus the sterile, non-autoctav-
able medium can be transfcrred to the tubes through a elosed stenle
system The sterthits of the tubes 13 mamtamcd by maans of their
:;lnm\l Torizontal positton, which minumzds the risk of infection with

achorne hacteria (Fig 3)
If the medium 15 to remain flud, the sterile metal tube caps are put

on and the tubes are then ready for use
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SLCHUNGSANSTALT AN HYEHNISCHEN ASTITUT DER FREIES UV
IA\SFSTADT HAMBURG (LEITFR PROF DR WED 5 WIVALE}

NEUE BEFUNDE BEIM O-FORMEN.WECHSEL
DER SALMONELLA-SPECIES

Yen

B hatkrnvaas und & Ronor
1 ingegangen 5 21160

{anerhalb der serologischin b artation spreitder 0 Formen-Wechsel *
10 form-saniation) eme wichtige Rolle, da ohne Kenntms und Bernck-
wehtigung deser dyranuschen, serologischen Vorginge kune erfolg
rerche Serologie hetrieben worden kann Der O-Formen-Wechse) oder
turz die O Vanaliont* wusde zuerst von F Kenffmane (1) bem O
1 Anhigen festgestelit At Inife dor Obickiglas- Agglutination hann man
buy zaklecichen speetes, dic das O 1-Anbigen cnthalten, hotonien mny
starh odor sehwach entwickdiem O 1-Antigen, die emander abspallen,
satween In dergluchen Wose honnle F hauffmenn 121 auch heim
12 Antigen eine (2 Vanafion feststellen, und zwar bam 12-Antigen Es
teeten holomen mil stark odor schwach entwicheltum 32:-Antigen auf
und spaten anndir m weelhneindem Prozentsatze ab Enthalten Sal-
monellu hulluren sowohl dis () 1- als auch das 12--knfigen, so trcten
bude Formen-\Veehsel glachzorby und unabhingig von emmander auf

T4+ 4+, 1204 4
oder 14 4, 12—=2
oder 1—%, 12,4 4
odir 1—%, J20 =

Fne deslte Art dor O-Varalion wurdevon PP ¢ 81 ~ctes o
T. o

LY $ v monan bi-Antigen, die emander abspal-
bo nachwersen

lswolil danut gurechnet wurde, davs auch hor andercn Salmonetin
O Antigenen etne O\ anaton zu ervarten sci, doy seeschiedine Unrigel-
massighuatan und Schwiserighaten bey der Bestimmuny gosisser Anfe-
Ren-hompononten anfirtg,
suchungen ausgelulirt Als pl,
und t G

S0 warden bisher heme nihcren Unter-
ul ur derartige Storungen, speziell in den G-
reppen hiuhiger vorhamen, wurden Untersuchiungen wn dicser

n
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At thus laboratory, the methods and utensils deseribed have been m
use for almost two years During this time, the volume of media pre
pared has undergone a marked increase mn spite of the fact that the
number of people occupied with the preparation has remuned un
changed As human beings 1n this country are far more expensise tools
than the mechanieal apphances deseribed, the mvestment has doubt
less proved to be sound



§ grumpensts — 132136 k< traten Formen mut «lark oder schwach
entwickeltem 36 Antigen dic cinandcr abspalteten aufl War das 36
Antigen stark entwickelt so war die Objektglas Agglutmation in 22
oder 23 Seren relatin schwach doch hangt dieses auch von der Starke
der henutzten Sercn ab Arbeitet man mit starker Faklor Seren so
hann man diese Agglutinations Hemmung durchbrechen Zur Herstel
lung starker 36 Seren <ind die 36+ + Formen zu benutzen _

134 Formen W echisel zum Beisprel bev S wortlinglon — 113 2337
Dicser Formen W echsel tritt glerchzeitig mit dem 1 Formen W echsel
auf sodass folgende Formen die der abspalten vorhom

1+ 4 37+ + oder 1—+ 37—

Hat man daher den 1 Formen W echsel besimmt so hat man dadurch
glerchzeitig auch den 37 Formen W echsel erfasst Zur Herstellung star
ker 37 Seren sind die 37+ + Formen zu wahlen

Bei spectes mat 1 36 und 37 Antigenen zum Beispiel ber § mussis
stppt = 113 23 36 37 hommen alle 3 Formen W echsel 1 36 und 37 vor
wober der 36 Formen W echsel unabhangig vom 1 37 Formen W echsel
rverlaeft Fs honncn folgende Formen die emmander abspalten auftreten

1++ 36++4 37+ +
oder 1+ + 36— 37+ +
oder 1—% 6+ 4 37—+
oder 1—% 36—x 37—+

Unter Beruchsichtigung dieser Formen W echsel wurden die Antigen
T ormeln folgender species hontrolliert und honnen wie folgt angegel en
werden
S poona = 132236
S willemsiad = 1132237
S rotterdam = 113223637
S tanger = 115223637
S grumpensis = 139336
S atlante = 132336
S worllungton = 1132337
S mumssippr = 113 2336 37
W ahrend wir mit diesen Untersuchungen uber den O Formen W ech
el beschaftigt waren toilte br g Stacker London brieflich mit dass
er  unibhwngig von uns  einen hombimerten 137 Formen W echsel
bechachtet habe

616 28 unll 2y Formen W echsel

In der Sal)
f\lnd(:n" almonetla H Grupy e wurden folgende T ormen W echsel ge
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Richtung vorgenommen und sollen 1m folgenden kurz beschrichen
werden

1-27-Formen-Wechsdl,

In der Salmonella B-Gruppe konnte ausser dem oben erwilnten 1-
und 12:-Formen-Wechsel noch ein 27-Formen-Wechsel nachgewicsen
werden, 7 B ber § bredeney und anderen spectes wnt der Formel 14,
12,27 Es traten folgende Formen, die emander abspalteten, auf

14+, 27—z oder 1—=, 274 +,

Das Zeichen + + bedeutel i allen, diesen Formeln, dass das betrid-
fende Antigen sehr stark entwichelt 1st, sodass es schnell zu eer sehr
starken Objehiglas-Agglutmation, die mat blossem Auge zu erhennen
st kommt Das Zewchen —= bedeutet, dass nur langsam cine schwache
Objekiglas-Agglutmation, die mut der Lupe sichtbar 1st, auftrtt Auch
m der Reagenzglas-Agglutination mat abgetoteten Kulturen lassen sich
dentliche, quantitative Unterschiede zwischen diesen beiden Fornien
feststellen, sowohl betreffs Titer als auch Starhe der Agglubmnation

Wie ¢s aus obigen Formeln 14 +, 27— oder 1—=, 27+ + her-
vorgeht, hann man das 27-Antigen nur dann gut nachwelsen, wenn man
¢me 1—z= Torm benutzt Lhenso muss man zur Erziclung emes starken
O 27-Serums zur Immunisterung eine I—=, 274+ + Porm anwenden

Ber S schlerssheun = 4,12,27 konnte bisher hewn 27-Formen-Wechsel
festgestellt werden, alle untersuchten Kolonten lagen m der 27+ +
Form vor Daher eignet sieh diese spectes besser zur Herstellung enes
27-Serums als die 1,4,12,27-Kulturen, ber denen em Formen-iWechsl
auftnitt

1 19 Formn-Wechsel

Walirend also her § bredeney und anderen specres die 1~ und 27-
Anligene alternierend stark oder schwach entwickelt auftraten, dh
ml+ 4,27 —xoder 1 *, 27 + + Formen, so honnte in der E-Gruppe
bu § cehittagong = 11),3,10,(19) folgender hombinierter 1-19 Formen-
Wechsel nachgewwesen werden

T+ 4,194 4 oder 1—=, 10—

Lot traten hicr also holomen, ber denen bewde Antigene gleichzeihig
wtark oder schwach entwichelt waren auf Ba don d- und 10-Antigenen
Lonnte kan Forman-Wedhsel gefunden werden

1 36 37-Iormen-Weehsel
In der Salmonella G-Gruppe wurden folgende O-Varationen nach-

geniesen
8 36-Formen-Wedhsel, zum Baspiel ber § poona = 14.22,46 und be
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14 +,254 + oder 1—=, 25—=

Hat man daher den 1 Formen-Wechsel hestimmt, so hat man damit
gleichzeitig den 25 Formen-Wechsel erfasst Dieses st bet der prak-
tischen Bestimmiung des 25-Antigens n der Objcktglas-Agglutination
von Bedeutung, dv man zum Nachweis des 25-Antigens cine 1+ -_{-
holonie wahlen muss Ebenso st es nitig, zur Herstellung eines 25-
Serams cine 25+ + Kultur zu henutzen Lagen die 1+ +, 294 +
Formen yvor, so war das G-Anigen oft schwicher nachwersbar, 1 Ge-
gensalz zu den 1——=, 25— Formen, doch konnte kein typischer 6-14-
Formen Wechsel festgestellt werden Man muss jedoch damst rechnen,
dass diese Resultate het serschiedenen spectes oder verschiedenen Kul-
turen derselben spectes sarueren honnen, sodass sich keine allgemern-
giiltigen Regeln aufstellen Inssen

BFSPRFCHUNG DFR FRGFRNISSFE

Die ohen geschilderten Resultate, dic wertere O Varnalionen {oter
O Formen-Wechsel) ber verschiedenen  Salmonella species  ergaben,
machen es wahrscheinlich, dass wir es bet der O-Vartation mit emner
allgemeinen, weil verbreiteten Erscheinung in der Serologie der Enfero
bactertaceae zu tuen haben Speziell innerhalb des genus Salmonella
kommen so zahlreiche O-Varationen vor, dass wir micht nur ber den
sher untersuchlcn Antigenen mit emer derartigen Vaniation zu rech
nen haben, sondern auch ber anderen Antigenen

Da dhese O-Variationen hesonders hiufig innerhalb der Salmoaelln
A- 8- und D-Gruppe aultretent (31— und 12 Formen-Wechsel), so wird
es verstindlich, dass cine Standardisierung der Widal-Reaktion ohne
Rerncksichtipung dreser Formen-Wechsel zu Misser{olgen fihren muss
Die Starke und der Tiler hestimmter Reaktionen hiingen nimhich davon
ab ob hestiminte Anbgene stirher oder schwacher entwickelt singd
turner werden Antigene, die nicht selbst emnem O Formen-Wechsel
unterworfin wind  durch die starkere oder sehwachere T niwicklung
hestimmter Anbigene beeinflusst Besondees deutlich wurde dreses 1n
der Salmaonetla G-Gruppe ber der Bestimmung der 22- und 23 Antigene

Um aber alle hicrber auftretenden Probleme zo Wsen, wiren w citere,
ongehende Untersuchungen erforderhich Man muss sich darither klar
sein dass der O Formen-Wechsel bes allen scrologischen Bestimmun
gen der horper- Anligene emne grosse Rolie spiclen hann, und dass mit
Aem Norkommen weiterer, bisher unbehannter Formen~Wechsel 7u
rechnen st

nlvll.):«rl'll::l:unﬁ:;:(:‘p:::ﬁ:;d:; \;c:‘hannmu\ dc’\ O-Formen-Weehsels
stch nicht um \erlust-\ nn:;n\ N \ann o L‘:\ﬂ;!.! \\(‘r(’lcn, o
delt, sondern um cine )wmmlcr:‘;':(:\r |um\ St Pormen-Wecheel han.
hohe Prosentuaty der Abapton, tm der Variation Auffallend ist der

gen, der an der Regel zwischen 5 20 7
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6-14-2%4~Formen-Wechsel,7 B bet S carraun Tis traten folgende Kolo-
nien, dhe cmander abspalteten, anf*

G+ 4, 144+, 214+ +
und 6—, 14—~x, 2>

Em derairtiger Formen-Wecehsel, der alle # Partial-Antigene gleich-
zeitig betraf, wurde erstmahg festgestellt Aus diesem Grunde warden
auch die 3 ubrigen speetes mit 6,14,24-Antigenen naher untersucht, und
zwar § albuquerque, S heves und S hindern

Ber § albuquerque wurde das O 1-Antigen mat 1-Formen-Wechsel
gefunden, unabbhangig vom 6 14-21-Formen-Wecehsel e O-Formel
von S albnquergue 1st daher auf 1,6,14,24 7zu erwertern

Ber den beiden anderen spectes § feves und S lindern honnte das
fruber cindeutig nachgewiesene 24 Anbigen jetzl nicht mehr gefunden
werden, sodass dieses Antigen also veiloren gegangen st Dieser Befund
hldet eine Parallele zu § boechcr = 6,142 1,7, her der von Anfang
an ke 24-Antigen gefunden werden kounte 135 muss aber danut ge-
rechnet werden, dass Kulturen von S boecher mt der Tormel 6,14,24
1,02 1,7 angetroffen weiden, sodass in diesem Falle kane neue species
7u ernchten ware

14 24~Formen-Wechsel

Bet § boecher honnie cin G-14-Formen-Wechsdl festgestelit werden,
da Kolonien mut 6+ +, 14+ + oder 6 =, 14 =, diec cmnander ahspal-
teten, auftraten Gelegenthelr hamen auch Kelonien der Form 6=,
14+ 4 ~vor

Von den beiden Formen 6+ +, 14+ + und 6 =, 14
Kanmchen-Seren hergestellt und in - Absorptionsyersuchen geprait
Beide Seren honnten durch § carran = 6,14,24 vollig erschopft wer
den, sodass also 8 boecker keinen Sonderfaktor enthalt Durch Ahsorp
tion mut § thempson konnten rame T4-5ercn hergestdit werden hese
Faktor-Seren ergaben in der Objehtglas-Agglutination mit allen Rultu-
ren, dic das O 14-Antigen besassen, eme prompte und starhe Ohjeht-
glas-Agglutination

Da also bet 6,14,24-Kulturen abgcsehen vom 6 14 24-Formen-Wech-
el, anch Verlust-Vananten ohne das 24-Antigen vorhommen, so solite
man auf den Nachwers des 24- Antigens hem all zu grosses Gewachit
legen und sich ber der O-Antigen Bestimmung derariger Kulturen
eventuell mit dem Nachwers der 6 und 14-Antigenc hegnugon

+ wurden

1 29 ornen-\ echsel

Dieser Poarmen-Wechsel wurde bet S onderstepoort und anderen
spectes muit den O-Antigenen (1),6,14.25 fostgestellt s traten gleseh-
zetig mut dem 1-Formcn-Wechsel folgende Formen, die emander ab-

spalteten, auf
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FOUR NEW SALMONELLA SPECIES-
s.ALAMO, § NEW-MEXICO, S. VAYNE AND S. MARICOPA

By
P R Epwarps, I' Kaurmuass and Mary A Free
Recerved 13 x11 60

The four spectes to be described were recencd at the Communicable
Disease Center over a pertod of years and heeause of their biochemreal
and serological properties were calalogued as intermediate cultures
related to Salmonella and Artzona

However, when the work of Schaub on malonate utilization by Arezona
cultures, the work of hauffmann & Pelersen on the action of Salmonella
and Anizona cultures on D-tartrate, citrate and mucate, and the con-
firmation of hath of these ohservations by Elflis, Edwards & Fife were
considered, it became ohvious that the cultures definitely must be placed
n the genus Salmonella

The cultures 1n queshion all possessed hiochemical characteristics
typical of Fnterobaclertaceae In addition they were motile, with one
exception failed to producc indol, were methyl red positive and Voges
Proskauer negative, and grew readily on ammonium citeate agar N
irate was reduced, urease was not produced, hydrogen sulfide was
formed peintin was hiuefied, and 1ssine and ornithine decarboxylase
and arginine dihydrolase were produced D tartrate, citrate, and mucate
media were promptls acichfied but malonate was not utilized and no
growth occurred i KCN\ medium  Letartrate and 1 tartrate were not
fermented Glucose and manmitol were fermented promptly with gas
production Aesd was formed {rom arabmose, xylose, rhamnose, maltose,
dulcitol and sorbitol within 24 hours Lactose, sucrose, salicn and
adonitol were not fermented One of six cultures of § new mexien fer-
mented mositol This was the cullure whick produced wndal The one
asailible culture of 5 alamo al<o fermented nositol S wayne and §
marwenpa did oot ferment noutol Fature to ferment lactose, prompt
fermentation of dulatol and utilization of D-tartrate, ciirale pnd
mwucate, and fmlure to ulibize malonate wndicated that the urgnmSmy
were salmonelle and not members of the Arizona group
hr]‘;‘ :::‘:;":l::::: :::: I‘l“:::‘:::i Properties of the four speces, 1t seems

of the eultures yonlly since § alamo,

ni
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oder hoher liegt Dieser Prozentsatz entspricht ungefahr demjenigen
heim Phasen-Wechsel wmnerhall der H-Antigene, sodass auch ham
O-Formen-Wechsel emne genetisch bedingte Reaktion vorlegen muss

ZUSAMMENEFEASSUNG

Nachdem bereits fruher ein Q-I'ormen-Wechsel bet den Antigenen 1,
61 und 122 festgestellt war, wurden weitere 0-Varwalionen (= O For
men-Wechsel) ber folgenden Korper-Anhgenen des genus Salmonella
nachgewiesen

1 1-19-Formen-Wechsel her S chillagong =
14+ +,194 + oder I—, 19—=+
2 6 14-24-Formen-Wechsel ber S carrau =
64 -+, 144 +, 24+ + oder
f—x, 14—, M
3 1-6-14-24—Formen-Wechsel bet S albuquerque,
unabhangig vom 6-14-24 Formen-Wechsel hwm es zu emem
I-Formen-Weehsel 14 + oder I—=
4 6-15-I'ormen-Wechsel ber S boecher =
6+ +, 144 + oder 6—~=, 14—+
5 1-25-F'ormen-Wechsel beu S onderstepoorl =
1+ +,25+ + oder 1—=, 25—=
6 1-27-I'ormen-Wechsel ber S bredency =
1+ +,27—=* oder 1—=, 274 +
36 Formen-Wechsel, 2B hel S poona und S grumpensts =
36+ + oder d6—=
8 1 37 Formen-Wechsel, 7B he1 S worthington =
1+ 4,37+ + oder1 =+, 37—=

Unabhangig hiervon kam es bet § mussesseppr = 1,13,23,36 37 gleich-
zeitig zum 36-Formen-Wechsel, sodass also ein 7 36 37 rormen-Wech-
el vorhegt

s wird auf die Bedeutung dieser O-Variationen fur dic Serologic
der Salmonella-Gruppe eingegangen und darauf hingewicsen, dass wif
von emer vollstandigen Klarstellung der serologischen Varation noch
weit entfernt sind

LITFRATIR

Edwards PR Form variation in group ( Salmonelia strains Proc Soc Fxper
Biol and Mled 59 49 1945 .

Kauffmann F (1) Zur Serclogic des 1 Antigens i der Salmonella Grappe Al
path et microbiol scandmay (7 195 1940 Sal

Rauffmann B (2) A tiphoid vanant and a new serolegical variation 1n the Sa
smonella group J of Bacter 41 127 1941

Stocher B Personliche Mitteihung 1960
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would require rearrangement of established absorption procedures for
the production of siagle factor p serum so that the antigens 1n question
would not react with it

A second and simpler solution 15 to assign the symbols g, (p) to the
antigens to mdicate that the organismes contamed a portion of antigen
pof § dublin and 1t was this method of designation which was adopted
The phase 2 antigens of 5 alamo, § new mexico and S maricopa were
closely related to the 1,5 phases of the Salmonella genus and reacted to
the titres of various 1,5 sera and of single factor 5 serum They did not
effect a complete remosal of agglutimins from sera prepared from phase
2 0fS thompson, S cholerae-suts or S decatur, all of which possess 1,5
phases Further, the phase 2 antigens of § alamo, $ nrew mezxico and
§ martcopa cach contamed small specific fractions not present in the
others 1t 1s well hnown that slight differences cxist 1n many of the 1,5
phases of the Salmonella genus and phase 2 of the organisms was de-
signated stmply as 1,5

S alamo was represented by one culture recened from It Col P R
Carlquist and was 1solated from the stool of an adult affected with
dinrthen Iowas agphatinated to the Bitre of § thompson (6,7) O serum
and m absorption tests removed all agglutinins from the serum The
antigemic formula was 6,7 g.(p) 1,5

S new merico was represented by five cultures, two recovered from
the stonls of patients affected with gastro-enteritis and three recosered
from sew 1ge All were agglutinated to the titre of $ galltnarum (9,12)
serum and 1n ahsorption tests removed all agglutinins from the serum
The antigenic formula was 9,12 g,(p) 1,5

S wayne was represented by one culture recovered from the intestine
of a hzard mn the Detroit Zoo The organism was agglutmated o the
tire of $ wrbana (30) O serum In absorption tests the titre of the
serum was reduced 30 per cent Likewise, serum prepared from S wayne
agglutinated S urbana to itre but absorplion of the serum by S urbana
resulied only 0 a loss of 30 per cent of the titre The O antigens of
\mumym- were designated simply as 30 and the antigenie formula was

Kip)

S maricopa was represented by one culture 150l
The culture possessed Salmanella O antigen { a
the titre of S weslaco (42) O xornm Ta 1
were removed from .
serum by § wedace .

from the scrum The Ly we 1otmua was 142 gp) 1,5

ated from sewage
nil was agglntinated to
\

Dr " ROF fwar tx s regarding the Gogr putlished Salmnnella apreirs as serr 1¥pes
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§ new-metico, and S maricopa were diphasic and phases 1 and 2 re
spectively were closely related in all while § tragne was monophasic
and phase 1 was closely related to phase 1 of the other types The phase
I antigens were flocculated in vers low dilution by Salmonella sera that
confamed agglutinins for antigen g, 1¢ S entertlides, S dublin ' §
derby and related forms Agglutination also oceurred m low dilntions
of single factor p scrum hut not m sera for factors f, m,q,s, or t
Flocculation occurred to the titres of Arizona H 13,14 and H 13,15 sesn
and m single factor serum for H 14 When scra were prepared from
phase 1 of the four types, § dublin was floceulated to approximatels
half the titres of the sera and other salmoncllac contamng related anh
gens to lower titres The reactions obtamned with phase 1 serum of
§ alamo are illustrated 1n Table 1 Sumilar results were obtamed with
sera of the other spectes Reetprocal absorption tests revealed that, while
the phase t antigens of the four species were closely related, none was
tdentical After absorption a residue of agglutinms amounting o
proximately 1 per cent of the original titres remamed 1n the sera

TABLE 1
H Antigens of S alamn Phaset
\ Anhgens
o e
Sera | 5 nen S mare | Art ona ) IS wter
$ afamo 1 | AR OB S qubun S derby | Ve
e A U T
§ alamo phase 1 9
Unabsorbed 12800 6400 12800 12800 12800 6400 400 160
Absorhed by "
S wayne 00 LI1O0 Z100 <lop <100 <100 <100 <100
Arizona H 1314 1600 200 100 200 <100 <we o <10 <0
S dublin 3200 1600 3200 1600 1600 <100 <100 <10
irizona H 13 1% "
Unabsorbed 12800 12800 12800 12300 20600 6300 s00 160
Ahsothed Iy 0
S alamo <H0 L1000 K100 <100 1600 <100 <100 <Wn
S dublin 1600 800 200 1600 3200 <100 <100 <00
dubriin
" “Unabsorbed 100 100 400 100 400 25600 so0 200
Absarbed bt
S alamo <100 <100 <100 L0 <100 6400

== Tests not done

Two solutions (o the probiem of assigning sy mbols to pliasc 1 of these
four spccies are possible They conld be assigned the symbol g 1ogc\hlcr
with a second symhbol to denote the antigens present which prcunusl\
have not heen catalogued in the Kauffmann-W htle-schema, and which

would be more or less synonymous with Arizona H antigen 14 This
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would require rearrangement of established ahsorption procedures for
the production of single factor p serum so that the antigens 1n question
would not react wath it

A second and simpler solution 15 to assign the symbals g {p) to the
antigens to 1ndicate that the organisms contaned a portion of antigen
pof § dublin and it was this method of designation which was adopted
The phase 2 antigens of § mlamo, § new mezico and § maricopa were
closels retated to the 1,5 phases of the Salmonella genus and reacted to
the bitres of vatious 1,5 sera and of single factor 5 serum They did not
effect a complete remozval of agglutinins from sera prepared from phase
20f$ thompson, S cholerae-suts or 8 decalur, all of which possess 1,5
phases Further, the phase 2 anligens of S alamo, § new mexico and
S maricapa each contained small specific fractions not present in the
others It 1s well known that slight differences exist in many of the 1,5
phases of the Salmonella genns and phase 2 of the organisms was de
signated simply as 1,5

S alamo was represented by one culture recerved from Lt Col P R
Carlquist and was 1solated from the stool of an adult affected with
diarrhea It was agglutinated to the titre of S thompson {6,7) O serum
and 1n absorption tests remosed all agglutimns from the serum The
antigemie formula was 6 7 g,ip} 1,5

S nrew mextco was represented by five cultures, two recovered from
the stools of patients affected with gastro enteritss and three recovered
from sewage All were agglutinated to the titre of S gallinaram (9,12)
serum and i absorption tests remosed all agglutinmins from the serum
The antigenic formula was 9,12 gip) 1,5

S wayne was represented by one culture recovered from the intestine
of a lizard in the Detroit Zoo The orgamsm was agglutinated to the
titre of § urbnnu.(im O serum In absorption fests the titre of the

» Ci¢ ucapl ey sunpiy as 3 and the antigenic formula was
0ogom

S martcopa was represented by one culture ssolated from sewage
The culture possessed Salmonelin O anbigen 1 and was agglutinated to
the tilre of § weslaco (42) O serum In ahsorption tests all agglubinins
werc removed from the serum Lihewise, abserption of
serum by S westaco ind S paralyple A completely remor
from the serum The anligente formula was 1,42‘ .

S meancopa O
ved aggiutinins
{in) 1,5

P PR Fdwards o regarding the £ur published Salmonelfa species as sere 1 pes
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SUMMARY

Four new Salmonella spectes are doserthed  All possess sumlar ant
gens in phasc 1 and attention 15 called to the closc relationships of these
antigens to the Arizona H antigens 13,11 The organisms and their ant
genie formulas are as follows

S alamo
§ wayne

6,7 g(p) 1,5, S new-mexico = 9,12 g(p) 1,5
30 g (p) ~— and § maricopa = 142 g,(p) 1,5

Il
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SUPPLEMENT TO
THE KAUFFMANN.WHITE-SCHEME (IV)

By
F RhauerMass

Recefved 29 xti 60

This paper 15 the 4 supplcment to the resiew ‘Das Rauffmann While-
Schema (1) 62 Sal, Ha species t A durtng 1960
From these 62 spectes 47 helong to sub genus 1 and 15 to sub genus 11
thauffmann 2) The spectes of sub genus 11 are indicated 1n the follow-
g, 1able by an asterisk (*) Dewviating biochemical results, not ginen 1in
the table were obtaned in the following species

S flotibeh S langenhorn and § othmarschen were RCN positnne
Further § flotfbek was sorbitol negatne

S humast S lawndale and one culture of 5 new mexico were 1ndol
[ositne

S ferlac was sorbitol negative and lactose positune

Salmonella 16 z» 1 (5) 7 was salicin positive

The other hiochemical resulls are given 1n the table

According to the delinttion “A spectes 1s a group of relaled sero
fesmentative phage types  (houffmann 3) the followmg types esther

thev are published as spectes or not are regarded as spectes of the
genus Salmonella

Please turn over
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List of Salmonella Spectes Recognized 1n 1960

Salmonella alamo Edwards, Kanffmann & Fife = 6,7 alp) 15
Actapith et microbiol scandinay in press

Salmonella albert = 1,12 z10 (,n,x

Salmonella anfo =39 3y 1,2

Salmonella ashantt = 28 b 1,6

Salmonella babelsberg Hofmann = 28 7,703 enz1s
Zbl Bikter 10rig 1n press

*Salmonella bellvidle = 16 en,x 1,7

Salmonella bern hauffmann, 'ey & Steck = 1,40 zyz3. ~
Acta path et microbiol scandinay , 39, 335, 1960

Salmonella bornum Hofmann, hauffmann & Anz = 6,(7),(14) zs
£Zbl Bakter I Ong 179, 39, 1960

Salmonella bolfle = 47 k 1,5

‘Salmonella bunnik = 43 712 ~

Salmonella ceyco = (9),46 h za,

Salmonella coleyparh = 6,7 a 1w

Salmonella driffield = 1,40 d 15

Salmonella drypool = 3,15 g,m,s

Salmonella exmsbuetlel Rohde & Bischoff = 6,(7),(14) d 1w
Zbl Bikter 1 Ong n press

Salmonella fallowfteld = 3,10 1zuis,2» e,n,z15

Salmonella ferlae = 16,1425 a enx

Salmonella flottbch Rohde = 52 b
Zbl Bakter 1 Orig 1n press

Salmonella frankfurt Hofmann = 16 1 e,n,z15
Zbl Bakter 1 Orig n press

*Salmondlla fuhlsbucitel Rohde, Ruechhoff & Tiedje = 310 18 z
Zbl Bakter I Ong 1n press

Salmonella gambaga = 21 zs, enz

Salmondlla gdansh nom nov hauffmann =67 1v z
(Slmonella gdansk Buczowskt Bull Inst Mar Med Gdansh 11,
59, 1960)

Salmonella hermannswerdcr Hofmann = 28 ¢ 15
Zbl Bakter 1T Omg in press

Salmonella Aumast = 30 zw enz

Salmonella langenhorn Rohde = 18 m,t
Zbl Bakter I Ong n press

Salmonella lawndale = 1912 z 1,0

*Salmonella manica = 1,9,12 gmst ze

Salmonella maricopa Edwards, hauffmann & Fife = 1,42 g (p) L5
Act1 path et nucrobiol scandinay in press

Salmonella mathura = (9),46 1 ¢nzi

*Salmonelln nmudhurst = 53 Lz 2w

*Salmonella mondeor = 39 Lz enyx
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almonella mount pleasant =47 z 15

:Zalmonella new meI;ma Edwards hauffmann & Fife—912 g (p) 15
Acta path et microbiol scandinas 1in press

Salmonella nyanza =11 z z

Salmonella othmarschen Rohde = 67 gmt
Zbl Bakter I Ornig in press

Salmonella overschie = 51 1v 15

Salmonella phoenix — 47 b 1n

Salmonella pramiso — 310 ¢ 17

Salmonella rosenthal Hofmann = 315 b 15
Zbl Bakter I Ong in press

Salmonella rukt nom nov hauffmann = 4512 y enx
{Salmonella ruki } assiliadis Le Minor & Donkers Bull Soc Path
Fxot 1n press)

Salmonella ruzit nom nov hauffmann — 310 1+ enzs
{Salmonella ruzmz1 } assifiadis van Ros & Herman Bull Soe Path
EFxot in press)

N =47 b

st Afric Med J 9,172 1960)

Salmonella stellenbosch — 1912 z 17
Salmonella sterrenbos = 68 d enx
Salmonella stourbridge =68 b 16
Salmonelia siraengnaes Alin Bachehin Bengtsson & Mallsson =
1 z10 15
Acta yath et microbiol scandinas 1n press
Salmonella Itlburg = 1319 d Iw
Salmonella {tlene = 140 ¢h 12
Salm« pella wayne Edwards Ranffmann & Fife = 30 g (p)
Acta path et mucrohiol scandinav 1n press
Salmonella wilhelmsburg Rohde & Bischoff — 41227 z3 —
/11 Bakter 1 Ong in press
Sulmonella winchester = 310 zs 17
Salmonella ? =412 b 16
Salmonella? — 67 2 17
Salmonella? 67 zis 17
Salmonella? = 1322 h eng,
Salmenetla? - 16 zi» 1(5) 7
Salnmonella? 28

1 enzy
Salmimella® = 28 2y (nzys
Salmenella? — 30 202,
Salmonella? — 11 254 24

13 acravami 52 2

| —
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Addendum to Supplcment H1
{(Kanffmann 4)

Salmonella remo = 1,4,12,27:1r: 1,7
Salmonella heubron = 6,7: 1,z25: 1,5
Salmonella hkuru = 6,8: z: 1w
Salmonella stendal = 11.1,3: 1,2
Salmonella bokanjac = 28: 1: 1,7
Salmonella greiz = 402 a. z
Salmonellaleipzig = 41+ z10: 1,5

SUMMARY

A supplement to the resiew “Das Kanffmann-Whtle-Schema” 1s
given, contaming 62 new Salmonella-species recognized during the
year 1960
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Rauffmann, F (2) *Two biochemical sub divisions of the genus Salmonella™ Acta
path et microbiol scandinav 49 393 1960 .
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ternat Bull Bacter Nomen & Tavxon 11 5,1961
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SIMULTANEQUS TETANUS IMMUNIZATION AND
REINFORCEMENT OF DIPHTHERIA IMMUNITY IN
ADULTS, WITH SPECIAL RETERENCE TO THE
INTERFERENCE PHENOMENON

By
Thea ScnEBeL and SyEsp Toresaes

Recelved 24 xn 60

Duning World War 11 there was a cansiderable increase m the -
cidence of diphtheria in Denmark

Extensive diphthersa immunization was undertaken at that time, and
a sery gh percentage—more than 90 per cent—of persons below the
age of 18 were immunized

From 1950 the combined diphtheria-tetanus svaccine replaced the
monosvalent diphtheria vaceine

When tetanus immumzation was iroduced as a general prophy-
lactic measure 1n the armj, it was considered desirable to follow up the
diphthenn smmunization by using the combined vaccine for all three
wmjections on those who, for some reason or other, had not previousty
beon against 14, and o r the 1
mmumty in those wha had been immunized 1n childhood by using a
cominned vaceine for at least one of the three mnjections

The question of possible nterference from previous diphtheria im-

munization with the response to the tetanus component in the com-
bincd vacene then arose

In 1933 and 1955 Barr & Llewellyn-Jones (1,2,3) published a series
of experiments showing a deteriorating effect from pre~existing immu-

This study would not have
Malf of the Lemn a7 o

been possible without the ready cooneration ~f e
R e e, .

'
. | o R . s .
- .- . . AY . * .
. .
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thruughout the whole ficla wark 00 */omenn WG for i imatazble help

The best thanks of the nciters are due to §3¢ Flo Chriafensen of the Se

o £ Tum and
[ x0ld Department Statens Seruminstitut who has given salusble hclp wheneser
l.u::“r‘l.l:l and to Mrs durkrogh and Miss Steenbrsg for their excellent technical
~ ce

The statistical work has been carried out by th
ed o Matistical Depart

Mtatens Scraminstitut. chiel Sfrehaet W ere Hontzon Actuary et o the
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nity to one of the antigens m 2 combined vacene on the response to the
other anfigen(s) m the vaccne new to the argantsm These results hae
to a certain dgree been confirmed m cluldren by Chen ef a (4,5)

From a theoretical pomt of view, this ts an mteresting obsers aton
and such mterference might hecome a problem of unportance o the
health authonties as the use of combined vacemes for routine mmunt
zatwon and remforcement of mmumity ncreases

In order to furiher elucidate the probilem and ohtamn informabion s
fo the most adcquate way of instituting primary immunizition agmast
tetanus together with a reinforcement of the diphthersa mmumty
adults immunized agamst diphtheria i childhood, the followng me
vestigation was undertaken

MATIRIAI AND FTHODS

724 persans of the army personnel 18 28 vears of age who cntered military servict
n May July and September 1957 helonging to two categories of the army one *
rencral infantry regimtat the other the Hoval Danish 1ife Guards were divided
into four different groups and immunized according to the plan given in Table d

TARBIL 1
Uroup r. st njection nd lnleﬂl[tﬂv: tweehs 3nting Sl?:' 1rear
4 D+ 1 D+ D+
B r s T T
C D+ T T 1
b 1 D41 T

* D+ T = comluncd diphtheria tetanus vaccine
% 1 == tetanys vaccipe

The wrouping was made completeds at random by allocating the men to exch
rroup alternatels as thay reported for the fiest injection

Varcmnes  The saceines used consisted of purified diphtheria and or p
tctanus toxord adsorbed on to A(O1); The concentration in Tacenlatie n v wat
about 12 per m} for bolh antigins hoth as repards the combined vaceine and the
futanus vaccine The concentration «f ANON) | corresponded to 1 mg uf A pes w!
I acing

I'wo different batchon of both diphthoria and tctanus toxonds were emploved
When assaved n gmineg Pips as a comhined diphtheria tetanus vaccine the twe
diphthersa toxopds were of iht same anbigenn polenes  whist Yhe Awo Avtanus
toxosde weee of sigmificantly differont anbigenie potenes both when assaved alone
and 1 combmation with diphtherma toxond I stimation of the antignic patency was
carried out as deserbed i (10)

The punity of the tovords and the antigense potenoes of the adsorhed vacemes

can be seen from lable 2 .
As<ay of antiforin hitraty 1 for tetanus antitrun was undertahen by means of

17 sen s method (7) |
Titration for dwhtheria antitoxsn was carrred out v hacmagglafinstion (1) and
the titers cxpressed (m nternational wnits using the mternstional spapdard G f
diphthera antitoxin as reference {9
It heeame apparent during the rmyvestigation that same perso A
tralizing antstoxan which did net agilutinate 1 Al pre smmunization scra and som

urified

ns possessed new

3 Thys problem will he dealt Wathon a e publicatsn
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of the samples taken later were therefore fetested by means of the intracutaneous
‘“I‘n(:nr); astance was 1t seen that a serum had 2 pusnne haemagglniination titer
withaut containiag antitevin
TABLY 2
Turity of the Tozomis and Antigeme Patency of the Lacciaes

Aniizentc
e
Trmg PN TTmeTN r-::lnym,'“
5
Diphthenia toxoid 1 1800 1600
Tetanus toxad 1 1800 1500 2;9
Thphtheria tnymd 1§ 2050 2000 N?l
Tetanus 10%0dd 11 830 200 1

Immuntzation and blood sampling  The immupization was started al thtee
ddferent (imes durtng the summer 1957 av July and Septermber The Mas and the
September immunizations sere performed with Yaccines contaimng 10%aids ‘o 1
and the July with vareines toxmds \o 2

In all caxes the do<e of vacerne was 1 ml gisen subeutaneously 1n the intraciavi
eular region

Hlvad sampling was careied out prof to the (153t injection prior 1o and two weeks
after the second injeclion and prior to and two weeks after the third mjechion

State of {mmuntly prior fo tmmumzatton  All persons hnown to hsve bren
ummunizeq again<t letanus ar whose serum prior to the firsy micetion was found
o contai® trianus antitoxn wer extluded from the experiment

Only those who rerened all three ngections and from shom all blond samples
were tahen at the nght time were included in the final calenlations and comparisens
Thicim o s ov

I} - .

ir ’ .
3 v . @ w st Uiy wire ton few in ngmher to ifluence
he final results it was considered unnecessars b5 re-cakulate the swhole Material
Catenfations The antitoXic responses are ¢aleutated as the gevmetric means of
:yhﬂ(ﬂ:nd.\lm".] tliers The relathe foequuacics of percans responding with Jess
unlts ¢

than
tctanus antits in per ml of the DTSt ainjection of vareing an 1! oy v -
601 un ts per - - .
Meane ant r N . .
the o~ et .
. .o - - . .
v . N « . .
cee - 2 .
. . . ;
. " s . . .
————
In festing The wgnificatice the differ

etces hetwecn averages of she logaril
u::r\ -a\m measuivd Yo theit standard errurs Thus for examble, in t‘f"\’\n:‘::\l’:;
£ »::‘; I.;.‘n W alter the first fnjection (Table 3) the dufference was 258 (—320)
- With » Mandard ertor oF V1 03%0 + § 22253 =0 18 the standa, 2 &
: " o g e iy
‘f.‘lflr‘\’unlhmle titers being 117 and 122 The ratio 0620 18 = Bircxtr:;:hl‘:‘
ue VY6 cutTespending to the five per cent imbt of significance *
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Tetanus Antitorin Response in Diphtheria Immune Adults to lmmun‘f‘all
TEAM |

t‘ um 4weehsalter 15t ing Tnechest
sroup ber { B B U [ 1V Y S S —
f | { Umb ) (l«?gﬂt} [<":y'<:n.u tm n:x[x‘m

A 100 D+T 00026 117 42 D4+T 019 [A3

B 3 T 00006 122 66 T 02 068

C 83 D+T 00039 117 3 T (R H a6t

4] W 1 000081 120 63 D4+T 03t 06

° As regards some persons the taking of the blood specimens after the farst sbjectst
mflienza cpudemic This did not infiuence the results after the first injection sigmficanty
They have therefore heen exeluded from the enleulations 1n this column  the acdu

Vaceines [ were, as mentioned given to the Mav and Septemher eategorses These
hereafter designated team 1 include a total of 346 with 100 persons 1n group \ 3
m group B 83 i group C, and 80 jn group D

The Juls categories ginen Vaceines 11 comprise a total of 158 with 36 in group 3
3% in group B, 38 in graup C and 45 10 group D These are desifnated team I

RESULTS

Tetanus antitorin responses The results of the tetanus upmunization
of teams I and 11 are shown n Tables 3 o4 4 respeetnedy

As already mentioned, none of the pereons ingluded m the matenal
had measurable tetanus antitoxin prior to the vacemnation (e < 40001
untt per mi), whilst all except three (sce p 2293 had immumly ag unst
diphthena

The means of the titers of diphthena antitoxin prior to first mycetiont
were abhe for teams I and H, heing approximatels 00§ umts per mt
wath group variation hetween ¢ 06 and 0 11 (Tables & and 6)

Team 1 After the first wycction, which was the same for groups A
+ Cand B + D, the tetanus antitoxm response of team I was lughest
m the gronps immumzed with the combined vaceme The differences
are lughly significant, also when caleulated for the groups separately
The probabihity that they may due to chance 18 less than 01 per cent
far group \ versus group B, group C versus group B or group D, and
between 0 1 and (5 per cent for group § versus group D

The means of the groups who recenved the sume vaccines do not differ
sigmficantly

The relatise number of persons responding with less than ¢ 001 umits
per ml to the first injection 1 hikewise significantly smafler afler mr
munzabion with D+ T vaceme than with T vacemne, winlst the fre-

quencies for groups recen Ing the same vaceme do not show differences
larger than mught be due to chance
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w15 Comb ned D phibrrin Trianys ¥ aceine andfor Tetanus taccine

TFAM L
o dng * One yeac atier20d 10y 2werkt atter Ind fnf
3riin} —————
YT T s D <00l ) ool
o v A Vn'm.m'\ Lml [ (log1t} t mlte
.
n 0038 063 2 D+T 83 037 o
1" (8] 082 30 T 98 055 0
U oY (344 17 T 95 65t )
1 0050 081 13 T 71 048 ]

ks because of an
and the gning of the second 1njection had o be postponed for two wee

Rheru(‘lhc l‘lcrt alter the second inject on were stgmilicantly hgher m these persnns
Rumhers of perons here heinr 75 32 63 and & £ ¢ groups 4 to D respectirelt

These results show that no inferference with the sesponse o the te
tanus tpvoud had peenrsed after the first injechion On the contrany
the combined vaceine showed a synergie effect

Two weeks after the second injection group A which received the
combied saccine only and group B which recerved tetapus vaccine
only responded equally well their mean fiters not differing sigm
Gieantly

Graup C which was gren combuned vacane for the farst wyection
and tetanus vaccine for the sccond and group D also given tetanus
vattine ond combnned vatane bul n tevense order hkewsse diffesed
«nfs msignificant!s i their mean titers

The same applies to group B as compated to groups C and D whereas
the two last groufs hoth had significantly hugher wean bters than
group \ P heing 01 per cent for A versus C and 3 for A versus D
Interfurcnee with the fetanus response thus seems to have oceurred in
group & althouph itis not demnnsirable when rompanng group A with
Rroup B

1t il be seen that out of the 346 persons i team I all but one—in
the group given only T vaceme~-now had more than 8 61 umts per mt

L veur later the mean titers as usually seen showed an approuimatels
tenfold deerease AL this time group B hnd a significantly smaller mean
Whan my of the other groups where the means show only chance vara
tions The interference observed in group A tno weeks afler the second
wyechion 18 na longer seen

The relative aumbers of persens whose titer had dropped below 0 01
units per ml which 1s ordinanly considered the protecine level sary
belween 13 and W ger cemt This patameter refleets the sme group
:J;Ilrn acex g the mean Gters group B having the highest percentage

Pesens wath o or poor [ retechion The duffx rence bebw cen groups B
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Tetanits Antilorin Response i Diphtherta Immune Adulls to lmmul::l
TEAM II
. \um 1 wecksafter st inj 2weehuale
iroup her stinf  |— | 2ndinj

Uml 1Ic§gl|)n ) l<“?‘|]0‘| Lml (l:gll‘ul

A 16 D+T 00037 129 386 D+T 024 [}

B 39 T 00029 147 19 T 017 093

C 18 D4+ T 0011 166 29 T 033 [kt)

D 45 T 000087 117 5% D+T 028 [}

and D 1 sigmficant, whereas the other groups do not differ more than
may be due to chance

The third and last injection prosoked strong production of telanus
antitoxin

Groups B, C and D recerved tefanuts vaceine for this mjection, whilst
group A was gnen the combined vaccine Neiwther mterference nor ssn-
ergic effeet occurred, the means of the four groups varymg from 71 for
group D to 98 for group B 336 of 346 persons immumzed now hd
more than 1 umit per ml, and the lowest mdivadual titer obsersed ws
0 28 units per ml

Team 11 The results for team I are presented m Table 4

As already mentioned, the vacemes used for this team differed from
those used for team I, in that tetanus tovoid II was of sigmbicanth
smaller anhigenic poteney than tetanus toxoid I, whilst the diphthern?
toxoids 1 and I1 hnd the same mbigeme potency 14 was considered that
a possible mterference might show more clearly when a tetanus yvaceme
of lower anhigenie potency was applied Howeter, 1t appeared that the
difference 1 antigenie potency between the two tet inus tovoids found
m the ammals was not observed in human hemgs and thus the hiss
for this part of the study did not matenahize

After the first injection the trend 1s the same as for team I, the means
for the groups which recenved tetanus vaceme being numerieally smatler
than those for the groups ginven combined vaceine The differences ob-
served are statistically significant only between groups A and D and
hetween gronps ¢ md D Howeser, shen the ealenlntion s carried out
on A + Chersus B + D the dfference hecomes highly sigmficant, r
bemg hetween 0 1 and 1 per cent The same applies to the relative num-
bers of pereons respending with less than 0 001 units per ml

No sigmficant differences can be shown between simlarly treated
groups cither as regards the means or the percentiges of persons whe

responded poorly

After two mmjechions, groups A and B had the numencaily fowest
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h Combined Diphtherig-Telanus Vaccine andlor Telanus }accine

TEAM I

inf One year after 2nd iny J ' 2 weeks atter 3rd inj
D —— Oy e
R o | g 1N SR T

0 0033 ou 3 D+T 125 047 o

10 0059 095 23 T 102 050 0

3 0076 102 16 T 1o 043 0

o 0056 082 22 T 107 046 e

means and group C the highest, as was also the case for team [ For
team 11, howcver, the differences obseryved are not sigmficant In group
B 10 per cent and 1n group C 3 per cent had titers below 0 01 units per
mt All (5 persons) had produced antitexin, having more than 0001
unils per ml

A scar later the usual drop 1n the mean fiters was seen No significant
differences could be shown between the groups

As regards persons with titers below the protectine level, groups B
and D had sigmificantly higher percentages than group A, whilst the
other groups did not differ significantly

Two weeks after the third mjection all mean titers had mncreased to
more than 10 unids per ml No significant difference can be shown be-
tween the groups 156 out of the 158 persons had titers higher than
one umt per ml The lowest ndinidual titer ohserved was 06 umis
per mt

Varabdily wn response The decreasing variabihity of the ndividual
fespanses generally abserved durning the course of an immunszation 1s
also apparent in the present material From Tables 3 and 4 1t 1s evident
hat the standard deviations are hughest after the first injection, show
4 considerable decreasc after the second njection, mcerease somew hat
during the followsng year, and finally reach their minamum 1alue after
the third injection There are no significant differences hetwcen the
standard destation wittun the four Broups, except as regards {eam 1t
after the second injection, where group A, for unhnown reasons, has a
sSipmficantly smaller stindard deviation than any of the other three
Broups

Duphtheria antitoxin response The response o the diphtheria com-
ponent i the combined vaceine 1s presented 1n Tables 5 and 6

N mentioned earher, some sera contained neutralizing antitoxin
which did not haemaggl , and some 1

hinds of antitosin molecules For
haem.

a mirxture of both
" the sake of comparison, only the
4RRlulination Uters have been used for calculating the means guven
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Tetanus Antilorn Response in Diphtheria Immaune Adulls to lmmun’xl::':
TFAM I
B “um 3 weehs alter 15t inj weekss
iroup her 1stinj —— 1 2ndinj

Lmt | (I:xll)n ) '<ngl(:ﬂ.| Ll ui;ln’n

A 36 D+T 00037 129 36 D+T 024 032

B 39 T 00029 147 19 T 017 09

18 D+T 0011 166 29 T 033 on

1 1 000087 117 53 D+T 0328 a8

and D 1s sigmficant, whereas the other groups do not differ more than
may be due to chance

The third and last mjection provoked strong production of tetanus
antitoxin

Groups B, C and D recenved tetanns vaceme for thus injection, whilt
group A was given the combined vaceme Neither mterference nor ssn
ergic effect occurred, the means of the four groups varying from 71 for
group D to 98 for group B 336 of 846 pereons immumzed naw hd
more than 1 unit per ml, and the lowest indidual titer observed was
0 28 umts per ml

Team I The results for team I are presented 1 Table 4

As already mentioned, the vacemnes used for this team diffcred from
those used for team I, in that tetanus toxoid IT was of sigmificantlh
smaller antigenic poteney than tetanus toxord I, whilst the diphtherit
toxoids I and II had the same antigenic potency It was considered that
a possible interference might show more clearly when a tetanus vacemne
of lower antigenic potency was applied However, it appeared that the
difference 1 antigemic potency between the two tetinus toxouds found
m the anmmals was not observed 1n human bemgs and thus the bwsis
for this part of the studv did not matenalize

After the first mjection the trend 1s the same 1 for team I, the mewms
for the groups which recerved tetanus vaccine bemng numerteally smaller
than those for the groups gnen combined vaceine The differences oh-
served are statistically sigmificint only between groups A and D and
between groups € and D However, when the ealculation 1s carried out
on A + Chersus B + D the difference hecomes ighly sigmificant, P
being between 01 and 1 per cent The same apphes to the rclafive nust
hers of persons responding with less than 0 001 units per ml

No sigmficant differences can be shown between sunilrly treated
groups cither as regards the means or the percentages of persons who

responded poorly
After two njections, groups A and B had the numencally lowest
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h Combined Diphtherin Tetanus Vaccine attdjor Telanus }accine

TEAM T
1] oite vear atter 20d st { 2 weeks atter 3 inj
e BUN——— L R i e i
s P
sepmt L mt l PATEN o [ tm Hog it} F<)
[} 0091 041 3 D+T 125 047 )
16 0659 095 23 T 102 050 0
3 076 102 1% T e e o
L) 0% 082 2 T w7 046 n

means and group C the Tughest, a5 was also the case for team 1 For
team I1, however, the differences pbserved are not sigmificant In group
B0 per cent and m group € 3 pef cent had titers hriow ¢ 81 wmts per
mt All (5 persons) had produced antitoxin, hasing more than @ 001
umts per ml

A year later the usual drop in the mean hiters nas seen No signmificant
differenices, conld be shown pelween the groups

1s regards persons with fiters below the proteciine Jevel, groups B
and D had sigmifteantly higher percentages than group A, whib the
other groups thd not differ sigmificantly

Two weeks after the third ingechion all mean titers had mercased to
more than 10 umts per ml No s;gnificant difference can he shown be-
tween the groups 156 out of the 158 persons had uters higher than
one amt per ml The lowest ndinidusl titer observed was 06 unis
per ml

Varnbihiy m response ‘The decTeasmg varabihity of the mdniduoal
Tesponises gienerally obsersed dunng the course of an rmmunization s
also apparent in the present matenial From Tables 3 and 4 1115 evident
that the standard deviations are fughest after the first mjection, show
a considerable decrease after the second mjection, tnerease samewhat
during the following year, and figally reach their mimnnum salue after
%ie 1hrd imjection There are no significant differences betveen the
standard deviation withm the four groups, except as regards team 1L
after the second myection, where graup 4, for unhknown reasons, has a
signltcantly smalier standard geviation than any of the other three
groups

Diphthena anfitoxn response The response to the diphthesia com-
ponent in the combined saceine 15 presented sn Tables 5 and 6

Xshmcnt\ancd earhion, some ¢eva contamed nentralizing antitoxin
;:::1155 2;_(1;:;:‘:j:'nm:If;lcucl‘ﬁl;\e,FaQr:d‘:\ocmscn‘c\zngmed a mixture of both

comparison, only the

haemagglutination titers have heen used for caleulating the means gnen
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below These are somewhat lower than would have been the case had
the ntracutancous method been used throughout A proy 1sional caleu
fation indicates that the intracutancous method grnes mean v alues twice
as high as these found by the haemagglutination methed

A more detailed description of the duration of the diphtheria immuy
mty will be published separately In the present work attention will be
drawn only to a few pomts of imjortinec for the problcms under
discussion here

There was not enough serum 1 all cases to carry out assessment of
hoth diphtheria and tetanus antitoxin The number of persons therefore
vartes shghtly and 1s given in brackets after the corresponding mean
hiter The smaller number of persons in grours A and D team I two
weeks after the second 1njection 1s duc to delayed blood samphing from
one of the categones at that time {see p 230 31y

The figures show that all groups given D+ T raccine responded
equally well to the diphthena antien the differences of the means
being no gger than expected from chance wanations Secondars
dip htheria antitoxin production 1s thus sndependent of whether 2 stmul
tancous production of tetanus antitoxin 1y of primary or secondary
nature

In 1923 Sfavushy (11) reported that injection of tetanus toxeid inte
rabbits previously immunized agamnst diphthena and tetanus resulted
m the appearance of both diphtherts antifoxin and letanus antitoxin 1
the serum The B groups in the present investigation show clearls that
anon specific anamnestie diphtheriy intitoxin response does not occur
10 human beings

Reactions to the tnjections There were very few untoward reactions
as the result of the mjections Twenty cight persons or 39 per cent of
the total material 124 persons) reported somic local reaction consisting
of 1 hittle swelling redness and soreness at the site of wnjection These
reactions which were of no real importance were reported hoth after
the D + T vaceine and after the T vaceine and hoth after the first and
after the fatlowng wmyectans

Four persons (05 per cent) had a general reaction Two of these
were very slight the persons only feeling unfit for ahout one day with
out fever or any other well defined symptoms Onc of these reactions
aceurred after the T vaccine and one after the combined vaceine The
two other general reactions which hoth oceurred n persons gnenD 4+ T
IR ST YT pronouncelt with Tever up to 40° C one of the
persons had to stay in bed for seven davs and the other for two davs

DISCLSS10N

After the first injection of group A nd € (N T accine) in the
toxoid during
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The ratio of produccd circulating diphtheriy antidoxin o that of
tctanus anGifoxin when measured after four weeks 15 rather remark
able A calculation on the assumphion that the two antitoxin molecules
have a molecular weight of approximately the sime order shows that
about 2000 tunes as much diphtheria antitoxin as tetanus antilotin w7
produced after the first injection That this s possble without inter
ference with the tetanus response indicates that the two antitoxns are
produced by mechanisms which work completely mdependntly Barr
& Llewellyn-Jones (1) made a simular obscryation in guimea pigs gnen
one myeetion, whereas Ghien «f al (4} report mtoeference m children
also after the first snjection In both these cases, however, the control
groups did not, as 1 our investigation, consist of ymmune indnduals
mnjeeted only wath one anbigen new to the orgamsm bhut of non-tmmune
indnrduals inyected with the combined antigens

At the time of the sccond njection, the tetanus antitoxin produaing
mechanism had been activated, this 1s elearly domonstrated by a 70400
fold smercase m areulating tetanus antitoan n the following twe
weeks Thus the antitodin production in function 1 the 1) groups after
this mnjcetion 1y a sunultancous sceondary response to two diffcrent
antigens By comparing the tctanus response in these groups to thatm
the groups which reeanved ondy T vaceme for the second injcetion and
the diphtheria response to that m the A groups after the fiest injection,
it can be scen that sunultancous sceondary response to two antigens
has taken place without mterference, as was also the case with simul-
tancous primary and sceondary responses In the A group of am I,
however, ntcrference 15 demonstr ible when the means of tetanus antt
toxin m thas group are compared with those m group € and D, but not
when compared with group B ‘The A group n team 11 shows the sme
trend but here without sigmificant mamfestition 1lus interfcrence 1
not casy to understind, as Little or no production of diphtherty anft
toxin had taken placc in the A groups after the sceond injection

Al the tume of this injection group A diffcred from group I s hang
a high concentrition of circulating diphtheria antitoxin prior to the
mjeetion, and from group Cin having han given both diphthernt wd
tetanus toxod

Che C groups show that the mterfercnec m the A group cannot bt
explamned either through a possible exhaustion of the antihody pro-
ducing system cansed by its recent secondary setnaty or by a prolongcd
secondary Tsponse, s suggestcd by Barr & Licwddlyn-Jones (2)

lntcrfn}cncc h» been obsersed by one of the writers (Schetbel, un-
publishcd) 0 guinea pigs under sumilar expenmental conditions  1ht
miterial consisted of thrce groups of guiner pigs ymmumzed four
weeks previousiy with varying doses of diphthernn vcane and con-
scquently contawung varving conecntrations of ctreulating diphithe "“3
antitowin at the ime of the experiment The control grotips wore non

immune anumals Al wmmunizations were ¢irncd out with AI(OH)s-
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adsorhed D + T vaceme The only group where interference occurred
after the first njection was that with the lnghest pre exashing conten
tration of circulating diphtheria antitoun (1pprox 1 unit per ml) In
the two other groups with 006 and < 0 601 umits per ml of pre existing
dij hthena antitoxin no interference occurred After tsso mnjections m
terference could also be shown n the group with 006 nmits per ml of
diphtheria antitoxin prior to the first injection This proup had a mean
of about 8 umts per mi when given the second injection In the third
group with about 0 1 units er ml of diphtheria antitosin prior ta the
second mnjection no interference could he demonstrated

Lhen ef al from their study n chuldren (4) conclude that the degree
of interference ntensifies with 1ncreasing pre exising tiphtheria im
munity and state that a diphtheria antitoxan level of 001 u mi repre
sents that degree of immunity over and under which the intensity of
nterference differs significantly  Although the lesel found by those
authors 15 much lower than that at which interference occurred 1n the
present studies 1 human adults and i gwines pigs their observation
conforms with ours 1n principle and there scems to be a connection
between the degree of pre existing immunity and the mterference pheno
menon  Attempis to inmvestigate s possible corrdlation further were
made by plotting the individual titers of tetanus antitoxin after the
{irst and steond injection against the corresponding titers of pre-exist
g dif htheria antitoxin for each group However this did not give any
real addstional information

At a certain coneentration of circulating antitoxin re snjection of the
corresponding, antigen will lead to the formation of antigen antibody
complexes The present results indicate that these complexes or per
haps the antigen antibody reaction as such plas 1 role since the mler
ference cannot be explamed either by simultancous production of two
thiferent aninoxins or by reeent hugh activity of the antibods producing,
system In this connection attention should be drawn to a recent work
by Hayashi ef al (6} and Tohuda et al (13) which shows that applica
tion of the corresponding antigen to cultures of Iiving sensitized mono

eytes causes rapid release of a protease with pH optimum 7 4 into the
extricellular (chamher ©

the release of
mnhibitor agamnst this 15 at work n
human bemngs this ma

o v L rierence
The hypothesis given above 1s contradreted by the fact that group A
responds just as well as group B It 15 a possibility that the synergic

effect of the comhined vaceine which hecame clearly evident after the
first injection has obscured an mterference phenomenon

The interference obsersed after the second imjection could not be
demonstrated 1n conneetion with the third mjection The level of diph
il\cr\a‘anhl‘o‘m n group A prior to this mjection was about one upml
T ) e nes less than prior 1o the second njection Contra
pened after the second mpection the A group pro



238

duced diphtheria antitoxin on the thirg mjection, although the mean
titers did not reach the same value as after the first booster dose The
fact that interference could not be shown on this occaston agan seems
to contradiet the suggestion that antigen-antitonin complexes or their
formation may be the interfermg principle but quantitatse differences
may be responsible for this

The results of the present study do not conform very well with those
of Barr ¢t al in gumea pigs (2,3) or of Chen el al n children (4,5)
Howcver, the experimental conditions have differed a great deal

The vaccines employed have varied somewhat, both 1n their absolute
and relative concentrations of flocculation units Lach of information
renders comparison of their antigense potency 1mpossible

The degree of pre-cnisting immunity and the tune interial from its
establishment also differed

The dufferences as regards the control yroups have already been men
tioned However, in the experiment described by Barr & Llewellyn-Jones
n 1953 (2) there are groups of amimals corresponding 1n principle to
all four groups in the present stundy Those authors measured only the
response to the second injection, and contrary to the present findings
they observed a weaher response to the tetanus toxoid mn the groups
corresponding to our A and C groups than 1n the groups corresponding
to our B and D groups No satisfactors ¢xplanation for the diserepancies
can so far be offered

1t would seem, howeser, that if mterference had been a fundamental
factor 1n stmultancous immunization of human beings, 1t should have
isclosed stself clearly n our mvesfigations

CONCLUSION

From a practical point of view, the transient interference obsersed 1t
the present study 1s of no consequence The infercnce to be drawnis that
m adults with pre-existing diphtheria immumty, tetanus immunization
may safely be carred out at the same time as re-mforcement of the
diphtheria immuntity by usmg a combined D + T vaceme, at feast 1f
this 1s sumilar m composttion and antigenie potency to the one used n
the present study It does not matter whether the combined vaccine
administercd as the first or «econd 1mjection  Routine yaccmnation
aganst diphtherin and tetanus mav also be carried out safely with such
a vacemne, regardless of the state of diphtheria immunity of the ndi-
viduals 1n the pepulation

STUMMARY

346 adults immumzcd agamst diphtheria in culdhood and still mm-

jnune 1o diphtheria were mmmunized agast tetanus m four different

waysrby
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(4) Three injections of combined diphtherit tetanus vaccine

{B) Three injections of tetamus vacene

(C) Onenjection of combned vaceine and two of tetanus vaceine

(D) One mjection of tetanus vaceine one of combined vaceine and
one of tetanus vacemne

After the first injection no interference with the tetanus response but
a ssnergie effect from the combined vaceine had occurred After the
second 1njection some terfercnee was demonstrable m group 3 as
compared with groups C and D but not as compared with group B,
These three latter groups (hd not differ sigmiscantly n their response
to the tetanus toxowd The possible reasons for this are discussed After
{he third mjection nesther interfirence nor synergic effect were sen

Another smmilar group of 158 adulls was immunized i the same way,
but with a tetanus toxoid of significantly lower anbigenie potency when
tested 1n the Jaboratory The inierference seen 1n group A in the first
team did not appear to anv significant extent m the second team,
although the trend was the same

Under the conditions of this study, the interference obsersed has no
practical consequences
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Methods for demonstrating RAS factor usc three essentially different
technique One of these techmques 15 based on the agglutination of
homologous sensitized ammat red blood cells, manly sheep hlood cells
(W aaler 22, Rose, Regan, Pearce & Lipman 17) Rh+ hlood cells sen-
sitized With anh D serum ean also be made to agglutinate provded no
inhibitory serum factor of type Gm a+ 15 present (Grubb 11) The
other and possibly essentially different technique 15 that waing aggin-
tination of non brological particles in a sensitizing environment of
gamma globulin Such particles are polystyrene latex (Singer & Plotz
21), which are most widely used, collodion partieles (Zavazal 27), ben
tonite particles (Bloch & Bumim 1), acryl (polymethy] metaacryl plast
particles) (W inblad 28), and mastix (Pif 17) A third method 1s that
based on experience that gamma glebulin, aggregated when heated at
63° € for 30 munutes (Christion 1) reaets with the RAS factor with
sedimentation of precipitin (Epstein, Engleman & Ross 6, Vaughan 217,
Vufler 16 Winblad 29}

In the agglutmation reaction using plastic particles the presence of
gamma globubin as sensiizing (reactant) was helieved to he neces
sary This is probably the reason why such reactions were called fixa-
tion tests Bovine gamma globulin ean replace human gamma globulim
in this reaction (Burby & Behr 3) as well as other animal gamma globu
lins provided that they are made poor n albumin (Rhewns, McCoy,
Buehler & Burrell 18) The patient’s serum has 1ts own mherent gamma
globulin and the action of the gamma globulin was regarded as the
ese of the agglutimation of plastic particles even «f no sensitizing

extra gamma globulin was added {Stnger & Plotz 24 Rheins, ¥
Wall 19 Winblad 30) » Veboy &

! Supported by grants from Alfred Hsterlund:
s Stiftelse
Vhave to thank \rs Britt Beronwus for techmeal :uulan&'(‘

.



240

11 Stavitshy A B Ihe influence of adrenal cortical extract on antibody forma
tion including the nonspceihic anamngstic reaction in the rabht J Infect
Dis 92 130 1953

12 Stavitshy A B Micromethods for the study of proteins and antibodles | Pro
cedure and general appheations of homagglutination and hemagghiting
tion jnhibition reactions with tannic acid and preten treated red blood
cls J Immunol 72 360 1954

14 Tokude A Hayasht I & Matsuba A  Biochcmical study of cellular antigen
antibody reaction in tissnc eulture B Helease of o protease fnhibitor
J Txper Med 112 249 1960



INSTITUTE OF CLINICAL BAGTERIOLOGY, UNIVERSITY OF LUND SWHDEN
HEAD STEN WINBLAD M.D, GFNFRAI HOSPITAL, MALMY

STUDIES IN LABORATORY ESTIMATION OF
RHEUMATOID ARTHRITIS SERUM FACTOR

1 The Role of Gamma Globulin and Albumun for the
Acryl Partictes Tes! for RAS Factor?

By
STEN WINBLAD
Recerved 2161

Methods for demonstrating RAS factor usc three essentially different
{echmigue One of these technigues i based on the agglutination af
homologous sensitized ammal red blood cells, mainly sheep blood cells
\Waaler 22, Rose, Regan, Pearce & Lipman 17) Rh+ blood cells sen-
sihized with anti-D serum can also be made to agglutnate provided no
mlubitory serum factor of type Gm a+ 15 present (Grubb 1) The
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) et s SeLum has its own inherent gamma
;,\ohulmr and the action of the gamma globulin was regarded as the
cause of the agglutination of plastic particles even if na seasitizing
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Another technical factor important for the agglutination reiction
with plastic particles 15 the reaction tumperature and the prozone
phenomenon scen an association with the use of non-mactisatcd rheum
atic serum Such prozoncs have heen mtcrpreted as a manifestition of
mhubitors of thermolabile type (Sclutbart 21, 22, Brine, Wedgewood &
Clark 2)

In the discussion of the nature of the RAS factor 1t must he of im
portance to distingussh the different serum fractions mn the reactint,
wihich are geaerally believed to be gamma globuln, as well as m th
reactor, 1e that macroglobubin in rhcumatie serum, which has been
called the RAS factor This 15 hikewise of importance i the anlysis of
the nature of different nlubitors Non-hiologieal particles of Iatex type
or acryl can therefore he regirded as particularly sustable for such
studles

On closer study of the agglutination of acryl particles i rheumatie
serum 1t was obsersed that when these particles were suspended n
physwolegieal sahne or horale buffer, the suspension was labie wn thal
it agglutinated spontancousty when incubated at 56° € for 18 hours
This paper 15 concerned with an mvestigation of the «ffeet of different
serum fractions and diffcrent sera on acry! suspensions That albumn
plays an important role m the stability of the suspension was scem
primary Previously Rhetn, McCoy, Buehler & Burrcl (18) and Rhen
Vctoy & Wall (19) stressed that albumin can dimnish the cffect of the
gamma globulin as an ‘antigen” i the reaction with the RAS factor

MITHODS

terl powder (polymethyl metacry]) with a partilc size of 05 # was supplicd v
AB Bofors 1 g was suspended m 10 m) of distilled water and shal en sth glasy
beads and allowed to stand 20 minutes at room temperature for scdimentation 0%
ml of the supernatant was pipettcd off and mixed with 09 ml borate buffer The
suspension obtained 15 of suitable even density and was used 15 stock solution ot
a test 10 tubes were used with 01 ml of stock suspension of acryl + borate buffer
up to 10 ml

Borale buffer 50 ml of 01 M boric acid 59 ml of 61 M NaOH  distilled water
to 100 ml (pH adyustcd to 82) and 085 ml MaC1 for cach 100 ml

Gamma globulin Iraction I for therapeutic use from AB hab: Stockholm in 12
per cent dilution Pure gamma globulin from the same firm was diluted with borate
buffer

{tbunmun from AB habi Stockholm in 20 per cent dilution fir therapeutie wse

Scrum  Scrolcgically positne rhcumatord arthritis serum and normal serum
without demonstrablc RAS factor wire used after mactnnatr noat 56° ( for 30
minutes

Acrgl particle test
of 15 tubes and to these tubes was added an equal amount «f acryl sus
or without sensitizing gamma globulin albumin or scnsihizing scrum Sensitizing
serum and serum fracticn respectivels in the acrsl suspensicn were used the

ml to 01 ml acrs] suspension and b rate huffer to 10 ml {nlest
1 gamma globulin was present in o concentratien of 1.2 per cent and
<alution Ihe reaction 1s allwed to proceed for 18 hours in
d the rosults were read without centrifugation Agglutination
to be positive an cven suspension nepative

The serum was diluted twef 1d frem a dilution 110 0 the row
pension with

proportion 05
otherwise stated
albumin 1 5 per cent
a waterbath at 56° €
with sedimentation was saxd
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RISLLTS
Reaction Temperature of Acryl Particle Tes!

The results of the acryl test conducted with acryl particles sensitized
with gamma globulin against rheumatoxd arthntic serum ;\l' different
reaction temperatures for 18 hours are gien in Tablc‘l ,\u_:hstmcl
agglutination occurred at 4°, but this was distinct al 20° ¢, 37° C, and
56° € with the highest titer at 56° C as expected, at 70° C, at which
most of the proteins were denaturated, no agglutination oceurred It
was of interest to note that at 63° C, when the gamma globulin 1s 28-
gregated and the best result 1s shown In the precipitation test, the ag-
gluhinaton 1s strongly diminished

TABLF 1
4crpl Particles Agglutination Titres by Different Reaction Temperature

o T S - S
Rheuma arth serum 7 1280 2560 2560 160 0
Serum from healthy people o 0 0 [ 0 0

Fabile Acryl Particle Suspension in Presence of Different Sera and
Serum Fractions

In {he absence of serum and ot a temperature of 56° G the suspension
of acryl particles used for the test agglutinated after 2 hours and to an
equal extent after 18 hours Addition of such suspensian without sen-
siizing serum or serum fraction to a dilution series of different sera
or serum fractions gave the results summarized 1n Table 2 Spontaneous
agglutination in the labile system ceascd m the presence of albumin or
i normal serum The stabihzing function 15 effective 1 such a high
dilutson as 13000 but not i dilution /10,000 or hugher The stobiiung
function must be aseribed to the hnown effect of albumin as a protec-
fwe collord (cf effect of alby on hahn cholesterol )
\Hanger 13) The stalnlizing effect of normal serum must he ascribed
to the albumin which tolerates heating to 60° C and 63° C for 30
minutes and 15 thus thermostabile

Gamma globuhn used as fraction 11 for therapcutic use (Kabi)
showed no stabilizing effect, sinee tut

lon gccurred o wnh
¢apacity of spontaneous agglutination was revealed because of the ab
seence of a stabibzing back-ground But if thss gamma globulin 1s
heated at 60° C for 30 minutes a stal

bihzing function occurs
Uter of 1300 and after heating at 63° o e

C for 30 minutes, to 1/600 The
Ramma globulin has then heen conserted into partly aggregated (60° )
or completely aggregated form (63° C)y

The now demonstrable stabil-
zalion of the labile system can he ascrihed erther to the once

oceurrence \n
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the preparation of albumin as a contammant or to a property of the
gamma globulin which 1s mamfest only 1n aggregated gamma globulin
This latter possibility appears less likely The occurrence of contamin-
ating albummin 1t this gamma globuhin for therapeutic use 15 well known
by the manufacturers A gamma globulin poorer 1n albumin was also
tried (Table 2) and after heating showed a shightly smaller inhthiting
prozone The staht effect of the all 15, however, suppressed
by unheated gamma globulin 1n this more concentrated form, which
oceurs 1n the preparation of {raction I and therefore thas gnmma glo-
bultn should possess a cerlain tnherent capacily to agglultnale

The discovery of this, which 1s sensitive to heat, was thus made pos-
stble only hy the observation of the albumin effcet which hecomes ma
mfest 1n association with this heating process

Rheumatord arthritis serum (serologically actine) showed a strong
agglutination of the acryl system If the titer 15 high, the agglutination
w1l oceur even at extremely high dilutions, which 1s probably due fo
spontaneous agglutination as soon as the diluted RAS factor ceases to
be effective If the tter of the rheumatic serum 1s not quite so high,
there will first appear an agglutination zone (Tahle 2) followed by a

non-agglutmated zone with a stabilized system, which on further dilu-
tion 15 agamm falla o 15 cmat -t o

the first t
capacity ¢
tinated to
of the albumin which has a higher titer mn such serum (1/10,000) than
the RAS factor The agglutination n the Iast tubes may be regarded as
ipnnlml(‘ous agglulination of the labile system Rheumatic serum thus

the stabilizing effect

the RAS factor n the

the tter of the theu-

-he albumm need not

become manifest, rheumatic agglutination beng followed immediately

by spontaneous agglutination In the lahile system, then, albumtn 15 a

‘aluable stabiizing faclor for exact measurement of high fiters of
agglutination of rheumatic sera

Tike gamma globulin, if theumatic serum 15 heated at /2° £ fau 9n

less but the titer 15 only

thus differs from gamme

nbolish the agglut ettect of rheamat - that
serum 1t

rheumatic serum heated n this way can exe: sthovsble that

t its agglutinating effect
even in ! h
fon s he abscence of gamma globulin normally oceurring n the
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TABL
Aggiatination wn \ergl Particle System in Presence v

Suspenslon
Acry101 ml
Borat bulfert 9Kk ml
Pacl tube 10 ml

Added 10 « {oncentration
uspenlon PO Dilated serum fraction

= Albumin 1 pe

Gamma glob 12 pe

Alb 01 mlgos pe 00005 pe Gamma glob 12 pe
Alh 01 mlot pe 0001 pe Gamma gloh 12 pe
Alh 01 ml 07 pe 0003 pe Gamma glob 12 pe
Alb 01 ml oS pe 0005 pe Gamma glob 12 pe
Alh 01 ml 06 pe 0006 pe Gamma glob 12 pr
Alb 01 ml10 pe 001 pe Gammn glob 12 pe
\lb 01 ml 20 pe 002 pe Gamma glob 12 pe

+ agglubmati 0

Relation between Albumin and Gamma Globuln i Instable System
of Acryl Particles

1t 15 clear from the cxperiments deseribed above that albumin stabe
hzes the labile system of acry] particles, but nunute amounts of albu-
nmum oceurring, for example, in therapentic gamma globulin (Kaby) ean-
not stabihize the system m the presence of gamma globubin, but 1t can
do »o after a major part or all of the gamma globuhn has been aggre-
gated by heating al 60° 63° € for J0 minutes 'Fhis must unply that the
cffcet of a minute amount of albumin 15 suppressed by gammna globu-
ho In normal serum this gamma globuhn does not appear to he present
in a concentration high enough to suppress the stabthizing effect of the
albumin The quantitabive ratio hetween gamma globuln and alpumin
was studied 1n the acryl system n relatively different amounts, and
the results are given n Table 3 (It should be obsersed that the mnute
amounts of contammating albunnn i thcrapeutic gamma globulin
were gnored) The albumin showed a stabihzing effect on the acryl
system even 1 a dilution H 0015 per cent n the absence of gamma
globulin The concentration of albuimn necessary to counteract agglu-
fination of the system i the presence of 12 per cent gamma globubn
wolution was found to be hout 0 02 per cent On lowering of ths C“"!'
centration down fo 0 001 per cont agglutination oceurred, whic G

be asenbed lo the mherent agglulmating effcet of gamma globuhn
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The experiment also shows that the gamma globuhn per s¢ has an ag-
glutinating effect on the aeryl system, which remains concealed until
The creation of a stabilizing hackgrouna provided by the atbumin The
ratio hetween the quantities also esplamns why a normal amount of
gamma globuhn m serum 1 the presence of a normal amount of albu-
min m the same serum camnot he demonstrated 1n the form of a sepa-
rate agglutsnation

Adhesina of Seram Fractons to Surface of Acrgl Parficles
Since particles used for the fivation fest were suspende.
dduted serwmm fraction Ssamma glohuhn) 1t vas consid

d 10 nfer aha
ered of interesy

Hethod Serum {rheumatond arthentie serum and normal serum) 16 dilution 110
and gamama glabylin {therapeutic Kaba) and albumin (hab1) were maxged Sepa
7ately With & cusfension o€ 81 mf of apr] and 0.6 sl b n o b o 1 portions

. were then
particles
©Uas mamgy or thee

The results are gren n Table 4

The stabilizing effect of bure alby
-
mun and normal serym e eotdently retained on the surface on the por-
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ticles However, the gamma globulin eoited particles agglutimated In
order to ascertain whether tlus agglutination was spontancous or an
effect of persistent gamma globulin, an experiment was performed
(Table 5) 1 which gamma globulin coted and washed particles were
tested against heated therapeulic gamm globulin contaiming mmule
amounts of albumin It w1 found that the minute amount of bumn
otherwise capable of stibthizing the system of uncoated parheles, e
not do so 1l the particles are coated with gamma globulin, which sug
gests that the gamma globulin attached itself to the surface of the
patieles and thereby give them the power of agglutination which ean-
not be stabilized by a small imount of albumin Partly aggregated
gamma globulin (60° for 30 minutes) which had proved to lose its onn
power of agglutination, should therefore have a stalnlized system be-
cause the mmute amount of albumin attaches itsclf to the parhicles
This was, however, not manifest, but suggests that the small amount of
albumin had probably heen washed off Agglutination of the system
with particles coated with partly aggregated gamma globulin should
therefore be aseribed to a spontancous agglutination of the system

TABIT 4
Agglutination of Aeryl Particles after Sensttization Contrifugation and Washing

Agxlutination of acryl svstem

Scensitized serum or serum fraction EE—— -
Without ceninfugation After centnifuqation
or w whing and washing twicc

Albumin —
Normal serum —
Gamma globulin + +
Gamma globulin §0° 30 min +
Rhcumaserum +
Rheumaserum 60° 30 nun +
Rheumaseram 63° J0 nun — —
+ glutination — no apglutination

Rheumatic serum does not cause my agglutmation of the particles
after wshing, dospite the strong powcr of agglutin itton m the presenee
of theumatic serum The relalwely large Fhieumatic factor molecules
can thus not adhere to the parlicles w the same way as gamma glo
pulin and albumin This obsery itton 15 agreement with the findmg of
Cohe (5) regarding latex particlcs The stabihzig cffcct of the prrticle
suspenston 1s an effeet of the serum lbunun

Relation bctween Acryl Systam and an Intcrmediale I raclon
(Transferrin)
Since 1t 15 thus elear that the gamma globuln causes agglutinition
while the albunun causes 1 stabihization of the aersl system it v
considered of mterest also to study how an mtcrmediate fraction nught
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ticlcs However, the gamma globulin coated particles agglutinated In
order to ascertain whether this agglutination was spontancous or an
effcet of persistent gamma globulin, an experunent was performed
(Table 3) o which gamma globulin coated and washed particles were
tested aganst heated therapeutic gamma globulin contuning mmute
amounts of albumin It was found that the minute amount of albumin
otherwise capable of stabihzing the system of uncoated particles, can
not do so 1f the particles arc coated with gamma globulin, which sug
gests that the gamma globulin attached itself to the surface of the
particles and thereby give them the power of agglutmation which can
not be stabilized by a small amount of albumin Partly aggregated
gamima globulin (60° for 30 minutes) which had proved to lose ils own
power of agglutmmation, shounld therefore have a stabilized system he-
cause the minute amount of albumin attaches itself to the particles
This was, however, not manifest, but suggests that the small amount of
albumm had probably been washed off Agglutination of the system
with particles coated with partly aggregated gamma globulin should
therefore be aseribed to a spontaneous agglutination of the system

TABLY 4
Agelulinalion of Aeryl Particlis after Sensitization Centrifugation and Washing

\g.lutination of acrsl system

Scnsitized serum or serum fraction | ———————— — ——— ———
Without centrfu ation After centrifugation
or washing and washin, thce

|

Albumen

Normal scrum

Gamma globulin

Gamma globulin 66° 30 min
Rheumaserum
Rheumaserum 60° 30 min
Rheumaserum 63° 30 min

I ++ +
PLi++1

+ agglutination, - no agglutynation

Rheumatic scrum does not cause any agglutination of the purticles
after washing, despite the strong power of agglutimation in the presence
of rhcumatic serum The relatwely large rheumatic faclor molecules
can thus nof adhere to the parficles in the sume way as gamma glo
bulun and alburmn ‘This obsersation 15 agrcement with the finding of
Coke (5) regirding latex particles The stabilizing effect of the particle
suspension 1+ an cffeet of the serum ilbumin

Relalion between Acryl System and an Intermediate Iraction
(Transferrin)
Since 1t 15 thus clear that the gamma globulin eauses agglutination
while the albumin causes a stahilization of the acry! systan, it was

constdered of 1ntercst also to study how an intcrmediate fraction nught
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TALL

Agglutination of Acryl Parlicles by Rheumat

sensim! part *

Sensitizing serum or fractions | 1actors in | ' Facier Pitation
{reactant) reaclint | (rheumanc
serum) 2 ‘ 0 l 50 l 10 | [r.m
None None Rga o+t A -
Gammaglob (Kahi) Ga RgA +4 4+ F+ L 44
" 60° €30 min a RgA ++ 4+ ++ + + =
- sensinl part * G RgaA ++ +4 +4+ ++ ++ 4
s 60° C 30 mun Nane Rgd ERE N Sl N G
sensibil part *

Albumin (Kabr) A RgA ++ +4+ 4+ o+ 4+
Normal serum 3 RgA ++ +4+ ++ ) -
Rheumaserum RgA RgA +4+ 44+ 4+ ++ 4+ H
. 60° €30 mim RA HgA ++ 4+ A
sensibil part * [ ReA R e A S
. 60° C 30 min A Red R

* washed,

+ agglutinalinn

hehave i this respect and for this purpose transferrin (with ron) was
chosen that had been prepared 1 a form completely free (Kain) from
gamma globulin and from albumin It 1s clear from Table 2 that this
also stabilized the system and that its stabilizing «ffect 15 thermostabile
1t thus appears that substances other than the serum albumin help to
stabilize the plast particle system, which 1s lahile, cven though the
stability, for sunplicity, 1s ascribed helow mamnly to the albumn

Faclors of Stgnificance w the Agglutination of Acryl Paclicles

In the hight of the above observations it may be justified to dist-
inguish the following factors 1n the agglutination of acryl particles n

a working hypothests

Gamma globulin (fractionated, concentrated}

Gamma globuhin m serum

Albumn fractionatcd or 1n serum

Albumin 1n min contamnating amounts mn gammaglobuhn
Rheumatoid arthritis factor

G
g
A

a
R

In their relation to the acryl system 1t may be stated that

(1) The stabthizing (ffect of albumun (A) 1s greater than the agglu-

tinating effect of G
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rum with Different Sensifizing Sern or Fractions

D lutson Factors
. e
20 219 ,m[m:m(mm,mw st { Tuberno 15§ s10 { > 16
B . TR = a2 RsA (A none

{spont agglut )
+ 4t 4 4+ 4+ F+ HGgA2 (Gaa Ga
y - = = = = =~ Rgda (r)Aa a
L A e ReGA raG 11
R L R T I Rey AL2Y none
(spont. agglut )
- - - - = -~ Rgat (r)as A
- - T Rggad (r)gAA 4
F+ o+4+ 4+ 44+ 4 T4 RRggdd R(rigia Rga
R e T e 2 RRgAs R(r)AA RA
— - - - Rggad (r)gdA £A
- - — — ~— Rgad {r)ss A

0o agglatination

(2) The agglutinating effect of G exceeds the stabihizing effect of the

minute amount of albumsn (2}

(3) The agglutinating effect of the rheumatoid arthnitis factor (R)

exceeds the stamlizing effect of albumin (A)

In the description of different serum fractions the following abhre-
siabions can be used and the following effects may be assumed

Gamma globulin (therapeutic hah)

Ga
Healed 80 63° a
Sensitized parhicles, washed G
Sensihzing particles with heated gammaglobulin
washed no factor
Albumin (haby A
Normal serum gA
Normal serum heated at 60 §3° A
Serologically positive theumatine serum Red
heated 60° C 30 m Ri
— heated 63° C 30 m A

sensttized particles with theumatic serum, washed BA
sensttized particles with heated rheumatie serum
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Behavour of Sensitized Acryl Particles tn Rhcumatod Arthrlis Serum

The Latex fixation test, like the acryl fixation test used by us pre-
viously, ts based on the assumption that the particles are sensitized by
gamma globuhn reacting i the form of agglutination m rhoumahe
scrum One theory 1y that the gamma globulin reacts with the rheuma
toid arthritis factor (fixation?) and that clumping of the particls 15 a
result of this contact just as the preaipstation 15 an expression of contact
between the aggregated gamma globulin and the rheumatord arthritin
factor and the formation of a loose complex m gel form 1If, however,
varous sensthzing substances be analysed above such as those de-
scribed and the agglutmation he studied, the problem ¢n be clucidated
from further interesting angles The sensitizing factor m 1) be regarded
as a reactant “antigen” m the particle suspension or 1f the particles
have been cantrmifuged off and washed, as a sensiizing factor coating
the surface of the particles and reacting in the dilutcd serum studied
which acts as a reactor Varitation of different sensitizing scrum or
frachons as reactanis agamnst rheumatic serum an the dilubon will
guve results shown in Table 6 In the experiments grven n that tible
agglutination of the RAS factor occurrcd m the low(st dilutrons n all
forms of sensitization s well as in the ahsence of sensitizing reactint
When the reactant contames RAS factor or gamma factor (G) and the
latter wasn’t mixed with albumin (A), the agglutination was shown n
all tubes If the factors had been complctely destroyed m the reactant
as m sensthization with hcated gamma globulin and washing with dis
appearance of even the nunute amounts of albumm, the result would
be teh same But if the reactant contam albumin in not too small
amounts, the tubes in the other hilf of the dilution series will be st
ilized and free from agglutination The mtermediate tubes m the
diluhion series show much of mterest A certun balance was observed
bctween RAS factor desentbed by dilution and the albunun present m
the system Large amounts of albumim suppressed the small amounts of
rheumatowd arthrtis factor The RAS fictor combined with gamma glo
bulin could causc agglutination despite relatnvely large amounts of
albumn present m the system Otherwise the presumed balance be-
tween the different factors deseribed above was clearly mantfest i all
of the combinations of duiufions The experiments also showed that the
rhenmatic arthriis factor can agqlutinale evcn i the absence of un-
heated gamma globultn This 15 apparcnt from «xperniment when rhau-
matic serum heated 1t 60° acts both as a reactint and a reietor

Acryl Parlicle Agglulination n Prosence of Altbunmuin

It 1s apprent from the obscryations set forth ahove that the acrsl
system must he stabibized to prevent spontancous gglutimabion espeer-
Ay beeause of the fact that some rheumtic sera can give such strong
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Behavionr of Sensilized Acryl Particles in Rheumatowd Arlhrihis Serum

The Latex fixation test, like the acryl fixation test used by us pre
viously, 1s based on the assumption that the particles are sensitized by
gamma globuhin reacting in the form of agglutination n rheumatic
serum One theory 15 that the gamma globulin rcacts with the rheuma
toid arthnitis factor (fixation!) and that clumpmg of the particles 15 a
result of this contact just as the precipitation 15 an expresston of contact
between the aggregated gamma globulin and the rheumatoid arthrtis
factor and the formation of a loose complex n gel form If, howeser,
rarious sensitizing substances be analysed ahove such as those de-
seribed and the agglutination be studied, the problem can be elucidated
from further interesting angles The sensiizing factor may be regarded
as a reactant “antigen” 1n the particle suspension or 1f the particles
have been centrifuged off and washed, as a sensitizing factor coating
the surface of the particles and reacting in the diluted serum studied,
which acts as a reacter Vanation of different sensitizing serum or
fractions as reactants against rheumatic serum m the didution will
give results shown 1n Table 6 In the experiments given in that tible
agglutmation of the RAS factor occurred in the lowest dilutions n all
forms of sensitization as well as in the absence of sensitizing reactnt
When the reactant containes RAS factor or gamma factor (G) and the
latter wasn’t mixed wath albumin (A), the agglutination was shown it
all tubes If the factors had been completely destroyed in the reactant,
as 1n sensitization with heated gamma globulin and washing with dis-
appearance of even the mmute amounts of albumin, the result would
be tch same But 1f the reactant contamn albumin 1n not foo small
amounts, the tubes in the other half of the dilution series will be sta-
biized and free from agglutination The intermediate tubes n the
dilution series show much of intercst A certamn balance was observed
between RAS factor deseribed by dilution and the albunun present m
the system Large amounts of albumin suppressed the small amounts of
rheumataid arthritis factor The RAS factor combincd with gamma glo
bulin could cause agglutmation despite relatively large amounts of
albumin present 1 the system Otherwise the presumed balance be
tween the different factors described abovc was clearly manifest tn all
of the combinations of dilulions The experiments also showed that the
rheumalic arthrilis factor can agglutinate even tn the absence of un
heated gamma globulin Thus 15 apparent from ¢xpcriment when rheu-
matic serum heated at 60° acts both as a reactant and 1 reactor

Acryl Particle Agglutination tn Presence of Albunun

It 1s apparent from the obscrvations set forth above thit the acryl
n must be stabilized to prevent spontancous agglntination especi-

syster -
fact that some rheumatic sera can give such strong

ally because of the
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agglutination of acry! particles sensitized with gamma globulin that
the RAS factor wn dilution series 1s followed directly by spontancous
agglutiation of the system The amount of albumin must be adjusted
according fo the gamma globulin 1n the acryl suspension, so that the
albumin affect 1s not too low and the stabihzing effect therchy sup-
pressed Table 7 gives a comparison hetween different concentrations
of gamma globulin angd all i the aery! pension 1n a test of a
scrologically strongly active theumatord arthrifis serum It 1s obvious
from the table that the concentration of the albumin in the suspension
should be more than 005 per cent and the amount of globulin should
not be more than 2¥, times as large

A switable add to the acryl it (0 1 mm acryl suspension
+ borate buffer 1o a firal volume of 10 m1) 1s 05 mI of 12 per cent
gamma globulin and 0 5 ml of 5 per cent albunun Table 8 shows how
rheumatic serum by such addition of gamma globulin 1n sufficient
amount of albumin can he measured in biter values which are much
higher than what can be reached f the rheumatic serum s hitrated
in an acryl suspension with albumm alone and with the gamma glohu-
hn inherent 1n the serum That the presence of the cxtra gamma globu-
Iin 1s the cause of the fugher titers 15 apparent from the reduction of
the titer on heating of the added gamma globulin as well as heating of
the gamma globulin 1n the rheumatic serum The concentrations of
gamma globuhn recommended above and of the albu;
adsantageous 1 practice partly because the amonnt:
fractions added can be hept constant and partly bee;
tinating effects i rheumatic scrum ean achieve a measurable value

As mentioned previously, Table 8 shows that the gamma globulin
appears if anything to give an addutive effect rather than to be a mam
festation of a necessary firation befween self and the rtheumatic factor

mn, have proved
s of these serum
ause weak agglu-

DISCLSSToN
The present mvestigation elueidated

d the necessity of st:
the plast particle aggtutination and st Y of stabilization of

ressed the role of albumin as a sta

hetn et al (18, 19) also emphasized
1 the gamma globulin and albumin
fore be of 1m portance that these two
nstantly of the same conesntraf an

can influence the result It must there
substanecs are well balanced and con

e ol Jiast par.
1102 10 the hight of the abservations by

heumatie factor 1s large (19§ of 228)
mma globulin (7 S) Towpalute & 7:f5

ticles 1B1s 15 [TRAPS not syepry
Franhhin et al (7 8) that the
comj aried with that of the ga
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agglutination of acryl parficles sensitized with gamma globulin that
the RAS factor in dilutton series 1s followed directly by spontaneous
agglutination of the system The amount of atbumin must be adjusted
according to the gamma globuln 1n the acryl suspension so that the
albumm affect 1s not too low and the stabilizing effect thereby sup
pressed Table 7 gues a comparison hetween different concentrations
of gamma globulin and albumun 1n the acryl suspension i a test of a
serologically strongly active rheumatord arthritis serum It 1s obvious
from the table that the concentration of the albumin 1 the suspension
should be more than 0 0o per cent and the amount of globulin should
not be more than 2V times as large

A suitable addition to the acry! suspenston (0 1 mm acry! suspension
+ borate buffer to a final volume of 10 m!} 55 0 5 ml of 12 per cent
gamma globulin and 0 5 ml of 5 per cent alburmin Table 8 shows how
rheumnatic serum by such addition of gamma globulin n sufficient
amount of alburmn can be measured n biter values which are much
higher than what can be reached 1f the rheumatic serum 1s titrated
m an acryl suspension with albumin alone and with the gamma globu
lin wnherent in the serum That the presence of the extra gamma globu
lin 15 the cause of the higher titers 1s apparent from the reduction of
the titer on heating of the added gamma globulin as well as heating of
the gamma globulin 1n the rheumatic serum The concentrations of
gamma globuhn recommended above and of the albumin have proved
advantageous 1n practice partly because the amounts of these scrum
fractrons added can be kept constant and partly because weak agglu
hinating tffects m rheumatic serum can achieve a measurable value

As mentioned previously Table 8 shows that the gamma globulin
appears if anything to give an addilive effect rather than to be a mam
festalion of a necessary frzation between self and the rheumatic factor

DISCUSSION

The present investigation elucidated the necessity of stabilization of
the plast particle agglutination and stressed the role of albumin as a sta
hilizing factor (protective colloid) Rhetn et al (18 19) also emphasized
the role a shift in the bdance between the gamma globulin and albumin
can mfluence the result It must therefore be of importance that these two
substances are well balanced and constantlsy of the same coneentratio
already 1 the particte SUSTNONS The thermolabilits 1n n fract anntes

N L vesuiprising in the hight of the obsenI;IrSt p-’;)r
. 10!

Franklin et al (7 B) that the rheumatic factor 15 large (19S or :; S:;
comparid with that of the gamma globulin (7 %) I ospaluto L‘Zu‘f
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the agglutination effect of the gamma globulin had been aholished by
heating the gamma globulin
Bs means of a sutable balance between the albumn and gamma
globuhin 1n the suspension of plast particles the agglutination reaction
can he modified <o that the titer of serologieally active serum can be
measured 11 higher values A prachcal apphcation of this reaction 1o
described
Judging from the myvestigations the inherent agglutinating capacity
of rheumatic sera probably does not require the presence of gamma
globtlin glthough the presence of the latter mncreases the strength of
{he reaction considerably 1t 15 open to discussian whether the term
fixation test s theoretically eorrect The possibility of an additive

agglutinating function of rheumatic serum and gamma globulin seems
Iikely

o
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(14), who purtfied different constituents of fraction IT of a rheumabic
serum, found that haemagglutination 1y linked only lo one of these
fractions and therefore suggested the possibility that the different sero
logieal manifestations of the rheumatic factor might be due to different
parts of a complex system which, however, are umform n the sedunen
tation constant

The purpose of the prosent mveshigation with an albutiin-stabilized
acryl system was to distingussh the influences of the different serum
fractions on the system and thereby hypothetically to distinguish fac
tors of significance 1n agglutimation It appears that the rheumibe
factor can cause agglutination even 1n the absence of unhcated gamma
globulin The name fixation test may appear iadequate and can perhaps
be replaced by “addition icst” The function of the rheumabie factor
would then be concenved as an agglutination actiyating factor or perhips
an entirely independent agglutinating factor

These expersments were carried out with acryl particles It was not
possible for us to supplement them with qumilar (xperiments with
Latex particles It nught be assumed that relatively sunlar laws hold
for other plast particles as for aeryl particles

SUMMARY

After 1 day’s incubition at 56° C acry plast particls n borate buffer
showed spontancous agglutination Tlus can be stabilized wath albunin
or transferrin as well as with normal serum 1n which the albumn 1§
probably the most actine component [rictionatcd gamma globulin
and scrum from patients with serologically active rheumatord arthnbis
agglutinates the partieles, which 15 distinet i a suspension stabilized
with albumin The inherent capicily of agglutination of the gamm
globulins, however, becomes manifest only n the presence of mnute
amounts of albumin nd 15 suppressed by larger amounts of albumn
The agglutination capacity of rhcumatic scrum and gunma globuim
are thermolabil and nactnated by heating at 63° C for 30 mmults
After 30 minutes at 60° C the agglutinating effcet of the g unma globu-
hn (Fraction II kabi) 15 mnactinated, while the effect of rheumatic
serum 1s only shghtly reduced The agglutination of rhenmatie serui
15 largdly independent of the amount of albumin

The rhcumatie factor has no tendeney to dherc to the surfice of
aceryl particles and disappears after centrifugation ind wasiung of the
particles If the imount of albumin 1s not loo smll, 1t will adhere to
the surface of the wri particles and have a stallizing effeet on tht
suspension Gamma globuhin, wWenbificd by ats agglutin ing offeet, ad-
heres to the surface of the partieles

The cffeet of albumin, gamma globulin and rheumatowd arthobis
as studied n such an acryl system and at was found that the

actor w
fac arthritis factor showed an agglutinating effect ¢ven when

rheumatord
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the agglutmation effect of the gamma globulin had been aholished by
heating, the gamma globulin

By means of a suitable balance between the albumin and gamma
globulin 1n the suspenston of plast particles the agglutination reaction
can be modified so that the titer of serologically active serum can be
measured in higher values A practical appheation of this teaction 1s
desertbed

Judgng from the investigations, the inherent agglutinating capacity
of theumatic sera probably does nol require the presence of gamma
globulin, althouph the presence of the latter increases the strength of
the reachion considerably It 1s open to discussion whether the term
fication test 15 theoretically correct The possibility of an additve

agglutinating function of rheumatic serum and gamma globulin seems
likely
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(14), who purified different constituents of fraction 11 of a rheumatie
scrum, found that haemagglutination 1 hinhed only to one aof these
fractions and therefore suggested the possibility that the different sero
logical manifestations of the rheumatic factor might be due to different
parts of a complex system which, however, are uniform n the scdmmen
tation constant

The purpose of the present investigation with an albumin-stabilized
dcryl system was to distingwish the influences of the different serum
fractions on the system and thereby hypothetically to distinguish fac
tors of sigmificance mn agglutmation It appears that the rheumabe
factor can cause agglutination even 1n the absence of unheated gamma
globulin The name fixation test may appear inadequate and can perhaps
he replaced hy “addition test” The function of the rheumatic factor
would then he conceived as an agglutination activating factor or perhaps
an entirely mdependent agglutinating factor

These experiments were carried out with aery} particles It was not
possible for us to supplement them with sumlar experiments with
Latex particles It might be assumed that relatively similar laws hold
for other plast particles as for acryl particles

SUMMARY

After 1 day’s incubation at 56° C acry1 plast particles in horate buffer
showed spontancous agglutination This can he stabihized with albumin
or transferrin as well as with normal serum 1n which the alhumm 13
probably the most active component Fractionated grmma globuhn
and serum from paticnts with serologieally active rheumatord arthribis
agglutinates the partscles, which ts distinet in a suspension stamhized
with albumin The nherent capacity of agglutination of the gamut
globulins, however, becomes manifest only in the presence of minute
amounts of albumin and 1s suppressed by larger amounts of albunun
The agglutmation capacity of rhicumatie scrum nd gamma globubn
are thermolalnl and inactivated by heating at 63° C for 30 nunules
After 30 minutes at 60° C the agglutinating cffect of the gamni globu
hin (Fraction I1, Kabt) 1s mactisated, while the cffect of rheumatic
serum 1s only shghtly reduced The agglutination of rheumatic serum
1 largely mmdependent of the amount of alburmin

The rheumatic factor has no tendency to adherc to the surface of
acryl particles and disappears after centrifugation and washing of the
particles If the 1mount of alhumin 18 not too small, it will adhere to
the surfacc of the aeryl partieles and have a stabilizing effect on the
suspension Gamma globuhn, 1dentified by ats agglutinating effect, ad-
heres to the surface of the particles

The effect of albumn, gammu globulin and rhcumatord arthnitis
factor was studied m such an acry! system and it was found that the

rheumatoid arthritis factor showtd an agglutinating effcet even when
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Depending on the dose, heated or zymosan adsorbed serum may ex
hibit an inhinting or effect on the neutralization by normal
serum of coh T2r~ phages Ths effect was revealed when heated or
zymosan treated homologous sera were used as diluents in attempts to
straighten the sigmord mactination—serum concentration curve by
makung the reaction mixtures homogeneous with respect to the content
of regular serum components (hallings 1958) In the investigation to be
reported two prineipal types of experimentis were performed 1o study
this phenomenen (1) Constant or varying doses of heated or zy mosan
adsorbed serum were added to mixtures of phage and serial dilutions
of fresh serum The neutrahzation was determined after a fixed reaction
time (2) The progress of neutralization was followed at certam nter-
rals m a muxture of phage, fresh and heated serum

MATER!AL AND METHODS

For preparation of RP (according to Pulemer et al 1926) zym

Brands Inc Lots No 7B 13} was boiled for one hour in salmc)- cinl::ﬂl’;e(dsztnﬁdgag
rpm for 30 minutes and resuspended m 015Vl veronal butfer (Aabat & Mager
1948) Three mg zymosan 1n 008 mI veronal buffer was added per ml fresh human
sirum The suspension was stirred 2t 17 £ 62° € for one hour and then centr
fuged at 3500 rpm an the cold for one hour The procedure was repested pnce
The resulting reagcnt was tested as described helow

1f serum or RP were heated they were allowed to cool pries
the mivtures of phage and fresh serum The ather makel"’uh’ ::dﬂ:;!?g:!lsm:g‘r:

described 1n previous papers (Kallings 1961 a ¢) “Homologous* sery
Paper mcans serum from the same donor ™0 the present
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5 The Influence of Heated and Zymosan Adsorbed Serum
on the Inaclwafion of Coly T2 Phages?
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Depending on the dosc, heated or zymosan adsorbed serum may ex-
hibit an inhibiting or enhancing effect on the neutrahization by normat
serum of colt T2r* phages This effect was revealed when heated or
zymosan treated homologous sera were used as diluents i attempts to
straighten the sigmoud 1nactisation—serum concentration cume by
making the reaction mixtures homogeneous with respect to the content
of regular serum components (Kallings 1958) In the investigation to be
reporied two prineipal 1ypes of expeniments were performed 1o study
this phenomenon (1) Constant or varymg doses of heated or zymosan
adsorbed serum were added to muxtures of phage and serial dilutions
of fresh serum The neatralization was determmed after a fixed reaction
time (2) The progress of neutralization was followed at certamn inter-
vals 1 a mixture of phage, fresh and heated serum

MATERIAL AND METHODS

Eor preparation of RP (according to Pillemer el al 1936) zym.

Brands Inc Lots No 7B 13) was batled for one hoar 1a sahne Jmf.’ri‘}.ﬁ?“ﬁ&g
rpm for 30 minutes and resuspended wn 015 Y veronal buffer (habal & Mager
1948) Three mg 2ymosan 1o 0 08 ml veronal huffer was added per ml fresh hamet
serum The suspension was stirred at 17 £ 03° € for one hor and then contes

fugcd at 3500 rpm 10 the cold for one hour The procedure wWas repeated oove

The resulbing reaent was tested as descrsbed below ® onee

Tf serum or P were heated they were sllowed to
enol

the muxtures of phafe and fresh serum The other x:ue&r;lasr n':d";:;gg:)‘;nn I
deseribed 3n previous pavers (Aallings 1961 a ©) “Homolagous® seru, he present
paper means serum from the same donor ™ in the present

—_——
I Aded by grants fro— tta €



260

LAPTRIMEINTAL

Influence of Healed Homologous Serum on the Reaclion belween
Phage and Fresh Normal Seram

Effect on the phage inactivalion—serum conceniralion curve A senal
dilution of native serum 1n 15 fold steps was made up using homo
logous serum heated at 56° C for 30 munules as diluent The serum
dilutions were mixed with equal parts of phages diluted i barbiturate
buffer For comparison, barbiturate buffer was used as diluent nstead
of heated serum 1n a second series of reaction mixtures All mictures
were ncubated at 37° C for one hour and treated according o the
standard activation procedure deseribed previously ( Kalltngs 1961 1)
As secn in Fig 1 the presence of heated serum 1n the reaction muxture
remarkably influenced the mnactivation rate The neutrabzing achty
m the low concentrations of natine serum (e lhigh concentrations of
heated serum) was completely abolished whereas 1t remained unchanged
m the highest concentration of natrve serum tested

3

Por cent inact vation

San_oos o0 53
Serum concantrat on
g 1

The inhubiting effect of heated sermum on the phage wnactu ating cay acity of parious
dilutions of fresh serum Absaissa  Arithmetical values of the fresh serum con
centrations on a log scale Ieft curve [resh serum diluted with barbiturate buffer
Right curve Iresh serum diluted with homologous serum heated at 56° G for 30
minutes —Reaction mixture 05 ml serum (I1 ) hlution and about 1 X 10
feetious T2 particles diluted m 05 ml barbiturate buffer 0125 Mt pH 74 * 000
00025 M Mg ¢ Phage controls 05 ml nutrient broth + 05 ml phage dilution
Incubated at 37° L for 1 hour Doplicate expersment

In the following serics of experiments constanl volumes of homo
logous scra heated at 56° C for 30 minutes were added to the reaction
muxtures of phage and serial dilutions of native sera m barbiturate
buffer The resutting mirtures were meubated at 37° € for 2 hours The
dosc of heated sera added was varied from scries to series Four differ-
ent sera were tested with consistent results Table 1 hists the percentiges
of mactivated phages al different concentrations of native and heated
serum Similar to the findings mn the experiment Mustrated m Fig 1,
the inhinting effect of heated serum was less marked at ligh concen-
trations of natne serum though a constant dose of heated serum was
added The mhibnting effect was found to decrease with the dose of
heated serum Af a concentration 1 50 of heated serum n the reachion
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mixture the maclivation process was not inhibited Below this hmit,
however, the effect of the heated serum was resersed Low concentra
tions of heated serum were thus found to enhance the phage mactnating
ability of natise serum

TABLF 1
Influence of ¥ arious Concentrations of Heated Serum on the Inactivafion
of Phages by Normal Serum Per Cenrl Inactioated Phages at Different Dulutions of
Nattwe Serum

Finaldil of natie Final d§l of heated serum in the reaction mizture
m 1n the reaction
15 1 1350 1100 -
1233 776 844 786 %02 851
15 721 790 827 855 828
1175 136 01 768 837 755
1112 400 572 T4 81.7 779
1169 91 282 08 756 708
1253 0 15 304 427 322
1380 0 30 95 85 22

Reciprocal of serum dil
mactivating 50 per cent 72 125 208 238 210
of the phages

Reaction mixture Ahout 1 X 10 T2 phages + serum (AL A) dil in barhuturate
butfer pH 742005 0125\ + serum (AL 4 ) heated at 56° C for 30 min Vg™
added to 00025 ¥ Incubated for 2 hours at 37° €

TABLF 2

Influence of Heated Serum on the Phage Inactst ating Capactty of Normal Serum
i

Flnal dit of heated serum in the Neclprocal of i1 of

ormal serum
action misture tnactivating o0 per cent
of the phages

Per cent of original
inactivaung capacity

297 1000
110 114 485
112y 183 620
11 202 630
12 295 993
150 s 1397
1 100 15 1465
: 200 342 152

400 267 899

Reaction mixture About 1 x 104 T2
phages + serum (48) dil 1n 15 fold ste
i;;‘ barbiturate Dutfer M 73 £ 003 0125\ 4 scrum (A 0) heated at 36°C Tor
min Mg added to 90025 M Incuhated for 2 hours at 37° C.

. T‘:'mrc 2 shows the result of a symilar expeniment with anathe- - -
LELR '

1iapt nactvating amhity of native serum
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Optimum enhancement of the mactivation occurred when heated serum
was present in dilution 1100 At this didution the onigmal phasge m-
actinating capacity was mncreascd by 46 5 per cent At a tenfold hugher
concentration the wnactivating capacity was decreased by 513 per cent

In the above experiments the hemolytic complement activity m the
reaction mixtures was measurcd on sensitized sheep ery throcyles ac
cording to a procedure described previously (Rallings 1961 a) The ad
dition of hiated serum was not found to alter the onginal hemolytic
activity of the fresh sera (120-250 50 per cent hemolytic units, total
volume of the test system 125 mi)

Effect of heated serum on the tume-surpwal curves To facilitate the
interpretation of the results reported above, the kinelies were studied
by conventional time-sursnal experiments

Per cont phagract v

Mey e

Fiy 2
Influcnce of different concenltrations of healed scrum an the jrogress of the
neutrali-ation reaction
Reactinn mixtures
A 004 ml normal serum + 0 46 ml buffer + 05 m1 phage suspension + 02 ml lluh’rtr
B 004 ml normal serum + 0 4¢ ml buffer + 05 ml phage suspension -+ 0 1 ml buffer

+ 01 ml heated serum i
C 004 ml normal serum + 0 46 ml buffer + 05 m! phage suspension + 0 2 ml heated

serum 02 ml
D 0025 ml normal serum + 0 475 ml buffer + 05 m} phage suspension + 02

buffer
1 00325 ml normal scrum + 0475 ml buffer + 05 ml phage snspension + ¢ 1 ml

buffer + 01 ml heated serum .
Phage actinily at zcro time determined with the aid of 4 broth controls (65 m‘
phage suspension containing about 1 X 10+ mfectious particles +05 ml nullrlxc:!n
broth) Barbiturate buffer 0125\ pH 74 + 005 used A diluent Mg * added

0002> M

Two chilled nuixtures of phage suspension and native serum (A v}
were made up The serum was finally diluted 1 25 (1) and 1 10 (I
The mixtures were divided 1to 1 ml aliquots ind plreed maw aterbath
at 37° € after the addition to each abiquot of 0 2 ml diluted or undiluted
homologous serum pre-heated at 50° C for 30 minulcs or after tllt"
addition of 0 2 mi barhiturate buffer The ahquots were hept cold unfi

Duplicate mntures
¢ simultancously placed in the waterbath 1
wore Lin 2 nd the

were tihen from the watcrbath at the mtervals shown m g
reaction was stopped by cllling md dilution according to the standard



263

procedure (Rallings 1961 a) Thecurves A and Din the figure lllust(rlal‘cl
the progress of the phage inactivation with serum dilution I and
without any heated serum added The curves B and F show the effect
of heated serum diluted 1 12 1n the mixtures I and 11 respectively The
same dilution of heated serum enhanced the phage neutrahizing action
of the higher concentration of native serum and inhibited the effect of
the lower conceniration W hen the concentration of heated serum was
doubled the increase was conyerted to a complete nmbition for the re
action periods ohsersed (curse C as opposed to B) As shown m this
same curve the number of mfectious particles was on an asverage 12
per cent higher than revealed by the controls (equal volumes of phage
suspenston and nutrient broth) for determining the mitial phage titer
1n the reaction mixtures This increase may be ascribed to the phage
actinating effect found 1n natue as well as 1 heated normal sera (hal
lings 1961 a d)

‘The next expermment was designed to show the sigmficance of small
vanations in the concentration of native serum on the effect of a con
stant dose of heated serum Appropriate concentrations of fresh serum
had previously been selected by prehmmary expeniments In the final
expermment three chilled muixtures of phage suspenston and natnve se
rum (AL A) were made up having the final serum concentrations
1300 ¢I) 1 317 (II) and 1 333 (IfI) As in the preceding exper:
ment the mixtures were divided mto 1 mi aliquets and were kept eold
To half the number of aliquots of each serum concentration 01 m!
homologous serum heated at 56° € for 30 minutes was added and to
the other half 0 1 ml barhiturate buffer The aliquots in duplicate were
mcubated at 37 C for the same time intersals as in the preceding ex
periment The result 1s shown 1n Fig 3 The regular progress of iract
vation 15 represented by the data obtamed from mixture II without
heated scrum (curve A) The mactiiation 1t muxtures 1 and (I without
heated serum proceeded at about the same rate as II I somewhat faster
and 11 somewhat slower Curves B C and D show the influence of
heated scrum on the mixtures 1 1T and I respectively It 1s evident
that the concentration of heated serum used markedly refarded the
phage neutrilizing action of the serum diluted 1 333 (I11) though 1t
only shghtly influenced the action of the same serum drluted 1 30 m

In the following e<periment the extended course of the curves A and
D was followed to investigate if the phage neutrahization was perma
nrenthy mhibited or only delayed This experiment was set up n a way
antlogous to the preceding one the mactiation reached after 100 180
mmnutes and after 20 hours heing determined Tw enty hours was chosen
:::‘ the phage inactination caused by normal serum was previously

own to continue up to this time (hallings 1951 2} 1s shown in Fig 4
the inaetnation proceeded slowly with time and unifor
wmixtures At this ratio between nat rormiy 1 both
mfectious phages thus rcmgc nalive and heated serum the number of

med on a high level even after prolonged



Por cant phageact vty

Moun

Fig 3
Influence of a constant concentration of heated serum on the progress of phage
neutralization caused by diffcrent concentrations of normal serum

Reaction mixtures

A ll)()fii'lf: ml normal serum <+ 0 4685 ml buffcr + 0% ml phage suspension 4 01 mt
buffer

B 0033 m! normal serum + 0467 ml buffer + 05 m] phage suspension 401 ml
heated serum

€ 00315 ml normal serum + 0 4685 ml buffer 4+ 05 m} phage suspension + 01 ml
heated serum

D 0030 ml normal serum + 0470 ml buffer + 05 ml phage suspension 401 ml
heated serum

For further experimental dctails sec text to Fig 2

P com prage ety 1y

@ TR
Moutes s

Fig %
Intluence of heated scrum on the proqress of the neutrahization reaclion
(The extended course of curves \ and D in Fig 3)
Sec text to Fig 3

incubation This observation was confirmed by an experiment 1n which
a constant volume of serum heated at 56° C for 30 mmutes was added
to reaction mixtures of phage and serial dilutions of native serum (01
m! heated serum per ml phage-serum mixture) The mixtures were then
incubated n a waterbath at 37° C for 20 hours The result 1s illustrated
m g 5 A dilution of fresh serum 1 196 was necessary to mactnale
50 per cent of the phages when heated serum was present The same
mactivation was brought about by the fresh serum diluted 1 110 when
no heated serum was added

A comparison was made hetween the neutrabization-inhibtting -
fluences of serum heated at 50° and 56° C for one hour 01 ml healed
serum was added to 1 ml aliquots of a mixture of phage and fresh
serum (A L A) diluted 1 333 The progress af phage activation was
followed by fime-survival experiments conducted as those deveribed
above After exposure to 50° C the heated serum was found to mhabnt
the neutralizing process but to a lesser extent than after exposure to

56° C
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Fig 5
Inh b ling effect of a constant concentration of heated serum on phage neatraliza
on 1n senal dilutrons of nat e serum luring 20 hours at 37° C
Open circles o heated serum added Filled circles Heated serum added

le

ibscissa Anthmetical values of serum concentration on a log scal

Reaction ruxture 05 ml serum (A L A) dilutton + 05 ml phage suspension (about

1 10t T2 part cles) 01 ml buffer or heated serum added Phages and scrum di
luted 1n barbiturate buffer 0123 pH 74 £ 005 Mg 00025

Influence of Serum Adsorbed with Zymosan on the Reactior
between Phage and Normal Serum

Serum (A A ) was treated with zvmoesan with the mtention of e
moving the phage neutrahzing abihity without mactnating the com
plement factors The resulting reagent (RP) was tested for hemolytic
actisity and for remamning phage mactivating capacity according to
standard procedures (hallings 1961 a) The reagent was found to con
tain 137 50 per cent hemoly tic units per ml No phage mactivating effect
was demonstrable after two hours at 37° C nor at very high coneentra
tions of the reagent (1 15) No test was made to examne if the zymo
sant adsorbed serum was able to destroy €3 at 37° C after addition of
zymosan due to remaining properdin The designation RP may there-
fore be ymproper but 15 used for practical purposes

As mentioned 1n the introduction the mhibitory effect of RP was
ohserved when the reagent was used in attempts to standardize the
phage nactination test The result of such an attempt s shown n
Fig 6 Curve A represents the course of nactivation when onlv phane
and vartous dilutions of native serum were mixed and incubated for
two hours at 37° C Curves B and C show the course of mactiation
when RP was added to all the dilutions of native serum to ginve a con
stant total serum concentration (native serum + RP) of 1 5and 1 10
respectisely Some strasghtening of the mactivation curve was obtamed
and the curve was displaced towards higher concentrations of fresh
serum when the higher concentrations of RP were added (curse B) A
were wan'sed Pofenang o1 Yne curve occurred when a constant dose of
RP was added to the reaction mixtures (02 m! RP per ml) as indicated
by cune D The effect of the same dose of RP heated at 06° C for 30
ml‘ntmw was also tested The heated reagent exhibited a very strong
- tou;dd\tc;:':n?:em"" i reachion (curve F) Healed RP
heted at 56+ C for 30 ml::::‘ccrs 1: 13 mh];hlémg Ql.h:m untreated serum

reaction muntuse) curve 2 m! heated serum per ml




266

Per cent nue( vat on

€
o1 002 004005 0 @i3az ©3
Serum concentrat on

Fig 6
Influence of varying and constant concentrations of RP on the phage
neatralization n various dilutions of natwe serum

Abscissa Arithmetical valucs of fresh serum concentrations on a log scale
RHeaction puxtures A 05 ml serum (IM) dilubion + 05 ml phage suspension
(ahout t X 101 T2 particles) 00025\ Mg Dluent Barbiturate buffer, 01223
PH 74 £ 005 02 ml buffer added to the rcaction mixture Incubated at 37° € for 2
hours B similar 1o A but RP added to the decreasing amounts of natise serum to a
total volume of 02 m! € similar to B but RP added to a total volume of 01 ml
D similar to A but 02 m] RP instead of buffer added to each ml of reaction mix
ture k. similar to D but 0 2 m] BP heated at 56° € for 30 minutes priar to addition
F similar to F but 02 ml heated serum added instead of RP \eans of duplicate

expiriments
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Iy 7
Influence of different constant concentrations of RP on phage neutralization in
sertal dilutions of native serum during 2 and 3 hours at 37° €
Abscissa  Arthmetical values of fresh serum (A ) concentrations on a log scale
Reaction mixtures

A 05ml il of narmal scrum 4 0 5 ml phage suspensicn + 02 ml huffer [ncubated
for 2 hours

B 05 mldil of normal serum + 05 m! phage suspcnsion + 02 ml buffer Incubated
for $ hours

( 05ml dil of normal serum +05m! phage suspension + 02 m! RP Incubated

for 2 hours

05 ml dil of normal werum + 05 m! phage suspension + 02 ml RP

for 4 hours

05 ml di) of normal scrum + 05 ml phage suspension 4+ 006 ml RP

for 2 hours

Incubated

=]

Incubated

-

For further oxpermmental detasls see test to Fi, 2

The influence of a constant dosc of RP 1« further cluctdated by ox-
periments Wustrated i Fig 7 A muxture of phage and a twofold serint
dilution of native serum was made up and divided into 1 ml hquots
Duplicate aliquots were mcubatud for two (curse A) and four hnur’s
{curve B) at 37° C after the addition of 02 ml barhitur ite buffer RP,
02 ml per ml rcaction mixture, was added to othor duplicatc ahiquots
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Fig 8
P on phage newtrahation
Influence of dfferent constant concentrations of heated R o
fiue " {(rml dilutions of natwe serum during partous pertods at 31°C

Abscissa Arithmetical valdes of fresh setum (4 0) enncentrations on & log seale

Reaction mixtures ;
4§ §5mdn of normal serum + 05 mi phage suspension + 2 ml buffer Incubate:
for 2 hours
u(;rml d‘i‘l’ of normal serum + 0 5 ml phage suspenston + 0 2 ml buffer Ineubated
for 4 hours
5 mt di} of normal serum -+ 0% ml phage suspension + 02 ml heated RP Tn
cubated for 1 hour
05 ml il of normal serum + 03 ml phage suspension + 02 ml heated RP In
cubated for 2 hours
0% ml di] «f normal serum + 05 mi phage suspension + 02 ml heated RP In
cubated for 4 hours
95 ml il of normal serum 4 05 ml phage suspenston + 02 ral heated serura
Incubated for 2 hours
95mlay of normal serum + 05 m? phage suspension + 0 02 ml heated RP In
wybated for § hours

For further experimental details see text to Fig 2

- R

o

prior to the incubation for two (curve €) and four hours (curve D}
Curse L represents the phage inactivation reached after two hours when
0 06 m{ RP was added to duplicate reaction mixtures hefore mcubation
It appears from C and D that the phage mactivating process 1s not
definstely ntubited by RP after two hours The maetnvation was found
to proceed but at a retarded rate compared with the reaction yvelociy
1n the untreated reachion mixtures (A and B) Contrary to this delaying
effect the lower dose of RP proved to enhance the phage mactisation
considlerablv {F as opposed to A) About the same enhancement nas
achieved when 0 03 ml RP per ml reaction mixture was added
The enhaneing action of a Jow dose (0 03 ml per ml reaction mixfure)
of RP and fieated serum was compared in another experiment In an
untreated reaction middure, natine serum (A ©) diluted 1 224 was
found to mactivate 30 per cent of the phages during Ino houre 2t 37° £
‘The ¢orresponding dilution was 1 250 and 1 488 respectisely when
heated scrum and RP were added Thus the enhancing action of RP
s uch Tore marhed
The mfluence of RP heated 2t 58° € for 3% minutes was further
et stutoof i o s oy B seprecot
m after two and four hours at 37° C n
mixtures of phage and scnal dilations of pative serum when no RP
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apprectably affect the properdin actinaly as measured by the zymosan
method

A saltent cliaracteristic of the effect of heated serum on the neu-
tralization reaction s the occurrence of ceritical ratios between the
coneenlrations of heated and native serum Even small sarmations
these ratios were found to cause considerable changes m the progress
of neutralization, varying from enhancement to inlulphion (ef Table 2
and Ig 3) The sensitivaty of the peutralization reaction to smail
vanations in molarity should be recalled m this connection 1t can,
however, be concluded that the very small variations m the conecnira-
tions of fresh and treated serum able to influence the neutralization
did not suffrciently change the molarty

The addition of R allows the phage inactivation to proceed at high
concentrations of €' and undefined serum factors, msofar as thesc
fuetors were not adsorbed together with properdin by zymosan It was
revealed by the present experunents that this addition did not lessen
the fraction of phages resisting further inactiyation by increasing con-
centrations of native serum On the contrary, o lower level of wmactisa-
tion was reached after the addition of lgh concentrations of RP In
these cases the mnactivation gradually mercased with the concentration
of normal serum to the level obtamed when no RP was present The -
ereased phage nactiyabion at Jow concentrabions of nafive scra after the
addition of RI* may indicate that the 7y mosan—adsorbable faclors
the sera tested were not nuting Due 1o the complexaty of the reaelton
system other explanations may, howeser, be concervable The merewed
wmactivation at low concentrations of fresh serum and the deereased -
aclivation at lugh concentrations contribuled to a straighteng of the
sigmord maciinvation curve regularly obtamed when RI* was not added

Low concentrations of unheated R were found to augment the i+
activation This cffect may be cxplamed by the addition of lumiting
factors present tn RP For example, with the lowest RP concentrabion
waedl, ahout 1 hemoly ie anils were added Yo eaeh ) of reaction puxinre
The concentration of R added may thus be lngh enough to sceure ait
excess of humiting factors whereas the amount of serum factors antv
gonstie to the ncutrahization raaction decieases The enhanemg ffect
of low concentrations of RP may also be ascribed to the same phenome-
non as makes low concentrations of heatcd serum enhancing

As reported above, the nlubitmg effcel apparing at certun ratios
hetween RP and fresh serum was mcreascd when RP was pre-heated
at temperatures ablc to nictisate the complament wetinily Fhe cffecl
of heated RP was, however, stronger than that of heated serum thougit
the resutting neutrabization curves were simthir sn shape Heated serum
and RP may influence the virus noutrahization reaction by serum ;‘(;I'“'
ponents prgmally present or rleased or formed as 4 result of he
heating

Barlow et al (1958) found mucrogram quantitics of hacteenl and
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ammal polysacchandes and hpopolvsaccharides to smhibit lh]i P:“E“:
pentrahzation reaction They suggested that the whintion by higl
concentrations of purified properdin and RP might be caused by mluth‘:e
products from zymosan 3 ater Landy et o (19:8) demonstrated the
‘atubtting effect of polysaccharides to be a near funchion of the dose
In the present westigation the effect of RP was found to switch from
hihition 1o augmentabion on mere threefold ditution These obsena
tions suggest that the mhibition by RP 15 prohably not due to residual
traces of zymosan products

\etsser & W echsberg (1901) obsersed an enhancing effect of heated
apecific immune serum diluted below the Jevelof delectable autonomous
effect on the bactencidal achion of normal 1abbit and goat sexa Larger
amounts of 1mmune serum abolished the bactericidal activity This
obsertation has later been confirmed by seseral msestigators The effect
of phage anterum on the neutralization brought ahout by normal
serum has not been direetly studied to the knowledge of the present
author However Hershey & Bronfenbrenner {1947) founad that addon
of complement fo T2 semsiized with antibody, caused a considerable
neuiralization (1t 1s not evident from the abstract referred to which
form of complement was used) On the other hand complement under
certain qit: hibited the neutr: Y serum pary
cularly of T1 As mentioned abose “normal antibodies™ seem Yo be
essential to the antinaral effeet of normal serum The influence of heated
and zymosan adsorbed serum on the nentralizatson of T2 by normal
serum may thus he anatogous to the Netsser—3W\ echsherg phenomenon
This conclusion agrees well with the observations of Vaalse {1916)
conccrning the bacterieidal effect of normal serum Maaloe showed that
subdefectable amounts of spectfic agglutming n serum promoted the
hactencidal effect of normal human serum while high concentrations
had the opposite effect He was also able to demonstrate that heated
normal serum exercised an mhibiting achion on the hacterteidal effect
of fresh serum Owing to the simatanty of the mhibitery action of xm
mune serum and heated normal serum Vaaloe considered the inhintery
normal substances to be identical with normal antibodies

10 the nfluence of BP and heated serum on the iy neutralizng
actyon of normal serum is fo he considered as analogous to the Nersser
Wechsherg phenomenon 1t would imply that the causatne factor is

orignally present in fresh sesum The question why the neutralization
mhiiting effeet inereases when the adde

to higher temperatures must thea be answered The wcreasing effect
wathin the temperature range 50° 6.° ¢ may he explamed by the elym
x;n\mn]oflﬂt\:rmo‘\alulc antagomists or by the additional effect of factors
ormed at these temy eratures Further k

T er work 1< 1n progress to elucidate

d serum reagents are exposcd
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SUMMARY

At critical concentrations of fresh serum large amounts of heated
homologous serum or zymosan adsorbed serum exereised an mhiting
and smaller amounts an enhancing effect on the neutralization of colt
I'2 bacteriophages The difference between the amounts crusing
hilition and enhancement was small - threefold decrease 1 concentra
tion caused the reversal of 2 markedly inhibitory action The findmgs
are discussed as possibly analogous to the Neisser Wechsherg he
nomenon
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SUMMARY

At critical concentrations of fresh serum large amounts of heated

homologous scrum or zymosan adsorbed serumn exereised an mhibiting
and smaller amounts an enhancing effect on the neutralization of coli
T2 bacteriophages The difference between the amounts causing n
hibition and enhancement was small, a threefold decrease 1n concentra
tion caused the reversal of a markedly inhibitory action The findings
arc discussed as possthly analogous to the Neisser-Wechsberg phe
nomenon
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Studies on the kineties and other eharacteristics of the mactivation of
coh T2 phages hase been presented carher (hallings 19812 ) The
purpose of the cxperiments to be reported 1s to study to what extent
other phages are neutralized by normal sera and to confirm the regular
1 resence of the T2 neutralizing abihity 1n human sera and also to study
its occurrence 1 sera from various warm blooded amimals The scope
of the study was sestricted accordingly The expeniments were designed
to allow of comparison between the mactivating capacity of different
sera on the various } hages The scra were tested (a) on two groups of
1 hages with known nternal serological relations te the T series of colt
phages and some staphylococcal phages (b) on phages serologically
dentical but differing 1 host range the Salmonella ty; i V1 11 phages

and (¢} on a polvvalent Salmonella phage a Salmonella typht murium
and a Shigella sonne: typing phage
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S tyihr Vi ghares (Anlerson & Williams 1956 lindly supplet by Dr iplerson)
were teste{ against their homol gons strains in the mactivation tests

The staphylococeal | hages (An lerson & Williams 1956) were kindIv supplied b
Dr G Wallmark the National Bacteriological [aboratory Stackholm who also
isolated the KS 6 phage used (Wallmarl 1954) Icr tle mactivation test cn stagh
loccecal thages tle hom logous 1acterial strafns were allowef fo s W for fue
hours at 37° G in nutrient Ir th with 2 yer cent glucose The nutrient agar leser el
by Anlerson & Wall ams (195€) f r the typing of sta) byl cocet was usel as a lase
layer The same agar as describe ! for the colr 12 mactivation te t was usel as to]
laser with the addition of (a() to 04 yer cent After the solidificat on [ the top
laver the plates were incubatel at 37° C for three h urs and then kept at room
temperature overmght

The 1lentits «f the Salmonella Shigella and Staphsloc ccus 1 hages were cheche |
by thar characteristic Iytie actinities tewar Is the Yacterin in the typing scheme

FAPI RIMINT AL

Precision of the Assay of the Newlralization Titers
Towards Coli T2 Phage

An analyss was made of the day to diy vamntion m the titers of 1
gnven serum bised on the means of 20 subsequent 1sswyvs performed
duplic itc An mneubatron time of two hours at 37° C was used In this
case the titers were determined by three points in the scmtlog inthune
plot the percentages of mactination obtuned by three sernil scrum
dilutions (15 fold steps) ‘These v lues were found to v ary nround 81
46 and 11 per cent If the titers were ealeul ated by interpol stion between
two adjacent points the stindard doviation of the fiters from yarious
days ws 81 per cent of the mean The corresponding stand wrd devia
tion wAs 63 per cent 1f the titers were cilculated on the basts of the
hest [itting straght line The mcin slope of the strught hnes wis
198 (¢ =017)

(omparison bitween the Inactivaiion of ( rude and Purified
Colt T2r Phages

This comprison w s undertal «n partly to examinc af there was and
differenice bodween prepartions of eolt T2r phges reeanved from of
ferent sources nd partls to find out if the kincties of the neutrahzition
reaction were nfluenced by the statc of the stock suspenston 1 ¢ purifted
or crude Iysile The comparison 1s of micrest for the comparabiits of
the present results with those of other workers Three virus stochs wert
compired (1) 1erudc Iysate® (I) 1 purified prepiration  (I1) nd 1
crude lysate of phages propigated from the purificd preg aration (1)
All stocks vidded more than 101 plhques per ml The wetrvation of 1
ind 11 by six different serq according, fo the staindard inetivation pro
ccdure showed beul the same slopes for the mear part of the mnactna

1 hindly supphelly Dr € € Helen thc Department f Ba ters 1 gy harolimsha

holm
Ittt St ted by Dr J Harfou the Disi n T Lal rator es and Tescare]

New Yorh State Dejartment  { Health Altams N Y
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tion curves The phages of 1, howeter, were reduced to a 10 per cent
fower average level of survisal at the hugher serum concentrations (the
persistent fraction) than phages of 1T The first mentioned phages were
furthermore reduced to 50 per cent by an 18 per cent lower aerage
concentration of the sera There was no difference between the m-
actrsation of phages of T and 111

Inochiwation of Colt T1-T7 by different Sera

The tmactiation of each phage by seral dibuhions of fne mdnidual
sera was examhined 1n duplicate experiments aceordmng to the standard
procedure The resull 1s summanized m Tables § and 2 and n Fig 1
The sensitinity of the phages fo the neufrahizing serum activity ex-
pressed as the dilution mactnating 50 per cent of the phages was found
to vary greatly The mean titers for each type of phage Usted m Table 1
revealed a 125 fold differcnee between the most sensitive (T3) and the
most resistant phage (T4) The mdividual serum titers for each phage
are demonstrated m Fig 1 There was no obvtous correlation belween
the serum Ulters obtamed with the different phages not even within the
serologically related groups Repeated neutralization tests shawed ahout
the same reproducibility for the assay of the neutralization of col: T1
and T3 T7 as for the neutralization of T2 As shown in Table 2 there
was a difference between the data obtaned for the mean titers of 1n
dividual sera

TABLE 1

Iractwatson of the T Sertes of Cols Phages by Serial D lutiwons
of Froe Diferent Normal Sera

rum 1 caur g0ty |

P ages (an &3 eal dei
B T g SeTeioaiea) mact satiop of i} € phages
Jean

fnhibattan by heate {
serumin’®,

T1 36 B
T': 339 k)
;5 11 1

571 1
T3

1389 2
T 410 15
TS 389 7

The phage mhibntion hrought about °
30 minutes and duluted 1 10s “of abont the s ated st 56° C for

was of
phages (4 13 per cont, see s of aboul the same magnitude for all

able 1) Tz, however, was whibited {o 19

and 52 per cent by two of the heated sera

18



-
v "owon £ e
.
:
EH_
-
Yor o
L
i
LY
* ATeNL  ACENL ACSKL ACEAL

Fig 1.
Distribution of neutrahization titers of five different normal human sera towards
colt T T7 phages

TABLE 2
Inactivation of Colt Tt T7 Phuges by Serial Dilutions of Five Different Normal Sera

Serum il causing 50°%, Inhibition by heated
fnactivation of the phiges | serum tinally du 1 10
Mean Mean*

Serum

A 60 4 9
[ 491 23
G 192 0
K 515 18
L 390 0

Inactivation of varwus Enlerobactenial Phages by different
Normal Sera

‘The mactnation of the Salmonella paratyphi B 0-1, the Salmonclla
typh murium 39 and the Shigella sonnex V phages was tested 1 dupl-
cate experiments using four different sera according to the standard
mactivation procedure For comparison, the coli T2 phage was meluded
i the experiments The result 1s presented n the same way as for the
colt phages The mean data of the inactination of the different types of
phages are histed 1n Table 3 and of the ndividual sera in Table 4 On
the whole the kinetics of the inactivation of the Salmonella and Shigella
phages as revealed by the mactivation curves seemed to conform with
the kineties of eoli T2 The reproducibihity of the results scemed to be as
good as with colt T2 phages As found with the T-phages, there was no
correlation between the serum titers obtamed with one and the same
serum aganst the different phages (Fig 2) This 1s especially evident
for serum B Coli T2 was not reduced to 50 per cent by serum B, further
mactnation being mhibitcd at a level of 43 per cent even at high serum
concentrations Irrespective of this, 0 1 phages were mactivated by
serum B to a farly Jugh titer (1 50) In this case the progress of -
activation with increasing serum concentration stopped at the 75 per
cent lesel of inactivation The phage inhintion caused by serum heated
at 56° C for 30 minutes and finally diluted was found to vary with the
phage and serum tested, from 8 to 30 per cent (mean ralues, se¢

Tables 3 and 4)
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TABLF 3
of Vartous Fi tersal Phages by Sertal Dilutions of Four
Infferent Normal Sera

Serum it causing 50°%, I Tnhibition by heated

Phage tnaciisatio of the phages | serum fnally i 1 10
Feolh T2 133 11
SptBO 1 465 19
Stm3% 50 k4
Sh so V 620 27

Reactson muttures 05 ml serum dilution + 05 ml phage suspension contaming
about 1 X 10 plague forming units Diluent 0125 M barhiturate buffer, pH 74
005 Mg~ added to 00022 \ Incubated at 37° ¢ for 2 hours

TABLF §
of Various I Phages by Serial Dilutions of Four
Different Normal Sera

Serum i causing 0%, | Tatubitlon by heate

o 4
Serum fnactivation of the phages | serum finally il 1 10
Mean .
4 %25 9
B 218 3
c 432 30
D 484 20

Distribution of neutralization liters of four different normal human sera towards
sarious enlerobacterial viruses

Inactwation of Staphylococcal Phages by different Normal Sera
Iho mactivating capacity of three different sera was ~ompared on a
L s represented
The sera were
Lo activity was
runot mitersal within which 50 per eent of the phages
were neutralized (’llahk- 5) In addilion, the phage inhibiting chl']eclgor
:crum heated at 56° € for 30 minutes, finally diluted 1 10 and 1 50
‘;"\x determined Al experiments werc performed . duphicate A;
h\\nlr('\lc(l by the table, four of the phages were reduced to 50 per cent
s 1 Gnal dilution of 1 56-1 290 of the different sera There was no
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Fig 1
Distmbutien of neutralization taters of five different normal human sera towards
coli 11-17 phages

TABLE 2
Inactivntion of Coli T1-T7 Phages by Scrial Dilutions of Five Mifferent Normal Sera
Serum il e1using 50° Inhibition by heated
Serum fmactlyation of the phages | serm fiaally di 110
Mean M
A 604
C 491 23
« 492 [
1N AR 18
L 390 [}

[nactwaltion of varous Cnterobacterial Phages by different
Normal Sera

The mactisation of the Salmonella paratyphu B 0-1, the Salmondlla
typht murium 39 and the Shigella sonnet V phages was tested m dupl-
cate expersments using four different sera according to the standard
inactination procedure For comparison, the coh T2 phage was nciuded
m the experiments The result 18 presented i the same way as for the
colt phages The mean data of the mactivation of the different types of
phages are listed i Table 3 and of the indindual sera i Table 4 On
the whole the hinetics of the mactination of the Salmonella and Shigella
phages as revealed by the mactivation curves scemed fo conform with
the kineties of colt T2 The reproducibihty of the results seemed to be as
good as with coh T2 phages As found with the T-phages, there was no
correlation between the serum titers obtained with one and the same
serum against the different phages (Fig 2) Thus s especially evident
for serum B Colt T2 was not reduced to 50 per cent by serum B, further
maciination being imhibited at a level of 43 per cent even at hugh serum
concentrations Irrespective of this, 01 phages were mactivated by
serum B to a fairly lugh titer (1 50) In this case the progress of in-
activation with mcreasing scrum concentration stopped at the 76 per
cent level of mactnation The phage miubition caused by sernm heated
at 56° C for 30 minutes and finally diluted was found to vary with the

phage and serum tested, from 8 to 30 per cent (mean values, see
Tables 3 and 4)
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of closely related phages The V1 phages routinely used for typing S
fyphi have all emerged through host adaptation of Vi phage II These
varants have been shown to he either host nduced modifications
{phenotypie) or host range mutants {genotspic), of phenotypically
modified host range mutants (Anderson & Fraser 1953) In addition to
these Viphage II variants, Vi phage T and 1V were also tested The
tnactivation of the V1 phages by normal serum however, proved to be
less demonstrable with the present technique than the mactiation of
the other 1ypes of phases studied The purpose of the expeniments was
therefore restricted to show 1f a neutralization of the Vi-phages actually
occurred and if there was any obvious difference mn sensitinaty to the
serum action between the Vi phage IT varants For this purpose ten
different V1 phage IT variants together with Vi phages I and IV were
tested with dilubions of four different sera (Table 7)

TABLE 7
Per Cent Inactivation of Varwus S typh: Vi Phages by Foar Mormal Sera
Dilgted 1 10

Pt age Norn at serum
& 6 M ~ 0
wild form of Vi phage 11 75 81 69
.. phenotypic c 58 9 40
S, genotypie ol 84
£~ phenotypic of genatypic Di - - 0 19
2§ genotypie D> - 35 -
E2 senotype ne 51
Z°2 phenotypic El 57 69 39 -
22 phenatypic il 2 13 -
F phenntyp ¢ of genotypie F2 50
Renoty pic 0 - 18
Viphage T 65 0 -
Vi phage IV 72 59 -

Reaction mistures 05 ml serum dilution 4+ 95
m) phage suspension contamin,
;}:‘:nl“ix 10 plague forming umts Diluent 012> M hachstarate buffer pfl 74 ¥

added to 00022 M Reaction mixtures with serum G 1mcubated f
§ F or 4 hy
at 37°C with the others for 2 hours - not tested T 4 hours

‘The sera were finally diluted 1 2,151 10 1 20 and 1 100 and
were ineubated with the phages for two or four hours at 37°C The
pereentages af imactnation caused by serum dibnted 1 10 are histed
the table s will he seen the mactination caused by this high serum
concentration was lower than the inactination commonls observed with
the other tspes of phages examined Thus the mean mactination after
two hours incubation was only about 39 per cent There was an obvious

and reproduerble differcnce betwe
en some of the ph:
between Vi phage I and the o e phages, for example

ther Vi phages (serum M) but also be
tacen the Viphage §1 types Thys phage F1 being a host induced
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correlation between the serum titers with the other three phages Serum
A was found to contain thermostable inhibitors to all phages, scrum B
to five and serum C to three (‘Table 6) The mean ihiition caused by
the heated sera possessing mhibitors i dilution 1 10 was 54 per cent,
the corresponding inhibition in dilution 1.50 was 29 per cent High
concentrations of native sera A and B did not mactivate phage 42 D
whereas, after heating, the same sera did mhabit st For comparison of
the mactnafion curve of a staphylocoecal phage with those of the other
phages studied, the inactivation of phage KS 6 by serum C in 1 5-fold
dilution steps was deternined The resulting mactivation curve was
similar to that previously desenibed for T2

TABIE 5
Inactination of Staphylococcal Phages by Three Different Sera (1 B €)
' Recrprocals af s rum dil_able to cause 50°,
N Serologeeal | e inactisotion of the phages
Phage g;:wl:xn(;:l | group o o
| } <5 ] S50 | 0~20 2 0—120
1A A 1 BC A
L3 A m iBcC
70 \ m ABC
ki3 A 1 ABC
52 B I € \ B
2D r n AB c
hS 6 undassified ABC

Reactron mivtures 05 m! serum dilution + 0 5 ml phage suspension contuning about
5 X 101 plaque forming umts Diluent 0125 M barbiturate buffer pll 74 % 00y
Mg added to 00025 M Incubated at 37° C for 2 hours

TABIEF 6

Inhibition of Staphyglococcal Phages by Threc Different Scra (A B ()
Heated at 56° C for 30 Minutes

| il 110 of sern Tinaldil 1 0 af ser
Fhage \ n ¢ A n «
3 4A - + +
54 + +
70 - + — + +
7 + + v "
52 i + 3 . T
12D + + + ¥ ¥ ¥
hS 6 + + 1 +
4 Inhibiting dffect No effect

Inactwation of Salmonella typlt Vi-Phages by different Normal Sera

The § typht Vi phages werc seleeted for studs s they offcred the

unique opportumty of companng the neutrihization by normal scrum
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cent of the sera hnd lurs hetween 10 and 30 The hemolytic comple-
ment actinaty n the reachion mixtures was estimated accordmg to 1
«tandard procedure (hallings 1961 1) to reveal sera with marked ant
complementry effect No such ser were present The hemolytic actinity
was found fo vary between 100 and 300 hemolytic umts

The presence of heat stable whibitors yunst T2 10 normal human
sera was reported n 1 previous paper (Aaltugs 1961 &3

In Table 8 the reported distsbutton of the neatrahzition lilers in
human sera 15 compared with the results of other watkers using 1
sumilar technique As will be scen the titers reported by Fyquem ot al

and the present author are somewliit higher than those reported by
others

TABI) 8
Yarwations wn the Coli T2 [ hage Newlrali ing Actu ity in Haman Sera
Accor fing to Different Reports

umter Tanze ot
Auttor ] Rumt e lx;“;r;m Remarks

Mean titer al out 15
hall ngs o b6 { 83 per cent of the tters 10 30
Barlow ¢t al (1058) 119 170 Majority of titers 620
Ternis & Tarrl (1958) 0 323 Vean titer about §
Tyquem et al (1958) 1550 85 gercent f the titers 15 33
Vaurel) & Reyn (199 5 246 Meantiteral w7

Inactivalion of {olt T2 Phages by Vnrons Antmal Serq

The T2 inactivating abality of sera from 11 different animal specics
W15 tested 10 dap hieate recording fo the standard procedure (with two
fold difution steps instead of 15 fold steps) The number of sera tested
for cach species 15 Iisted 1n Table 9 The hloed speeimens were handled
as deseribed for the collection of specimens from humans (Aallings
1961 a) As the neutealizing wetinily of the scra from some species
ssas found to be low At mixtures of phage and <erum were neubated
for 4 hours ot 377 C N phnge mactivating effect was cxertcd with
@ of the species (Table 9) No inachivation was demonstrated with
rabhit or mouse sera The titers appeared to vary considerahly from
syeties to species bovine seen extubited the strongest effeel guinea g
nd sheep sera the weahest The titers of most human sera determined
with the same reachion time are Likely fo fal) hetween the values of
monkes and fowl n the table Due to the limited number of anumal
sern tested no general conclusions ¢
the charactenistie titer tesels of cach

The guneral coutse of the inetin
€Wsed I human < rum Typicl cur
Tt 3 (15 fold

n of course he drawn concerning
A ecles
Alon curves Was sumilar to that
Vs for each speeres arc de

meled in
dilution steps) These curves ace b sed oft the mactiva
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modification of phage A, proved to be more resistant to the serum
action than phage A and other phenotypic varants Phage F2 differed
m sensitivaty from phage D4, both being phenoty pie variants of host
range mutants

An mhinting effect after heating the sera at 56° € for 30 minutes
was demonstrated only agamst the Vi-phage 1I type A and Vi-phage IV,
the average inlubition by serum diluted 1 10 bemng 38 and 67 per cent
respectively

To sum up, these expernnents revealed firstly that the Vi-phages
could be mactinated by normal serum though the effect was weak
Secondly 1t appeared that the mactivation could vary both with the
sera and the Vi-phages tested in spite of the very subtie differences
between these phages As mentioned above, the differences between the
various adaptations of Vi-phage II cannot be distinguished by conven-
tional serological methods

Distribution of Neuiralizalton Titers lowards Coli T2 Phage
in Sera from Healthy Humans 1

Blood was drawn from 94 apparently healthy donors? and was
handled as deseribed 1n a previous paper (Kallings 1961 a) The sert
were tested for T2 ncutrahizing actinity according to the standard pro
cedure To allow of comparmon with the results reported by other
workers the muxtures were mcubated at 37° C for one hour nstead
of the two hours ordinarily used by the present author The distribution
of the titers 1s presented 1n Tig 3 As scen there was a roughly normnl
distribution  The geometric mean titer wis found to he 152, 84 per

]
- I
[ 5 A
A
Fig 3
Distribution of neutrali atton titers of normal sera from 9% healthy humans
tawards colt T2 phages .
Reaction mixtures 05 ml scrum dilution + 05 ml phage suspension ecntaiming
about 1 X 101 plaque formng umts Diluent 0125 M barbiturate buffer pH 74 =
005 Mg added to 00025 \[ Incubated at 37° C for one hour

report was read at the 1959 Scandinasian Congress of Pathology

1 minar,
A prely y n Acta path et microbral scandinay Suppl 14§ 207

and Microbialogy Published 1

1991] resh Blond speesmens were kindly supplicd by Dr B Gultbring from the blood
hank harohnsha Sjukhuset St cl holm
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inhintors or anty complementary factors 01 ml mative scrum from
cach of these species was added to a series of one ml aluquots consisting
of 1 mixture of phage and human serum (A A) funally dituted 1 333
For comparison 0 1 ml monkey serum or 01 ml buffer were added to
other aliquots m the sertes The aliquots were incubated at 37° C for
two hours and tested for residual phage activuty according {o the
standard procedure As shown 1 Table 10 mouse serum totally mn
hibited the neutrahzation reaction Rabbit and sheep sera caused a
partial inhubition whereas the addition of monkey serum did not de
crease the mactination in comparison with the nactination reached
when huffer was 1dded The sera were only tested for antt complemen
tary cffect towards human complement ¢ 5 ml of the same human
serum in the same dilution as used above was mixed with 95 ml sen
sthized sheep erythrocytes (4 amboceptor umits) and 0 1 ml of the buffer
or the animal scra was added The erythrocvtes were compietely fysed
wrespectne of the type of sera added

TABLF 10

‘-S'era from Vartous An mal Spec es on the Neutralizalion

Inh bt ny Fifect of
of Cols T2 Phage by Normal Human Serum

Seragh) 1igthe}uman serum phage mistore Per cent inaty ate ) phafies

Vouse 0
Rabhat 4
Sheep 26
Monkey 72
Buffer 72

Lxeey t for rabhit the results agree with those of Barlow et al (1908)
who found that unheated sera from cow monkey dog guinea mg and
ribhit Dhisted n order of inactivation power neutralized coly T2 phages
n the same manner as did human sera Mouse sera were found to have
Iitie or no neutralizing activits and prevented the mactinating ability

\\};Sn added to human sera The slope of the inactination « r ne ~F
rabt

n
rec
the
u anscra Lhey were not able ta
any actinty in it sern demonstrate

PIscUssion

I\“lll 15 evident from the {resent systematical study angd the earlter
|\.\‘:l|-ﬂl;\0|;;cn1l1lg?: of seseral authors (fo be reviewed in a following
allings 1961 £} tht normal human scrum
regul;
Tretors inactivating 1 wide v ey of hacterral \xruwf lzrll}h:(:-‘l‘[?c‘:‘
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TABIF 9
Inactu ation of Coli T2 Phaye Ly Yormal Sernum from 3 arions Animal Species

Reciprecals alserey a1

€ rsing %0 1 el vatio s of ) N iml er of sera
nes

Speeies |
v

e | Bl e
Ox 8717 769 1000 2
Monl ey (Lynomolgus) 704 546- 980 4
Dag R85 513 €67 3
Fowl 411 370 526 2
Cat 224 2
Rat 193 1me 207 2x5H
Horse 183 139 238 1
Guinea pig 171 122 321 1
Sheep <1486 <10 25¢€ 4
Nabint <100 10 L}
Mouse <o 10 2x6

Reacticn mixtures 05 ml serum dilution 4 05 ml | hage susjension contaming
about 1 X 10+ plaque fcrming units Diluent 0125 M larhaturale tuffer 11l %
02 Mg addel o HOD2Y NI Incul ated at 37° { for 4 hours

s gy f
« ¥ -

YL
H € :

.
ogos 00w G om 020
5s meon an a on

Seum an e aon

Fiug 3
Inwchuatron of colt T2 fhag s 1y normal s ra fram varius amimal sjectes
Absctssa Avithmetical values of serum ¢ neentrations on a logarithmic <cale
(urve A ox B monkey € horse D cat F sheep F deg G fwl H humz.\n
I guineajig J rat serim Guinea [ 18 an! rat scrum incubated for 4 hours at 37°C
the others £ r 2 hours at 37° C All sera are not 1 {entical to those tested in Table ¢

tion reached 1fter two or four hours mcubition s mdicated w the
figure High concentritions of sera front ox mankey dog wd fon] wert
found to mactivate 99 100 per cent of the phages contrist to the
Jrge persisient fractions rcgularly occurring with hum n sera All sert
were tested for huat stablc inbtors (56° € for 30 minutes) the fnal
worum dilation 110 bang meubated wath ploges at 37° C for the sime
fime nd b the same temperature 1s the native sery The men of 60

¢ mean of 40 corrcsponding broth controls

obsery ions comparad to th o

revealed an inhibition of the phage activats m the beated seru af

per cent
in order to cluerd
(ffeet of moust rabint or s

te whether the absent or we th phage nautrahzing
heep serum mught he due to the prosonct of
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antigenic stumulus by naturally occurring phages (e g to hacteria 1in
the ntestines), whether a heterogenchic antibody or whether zllgg;c-
formed speasfic antibody according to the theories of Jerne ( 5 )h
Several of the phages tested above are ighly specific to bactera whicl

are not hnown to bhe so common that all indiniduals 1n the community
could be expected to come nto contact with them Several of these
particular phages are pure laboratory products or anyway supposed fo
be It 1s not known, howeser, to what extent these phages share anti-
genic properties with phages to bacteria commonly residing n man and
animal The presence of coli T2 neutralizing achisily in sera from germ
free guinea pigs (Toussaint & Muschel 1929) does not suggest the pres-
ence of antihodies formed as a response 10 a specific stimulus Due to
the theoretical importance of the latter observation the present author
tested some seral from germ free rats for T2 neutralizing actuuty
Preliminary experiments revealed a demonstrable activity (50 per cent

mactiation of the phages after four hours at 37° C with serum diluted
1 11-1 23)

SUMMARY

The neutralizing actmvaties of several normal sera on 29 entero-
baeternal (1" coli T1-T7, Salmonella typhi Vi, § paratyphi B, § typhs
murium and Shigella sonner) and staphylococcal phages have been
compared

The retivities were found to vary with the sera as well as with the
various phages There was no correlation between the activities of a
guren scrum towards the various phages and the corresponding acti-
vities of another scrum

The distribution of neutralization titers towards col T2 phages n 94
human sera and in sera from 11 ammat spectes was nvestigated

The results are discussed m relation to the possible orgin of the

factors determining the specificity of the phage neutralizing cffect of
normal serum

REFFNFNCES

Anferson F S & Fraser A The jnflu
speciliesly in Salmonella typh; of

ence of the factors determimmg %1 type

n the adaptation of Vi ph J]
micrabiol 13 519 532 1953 i Phage 1 4 gen
2 Anlerson F S & Walliams R F'O Bacferinmhann + .
a " -
3 Bartn .
4 €Co )

fiencrously sunnlied by Prof B Gustafsson harolinska Institutet Stackholm
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ments reported above it was found that the inactivation curves of most
of the different phages were sumlar to those of the coli T2 phages as
was also the thermolabihity of the serum activity, These findings are
suggestive of a common system i the sera eausing phage neutralization
The senvitivity of a given phage towards various sern was, howeyer,
found to xary without any obvious simnlanty to the corresponding sen-
sttty of other phages The latter obseryations are 1n accordance wath
those reported by Cowan (1938) concernng the mactivation of coh T2,
T6 and T 7 phages by several human sera The varying effect of a serum
on different phages 1s confirmed by the observations of Toussamnl &
Muschel (1939) They found that absorption of normal human sera
with I coh bacteria coated with phage T2 or T5 inhubited the phage
neutrahzing effect towards the homelogous phage but not towards
heterologonus phages in the T-series Absorption with I col cells alone
restlted 1in a two or threefold reduction of properdin and a shight re-
duction of the hemolytic complement activity but only n an msigm-
ficant decrease n the coh T2 neutralization fifer Affachment of T2
phages to the bacteria, though removing the T2 neutralizing ability, did
not further deerease the properdin titer, the complement activaty still
bemg gl Thus speeific serum factors seem to participate in the phage
mactnation Varding levels of these factors i different sera may ex-
plamn the absence of a correlation between the actinvities of a serum
towards various phages Analogous findings have heen reporled by
Osawa & Muschel (1960) concerning the speeific absorption of factors
necessary for the bacterieidal effeet of normal serum towards Shigell
bacleria

In the (xperiments referred to above, Toussmnt & Muschel found thal
serum ahsorbed with T2 had about 50 per cent of the original neutraliz-
ing actinity aganst phage T4 and T6, both serologically related to T2,
whereas the activty agamst serologically unrelated T-phages was only
shghtly reduced As aited by Laurell & Reyn (1959}, Barlow ef al com-
paring the mactnating activilies of various sera on some coli phages
obseryved a constant ratio for 80 per cent of the sera tested with T2, T4,
and T6 but varable rattos with T7 on the one hand and T2, T4 and T6 on
the other In the present mvestigation no constant ratio agamst sero-
logically related phages was obvious between the aclmalies of the
limted number of sera tested It s worthy of note that there was a
difference between the mactivating capacity of a serum towards the
varwus Vi-phage 11 varants, and esen towards those representing
phenoty pic host ringe modification Lxperiments are m progress to
mvestigate 1f the effect on these phages may be spetifically abrorbed
m the same manner as wilh coll phages

In this connection, the question of the origin of the spectfie serum
factor which scems to be necessary for the phage neutralization my he

a comentional anhibody, wilh low avidily or

aived. whether it
pres a result of an

present m subdetectable conauntrations and formed as
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DISPERSION AND VIABILITY OF BCG AFTER
INTRADERMAL INJECTION IN THE GUINEA PIG

2 Pathological Fadings
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The problem of BCG dispersihity and sury nal time 1n the exper:
mental host has been outhined 1n a previous communication (19) deal
ng with the bactenologieal findings i guinea pigs within the farst 17
wecks after mntracutancous admimistration of 01 mg bacillt In close
agreement with the obsersations of carlier investigators (618 22) a
apad Iymph was ohsened In
the course of the first week BCG had reached both the regional lymph
nodes and the spleen and could be cultinated from the Iymph nodes in
decreasing numbers up to the 16th week after infectton The present

1 wper deals with the pathological findings observed mn the same ex
perment

When normal guinea pigs were noculated intracutaneously with
BCG Vorwald ef of (20) found that viable BCG organisms could some
fimes be isolated from the lung and tracheshronchial Iymph node eigh
teen months later Lattle evidence however 1s avaiable ahout the per
sistence of Ining BCG organisms 1 man (8) and regarding the dura
tion and lecalization of specific granulomas Onginally the present m
vestigation was incited by the rmteresting work of Gormsen (9), who
in conjunction with medicolegal autopsies mvestigated the organs of
26 BCG vaccinated human bewngs hetween the ages of two months and
22 vears BCG vaccmation had been jerformed from 6 weeks to 12
vears prios to desth Gormsen econcluded that the presence of granu
lom 1 1n Ivmph nodes hver lungs sjleen or hidney must at least up
1o two or three vears afler vaccination be regarded as a normal se
quence of BCGsaccination  Aypatentls BCG vaceination ecauses n
Reneralized infection duning the imitial stages of which there 1s active
wulty hieabon of the baath which are disseminated throughout the
tody (8)

The primars reaction of the body to the tuberele bacillus \aries con
siferatly (3 15)  dejending on the speeies of ammal (7 11 14) the
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The problem of BCG dispersibaity and sursival time 1n the experi
mental host has heen outhined 1n a previous communication (19) dea!_
ing with the bacteriological findings 1 guinea pigs withun the first 17
weehs after mtracutaneous adminrstration of 01 mg bacillr In close
agreement with the observations of carlier investigators {6 18 22) a
rapd {ymph and dispersion was observed In
the course of the first week BCG had reached both the regional lymph
nodes and the spleen and could be culinnated from the Iymph nodes 1n
decreasimg numt ecs up to the 16th week after infectron The present

1 aper deals with the yathological findings observed in the same ex
perment

When normal gumea pigs were woculated wntracutaneously with
BCG Y orwald el al (20) found that viable BCG organisms could some-
tiumes be 1solated from the lung and tracheobronchral Iymph node eigh
teen months later Little evidence however 15 available shout the per
sistence of hiving BCG orgamisms 1n man (8) and regardmng the dura
tion and localization of specific granulomas Ongmally the present ;n
vestigation was incited by the interesting work of Gormsen (3) who
1n conjunction with medicolegal sutopsies nvestigated the organs of
26 BLG yaccinated human bemngs between the ages of two months and
2 vears BCG vacemation had lieen yerformed from & weeks to 12
vears prior to death Gormsen concluded that the presence of granu
lomas m hmph nodes lser luoge splean. on Ladoay, sk ok leaeh op
to two or three vears alter vacewalion be regarded as a normal se
flucnce of BCG vacamation  Apparently BCG vacemation causes a
feneralized infechion duning the inihial stages of which there 1s achise
;“u}h[lgmmm of the bl which are disseminated throughout the

ody (R}

The § rim iy Teaction of the hod) to the tubercle bacillus varies con
sderibly (3 15) depending, on the spueses of animal (7 1 14) the
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PER CENT
b BODY WEIGHT e
SPLEEN: Welght per 100 gm body wefght ———
1 BCG cultivated ummmm
Specitic nistological findings present
150~
4

BCG
infected

100 -

L A S S S s S ) B S |
] 3 10 13
WEEKS AFTER INJECTION
'y 1
Body weight as percentage of average weight at BOG mjcction and waght of splecn
per 100 g bods weight as percentage of normal averagc The 100 per cent level §s

marked by the dotted line, and the mtervals during which viable B(G umts and
speeific histological changes in the spleen were found are indieated

s1ze of dose (5, 18), the route of moculation (8) and the virulence of the
bacille (10, 17) In a grven speetes of animal, the tissue response may he
different 1n v irious org s (14), and the developmg allergy also plays
its part in primary nfection This different host-parasite relationsiip
15 rcflected m the histologieal picture, which consequently my differ
more or less from the classical deseription of the tubcrele, and even
completely lose tts specifieity following the local introduction of non
speafie anbigens (21)

An attempt has therefore been made to anilyze the varous histo
logical clements present an response to BCG in the gumea g, compar-
mg the site of njection, lymph nodes and spleen  hefore gnmg 4
summary of the overall speeifie reaction in each of these orgns

MATERIAD AND I THODS

Sixty seven normal guinca pigs were used 48 males and 19 females They were
njected intracutancously with 01 mg BCG on a depilated arca in the night marmi]
lary line at an equal distanec from the right axilla and yrom The detmls of the
procedure are given in the first communication of this (xperimental series am

Ihe local cutancous reaction was read twice weekly until it had disappeartd
completcdy the degree of nfiltration and the duration of ncerotic lesians wath «f
without suppuration bang noted The animals were weighed onee a weeh and the
average body weight calenlated as a percentage of the average welght at B(G

mnyection
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4+ 100 Aversge degres of INFILTRATION (0 = +oe) e

Percentage of antmals with

NECROTIC LESIONS -———
SUPPLRATIVE LESTONS —_—

= T
s

6 7 8

WEEKS AFTER INJECTION

Fig 2
Local cutaneous reaction to BCG obsersed macroscopically twice weekly during the
first 8 weehs of infection

Four ammals were lulled each week The site of 1njection, the nguinal auillary
and para shisc lymph nodes and the spleen were removed and the latter weighed
The average weight of the spleen per 100 € bady weight was caleulated as a per
centage of the average normal splenic weight, 6 male and 2 female guinea pigs
serving as controls
Que half of each organ was used for histological studs, sections being stained with
haematoxshin and easin When specific tissue reactsons persisted after the hacterio

logical cultures had became uegative, sections were alsa stained acenrd ne ta tha
method ~F 7 =

Euery
structur
cellular w s an wal LoLed whelher ageregates af an sh 1 3 gollg
were ~- . N

In TOm
0 ++ F)
In sd wph
nades srio
lagice F— vy

RESULTS
The average body weight, caleulated as a percentage of the average
weight at the time of nfection, showed a progressne merease mter-
tupted by an intenal wath relatnely constant values between the 9th
and the 13th weeh (Fig 1)
‘The waght of the spleen as a percentage of average normal weight
showed iarge vamatons, but the average value was, with a single ex-

19 acroravu 523
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PER CENT
1 BODY WEIGHT e
SPLEEN: Waignt per 100 ga body weignt ——
E| BCG cultivated (mTmmm

Spacific histological findings present

150 -
G
injected

18

‘--I—r|v-—]—.-.~vr-v-r|—r-

o 5 10 13
WEEKS AFTER INJECTION

Fig 1
Body weight as pereentage of average weight at BCG injection and weight of spleen
per 100 g body weight as percentage of normal average The 100 pee cent lesel 18
marked by the dotted line, and the intervals during which viable BCG umts and
specific histological changes 1 the spleen were found are indicated

s1ze of dose (5, 18}, the route of inoculation (8) and the virulence of the
bacill (10, 17) In a gnven species of ammal, the issue response may he
different 1n various organs (14), and the developing allergy also phys
its part i primary mfection This different host-parasite relationship
15 reflected n the histological picture, which consequently may differ
more or less from the classical deseription of the tubercle, and even
completely lose its specificity following the local ntroduction of non-
speaxfie anhgens (21)

An attempt has therefore been made to analyze the varwous histo-
logieal elements present m response to BCG 1n the guinea pig, compar-
g the site of mjection, lymph nodes and spleen, hefore gnmng a
summary of the overall speeific reaction n each of these org s

MATERIAL AND MITHODS

Sixty seven normal guines Pigs were used 48 males and 19 females They were
injected intracutancous)y with 01 mg B{ & on a depilated area in the right mamil
lary line at an cqual distance fram the right axalla and gron The details of the
procedure are given n the first communication of this experimental serics (19)

The local cutaneous Teaction was read twice weekly until §t had disappearcd
completcly the degrec of infiltration and the duration of necrotic lesions with of
without suppuration bemg noted The animals were weighcd once a weeh, and the
average body weight ealeulated as a percentage of the average weight at 8CG-

tnjection
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NECROTIC LESIONS -
SLPPLRATIVE LESIONS —_—

WEEKS AFTER JNJECTION

Fig
1 0cal cutanenus reaction to BEG nbsersed macroseomicatly thice weekly during the
furst 8 weeks of infection

Four ammals were killed each week The site of mnjection, the inguimal axillary
and para shiae lymph nodes, and the spleen were remorcd and the latter weighed
The average weight of the splcen per 100 g body weight was caleulated as a per
centage of the average normal splemse waight, 6 male snd 2 female guinca pigs
erving as eontrols
PSR A

oo was elaiiied tor the nracense af L0
structures Langhans’ giant ¢

cellular structures {cascation

were present n the follickes . .
In every scction the aboy

© +4 + and the average deg

In addition the overall spec

nodes and spleen was record

logical findings (Frgs 6 A D

RFSULTS

The average body weight, calculated as a percentage of the average
weight at the time of infection, showed a progressive ncrease nter-
tupted by annterval with rdatiely constant values belween the 9th
and the 13th week (Fig 1)

The weight of the spleen as a percentage of average normal weight
showed large vanations, but the average value was, with a single ex-

19 AcTArvTn 523
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ception aboyve normal during the | enod of posiive bacteriological and
histologieal findings and mounted to a masimal merease of 2o per cent
five weeks after mfection (Fig 1)

The degree of local cutancous infiltration increased rapully and rea
ched 1ts average maximum 2% weehs after mjection (F1g 2) followed
1y a steads dechine and final complete disappearance mn the 8th week
after which no trace except pale sears was left n any animal At the
height of the nfiltration one half of the amimals presented necrotic

lesions followed by suppurating ulcers n 22 per cent of the guinea pigs
at the end of the third week

Histological Findings

At the site of njection the epitheloid tissue reaction was well deve
foped one week after infection and nearly maximal i the third and
fourth weeks after which a slow and mnconstant deerease took place
Specific alterations were shll present at the end of the experiment

Figs 3aandb 4b)

In the lymph nodes the emtheloid reaction was generally more
marked and of shightly Jonger duratron i the pulp than in the follicles
and decidedly more pronounced n the right mgumal and avllary
Ivmph nodes than wn the other groups (Figs 3a and b 1) The least
reaction was observed mn the group of left axillary Jlymph nodes In the
spleen proliferation of epitheloid cells was scanty only observed within
13
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Site of injection
Fpithelmd cells (left), young giant cells (right) and merpicnt necrosis (hottom?
Two weeks after infection Rich growth of BCG (H & £ x 100)
Tubercle 1n the corum 16 wochs after mfection No growth of BOG (H &
X 420} Fiup 5
Rught inguinal lymph nodes
Large tubercles with central ncurosis, massne capsular thichening (hilar region)
Three weeks after infection Medium growth of BCG (H & I X 22)
Pronounced tubereulous lestons present 10 weehs after infection Fpitheloid and
giant cells 1 wall of large abscess Scanty growth of BCG (H & I X 110)
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the follicles, and not seen after the 9th week of mfection (Figs 3a
and b)

The finding of typical tubereles, viz spectftc nodular structures,
varied markedly in degree and duration, hut was most Pm“‘“‘f‘“‘l lo-
cally and 1 the nght mgumal and aullary fymph nedes (Fig 3¢)
Typical tubereles were ohsened locally throughout the experiment
Well developed nodular patlerns developed more slowly, bul were
somewhat longer lasting m the mght axillary nades compared to the
ingunals on the same side, m which the nodular structure hatd almost
disappeared after the 13th weeh, while it was still present in the axldlary
nodes 17 weeks after immumization The reaction was very shght and
nconstant regarding the nodes on the left side, but prncipally the
same, nodules hemng obsersed up to the 14th week 1n the axillary nodes,
but not after the 12th i the ingmnat group The reaction was shightly
more pronounced 1n the parailtac Iymph nodes, but present over a
shorter interval {5th to 8th week) In the spleen, specifie nodules were
only demonstrable 1n the 6th week after infection

The presence of Langhans’ grant cells varied, as could be expected,
with the finding of speeific nodular patterns, most of the giant cells
heing found within nodules of mature tubereles (Fig 3 d)

Necrotic lesions containmg masses of pyhnotic cells or remnants of
cellular structures (abscesses) were more frequently seen than the clas-
sweal picture of structureless caseation (Figs 3e and f, 4a, 5), but
never observed in the left axillary and para-ihiae groups of lymph nodes
or 1 the spleen As usual, the findings were most marked locally and
in the Ivmph nodes of the night side, subsiding earlier in the mgumnal
than 1n the axillary nodes, where cellular neerosis was present after
14 wechs

The lotal tuberculous reaction was, as might be expected, generally
most pronounced and longest lasting at the site of injection (Fig 6a),
where the maximal response was observed after 3 weehs A slow but
progressive decline then followed, with persistence of shight but de-
fimite specific alterations at the end of the experiment 17 weehs after
fection

In scctions of the loeal, right ingminal and axillary lymph nodes
(Figs 6D and ¢), the overall reaction was comparable 1n mtensity to
that observed at the site of mjection during the first 10 weeks after
mofection, but not as constant, developing and decreasing more slowly
1 the night axillary nodes than the mngumal After the 10th week a re
latrvely rapid regression of the local lymph node lesions took place,
teaving no trace i the night ingmmnal group at the end of the ex-
peniment

Regarding the other groups of Iymph nades and the spleen (Figs 6 b,
¢ wnd &), the total tissue reactron was slight, inconstant and of rela

tinely short duration, disappearing bet:
A prearing between the 9th and 10th seck of
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Site of 1njection
T'pitheload cells (left), young gant cclls (right) and neipient neerosis (bottom)
Two weehs after infection Rich growth of BCG (H & 1 X 300)
Tuberele 1n the corium, 16 wieks after mnfection No growth of BCG (H & 1.
X 420). rg 5
Right inguinal Iymph nodes
Large tubercles with central necrosis, massive capsular thickening (hilar regron)
Three weehs after infection Medium gronth of BCG (H & I X 22)
Promounced tuberenlous lesions present 10 wechs after mfection Epithelod and
giant cells 1n wall of large abscess Scanty growth of BLG (H & F x 110
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sfter cessation of growth, speaific fesions persisted n a \ol’nl of 28
amumals, mainly at the site of myechon Acsd fast Bredly ot granules
were, honever, obseried n 8 anunals only, and n very scanty num-
bers Witk one exception, the acid-fast material was always found 10~
tracellularly These findings are summarnzed Table 1, which also
states the last week of postine eublures and presunce of specilic host
reaction, respecticely, for the vanous organs

TABLF |
Presence of Aerd Fast Reiltt ar Granules n Persisting Culture Megating [esions

Aci! fast material

1
| weak
of last A P e
Orzan Fve
| colure Tandings i

T 3k e few banlh Absest
A anules +
Sie of myection Wth 1qh 15 L jih ey Eanlle ¥
1 16th Few granules +
Bt ng 16eh I6th 3 @
<,  Lting Sth 12th 2 1 10th  \lany granules +
£7 Reax 16th 1k 3 1 12th  Few granules +
~f e #th Mtk 3 1 17th  Few granules +
Parwibm MMh %k 0 @
Spleen 6h  Bth 2 1 9th  \em few bauilh +

DISCLSSION

In the present experiments, a well developed specific tissue response
1o BCG was obseried at the site of 1noculation and m the local mngunal
and axillary {ymph nodes 4t the site of tngectian, spearfic alterations
persisted much longer than the growth of BCG, and were shif present
at the end of the 171h week In the local [\mph nodes, the tuberculoys
wflammation was mast marked betwen the sceond and the tenth wech
after ifection, lagging a Little behind in the axillary nodes comp#red
to Yhe ingwnal group Dumng tins period of well-marked histological
Alterations, growth was continuously obfanable from both groups of
local nodes and duning the dast week the speeific lesions teailed off as
the growth beeame seanty and finally disappeared In the other groups
St ymph nodes and W e splecn an equal parallelism was demon
st\rn\}:{c hetween host reaction and growfh, hoth,
shght,

however, bayag here
meonstant and of comparativefy short duration
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{he severe damage to tissue that leads 1o necrosts or caseation, and that
the tubercle formed by BCG regresses completely and usually without
fshross or cateification In the present series, caleification was neser
obsersed Fibrosts was sometsmes present i local lymph nodes towards
the end of the experiment 17 weehs after nfechion As a rule, how-
ever, the lesions had generally disappeared by this time, leaving no
trace except at the site of wmjection and n the right avllary Tymph
nodes
Necrosis or cascation, however, could be scen in active lesions at the
site of mfection and 1 the local nodes, and the amount of lissuc
damage corresy d well to the \¢ degree of growth A
close parallehism could he expeeted, since greater numbers of baclh
will imvaribly produce more neerosis than small numbers withmin the
same tissue, the extent of necrosis being dependent much more upon
the number of bacilh present than upon the size or even the age of the
tubercle (2) Judged by the present ohservations, the numbcr of bacilh
1 prabably as important as thetr vitulence with regard to theie capacty
to produce necrosis or cascalion
Thus, whale the presence of tissue damage 1 primary infection ap-
patently depends more upon the bacilli than the host, hoth seem to be
wmportant regarding the appearance of necrotic lesions as opposed to
structureless easeation In our experiments the former cannot he fully
explamned as a precursor of the latter, since easeation occurred at
approximately the height of neerosis, and subsided earlier in the local
Iymph nodes Cellular necrosis 15 the typical tissue damage caused by
BCG m the guinea pig, not structureless caseation, and more or less
nodular formations of epithelowd cells are generally observed more fre-
quently than typcal tubercles of classical deseniptron
Anderson (2) states genersally that caseation 1s progressive so long
as tuberele haeih proliferate actively in the tissues and extension of
the process continues to take place Necrosis and cascation comerded
with growth in the local lymph nodes m our series, hut not at the site
of mjection, where the majority of the caseating lesions were noted
when the growth was markedly decreasing or had even disappeared
In order to produce a tubereulous lesion in the body, tuberele baaih
must grow within phagoeylic host cells, but the capaeity of the bacill
{0 survive and multiply appears 1o be related to ther virulence (13)
As the vrulence of BCG 15 very low even for gumea pigs, the present
staniy Tindings of mtracellular aeid fast bacillary remnants in only a
few late lesions are in close with this
At The end of the present experiment, tuberculous
l(;t;;snlcd Tocally and sithin the night aullary Ivmph nodes, but were
witely ahout to disappear, confirming that the expersmental tubercle
may resolve, disappear completety, and leave no trace 3

alterations only
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In the right ingumal nodcs, disappearance of reaction comerded with
cessation of growlh With the exception of these and the para-thae
Iymph nodes, the histologieal response to BCG always persisled longer
than the growth, and this diserepaney was most marhed 1t the site of
mjection, where elimination of the bacilh was almost completed 4 weeks
after injechion (19)

These experimental findings support the observations made by
ddamson (1) m human bungs He examined cervical, medpistinal and
abdomnal Iymph nodes as well as tonsils and splecn from 67 patients,
24 of whom had dwed from fuberculosis, and found good agreement be-
tween the posttive Lowenstein culturcs and the histological finding of
tuberculous lesions

The transiwent loss of merease 1 body weight during the second halt
of the experiment might well be due to chance, the aserage weight being
calculated on a constantly deeresing number of animals It may also,
however, owe 1ts explanation to the interearrent infcctions mentioned
n the preceding paper (19) The weight of the spleen, bemng a fine m-
dicator regarding stimulation of the reticulo-endothchal system, vaned
but showed on the whole a shght merease during the period of well-
marked general findings Defimte conclusions cannot be drawn, how-
cver, as cach average weight 18 hased upon four anunals only, allowimng
considerable chance vanation

The macroscopie observations of the loeal reaction corresponded well
to stafements of previous authors (4, 5) regarding comparable doses of
BCG As different strains of BCG have heen shown to diffcr very hitle
i surulence (4), the degree of the primary local reaction 1s mainly de-
pendent upon the <ize of the mfceting dose Generilly, the chiniea)
course of the primary skin rcsponse to BCG-v iceine by ntracutincous
injection m the gumea pig mutates pretty well the response to the same
proccdure 1 the uminfected human bemng (12), even though 1t bas
been doubted that the virulcnce of BCG 1s evactly the sam¢ for human
heings as for gunea pigs (4)

Regarding the observed cellular response to BCG, that of the epr-
theloid cells 1s the most interesting, beeause these constitute the prin
apil elament 1n tuberculous mflammation  Consudering the goneral
tisste reaction to tuberele bacilli (3), 1t has been stressed that by the
tume the mononuclears become transformed nto epithelmad eells the
bacilli have undergone extensive destruction This seems n our cx-
periments to hold true for the BCG-infected gminea pig at the pomt of
entrance of the bacill, but not for the metastatic foar m 1ymph nodes
and spleen, where the mam ¢pithelmid response corrosponded farly well
to the pertod of maximal growth

The aspeets of non-easeating tuberculosss have heen roviewed by
Pinner (16) Rosenlhal (17), worhing with intracardilly mjected gur
that the most significant differenees hetween tu-

nea pigs, stressed ¢
B BCG and yverulcnt bacill are that BCG docs not e atise

pereles formed by
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LOMNLLUSIONS

Following the intracutancous njection of 0 1 mg BCG 1n guinca g,
a well-marked tubcreulous tissue response developed at the site of
mjection and in the local ingumal and axillary Iymph nodes Sevenfeen
wecks after mjeetion all growth had ceased, and the host response had
disappeared or was trailing off 1n the local nodes while still persisting
at the sile of injection Both the histological reaction and the growth
of BCG were shight, inconstant and of shorter duration for other groups
of 1ymph nodes and the spleen

On the whole, the degree of growth reflected the specific histological
activity, but the growth generally subsided some time before the lesions

The various histological clements in BCG inflammation are discussed,
particularly the type of tissue damage and the patterns of epitheloid
response
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Fig t
Simphficd section through the X press

Mo particular method for evaluating the degree of disintegration 1s
markedly superior to others They often complement cach other, so 1n
this 1uestigation, a number of estumation methads were used in pa-
rallel, viz, viable count, total count, exlinction at 600 my, lurbidity,
siscosity, and light- and electronmicroscopy and -photography The
amount of mitrogen solubilized by the dv process has alo
been determmed This multipie charactenization of the matenal ob-
tained may help understanding the disintegration process

MATFRIALS AND MFTHODS

Culter ation_of test orgamsms was performed a3 deseribed carlier 1 a synthetle
medmum and harvested 1n the logarthmic phase of growth (Fdebo 1960) The cells
were washed and suspended 1n approximately 007 M sodism citrate phosphate huf

abtter Bng LD e presses were eooled for another hour §n order to attan the

. ' tna s wit uwmAL pressure Tequired for phase transitions
ut that temperatare This »s probably due to the low velocity of phase transition
reactions at such low temperatures

Fstimation of Dinintegration
Afler 1n meeee

kept m . )

apprecia ‘
= v sa Guisuun When the time

the efficacy of disintegration, the samples were thawed and kepf’.':c.:'.":&"iﬂﬁi

* hindly sunplied by Dr I Markkula




DFPARTMENT OF BACTFRIOIGGY RAROIINSKA INSTITUTFT, STOCRJIOLY €0
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DISINTEGRATION BY FREEZE-PRESSING

1 Lffecls on Bacterta

By

L. EpEro
Recerved 6161

Disintegration of cells 1s an umportant step i releasing many sub-
stances for hiochemieal study or practical use These substances are
often of great biological interest, but since they are Iabile, the techmiques
used for breaking up the cells are of gre itimportance This s illustrated
by the great number of methods that have heen proposed, a variety
which m atself suggests that a completely satisfactory techmque 18
difficult to develop For obvious reasons, disintegration at low tem-
perature 1s of particular interest, and this study was undertaken i the
coursce of a series of mmvestigations conecrned with such techmiques

Many different hinds of cells are disintegrated when foreed 1n the
frozen state through a hole some mullimeters m diamcter wn a novel
kind of press, the X-press (Mg 1) (for details, see Edebo 1960) The
flow of the frozen materal through the hole 1s mtimately conneeted
with changes in the crystal structure of iee under high pressurcs (Tam-
mann 1903, Bridgman 1912), but the details of the process 1s not yet
clear As a rule the disintcgration s performed 2t —25° C, where a pres-
sure of ahout 2000 atm 1s required to cause a flow of material This
pressure 1s known to transform icc T1nto tee I11, a process characterized
by avolume reduction of about 20 per cent This change has been shown
to produce a modest disintegration of Ischericlua colt B (Ldebo &
Heden 1960) Smce the recenving chamber of the M-press 15 an cxact
mmage of the pressing chamber, the cells may be forced many tumes
through the hole without uncoupling the apparatus This 18 particul irly
valuable when the cells ire hard to break, which 1s the ease with some
mlcroorgam\ms

The present imestigation was performed 1n order to elucidate the
phenomenon of disintegration of bacterin A thorough (xamination of
the disintegration products from Ischerichia coli B and Streplococeus
faccals plus & compartson with a variety of other hacterit were carried

out
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Fig t
Simplifsed section through the X press

No particular method for exaluating the degree of disintegration is
markedly supenior to others They often complement cach olher; son
this snvestigation, 3 number of estimation mclhods were used 1n pa-
rallel, o1z, vable count, fotal count, extinction at 600 mg, turbndity,

viscostty, and light- and cl opy 4nd -photography The
amount of nitrogen solubihzed by the disintegration process has alse
been detecrmined This multiple charactenzation of the matenal ob-

tamned may help understanding the disintegration process

MATERIALS A\D MFTHODS
Cuitiation of test orgamisms Was performed as described carlicr in a synthetle

t L e tasl andll Uke mynimal pressure required for phase tr: t
at that temperature This 15 probably due to the Tow A elocity nf Bhase tremettin
reactions at such low lemperatires sitian

Fstimatron of Mistnlegration

1 hmdly supplied by Dr I Markkula



302

bath for ane hour to allaw time for solution of the protoplasm Al manipulations
cxeept viscasity measurements were performed within four hours and the matcrials
were held in the ice water bath throughout The viscosity, however, was measurcd
on non-eentrifuged samples immediately after thawing

Viable counts were obtained after serial ten fold dilubions 1n nutrient broth fol
lowed by plating of 0 1 ml aliquots on nutrient agar plates, and 1n the case of F coli
also on Endo’s agar Three plates were mocenlated for each dilulion, and plates with
30 to 300 colonies were counted after ovaight incubation at 37° ¢ The dufference
between the highest and the lowest count of the three plates sery rarels exceeded
20 per cent

Total counts were made by use of phase contrast microscopy and the aid of a
Buerker counting chamber (depth 001 mm)

The optical density (extinclion) and light scattering power (furbudiy) of the
non-centrifuged material were determined in a Becl DU spectr at
600 ms and 1n a nephelometer (B Lange, Balin), respectivey The nephelometer used
had 1ts linear semilogarithmic scale range between 25 and 85 umits (Fig 20) Whan
at the dilution suitable for most of the suspensions of a series, onc suspenston was
so dense that the turbudity fell hevond the hinear part of the scale more comparable
turbidity values were obtained by extrapolation (Mg 20) of a more dilufcd suspen
sion These values are shown in brackets in Table 1, 2 and 3

After centrifugation (35000 RPM for 90 min 1n the 40 rotor of the Spinca Model
L ultracentrifuge, Ray == 81,000 x g) the sulrogen content (Kjeldahl) of the super
natants was determined The nitrogen content of the non-centrifuged hacteral sus
pension 1s given mn brackets (Table 1,2) The ¢xtinction at 260 and 280 mx of the
supernatant was also determincd Since this mcthod was not reproducible these
data are omutted

Smears were prepared from the pellets, and the presence of distinetly stained cefls
was noted after staining with dilute fuchsin (Gram-negative hacteria), Gram's stan
(Gram positive cells) or Hallhcrg's Nachtblau stain (Hallberg 1946) in the case of
Mjycobacterium phler The disintegration was «stimated as complete (+++++)
90-99 per cent (-++++), 70-90 per cent (++ +), 40 70 per cent (++4), 10 10 per
cent (4) or absent (—)

In order to mmimize enzyme activity the piscosity of the noncentrifuged 1%
ntegrated matcrials (diluted 1 5 with aitrate-phosphate buffer) was determined
wath an Ostwald viscosimetcr immersed m an 1ce-watcr bath 1o a cold room (+ 3°0)
mmmediately after thawing

The viscosity 15 listed as the speeilic viscosity (5, Jirgensons 1958)

t —to

T

(tp == time for plain atratc phosphate buffer and ty == time required for the sample
to flow through the capillary of the viscosymeter)
The disintegrated material was also phofographed 1n a Zeiss photomicroscope

with phase contrast attachment

Specimens for electron micrascopy were prepared after several washmgs by an
air drying method (Fdebo & Cedergren 1961) They were then shadowed with chro
mium and photographed 1n an Akashi Trenscopc TRS

RISUITS
Eschericlua colt
When E coli arc pressed (Table 1 and Fig 2 ilustrate the same ex-
peniments), the total and viable count, the extinction at 600 myp, and the
turhidity are decreased  As long as total counts can be made, thes
¢ viable counts The untreated hactera give a ligher count

ar than on Ilndo’s agar, but all pressed samples yield higher
duction 1s less m fuchsin

paralie) th
on Difco ag:
counts on Endo’s agar The estimated cell re
stained smears than suggested by the total and viable counts
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Loa bact fmt Extinct on, Turtic ty
0 bact /i

]
o 1 3 5 9 Number of
sassages
Fig 11 \
Disintegration of Str faecalis (. viable count nutrient agar -+-+ - total
count --  extinction 600 ms - - - turbidity)

The first pressing causes a consuderable drop m the extinetion at 600
mp of the suspension The successive pressings cause further decreases
m extinetion so that it asymptotically approaches a hmit value The
turbidity, however, 1s decreased only by the first three pressings and
then nereases

The matenal pressed onee shows a high viseosity, but the viscosity
of materials pressed many times 1s reduced The soluble mitrogen
remaining 1 solution after centrifugation 1s mereased only by the
first three pressings and then decreases shghtly

After one pressing many well defined cell walls are found in the
phase contrast and clectron photomicrographs (Fig 4,7) After a num-
ber of pressings howeyer, the cell walls are disintegrated into smaller
fragments (Fig 8 9) Aggregation of the cell walls also eccurs (Fag 10}

This 1s partieularly conspicuous in the phase contrast photomicro
graphs (k18 5)

Streplococcus faecalis

Pressing Str faecahs (Table 2, Fig 11) markedly reduces the number
of colony formung bactenia The decrease 1n total count 1s not sa con
spreous T stimation of the disintegration effect by the study of Gram-
stained smears 1ndicates an even lower degree of disruption In the
counting chamber the untreated bactera often occur n pairs, while
pressed hactena are almost always single

The extinction and turbidity of the material decrease with each
successie treatment The soluble mtrogen 1s steadily inereased by re
peated pressings hut the most viscous materal 1s obtaned after only one

Pressing As seen m the electron photomicrographs (Fig 12-16) of Str
20°
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Mmper
passages

Fig 17

The turbidits after pressing different kinds of hacteria Turbidity salues ahove 90
are obtatned by extrapolation in Fig 20 from a lower dilugron (——

Proteus %13 Lactobarillus hulgaricus
¥ x v Bactllus megaterium -
coceus faccalis —@

F coli

~ — = Clostrifsm perfringens
< StaphaJrenccus aureus  a-o-o- Streptn
@ | cticonnstoc mesenter1ly =~ Mse 1acteryum phler)

Fig 18

" Fig 13
17
:\})rlr‘;n;:ht;t from Lactobacillus § ylgaricus presscd § ur tmes and centnituged at
fagd X & for 20 minutes The electr n dcnse granulcs are not scdumented by ccntry
X § for 30 minutes tut are schimented by 12000 ¥ g for 30 min

. tig 19
Pores presse | three thines Many s Tes are seen breken up
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faecalis repeatedly pressed, the eell walls are fragmented nto smaller
units, hut they are still recogrizable alter the ninth pressing This does
not hold for E coli where the cell walls are disintegrated into very
small umts already after three pressngs

To compare the sensitivity of different bacteria to dlslnlcg'mhon,
representatnes of varous families were treated mn the small X-press
The disintegration was estimated by turldity (Fig 17) assay of the
suspensions and by stained smears As seen in Table 3, the turbidity
of all the bacterial suspensions investigated 1s reduced by the disinte-
gration procedure, principally by the first few treatments The course
of the reduction 15 however different from species to species The
turbidity reduction usually corresponds rather well with the stamed
SMeATs

Whon Tentament -t 80 the famly Lactobactera-
(Fig 18) They were seen
eptococcus pyogenes and
Lactobaciltus bulgaricus and could be sedimented by centrifuging at
12000 X g for 30 mnutes but not by 2,800 X g for the same length
of time

When B subuilis spores were pressed three times, the viable count
dropped from 22 X 10% bact/ml to 60 X 107 bact/m! The electron
photomcrographs (Fig 19) show that spore coats are fragmented

DISCUSSION

As found 1n earlier expersments (Edebo 1960) 12 coli are rather easily
disimtegrated The logarithms of the number of the total count and the
viable count are almost hincarly decreased with an mereasing number
of pressings, once the large reduchion caunsed by the first pressing 15
excluded The significantly greater reduction by the first pressing might
be due to the safety space, which results 1n some of the matenal not
being pressed through the hole on each occasion In order to avord
damaging the dise of the N-press, the pisfons cannot be pressed fully to
{he bottom of the compartment This leaves a space, the safety space,
between the two of almost 1 mm and contains material which does not

pass through the hole The onceAreated matenial 15 collected o am —
ty chamber -~

material prc
tion 1s that.
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TABIF ¥
. or
. P total eount extinction
N . . tained correspondind o
e T rhese logarithmie valucs
: : .. o ipared
Total eotns Fatnenon S0 m 3 ! Turbi iy
e S
v
) Ditution {_
i teg - g DU [ %._\W ™ fo oz
¢ 1n 20{1100) 1143 TIGme 1sT
1w o % 1046 97 76 1052 %
2 sa 28 A2 1038 08 6% w45 17
3 897 2 S Wi w4 02 22
N At 1w0is ~01 48 123 ~0
B 3 1018 ~03 66 043 —2a

After the Girst pressing the loganthmic decrease of total count (0 912
1 less than {hat calculated {ram the extinction and the turbidits (0 67
and @ 92 respectuely} As hight absorbing and scaifering parficles are
formed as bacteria are disintegrated, the loganithmie reduction of total
count should he greater than those ealculated by photocell metheds and
thus the reduction of the total count by the first precaing s probably
greater than calculated by the t hamhb In many cases it 15
vers difficult to distingursh between d Iand non disintegrated
bacterta The protoplasm probahls continues to remain with the dis-
integrated cell Expenente supporting this comes {rom Solfon (1956}
who found that cell walls from Gram negatne bacter;a were difficult to
wash free from protoplasime matenial In the pressings which foilow
the first reduction of total count exceeds those of the other methods,
and this would be expeeted After 2 fow pressings, the extinction of the
bactenal suspension approaches ar asvntplotic value which might cor
respond fo a suspension enbirely made up of cell walls or the relatively
wsoluble cell wall fragments which appear upon disruphion

Mthough Raslegh s ¥aw for the scattering of light by particles 1
suspension 15 only truc for dilute suspensions of particles which are
small compared with the wave length, some qualitatiye information may
be obtamed by constdering the different factors of the formula

15

n® —n* \A? .
I ) e (1 +cos’)

15 = mienaiy of scatlered hght 1o mtensity of meident hght,
n = relractine ndex of the medwm n = refractive index of the par
tieles % = yolume of eack warhele, N = mumber of paructes, 3 =
wave lungth of medent hght B = angle hetween the scattered and in
audentbeams The particles are supj ased to be eonlamed i such a small
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Extinction Turbidity
600my

201100

Nt 1 1 L

6 7 8

Fig 20
Relationship between logarithmic number (total count) of cclls extinetion and
turlndity This graph 1s based on Saccharomyces ccrevisiae (the two left curives)
and a culture of E coli which is nat identical with the one used in the disintegra
tion experiments (the two right curves) (-~ ~ cxtinetion 600 mx, turhidity)

)
10 Log celly/

©

plots However, sigmificantly ligh concentrations were frequently
enough employed to require the use of the logarithmic number of cells
as more appropriate (I'ig 20) When the extinctions and turbrdities are
plotted vs the total number of cells for different microorganisms, the
slopes of the curves are equal but the position of the curves paralld-
shifted along the abscissa but not equally so The relationship between
the extinction and the turbidity of a suspension may thus be uscd to
obtain data about the ophical properties of the cell suspension It has
been postulated that such properties are dependent on, among other
things, the size of the cells From Ragleigh's law (see helow) it 1s known
that a certain mass made up of large particles seatters more light than
if divided into smaller particles The observation (g 20) that, at the
same extinction value, yeast cells scatter more hight than ID col cells
15 thus expected

The Inearly fogarithmie rciationshup between the fofal counts and
the extinction and turbidity values makes possible a comversion of the
latter values into logarithms so that the logarithmic deerease (-4 log,
Table 4) of the total counts can be compared with the logarithmie de-
crease calculated from the extinetion and turbidity values The total
extmction and turbidity of the disintegrated suspensions are then estr-
maled as bemng derved from whole cells, although it 1s known that
some of the turbwdity from the dismtegrated samples 1 affceted by
subeellular particles, chicfly ecdt walls The curves for 1. coli of Fig 20
arc thus uscd to obtamn the loganthms corresponding to the varwous
extinctions and turbidities This 1s possible beeause of the paraild! snft
of the curyves which means that, when the differenecs hetween the loga-
rithms are calculated, as donc here, the error 1s corrected Table 4 shows
the values for L col ohtamned by the proccdure just mantioned
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W hen the viscostty was measured at +20° C after centrifugation the
supernatant from the materinl pressed onee showed the hiphest viscost
ty This material was not thixotropte but the viscoaty decreased with
time prol ably due to the action of dese xyrihonuclease(s)

Both the reductton of the viscosity and the loss of the anomalous
behavior of the colloids may thus be due to an effect on the collondal
state of the macromolecules This seems sery hikely siece DNA and
R\ A molecules are hnown 1o be fragmented when forced through 1
small orifice i the hquid state (Cavaltert 19 »7 Lillauer et al 1960)
and here the stresses imposed are probably much greater A secondary
aggregation of the colloids may occur which wnvolves bath the cell walls
and the cell wall fragments 1n the fashion seen under the microscope

W hen cell fragmentation oceurs 1t mav be explained by one or more
of these possihilities (1) Shearing forces of the rce crystals of the flow
ing materral (2) A sudden volume wncrease of the protoplismic cell
water at the phase shift from 1ce i 1o 1ce ¥ (see betow) or {3) The
pressure gradients over the hole 1n the dish as suggested earlier (Edebo
1960) At the vesy beginning of the first pressing the bacterial proto
1)asm 15 hetter protected within the cells than once the cell walls are
disrupted and jrotoplasm released There 18 2 dramatic deerease 1n
siscosity after pressing a second time This therefore suggests that the
disintegrating effect 15 restricted either in space or time It follows that
had the disintegration been a continuous rather than a sharply hmited
mrecace dh -t ‘ cen subjected
This did not
secondary to

sudden phase
g of the ice Tather than the shearing forces of the flowwng wce The

fact that disintegration occurs at temperatures ahove —22° C (Edebo
1960) when a change from ordinary 1ce (1ce I) to hquid oceurs further
contradicts the first hypothesis

Flectron photomicrographs indieate that the cell walls of F coli are
disitegrated into very small umts after rej eated pressings It 1s be
lieved that cell wall fragments hase no terior water On the bass of
this evidence 3t 15 quite improbable that at least as a single mechanism
disintegralion 15 caused by the sudden expansion of the cell water when
1ce 111 shufts Yo see T {a 20 per cent mcrease 1n solume)

In certain resy ects the parameters of the disintegration of Str faecabs
duffer greatly from those of I coli The fact that the viable count of
Str faccabis 1 much more reduced than the total count must be due to
cell damge not visthle n & light microscope at low magnification and
not falsely low viable count due to aggregabion of the cocer since no
clumping of the cells is abeeryed wnder Yhe microscope Sufficient

:lar‘nagc to the cell wall which does not allow escape of the cell content
hut removes the repraductive abalsty may have occurred bhut mjuries
es cannot he excluded

other than these mechanical on
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volume that the vectors r, jouning the mdsdual particles and the pomt
of measurement, can he considered equal)

When the eclls are disintcgratcd and their el contents released, their
refractive index, for which the cell walls may now be mamly responsi-
ble, 1s decreased (Fig 4) Tlus 1s most hkely the reason for the milnt
decreasc in turbadity This decrease will be greater yet of the cell walls
are disiniegrated nte smaller umits The ncrease m turlndity after
many pressings may be due to a preerpifition of earlier soluble material
or an agglutination of parhicles, the latter increasing the mtensity of
hght scattering because this 1s proportional to the square of the indi.
stdual parhicle solume but dircetly proportional to the number of
particles

This view, based on Rayleigh’s formula applied under rather nondeal
condibions, 15 supporled by the other data Light- and clectron mucro
graphs show that hoth a disintegration of the cell walls into smaller
units and an agglutination occur, and the decrease 1n both soluble
ntrogen and viscosity supports the precipitation hypothesis The dis
mntegration of the cell walls may be particularly useful as a means for
making cell wall antigens accessible for gel-diffusion techmques

The greatest viscosity 15 found m samples which have only been
pressed once Immediately after thawing, long, viscous filamentous
aggregates can be seen with the naked ¢ye tn this material The maternl
when undiluted, 1s also thixotropic, 1 ¢, 1t sets when standing mn the 1ce
waler bath Pouring, shaking and sterring result m a lowered viscosit
even at 0° C This 15 best demonstrated by streamung i the Ostwald
viscostmeter There are progressively shorter flow times when a single
sample 1s repeatedly streamed When the simple 1s allowed to stand
the viscosity returns to a value shightly short of its orignal As expected
the viscosity decreases agmmn on streaming ete The decrease of viscosity
usually mvolves a disorgamzation of weak structures by the stress -
phied, and the increased viscosity on standmg 1s due to an orienfation
or association of the macromolecules in the form of clusters Tlus ano-
mlous behavior of the viscosity 15 particulwrly marked with hoear
collowds of high molecular weight and 1s pronounced at low tempera
tures (Jirgensons 1958) The viscosity did not return to s orgmal
value on standing in the O«twald viscosimeter probahly becausc of gel
exhaustion or action of depolymerizing enzymes

When the bacterial material 1s pressed many timcs, the viscosdy 18
decreased  Since, at the same concentration, hnear eollowds are more
viscous than spherocollonds and the viscosity (reduccd viscostty extr-
polater to zero conecntration) of hncir collords wnereascs with the
molecular weight either a trmsihion from a Iiear to 1 spheroud 1l state
of the colloads, a decrease i molecular weight or both may have tahen
place here A reduction n the concentration of the collowds may also
have occurred, but this 1s not likely when stas recalled that the mitrogen
content of the supernatants does not parallel the siscosity
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YW hen the viseosity was measured at +20° C after centrifugafion, the
supernatant from the matersal pressed once showed the highest viscosi-
ty Thss matertal was not thixotropie, hut the viscosity decreased wath
tume, probably due to the action of desoxy nihonuclense(s)

Both the reduction of the viscosits and the loss of the anomalous
behasior of the colloids may thus be due to an effect on the colloydal
state of the macromolecules This scems very hikely since DNA and
R\A molecules are hnown to be fragmented when forced through a
small enfice 1 the hiqud state (Cavaliers 1957, Luttauer et al 1960)
and here the stresses smposed are probably much greater A secondary
aggregation of the colloids may occur which volves hoth the cell walls
and the cell wall fragments 1n the fashion seen under the microscope

When cell fragmentation oceurs, 3t may he explained by one or more
of these possibilities (1) Shearing forces of the sce crystals of the flow
ng material, (2) A sudden volume nerease of the protoplasmic cell
water at the phase shift from ice IIT to xee I (sec below), or (3) The
pressure gradients over the hole 1n the disk, 2s suggested earlier (Edebo
1989) At the very beginning of the Isrst pressing, the bacienal proto-
plasm 15 better protected within the cells than ence the cell walls are
disrupted and protoplasm released There 15 a dramatie decrease n
viscosity after pressing 1 second time This therefore suggests that the
disintegrating effect 1s restricted either in space or time It follows that
had the ai heen a s rather than a sharpls imited
process the protoplasnue materral relersed would have been subjected
to the viscosity reducing forees duning the first pressing This did not
oceur It means that the cells probably are disintegrated secondary to
the huge pressure gradients at the hole of the dish, or by a sudden phase
change of the 1ce rather than the shearing forces of the flowing ice The
fact that disintegration oceurs at temperatures above —22° C (Edebo
1960} when a change from ordinary 1ce Lice 1) to liquid occurs, further
contradicts the first hypothesis
d::‘l‘l?f:r: xtllhulomlcmgrnphs 1ndicate that the cell walls of E colr are
heved ‘gh:!“u_l‘l“"“;l‘]‘}f! small units after repeated pressings It 1s he-
this evidence i v quul??é:n;:,l: l}l:lnihnf: mterior water On the basis of
disintegration 15 caused b th hable that, at least as a single mechanism,
ree T shafts to 1ce 1 ed by the sudden expansion of the cell water when

In certamn ros c“( {2 20 per cent ncrease 1n volume)
dffer greath ‘:‘:;I‘l:lhc Pﬂ;amclcrs of the disintegration of Str facealis
St faceahs 1 much r:::(-om: tolll hThc fact that the viable count of
ccll damage not sisihle n « 1y 1;181(-( than the total count must be due to
not falsely low vigble cont ;!: mycroscope at low magmfication, and
clumping of the cells :J‘ h‘ ue to vggregation of the cocer since no
damage to the cell watl \\h(: }s‘or\cd under the microscope Suffrcient
but remoy og the rtpro:luc[ ch does not allow eseape of the cell content
other than these et 13e abihty may hasve occurred, hut mjuries

al ones cannot be excluded
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1ABIE §
Drsintegration of Str faecalis
Comparison of the disintegration of Str faccalis as measured by total count, ex
tinction and turbidity By use of Table 20 logarithmic yvalues are obtained corre
sponding to the extinetion and turbidities The decrease {—A lop) of these
logarithmic 3 alucs by the disintegration process arc then compared

\un Total count I xtinction 600 mft \ Tarl ity

her

of pas

swes | log | —alog n':"gh:" J log | o b"l“’“"“ . log | —zog
0 1106 138 1112 $7(1/100) 1122
1 1037 6 06Y 1069 13 83 073 19
3 1016 21 046 1051 18 61 1045 28
3 986 30 031 1037 14 48 1024 22
9 926 60 018 1010 27 2% 987 36

Usc of Tig 20 to compare the total counts and extinctions and turhi-
dities of Str faccals yields the data in Table 5 ‘This was obtamned n a
manner stmilar to that employed wn compihing Table 4 After almost
every pressing the loganthmice decrease of the total count ¢xeceds that
of the extinction and the turbadity This s expected since the hight
absorhing and scattering capacity 1s reduced but not abolished whena
cell 1s disintegrated The fact that the turindity 15 further reduced after
cach pressing, cven when few eclls are left to be disintegrated, my be
recogmized as a fragmentation of the cell walls into yet smaller umits if
Raylagh's formula 1s quabtatively applied Llectron photomicrographs
support this hy pothesis

The deercase 1 extinction and turlndity by the repeated pressing
of Str faecalis proceeds much more slowly than with I coli and cor
relatcs with the greater resistance of streptococer to disintegration Also
the total counts of Str faecalis fell mare slowly than those of IT col

The viscosity of the streptococcal extracts 1s decreased by many pres
sings and a mechamism similar to that involved i 1. colr prohibiy ex-
plains 1t However, the viscosity of the streptococcal extracts showed no
anomalous behavior, probably becwse there are differences mn the
colloidal state of the protoplisins of E coli and Str faccalis

Flectron photomicrographs show that the cell walls of Str faccalts
are also disintegrated into smaller parts but contrary fo the cisc with
E coli, near-complcte strcptococeal cell walls may he easily found after
the ninth pressing (g 16)

Great diffcrenccs have alreads baen shown betwecn the susecptinhiy
of [ colt and Str faecabs to disintegrition Other micro-organisms are
diiferontly susceptiblc too The curves abtamed by plotting the turlndily
py the number of pressings vary from one micro orgnism to another
I"1ch such curve can be dinvided into two parts Part onc consists of
the first three pressings ind m unly shows disintcgration while part

two groups the pressngs which follow nd reveals the tendeney fo
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aggregation The dividing hine between these two 15 not clcnrchul prob-
ably because bacterta, and mechanically resistant parls of them, are
disintegrated with cach successive pressing, and the effects on macro-
molecules are noted ne later than the second pressing The reduction of
the turhidity by distegration 1s also dependent on the difference
Iight-seattering activity between the hactena and their subcellular umits
E coli and Proteus show the most rapid fall in turbidity, but later
therr turbulity inereases [ colt and Proteus belong to the group of
bacteria which are most easy to dismtegrate and Iihe Clostridium per
fringens, they have protoplasms which show a marked tendeney to
floceulate All other kinds of bacteria mvestigated show a more pro-
longed fall in their turhidity values The turbdity of Str faccalis and
Staphylococcus aureus decreases continuously after each pressing which
indicates that these bacteria and their cell walls are rather difficult to
ate tohacullus bul and Bacillus megatertum belong

1 an fermediate category with respect to thesr sensrtiity to frag

ualwn curve shaw a strangly asymptotic tendency at nephelometrie
values below 20 The untque composstion of the \ycobacterial cell wall
probably also compheates the results Desprte these factors, these miero
organisms seem to belong to the group of bactersa difficult to disinte-
grate, since their curves are very shallow The difference in aggregation
tendeney after many pressings may be an expression of dissumilarities
m the colloidal properties of the cell protoplasm of different species

The estimations of the resistance of hactena to disintegration in the
N-press deduced from the turbidity assays are generally supported by
the stamed smears and, i the case of E coli and Str faecalis, already
shown to be true Howesver, the Gram stamned smears of pressed Cl
perfringens show some irregularly stamed rods They were counted as
non disintegrated cells and possibly cause a shight underestimation of
the disintegration Since the estimation of the degree of bactenal dis-

miegration uomg stamed smears yielded results falsels low far B oant
and Cte £ i B

“  xaa v usIegration

When Gram negative bactena (E colt, Salmonella typhimurium
Bordctella pertussis} are pressed many times and shserved under lhé
clectron micrescope, usually only small cell wall fragments are re-
covered and no well shaped cell walts When Gram posttne cocer (Str
faccalis Str pyogencs Staphylococcus aureus) are treated in the same
wav however many well-shaped eell walls remam The

resistance of
Grun positive rods (Baaillns megatermm T ontntk
[N
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resistance of the different bacteria to disintegration by freeze-pressing
in Hughes press (Hughes 1931) or in the X-press This strongly suggests
that the resistance of cells to frecze-pressing 1s dependent on the me-
chanical strength of their cell walls

As a rule, the sensitivity of bacteria to disintegration n the \.press
seems to be sundar to that by ultrasonie treatment (Grun & Steiter
1955) This suggests that the sensitiity to disintegration depends on
some common factor, probably the mechanical strength of the cell wall,
which has already been shown to be of great importance i the resist-
ance to freeze-pressing

Smce Gram-negative bacteria are more susceptible to disintegration
than Gram-positive cells this probably can be explamed by the differ-
ences in cell wall composition The cell walls of Gram-negative bacterin
are more complex and contain the R-layer which 1s pestulated to be
responsible for the shape and mechanieal strength of the cells (Weidel
Franh & Martin 1960) This layer, roughly cstimated 1o account for no
more than 10 per cent of the dry weight of the complete wall of E coli B,
15 the structure most sumilar to the eell wall of Gram-positise bacterin
Since the corresponding structures in most Gram-posttive bacteria con
stitute a greater part of their cell walls, 1t 1s not astomshing to find a
Tigher mechanieal resistance Gram-positive bacteria nught well be ex
peeted to have a stronger cell wall than Gram-negative cells for another
reason The mtracellular pressure of Gram positiie bactern (20-30
atmospheres) 15 supposed to be much greater than that of Gram-negt
tive cells (5-6 atin ) (Mutchell & Moyle 1956)

The nature of the particles prepared from Lactobacillus bulgaricus
1s not yet myestigated They are unusually large compared with most
subceliular particles from bacteria and they correspond, with respect
to size and shape, mostly to polyphosphate granules (Mudd, Yoshda
& Koile 1958)

The mechanism of disintegration m the N press 18 not completelt
clucidated The disintegration of cell walls into smaller particles con-
tradicts the hypothesis that disintegration 1s caused by the sudden
volume increase of the protoplasm when the water changes from ice 11
to 1ce 1, and the great deercase of the viscosity after the second pressing
of L coh plus the disintegration obtained at temperatures ahove —22°
€ contradict the postulation that the sheiring forces 1 ice flowing
under pressure are the basic canses of disintegration It 15 more reison
able that the huge stresses and accelerations excrted on the bhactena
particularly when they pass through the pressure gradint of the Thole
m the disk, seem to b responsible for @ great de il of the disintegration
effect However, the passage through the hole cinnot be entirely re-
sponstble for the distntegration because cells wlich hive not pissed
through the hole are disntegrated to some extent The potent ffect
d by Hughes (1951), when a pyrex glass abrasive was used for

obtained
sses the importance of the shering forces of

frecze-prossing, also stre:
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als The hypothesis that pressure gradients cause the dis
:;c!cg:;::on of hacler)n; does have the advantage that st cncompa«cshlhc
other two hypotheses to some extent since the sheaning and punching
effect of sharp crystals on the bacterium may be considered as very
sharply localized, mucrescopic pressure gradients, and the pressure
difference between 1ce 1L and 1ce [ 15 evident Macroscopic pressure
gradients will cause an acceleration and flow of the material which
makes a companson with other disintegration methods frmitful The
methods of French et al {1935) and Ruby ef al (1939) which mamtamn
the pressure gradients kv the flow of liquid through a very narrow
onifice, seem to be dependent on a very sumlar mechamsm It has
further been shown that the carse of the some (9ke) disintegration
of E colt B can be imposed on the curse of the particle velocity n the
center of the sonie cup, if suitable units are chosen, when the above

parameters are plotted vs the plate voltage of the generator (Atnsloe,
Ackerman, Reid 1951)

SUMMARY

A bactenal d ation tech which depends on the pressing
of hacteria n the frozen state (2,000 atm ,—23° C) through 2 2.5 mm
hole has been mvestigated 1n detail by treating Fscherichia coli and
Streptococcus facealts and measuring the viable count, total count,
extinction at 600 mg, turbidity, viscosity and soluble nitrogen It 1s
shown that the cell walls of the bacteria are disintegrated and the cell
contents released VWhen the material 1s pressed several tunes the dis
integration of the cell walls progressively increases The viscosity of
samples of disintegrated F colt 15 high and anomalous It 1s reversibly
reduced by shight mechanical affection but irresersibly reduced by
many pressings After repeated treatments of F coll, clumping oceurs,
and 1t 1s also observed with Proteus and Clostridium Samples of dis
integrated St faccalis are not so viscous as those of E colt and no
clumping occurs after many pressings Similar results are obtamed
with Staphilococcus Lactobacillus and Bacilius species

The sensitivity of different bactersa to disintegration by this tech
mique is simiar to that found when other techmijues are used The
resistance of different bacteria to disiategration by freeze pressing

secms to be dependent on the mechanical strength of the celf wall
The h of the disinteg

100 15 .
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STUDIES ON THE EFFECT OF HOVMOLOGOUS SPLEEN
CELLS ON ANTIBODY FORMATION IN CORTISONE
TREATED RATS

By

Kaage BFRLU D and ASTRip FAGRAFLS
Recerved 24 x 60

Presious 1nvestigations have elucidated some factors which condition
the depressing effect of cortisone on antihody formation n the rat
(Berglund 1956 a-d) In order to influence the carly phase of the
immune hemolysin response the hormone must be administered (by
the mtramuscular route) for at least 2 days hefore the antigen injection
(Berglund 1956 a) Cortisone ginen after the day of antigen njection
had no sigmficant effect

Further 1t has also been shown that this effect of cortisone can be
inhibited by intraperitoneal injections of homologous spleen or thymus
cells (Berglund & Fagraens 1956) The present communication 1s a
report on studies of some factors which condition this phenomenon*

a) tume of and number of spleen cell injections, and b) viahility of
the cells

TFCHNIC

Anumals White male rats weighing about 200 g were allotted at random to ex
perimental groups (Berglund 1956) Blood samples of 10-15 ml were taken by
heart puncture (esperiment 1) or from tails (eXperiments 2 and 3)

Anfigen Fresh sheep erylhrocytes were washed 3 times with saline and diluted
Rith saline to the concentration uwed (Hergiumd 1955) The rats were immunized
P> a single ntraperstoneal njection of 1 mif100 ¢ body weght of the antigen
suspension
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The cells were then spun down at 1000 rpm for 10 minutes at 4 C They were
restispended an fresh Tyrode saling solution The volume was adjusted to eontain 2
minumum 97 105 nucleated cells/m! (105 cdlls have heen obtamed from 173 15 of 8
spleen in different experiments) In cxpcnmants 1 and 2 the number of nucleated
cells was detarmined oan ordinary counting chamher and another sample was
viewed under phase contrast microscope Most cells did not appear damaged and
::nm; the addition of trypan hlue scry fos shuyd am staiming that wounld dieate
deathh

A fresh cell suspension was prepared for eveqs 24 hour period when cells were
miceted on more than one day The cells were hepl at 4 4°C untat the mjection

Hormone treatment (orbisone was Bnen as dmly intramnscndsr mjections of a
saline suspension of 1 commireial acetale (Cortal of Organon) t a dose of § mg
Ter 100 g hods welyht per day Admunistration was starkid on das — 4 and Gshed
with dav 4 1 In cxperimient 1 ¢ controls’ were BN corresponding ameunt of
the agant used to suspand the cortisone ncetate

Statrstical treatment The Student s € test was used to compare the mean liters of
two groups (Fisher 194%)  Analvsis of variance was performed according 1o diree
tions given by Snedecor (1940)

TNPERIMINT AL

Experument 1 Effect of Intraperttoneal Inyeclion of Hat Spleen Cells
—Gwen on Differcnt Days—on Hemolystn Production in ( orlisone
Trealed Rals (Tables 1 and 2)

Forty-oight rals woighing 175 210 g were allotied {o s groups 1
numbers given i Table 1 Groups 1-3 Were grven cortysone as expl uned
under “technie™ Group 6 was gnen the suspendmg agent of the corh
sone acefate and served s control group Al groups werc unmunized
by a <ingle intraperitoneal myection of 4 04 per cent suspension of
sheep erythrocytes

TABIT 1

Tap 1 Production of Immune Hemolgsin 1 Cortisone Treated Rats quen Intra
perdoneal Inpietions of Intact Homologous Spleen ells on Infforent Dags
tntebodp Titers Were Measured on Sera from Day + 5

t Hewoh an tier

Group Trcatment R R B e

1 Corhisone 10 189+ 033

2 Caortione 0+ 7 140~ 07

3 Cortisone +1 42 7 140+ 026

1 Cartisonc +2 403 7 253 £ 061

5 Cortrsont 0+ 3 7 237+ 079
-5 Cortisont +e 21 213+ 034

6 Suspending agent w §31 + 062

Controls

* ee the component g8 ups of this poaclad group

Groups 2 5 were @nen intraperitona b njucions of splan cells as
follows Group 2 On In 0 onc mpuction 5 hours afler the mhgtln
mnjection and anotlier 6 hours Itcr (¢Cach conf uning appronim ml‘
2 104 cells) On d + 1 twe lnjf'(’hm}\ it 1 12 hour mtvrval ((‘.\c:
approximildy ¢ 10 cdls) Group 3 Tour mycctions 12 hours aprr
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on davs + 1and + 2 {each approxumately 3 10° cells} Group & Fot.llr
injections 12 hours apart on d1ys + 2 wnd + 3 (each 'mproum:lc)
3 10% cells) Group » THo m)echions eesy day fram day 0 through day
4+ 3 simullaneous with the spleen culIs injections of other groups and
contaimng the same amount of cells s these

The ammals were bled on day + 5 The group means of hemohsin
uters are gnen m Table 1

TABIE *
Fxp 1 D fferences (D) in Mean Memalysin Trler between the Groups of Table
Croups compare } Semotysn s 1ot D+ £(0)
1 and 2 251077 *
1 and (3 5) 021205,
1 and 6 245+ 070 *
2 and (3 5) 227+ 0% *
»and 5 203+ 112

Resulls As oxjected ammals recening corbisene but no spleen cells
rroduced swnificantly lss hemolysin than those of the control group
teampanison of groups 1 and 6 Tible 2) The four groups given corll
sone and spleen cells dilfercd considerably in mean hemolysin biters A
o wifted analysis of vamanee ypphied 1o these groups showed that alt
grouy s probably (P<D05) did not balong te the same population This
heterogenesty econld be eliminated by omitting group 2 which had
sigmficantty higher titers than the other 3 groups (Talte 2} The e
muming grouy s {groups 3 to 5) were pooled (Table 1) and compared
with group 1

Admimstration of syleen cells on dav 0 and dax 4+ U sigmificantly
mereased hemolvain titers 1 cortisone {reated amymals {companson of
groups 1and 2 Table2) Injections of spleen cells on other davs did not
“igmificantlt alter antihods lesels on day 4 5 {companson of group 1
and group 3 o Table2) In fact ammals gnea cells on davs B and + 1
had sigruficantly higher titers than those injected on other dasvs {com
plmsnn of group 2 and group 3 v Table 2) The [1¢t enmnar e = 1

The
ells

of
=+ 1 o Awrect comparison of the relesant groups

{2and o) did not howeser gre stitistical support for such a statement
(Table 2}

Fxpenment 2 Lffect of Intrapertioneal Injections of Rat Spleen Cells
—Varation of the N\umber of Injections from 1 lo % (Table 3)
Twenty three rats weighing 190 210 & were dlotied to four groups
W onumt ers gen w Table 3 A0 hTOUfS Wore given cortisone as ex
2t
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plamed under “technic™ ‘Ihe ammals were immunized by g wngle
intraperifoneal wnyection of a 0 1 per cent suspension of sheep ersthiro-
cytes

Spleen cells were given itrapentoneally fo groups 2-4 as follows
Group 2 recenved four injections—the first 21 hours, the second ahout
8 hours, the third about 18 hours, and the fourth about 27 hours after
the antigen mjection Group 3 was given two mjections on day 0, equal
i all respeets o the two first given to group 2 Group 4 recenned onhy
one injection, equal to the {irst given to groups 2 and 3 ach injcetion
had a volume of 1 ml The injections, given durmg the first 24 hour
penod after the antigen mjection, each contained about 2 6 X 10° cells
No celt count was porformed wath the eelt suspenston prepared for the
Iast injection m group 2

The anmimals were bled on day + 5 The hemolysin hitration w1s
performad with $-fold ditution steps By a mistake titration with 2 fold
dilutions could not he done latcr However, the titration error-in four-
fold titrations—1s neverthcless small 1 comparison to the indivduil
variation within groups (Berglund 1956), and does not yeopardize the
conclusions The group means of hemolyain biters are found in Table 3

Stalistical analysts An one-sided analysss of varsance, applied to All
groups, mdic tted heterogeneity hetween groups (P<005) When group
1, that had not recencd splecn cells, was omuitted, analysis of yvananee
showed no sigmificant heterogeneity hetween the spleen cell treated
gronps (2-4) Thesc groups conld therefore he poolad info one group
(Thble 3)

TABLYF 3
Ixp 2 Prod of I lysin n Caortisope Treated Rals Guen one
(Day 0} tws (Day 0) or four tDays 0 and + 1} Intraperidoncal Injections of Inlm"l
Homolugous Sphien Cells Antibody Titers Werc Measured on Sera from Bag + &

I satepteen |
Hemolysin titer
Cro, Treatment claip no | No of ras
i of injict ey
1 Cortisone § 198 + 035
2 Cortisone 4 5 314+ 100
3 Cortisone 2 5 120 %6093
4 Cortiarne 1 5 180 = n30

Pocld pronp (2 ) Mean hemolysin titer = 371 + 048
Differenec hegween group 1 and group (2 4) = 174 + 0717

Results Tour mycctions of splaen cdls gren hitween 23 to 27
hours after the antigen ingection (at ) or two such ingcctions grn
21/, and 8 hours after a1 &id not lead to hemolysin responses i corts
wone treated rats, that sigmficantly diffcred from those found m am
mals reces ing only one such mjection at 214 hours (fter at The spleen
cell treated animals, considerad as one group produccd /Jrubn.bly highar
hemolysin bifers than antmals gnen eortisone only (PO 65)
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Experiment 1 showed that four injechions of spleen cells could wm
crease the hemolvsin production In cortisene treated rats if they were
gren on day 0 and day + 1 In experiment 2 1t was found that one
njection of spleen cells on d1y 0 was as ¢ffective as 1) two such in
Jechons on dav 0 end 2) four distributed on das 0 and day + 1 In the
following experment spleen cells were—with one exception—accord
mngly gnen as single igections on dn D

Experiment 3 Effect of Intrapertloneal Injection of Pamnged Spleen
Cells on Hemolysin Production in (ortisone Treated Rals
(Tables 4 and 5)

Forty fne rats were allotted to B groufs in numbers guven in Table
41 Groups 1-4 were guen cartonc as outhned under technie
Groups 5 and 6 recenned no cortisone Al groups were immunized by a
single intrapenitoneal injection of a 01 per cent suspension of sheep
crythroestes

Groups 2 5 were given mtraperitoneal mjections of cells taken from
a common pool of sjleen cells

Groups 2 and § were guen 7 single myectian of wfact spleen cells
2 hours after the antigen injection (day 0) The cell suspension was
mjected 1n a volume of 3 ml per amumal T ach rit recenved the average
number of cells ohtawned from 38 ol « spleen (sce technic } No cell
count was performed In several carlier experiments the average num
ber of cells obtained from one sjleen yaried between 3 8 108 Accord
mgly 1t could be eshimated that these animats recened 1 3 10¢ cells
cach

Group 3 recenved cells which had been Nilled by incubation at 20° C
for 1 hour Otherwise the mjechion was 1n ol resnects wept ral ta 1 s

-
1veated no mtact ¢ells All ammals recened four mnjections Each
mjection had a volume of 12 m) equnvalent to half the amount of cells

gnen fo groups 2 3and & Accordingly the rats of group 4 recenved a
total amount of cell fragments obtained from double the number of
cells given o the other proups The first wjection was gnen 2 hours
after the antigen 1njection and the three following at 2 hour 1ntervals
This spreading of injections was instituted as g 1asstble compensation
for a more protracted effeet of viable cells

+’I;hc anlr;mhl \\er‘e bled on dy + 5 and dav + § 4s the fiters on day

1 were too low to [ ermat ealeul.
e repanted (Tabte th ations only titers from dav + § will

Cu Las suspunsion

. Results Admumstratton of intact normal spleen cells did not sigas
\cantly alter hemolysin Tesponse 1 animals nol treated with cortisone

1 One amimal was lost Fefore day + 8 In ¢ach of the Eroups 2 3 and 4
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(comparison of groups 5 and 6, Table 4). The two groups, which did not
recenve corlisone, could thus be pooled 1nto one control group (group
5 + 6, Table 4).
TABIE 4
Ixp 3 Humolysin Production n Cortisone Treated Rafs Given Intraperioncal
ln'J(t‘llnns of Damagcd Homologous Spleen Cells When not Othertnse Indicated ells
Were Guen as a Single Injcction on Day 0 Antibody Titers Were Measured on Scra
from flay + 8§

Group Treatment hind of cells ghen | p ‘ No of ) He .,:?;::‘x'i’ner
1 Cortisone — 10 041028
2 Cortisone Intact spleen cclls 9 263 2071
3 {orlisone Meat treated spleen celly 4 4212010
4 Cortisone Dasintegrated spleen cells 9 022 =008
—1 injcetions
5 No Intact spleen cells 5 301 +089
6 No — 5 258 + 062
546 No (see groups 5 and 6) 10 281 £ 0052
“Contrals"

TABIE 5
Txp 3 Infferences (D) wn Mean Hemolysin Tiler between the Groups of Table
Groups compared 1lemolysin titer D4 (I
1 and 2 228 £073°*
1 and (5+6) 240 + 059°**
2 and 3 246+ 110°
2 and 4 247 £ 072°°

Cortisone signtficantly 1educed antibody titers in ammals whieh were
not given cells (comparison of group 1 and group 5 + 6, Table 5) A
single mjection of intact normal splecn cells stgmifrcantly mereased the
liemolysim response 1 cortisone treated amimals (comparison of group
1 and group 2, able 5) Killing of cells 1) by heat probably and 2) by
disintegration signuftcantly reduced this effect of spleen cclls (com-
parisons of group 2 with groups 8 and 4 respeetnvely, Tabfe 5§ The
mean hemolysin titers of groups given cortisone and damaged cclls
showed no sigmificant difference from that of the group given corbisane
alone (groups 1, 4 and 4, Table 4)

COMMFENTS

Previous experiments have indicatcd that the mhibiting effect of
cortisone on the mmmune hemolysin response m the rat s due to an
mterference with an early part of the antibody production proccss
Admnistration of cortisone from the dav following the day of antigen
mjeetion {(day + 1) did not influcnce the carly phase of the antihody

56a) \ccordingly, it was of considerable interest

response (Berglind 195
to iy estigate whether a sinilar time relation charactenzad the restora-
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on of the antitbody formation by homologous spleen cells in cortisone
treated rats

The result of experiment 1 indicates that normal inlact splecn
cells—in the dosage nsed—have hitle or no effect when the admustra-
tion 1s started on day + 1 or lafer From ecxperiments 2 and 3 11 s
apparant that a smgle spirapentonenl mjection af spleen cells 2 hours
after the anligen inyection (day 0) suffices to neutralize the effect of
cortisone on antibody formation In fact, additional injections on day 0
and day + I could not be shown to snerease this effect Further in-
jections on day + 2 and day + 3 seemed 1o deerease rather than -
crease the effect of celly given on day 0 and d1y + 1 {(experiment 1)

These Iindings may be summarized as follows  As cortisone must be
administered before day + 1 to suppress the early phase of the immune
hemolysin response, homologous spleen cells have to be ghen before
day + 1 to neutrahze this effect In a previously published experiment
{Berglund & Fagraeus 1936) spleen cells gnven 22 hours before the
anbigen injection (day — 1) had no effect Other points of time for the
spleen cell transfer—helween 22 hours hefore and 2 hours after the
antiZen injection—hasve not been investigated

‘The mechanism by which cortisone mterferes with the anhibody for-
mahion process 1s not known (Bergliend 1956 a) The present expersence
suggests that the mjury 1 located very early i this process—prohably
deranging reactions that tahe place duning the first 24 hours after the
anhigen jeetion Phageeiiosis 1s the only well known phenomenon in
thus phase Studies of the effect of cortisone on ingestion of antigen 1n
phagoestes have given confhieting results (reviowed by Kass & MNnland
1933 and Tuniras 1953} On the other hand, investigations on digestion
of antigen by phagoeytes dunng corfisone admimstration have unani-
mously shown a retardation of this process (Lurie ef al 1952, Kass el al
1933 and Clawson & Nerenberg 1933) This observation could explam
adelaved intibody response but not the permancnt mhibition ohseryed
{(Berglund 1936 ¢)

The observation that the cortisone-neutralizing effect of ntact ner-
mal spleen cells 15 also limted to the day of antigen injechion suggests
that the translerred cells may correct 2 specific derangement caused by
cortisone They may Like over a cellular function in the assimilation of
wtigen or m1y produce a humoral factor that restores the recipient’s
own cellular function w thus wespeet U Abe transferred colls take an
actine past . the antelvedy, Sormang, jrotess, do They atso synthesize the

exeess of antibody produccd in these animaly compired to thaer o on
cortisone onlv? ™

which heterologe

o rats (Pagraer ¢ -

transferred cells
However, 2 non-

trinsferrad cdlls e

© s L ucnunstrated

specific stimulation of antthody production by the
an not be discegarded The trapentoneal injection



3206

{camparison of groups 5 and 6, Table 4). The two groups, which did not
receive cortisone, could thus be pooled nto one control group (group
5 + 6, Table 4)
TABLL 4
Pxp 3 Hemolysin Production in Cortisone Treated Rats Groen Intraperloneal
l"vj('thﬂ"s of Damaycd Homologous Spleen Cells When not Otherwise Indicated Cells
Were Gwen as a Stigle Ingection on Day 0 Antibody Titers Were Measured on Sera
from Day + 8

Group Tro tment Rind of cells given 1 ‘ oot l "‘"\‘l‘i’:’l';“'"
1 Cortisone — 10 0412028
2 Cortisonc Intact spleen cells 9 269 =071
ki Cartisonc Heat treated spleen ccdls 4 021010
4 Cortisone Disintegrated spleen ¢ells 9 0222003
-1 injcetions
5 o Intact spleen cells 5 304089
6 No — 5 258 062
5+6 Ao {scc graups 5 and 6) 10 281052
“Controls*
TABLI 5
Txp 8 Dffcrences (D) Mean Homolpsin Tor between the Groaps of Table §
Groups compared Hemalvsio titer 1) + g(1)
1 and 2 228 £ 073
1 and (5+6) 240 £ 059
2 and 3 246 = 110°
2 and 4 247 £ 072

Cortisone stgnuficantly reduced antibody titers in antmals which were
not grven cells (companison of group 1 and group 5 + 6, Table 5) A
smgle njection of ntact normal spleen cells sigruficantly increased the
hemolysin response 1n cortisone treated amimals (comparison of group
1 and group 2, Table 5) Kihng of eclls 1) by heat probably and 2) by
disintegration signuftcantly reduced this effect of spleen cclls (com-
parisons of group 2 with groups 3 and 4 respectively, Table §) ‘The
mean hemolysin titers of groups gnen cortisone and damaged cells
showed no significant differenee from that of the group given cortisone
alone (groups 1, 3 and 4, Table 4)

COMMEPANTS

Previous experiments have indicated that the mlihiting cffect of
cortisone on the mmmune hamolysin response i the rat 15 due to an
interference with an carly part of the antibody production process
Admnsstration of cortisone from the day following the day of antigen
mjection (diy + 1) did not nfluence the carly phase of the antihody
response (Berglund 1956 2) Accordingly, 1t was of considerable inferest

to myestigate whether smular time rddation charactenized the rostora-
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Berglund K & Fagraeus 4 A biologic lldor mmbnmg the effect of cortrsone on

antibody production Nature f77 233 1956

Clawson B J & Verenberg S T The cffect of large doses of cartisone upon the
abulity of the reticuloendathelsal cells to phagoeytose streptococer J Lab Chin
Med 42 746 1923

Fagraeus A & Berglund A Inhibition ¢ the effect of cortisone on antibods forma
tion by heterologous spleen cells J Immunal &7 49 1961

Fisher R 4 Stabstieal methods for research workers Hafmer New York 1948

hoss E H & Finland M Adrenocortical hormones in infection and immumiy Ann
Rev VMicrobiol 7 361 1953

Rass EH hendrich M J & Finland M Fifect of certamn corticosterods and of
grawth hormone on nucleoproteins of lymph nodes Ann “ew York tead Sc
56 737 1353
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of homologous cells means ntroduction of considerable amounts of
biological material-—prohably partly antigenic This may ginve rise to an
adjusant effect In experiment 2 heatkilled, but morphologically intact
celfs, did not significantly counteract the effect of cortisone on antibody
formation Further, dismiegration of cells—thereby reducing denatura-
tion of the biologieal matenal, but losmg the morphologieal form of
the cell—had no demonstrable effect These results, as well as similar
experiences with helerologous cells (Fagraeus & Berglund 1961}, do not
support the hypothesis that restoration of antibody formation by spleen
cells 1n cortisonc treated rats 1s due to an adjuvant type of mechanism

SUMMARY

The myestigation 15 a stady of some factors that condition the effect
of homologous spleen cells on antibody formation 1 cortisone treated
rals The test objeet has heen the hemolysin response in rats mmunized
by a single intraperitoneal injection of sheep erythrocytes and gnen
cortisone by a schedule leading to depression of antibady formation

A smgle intrapenitoneal mnjection of intact normal rat spleen cells
—gnen on the day of antigen mjection—sufficed to give a sigmfreant
mcerease of hemolywin hiters 1n cortisone treated rats Four njections
of such spleen cells—two on the day of antigen 1njection and two on the
following day—were also effective When additional cell injections were
given on the two following days (day + 2 and day + 3) no signsheant
effect was obtuned—indicating a possible negatne cffect of cell ad-
mimstration on these days Further, mn)ections of tact normal spleen
cclls started on days following the day of antigen mjection did not
restore hemolysin formation in corbisone treated rats

Spleen eells—killed by heat or disintegration—did not ncrc wse anti-
body formation in animals treated with cortisone Tlus observation
m tkes an adjusant cffect of intact cells less probable

It 15 suggested that—in the expermmental model used—cortisone n-
terferes with a phase of the antibody production process lnmted to the
first 24 hours after the antigen injection The effect of hving, homo-
Jogous splecn cells —when administered during ths period—suggests
that this coriisonc-induced derangement 1s thereby corrceted
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Lomm 1957a and reviewed more in detail by Luche & Schlumberger
1949, who find no conclustie evidence on real formation of tumours,
but emphasize that experimental conditions have in most cases If»clcn m-
adequate In 1951, however, Breedis reported the induction o rarnos&
plantable spindle cell sarcomas 1 Trturus viridescens More than s“
newts mjected 1 the forelimbs with various carcinogens had n
per cent to 40 per cent of cases developed accessory limbs, dupheating
the injected Jeg In two cases only, malignant tumours developed
following the njection of 3 methyleholanthrene, 1 mg in olne ol
Lantency periods were 168 days and one year respectnely

Leons 1938, wmplanted pure crystals of methylcholanthrene subcut-
aneously 47 newts, Triton cristatus, and observed a local neoplastic
mfsttration m about 40 per cent of the anymals, developng wn the course
of a few months and accompanied by distant metastases Transplanta-
tion showed a high percentage of tahes

The Basts of the New! Test

In their attempts at producing tumours in salamanders by chemical
means Hellmich 1928, Koch, Schretber & Schretber 1938, and Pflug-
felder 1919, observed an early prohferation of the epidermss, with no
or only sbght atypical features and with some tendeney to local m-
xason Stmilar lesions in axolotls were reported by Iedafor 1941 and
by I'inkelsiein 1943 The epithelmm seemed normally differentiated
and the lesion was probably sot neoplastic Lucke & Schiumberger
1919, regard this lesion as “granulomatous masses or as non neo-
plastic hyperplasia resulting from prolonged irritation” which, how-
ever, would not seem to exclude ity applicability as a criterion for
carcinogenicity

This application of the skin reaction has been made by Neuhomm
1957, 1929, who originally studied the effect of tar, henzpyrene, and
methyIcholanthrene on the skin of new!s m neutral regions, and 1n
regions partieularly capable of regeneration such as the tarl, 1914 Both
kinds of location showed an epithelial reaction ahnit nnn N

wv uptun il widened, atfecting not only the
subcutancous tissue mcluding its glands but also the superficial mus-
cular layer On the surface an uleeration des eloped, but the proliferat-
g epathelium showed no sign of atypica cells and therr nucles locked

normal, and mitoses were rare From ahout the 40th d:

ay the epith
mfiltration regressed, 3 the epithehal

L and was delimited by a reaction of connectine
tissue after which resorption nearly restored normal condifions
Meukomm found tar, henzpyrene, and methyicholanthrene 100 per
cent effective 1n producing this reaction, when admimistered repeatedly
as 125 per cont to 5 per cent solution 1 pure olise o1l Variation n
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STUDIES ON THE NEWT TEST FOR CARCINOGENICITY

1 Benzo[a] pyrene, Dibenz[a,h]anthracene and 3-Methylcholanthrene

ny
E Artrvinns and B Corr viz Cunistiasey
Recened 20 xn 60

In a recent review one of us (A) has demonstrated the insufficrency
of our present tests for carcinogenicity The cver mereasing enyiron-
mental cxposure to new chemieal compounds 1s increasing the need for
such tests, and the development of quicker tests than the usual would
seem particularly valuable Althougl it may be expected that biological
tests for carcinogenictty will to some extent he unspecific, 1t majy on the
other hand be hoped that, like the case 1s 1n bacteriology, combinations
of such imperfectly speafie tests will give important information

It 15 on ths background that the authors have studied the appheabr
Ity of the socalled newt test previously apphed by Nenkomm 1957

Cold-Blooded Verlcbrates in Lxperunental Carcinogenests

According to Schlumberqger & Luche 1948, tumours m cold-blooded
amumals will largely show the same structure and behaviour as corres-
ponding tumours 1n warm blooded anmmals Spontancous tumours may
nol be quite as rare as presiously assumed, and are rather often smted
for experimental studies, as reported by Luche & Schlumberger 1949 In
newts carcinomas have becn demonstrated in the testes, skin glands
and the shin, and fibromas m the subcutancous tissue In the axolotl,
hereditary melanomas are wellknown, and so are virus-induced rendl
adenocarcinomas 1n the frog, Rana pipiens

Ampliubia were used by Champy & Vasilin 1924 (Champy & Champy
1035}, and by Hellmuch 1929, 1 experimental carcnogonests, largely
with a view to their alility to loeal growth and regeneration Further
advantages of cold bloodud anmmals to the study of tumours are their
slower speed of biolomical processes, and their dependance on the
temperature of the surroundings combined with a lenger period of
surynnal 1 pifro of their tumour tissue, according to Luche & Schlum-
berger 1949

Larher experiments on chemical carcinogenesis m amphibia, ]n’rth
cularly newts and avolotls have been surveyed schematically by Newt-

J30
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size and covered by a metal net Thirty to fifty ammals were hept together and fed
weekls on finels hashed hiser Vore frequent mieald ma3 cause deaths due 1o over
eating Other dangers are pollutian of the water Iy food remnants or faeces, and
fungus 1ofection by Saprolemia which may be prevented by euflavin i weak sala
tion In this wav the newts may he kept ready for expermments at all seasans but
breeding 10 captiity 1s considered extremefy difficult

TABLE 1
Ezperiments on Secondary Tals
Esperiment \o X AN
BP* L1
Sora
. " in Peanut in Peanut
Substance injected peanut b:"aln ot peanut o1l
ot ol
Number of animaly s | 1 | s )
Fpidermsl reaction on
av after injection — — - + +
- — — — +
15~ - -
w -t - i =z
30 - =
T - _ - - - +)
50 - "
0o~ - - - Z 1 =
0 — Inst —
Animals died during experyment 0 1 1

" BP =henzo[a}pnyrene

was about 7 per cent Quy

wail uorlality among cxperimentsl animals
examnation and smpre sma -
T

-
of 21

5 €3sualties 7 animals were usable for h etnln
siv

Itm .
seac

n

fie . .
he LU U LIS ma e = » Laar LESUOUGe ta
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number of injections did not significantly alter the lateney period In
control expermments wath pure olne o1l only shght conncetive tssuc
reactions appeared, and the specifieity of the test was further exanuned
in connechion with studies on the caremogenic qualitics of fractions of
cigarette tar, 1957 b Trnton cristatus rccened one subeutancous -
Jeehion anto the tail of a 0 1 per cent solution or suspension m olive ol
(Neuhomm 1957 a) Injections with benzpyrene, dibenzanthracene, and
methylcholanthrene produced typical posttive reactions showing ep
thehal hyperpiasia with infiltrating downgrowth ahout the 10th and
18th day Quantitative studies showed positive reactions on 10 5 to 102
&/l of the three carcinogens mentioncd It seems particularly intercsting
that a numhcr of non-carcmogenic hydrocarhons, although of relatiscly
sunple constitution, such as henzene, phenal, naphtalene, acenaphtene,
anthracene and pyrene clieited no response, so that studies of non-
carcinogenic compounds of a more complicated structure closer to the
carcinogens would seem ndicated Chrysenc and 1 2 benzanthracene
which compounds are weakly carcinogenic to mammals were active on
mjection mnto Triton eristatus

The correspondence between Newkomm’s results in newts and the
reported results i mammals was less clear for mitrogenated hydro-
carbons and azo dyestuffs, and he restricted his statement to the con-
clusion that the newt fest might replice the usual tests on mammals
as far as polycyche hydrocarbons are concerned

In 1959 he reported i more detaxl on the histological criterin for the
tcs1, emphasizing that a combination of hyperplasia and downgrowth
(through the pigmentcd layer between the eprthelium and the dermis)
15 prerequisite to counting a result as positive By comparivon with a
guich test with the degeneration of sehaceous glands m mouse skin as
mdicator he found that with a few cxeeptions compounds showing a
schaceous glind suppression index exeeeding 300 wall also give positine
results in newts

1t would, howeser, secm to the present authors that a semiquantit
tive usc of the newt test, as practised by Neuhomm & Luder-Huguemn
1960, will be open to some criticrsm After all, the grading of the test s
based on a furly subjcetive evaluation of the histological response, as
Mlustrated later m this paper, and the quantitative estimate 15 worhed
out on the hasts of groups of six newts cach, while control anim tls are
not mentioned In those studies, fluorene, 2 ammofluorent and 2 ace-
tylammnofluorend, gne negatne results when fested

Nevertheless, whether or not the newt test is fully speesfie for car-
cinogenicity m mammals, 1t scems that its hackground 1s worthy of

further stud)
TECHNIQLUT

ed Iriton cristatus ymperted partly from the Po valley
Fhe anmmmals have been hept an runming waler
51061 later in plastic vessels of corresponding

In our studies we have v
partfs from the [ow {ountries
onginally glass aquaria containing
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HISTOLOGICAL TICHNIQUYT

With the ngeetion techmique described an amputation of the tanl wear the anos
will provide for histological study a prcee steetching from the puncture marked by
the suture, and 05-1 cm m oral dircetion

Following Mcukomm’s technique we have faxed the tissue for 8 davs in 4 per cent
nentral formaline Calaum s cxtracted from the bone by storage in 5 per cenl
trichloracctie acid for three days after which the tissue 1s hept for six hours m
physiolonical saling, followed by £ per cent formahine for 12-18 hours I mbedding
w parafline follows, according to the usual proccdure

In order to hut the often minute esion at the point of reactron cach trssue bluck
has been cut into several preces embeddad togother, and later cut an serial sections
of 3 &, of which evers fourth was used for staming fn most cases the entire Wock
was cut, leaving 50 to 100 swiled sections from cach tafl These were staned by
hematoxahin eostn and usnalhy Instologiealhy cxamined by at Jcast two am estigators

HISTOLOGIC AT RISULTS

The surface of the tail of the newt 15 covered by sguamous epithelium
with 3 to 5 layers of cells (Fig 1) Immediately boneath the hwal
membrane 15 a clear layer of pigmiented celis “The major parl of the
dermus 1y occupied by densely situated, roundish glands opemng on
the surface Centrally o the Lal the spie surrounds the medulta with
a ig artery and van on the antertor side The spne 15 surrounded by
large muscles

The histological evaluation of the newt test 1s usnally quite sunple,
but may m some cases raise a few questions The estimate of epithehial
hyperplasia should, for mstance, consider that some varabhion n the
thuchness of the epithelium occurs normally It may even be apparent
only, and caused by asymmetrical embedding of the tail preces, so ihat
a shight diffuse “hyperplasta” limited Lo one stde should not he counted
Contrarily a vigorous response, for mstance to the injection of dibenz-
anthracene, may rcduce the epidernns through partial uleeration

In the mamn we have applied the ertteria given by Newkownn 1957 ele
who emphasized that a reaction grouped as positive must show hiyper-
plasta combned with downgrowth of epithelum We have, howeser,
found it logwal to designate a clearly local hyperplasia as partly posi-
tsve, {4 ), because such epitheltal proliferation must represent the first
stage w the response of the tissue On the other hand we have not
attempted any quantitatne gradation of posihive rosulls Doubtful
reactions tave bheen reprosented by =

Laen m clearls negatise cascs 1t 1s casy to find the site of the injcetion
by means of the ol droplcts, which perast for many swechs

Tgs 1%

he tmus

al tad of the newt o the uppur right epsdermis bedow &

f.:i'mfnrz\:m; 2 Hyperplasts of epithchum o 7th day aftor mul;)hlml?mhv;;m
n of prsmented layer (43 Fag 3 MHspeeplava of cpithe

Imm{ ﬂlnl:\::‘r‘ ‘+)— fial ikt close to ofl

mentcd

Jdroplet on 9th dav
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In a few cases tissue reaction to a carcimogen was observed alrendy
on the third day, but generally the epithehal proliferation does not seem
Lo develop until the end of the first week In positive cases local hyper-
plaswe had usually developed at this time (F1g 2), and 1n some ammals
a single or a few epithehial cords (Fig 3) could be seen pushing down
between the subeutancous glands, so that a single section would show
an epithehal 1slct i the dermis (Fig 4) At this time 1t 15 not common
to fmd extensive epithelal probferation, wluch usually culminates
between the 12th and 21st day, m typical cases with extensise and -
regular ¢mithehal downgrowth into the dermus, accompanied by de
struction of glands and nvasion of the superficial layers of the mus-
culature (INg 5) Lake Nenhomm we have always found the prohfera
tions consisting of well differcntiated epithelium

Regarded with the naked cye the surface of the area mjected 1s either
promunent on account of hyperplasia, or shightly depressed due to
partial ulceration At some time betwcen the 20th and the 30th day the
epithelinl reaction begins to regress, and 15 no more discermible from
the 40th to 50th day

Unspecsfic reactions as inflammation, and, later, connectne bissue
formation, 15 ohserved to a varying cxtent During the first days an
acute infiltration by leukoceytes may devdlop, taking a more chrome
course within one or two weeks (Fig 6) Twenty to thirty days after
mjection hpophages may appear around the oil droplets, but from forty
to fifty days aftcr injection a concentric formation of conncetne fissue
forms & kind of capsule around them (Tig 7) Necrotie eells may oceur
within the droplets at this time

This mensenchymal reaction 1s also seen following myections of the
pure oty solvents At histological exanuaation following a pronouncvd
connective tissue response (Fig 8) 1t 1s usually impossible to distinguish
between the remnants of an ¢pithdlial reaction immediately surround-
g the otl droplets, and conncetive tissue with lipophages Stmming
aceording to van Gieson-Hansen s of no avail

In accord ince with Neuhomm we have found the optimal period for
the estrmate of the tissuc reaction to cover the sceond and third week
followmg njection

GINTRAT RISULITS
As it will appaar from Tible 2, our first experimants e been

separated from the others, because a positive reaction to the solvent
was observed m nearly IS the controls Contamination with earcmnogen

Tws 5 8

rplasia of epithelium with broad penctration of pigmented fayer
""121}?‘53&?&?‘;&\}1)mu,mmhrmc injection + Fig € Unspecific inflamma
i ion on peanul o1l J0th day  Fig 7 Proliferation of connccdne Dissuc
tory FEaco o e 10th day after peannt oml ingection ki 8 tsolated proffer
n‘l’;‘:‘:‘tl;(":*cl(ls around o1l droplets in muscle on 60th das after peanut ofl injection
atio
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TABIT 2
Discarded Fxperiments
I xperment No \ B c
NMCA* DNy Bp*
Substance fnjected in Ieanul n Peanut| o [Leanut
peanut oil | peanut | ol |peanut] ol
oil 1 ol
Nuntber of animals 9 [ 9 G 6 3
Fpidermal reaction on
4 day after injcetion —
9-10 - - ——(+) —+ +4++ (+) + =
n-15 - - +5 +— A+ = 4 (P
19-21 - ~ ++4 —— +++ -t + +
Anmimal died during experiment 0 0 [}

1 2 ]
(one mncluded)

* MCA = 3 methyvicholanthrene DBA = dihenz[a k)anthracene BP = henzo[a]
PIyrene

§ Two showed no cysts at the injection site

% Onc showed no ¢ysts at the injection site

can be excluded, except perhaps 1 the first experiment, in which m-
Jechions of earcinogen took place carlier than the control njections
Whether the response to the solvent may be due to decomposttion of
fats will be subject to further study

In Table 3 (a, b, ¢) we have presented the results of mjection expers-
ments on 138 ncwis, with the potent carcinogens 3-methycholanthrene,
dibenz|a It)anthracene and benzo[alpyrene Control injections of the
purc solvents were given at the time to a total of 128 newts In some
cases more than one carcinogen were fested together

CONCITUSION AND SUMMARY

The newt test for carciogemerty apphed by Nerhomm has been
repeated in iceordance with his technique

The authors have confirmed that prohferation of the cpithelium
regularly follows the injection of benzo[a|pyrene, dibenz[a,ft)anthra-
cene and 3 methyleholanthrene solved in peanut ol nd in a few ex-
periments m soyabean oil, or ecording to Neulomnt's techmque,
oftve oil

Dibenzanthracene was found the most potent compound, yiclding
the lughest ineidence of ¢pithelial reaction n the newts

The sccondary tail docs not secm to respond to the carcinogens with
the same regulanty as the priamary

The test as a whole may he carricd out within few weehs, but ats
demands with regard to lustological examinqtion are furly heavy
Another hmtation ts the stasonal character of the avalibthty of test

anmmals
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PRIMARY CARCINOMA ARISING IN CONGENITAL
LIVER IN CONJUNCTION WITH MILIARY
CHOLANGIOMATOSIS
Reporl of a Case

By
AnE G H Livponry, Goras Hunsson and
LARS-RKF NILsSON
Received 4161

Relatiely often the Iiner 1s the site of malformation One type of
abnormality 1s the cystic Iner which 1n some nstances 15 assocrated
with ¢ssts m other organs, particwlarly . the kadncye aand pancreas
Usually a cystic liver has no climical significance

1n a reeently obsersed case of primary carcinoma tn a cystic Iner
conjunction with mihary chal t the had evidently
arisen from the malformations Since the e3stic hiver in this mstance
had a chinical significance the case seemed {o warrant deseription

CASF RFPORT
History

In 1818 a 74 year old man was admutted 10 hospital complaming of hificulty with
urimats which on_examination was diagnased as hy

pertrophy of the prostate
gla d AL that time bulateral ssaectoms and trancirea) ne 46—

L Lsiesate Ahe SoniTast agent wrographie imestigation
€uld not be performed and the origin «f the hematuria could not be clearly de

termined Three to {iur vears later (he hematuria returned but he did not seeh
medical advice

1n January 1960 he complamed of fatifue she st b
Theraalter ba lash shanh Wb ek 'm 'uﬂr\M‘v\E S finess of breath and anorexia

st NN lmmg ¢ prothrombin level 8%
‘;u-r fleg an 1 serum protem 67 £¢c Flectr phoretic analysis showed a redm.zrd
;‘h’:‘:‘; (rl;\lnn :n:‘ lnfflnu‘d Itsels of the alfa and gamma globulin fracticns
rine sediment showed an abundance «f white bl od cclls and 1 2 red cells
€Uunting atca as well as & large number of hacteria Roentgenograms of u:: collr)fnr
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the stomach and the Tungs showad no wignmificant changes  Abdominal paracentests
was perfarmed and 2800 m! ot (lear, vellowish flud was withdrawn Microscopic
¢xamimation showed a large amount of sediment wWhich was composed of almest
cqual parts of red blood cells and large mononuclear cells similar to the type which
cover the peritoncal cavits Mo mabignant-suspect eclls were ¢ncountercd Histolo
gical examination of biopsy matcrial obtained by hiser puncture showed a pieture
of a low diffcrentiated sarrhons adenouaremoma, which was supposed 1o he meta
static After laparacentesis and trcatment wath diuretics there was general improve
ment The patient was discharged but continucd to reecne aut-patient treatment
with mcreasing ascites and oedema of the legs Abdominal paracentesss was per
formed and 5400 ml of ¢lear straw-colored ascitre fluid were removed Hardly three
Wechs later he vomited a large quantity of hlood and cxpired a few davs later with
symptome of shock due to blood loss

Aunlopsy

The abdominal cavity contamned from 2-3 htres of clear ycllow fhnd
The entire peritoneum was smooth and ghstenmng, and no tumor n-
dications were apparent The stomach was filled with blood hut the
mucous membrane showed only post-mortem changes Collapsed van
cose vans were observed 1 the lower third of the ocsophagus A con-
siderable quantity of blood was also found n the intestines ‘Ihe lner
was enlarged and waeighed abou! 2000 g On the surface of the hver and
diffusely spread throughout the parenchyma a large number of well-
defined, occasionally confluent, white, solid tumours were found Some
of these were as large as a plum, and contamed no hemorrhagic or ne-
crotic tissue Centrally located withm somc of the tumours and often
Juxtaposed to them were ¢ysts which varied in diameter from § to 10
mm The contents of the eysts were iquid and clear Throughout the
remamng portions of the Iiver there were numerous retracted solid grey
tumouts of rice-gramn s1ze and n the parenchyma as well as m provm-
ity to these tumours some peppercorn sized cysts were obsersad The
spleen was enlarged (500 g) and the surface of the cut scebion was drk
red The mtcstines and pancreas were without pathelogical changes
The kidneys showcd signs of pyclonephritic shrihage The bladder h ul
a trabeculated wail but the mucous membrane was normal The prostate
gland was somewhat enlarged by relapse of adenomatous hyperplsit
No ¢3sts or pathological changes were encountered m the other argans

Histologual Lxamination

The larger tumoms presented a preture of adenocaranoma which
had destructively miiltrated the liver parenchyma In the persphers of
the cancer tumours the stroma was as a rule sparse while 1 many
snsianees 10 the more eantral portions an abundant and m some areas
hyaluzed stroma was found (Probably the Iner nopsy m.n(vn:l
ongmated from such a relatively seirrhous portion) Within the m.nhz.,;
nant hissue numerous eysts were found which ware of varving s17¢ ant
low cubical epithchium In the non-mahgnant portions of the
also found but not tn such gre «f numbers as withm
est eysts lay 1 congunction with adeno-

had a
Iner, cysts were
the cancer tumours Usunlly th
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matous bile duct proliferations which had alow cubreal epithehum (Fig
1) The lumina of the ducts were cell free ome of them showed a low
protein content and some ducts contamed more or less strongle colored
pife W 1thin the smaller tumours a normal hile duct was found which
contained regular somewhat high columnar epithelium and which
passed near branches of the hepatic artery and portal vein In several
places transitional forms between the adenomataus bile ducts and car

cinoma were ohserved (Fips 2—4) The walls of many of the hile ducts
which passed through the rounded tumours had a regular eprithelium
while adjacent ducts contamned prohiferating atypical emithellum of the
tyy e assoctated with carcinoma The liver parenchvm was othersise of
normal structure and no indications of blood stasis were evident In
the peripheral j ortions of the hner lobuli moderate fatty degeneration
of the cells was obscried There was no increase of the connective
tissue with the exception of those areas where the cysts and the ade

nomatous bile duct prohiferations were situated

DISCUSSION

In cases of cystic Itver the entire parenchyma 1s irregutarls permeated
by eysts af sarying size which are readily obsersed macroscopically
\Herxhetmer 1930) 'The etiology and hereditary factors associated with
esstie iser have not heen conelusnvely clarified According to certain
authors the evstic dilatation may anise from discontinutties of the em
bryome bile ducts (among others . Weyenburg 1917) In the present
case the cysts were only sparsely distributed 1n the unchanged portions
of the Iner while the carcinomatous tissue was replete with cvsts some
m the vieimty of the malignant tumours and others within them I wind
gren & Ranstrem (1903) reporied a change in the Inver which was
dosely related to eystic Iver and which they referred to as milary
cholangiomatosis In this case miliary nodules formed of adenomatous
bile duct proliferations embedded in connective tissue were observed
Geewonaihy these mihary nodules are found n the conjunction with
evsts 1n cases of eystic hver The authors pointed out that serial sections
of the liner that the ad formations commu
nicated wath the surrounding Iner parenchyma but not with the normal
bile duct passing through the tumour In the present case there are also

mans of milary chol howeser the concomt
tank enats, requuge the dagmows of eyshe iner

In the hiterature we have onls found one case resembling the one
desenibed here (W allis 1943) This was a 24 years old woman with g
mullicentne bite duet carcinoma ansing from the epithelium of cysts
m 1 congenital exstic lner At autopsy metastases were demonstrated
n the regronal lvmph glands and the lungs The left lobe of the Iner
was tlmost comy letely replaced by evats and fumor tissue The re
mamnder of the liser parenchuma contamed numerous globular meta
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stases with a mvamum diameter of § em The histologreal findings i
dicated that the tumor was a well differentiated shehthh papillany
wdenocarcimoma No cysts weie found in the other organs

In the present case 1t 1s possible to show transformation from benign-
ant cholangiomatous nodules n the cystic Iiver to adenocwrcinom
Lvidently, the cancer w s primarily multreentrie 1 origm stmil w to the
hepato-cellular cancer in Laennces cirrhosts and also similar to some
cases of bile duct cancer No distant metstases were found in ths ease

While alive, the man showed signs of splanchnic hypertension with
ascites, varicose veins i the ocsophagus and splenomegaly His death
was duc to hemorrhage from these varicose vans The absence of eir-
rhotic changcs m the parenchyma of the lner indicated that the
splanchnie hy pertension had been caused by pressure of the tumour
tissue on the branches of the portal vemn The absence of blood stasis
within the hver indieates that there had been no obstruction of the
hepatie veins

SUMMARY

A case of a 74 year old man with multicentrie liner carcinomuin
conjunction with ¢ystic liver 15 deseribed Histological examination
showed transformtion from henignant adenomatous bile duct proh-
ferations of the cystic liner (mihiary cholangiomatoesis) to adenocar-
anoma No extra-liep itic mctast ises werc observed “he chnical preture
was one of splanchnic hy pertcnsion with aseites and Jethal bleeding
from ruptuicd varicose sams of the ecsophigus
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ANTIBODY RESPONSE TO INFLUENZA A, AND
A1-STRAINS EXAMINED WITH VIRUSES OF
DIFTERENT ANTIBODY SENSITIVITY

By

Anid Hangor
Recenad 230 60

1n 2 previous mvestigation (7) the authors examined the dynamics
of the development of hacmagglutinalion inbiting (EI) antihodies 1
ferrcts that had been infected with inflzenz sirus of the Axlype It
was found that when the HI test was performed with vrus of a low
antibody sensitivity (as) the peak titre as a rule was recorded sev eral
days Yater than when virus of a high as was used, wrespectively of
the as of the infeeting virus This phenomenon was obsersed only 1
anumals th it had not been exposed to A~virus hefore

In the pravious miesthigabion (7) the amumals had been infected by
ntrmasal mstillation of nfective (gg allantoie flmd  Among the
probiems dcalt with in the present publication are the Hl-antbibody de-
velopment in ferrets and humans infected spontancously or vaccinated
with A- and the desdopment of infectivity neutralizing antibodies in
A-infeeted ferrets

The HI intibody development m infeeted ferrets was also studied in
the Tight of the obsersation by Styk & al (18, 19) of thermolale Ae-
antibodtes In other cxperiments the development rates of Aranti-
bodies were tested with P and Q Imes of these strams m order o sec
W condibions were analogous to those found withw the Artype The
Daper alsa deserbes altempts at electrophorctic separation of anti-
bodis with prefcrence for viruses of diffcrent as , and attempis at
nercanang the as by means of trypsin treatment

MATIBIALS AND METHODS
Virus strans Details about the An steawns 4+

- < s+ v #u I rand subscquently had acquired a
itrams had hecn receleed §rom Br Fanaes and Dr Ay edmyr
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intib Iy lests The HI test was porf rmcd the same way as gresi usls (73 Asa
T utine the sera were pretreate D with eh Yora Dltratc (20) The tests were put vy in
Fersiex plates and the patters ebserve] (12) [he HI titee was given as the
seoprecal of th e primary scrum diluts o (bef rea Thits noof other reagents) whch
1artly Inhibite 1 4 hacmagglutinating d scs o f the antigen
The fnfeetivits noutralizati n test was porformod Inoepss 10t 11 davs 1 e
sera were fnactivated £r % hr at 50° ¢ ani seral twef 11 difutf ns incufatc1 £ r
enchourin jec water with o eonstant am unt £ virus The (s were in culate!
intra allantc feally with 01 ml «f the scrum virus mixturcs and tw ) days afterwar te
tested on the prosence «f haumagpglutinins
Flectrorh retic fracticntti n f sert v as porf rmed  nostarch grain ace rling
ty the mett 1 of Runkel & Sfiter (17) with min r m diffcaty ns (8)

1 Icrrel Sera Rrsuras

Devclopment and reststance of the HI anlibodics after A infection
Previously (7) the ferrcts Iid boen infeeted under cther macstlicsta
by ntrinasal anstillition of onc ml of undilutcd sirus infected ey
dlantoie flnd In the following (xperiment 1t was (xammed of the
differened hdween the mbibedy dovedopment rates was demonstr bl
Json forrcts tht hod been mfeted through natural trnsmassion This
type of infection took plice wlhicn two uninfeeted wmumils Tand J werc
transferred to veipe which houscd two wimils 6 nd I that the dyy
before hid been inoculited imtran wally with all intoie flnd from cges
infeeted with the pg forret mouse pg hine (1EMI) of A Tapnd 30507
fhe trinsmission of the infeetion to forrdts T and J was wssumed to
t1ke place about three dags fter thar cagumates had been noculated

1he mflucnce of the pretratment of the scray was cxammned i the
sunc expenmant The serr were tested 0 an the aetive state ) ter
heating for &/ hr w0 56°C ¢} fter traatment with cholor ftrate over
mpht 1t 37° ¢ followed by haating, for 1 hr st 56° ¢ The active sera
were lested at 4° G order to vword hacmolvsrs

All seruwerce testad ag nnst two viruses of low ns (AdTp /3007
ug Iinc (1) and A2Norw 13/2)>7) nd g unst two viruses of ngh as
(AzTwpan 30507 TEMI and AJRockefddler Institute/) 37) Typmel re
sults re presented o Lible 1 The other two forrdds I id J o pave
results cssentnilly identicd 1o forrets 6 and [ onathor ws there iy
distinet differcnec between the results obtuncd with the two struns
of the samc as

1t w1s observad that when viruses of 1 hugh v were used s b
pens an the et reprdless of the way the soruhd bun pretrofed
the titre pral was recorded m the first of the conyvalescent samples
shile 1 the subs gquent simples 1 gradul deehne was observed Whan
varnses of 1 Jow vs werc uscd s antigens the titre of the first con
v descent sample whan tosted i the aetine state was of the sme mig
mitude as the titre of the subsequent sumple  [rodment wath cholert
filtr e cwsed 1 hewy roduction of the Utre of the fiest s unplc but
only @ nunor reduction of the subsequent T xpcriments performed an

order to cxumund the (ffcct of simple hating ¢ v Iess distinet results



TABLE 1
- R ] .

s %\Ir l‘re';unl

Sera | rated Wil cholera

Vazentior Aetive sera fary) oo oy fitsate and
infection 56 ¢ g pesteLor
5

[} <6 24 <1z 24 <6 <
Ferret 10 331500 38 2400 <2(: lﬁ%
(moculated 20 ;: igg 32 500 a4 lgaa

i 30

iranasilly) 227 24 150 18 130 24 200
45 1200 12 1600 <6 1600
Fost 1 5 B o 21 B 2% 800
{ Mected 32 2 200 2 20 21 600
aaturally) 2, 12 100 12 s 12 13
Test virus N2 RIS N2 s N2 RS

These findings suggest, that the antibody reaching with virus of Jow
as was less resistant 1o the treatments n the early sample than i the
later samples, and less than the aniibody reacting with virus of high
as many of the samples On the other hand 1t should he noted that

S0 this animal obviously had developed the more perm inent type of
sntibodies already after 10 days

Table 1 also demonstrales that hetween the two modes of infection
there was no difference as to the dynamies of anlibody deselopment
This was confirmed with nacinated and with chalera treated scra
from another two ferrets, one of them Anpped mntranasally and the
other nfected naturally by the former, bled 10 20, 30 40 and 72 dags
aficr the moculation and tested simultancously With eleven viruses of
Yugh iand mncof low a s

The development of tnfectwtty neutratr
fton Two groups of experiments were performed 1) A. Japan/303 37 b
and JTMI dlow and Wgh as) were tested agampst pools of equal
amounts of scra ebtamed from theee fecrels 14 and 28 da3s after mntra
aas b wstitlation of A« Singayore U579y AZNorway237 (ow as ) and
A Norway 957 (high 25 ) were tested agunst pools of equal amounts
ol sory ahtuncd from twe ferrets §

zing anlibodies after ds-tnfec

3 and 23 day
posure to Azd span 303 o7 FFM 1 35 davs atter naturd) ex
e s .
chech * . . .
wilh tc :

TROMUM Tabie 2 Tt s seep that the
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28 days pool 15 nutrilizing {he line of low a~ more than the 13 die
pool does, shile there 1s practically no differenee hetween 14 wmd 29
ds as regards the neutralizing wctivity agunst the inc of high e
An Hl-test wath the two antr Singapore scrum pools gast the following
values  Agunst Japwm LEMI after 14 diys 1200, fler 28 dns 600
Agawnst Japan L after 14 days 12, after 28 days 36

TABLF 2
EFog Infectinty Nentralization Test on Ferret Sera drawn after Infection with
AsfSingag oref{}57 and Fxamuined with Virus Lines of different Antibody Sensttiity
15 Heans that one out of ftee Fggs Dopeloped Haema jilulinins

Samples drasn after

Serum

Leste Lwith t — —_ — —
(hations odys | Udays 2 lavs
10 A4 1a 074
200 1D,y of 20 67 17
\atJapan/30ain? i i 37
egg Nine 80 5% m
(low antibody stnsitivats) 160 15 55
320 i 44
100 10,0 of 50 5 5 0
A Japan{305/57 100 1/5 115
«hg ferret mouse cgg hne 200 25 A
(high antibudy sensitivity) 400 R/5 L)
rapty 3

Haemagginbination Inbibilton Tutres of Sera from I crrids S presnaled 113 Diffisent
2 stratns Scra Tested with Viruscs of Inffcrent Antbody Sensthiity

t N
sui cﬂfnr:\lu)gl\‘ﬁ::e:“m\ ot d:\n:la‘;xru 1 Artive siva t & ra (eeatc Lnitiieh lera filirate
aof gne ml of thie tye etion J
0 <9 <9 &
\o/Singapore/1/57 8 9 4 72
(titre 30 000) 15 27 18 g
22 2 18 €
0 < < <r
A NaTway /2T 7 <9 J;{ ;?
tre 6 000) 14 18 3 i
w 24 27 36 18
62 18 18 18
0 <9 <3 <b
Lo/Narnar /97 1: <32 <x: ,ﬁ’:
8000) 5 2
(titee 21 27 R 2
28 18 % 18
05/57 R ferrct
Tested with A Jajan/d0s/s thp line o

7 he development of HI antibodies after A. pacanation In Qs o
antibody duselopment was studicd m ferrcts tht bad

seniment the HI
e tancous njection of one ml of 1 concentrited mfluenz

recaved 2 subcu
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nagram 1

Cross haemagglutination inhibition tesg an sera from ferrcts infected with
vanous Ay viruses

Aztirus preparatton When administered by this route an infection s
not hikely to desclop {4) Some resuits obtained With actine and with
cholera treated sera from threc of the animals are presented in Table 3
They had been giten rather heavy amounts of virus m order to produce
an antibody response measurable also with virus of low as For com-
parison 1t 15 noted that these amimals recened between 2 and 10 times
the amount of virus hacmaggiutinin required n one ml of an Amerncan
or British influenza vaceine preparation at present

The following conclusions were based on tests with cholera treated
sera from scven, subcutaneously nyected ferrets, using at teast two test
strains of tugh and two of low a's 1t was found that the maximum titres
were reachcd practieally at the same time for the different test strams

00

Seeden

Sweden O

© 20 30

o
Days afier fnfectinn
Iagram 2
Isemagglutination fnhibiution test o sera fro
s the ferrer (D)
infected with Ay Persian Gulf 252, P line (Praeram 1)
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28 days pool s neutralizing the hne of low as more than the 14 davs
pool docs, while there 1s practically no diffcrence bddween 14 md 28
days as regards the nautralizing activity aganst the line of high s
An HI-test with the two anti-Singapore serum pools gave the following
valucs. Agaunst Japan EPMI after 14 days 1200, aftcr 28 daws 600
Agamnst Japan I after 14 days 12, after 28 days 46

1ABIT 2
Fgg Infrctiody Nentralization Tost on Peppcl Sera drawn after Infeciton wih
ofSthgapore/$]57 and I ramined with Virus aes of different Antibody Senasiitily
115 Means that one oul of fure I ygs Doy cloped Hacmagglutinmns

- Saunples drawnafice

Lostet with crum _— _

hitions Olays 1davs Riavs
10 44 1/5 0f4
200 1D,y of 20 /7 17
tafJapan/305/57 40 i W7
e hinc 80 A5 o7
(low antthody scnsitinity) 160 EY) 55
320 414 14
100 11,9 of 50 o 0 05
A apan/305/57 100 15 15
egp foerdt monse ohg ling 200 25 L
(high antibody sensitivty) 400 55 LR

TABIY 3

Huemagghisinalon Inbabution Titres of Sora from 1irreds 3 aceinated with Diffeeent
Ag-strains Sera Tested unth Viruscs of Infferent Antibody Sensthionly

umt er |

N
of @y« after
the dnjoctlon

lerrctpivena
subeutaneotis Injeetion
of one mi of

Actlve scra Scra treate 1 with elplera filtrite

0 <9 <0 <6

A_Singapore/1/57 8 9 ¢ 72
(titre 30 000) 15 27 18 96
22 27 18 36

0 <9 <9 <6

L Norwayi2/s7 7 <9 9 18
(titre b 000) 1 18 i 96
24 27 16 48

2 18 18 18

0 <Y < <6

AoNorway /)57 7 <a P 2
(Gitre 8 000 14 1 36 192
21 27 b 72

28 18 3t 48

Tested with A MJapan/30/37 Cbn hinc (g ferret

meuse i bint

1 he development of HI anttbodtcs after A pacanation In thys €3
persment the Hl-antibody devcdlopment was studiced m forrets that I

recerved a subcutancous 1mJc ction of onc ml of a concentratad nfluen??
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Diagram 1

Crass hacmagglutmation wmhibition test on sera from ferrets infected with
arious Ay viruses

A~virus preparabion When admimistered by this route an infechion s
not likely to develop (4) Some resnits ohtamned with actine and with
cholera treated sera from three of the animals are presented sn Table 3
They had been guven rather heavy amounts of virus 1n order fo produce
an antibedy response measurable also with virus of low as Ior com-
Parison 1t 1s noted that these ammats recenved between 2 and 10 times
the amount of s1rus haemagglutinin required 1n one ml of an American
or Brnitish influenza vaecine preparation at present

The following conclusions were based on tests with cholera treated
stra from seven, subcutaneoush wnjected ferrets, using at least two test
struns of high and twoe of low 25 1t was found that the maximum tifres
were rcached practically at the same time for the defferent test strains

v 20 30 &
Davs after infcction

Disgram 2

Havmagglatinati n fobibiti 0 test on ser
% rem the ferret (D

infucted With A, Persian Gull2 52 B Lipe | (Piretarm
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Haemagglutingtion Inlubitinn Test on A2  onnalescent Fert
and Framined with Virages

( Maemzalunps
uniry |~ T
sertin fracyen no tionted [ tamma glot ubin
serum ___ -

1 j 2 1o J 4 1 s
Active 36 <1 <1 2 6 1
Active 960 <1 2 15 32 8
Treated with cholera filtrate 240 <2 4 12 3 5

Some of the animals resealed a fendency towards a more rapd fall m
titres agamst the test strams of lngh as, a phenomenon wiueh re-
gularly wae observed o infected animals

The development of Hl-antibodtes after As-infection The ferrels were
wfected by imtranasal instillation as abosve 1¥ and Q-viruses were used
for nfection as well as for testing The sera were pretreated with cho-
Iera filtrate The results are shown in Diagram 1 No distinet difference
1s observed hetween P and Q vartants of the «ame stram when wsed &
test anttgens to record the hume of the hughest antibody titre This find-
ing differs from the expenience made with the Axinfected ferrets An-
other observation of mierest 1s the distinet loss of homologous sframn
specifictty of the Pessia P and Q sera which 100k place as tume passd
after the mfechion In order o visualize this particular point Diagram 2
was prepared It ts also Noted that hy permmmumzation dul not 1estit
m any further broadening of the specifienty These observations were
confirmed with scra from another two ferrets immumzed with Persia
Pand Q

Lfectrophoretic sernm fracftonafion Thiy expeniment sas an kg
tempt to separate antibodies with dilferent serologie features T owas
cxamined 1n Hi-tests whether the fractions obtancd differed from cach
other as to the ratio belween therr antibody titres ohtanned with test
viruses of high as and of low

Phe result of testing serum fractions from a ferrct bled 12 days after
intranasal moculation with A¥Singapore/1/37, v shown in Table 4 s
seen from this table that the fractions obtained did not differ as to the
ratio menfroned above, in the following to be rcferrad to as the ngh
low as ratio, to save space The experiment with this serum was 1=
peated, naither this time & separation was gehicved

In ancther expernnt cholera freated fractions of serum obtamed
fromt o ferret 21 day,  after mtranasal moculatson with Persia P were
fested woth Persia Pand Q. and with Sweden P and Q The latter surns
Ad not record inhibihion it ang of the fractions tunfractionated serum

titre hemg only 6) The other three test viruses, however, recorded 3
N thie

prachically complele recovery of antibody actimity Neither with
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ctum Frartions Obtagned by Electrophoresis on Sturch Grain,
fferent Anfibody Sensitiwily

nhibition { tred of !
Retagotuln | Alphia giot utn lm»,.mmJ Tested with A, Trpan ¥t o7
—— ]
NN ERERE [ 13
1 1 1 <1 1 <1 <1 egg hine
<l <:; <12 <n 32 <IS 16 8 egg ferret mouse egg hine
<2 <2 <2 <2 <2 <2 &2 <2  cgg ferrel mouse egg line

serum a separition of antibodes with different serologic quahties was
obsersed

2 Human Sera

The development of the HI s after exposure to Az-virus Sera
were collected 1n February May 1960 at suitable intertals after infec
tion and made available to the author through the courtesy of Dr Ul-
strup, Ulies st Syhehus The sera were treated with cholera filtrate and
tested agamst two viruses of low and two of high as The results are
shown in Table 5 It 15 seen that antibodies measured with viruses of
difterent as develop at the same ratc

in altempt to study the highlow as ratio 1n 80 mihtary recruits
sacctn ited with A~virus at the end of February 1960 (6) failed, of the
14 reeruats who probably had not heen exposed to this sirus hefore,
none deseloped antibody detectable with the test virus of low as

1 Trypsin Trealed Vtrus

The iy pothests has been put forward (11) that a vyrus of low as has
£ot 1ts dommant antigen situated more deeply 1 the virus parbicie
than « virus af lugh as The foltowing expenments s an attempt to
uncover the ntigens it a virus of low as by trcatment with trypain
One voluine of 2 per cent erystalline trypsin (Trypure “ANOVQ’) in
M15 phosphate buffer pH 75 was added to one volume of a red cell
cluate of \zJapan 30557 L in normal saline and the mixture kept for
about 20 hours at 37° C, subscquently the trypsin was destroyed by
reating for onc howtr at 56° C Before trvpsan treatment the haecmag-
glutinating ttre was 1300, afterw ards 1000, an unagnificant reduction
An HI teat was per(ormed with ferret sera drawn ), 10, 20 and 30 da3s
wier L.anfection and freated with ehobcra fittr te The following titres
ware reenrded Japn L, untreated virus <8, <6, 24, 36 trypsymized
<b 21 144 }-H heated with the buffcr only <8, 6, 24, 24 Untreated
Japan TEAMIL <6, 1536 768, 376 When the experiment was repeated,
the s ime, modest ilre wess wes were ohsers edd ’
.
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TABIY &
Haemayglutination Inhibtlion Test on As-Convalescent Patients Scra Framined
wrth Virases of Different Anttbody Sensitivity

Tested with

Numbor -

of duys A Japan36e o

snee fover AR (ke
begin

Sera from paticnt
| Leller

A Norway 207 1w terret N
Taghne | mose e, | U3
line

(G born 1891 14 <9 <6 [ <6
21 9 12 96 Ly

12 9 12 96 192

52 9 12 96 44

SH born 189% 7 <9 [ 12 9
53 <9 12 18 72

74 <9 18 48 72

BI horn 1884 ] <9 <6 < <t
14 9 2 72 72

33 6 43 192 298

5% 13 36 9% 192

TL born 1891 4 <9 <r <6 <6
15 <9 <6 ¢ <6

25 <9 [0 18 72

Hd <9 6 48 96

1S born 1878 5 <9 <6 12 12
13 141 144 381 s

23 288 144 57¢ s

32 288 e 576 6%

HT born 1876 1 <Y <6 <6 <6
8 <9 6 48 43

18 72 72 184 70

27 14 e 768 1152

AG born 1923 2 <9 <6 <6 <6
& 18 72 96 192

21 18 18 9% 192

36 18 18 96 192

DISCUSSION

A change in the combimng capacits of the mhibodics formed durmg
the course of an tmmumzing process has been observed with various
antigens ‘Thus Jerne found (13) that diphthcra antitonm of low 11
dity (te of alow association constant) was formed m the early stiges
of mmumization wath prolonged mmunization the avdity of the anli-
toxn mereased Analogous conditions were found by Jerne & Avegno
(14) when thes studicd phage antibodies, and they raised the question
whether the quality of the wnbihody molceules produced at different
stages of immumization wnproved gradually an such a way that those
ed later were capable of attaching more firmly to the anbgen,

luc
prot¢ 9 types of wntibody molceules of diffe rent combining

or whether only
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powers eusted, the later serum samples possessing a higher fraclion
of the more firmly combiming type A deftmite answer was not guven,
but the latter view gave a plausible explanation to their obsertations
Brunner & Ward (1) found that comvalescent phase poliomyelitis anti-
hody formed a complex with pohiovirus which dissociated at a slower
r tee upon dijution of the

rate than the acute phase antihody-virus compley upon
anhibody

In the present imvestigation no attempts were made to obtain absolute
or relatne measures for the strengths of binding between yirus and
antibody , neither was there any reference to such work in the available
literaturc on influenza Az-virus of different antibody sensitinity, though
related parameters probably can be caleulated (3) However, the results
referred to above (13, 14,1) make 1t natural to ¢xpect an merease of
the average association constant between the immumizing antigen and
the antihodies formed during the course of an influenza infection or
during vaccination with repeated injections

The following interpretation of the HI-titre values observed in ferrets
turing the course of an Azinfection is based on the tentalne bypo-
thesss that two different types of antihodies then are developed (per-
haps produced by two different cell types) Tt s further assumed that
all or at lcast the great majority (2,5) of the haemaggiutinating par-
Lictes of an influenza As-virus classified 1 these studses as one of hugh
1s Lin iterature often designated as “avid ” or with the letters P or R)
has got a high ratio hetween its affimity to antibods and its agglutinat-
ing capacity {depending on 1ts affimty to the virus receplors of the
eell type concerned), while correspondingly a sirus of fow as (“non-
avd Q) has got alow ratio

The hypothesis 1s then put fornard that the first antibodies to appear
have a rather low affimty to viral baemaggletinun and therefore fail to
mhabt the haemagglutmation caused by sirus of a low as However,
the affintty 1s sufficient to mhibit virys of 2 high a s The production of
this fype of anlibody declines carly In the meantime antibodies of a
higher affimty are developed These antibothies can bt s1rus of low
wowell as of hgh a s, and the praduction of this type does not decling
so carly as that of the former ™ sa1 r o .
sufficient to compensite fo
of the former type and thy .

to drop during the course ¢4 ww witetion Lhe early antibodies of high
dhnity can he destroyed by heating at 56° C, and n particular by
treatment with chalern Dltrate followed by healing 1atcr in the course
of the wnfection these antibodies become resistant The antibodies of
Tow affinnty are resistant through al stages of the infection These
should be the reasons why waith the pretreated sera the decrease with
time n the highlow 15 ratio wag grealer than with actune sera

» unplieit 1n the considerations aboyve that the antsbodies of hoth
topes are bberated into the blood stream as <oon as they are vroduced,

_—
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wd that they do nol differ from exch other 1 to the rate of thar de
struchion or removal from the blood strcuim

Withi A vicemated ferrcts the deacase mthe aghlow 1s ritio of
my deercrse at b was dess distinet than ininfeetd s nd the
mtibodices recordud with virus of Tow 15 secmad Lo resist the treatment
with cholern filtralc At wy stage of immunization NMay be ihat the
doerease i the rito met wath manfeeted forreds refleets a chnge of
the immunmizing gant duning the course of the mfcction wnd that this
change does not or only to 1 mmor (xtent tike place under conditions
when the virus does not multiply s when injeeted subeut incoush

Unlike sern from A mfceted ferrets human conyalcseent sera treated
with cholcry filtrate duid not show any deer we 1 the nghlow s
ratto i the suecessive samples Only ser from adult persons were
av ulible m all sevan patients nd aveept for one ey were Al morc
than 65 vaars old and thus i all prob by bad esporzoneed a sub
stantnal numbar of mflucnz v mfcctions previously which might hwe
conditiontd their wmtithody response to the present one An innlogous
avmuntion of human nfants sera would ecrtunly e bean of m
terest i partieul e becwise there seems 1o st speeies differanecs 1
regards the v antibodies Siyl & al (18 19) damonstrated thatm v
mfecled niee duning the wholc course of the mfection titres recorded
with vrus of Tow 1y weore marl adly reduccd when the sern were
haated wlile only the titres 1ccordad with vivus of high s were stible
under the same conditions Further deere e m the lugh low 15 ritio
durmg the course of the mfcction did not il ¢ plice m muce to judee
from the tiltc v alues presented In il these respeets vacemated mice
presentad the same preture i the infected

Ihe scrum ddectrophoresis wis performcd beeausc of roports i hile
riturc on different dlectrophoretic bchaviour of the wtibodies formed
with mercwsmg degree of immumization for rofercneds see (16 17)
the latter paper the apparrmee of two anti sheep red edl peal s were
dcmonstrated by stareh grun dectrophorests i 1 e nmmune serum
but onls one m wm Carly In the prosent study +smgle el was found
and this was stuted m the sume fractions regirdloss of the 1 s of the
test virus This rosult mareds meoms that of more than one type of HI
antibods 15 produccd they wore mdistinguishable by the fractionation
method cmploved here

In the \r-antibody develop ment no deercase m the ritio helween
titres measured wath P oand Q hines of the respeetine struns wis ob
cerved during the course of tho infuction The Q hines of the Yestruns
howaver were not completddy malogous to the A viruses « Jow as

Beeause the former g e rither Tugh titees with homologous scrumt
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Ferrets tnfected with mfluenza Azvirns by natural transmission
from cagemates mnculated by intranasal mshilation of infective egg
allantore fhnd showed the same patlern of the haemagglutmation in-
hibiting antibody response as their moculated cagemates, proy 1ded none
of them had heen exposed to this virus before As previously reported,
charactenistic for this response 1s the decreasing rabio hetween the
tlees recorded wath virus of high and with virus of low antihody sen
sisity (as ) when successine serum samples are compared The possi-
bility was discussed that two types of post-infectious Az-antthodies
mght be formed one of low affinity and characteristic of the earls
phase, the other of high and charactenstic of the Iate in attempt to
separate these hy pothetical antibody types by electrophoresis and thus
prove their existence failed

The decrease mn the ralio was less apparent 1 Az-vaccinated ferrets
In A~convalescent, human adulls it was completely absent, smtable
sera from children were not at hand The decrease was not seen m As-
nfected ferrets, here a reduction of homologous stramn speeificaty was
ohsersed with one of the two strains examued

It was found that heating at 56° C, and 1n particular treatment with
cholera filtrate followed by heating, might reduce antibody titres re-
corded with virus of low as n ferret sera obtained early after Azinfec-
fion, but not 1n late samples m none of the samples antibedy titres
recorded with virus of ligh as were reduced With sera from A- vac-
¢inated ferrets no reduction was seen

A deerease i the ratio between titres recorded with sirus of high
and low s was also met wath in infectinaty neutralization tests on
early and late sera from A~anfected ferrets

Attempts to convert 1 Axvirus of low a's into one of high by means
of trypsin freitment resulted in a modest increase of the a's
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DISINTEGRATION BY FREEZE PRFSSING

2 Fffects on Fungt and Phages

By
1 YpFeo
Recersed 6111 61

As shown m preceding reports (Edebo 1960, 1961) a great variety of
cells are disintegrated when m frozen state, they are forced (2000 atm ,
—25° C) through the small hole m the \ press The earhier studies were
mawnly concerned with hacteria In the present paper it sill be demon
strated that other mrcroorganisms tend fo be disintegrated similarly

MATERTAL A\D IFT{ODS

cial material} was washed
* mately 007 VI pH =~ 7.35)
. = 45X 107 cellsyml) The

us w o suanensies lrozen down and stored at —25° ¢

untid used

The iotal ¢ unt was determined with the ard of a phase contrast microscone an i
RoL - .

coli B grown 1n
repeated dufter
Je w0y 1 4l € Counts were mad h
usual way (4dams 19:9) ¢ made an the
The disintegrations nl the fungy @ere performed in the large X press at —2,° €
and the phages were treate 1 in the small X press at ~—60% €.
T NI

”» - .
rep - .

RESLLTS

There sy 1 elear cut inereasc in the degree of disintegration of yeast

«tlls 15 3 consequence of repeated pressings Tdentical experiments are

ustrated in both Table 1 and Fig 1 The deerease i the viable count
Th « wark was made poss ble b,

technical assistance prosided by Mies § fa- o

he Waflenberg Foun fatian The
1]
* hinily supplicd by Dr ff \l:n‘:l‘:l: fa Spet has been highls appreciated
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DISINTEGRATION BY FREEZE-PRESSING
2 Effects on Fungi and Phages

By
L Ebreo
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As shown in preceding reports (Edebo 1960, 1961) a great variety of
cells are disintegrated when, in frozen state, they are forced (2000 atm,
—25° C) through the small hole 1n the X-press The earlier studies were
marnly concerned with bacteria In the present paper 5t will be demon-
strated that other mucroorganisms tend to be disintegrated similarly

MATERIAL AND MFTHODS

Sacchatomyces cerevisiae (200 g wet weight commercial material) was washed
twice in 800 ml cold citrate phosphate buffer (approximately 007 \{ pH = 7.35)
and suspended 1n eitrate phosphate buffer (tolal count == 4 5 X 107 cells/m])

The
suspension was distributed 1m Petrs dishes frozen dowfs and stored at —25°C
until used

The tolal count mas Antermunad = shat 3 04, .
a Buerker hlood eell cou .
after dilution 1 brath .
- . U oavae counts were made 1n th
wsual way (1dams 1929) g N
The disintegrations of the fungs were performed in th= larga ¥ ma « + = 8-
A e .,
- . . " -
RESUT TS

There 15 a clear-cut inerease 1n the degree of disintegration of yeast
culls as 2 conscquence of tepeated pressings Idenbical experiments are
illustratcd in both Table 1 agd Fig 1 The decrease in the viable count

This work way made possihile
technical assistance prosided by
U Rindly supplied bv Dr H

b¥ & grant from the 1 allenberg Foun lation The
¥ \iss Ulla Spetz has been highly appreciated
Markkula
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2 Effects on Fungi and Phages
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L EoFso
Recerved 6 fu 61

As shown 1n preceding reports (Edebo 1960, 1961) a great sariely of
cells are disintegrated when, in frozen state, they are forced (2000 atm ,
~—25° C) through the small hole 1n the X-press The earlier studes were
mamly concerned with bacteria In the present paper it will be demon-
strated that other g tend to he disint ted ssmitarly

MATERJAL AND MFTHODS

Saccharnmyces cerevistae {200 g wet weight commercial material) was washed
taice 1n 800 mi cold estrate phosphate huffer (approcimately 007 M pH = 7.3%),
and suspended 10 citrate phosphate bulfer (total count == 45 X 107 cells‘ml) The
snspension was disthibuted i Petrn dishes frozen down, and stored at —2%° G
unlil used

The total count was determined with the aid of a phase-contrast micrascone and
2 Bl 2 % FRN .

\ sover 1rague Lounts were made an the
usual way (4dams 1959)
The o . - . L)
BFSULTS

Therc 15 a elear-cut 1ncrease 1 the degree of disinlegration of yeast
culls a< a consequence of repeated pressings Identical experiments are
Mustrited in both Table 1 and Fig 1 The decrease 1o {he viable count

This work wax made possible b
e oy made goasible by a grant fram the Wollenberg Foundation The

by Miss {1
3 Rindly supplied be Dr 17 "l”“’;’: 't Spetz has been highly appreciated
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Extrcton Trbdty
Log te ts/mi 6oy

140 + 90

9 sages

Fig 1

) total count ( + + ) extinction 600 ms
} when yeast cells are pressed repeatedly

The alteration of viahle count (
€ ) and turhidity (

ts considerable but 1t 1s much less marhed 1n the total count I stimation
of disintegration by Gram stained smears suggests the process to be
even less efficient 1f well staed cells are considered to correspond to
viable cells and cells without damages observable 1n the phase contrast
microscope However <ome of the well stained veast cells from re
petledly pressed samples have vague boundaries and destruction of the
eclt walls can be seen frequentls Both the Ii,ht and electron photo
micrographs show that all stages of disintegration of the cells exist
from a small limited affection of the cell wall (Fig 2 3 8,9) to a more
or less complete disintegration (Fig 6 12) In the phase contrast photo
microgriphs mans subeellular particles are observed n the prepara
tions from material pressed once (Fig 3), but the nuwmber sharply
deereases 1 preparttions from mafertals pressed many times (Fig 4
2 8) The particles are strongly refractive and Gram positive but thes
) not stun with Lugol s 1odine

Both the turhidity ind the extinction of the suspensions are reduced
when the matcral s pressed repeatedis The reduction ebtamned in the
fourth to the minth pressings 1s however not so great as that ebtamed
1 the first three prossings The soluble material released chiefiy of
protoplispuc origin s nereased with every pressing as indicated by
the step-wise inerease i both soluble nitrogen and the ultravialet ab
orptwon of the supernalant <amples Agan the inerease n soluble
maternilan the fourth to the minth pressings 15 small compared with

hat which follows the firsd Vhree pressings The viscosity of the pressed
susponsions mercases with every trestment Howeser the change 15
most pronounced it the first few pressings

Asoseenan Tag 13 Aspergillus mvedhia are distupted almaost com

-
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Ing 13
Micelium of Aspargillus ory zae pressed once
(Phasc contrast photomicrograph)
Ing 13
Paneslium comdia pressed three times
(Phase contrast photomicrograph)

pletely by a single pressing Upon breaking of the cell walls many
particles are refeased

Conidia from differcnt specics of Penierllium have been treated m
the X-press About 50 per cent of them are disrupled by one pressing
A photograph 1s chosen of comdia pressed three times (Ihg 14) It
reveals a lugher degree of disintegration, but the cell walls still rctan
the shape of the whole cell The addition of 0 01 per cent sodium Iyl
sulphate, 001 per cent cctyltrnmetylammonium bronmude or 001 per
cent gelatime, 1n an attempt to decrease the surface tension and bring
water mnto closer contact with the very hydrophobic comdial surface,
does not appreciably affect the disintcgration effect

When bacteriophages are presscd, the numbcr of plagues ohtaned
after dilution and plating 18 reduced (Table 2) Electron microscopical
observations on phage material presscd onee (Fig 15) show isrupled
phage heads, most frequently connected to their tarls but also many
separate tails and tal fragments These and other observations are
simtlar to those made by Williams & Iraser 11936) after freczing and
thawing of T2 phages, but the separation of the tail sub-umts ohtamned
by freezing and thawing (“'l”ll:ln& & Traser 1956) or by oxidizing
.1;zcnh (Kellenberger & Arber 1955) 15 not seen here
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Fig 15
Flectron photomicrograph of T 2 phages presscd once

TABLE 2
Pressing of T 2 phages
Heduction of the number of plague 3 ielding phages by different numbers of pressings
The differcat experamental series were performed on the same phage batch

Plogue yrelhing nns

“Treatment e e e ———— e

Series 1 Serfes 2 Seres 3

None 14 % 1010 13 x 1010 11 % 1010

Erozen 54x 107 41X 197 58 x 10°

1 prossing 12 % 10> 86 X 10° 94 % 108

3 pressangs 31 102 28X 102 12 103

5 prossings <19 13 %30 90 K 103

9 prewings 15X B 15 % 16 ~ 2

DISCUSSION

11 the dentepration of yeast colls 1s estimated by viable count, it
scems to he much greater than the disinlegration estimatcd by total
count and Gram stamned smears A hhely explanation, which s sup-
parted by the morphological data, mag be that some cells are damaged
without divolution of the protoplasm Lapeniments in which the pressed
celly were heptan anace water hath for lengths of time up ta 20 bours
beforc phiting ferher undifuted n the oriinal citrate-phosphate hutfer
or diluted 10 broth) did net gie large vanations in viable count Thus
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no repar of shight damages has taken place as occurred with heated
bacteria (IHedén & Wychoff 1949). An mcrease of 20 per cent in viable
count was noted in the undiluted material after four hours or more,
and at corresponding times, a 10 per cent decrease was noted m the
suspensions diluted in broth, The great differences between viable
counts, total counts and Gram-stmined «mears are smmilar fo the re-
sults oblained when Streptococeus faccalis were pressed (Edebo 1961)
where Jilling cffects short of cell wall disruption could not be excluded

The reduction n turbidity and extinetion after pressing yeast cells
is much less pronounced than that obtained with most bacteria (Ldebe
1961). This may be due to the great difference in composition and the
greater thickness of the yeast cell wall. Yeast cell walls contain, among
other things, about 30 per cent glucan which is highly insoluble 1n
water and responsible for the shape of the cell (Northeole & Horne
1952). The eell wall thichness is about 0,16 g, 1f the cell wall makes up
15 per cent of the cell and the diameter of the cell is estimated at 6 p
The cell wall of yeasts is thus much thicker than that of bacterna (E
colt 25 mp; Mitchell 1959), which iy also evident from the electron
photomicrographs where the yeast cell walls are seen to be very clee-
tron-dense (Figs. 8-12).

TABLE 3
Insintegration of Succharomyces ceremsiae
Comparison between the disintegration of § ¢ercvisiac as measured by total eount,
cxtinction and turbidity By usc of Tig 20 (I'dcho 1961, page 13) loganthmic salues
are obtamned corresponding to the extinctions and turbudities The deerease (—4 log)
of these logarithmic valucs by the disintegralion process are then compared

‘Turbldity

Sumin | Fotot count | 1 xtlnction 600 mp

of | R -

P ] Diluti | Duution | TR

Swes | ler | tog | Piftlan tog 1og | DYten tog I

0 966 140 174 91 1193
1 8 89 77 71 1131 13 70 1153 2
3 836 53 54 1118 13 58 1197 16
5 50 1114 04 54 1t [
9 46 1nn 03 53 1130 ot

As was done with bacteria (Tables 4 and 5, Edebo 1961) the reduction
of the extinction and turhidity has been compared with that of total
count {Table 3) by using Fig 20 (page 13, this 1ssue) The logarithmie
decrease (—A log), caleulated from extinction and turbidity \d!ll(‘\. 13
less than the decreasc ot the logarithms of the total count The ex-
planation 15 that, when the cells are disintegrated, the cell walls still
absorb and scatter ight although to a reduced extent The reduction of
the turhidity measured after the fifth and the ninth pressings 1s very
<mall and indicates that the disintegration and the aggregation tendeney

(Fig 6) then halance each other
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When examtned by the phase contrast microscope the disitegrated
cells are found to be less refractile than ntact cells It seems likely that
the minute cell wall crachs visualized 1n Fig 9 do not allow a suffict
ently rajid or complete escape of the cell contents to label the cell
as empt;

Thcpp;\o{omlcrogrnphs <how that as s the case wath certam kinds of
hacteria (Edebo 1961) the yeast cell wall 1s disintegrated into smaller
umts (Fig 12) and that a certan amount of clumpmng occurs after
many pressings (Fig 6) However after mine pressings (Fi, 11), many
well shaped cell walls can still he recovered which means that the
mechancal strength of the yeast cell wall 1s greater than that of
Escherichia coli {(Edebo 1961) The small particles most clearly seen
m Tig 3 are probably the ones desenbed as chondriosomes (muto
chondria) by earhier investigators (\orthcole & Horne 1922 Ingram
1920 1indegren 1949 W inge & Roberts 1908) Their numbers decrease
after many pressngs which probably ndicates that they are disinte
grated by the pressings In this connection 1t 15 interesting fo note that
Nossal (1904) who repared enzymatically actine particles probabls
miochondna from yeast cells by shaking them with glass beads for
18 30 seconds found a reduction of the particle s1ze and a migratien
of enzyvme actiity from particles {o supernatant after 90 seconds of
shating

The thin membranes scen n the electron photomicrographs may be
single layered cell walls In some jhotographs (eg Fig 8) a double
Yayered cell wall structure {(NVortheote & Horne 1922) may be seen
others (Figs 9 12) bud scars are recognized

After one pressing ahout 60 per cent of the mitrogen of the eells
s i solution and 1t increases stll more after repeated pressings
According to Vortheote & Harne (1952) 1he soluble part of the yeast
cell does not exceed af per cent Our results do not contradict this
hecause the particulate fraction 1s mostly polysacchande and hiptd n
nature and 1ts relaine mirogen content 15 consequently Jower so that
titrogen determimation would be expected to vicld a poor correlation
to dry waight measurements

The mtrogen content and the UV absorbing capaeity of the super
natants and the viscosits of the whole suspensions are mcreased by
many pressings which means that no significant precipitation of the
rdeased macromolecules oceurs However since the relatnve increase
of the extinetion at 260 my 1 geeates han the increase of soluble nitro
fenoand the extiction at 280 mu the colloidal state of the macromale
t'ulu ll\ prob lhI)| ﬁl‘hcltul to some extent Such an effeet might also help

o explmin 1 certain clum

AT el myceli  tather eamih oremtemmmten o e
The Biag Bac A7¢ hrohon 1 v disintegrated an the \ press
J !‘ N upinto shorter units and the cell content often
,n:rl‘,:::l:r‘.c n‘:[:::f:(;t‘:l -nto, the surrounding medim (Fig 13) Stmular
sth Peerllium notatum myeclia
2 acTeeant 32 4
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The dismtegration of Pemeillium conidia (Fig 14) does not scem to
be affected by the addition of agents which reduce surface tension ‘1his
suggests that the water i the vers most intimate contact with the out
siude cell surface 1s not of particular importance for the disintegration

The disintegration of bacteriophages does not seem to be casiiv re
producible Tlns 1s probably duc to the fact thit i order tp noud
damaging the disc of the \ press the pistons cannot be pressed fully
to the bottomt of the compirtment As a1 consequence 2 small part of
the material (less than 10 per cent) which 1s sitnated closest to the
mistons 1s not pressed through the hole This material probably adheres
to the working surface of the pistons throughout several pressings
since the flow of the sample bemg pressed occurs over the surface of
the disc on 1ts way through the hole (Edebo 1960) When odd numi ered
pressings are performed the material 1 tahen out from the pressing
chamber which was empfy at the beginming of the procedure All this
materinl must therefore hnve been pressed at least once At even
numbered pressings however some of the material may never hne
passed the hole of the dise This enuses an inhomogenous distribution
so that non disintegrated material mav i some nstances contaminate
the sample

SUNMMARY

A wide vaniety of cells are disintegrated when they are pressed in the
\ press at —25° C and 2000 atm through 1 hole 4 fow millimeters wide
This ivestigation demonstrates the versatihity of the \ press procedure
Presious papiers hive demonstrited 1ts use for disintegration of hele
na of many speeies pollen and ammal tissue This communieation
concerns the disintegration of yveasts mycelin comdin nd bacterio
phages (T2)

Cell walls and subeellular particles of yeasts are most clearly visual
1zed after one pressing By many pressings they are disintegraled nto
smaller nmits particularly so the particles W hen baeteriophages are
freeze pressed the phage herds are disrupted and the tuls are occasion
ally separated from the heads
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LYSIS O BACTERIA

1 Influence of Enzyme Inlubitors on Sontc?! Lysis

By

Lans Lt ro
Recersed 611 61

When suspensions of bactenal cells are subjected to somie treatment
they usually 1yse In this commumeation lysis s defined as the optical
clearing of the suspension (Pelhica 1958) In fact the extent of dis
mtegration 1s eften determined by photometric and nephelometric me-
asurements (Harvey & Loonus 1029, Yen & L 1034, Lin & Yen 1934,
Chambers & Wedl 1938, Shropsinre 1947, Hompesch 1949, 1950, Rol-
man 1956, Welsch 1957, Marr & Cola-Robles 1957) 1t has also heen
found thal the cxtent of the lysis 15 decreased by a number of chemieal
and physical agents, e ¢, heat, increased hydrogen 10n concentrifion
(Hompesch 1949, 1950, Rotman 1956) ., absence of electroly tes, and some
chemical substances (Hompesch 1949, 1950, Rofman 1956 Welsch
1957) Since these agents arc hnown to reduce enzyme aclivity m
several cases, these findings have been considered as some mdieations
that sonic Iysis may be of autolylic nature Actually sonic treatment,
which 15 known to cause streaming and alterations n the strueture of
Paramecium, Spirogyra, Elodea, erythrocyvtes (Harvey 1930 Goldman
& Lepeschhin 1932, Lepeschhin & Goldman 1952, Nygborg & Dyer 1960),
may destroy enzyme barriers of cells and make 1t possible for enzyme
and substrate to react with cach other so that hreakdown occurs In
order to test this hypothesis the influence of a number of enzyme -
tors on the sonic Iysis of Lschericlua coli B was inveshigated

MATERIALS AND MTTHODS

a Cultuation of Test Orgamisms

In this myestization unless otherwise speeified | ocolt B was grown as a 200 1
batch cultnre 30 a salt medinm contaimng sodium lactate and ammonwm chlorute
as the sok carbon and  nresen sonrces (Fri dioin 1)28

This work was made possible by a grant fram the Wallenberg Foundation The
technical assistance provided by Miss Dlla Spet s pratefully acl nowledged .
% The hirmt between somc and ultrasonic Waves 15 scl at 16000 cveles per second
(Grabar 1953) since abose this Iimit the waves are not jcreened by the average
e ear From a physical point of view this limut s arbatrary In many cases the
:.‘:::\nu deseribed here for sonte 1v<is are directly applicablc to ultrasome conditions

PR
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b Distegration

A Raytheon model DF 101 104C, 250 watt sonlc_ oscillafor was operated at
sesamance frequency and maximum efficicney Ten ml of of the suspension to he
trested were placed in the cup and treated for 5 minutes under continuous cooling
(temp below + 8°C) When not being treated the suspensions were kepl mn jee
water baths All the determinations were made as soon as possible and were com
pleted withm 6 hours However, the difference hetween the individual samples 10 a
series very rarely evceeded 1o min

¢ Lysis Fstmation

After sonic treatment the extinction at 600 s was measured wmn a Beckman B
spectrophotometer

d Fr pme dctwnty

The reducing activity of bacterial suspensions treated with enzyme 1hibitors but
not subjected to sonic was d as reducing capacity
without adding any parucular enzyme substrate (kopper 1952 1954) Instead of
235 triphens tetrazolium chlorsde used by hopper 2 (p 1odophens]) 3 (p nitro-
pheny) tetrazohum chloride (INT) (Light and Co Lid Colnbrook, England) was
employed INT was preferred to triphenyltetrazohum chloride since the redox
potentisl of the former which 1s 1 the region of —006 volts, is more surtable for
bacteria marnly because it is more rapidly reduced (Pearse persimal communica
ton) A test tube with 1 ml of the bacterial suspension was incubafed 1n a water
balh at 37° C for 5 mun 1 ml INT (100 4g/m]) was then added and the mixture left
for atother 13 min 10 the Water bath Frve ml of acctone were then added the tubes
steppered and sigorously shaken to estract all dye from the bacterial cells and
centrifuged The extinetion at 480 mu of the clear supernatants werc measured 1n
the Beckman B speetrophotometer

water

R N G

Fig f
Relationshap between amount of INT reduced and extinction at 480 ms
€ Incestiyation Schedale

F ur ml sample< of the enzyme inhibatrrs inyvesi
Ligated (four times final cot
centratron) were arranged fn twa fold s "
pridetiniic Tt SRt L old seriay dﬂu.lmn: Two ml of 08 [ ands o

wdeacetamide WE

fhrerighane buffe - . L ‘
lotal count == 28 » b
inhibiting cffect o8 M. LT . )
and the whle mix N . N
degree <L INT redu . w : "

. -
iblity of the dnhibiung ettect was tested one ml of 01 Mt T\‘x‘ltm’c ;’l‘l l\\ksl;"tl'
87w
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When suspensions of bactenal cells are subjected to some treatment
they usually lyse In this communication Iysis 15 defined as the optical
clearing of the suspension (Pethica 1958) In fact the extent of dis-
ntegration 1s often determmed by photomciric and nephelometric me-
asurements (Harvey & Loomis 1929, Yen & Liu 1934, Lz & Yen 1934,
Chambers & Werl 1938, Shropslure 1947, Hompesch 1849, 1950, Rol-
man 1956, Welsch 1957, Marr & Cola-Robles 1957) Tt has also heen
found that the extent of the lysis 15 decreased by a number of chemical
and physical agents, ¢ g, heat, inereased hydrogen 1on concentration
(Hompesclt 1949, 1950, Rolman 1936), absence of electrolytes, and some
chemieal substances (Hompesch 1949, 1950, Rotman 1956, Welsch
1957) Since these agents are known to reduce enzyme actisfy m
several eases, these findings have been considered as some indieations
that sonic lysis may be of autolytic nature Actually somc treatment,
which 1s hnown to cause strcaming and alterations m the structure of
Paramecium, Spirogyra, Lloden, erythrocytes (Harpey 1930, Goldman
& Lepeschhin 1952, Lepcschlan & Goldman 1952, Vyborg & Dyer 1960),
may destroy enzyme barners of cells and make 1t possible for enzyme
and substrate to react with cach other so that breakdown occurs In
order to test this hy pothests the influence of a number of cnzyme mhi-
itors on the sonic 13s1s of Lscherichin coli B w s insesbigated

MATERIALS A\\ND MFTHODS

a Cultwation of Test Organisms

In this 1nvestigation unless othorwise speeified F ool B was grown as a 200 1
Dbatch culture in a salt medium contaiming sodium lactate and ammonmm chicride
as the sole carbon and nitrogen sources (Fricdlom 1928)

This work was made posuble by a grant from the Wallenberg I oundation The
technical assistance provided by Miss Ulla Spet 15 gratefully achnowledged

T The limit between sonic and ultrasonic waves 1s st at 16 000 cyles per second
Grabar 1953} since aborve this limat the wases are not pereesved by the average
{bn au car From a physical pont « faiew this imig gs arbitrars In many cases the
?;':ll: described here for sonic 1vwis are directls applicable to ultrasonse conditions

170
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TABLE 1a
Influence of Mercutic Acetate on Soric Lysis and INT Reducing Aty
wnthout Addition of Cysteine

N INT redaced
R P] Fxtinetion
Funal cone before after
g Ac 3 sanic some 600 mps Estinction Yero,
193 69 1] 155 0004 <1
5 X104 71 0565 0005 <1
25 X104 72 0364 0008 <1
125X 104 72 0304 0019 2
£353% 105 7.3 0262 0064 7
313x 103 73 0213 0267 30
156X 105 73 0203 0305 s
0 73 0200 0316 6
TABLF 1b
Influence of Mercuric icetate on Some Lysis and INT Reducing Aetwily
after Addition of Cysteine
m - ] INT reduced
Final cone Fxtmetion }o o~
Uz %e On betare Shter Womgs Ftinction icro-
0 mp. grams
13 89 68 0265 0015 2
5 X10+ 70 0251 0055 &
25 X194 71 0218 0233 26
12> X 104 71 0346 0372 42
3% 195 71 0220 0339 38
I X103 71 0215 D338 33
156 % 103 71 0207 0450 51
° kR 0180 0400 45

el
ey
L ——

Fig 3
Sonic 135 and amount of INT redyced 1n
the presenee of differs
af merunrie scctate wthout and S e stcune addrtimn (oo e e TS
exstcine adied X x —sonie Yysia wih eysteye (oo e
duced with UL evstelne  x~- s mownt of INT re

#mount of INT reduced with ey steina)
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added to cach tube in the mercuric acetate series, wWhile one ml of 05 per cent
glutathione, pH — 75, was added to the p chloromercuribenzoate series After this
Iast addition the suspensions were mixed and left for at least another 30 min 1
an 1ce water bath before sonic treatment and INT-redueing activity were estimated
When the effeets of 10dine and potassium ferricyanide were myestigated 4 ml
samples of solutions of these substances were mixed with 3 m1 01 ¥ sodium acetale
pH == 70, and one ml of freshly cultivated hacteria (1013/ml) The investigation

schedule 1s visualized 1n Tig 2
In order to avoid lysis imhibition by hvdrogen 1omns all cxperiments wire per

formed close to neutrality

E coh suspended tn the

solution to be investigated 4

o ml + 5 ml distilfed waler 1 m}n 2 37° C water bath
for 5 mun

Somic 5 min Addition of 1 m! INT
(01 mgm!) and left for another
1o muin n the water bath

Mstinetion Al 600 mp Addition of 5 ml acelone
shaling centrifugition wd
extinction mevurement (430 mu)

Fig 2
Inyvestigation shedule for a comparison of the degree of sonic Ivsis anid
INT-reducing actnaty

RFSULTS

The mfluence of mercuric chloride on sonic lysis and INT reduction
was first tested simce mercuric jons are hnown to combme with sull-
hydryl groups which are essential for the actinty of mmny (nzymes
(Barron 1951) Mereurie chlonide nlubited sonie lysis, but the solu-
tions of mereuric chlorde mitially were acad and diffeult to buffer
‘Thercefore, mercurte acetate was used smee 1t was casier to neutrahze
and somewhat more stable 1 neutral solutions ‘1he experiments histed
1n Table 1 and I'ig 3 show that 6 25 X 10 » M mercunic acttate nluted
sonic lysis partially and that the inhibihion was nereased by hgher
concentrations of mercuric 10ns The deerease of INT-reduction became
apparent at 313 X 10 M mercuric acetatc, and at 25 X 16 4 M, the
INT-reduction was completely mlubited, while the sonic lysny Sill was
considerable

When 1 ml of 01 M cysteine was added to the suspensions, and the
samples were left for another 30 Tun in an 1ce water bath hcforo;om;‘
treatment, almost all the sonie 1ys1s was restored Only at the mghes
concentrations of mercuric acetate was the 1ysis hittle reduced "0}\—

r, at the two Jughest concentrations of mcreurtc acttate fhe INT-
o e capacity was shil conspicuously inhiitcd after the addition
:)i"dc“)cs[{lcslznc‘ I:’\‘ddlhon of cysteine 1o a suspension where sonic [va1s was

mhibited by mercuric 1ons produced a rapd [ysis
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TABLE 3
Inftuence of Todoacetamule on Seme Lysis and INT-Reducwng ettty

INT reduced
1 | H ! Estinction
jodoacetsmuls (W} i Befare 0 mp Fsunction Sicrograms
2
2 73 0267 0013

; ;ﬂg: 73 0210 0010 1

102 13 0230 0019 2

5 x103 74 0230 0028 3

25 x 102 74 0230 0024 3

12 % 102 34 0232 0020 3

62X 104 74 0232 0027 3

0 74 .231 (X% S

TABLF 4
Inftuence of Todne on Som¢ Lpsis and INT Reducing Actiwily
INT reduced
1 Extinetion
Famal cone W e
it nemgmy  before sonse €00 m,s Extnenon Yiero:
05 68 68 0323 [3 0
205 67 70 0074 0
0002 66 68 0063 002> 3
0 70 69 0061 0343 39
TABLEL 5

Inflaence of Potassium Ferricyamde on Sontc Lysis and INT Redueing Activify

INT reduced
Fmal cone W pHf Extinction —
Kbet N hetore e 0 mys Fatincton | fiero-
1D grama
I3 66 69 0076 0002 6
001 68 63 0060 008 9
aoa1 69 66 0063 012t 17
00901 kY x4 0050 0270 30
° 70 69 0061 0343 39

The INT reducing capacaty could also be inhibited by 10dine (Table
41 1used as a solution of wdophor, “Jodopax™, Ferrosan, Malmg, Swe-
den) and potassium ferricyantde (Table 3) within a wade range of con-

centritions Sathout affecting the some lysin Freshly grown bacteria
wore used an this expesiment since the INT-reducing capacity of the
frozen suspensions had decreased ¢ 1 1 N

 fes alher enzvme ihibitors sere also tested (Table 6), viz, 2,4-
dintrophanol sodwm ande, potassium cyanide and sodmm arsenate

Somie Ivsis accurred 1n each suspension even f the extent sarred
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TABLI 2a

Influence of p Chloromercuribenzoate on Sonic Tysis and INT Reductng detuily
without Addition of Glulathione

INT reduced
1inal cone b o 1 slinction R
p chlorom (M) sonie sonic 600 myp 3 :l“l(;]cnull icra-
mys gruns
4 X103 76 76 0675 0025 3
2 X103 75 0328 0029 1
1 X103 75 0192 0026 3
5 X10+t 75 0120 0029 4
25 X104 75 0063 0196 22
125 X 10 ¢ 75 0065 0269 30
625X 105 74 0065 0340 38
0 72 0085 0342 38
TABLE 2b

Influence of p Chloromercuriben-oate on Sontc Lysts and INT Reducing dehuly
after Addition of Glutathione

pit I i

INT reduced
114l conc fxunclon |— o
p chlorom () l before alier 609 My 1 xtinction tiero
190 mg grams
4 X103 75 75 0740 0024 3
2 %103 75 0375 0028 3
1 X108 75 0130 0163 18
5 X104t 16 0096 0270 30
25 X104 76 0070 0278 3
125X 10 ¢ 75 0070 0240 21
625X 108 73 0069 0302 3
0 71 0061 0210 27

A more spceific substance for the blockmg of sulfhydryl groups,
p-chloromercuribenzoate (Sigma Chemical Company, St Lows, M-
sour1), was also msestigated for its mnlnbition capacity on sonic Iysis
and tetrazohum reduction The results are listed wn Table 2 The INT-
reducing eapacity was deereased at 125 X 104 M and completcly abo-
lished al 5 X 10 # M, but 1t could he parhially reversed by the addition
of glutathione The cxtinction at 600 mp of the sonie treated suspen
qjons was at a hgher level at concentrations above 5 X 10+ M This
mught, at least to a certain extent, be due to the fict that mutnlly clear
solutions of p chloromercunihenzoate 1 ¢ 01 M glycyl-glycine buffer
(pH=1 6) (Smuth & Snuth 1949) became turbid on standing

The results obtamned with 1odoncctamide, another reagent for bloch-
mg thiol groups, are summarizcd in Table 3 It apperrs fhat the INT-
regucing capacity was completely aholished 1n the coneentration range
nvestigated ithout affecting the sonie Iysis
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260 and 280 mu measured At concenirahions about and above 103 %
mercunic acetate turindity sppeared m the extracts and the organic UL~
absorbing constituents were more casily sedimented

DISCUSSION

Duning the last three decades sonic and ultrasome disimtegration of
cells has been suecessfully used as a tool for the preparation and isola
tion of bacterial components However, the disintegration mechantsm 15
not vet quite elear One hypothesis (Hompesch 1910 1909, Rotman
1906 W elsch 1957) suggests that sonie lysis may be enzymatic m na
ture The somic waves which are known to cause mtracellular vibra
tron 1n higher eells are smid to destroy the cellular organization of en
zymes nctivatars mhubitors and substrates This should ncrease the
possiblities for autolssis In order 1o test this hypothesis ihe m{luence
of known enzyme inhintors was tested

Several enzymes are known to be dependent on thiol groups for thar
action (Harron 1901) such that if the thiol group 1s hlocked the enzyme
actiity 15 abolished Many substances are hnown which combine with
tiuol groups and therr mechanisms of combmation are also well known
The mereuric 1on was earls known as a thiol group binding egent but
1t 1s less speetfic than others For a long trme 1t has been used for anti
sepftc and disinfectant purposes The ions Yaclenostatic effect s
thought to be duc to combmation with cellular thiol groups and 1s
resersed by the addition of thiol substances (Fildes 1940) i a manner
simitar to the enzy me ihibition effect

The INT reducing activits was considered as a sign of diffusion of
the enzynte whiitor mto the cell and its consequent nhibition of en
zyme achion Dehydrogenases whteh are the enzymes mawlhy respon
sible for tetrazofium reduction ean scareely be expected to be resyon
stle for autohvers However INT reduction was selected becaunse 1t
Was easy to determine and after 4l ihe nature of the enzyme(s) re
pensible for the somc Ivsis was nof known

The mhalntion of INT reduction by mercurnic acetate (Table 1 Fig 3}
started 1t a concenirition of 313 X 10 5\ and was complete at 25 X
102\ winie the somc 1ysis was shghtly inhibited at 313 X 10 +\! but
still was considerable at 5 X 10 4\ since the exlinction of the suspen
si0n belore some treatiment was D 60 at a 1 16 dilution and was reduced
(;Ix 0162 tundiinted) Aline < teezdment Wi vy Sieine was added 1o

the hugher concenttations A:c:‘n Iralmm while 1t was stil reduced at
at low concuntritions mereurie l(l: ;:nalt!m" af these reaults may be that
enzyiatic achiaty Without dest n\ ey sehed thiof groug evieatiat for
5 AUthis concentration Loty the s v, e jiricture of fhe pro
ntion were comp letely resers bl ppenme Aty and the Ivsis e

thle upon hinding of the mercurie 1oms
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TABLF §
Influence on Somic Lysis of knzyme Inlubitors not Bloching Thiol Groups

Concen plt pH I xtinction
Chemical substance trition it

o) o sonie Gom
Dinithophenol 01 64 66 0940
Sodium azide 01 64 69 0343
Sodium arsenate 01 79 79 1180
Potassium cyanide 01 73 73 6300
Potassinm chlorate 05 68 63 0505
Potassium chlorate 005 62 58 0350
Distilled water 72 64 0790

Since mercuric acetate was the only substance of the cnzyme -
ntors myestigated which inlibited hoth INT-reduction and sonic Iysis,
1t was supposed that the precipitating action of mercuric 1ons mught he
responsible for the lysis inlubition effect Bacteria examined by phase
contrast mcroscopy after sonic treatment 1n mercuric acetate solutions
showed, 1n addition to typeal rods, also round, coccus-lihe particles
wihich were thought to be fragmented ceils After addition of cystene
to bind the mercuric tons, the “cocer” disappeared and left only a few
rods behind

TARBIL 7

Appearance of Turbulitly and Reduction of Solubility after Vddition of Moreuric
iretate to a Bacteriql Fxtract

After centrifugation I'xtinchion (1 50)

T1nal cone Turl ¢ ity
Ho e VD) " 200 mp 29 mp
1 x101 61 0038 0030
2 X103 18 0193 0154

108 6 0335 023>
5ox 104 3 0316 0200
25 X101 3 042 0193
125X 101 3 0 350 0193
625X 100 3 0354 0203

o 3 0332 0188

‘The appearance of turbidity when mercurie acetale was added to a
bacternal extract ss demonstrated in FTable 7 In order to prepare & el
extract T coli B were disintegratcd by frecze-prossmg (Edebo 1960),
suspended m @ 9 M sodium acetate, and centrifugcd at 24,000 X g for
30 yun Four ml of the supt rpatant were mixed with § ml of 1 solution
of mercuric acctate al twice the concentration destred  After standing
1 o 1ee-water bath for 30 min, the suspensions were centrifuged al
24,000 X g for 30 mun and the cxtinctions of the supcrnatants at
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penston cleared Cystemne had probably bound the mercuric 1ons so
that the prec:pitating action of the latler was taken away and the bae
terial material dissolved

In order to make freeze pressed bactenal extraets turbid and pre-
cipitate, 3 higher concentration of mercuric tons was required than the
minimal concentration which reduced the extent of some lysis This
might be due to a low reaction velocits at lumting concentrations of
mercuric acetate or to differences in the concentration of organic ma
terial hetween the bacterial suspension and the bacterial extract (Edebo
1961)

In 2 manner simlar to the restoration of somic Ivsis by eysteme, the
material precipstated from the press extract by mercurie acetate was
dissolsed by the addition of that substance

Somie lysts also occurred 1n the presence of the other enzyme inhibit-
ng agents tested miz, dimtrophenol, potasstum eyamde, sodium azide
and sodium arsenate (Table 6), although the concentrations employed
constderably exceeded those mostls used for enzyme mhbition studies
(Diron & W ebb 19a8) The absence of Ivais inhibition by dinitrophenol,
azde and arscnate, which interfere with aerobic phosphorylation pro-
cesses indicates that this reaction a common energy-yielding process,
15 not insolved 1n somic Iys1s Azide and cyamde are powerful inhinfors
of a great number of enzymes Somie Iysis also proceeded in the presenee
of high concentrations of these two The vanations wn the extent of
sonic Iys1s (Table 6) were probabls due to salf effects (Edebo 1961)

The ngh extent of lysis 1 the presence of potassium chlorate, a
powerful oxidatine agent and the mncreased rather than decreased eox-
tent of wonie lysis at pH 10 12 made the enzvme hypothests still Jess
probable because most enzvmes are inhibited under these conditions

When a bacteral suspension sonic treated at Iysis inhubating conds
tns was wdjusted o a lysis favouring state, the lysis oceurred 1mme-
diately at 0° € as well as at 30° C This was found for both the rH
dependent Ivsis and when mercurnie 1ons were bound by eystemne All of
Wese fcts do not support the enzymatic by pothesis of sonie Iysis

Senie trextment of a hactenal suspension 1n the presence of 01V

sodm citrate resulted n good Iysis This suggests that 1 marmee 1
on ‘o

my * "

2 » Vs shown as a disruption of the enll
boundaries e the el wall apd the ¢ytoplasmic membrane (Rotmuan
:‘Ial‘u The natiee of the second step after sonie treatment tha 1

hne 1 m = - an .

s> Ul nany of the chemieal agents em-

ploved arc all kiown o deerense the solubility of orgame macromole-
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This imght correspond to the number of 10ns which results in bacterio-
stasis At hugher concentrations of mercuric 10ns thiol groups important
for the tertiary structure of protens might also be affected This could
lead to damages which are not reversed after the remosval of mereuric
10ns The decrease of the INT-reduction which remamned 1s an expres-
sion for tlus The solubibity state of the protoplasmic cotitponents,
which 15 due to less subtle physical properties, should not be affected
to this degree by shight structural changes
The inhibition of INT-reduction by p-chloromercuribenzoate showed
great sumilarities to the inhibition by mercurie 10ns In this case the
INI-reduction was restored by glutatluone and by cystemne The extine-
tion values of the sonic treated suspenstons, however, give little infor-
mation, because the clear solutions of p-chloromercuribenzoate became
turbid to a degree corresponding to the sonic treated suspensions on
standing Howcver, at the highest coneentrations of p-chloromercun-
henzoate, where the INT-reducing capacity was completely abolished,
the extinctions of the bacterinl suspensions were reduced by sonic treat-
ment to about one tenth of their original values The extinction after
sonic treatment without enzyme mlubitor was higher in the series with
mercunc acetate (Table 1) and rodoacetamide (Table 3) than with p-
chloromercuribenzoate (Table 2), although the same bacteria were
used This might be explamed by the fact that sonte osallation of the
first two series was performed m ¢ 1 M sodium acelate, while 0 00125 M
glyeylglycme buffer was used m the series with p-chloromercuriben-
zoate Sonic Iysis 15 suboptimal in 0 1 M sodum acetate (Edebo 1961)
The IN I-reduction obtaned after addition of cysteine and ghuta-
thione varicd ieregularly This mas be due to « manefold effect by these
substances
Todoacetamide, 1odine, and potassium ferricy anide miubited the INT-
reduction strongly in a wide concentration range without affecting the
sonie Iys1s Only at high concentrations of 1odine was the extmetion at
600 mg increased to a level which corresponded to the 10dine present
The mode of action of the different tinol group hinding reagents 1s
very different Mereurie 1ons and p chloromercunibenzoate form rever-
wble mereptides, 1odoacetanude forms irreversible alkylated com-
pounds, and ferricy wmde and 10dime oxidize the thiol groups into -5 S-
bridges (Barron 1951} Mercuric 1ons together with other heavy metal
Jons, are also known to prceipitate orgamie material, while none of the
other compounds, except possibly p chloromercuribenzote, would he
expectcd to have that churactcr It therefore seemed probable that a
reduction of the solubility of the protoplasm was responsible for the
ihubihion of sonic Iy+1s This hypothesis already proposed by Rotman
(1956) 15 supported by phisecontrast microscopy There it was seen
that somic treatment, 1 the presence of mercuric 1ons disimtegrated
pacteria mte smaller partieles Upon addition of cvstune thuse particles

were no longer sisible n the phase contrast microseope and the sus-
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cules Therefore, 1t scems reasonable to suppose, that, after disruption
of the cell boundaries under conditions suttible for the dispersion of
the protoplasnic gel, the gel will be transformed mto a sol, the sus-
pension will 1yse, and the protoplasmic constituents will he soluble n
a way excellently shown for Azotohacter vinelandn by Warr & Cola-
Robles (1957) Enzyme reactions mag possibly e involsed in the dis-
persion of the protoplasm, but no datt have Intherto been obtained
which would support an enzymatic hiy pothesis m favour of a dispersion
mechamsm

SUMMARY

The mfluence of enzyme inhibitors on the sonie Iysis of £ coli B has
been investigated Of the thiol binding rengents studied, only mercuric
acetate mhibited sonic Iysis On the other hand, 10doacetamide, 10dine,
and potassium ferricyanide had almost no effect on sonic lysis, despite
the fact that the tetrazohum reducing capacity was completely removed
at a comparatinely wide range of concentrations In addition, when
usmg mercuric acetate, the concentrations needed for mhibition of
sonic lysis were greater than those required for enzyme inhilntion

Other types of enzyme mhsbitors such as azude, cyanude, dimtro-
phenol, and arsenate had no cffect on sonic lysis 1t concentrations far
exceeding those usually needed for enzyme mnhibition

Since mercuric tons also precipitated bactersal protoplasm their -
hibition of sonic Iysis 15 postulated to be due to impured conditions
for dispersion of the cytoplasmie constituents after the bacterial cell
wall has been disrupted by the sonic treatment This theory agrees well
with earlier observations and may well he true also for other hinds of
cell dismtegration
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and telracthyIpyrophosphate (Rotman 1956) are all known 1o himmsh
the extent of somic Iysis Hompeseh (1950} also demonstrated that the
efficacy of Iysss mhubition by eations 15 related to their arrangement in
the Hofmerster series® Cat+ > Ba++ > Mgd + > Nat However, 6 hy-
pothests applying 1o all collected data has been suggested and expernt-
mentally tested Since all the agepls menhioned aboyve may mnfluence
the solubihty of the bactenal components, fhis sindy Was designed to
wsestigate the relationshup between sonie lysis and the collodal state
of the bacterial protoplasm

MATERIALS AND METHODS
Cultiation

Fscheriehia coll strasn B was chosen s the prinopal test orfanism It was enl
Hsated 0n chamurally Tof and e 4 a T 12, tnng i
1 far .
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te and yeast ettract ay sts main
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LYSIS OF' BACTLRIA

2 Studies on the Mechamsms Involved wn Mechameal Lysis
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Lars )ip1 no
Receved 2161

‘The information about the cellular structure of bacteria has accu-
mulated rapidly durmg the last few years Differcntiation nto cell
wall, plasma (cytoplasime) membrane, and protoplasm s generally
accepted, and the importance of the cell wall as the structure respon-
sible for the shape and for the mechanieal protection of the cell
established It 1s, for instance, hnown that the bictersal codt wall must
withstand a considerable intracellular pressure (Nischer 1893, Webnll
1933, Mlchell & Moyle 1956) 1f 1t 1s disrupted, the protoplasm usually
flows out of the cell and 15 dispersed m the suspension medium This
fact has been the basis for cell wall and protoplasm preparation techni-
ques 1 the course of inscstigations on the chemieal, enzymatie, anti-
genic, and genelic properties of microorgamisms Frequently somic and
ultrasome treatment has heen uscd to accomplish cell wall disruption
In the present mvestigation, sonic disutegration wis goncerally pres
ferred The results obtained are, however, thought hikely to yield m-
formation about the mechamsms common to other disitcgration tech-
niques

When suspenstons of bacteria senstbne to sonie oscillition are trene
ted, they Iysc, which 18 here defined as the optical clewing of the sus-
pension (Pethica 1998) It has becn demonstrated (Rolman 1956, Marr
& Cola Robles 1937) that the lysis s primanly due to a disruption of
the cell wall, which, under proper econdihions, 15 almost immediatels
followcd by dispersion of the proloplism 11 has also becn shown that
some 1ysis 15 tbited by seseral physical and chemienl agents Fod,
neresed hydrogen 1on concentration (Hompesch 1950, Rotman 1156)
removal of electrolytes by maon cxchange resin (Rofman 1956) and
varous substances such as formaldehyde (Hompesch 1930), dibvdro-
streptomyem qulfate (Welseh 1937), mcrcurnic jons (Ddcho 1961)

s work was made possible by 1 graut from the Wallenberg Foundatt n and the
hncal Research Counral The technieal assislance prosided by Miss {8
Y ngve Andersson i~ wratefully acknovwledged

Thr
Swedish Tec
Spetz and \r

184
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upf the cells were pereolated through a mixed bed jon exchanger ln(.-]-
fore the pH adjusiment When these suspensions were somie treated,
the turbidity curie was shifted to a lower level parallel to the pre-
treatment cunve

The mflucnce of the hydrogen 1on concentration on the <enic Iysis
of Bactllus subltlis 15 itlustrated n Fig 2 At pH ralues helon 6, the
extent of some Iysis was continuously decreased until it was quite mn-
tonspicuous at pH = 49 An extract (17 mg dry weght/ml}, ohtamned
after frecze-pressing, flocculated at pH 3 0 and the somic-treated bac-
ferial suspension showed shight sedsimentation tendencies

TABLE 1
Dusintegration of ¥ coly B at pH % and pH 71 by different Disintegration Methods

pHLAD pHTY
S IR
Tremment | | dctincion | L | Exstinction
e uncpon e unchion ___ Sunemal

et T o (T
\ane 0925 Q0a8 0034 0830 Q2 Q0A2
Sume 3 min 0720 0072 0013 0067 1180 0678
Nosal 5 min 1800 0375 0275 1080 0805 0441
Freoch press (X13 9856 0062z 0032 0185  144a Q637
Npresy (X1} 0560 otls 008D 6133 053¢ 0540

The influenee of pH on the extent of Iysis obtained by various dis-
mtegration methods 1s shown n Table 1 for pH = $and pH = 71 In
addition to sonic treatment, disintegration was done by hugh speed
shakung with gl iss beads (Nossal 1953), by pressing n the hquid state
(French & Walner 1955), and n the frozen state (Edebo 1960, 1361) 1
appeats that, by the methods mvestigated, both the Iysis and the UV-
absorbing substances in solution after disintegration and centrifugation
'Spinco rolor 40 30,000 RPAM, R o = 59,000 X ¢, 60 mun ) were re-
duced at pil = 3 compared with those at neutral pH The high extine-
tion readings by the glass bead methnd were partly due 1o contamina-
tion with metal from the cups

To best the reversibiity of the inhutution of mechanical lysis by hy-
drogen 1ons, an 1T coli suspension was adjusted to pH = 4 with 01
eutrie aeid and divided snto three eguat parts 125 ml each), which were
then treated 0 the sonie oscillator (15 min, +8° C) French press
tone pressing. room temporature), and the A-press fone pressing,

2% €y, respectively One ml of the treated suspensions was added fo
each fube of a series of eitrate-phasphate huffers al vanous pH, and the
pHt and the exlinelion al 600 my of the suspensions were measured
(g 31 Lysis of all suspensions was ohserved at values above P 5
te, m the same eange of pH valyes requised for the somc hysis of bac-
2%
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REISUL1S
Inflitence of Hydrogen Ion Concenirafion

The extent of sonic lysts at different hydrogen 10n concentrations w is
mvestigated by adding, to a series of 10 ml portions of Mellvaine's ci-
trate-phosphate buffers (Gomor: 1955) at various pH, an equal volume
(16 mi) of an IZ coh suspension twice washed in distilled water and
then suspended mn chstilled water (subsequently ealled “aqucous
col’”) The pH was dctermuned hefore and after sonte treatment Of the
20 m! of suspension, sesen were kept 1n an ice-water bath for the SR
test Ten ml were sonmic treated, and after the extinctions and the tur-
hdities were measured, 7 ml were left for the SR test The results are
shown in Fig 1 ‘There the differcnt parameters are plotted vs the pH
and demonstrate that the extent of somc lysis was decreased at pil
values below 535 The lysis inhubition was successively mereased 1t
lower pH values unhl almost complete at pH = 45 (turbidity values
Lefore and after sonic treatment 91 and 86 respeetively) When bie-
terial frecze-pressed extract (18 mg dry waght/m!) was adjusted to
varions pH values by mixaang 1 ml extract with 3 ml of 01 M sodium
acetate buffer (Gomort 1955), tarbidity and flocculation occurred at
pH values close to the range where the cxtent of sonic lysis was de-
creased At pH values below 5 0 the floceules were very firm and se-
parated from the rest of the matenal i a gel-hhe stte

A large-scale culture (800 1) was grown for 15 hours and harvestud
by an Alfa-de Laval PX separator i which the cellular maternl was
shot out of the spinning rotor After suspending those “mechmically
stramed” cells n solutions of different pH, they lysed spontancously
within an hour at pIl values aboive 8, either at 0° C or room tempera-
ture The Iysis was most rapid 1n the athaline range It was also speedad

Extocten | tomaty
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Influence of hydrogen ion conccntra
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appearance of turbulity i B subtiby
extracts {3 mg dry weight/im! (ex
tinctzon 600 ma
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fler The appearance of turbidity after heat
I:’f&'.f:'ﬁf Zfsi'.’ﬁlfnli;a'?ﬁtf mh)’.nd ing F colr extracts in distilled water
01\ spdiom chloride (- -), and (——), 1 M sodum chloride ( —0_1-“
afier heating twice the concentration 01 M sodium chloride (- - —b}, ory
of bacterta in 02 M sodim chloride sodium acetate (~x x-) and 01 X

) and distilled water (~o-0-) sotium phosphate ( )

and diluting with an equal volume of
distilled water and 02 M sodium ¢hlo
nide respectivelv

the concentration of hacteria were used and were suspended 1n both
02\ <odfum chlotide and distilled water, heated, and diluted i cqual
solumes of distilled water and 02 M sodium chlonde respectively, be-
fore Mhe sonic treatment Fig 5 demonstrates that the lysty intubition
by heat was most pronounced in suspensions heated in the presence
of the salt

When smears of the sonic treated cells, hoth heated and non-heated,
were fuchsin stuned and examned, the degree of disappearance of
distinetly stained cells was the same although the decreasc in extinction
w1s much less with the heated bacternia However, deeply staned gra-
nules were more abundant in smears from high temperatures

A suspension of freeze-pressed 12 col eells 1n 1M sodinm chiende
was centrfuged at 30,000 X g for 60 min The supernatant (after dia-
1ys1s overmght aganst tap water, ca 15 mg organie substances ml),
was adjusted to the various salt cencentrations (pll 70 71) used wn
the sonic experiments on heated hacteria and cxposed to the appro-
brile temperatures for 15 min The appearance of turhidity was mea-
sured a8 the extinetson at 600 my after didlution 1 10 with the corre-
sponding salt solution ¥yt 6) Turbidity determinations yrelded cs-
scatnlly the same results The curses in Fig 6 are nat drawn beyond
M ¢ because the extracls were granular and sedimented rapidly abose
tht temperalure: The dcvelopment of turbidily after heabing was least
1 the extracts with 10 added salts, where generally only a shght tar-
hdity appearced even after heating at 100° € The turbidity was il tess
1 the disintegrated hacteria were extracted with distilled water and no

dinlssis performed In contrast fo these findings, 1 {he presence of
silty the turlndity was already significant at 50° G and subsequently
rose Lven more

The inftucnee of heat on the solubility and UV-absorption of hac-
Lenal cxtracts was also tested ¥ enh disintegrated by freeze-pressing
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I'g 3 Fig §
The lya1s of T colr disintegrated at pH UV - absorbing material soluble at dif-
= 4 and suhscquently adjusted to dif- ferent pil-salues MNeutral extract pre-
ferent pHavalues Disintegration in the pared from B megaterium by some
sotite oscrllator (; ), Irench press treatment (——) and freeze-pressing
(- - -), and Xepress (=——-) (---—~ ), and from P eoli by some

treatment ~x—x ) and freeze pressing
(-x~---x}

terial suspensions whose pH was adjusted to the final value before
sonic freatment (Mg 1)

Extracts, 1n 0 03 M potassium phosphate, pll = 7, of Bacillus mega-
terium and 12 coli were prepared both by sonic treatment and freeze-
pressmg After centrifugation (30,000 X g, 30 mm), the supernatants
were adjusted to differcnt pil values by ten drops of a mnture of 1M
HsPOy and 1 M Kii:PO;s The extinchions at 260 and 280 mp of the
supernatants were measured (g 4) after another centnifugation at
30,000 X g, 30 min The increase i sedunentation of the extracts at pH
values around 5 was marked and agreed well with the Iysis ilubition
and the appearance of turbidity I'ig 4 demonstrates the extinction at
280 mp The extinction at 260 my showed sumilar behavior Oniy a
shight mercase m the 260:280 guotient was found as the hydrogen son
concentralion mereased

Heat

Heating of haelenal suspensions before sonie treatment considerably
reduced the extent of sonie T3wis (Tig 5} This was noted at tempera-
tures as fow as 45 to 50° C Solutions of varwous salts at a fourfold con-
centration vs the final were diluted from 25 ml to 100 ml with “aque-
ous I coli” suspensions (22 X 10 bact/ml) ‘Ten ml ahquots were
pipetted into test tubes and held in an iceswater bath, then heatod in a
water bath at the desired temperature for 15 nun , rapidly cooled m the
1ce-water bath, and held there until somie treated It was observed that
the cxtent of 1ysts mlubition caused by heat strongly depended on the
nature of the suspension medium The Iysis mlubition was always m-
creased when saits were present (8 M and 6 1 M sodm chionde, 61 M
sodium phesphate or 01 M sodimm acetate) The results oblained with
01M sodwum clioride are shown n I'ig 5 1t was also mtercsting to
see if the effect of clectrolytes was caused only during the period of

sonic oseillation or also during the period of heating To test tlus, twice
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Lanthanum nitrate Vlanganous chlonde
Fugs 7 10
The effuct of some salts an the extent of sontc Iysis of F roli suspensions 05 mg
bact jml ¢ ) s limentation af the = sohd
bars partial <edimentalion == lined bars) and the appearence of turbidny in ex-
tracts cantaining 09 mg ( -~ )apd 9 mEg{ x-x

% =) bacterial material/mi

andl the sedimentation afler sonic ireatment were closely related to the
appearance of turbulity 1 extracts, particularly so when similar con-

s of bacterial subst were used The ammonum sulfate
and CTAB curves, representing the mixang with the concentrated press
extract, rose continuously until 25 M and 001 M respectively, after

which the cury s reached outside the diagram At hugher concentration,
the extinetion at 600 ma could not he d with the pk
employed

“Sattng-ont

\arious sons and ton concentrations of e Byotropic scries (Hofmer-
ster 1893 1KS9 Frenndlich 1803) wfluence the sonic lysis of bactenal
suspensions differently This ¢ ffect and the appearance of turbsdity was
alse investigated (1igs Tland 12) One mi “aqueons E colr™ (62 X 10m
cellsml) was added to %l of salt solutions with 109 the concentra-
Nion histed, and the sushensions sonie treated The results, shown in
Figs 11 and 12, were Renerally obtained at pH = 67-7 3 However,

P
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were suspended m 01 M sodtm acetate, pH = 7, homogemazed, and
centrifuged at 24000 X g for 60 nun The supernatant was then dinvided
mto equal samples and heated at different temperatures for 20 mm,
cooled, and the eentnfugation repeated The supernatanis were col-
lected and their UV-absorbing capacity measurcd as histed in Table 2
The extinction at 280 my was continuously deereased with imereased
temperature which 1s thought to be mamly duc to the removal of pro-
temns The merease of extinetson at 260 my by moderate temperatures
can be explamed by the single-stranding and hyperchromasi cffeet of
heating on deonymbonucleie acids (Marmur & Lane 1960, Doty cf al
1960)
TABIT 2
Influence of Heat on Solubiluy and UV -4bsorption of Bacterial Friracts

1 xhinchion supernatant

Tump (°C)
200 mp ] 20 mpt | Quouent 26029

0 0438 0308 145

50 0454 0281 160

60 0513 0252 204
0 0493 0238 209

80 0487 0229 214

%0 0487 0226 215

Selected “Specific” Salls
Some other salts were tested for thair influenee on the somc fysis of
C coli Ammonium sulfate, cety ltrimethy L yinmonum bromde (CTAB),
lanthanum nitrate and manganous chloride were selected because they
cattse protoplasmic precipifation
Ten m! of “aqueous L colt” (total count 15 X 10'%mi, 09 mg dry
weight/ml) were mived with 5 ml of 002 M sodium phosphate buffer,
pl = 7 when CTAB and (NH11280+ were tested and 0 2 M sodwumn ace-
tate, pH == 7 for MnCl and La{NO1)s plus 5 ml of a solution with four
tunes the final concentration of the chemical to be mveshigated To
envelude effects of the hydrogen 1on concentration, the pH was cheched
before and after some treatment Lxeept for the suspensions wilh the
Inghest cancentrations of ammonm sulfate, the pH was held between
6% and 72 none of the ammomum sulfalc samples ever fell below 60
The SR was also obsersed The capacits of the above-mentioned <aits
to produce turlndits i nrtndiy elear bacterial eytracts was tosted both
wath an aqueous freeze pressed extract containimg 16 mg dry weightmt
and one with 18 mg ml Two mi of the salt solution, twice fmal con-
contration, were mined with 2 ml extract The turlndity produced was
asnred as extinction at 600 my, gust a8 the degrec of somse Ivais was
:]Tl“cnmnod The results areallustrated in Figs 7 10 They demenstrale

that m extracls prepared by freeze-pressing, the mlulntion of sonie fysts
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suspensions {pH = 61, final concentration 5 mg dry weight/ml) were
adjusted to different concentrations of sodwum ehlonde (1 M MaCl,
pH = 73) and subjeeted to sonic oseillation The viable counts after
sonic trealment differed little and did not correspond to the extmetion
ralues The lysis, as eshmated by reduction in the extinetion at 600 my,
was strongly ihited m the bsence of salts It was grealest at con-
centrations 1n the neighbourhood of 0 01 M sodium chloride The table
further shows that the addition of sodmm chlonde to the dewonuzed
bacteral suspension reduced the pH considerably When 1t fell helow
60, 1t was adjusted with 0 1 M sodium hydroxide hefore some treat-
ment

TABLF 3
Santc of D d Bacterial Sus s 10 which vartons
Concentrations of Sodwunt Chlorile huve been {dded
“(:’:‘: ",‘;:'“‘ ( PIE of sutpension
MO e D — | Egt nction
rone (W) Bek Altey m
erore | donie I e Jonzet, efore I aner
(0 9 {ean 1 aldel sonie sony
1 67 30 48 ] 54 3} 0612
01 71 72 19 2+3 80 56-65 0497
001 a4 31 52 2 60 59 0435
0001 10 29 57 1 86 59 118
o000t u 42 61 a 81 51 146
] 14 24 63 0 63 57 140

DISCLUSSION

The state of the bacterzal constituents has been studied by deter
g

The deprec of lysis obtumed after somie treatment of a bhactenial
suspension { me sured as extinetion 2t 600 my)

The sedimentation tn the sonic treated suspenston (SR}

The appearance of tuthidily m nttially clear bacteril freeze pres-
sed cxtracts generilly measured as extinction at 600 my

v

\s n rute the effects mentioned above were similarly influenced, te
when sonte 1vsgs was anhibited, fhe sonic treated suspensions ;cds,
mentcd and the baetenat extracts beeame turbyd

The understinding of the stalulity of suspunsions of haetenal cells
hs been facthiated by a collmd chemstry approach (ef Tamanna &
Mallette 1959) In order o exsier underst ind the results obtuned her,
tut at the tisk of an oaversimphifieation of very complex probhlem wmc.
rather gener il properties of lnocoliods wil similarly hclconsndc'r('d N
connietion with the results ohtamed wth Incternl constituents Slnm
the factors dcrmiming the \atuisty of ocollowds are still not c|v11'c|§
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Ertecton

) T
Lig 11 Fig 12
The effect of duffcrent anions on the The effect of different cations on the
extent of sonie Ivsis (cation = potas extent of sone lysis {anion == acetate)
sium) Citrate — — —, tartrate~ -, tanthanum ---- -, » caleium ~0 0 0
acctate , sulfate — —«—_ phos- bamum  x-x x- magnesium - ~ - -
phate - ~ -, chlorate (01-05 \1) sodium — — — potassium
and thiocyanate ~0-o , chloride —— -, ammonium -~ - -
1wodide ~x-x-, bromide - ~ -,

nitrate — _— —

some non-huffered suspensions (hacteria 1n neutral solutions) were
diffienlt to readjust to neutrality Therefore, the extinction of such
suspensions was measured at the pH values reached, vz, pll = 6 5-66
m 1 M potassium bromide, chloride, 10dide and mtrate, pH 62 1n 01
and 1 M potassium acctate, pH 6 5 1n 5 M potassium thiocyanate, and
pH 61-65 s 0001-0 1 M lanthanum acetate The Iysis of I coli m
soditm citrate-phosphate buffer was not conspicuously decreased at
pH 60 (Mg 1), but the conditions are different at ngh salt concentrn-
tions The degree of sonic 1ys15 was highest at relatively low salt con-
centrations Turthermore, the inhubition of sonic Iysis was least pro-
notineed 1n the suspensions of monos alent 1ons which hase low slting-
out effect (N1I, , K*, Na*, SCN, I, Br, ClO3,NOs, Cl ) Iligh concentra-
tions of multivalent cations reduced the extent of lysis considerably,
wlule the inhitntion by multiv alent amons was muceh less marked Some
treatment of blank controls (pure st solutions) never produced si1gni-
ficant turbidity

The turbndity of bactertal extracts and the extent of thar Iysis by
sontc treitment were mnversely related At a sait concentration where
the extent of somc 1ys15 was obviously dummished, the appearance of
turbidity was enhanced Often, particularly when monovalent ons were
imestigated, no turbidity appeared after mrang the bactenal extract
and the salt solution Turbidity could then be often produced by the
addition of cthanol, and made it possible to (xaggerate the differences
between the different salts and salt concentrations

“Salling-1in”

An “aqueous L colt” suspension which was repeatedfy passed
through an 1on cxchange resin column (Amberhtc MB-3) exlubited very
Iittle Lysis upon sonic treatment Tahle 3 demonstrates the halling (ffeet

and the degree of 1ysis produced when 10 ml of detomized bicterial
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surface of the collord If conditions cxist where the solubihity 15 1m-
paired, the disperston tune wonld be etpected 1o be further prolonged
Differences in composition and concentration of the organic material
might also have mfluenced the reactions

When conditions which nhibited the somie lysis of bacteria were
removed, eg, by neutralization or washing, the lysis was usually re-
stored 1o a large extent The cffects of heat and formaldehy de, denatur-
wg and fixaling agents, respectively, were, howeser, irres ersible Heated
suspensions which were sonic treated showed less tendency to sediment
than those whose lysts was mbubited to the same extent by <alts or pH
The production of turbidity 1t bacterial extracts by heat showed a
charactersstic behavior Less turbidity appeared, when extracts i dis-
Wlled water were heated, than when salts were present Heated bactenial
extracts formed two distinet “phases™, a clear supernatant and a “coa-
gulated * bottom phase The ratso of the supernatant to eoagulated part
depended on the type of salt, jts concentration, and the temperature
The less striking appearance of turbidity 1in distilled water extracts may
be explained by the well known fact that the presence of salts facilitates
the heat coagulation of protems (¢f Neuralh el al 1914) It may also
be an expression of the protective action of nucletc acid for coagulation
of protesn by heat, which 15 most pronounced 1n the absence of salls
tCarter & Greenstetn 1933) The hition of somc l3sis by heat was
greater when the bacteria were heated 1n 02\ sodium chloride than
when heated 1n distilled water even though the suspensions were ad-
Justed to the same salt concentration before sonic treatment This may
be taken as an indication that the intracellular protoplasmrc conditions
were relatively castly mfluenced by the salt concentration n the sus-
peadiag medum The electron photomicrographs of Heden & Wyckoff
11M9) showed that bacleria heated 1n the presence of salts were more
affected by heat han when heated n disbilled water Johnsen & Gray
t1440) demonstrated that high concentrations of sodium chloride pro-
duted nuclear aggregation i Achromobacter fishert, which could be
versed by remoy 1 of the salt This reaction was shown to he generally
true for o wide range of microorganisms, whose metaholism was re-
duced (W hutfield & Murray 19563

The “salting i’ ind the “salting out* effects on some lys1s corre-
spondid 10 these kRown o nfluence the solubibity of macromolecules,
te at too hugh and too low jonic concentrations, hoth solubility and
sonic Insis woro mpured When washed 1. eoly eetls passed through the
10 (xchange rum’lt_nlumn mtally, the Gow tate was Yess than on sub
~;'luml P ssage l‘u Pl of the suspension fell after the passages
through the 1won cechadge resin from 69 10 6 1 1f a small amount of
sodwm badraxide was added to neutralize the suspenston the flov time

was mercned When sodwm chtonde was added to the detontzed bae-
e suspensions the pH fell  Tab)e

3} Itis suggcsted that as the hac-
terial suspension passed theough the 1on o((‘ln’;!g(' rfesin metal rons
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established, the discussion will be confined to the relationships hetween
the observations made within this imvestigation and results already
presented by others concerming similar systems

Most biocollords are hydrophilic, te, when dissolved n waler, the
molecules of the solyent are arranged at their surface This arrange-
ment 15 of great importance for the stability of the collowdl solution
Most cells and cellular constituents have therr 1soclectric poimnts m the
acid pH range At the isoclcetric point the stability of the colloids 15
decreased and the tendency of hydrophilic gels to unbibe water, swell,
and cventually be dispersed 1s smallest (Katchalshy & Liscnberg 1950,
Jirgensons 1958) When the bacterial suspension was disintegrated by
sonic treatment at an ncreased hydrogen 10n concentration the condi-
tions for swelling and dispersion of the protoplasmic gel were conse-
quently mmpaired The stability of the already dispersed extract was
stmilarly reduced The effect was the reduction of sonic 1ysis, the aggre-
gation and sedimentation 1n sonie treated suspensions, and the appear-
ance of turindity m the bacterial extracts The solulnlity as measured
as the UV-absorbing capacity after centnfugation was also reduced

The bactenial substances are obviously inthomogeneous, ¢ g, the 1so-
clectric points of the protemns are generally at a pH-range higher than
those of the nucleic acids A change in the pH will therefore not only
affeet the state of the different substances separately but alse ther
mutual relationshup The nature of the precipitation of nucleie acid
with protamune 15 marhedly mfluenced by the pH (Miescher 1897) and
the precipitation of nucleic acid together with albumin 1s not obtuned
at neutral, but at low pH (Hammarsten 1924, Hammarsien et al 1928)
In this investigabion only pH-determinations of the bulk of the hqud
was done The pH at the surface of the particles was not the samce
(Pethica 1958), so the numerical dat1 presented cannot be representa-
tive of what cxists at the macromolecular surface

The effects of ammonum sulfate (Fig 7), CTAB (g 8), linthanum
nitrate (Tig 9), and manganous chloride (Fig 10) were similar to the
pH-cffeets Ammonmm sulfate Js a common protemn preeypitant and
La(NO4) s (Hammarsten 1924), MnCL (Korkes et al 1931) and C1 AB
(Jones 1933), are used as DNA precipitating agents The wreement
hetween sonic I3s1s, SR and appearance of turbidity was satisfactory
particularly w hen suspenstons with similar concentrabions of b ctenal
substanees were considercd The effects of C'1AB showed a comnciding
ophimum at concentrations between 125 and 25 x 10 3 M and a simstar
optimum was between 003 and 01 M for MnCl> In the present cxpen-
ments, the concentritions of these agents required to cause precipita
tion were generally higher than those which inlibited Ivsis The ob-
servation {cf Jurgensons 1938, I amanna & Valletic 1939) that even
under favourable conditions, the time for the dispersion of 1 ged 1 fong
s This period may be constdercd as the time roquired

plain tt
o o of the solvating water moleculcs on the

to form an ordered structurt
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surface of the collowd If conditions exist where the solubihity 1 “‘("
paired the dispersion time would be expected to be further prolo:lge \
Differences m T and C on of the organic matenal
might also have influenced the reactions

\B\hen conditions which mhibited the sonic Ivsis of hacteria were
removed eg by neutrahization or washing the Iysis was “s“”““"
stored to a large extent The cffects of heat and formaldehsde denal ;"1
mg and fixating agents respectnvels were however rreversible Heated
suspensions which were some treated showed less tendency to sediment
than those whose Iss1s was mhbited to the same extent by salts or pH
The production of turlndity m bactenial extracts by heat showed a
charactensstie behavior 1 ess turbidity appeared when extracts 1 dis
tilled water werc heated than when salts were present Heated bactcnal
extracts formed two distinct phases 1 clear supernatant and a “coa
guiated bottom phase The ratio of the supernatant to coagulated part
depended on the type of salt 1its concentration and the temperature
The less striking appearance of turhidity distilled water extracts may
be explamed by the well known fact that the presence of salts facilitates
the heat coagulation of protemns {cf Veurath et al 19t4) 1 mav also
be an exf ression of the protective action of nuclete acid for coagulation
of jrotein 1y heat which 16 most pronounced 1n the absence of salts
(Carter & Greenstetn 1940) The mhibition of senic Ivsis by heat was
greater when the bactena were heated 1 02 M sodium chloride than
when heated m distilled water exen though the suspensions were ad
Justed to the same salt concentration before sonie treatment This mas
be taken as an indication that the intracellular protoplasmic conditions
were telatively easidy influenced v the salt concentration m the sus
pending mecinm  The electron photoricrographs of Heden & W yckoff
€1919) showed that bacteria heated n the presence of salts were more
affceted by heit thin when heated in distilled water Johnson & Gray
(1.10) demonstrated that high concentrations of sodiam chioride pro
duced nuclear rggregation 1n Achromohacter fisher: which could he
reversed by removal of the salt This reaction was shown to he generally
true for a wide range of microorganisms whose metabolism was re
dnecd W fatfield & Wurray 1946)

The saling s and the “salting out effects on somic Ivsis corre
sjended to those hknown to inf} the solutnlity of macr Il
te at too hugh and too low 10n1c coneentrations 1oth solubilits and
sonse Ivais were impaired When washed E coli cells passed through the
1on (xchange resm column itrally the flow rate was less than on sub
suquent possage The pHl of the susjension fell after the Passages
ir ugh the 1on txchange resin from 69 10 61 If a small amount of
sod um lndravide was ad led o nevtrahze the susy ension the Tovw time
wasnercrsed When sodium chlonde was added 1o the delonized bac
t nal suspenst ns the ) B fell (Tatle 3) 1t 1s suggested that as the bac
ternd suspension 3wsed through the ton exchange resin metal jons
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established, the discussion will be confined to the relationships between
the obsersations made within this myvestigation and results already
presented by others concermng similar systems

Most biocollowds are hydrophilic, 1e, when dissolied m water, the
molecules of the solvent are arranged at their surface This arrnge-
ment s of greal mportance for the stability of the colloidal solution
Most cells and cellular constituents have their 1soclectric poimnts in the
acid pH range At the 1soclectric point the stalnlity of the collowds s
decreased and the tendency of hydroplulic gels fo imbibe water, swell,
and eventually be dispersed 1s smallest (Katchalsky & Eisenberg 1930,
Jirgensons 1958) When the bacterial suspension was disintegrated by
sonic treatment at an increased hydrogen 1on concentration the condi-
tions for swelling and dispersion of the protoplasnuc gel were conse-
quently impaired The stability of the already dispersed cxtract was
similarly reduced The effect was the reduction of sonie 1ysis, the aggre-
gation and sedimentation i sonic treated suspensions, and the appear-
ance of turbidity 1n the bacterial extracts The solubihity as measured
as the UV-absorbing capacity after centrifugation was also reduced

The bacterial substances are obviously inhomogencous, e g, the 1s0-
electric points of the proteins are gencrally at a pH-range higher than
those of the nucleic acids A change in the pH will therefore not only
affect the state of the different substances separatcly but also thewr
mutual rclationship The nature of the precipitation of nucleic acid
with protamine 1s markedly nfluenced by the pH (Mrescher 1897) and
the precipitation of nucleie aciud together with albumin 1s not obt nned
at neutral, but at low pH (Hammarsten 1924, Hammarsten el al 1928)
In this inyestigition only pH-determuinations of the bulk of the hquid
was done The pH at the surface of the particles was not the same
(Pelhica 1958), so the numerical data presented cannot be representa-
tive of what exists at the macromolecular surface

The effects of ammon:um sulfate (Fig 7), CTAB (Ig 8), lanthanum
nitrate (g 9), and manganous chloride (g 10) were sumdar to the
pH-cffects Ammontum sulfate 15 a common protein precipitant and
La(NO3)s (Hammarsten 1924), MnCl: (Korkes ef al 1951), and CTAB
(Jones 1833), are uscd as DNA preciymtating agents The agreement
between somie lysts, SR and appearance of turbidity was satisfactory,
particularly when suspensions with simular concentrations of bacteral
substances were considered The effects of CTAB <howed \ comncrding
optimum at concentrations between 125 and 25 X 10 3 M and a sinular
optimum was between 0 05 and 01 M for MnCIL. In thc present cxpert-
ments, the concentrations of these agcnts rcquired to cause precipita-
tion were generally igher than those which mhibited Iysis The ob-
servation (cf Jurgensons 1958 Lamanna & Mallette 1959) that, even
under favourable conditions, the tume far the dispersion of o gel 15 long
1s Tiis period may be considered as the time required

ay cexplamn th
may P structure of the solvaling water molecules on the

to form an ordered
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(ef Wason & Wiles 1955) that the dwsinfecting effects of electrolytes
may be dug to their action on bactenal collods

SUMMARY AND CONCLUSIONS

The effects of the hydrogen 1on concentration, heating, “saling 10"
and ‘salting out effects, and several other agents on the sontc lys1s of
bacterial suspensions 1s closely refated to the solubility of the bactenial
protoplasm It 1s proposed that sonic lysis be regarded as a two step
Process iz

(1) structural damage to the cell boundaries, which, under fasour-

able sotubihity e s 10 the sur d d permts the
(2) dispersion of the protoplasm
The first step 1s maimly d dent on the ation method em-

Ployed and 1its effictcney while the second step 1s regulated by the sur-
rounding medium

It 1s mamtained that similar mechanisms will be eritical for the Iysis
which 1s produced also by other mechanical disintegration methods
The effects of the hydrogen 10n concentration on hacterial lysts which
foliows high speed shakmg with glass beads and pressing in the hquid
and frozen state have been assessed As a result, 1t 1s obvious that the
amount of bacterial matenal obtained after disintegration and extrac-
tion wll be dependent on both the degree of disintegration produced
and the solubihity conditions for anv cellular substances nvestigated
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(e g Na', K*) were exchanged for hydrogen 1ons When neutral salts
(e g, NaCl) were then added, the sedium 10ns displaced some of the
hydrogen 1ons, and the hydrogen 10n concentration of the solute n-
creased It has frequently been observed that traces of 10ns are respon-
sible for the stability of the collowdal particle (Glasstone 1948) The re-
duced extent of sonic Iy<1s obtamned after treatment of deionized T coly
may thus be traced bach to a lack of salts, which are necessary for the
“salting in” cffect

Larher mvestigators mamtain that the “salting out” «ffcets on hy-
drophilic colloids by high concentrations of neutral salts 1 manly due
o a deternoration of the selvating layer Iifferent anitons and cations
require dif ferent molar concentrations to cause preeipitation of collowds
The amons and cations have been arranged 1n series, the Hofmester
(1888, 1889) series, according to their precipitation efficacy The order
of cach series 1s not strict, but differs for each colloidal system and act
ity of the medium The radus of the 10ns and their hydration seem to
be responsthle for these dfferences (cf Glasslone 1948, Jirgensons
1958) ‘lhe mhibition of sonic lysis at lugh concentrations of neutral
salts (Fig 11 and 12), correlated well with the arrangement m the Hof-
memster senes Some experiments have damonstrated that, after adjust
ment of the salt concentration 1 bacterial extracts, more turhichty de-
veloped 1n those solutions which most powerfully reduced the degree of
sonic lysis

No clear distinction can be made between ammonium sulfate, 1n
thanum mitrate, manganous chloride, and those 1ons arranged 1n the
Hofmaister serics according to their effects on sonie Iysis, sedimentation
mn somic treated suspensions, and appearance of turbidity m frecze-
pressed bacteral extracts At equumolar concentrations of the eations
there was a valenec effeet which exceeded the offect which nught hue
been cxpected from the higher 1onie strength by the mereased Wlency
(g 12) The haghtened effects of the mulin 1lent antons at cquimolar
concentrations was, however, so small that it can be expluncd 18 due
to higher tonic strength These facts are consistent with the early re-
cogmised mmportance of the nature of the cations and the less signifieance
of the anions for the precipitation of sols which mugrate tow ard the
anode (Freundlich 1903)

If the different 1ons were placed n scries of decreasing albly to
inhubit the sonic 1ys1s of I coh, it would tentatively be the foilowng
for antons (g 11) Citrite > Tartrate > Acctate > Sulfate > Phos-
phatc > Chlorate, Thioeyanate > Chloride > Todide, Bromude, Nitrate.
\nd for cations (Mg 12)  (Lanthanum >) Calewm > Barmm > M1
nestum > Sodm, Potassium > Ammomum The arrangement of the
cations <hows some corrclation with their bactericidal cffeets (Hoteh
Ltss 1923) hut the quantitative relationshups are not <o good The el
tionship of the anions to their bacteriedal effect 1 still less v\h\hclnr}{
(Etsenberg 1919) 1t should he mentioned here that it hs heen propose
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(cf Wilson & Yiles 1955) that the disinfecting effects of electrolytes
ma+ he due to thetr action en bactenal colloids

SUMUARY AND CONCIUSIONS

The effects of the hydrogen ton concentration, heating, “salling ™
and “salting out” effects, and several other agents on the sonic Iysts of
bactertal suspensions s closely related to the solulnlity of the bacterial
protoplasm It 15 proposed that somic Iysis be regarded as a two-step
process vtz

{1) structural damage to the cell boundaries, which, under favour-
able solubility conditions sn the surrounding medium, pernuts the

{2} dispersion of the protoplasm

The first step 1s maimnly dependent on the dr ton mcthod em-
ployed and sts efficzency while the second step ts regulated by the sur-
rounding medium

It 15 mamntained that symilar mechanisms will be entscal for the Iysis
which 15 produced also by other mechamical disintegration methods
The elfects of the hydrogen 10n concentration on bactenal Iysss which
Totlows high speed shaking with glass beads and pressing in the hqud
and frozen state have been assessed As a result, tt 1s obvious that the
amount of bacterial matenal obtained after disintegration and extrac
tion will be dependent on both the degree of disintegration produced
and the solubility conditions for anw cellular substances investigated
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(eg Na', K*) were exchanged for hydrogen 1ons When neutral salts
(e g, NaCl) were then added, the sodium 10ns displaced some of the
hydrogen 1ons, and the hydrogen 1on concentration of the solute m-
creased It has frequently been observed that traces of 1ons are respon-
sible for the stabihty of the colloidal particle (Glasstone 1948) The re
duced extent of sonic 1ysis obtaned after treatment of delonized I3 coli
may thus be traced back to a lack of salts, which are necessary for the
“salting m” effect

Earlier investigators mamntan that the “salting out” cffects on hy-
drophilic colloids by high concentrations of neutral salts 1s mamly due
to a deterioration of the solvating layer Different amons and eations
require different molar concentrations to cause precipitation of collowds
The anions and cations have becn arranged in series, the Hofmester
(1888, 1889) series, according to their preeipitation efficacy The order
of each series 15 not striet, but differs for each colloidal system and ac1
dity of the medium The radius of the 1ons and their hydration seem to
be responsible for these differences (ef Glasstone 1948, Jirgensons
1958) The mhiition of sonic Iysis at ngh concentrations of neutral
salts (F1g 11 and 12}, correlated well with the arrangement in the Hof-
mester sertes Some experniments have demonstrated that, after adjust-
ment of the salt concentration 1 bacterial extraets, more turbidity de-
veloped in those solutions which most powerfully reduced the degree of
sonie lysis

No clear distmnction ¢an he made between ammomum sulfafe, lan-
thanum mitrate, manganous chloride, and those 1ons arranged n the
Hofmaster serics accordmg to hewr effects on somie Iy sis, sedimentation
n sonme treated suspensions, and appearance of turbidity m freeze-
pressed bacterial extracts At equamolar concentrations of the cations
there was a valence effect which exceeded the effeet which might hae
heen expected from the higher jonie strength by the mnereased valenev
1IMg 12) The heightened effects of the multivalent amons at equunolr
concentralions was, however, so small that it can he expluned as due
to lngher 1onic strength These facts are consistent with the early re-
cognised importance of the nature of the eations and the less significance
of the antons for the precipitition of sols which migrate toward the
anode (Creandlich 1903)

If the different ons were pliccd 1 series of deereasing ahty to
whibit the sonie Iysis of I coli, 1t would tentadively be the following
for amions {Tig 11) Citrate > Tartrote > Aettate > Sulfate > Phos-
phate > Chlorate, Thiocyanate > Chloride > Todide, Bromide, Nitrate
and for cations (Fig 12) (I wnthanum >) Calcium > Barum > Mag-
nestum > Sodim, Potasssum > Ammomum ‘I he arrangement af the
hows some correlation with thewr bacterieidal effects (Holeh-
quantitihive relibonships are not so good The refa-
ns to their bacteriedal effect 1s stull less satisfactory
t should be mentioned here thatat has been proposed
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BODIFS
PRELIMIN1RY RFPORT ON THF FINDINGS OF PRECIPITATING ANTE
AGAINST AN FATRACT OF HUMAN BRAIN TISSUE 1IN INFANTILF SPASMS
WITH HYPSARHYTHMIA

By Trond Rewnskou

Infanttle spasms with hypsarhythmia 1s a peculiar form of epilepsy 1n infancy
and earls childhaod which 1s regarded as 3 clinico electroencephalographic entity
The disease 33 characterszed bv sudden lightning jerhs which have heen compared

i e Aie it 5 i

febrile illness in a prevsousts healthy infant, and the, snccesyful‘ln-xln;tm with

In the present studs sera from four patients with infantile spasms were tested for
precipitating antibndies against saline extracts of human brain tissue by Ouchter
lony s double diffusion methad 1n agar gel (Ouchterlony 1958) The palients, aged
6 to 13 months, had all been admilted to Pedsatric Department Fikshospitalet, Oslo
Norway where the diagnosis was made Control sefa were obtamned from normal
infants and children of the same age group from children with ather types of
epilepsy from normal adults and from adults with othcr diseases usvally classified
among the autonmmune disorders The source of antigen was saline extracts of
human brains ohtaincd at aytopsy from patients without recognized hrain discase
The brains were ohtaincd within 24 hrs after death The menimges were peeled off,
and the bram and cerebellum were homngenized 1n & Waring blendor after addition
ol an equal valume of phvsiological sahine solution The homogenates were centri-

fuged at 25000 rpm (41130 g) for 60 minutes and the supernatants were stored at
—20° C unt1] used

TABLF 1 Tests for Precipitatton Reactions in Agar between Sera and Salie
Extracts of Human Brain

Oripn of sera Reactlons.

Positve  \egative

Number

Infantile spasms 4 4 L
Contrals
\ormal children

Fpitentie children H ° H

Normal adults H M H

Autoummune™ diseases 10 o 1
(LFD chronic thyreniditis

rheumatord
2thaas hrone hepatitiny

—
The reactants were filled 1nto ciccular wells 1n an agar
gel contan
agar 1n 08 vodium chlorde sith 002 per cent sodparn mésthietate he biata wont
kept at 37° € in @ humid chamber The reactions were fairly weak apd bupeareq

“r s meme o B :

o 399
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after 2 7 days One serum gave two precipitation lines the other three gave only onc
Vihen two positine sera were deposited 1n adjacent wells 1n the agar, the precipita
tion lines showcd reactions of 1dentits

Seven different hran extracts were tested Five of these gave negative reactions
with all sera, the remaining two gasve identical reaction patterns as listed i Table 1

All brain extracts contained small visible amounts of hemogloin Controls with
hemoly sates, how cver, showed that the positive reactions were not due to the factor
m normal sera which precipitates a component of lysed human red cells (Peefoom
et al 1960)

The reactions deseribed most probably have a specific relation to this particular
disease and suggest that sera from patients with anfantile spasms contain a
preapitating antibody directed against a saline souble factor 1n human hram
tissuc Further attempts to identify this factor are 1n progress The reactions are
most likely explained as expressions of a factor of major pathogenetic importance in
this discase The possibility that they represent a sccondary phenomencn stilt
remains to be excluded
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