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THE IMPORTANCE OF METAL SALTS IN IMNUNIZATION AND
ESPECTALLY IN THE PRODUCTION OF DIPTHERTA ANTITOXIN
AND OF AQGLUTININ FOR B. OOLI

by L. D. Walbum and J. R. M8rch
(Danish State Servm Therapy Institute
Directer Th. Madsen) :

Annales of 1'Imstitut Pasteur, Vol 37, 1923, pp 396-442,

INTRODUCTION

Numerous studies have been masde of the conditions of
antitoxin production in the animal organisa since the intro-
Quction ef serum therapy. MNany tesss have been made for these
studies relating to weaksning of the antigen, decrease or in-
crease in the antigen doses, the use of different toxins,
different ways of injecting, the timing of inoculatioms, the
combination of active and passive immunization, the use of
smaller or larger bleedings, etc. These tests have, in addi-
tion to their theoretical interest, great practiocal) -alue for

’:gziproductian of therapeutic antitoxins wnder eptisawm con-
ons.

These investigations have yielded much information,
but the deeper aspects of the immunity phenomena in general
and of the antitexin formation in partiocular ans still little
mown. _

The experiments confirmed the odbservations of Brieger
and Enrlich [1], Salomonsen and Madsen [2-3], Madsen and Jor-
gensen [4], and they indicateé that the rules that apply to
the formation of different Zitibodies seem to Le the same
throughout: “amediately after injection of the antigen a de-
erease in the antitexic strength of the serwm is noticed
(rirst negative phane ), subsequently 2 rise occurs (pesitive
’hauo) and finally a gradwal deorease (second negative phase);

this curve may be considered as the resultant of amtitoxin-
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producing- and destroying-forces in the organism (Madsen [5]).

In the first studies of immunity it was assumed that
the appearance of antitoxins in the organism was due to a
direct transformatien of the injected toxin. Salomomsen and
Madsen were the first to suggest that in an motively tmmwnized
animal production and destrmction of ‘Antitexin are asontinuwous.
This opinion has been increasingly conflrmed and may b»e cen-
aidered generally acoepted.

Salomonsen and Madsen [6] showéd thet pilocarnpin in-
creases secretions in general amd preduces an increase of
the antitoxin level of the hleed, which is, however, »f a
transitory nature.

The fact that a large dlseding stimulates antitsxin
formation (Roux amd Vaillard [7], Salomensen and Madsem (8],
Priedberger and Borner [9], BehrBSder [10], ete.) induced
other authors to assume that there is a direct relatien dbe-
tween globular blodl regeneretion and amtitoxin productien
‘(‘ﬁ':irrcr t;nd Marx [11], Wasserman and Takakl, Debré, Leva-

2 e.a.).

Madsen and Tallguist [12] have Tellowed thls 1dea and
they induced formation cof red corpuscles in test snimmls by
injecting hemelytic poissms (pyrodin amd pyregallol ); simul-
taneously they ebserved a parallsl rise Ia the antitoxin
curve., Niller [13] fomnd in additisn with hetol the exis-
tence of a certain relation hetween the effect of leucocytoses-
inducing substances and the formation of amtitoxin.

Pirst [14] ebserved subsegmently that injectiom of
methylene blue causes a decrease in the number of lewcocytes
in the blood and a weak increase in the serum value. Walker
[15] succeeded in stimnlating agglutinmin fermation in rabdbits
by means of salvarsan injecticms. Hectoem and Corper [16]
studied the influence of thoriwm on the precipitin formation;
they found it to be considerably delayed when thoriwm 13 in-
Jected at the beginning of the immunization process; when
;xr';cigitm formation has set in the thoriwm injection has no
effect.

Waibum [17] has recently investigated the importance
of the action of different metal salts on antitoxin formation
from a theoretical standpoint. This 1s what he writes: "Due
to the nature of the problem and our present state of knowl-
edge it 18 Aifficult to discuss the mechanisa of antitoxin
formation in the organism, but whatever the mechanism
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(synthetic actions, splitting, intramolecular rearrangements),
1t may be assumed that enzymatic interactions play a certain
part, as in all cellular activity.

Certain conditions have to be fulfilled to <°nable the
full effectiveness of enzyme action, but in most cases the
nature of these conditions is insufficiently known. It has,
however, been found that the presence of certain metal salts
may have a great and sometimes decisive influence (several
oxydases) on the effect of many enzymes (catalysts, coenzymes).
This induced me to assume that certain metal salts may also
play a part in the antitoxin formation; if this is true, 1t
1s possible that the sometimes very large individual differ-
ences in antitoxin productivity found in animals may be due
partly to the type and quantity of metal salts present in the
organism. It may be assumed that any animal capable of re-
acting to toxin injection by the formation of the antitoxin
has the necessary specific enzyme, (or enzymes) for such a
reaction. These enzymes would determine the qualitative
aspects of the antitoxin formation, whereas the type and quan-
tities of metal salts (catalysts) present would to tsome ex-
tent determine the quantitative aspects of this formation.

If this be s0 one may expect that the administration of cer-
tain metal salts to the organism during immunization will
increase antitoxin productivity and consequently raise the
concentration of this antitoxin in the blood."

On the basis of these considerations Walbum has made
some experiments on goats immunized against B. coll and on
horses immunized against diphtheria toxin, using manganese
chloride, nickel chloride, cobalt chloride and zinc chloride
with these animals.

All salts studied had a stimulating effect on anti-
toxin formation; sometimes the effect was very marked.

Encouraged by these results we introduced manganese
chloride treatment in practice, and it will be shown that
this change in immunization technique resulted in an increase
of antitoxin production.

This problem may have both theoretical and practical
interest, and therefore we have studied it carefully. We
do not, however, consider that the problem has been completely
solved, but we believe that our experi ments elucidate it to
some extent and that is our reason for publishing our results
now,
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1. SYPERIMENTS WITI ANTIMALS IITTUITISSED AGAINST
DITHTIIERIA

(Geats and lorses)

1. Goats I vaunized Azalnst Dipatircria

re caryicd out uii . three ;ca:3 L=
—eneral ugea alt tiwe So**v‘
e I) concictin. ol altgrnate irjec t*\:z o-
-oxin durin~ the first {mmuni zation period.
st inecrease in the quantity of toxin iniccted
this wary and the 1mmunization Liyse is con-

TABLZE I

Inmmunization 3chnedule for Goats ilo 1, 2, 3

. DATES e e NOaTOXIN | METHOD OF 1 NJECT 10N
ocroezn 1920 . .| 2000 STANDARD UNITS| INTRAVENOUS
" 0e5 o TOXIN SUBGHT ANEOUS
1 - . | 2000 Se¥e INTRAVENOUS
2 - ] 1 cc TOXIN SUBCUTANEOUS
. murtlnmwmwu
2 - S . OATS 2
2000 3.8% ; SencdTanEous

2 — oo |2 eo TOXIN SOGITANEOW
.'Nl) _ V o §om ‘.u.. :

' ovenen 1920 | 2o sou, .

3 - |5 oo TORIN .

5 - . [ .

» - 126 *

13 R . l20¢ * [ ]

b - |3 e * o

n - X . n [ n .

pal) ” oc L] .

» DECOBER 1920 M0 0c © *

Goats arc !mom to Le poor producers of diphtheria
..o and moreover they are rather sensltlive to the
~::in, and therefore a relatively wealt toxin was used (aver-
2 < lcthal dose approxinately 0.007); the antitoxin used was

el

arze scerum that disappeared relatively fast from circulation

cwzaule 1t 1s a neterolozous serum, and thus dld not cause
itcell a measurable increase iIn antitoxin.




The toxin was injected subcutaneously. In the begin-
ning (ox the 15th and 19th of October) antitoxin was injected
intravenously, but on the 23rd of Octeber intravenous injec-
tion caused a typical anaphylactic shock (sneezing, convul-
sions, dyspnea and a drop in temperature to 36,8°C) in goat
number 1, Subsequent serum injections were therefore given
under the skin at the opposite side to that where the toxin
was 1nJectedo

The metals Mn and Co were used as MnClo . 4 Ho0 and
CoCl, . 6 Ho0 in 0.01 normal solution in physiological solu~

tion. Each dose of either MnCl, or CoCls consisted of 25 cc

0.01 normal solution injected intravenously. The solution
was heated to 37° before injection. Blood samples for ti=-
tration were taken immediately before each toxin injection
and determinations were carried out by the customary method.

Goat No 1 (Blank with no metal salt). A two year old
male goat, weighing about 40 kg was treated as indicated in
Tabls I. Immunization was free of incldents except for the
above mentioned anaphylactic shock. The antitoxin level in
the serum rose gradually after each toxin imnjection, and it
‘was 45 S. U. per cc at the end of the experiment. The weight
of the animal was 43 kg at that time.,

Goat No 2 (manganese chloride). A two year old male
goat welghing 40 kg received dally jnjections of manganese
chloride from the start of immunizatlion, from 15 October to
4 November when 1ajections were stopped for 24 days in order
to see whether the shape of the antitexin curve was influenced;
from 29 November to the end of the experiment on 17 December
Manganese chloride was again injected daily. The antitoxin
strength of the serum rose relatively sharply compared to
go&s No 1 during the first immunization period, but the rise
stpped as soon as the administration of manganese chleride
was discontinued, The result was a period when antitoxin
canzantration di1d not nearly increase as fast as in goat No
1 (N9 1 from 1 S. U, per cc to 15 S, U, per cc; No 2 S, U.
per c2 to 8 8. U. per ce).

'

When the manganese injections were resumed they stimu-~
latel antitoxin formation so strongly that the antitoxin level
2% the end of the experiment reached 165 S. U, per cc compared
to 45 S, T. per cc for goat No 1, The animal weighed 44 kg
&t that time.,

il
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TALLE IT
GOAT No 1 GOAT No 2 GOAT No 3
DATES 7 W,
o“o eVe
ll NJEGT IONS Jee I NJECT 10NS ls/W INJEGT L ONS Tec
!
20 ocroaen ' 0.t l- oct - s nu\ Loos 1?5 acl - oy | 0,2
30 T l 0,0 | J EG-, 0 z,
N NOVMER ! Hl L2 R H MJ
9 — NO El 2 . n %
t3 -— K RIS Mnuvs 2 ooy -29 nu\'.\ 1
17 METAL \ Pas de 25| Pasde 2
22 — 0] Munels. o Callt, K]
9 OEGEMBER | INJECT IOKS! 10 129m0v 4Tddée | 55 [ 29nen A5d0 e |50
11 - K DAILY INJEC{100 |DAILY INJEG-6:
- | ‘ o (TIONS OF . (TIONS OF ‘1.".
| ! MNCLy ColLr

Goeu 110 3 (2273t enloride). Tus year old nale joat
‘”*”Bin; 3. &3 treated in the sanc way as noat Vo £ but with
¢nalt chloride instead of mangzanesc chloride. Cobalt
¢aloride injection, does not seem to influence antitoxing

LU’W”tion in the first lmmunization period, tut in the second
nerlod ©nhe CoClg iInjections causea a sudden and rapld risc in
Zas curve, so that the antitoxic potencey at the end ol tl.e
experinent was 75 S. U. per cc. The ani al weizhed then 37

Tae variatlons in antitoxin level of the serum of
these joats are graphlcally represented in Fi-s. 1 and 1la.

The dotted parts of the curve indicate (as in all other
curves of thls paper) the changes in arntitoxin level caused
ohi coxin iniections only, wiiereas the parts dravn in solid
iroc lndicate the parts where the -etal salt cooperated.

NV ¢)

L1c followin; conclusions mAay Le drawn fro: these ex-

~ = [~ 33
a2riaenits:

L. Intravenous injectlon ol IInCl, and alsc of CoClg
ia oats itamunlzed against dipintheria increases consideravly
vae ai.titoxin production ol these aninals.

«. Ilianzanese chloride seems to have a stronger effect
Chan eocalt chloride.

These experlments may nave a certain practical value
azulitcion to thelr theoretical interest. ZIZfforts have veen

\
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nade to usc antidiphtneria serum ol ti:e jo2t 1In cerum tuerapy,

SUe it nas in enceral ndl Ledin pUsslule Lo ralse Ure antitoxin
potcney of the serum of thesce antals atove .0-.0 5. U. per

cec vy the usual imaunization techinique aré tiuls 1o insuffi-
clenc for therapeutlc applicatlion.
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Fi . 1.% Goats Immunized Azainst Dipntheria. The lum-
sers Placed Below the FlJU”E Snow thie Dates.

e

z. Horses Inmunized Azalnst Dipntheria

A series of experiments on norses that produce anti-
dipitiieria serum was carried out in addition to thiese experi-
ments on zoats. The norses were lamunized by the same method
as tTihe j0ats ana they nad supplied serum for varicouc periods.
The metal salts were injected either (A) durin; tne period
oit descendins antitoxin curve, or (B) during the period of
reinjection witiy toxin. Finally we tried (C) mansanese ciilo-
ride aaulnistered orally.

A. 1Injection of iInClz and CoClsc Durli; cac rfellod of a Drorp
v Anciterln Potency, Jithout on, Toxi: Ii. ccti

The e:peri.iental tecinnique was as follows: at the end
~{ the initial Immuni:zation period the horses were bled on
t.e ninth day after the last toxin injection, as usual; tne

S. 1 throuzl. 14 the ordinates represent antitoxin
per cublc centineter.
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serw was taen titratea. IT the antitoxin potency dezreaced

gally intravenous inJections were started vitnn 10 cc ol a

rori1al solution diluted w1t the sawe alownt of water (0.9
MnCly , % iz0 and 1.1 ; CoCl. , - .iZO).
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the animalt's real
" erformed 1n the jujular, and it
: ! ‘ ed out very carefully to prevent that even a
eny small anount of the solutlon enters in the surroundin:
csues., In this case extensive hard infiltrations are p.o-
¢, often accomnpanied by ecdeaa; these can becoue extremely
tne anlial, diainlshing i1ts mouility and appe-
2. An injection into the aninal's arteries can cause its

ineaiete deatn.
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In the period before the metal salt injections test
slcedin;s were made on alternate days, and during the rest
of thne experiment every day.
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a) ilancanese Chloridce

Horses Nos 353 and 3;.. - Alter lamaunization these ‘
lor'ses were llrst bled on 1. Ausust. The Llood ol horse 1o
35‘ contained then 1250 S. U. per cc and that of horse llo
33% 750 S. U. per cc, but tie antitoxin level decreased after
tire blecedin;; 1t was doun to 700 3. U. per cc for the first
one, to %450 S. U, for the second on tue secoud day. Firou ¢
tiris date (1S August) to the end of the einperiuent [InCl, was
injected daily. The antitoxin curve, instead of fallin~ fur-
tner, started to rise to suci an extent that aiter four aays
the serum of horse 1o 355 reacned 1000 S. U. per cc, i.e.,
o0 of the antitoxin level obtalned by encrzetic treatment

v—-\

wita large diprntheria toxin doses for seven weel.s. Tals ul o ‘
ginoheonlin lovel veas malnctolncs wicnaned il L Autust unaern
1

1o Groppaa in spite ol t.oe contvinueoe .an aneses aloridc Li-
seoclens. Toe aaount ol antico:xnin in the serun of horse Lo
354 increased zradually throughout the manianese treatuent
and when manianese 1nxect10us stopped it had reached 575 S. U.
per cc, i.e., 90% of the serum potency after injection of 3 1
liters of strons toxin Tor seven weeks (sec the antitoxin

curves Fizs. 2 and 3).
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Fiz. 2. Horse Immunized Against Diphtheria, No 338.
"InClp. The Flgures at the Bottom Indicate Days.
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3. Horsc lio 304 Ianunized Against Dipntheria. 4

Horse No 353. - This horse was first bled on 13 Aujust
<07 S. U. per cc), for the second time on 15 September (425 4

. U.) and for tne third time on 23 October (250 S. U.). On
¢ lioveaber, 1.e., nine days after thls last bleeding, the
aniial's serum contained 150 S. U. per cc; from this day to
the end of the experiment on 22 November manganese was in-
jected dally. The antitoxin level increased so considerabl;
throuz: thls treatment that after 9 injections (11 Novemberg
tnis serum contalned 350 S. U., i.e., 40% over its strength

alfter Injection of 1200 cc toxin carrled out over a period of ﬂ
aprroximately one monthn. The antitoxin curve dropped here
soon, as with horse No 358 in spite of continued manzanese
irjections (see antitoxin curve, Fig. 4).

YU~

Tnerefore in these tTiiree cases dally injections witn *
»i:Cl  made tne serum of horse 358 rise from 700 S. U. per co

to 1000 8. U., tuat of horse 334 from 450 S. U. per cc to 75
3. U. per cc, and finally that of norse 353 from 150 S. U, to
329 5. U. per cc. It follows then from these experiments that
intravenous injectlion of manganese chloride 1n horses imaun-
izeu azalinst dipntherlia without any toxin Injcctlion nos a &
very aarked stimulating effec* on antitoxin production.

These experiments were made by analyzing tne antitoxin
potency of the serum 24 hours alfter the injection of metal
salt, and immedlately before the next injection, and therefore

10 | W
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they do not glve information about the rate of antitoxin in-
crease. To examine tuis we carried out tie follouin: experi-
ment with horse No 377.
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Fiz. 4, Horse No 353 Immunized Against Diphtheria.
IInClo. Dally InjJection of Manganese.

This anlmal was bled on 20 April and 22 April (the serum
strensth was 550 S. U.). On 2 May at 8 o'cloci: in the morning
a saiple bleeding was performed, and immediately afterwards 10
ce of a normal MnClp solution, diluted by nalf was injected in
the vein, and 5, 15, 30, 45, 50 minutes and 2, 3, 5, 3, 12, 24
and 30 hours after the injectlon additional sample bleedinss
were nade (Flg. 5).

Examination of Fig. 5 shows that the effect 1s instan-
tareous upon injection and that the antltoxin curve rises sui-
denly. The curve reaches a peak after approximately two hours
and tne an<itoxin increase is tnen approximately 12 to 17%.
Tae curve then falls off zradually, but 24 aours after manga-
ncse injection the antitoxin level of the serum remains about
3¢/ above the level before injection.

11




hSO 4 —

4004 . 4 —_ __ . e e L . N
Q
€

o) X . N .
0 ¢ & & 0 20 Yo

.

M. 5. {ocse Iumunized Aseainsi Dipwo

g

InCly Injectlon. Tae .idurcg at cthe BCtt
flours.

>1a. One Civ -
o. Inai:zaze

It 1¢ =lecar taat a Tundanentcal Al lcrernce exists ce-
tureeny the 2flf2z20 of a toxin in’ecetlion ar... oiat due to a mnel:
52l1l¢ injection; tvie foraer 1z clie a:VVnﬁarLc Jroa drorp Ao
vlc agtiuouin curve (fivrss ne atlv. phacse) tn2 latter ceeo~c

to nave ti.e opposite eflect,

A proulen llilke tne one investijacted nere has obviouciy

muca theoretical Interest, 1t may profitatly be applied to
practice, since a manganese cnlorilde Inject.on one hour ve-
fore bleedin makes 1t possible to 1Increase the antitoxin
potency of the serum.

%) Zobalt Chloride

e

)unwed 3% tne level of Zhe frou (£ 11 1n the street)
S Jalily alon f‘cve*, an ~nczircace of antivonls level fou-
Lovoi, “oaﬁ*'n, 200 S. Us; when e Colle Injections started
‘“Ls i{~creace had ylelded to a dercrease (175 S. U.) From 17
o7z aner dally injections of Collge vere ~lven; tue antitolnin

s - - . . SR Y - 2
wrce Yo 35%, = Tae Tleoond ol Lhilc orce cintalned at
The ciecedin, of 50 lovenber 270 5. Us per ze. On o llovonber
nhe arntltoxin level nad faller t2 3. U. 1v was then
ra

LCU”l rose zraduully to 225 3. U. per cc or approximatel, 2.4

]

‘ncrease (FL;. ©).

Covalt chloride nag thus also a stiralatin «<Ifect or. dipih-
tlh.eria antlivoxin fornation In Lumunlced norses, cut 1+ is nu

12




less pronounced tnhan the eflect of manganese chloride, siunilar
to what was found for goats.

r- an
Se0
CoCit
% : 3
]
\
ol — & e .
\b .. dl
g fo fs ?8 DAYS

Fig. 5. Horse Immunized Against Diphtheria, 1'o 3505.

B. Injectlion of ilnCl, and of CoCly in Serum-Produclng
Horses During Toxin Reinjection, After the Initial
Imunization Period

Antidiphtheris-serum-producing horses at the Serum
Therapy Institute are subjected to the following bleeding and
reinjection schedule after the initial immunization period.

After bleeding the animal is rested for el ht days then
200 cc toxin is inJected, eiznt days later 400 cc and agaln
after el ht days 600 cc. On thne ninth day after this last
injection a first bleediny of 8 liters 1s carried out, and two
cays later another bleediny of 7 liters.

It 1is mown what fluctuations the antitoxin curve can
50 throuzh after these successive reinjections and bleedings.
It 15 clear that the best cholce of time to evaluate the ef-
fectiveness of the manganese injections, for example, from the
standpoint of increase “n antitoxin potency would be the mo-
ment when the curve 1s elther stationary or descendins. Tals
nas been done in the experiments reported here. (The plots of
the angitogin potency before these experiments may be seen in
'l s, an

13
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Fi~. 7. iorses Immunized Azainst Diphtherila,

Tae values of the antitoxin levels glven subsequently
represent the mean of the two bleedings carried out after a
period of toxin reinjection.

a) ilan;anese Chloride Injections

ilorses MNos 309, 348, 334 and 347 were subjected, each
at different periods, to intra enous injections of 10 cc of a
norial solution diluted to nalf strength, fo:r each dose.
Tests made on horse 309 had shown that this dose could not be
e:ceeded without serious upsets, shiverin:;, excessive sveat-
in:, fever, etc...

llorse No 309 (Fi:;. ). At each bleedin:; performed on
27 sanuary, 3 March, 7 April and J May, the antitoxin level
ol this horse was 200 S. U,; it stayed thus in a stationary
state that was very favorable for an experiment of the type
that ve intended to carry out.

From 12 to 15 May, 10 cc normal !MnCl, solution diluted
vy half wvere injected, on 19 Ifay 25 cc, on 20 May 30 cc; thne

14




animal did not stand up well to these injections and it was
From 26 ilay te 12 June daily

allowed to rest till 25 lay.

injections of 138 cc of IInCly without any incident.

~ro—

a saaple bleedinsg, and the ancitoxin level was 528

[ad

[

On 12 June
U.

600

boot - -

200¢- -

1919 ‘—T—’ 1920

8 B

L4 L 4

- DEC

FEEEEIS

L] ¢

+3ep

LR

+DES

-

—

5. O. lorses Inmunized Azalnst Dipatheria.

Troa1 22 June to 15 July, after a 200 cc toxin injection
daily injections of MnCl,. On 15 July the antitoxin level 1s
350 S. U.

From 30 July to 15 August, after 400 cc toxin manganese
chloride 1s injected dally and the bleediny on 16 August gives
375 S. U,

From 10 to 20 September after 500 cc toxin renewed
dailly injections of Hn012 are given. On 20 September: 350 S.
U. The norse shows at thls time inflltrations on either side
of the necl:, due to the manzanese injectlions.

From 12 to 16 October, after 400 cc, MnCl, 1s glven

The 1njections are interrupted on 15 October as the
Thao injecztio

daily.
infiltrations near the jujular have lncoeased.
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Jlo. e llorge Immwaled Azainst Dipatieria ilo 302. Tae
J1ures at the 3ottoa Inticate Dates.

Froa 1 to 2 Deceuber reneved daily injections of 'InCl:.
Cih 7 Decemner: 250 8. U.

Tnis nhorse had thus orl: inally a steady antitoxin level
in c¢ae serum of 200 S. U. and under the influence of manzanese
cialoride injections 1t rose to 375 S. U.

In the casc of nhorse 309 thie mangancsc chloride injec-
tions could not prevent the subsequent fall in the antito:iin
potency, but thls was posslibly due to the interruptions of the

uansanese treatment that the state of healtn of the animal made
nccessary.
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Horsc lio 348 (Fir. 10) - The antitoxin level before
the wanganesc chloride injections was 325 5. U. per cc.
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™Mg. 10. Horse Immunized Against Diphtheria, llo 348.
The Flisures at the Bottom Indicate Dates.

Tnis horse undervent the same treatment as llo 309 from
12 lay to 12 June; consedquently on 22 June hls serum reached
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From 12 June to 15 July toxin omly is injected without
manganese: drop of the serum to 325 8.U.

Prom 30 July to 16 August, after 400 cc toxin, daily
injections of MnCls. On 16 August, 450 8, U,

Prom 16 August to 20 September, injecticns of toxin oaly.
On 20 September, 300 S. U. As the animal showed infiltrations,
it was rested till 27 October.

From 27 October to 30 October renewed daily injections
of MnClo. On 30 October, 225 8, U.

From 1 December to 9 December manganese is given daily.
On 9 December 250 S. U. The animal is killed.

The increase in serum level in this animal shows clearly
the stiaulating effect of manganese.

The decrease that followed after this rise can probably
be blamed on the small number of metal salt injections and on
the animal's state (infiltrations).

Horse No 316 (Fig. 11). - Before the treatment with
manganese chloride the antitoxin level,was 300 3. U. per cc.

From 14 June to 23 June, after 600 cc toxin, daily in-
Jections of manganese chloride. Level on 23 June: 350 8. U.

Prom 25 June to 24 July no toxin, but manganese chloride
every day.. On 24 July: 400 S, U,

From 12 August to 30 A t, after %00 cc toxin, daily
treatment with manganese.. On 30 August: 500 8. U,

From 17 September to 4 October, the same treatmemt.. On
§ Dotobers 600 S. U, The horse, a very old one, is killed.

The antitoxin level in the serum is thus increased in
this horse from 350 S. U. to 600 S, U. When this curve is
compared to those of test horses that received omnly toxin,
and where the serum dropped to 200 S, U., 1t is realized how
exseedingly favorable the effect of manganese injections is on
the rise of the antitexin level.
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Fiz. 11. Horse Immunized Against Diphtheria, No 316.
The Figures at the Bottom are Dates.

Horse No 334 (Fig. 12). - Before treatment, 350 S. U.

From 14 June to 23 June, after 500 cc toxin, manganese
cnloride 1s injected dally. On 23 June, 400 S, U.

From 12 Auzust to 30 August, 400 cc toxin; then daily
injections of manganese chloride. On 30 August, 500 S. U.

From 17 September to 4 October, 400 cc toxin, then
MnCly daily. On 4 October, 525 S. U,

From 11 November to 18 November, same treatment.. On
18 lovember, 550 S. U. The horse dies suddenly.
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Fis. 12. Horse Immunized Against Dipntheria, No 334,
Tne Numbers at the Bottom Indicate Dates.

In this horse there was thus a gradual and continuous
increase in the antitoxin level of the serum.

Horse No 347 (Fig. 13). - The antitoxin curve of this
horse that received a manganese treatment with interruptions
1s similar to that of horse 348. It shows, as did the curve
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of 345, that after interruption of the injections of MnCl R
the subsequent ceffect of these injections decreases.. The first
period of injections lncreases the number of units frqm 400 to

550, or 4i4¢l; the second period from 400 to 450, or 12%, and
the third from 350 to 375, or 7%.

919 11920

Y4 % 48 8

Fig. 13. Horse Immunized Against Diphtheria, No 347.
The Figures at the Bottom Indicate Dates.
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The conclusion following from these experiments is
that the injection of manganese chloride causes a very marked
increase in the antitoxin level of serum in serum producing
horses.

b) Cobalt Chloride

Horse No 349, 356 and 357. At the last bleedings be-
fore the CoCly treatment the serum of these horses contained
the following quantities of antitoxin:

Number 349 325 8. U. per cc
”" 3 56 27 5 " [} " 1]
" 3 57 300 " ”" " ”

From 4 October to 1 November, i.e., after 200 cc of
toxin, CoClo was injected dally, and at the bleeding of 1

November contained the following quantities of antitoxin:

Number 349 275 8. U. per cc
L} 3 56 225 L n " ]
”" 3 57 200 " |} I | | "

The injection of cobalt chloride could thus not pre-
vent in these animals the drop in antitoxin level.

From the previously made experiments (Pig. 1 and- Fig.
6) one might have assumed that the salt would here also stim-
ulate the antitoxin formation.

We have not had an opportunity to repeat these experi-
ments and we therefore do not know yet to what this difference
in the results should be attributed.

C. Manganese Chloride, Oral

It is possible that part of the manganese chloride
administered orally is resorbed and enters into the circula-
tion. We have therefore made some experiments in order to
determine whether the amount resorbed would be sufficient to
influence the antitoxin production. Four horses, numbers
330, 339, 340 and 345 (Pig. 7 and 8) with an antitoxin level
that had been decreasing over a long period were selected
for this experiment.

The major part of manganese chloride is able to pass

through the digestive tract without being absorbed, and thus
the dally dose was set at 10 g of MnClp. This amount was

22




added to the drinking water in such a way that the animal
received 5 g in the morning and 5 in the evening. The
administration of this amount did not seem to influence the
animal's health. PFrom 8 August to 25 August, i.e., after
400 cc toxin, the horses were given this dose daily. It is

seen from Table III (A) that this treatment had no clear cut
effect.

Because of this result the horses were given 20 g
MnClps from 25 August to 25 September (1t is impossible to

exceed this dose, as the horses refuse to drink). Table
III B shows that the results obtained were no better, on
the contrary, the antitoxin content fell even more

TABLE III
Manganese Chloride,.6r31

Horse Before KnClp A. After MnClp B. After MnClp

300 300 U. E. 300 U. K. "

329 200 U, E. 200 U. E. 175 U. E.
340 300 U. E. 275 U. E, 200 U, E.
345 250 U, E. 225 U, E, 200 U, E.

3. The Importance of Manganese Chloride for the
Antidiphtheria Serum Production

It follows from the preceding that the injection of
the metal salts considered here (especially manganese chlo-
ride) causes in general an increase in the antitoxin produc-
tion, or at least a higher concentration of the antitoxin in
the blood of the immunized animals. In order to obtain more
exact data on this subject it would be necessary to extend
the observations over a longer period. At the Serum Therapy
Institute we have used manganese injections for two years,
elther regularly or at more or less widely spaced intervals.
We have compared the results obtained during these two years
with those obtained over twenty years with the old immuniza-
tion method. We have calculated the mean level of the serum
produced and also the mean strength of the immunization tox-
ins used during those twenty years (Tables IV and V).

One need only glance at Fig. 14 in order to see how
strongly the serum antitoxin level depends on the strength
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of tie toxin used for {he injectionc; the two curves are
perfectcly parallel. Consldering the large nuaber of aninals
(300 to 00 norses) and the long perlod ?19 years) that were
availavle for the computation of the precedin; statistics,

it 1s no exayggeration to conclude that the more potent the
diphtheria toxin avallable, the more favorable the conditions
for the production of an active antidiphtheria serum.

«ANT ITOXI N
o TOXIN .
~-=- AFTER MuOLy TREATMENT !
[ J
!

T
-9

1903 -4
1906
190%-8
1906-7
907§
1908-9.
1909- 0.
G-
191 -8 .
19912 13,
1913
1916 -1 .
S -8
191817,
191748 .
1918

L ]
19%0-2: .
1921-2¢

Fig. 14. Statistics of Toxiln and Antitoxin From 1903 to

1922,
e antitoxin, - toxin ------ after MnCl, treatment.

The averacges of the serum potency vary, of course,
considerably. The period 1915-1918 was especially bad. In
this period, nowever, the potency of the toxin was also fairly
low, and as the two curves over the 10 or 11 preceding years
correspond exactly with each other, it 1s quite justifiable
to ascribe this lower value of the serums to the toxin weak-
ness.

In llay 1920 manganese treatment of a certain number of
antidiphtheria horses was started, the course of which has
veen described in the preceding pages, the rest of the horses
receiving toxin only.
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As seen in Flg. 1% ti.c antitoxin curve o. tlie horses
thac recelved no manganese sioved a arop siullar to that of
tie toxin, wnercas tue aititoxin curve ol ¢ .e L.orses treated
with nanzanese rises appreciably.

TABLE IV
Toxin Statistics (1903-1922)

\
YEARS m‘%s&“ N MEAN LETEAL DOSE
ce (=
Mazuunm Minimam
1903-05. . . . . . .. 194 : 8,002 0,045
1906-05. . . . . . .. 228 0,0023 0,005
1905-06 . .. . . . . . 194 0,0 0.0l
1906-07. .+ . . . .. 142 0,003 o,m
190308, , . . . . .. 209 0,003 0,0t
1ox09. 8 M3 0,002 0, 106
190%-40. . . . . . . 213 0,0015 e.nl
™ott. L. ... 337 0,003 0,007
194112, . .. ... 175 0,003 0,045
tot243. . . . . .. 1138 0,805 0. 02
194345, . . . . L .. 132 0,0V, 0,007
1915, . . . ... 160 0.90., u,008
$943-46 . . . L L L 1u2 (UNUTH 0,02
194617, . . . . . .. 1] 0.00% 0,02
190545 . . . .. ... 132 0,004 0,01
191849, . . . . . .. W5 0,003 0,02
191920, . . ... .. 350 0.00135 0,01
192020, . . ... .. 264 0,002 0,01
920-29, . . L L 2 0,001 0,007
(o) THE FIGURE GIVING THE WEBER OF TOKIN WNITS PER cc Is THE
RECI PROCAL OF THE MEAN LETHAL DOSE.

The toxin curve drops even more in the year 1921-22,
but the curve of the horses treated with manganese rises con-
siderably, nevertheless, and the average value of the serum
produced in that year exceeds considerably (by 21%) the anti-
toxin potency of the serums previously produced.

In 1921-1922 the institute had only horses treated
wlth manganese; 1f there had been animals undergoing the regu-
lar regime without manganese, the level of thelr serum would
probably not have been more than 240 S. U. (the average value
from the statistics), where-s the antitoxin level of the ser-
ums produced by the former reached 436 S. U,
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TABLE V
Antitoxin Statistics (1903-1922)

L OF AVERAGE OF | MAXIMUMM ANO MiN WL
- ( MG "m e PERGE] OF ANTITOXIN LEVEL
+ l tN 8., (oo
Mariuitne Mistmum

-0 m"'\lmil‘ (o). 1 280 ] e
1904-0° L [ k111 1) 50
[RL O T [ ] ] 265 395 10

[ RL T IATN [ ] 1 EI N 1Y 1) 150
1'07-0s . 16 35 *0 150
1908-0Y L] 15 360 600 30
1109-10 L] t a5 139 20
{011 " 43 320 T2, 150
1918-12 L] 21 315 (19 200
191213 L] 19 2.0 @, 1
1114314 L] [3 25,0 1Y 00
11410 n @ 200 410 150
191546 " 13 10, 200 | 1
1'!M6.17 " 12 L] Y (7
[H1bSt) " 15 153 200 5
[RILB R “ 29 175 318 1.0
1ty 20 L] 45 290 | ¥

14920-21 - 2} 250 b ¥ 9
1920-21 WITH Mntlds, . %] 0 9 12
fa2) 22 "} k{H 436 el

o) FROM JUNE 3 70 JWNE 4o
(So ‘m L“?%m 8Y TRE BEST ANO THE WORST HORSE
L ]

4. The Fate of Hanganese Chloride in the Organism

It is known that heavy metal compounds (Pb, Cu, Hg, Bi,
Fe, Mn) are largely eliminated by the muscous membranes of the
stomach and the intestines, and a smalle:' quantity 1is retained
in various orsans (mainly in the liver, <hne spleen and the
kidney). It is interestinz to know how long this elimination
takes in order to make a comparison between the latter and
antlitoxin production.

We have followed the disappearance of manganese in
blood of the horse and the zoat and at the same time investi-
sated the elimination in feces and urine.

Finally we determined the co.centration of manganese
in a number of orgars from normal and immunized horses.
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Before describing these experiments we have to give
an outline of our analytical method.

Analysis of Manganese in Blood and Tissues

Bertrand and Medigreceanu [18] in the first place have
ftudied]theae analyses, and later C. K. Reiman and A. Minot
19, 20].

This 18 our method: Blood and fat are carefully re-
moved from the organs, they are wiped with a cloth and cut
in thin slices that are weighed and then dried at 50-60° C,
and subsequently welghed again, and ground to a coarse powder.
The amount of this powder used for an analysis corresponds
to 25 g of fresh organ (or blood).

The organ powder is transferred to a quartz Kjeldahl
flask of 300 cc and wetted with 20-25 cc concentrated sulfu-
ric acid, briefly heated to eliminate & last trace of water,
and after cooling a mixture of 20 cc concentrated hydrochlo-
ric acid and 20 cc concentrated nitric acid are carefully
added. The mixture 1s left standing for 24 to 36 hours and
then boiled, by heating gently at the beginning and more
strongly afterwards until only 1 to 2 cc of a completely
colorless 1iquid is left. After cooling, this liquid is
diluted with water to bring the volume to 50 cc and filtered.
The manganese, present in the solution as the sulfate is then
titrated colorimetrically.

How Fast Does Injected Manganese Disappear
From the Blood?

Experiment with horse 338. - The horse weighed 500
kg. At 7 a.m, 10 cc of a 104 manganese chloride solution
was injected intravenously, and blood samples were taken at
the time intervals indicated in Table VI. The samples were
citrated to prevent coagulation. Each analysis was made on
25 g blood.

No trace of manganese was found in the blood before
the injections of manganese chloride; however, according to
Bertrand's investigations there is 0.02 mg Mn per liter of LA
horse blood, and consequently there shouldsde 0.0005 mg man-
ganese in the 25 g blood that we worked with. Such an ex-
tremely small quantity of manganese is not found with the
experimental technique used by us; the minimum quantity de-
tected by the colorimetric method is 0.002 to 0.004 mg Mn.
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TABLE VI
Disappearance of Manganese From Circulation
(Horse)
F—ttnmn we OF Mn IR TIME AFTER ne OF Mu IR
. 1NJECTION 00 oc BLOGD 1NJECT 10N 100 ec BDLOOD
0. .. w75 (CALCOWL,) | t2 woums . . "85
i MINUTES | . 2 - 0.0
§: - B U1} 2 AV 0,08
» - . 0,20 ‘ o= . 0.3
1908 . . [R1} Do 8,03z
2 HOWRS N KL : L] R n.o
3 - e, 12— 002,
6 - ... 0,046 ' N

Experiments with the goat. - The anil al weighed 36 kg.
Three days before injection the animal was placed in a cage
in such a way that feces and urine could be collected sepa-
rately.

20 cc of a tenth normal solution of'Mn012 diluted to

half that concentration were injected intravenously at 11:30
a.m. and sample bleedings were carried out at the intervals .
indicated in Table VII.

TABLE VII
Disappearance of Manganese From Circulation
(Goat)

TIME AFTER ne OF Mu 1N TIME AFTER | ms OF Mo IN

| RJECT 108 100 ce BLOD 1ILJECT ) ON 1700 oc BLOO®
(L S S (CAL ’-'"m‘ L 5

2 MINTES . LB (cucn.) N ::
15 - “'E 6 - ", ux
eom . a -

The amount of manganese found in the samples of feces
and urine are listed in Table VIII.
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TABLE VIII
Manganese Elimination in the Feces and
the Urine
{Goat)
: N OF Ma ELRIMATED
T™E
Ve Prees
B omars oL L, L, [T 6,0
B — et e e 0.‘;.‘ a0
G o~ L 0.16 1.4
6-7 —_— e e e e 0.4 0.5
N = .. 0,4 fi.0
N - L ’ (TRLH LI
L . "0 “.n
gy — 0L ['RH o,
-t . 'l (N1 1.0

The Mn012 injections were carried out on 6 March at
11:30 a.m.

These experiments show that manganese chloride injected
intravenously disappears swiftly from the circulation (see
Fig. 15). It is also seen that the rise in the antitoxin
curve is as fast as the drop in the curve representing the
concentration of manganese in the blood.

L T

* NORSE
g ﬁhﬁ!‘m.im
: -
;- i,
:
s -
'

Fig. 15. Disappearance of Manganese from Circulation.
The Flgures at the Bottom Indicate Hours,
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In addition it is seen from Table VIII that the elim-
ination of manganese takes place mainly through the mucous
membrane of the intestines, and to a very small extent through
the kidney.

It 15 also seen that the urine and feces of the goat
normally contain considerable amounts of manganese, the amount
of manganese found in the wurine and feces decreases gradually
in the period before the manganese chloride injection. This
is due to the change in the food of the animal when it was
placed in the cage. .

The results obtained must therefore be evaluated with
a certain reservation.

The Manganese Content of the Organs of Normal
Immunized Horses

The results of the analyses performed on the organs
of twelve horses (liver, kidney, spleen, heart, lung, lymph
glands) are tabimlated in Table IX below; the figures indicate
the manganese content in milligrams per 100 gram of fresh
ergan.

The two {irst horses of the table are normal animals,
1.e., they were not immunized. The two next horses No 380
and 393 are, in that order, diphtheria and meningococci im-
" munized; they did not receive manganese.

"he elght last horses are immunized against diphtheria,
except for number 369 that was used for the production of
antitetanus serum. These eight animals received intravenous
injections of manganese chloride for a longer or shorter per-
iod, and in the table they are arranged according to the

- amount injected, calculated per kg of horse. -

A comparison of the two normal horses with the two im-
munized horses that did not receive manganese show that the
manganese content of the various organs did not undergo any .
change in lmmunization, except for the liver. The amount of
manganese in the liver, however, has been reduced to one
quarter of the normal quantity.

A glance at the analyses made of the organs of the
manganese~treated animals shows immediately an increase in
the manganese content of all organs (except the liver), and
the manganese content increases with the amount of metad: the
~animal was given.
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The faculty for retaining manganese seems to vary
widely with the organs. In the horses that recelved the
largest amounts of manganese the following relationship holds
approximately:

The manganese content of the heart has about doubled.
The manganese content of the spleen has about doubled.
The manganese content of the kidney 1s about 5 times as high.

The manganese content of the lymph glands is about 8 times as
high.

The manganese content of the lungs is about 20 times as high.

It 1s seen (Table X) that for the liver there exists a
certaln relationshilp hetween the nanzanese retertion and the
aintitoxin productivity of the animal, in other words, the
good antitoxin producers show an increase in the manganese
content of the liver.

TABLE X
MROCER OF MORSE | M CONTENF < 8o U. PER cc
| LIVER (N me,_ I
o S v, 48 . |
e S 0,5 o
RUTUN e e 032 T / ‘?ﬂ“ll
PRODUCERS

s o 142 ¢ TETANSS
|

R BT . .. 0.2 150 l
daM L. L , 0,2 200

8AD
BN ' ki ’ ANITONIN
T o o
N

A confirmation of the close connection between manga-
nese retentivity of the liver, and the animal's ability to
produce a good serum would Justify the assumption that anti-
toxin production is connected with the presence of this depot
of catalytic substance in the liver.
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II. EXPERIMENTS Ogalﬂggiis IMMUNIZED AGAINST

For further experiments on the importance of metal
salts in immunization, it seems preferable to use antigens
that can be tested for activity without tests in vivo.

Walbum has shown (1918) that the chlorides of manga-
nese, nickel, cobalt, and zinc have a considerable stimulat-
ing effect on the formation of B, Coli agglutinin, and we
have consequently selected the latter for the following ex-
periments. @Joats and rabbits were used as agglutinin-produc-
ing animals. For our study it was of prime importance to
prepare a sufficiently large amount of experimental material
to make a comparison of the effects of the various metal
salts possible: individual differences in productivity of
antibodies are actually very large in animals, and in addi-
tion it 18 necessary to find the suitable moment for proceed-
ing with the metal salt injections.

The same strain of a B. Coll {named Inge) derived from
& urinary infection in man was used in all experiments. The
agglutinin content of the blood samples was determined in
the usual way (Madsen and Jorgensen).

A. What Quantities of Various Metal Salts May be Injected
Intravenously in a Rabbit Without Causing Symptoms
of Poisoning?

0.001 cc of a normal solution of the salt to be tested
per kg rabbit was injected, and 1if the animal did not show
any signs of poisoning after half an hour a new injection of
0.002 cc was given; these injections of 0.004, 0.013, 0.04
and 0,08 cc successively were continued at half hour inter-
vals until the animal died or until it showed definite signs
of poisoning.

The rresults of these tests are shown in Table XI be-~
low; the metal salts are arranged in the order of decreasing
effectiveness.

It 18 seen that cadmiuwm chloride is the most toxic
salt of those investigated, because 0.002 cc normal solution
per kilogram rabbit causes very definite poisoning.

It 1s obvious that for daily injection over a long

period the salts may be used only in amounts that do not
cause noticeable poisoning.
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TABLE XI

1 | CUBIC GO METER OF WL SCLTICON
0008 | .00 | S.00¢ 0.013 (¥ ] (X}
caerr. . . L L L] \ XN i1+ 280 min. »
Batit*. . . . ... .. (] " \N\ ARY [EERTITTTR
Felll®. . . . . .. . . " 0 \ \\ 1o —
Al .. L. [ [] \ \\ 410 —
P, ... . [} ] N N\ i+ Vh -
rmzl .......... 0 0 N {ONA b .
HaClle. . .. .. | "o 0 0 AR NN P28 b .
Lo & {1 " [’} ° N\ b- 8% e
O . L L " [} 0 \\\ -2 h .
srtile 0 " N\ \\\ A% W A YT
Gt . . . ... ... (] [} [ N\ \\ P 3 -
MaCile. . . . ... .. [} 0 [] \ \\ t 2 h.
HeGle. . . . . .. .. v 0 X A\ W i 3h.
Ret:f*. . . . .. ... [] ° [] NN \\ NN
nCl*. . . . .. ... [ 0 ('] hY \\ \N\N
Collt*. . . . . .. .. 1 4 7 [} \ A\
NiCl* . " ] v o X NAN
crCi® [} '} ] AY \ \\
Livg. 0 v ‘0 . o \ N\
Mgl . . ... ... '} 1] [} 1] \ \
caGle, . . ... ... (] 0 ¢ [} '} ]
T T
' PAIRLY & S O% Wl'
| "ﬁluﬂhdifghnuncr [
r b . -

0.001 cc of a normal solution per klilogram rabbit or
goat were used for the following experiments.

B. Comparison Between the Effects of Various
Metal Salts

The tests were carried out by taking for each metal
salt one goat and two rabbits; the animals were new. Agglu-
tinin formation was stimulated by injecting subcutaneously in
each goat 10 cc of a 24 hour 0ld B. coll culture (in dbroth)
heated before injection to 80° for 5 minutes, and by injecting
in each rabbit intravenously 0.1l cc of a live B. colli culture
(1n broth) diluted to 1 cc with a sodium chloride solution.

The first bleeding was performed seven days after the
injection of the antigen, and they were repeated daily until
the end of the experiment (5 to 10 cc with the goat, 0.5 to 1
cc with the rabbit). The decanted serum was preserved under
refrigeration till titration.
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Fiz. 16. Rabbit Immunized Against B. Coli. The Arrows
Indicate MnCl, Injections. The Figures in the Ordinate

Indicate Agglutinin Units per cc. Th~ Figures at the
Bottom Indicate Dates.,

The first metal salt injection was given on the llth
day after the culture injection when the agglutinin curve was
falling. One cc of a hundredth normal solution diluted ten-
fold per kilogram of animal was injected intravenously after
adding 0.9% sodium chloride to the liquid to make it isotonic.
This dose was injected daily for the first six days; on the
seventh day (Sunday) no injection was given, but on the six
following days injections were repeated daily. The lack of
an injection on the seventh day caused always a dro (more or
less pronounced) in the agglutinin content (Fig. 16).

The effect of a metal salt 1s determined by the increase
in agglutinin content in proportion to the maximum agglutinin
content obtained initially with the antigen by itself.

The results of all these experiments are given in Table
XII, the metals being arranged in order of their effectiveness.
The table obviously does not contain all the analytic deter-
minations but only those that are relevant to the subject under
consideration.
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The values indlcating the mean increase in agglutinin
in the last column of the table have been corrected by a sub-
traction of 24; this was necessary because an injection of
0.9% sodium chloride (present in all injected solutions of
metal salts) by itself caused an increase of 24% in the ag-
glutinin concentration of the serum.

TABLE XIII
ATQMIC WEIGHT EFFECT % |
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We have tried to compare the results obtailned in the
production of agglutinin with the atomic weight of each of the
metals used (Table XIII). Based on this table we make the fol-
lowing observations:

The alkall metals.- Their effect seems to be extremely
small, but there seems to exist a certain proportionality be-
tween the atomic weight and the agglutinin content of the
serum,
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The magnesium group. -~ The effectiveness of the var-
ious metals in this group seems inversely proportional to
the atomic weights.

The calcium group. - Here, on the other hand, there
seems to exist a direct proportionality.

The silver group. - In spite of the variable valency
and solubility of the metals in this group it may be concluded
that the effectiveness of these metals relative to agglutinin
production 1s inversely proportional to their atomic weights.
The same applies to the iron group.

'c. Relation Between Dose and Effect

The amount of metal salt used for the intravenous in-
Jections, 0.001 cc of a normal solution per kg of animal was
selected because it was approximately the largest amount of
the most toxic salt (CdClp) that can be injected in a rabbit

without causing visible symptoms of poisoning. This was a
very small amount but one could not a priori reject the pos-
sibility that a larger effect could be obtained with smaller
quantities.

In order to verify this we treated four goats as
described in the previous chapter (B), with one of the goats
receiving daily injections of 1 c¢ of a normal MnClp solution
diluted 100,000 times, per kg, during the indicated periods,
the second 1 cc of a normal solution diluted 10,000 times,
the third 1 ¢cc of a normal solution diluted 1,000 times and
the fourth 1 cc of a hundrédth normal solution (this last
quantity is ten times the amount used in the main experiment
described above), without any untoward effect on. the goat.

The result of these experiments is given in the fol-
lowing table:

TABLE XIV

Goat No MnCl, per kg Rise, % - 24
levessese 1 cc of a normal solution di- Tl .0

luted 100,000 times
Lecoescns 10,000 times 35 11
i........ 1,000 times lgl 147
csssscee 100 times 5 61
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The experiments in the table are too few to permit us
to draw conclusions with complete confidence.

In any case 1t seems that the-injection of the solu-
tion diluted 10,000 times is ineffective, whereas the same
solution diluted 1,000 times is capable of causing a very
definite effect.

D. The Rffect of a Single Injection of
Metal Salt

We have shown in the preceding experiments (Fig. 5)
that the effect of an injection of metal salt is apparent
immediately after the injection, that the antitoxin curve
rises immediately, and that it reaches its maximm after
about one hour. These experiments were done on a horse im-
mumnized against diphtheria, but it was interesting to find
out 1te effect in animals immunized against B. coll.

We have carried out a single experiment on a rabbit.
It seems that the result (Fig. 17) is the same as that of
the horse immunized against diphtheria: the increase in ag-
glutinin follows immediately upon the injection. The maxi-
mum in this case 18 however, reached after about four and a
half hours only, but during these few hours the agglutinin
concentration in the blood reached exactly the same value
as nine days after the antigen injection.

The rabbit received one single injection of 1 cc of
a normal magnesium chloride solution diluted 1,200 times per

Summary

The results of the experiments in this report can bdbe
summarized as follows:

1. Intravenous injection of manganese chloride (MnCl,)
as well as of cobalt chloride (CoClp) during immunization in-

creases considerably the antitcxin level of goats immunized
against diphtheria toxin.

anese chloride seems to have a stronger effect
than cobalt chloride.
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Fig. 1. Goat Immuniced Against B. Coll. One Single
MnCls Injection. The Figures in the Ordinate Indlcate
the Agglutinin Units pet cc. The Numbers at the Bottom .
Indicate Hours. ' . (

- -2+ JIntravenous injection of manganese chloride and of
cobalt chloride in horses that are immunized against diph-
theria causes a very marked increase in the antitoxin produc-
tion, when given during the period of antitoxin drop and with- ‘
out any toxin injection. The increase follows immediately

upon the metal salt injection, but it reaches 1ts peak only ; ‘
after approximately one hour. There is thus a fundamental P
difference between the effect of a toxir injection and that i
of a metal salt injection, the former being frequently as- h
sociated with a drop in the antitoxin curve (first negative -
phase), whereas the latter seems to have a completely oppo-
site effect. i {

3. Injection of manganese chloride in horse immunized
against diphtheria at various periods causes a very notice- .
able increase in the level of antitoxin units in the serum., ;
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The complete suspension of these injections during
the entire period between two bleedings causes a rapid de-
crease in the antitoxin curve; the resumption of injections
induces a new rise in the curve, but after several successive
suspensions and resumptions the effect of manganese becomes
less and less noticeable.

4, Manganese chloride, administered orally has no
influence on antitoxin production.

5. The annual averages of the antitoxin level of
antidiphtheria serum are considerably higher since the in-
troduction of manganese treatment in practtce.

6. The curve of these averages is, considered from
another point of view, parallel to that of the toxin used
to immunize the animals,

T. The injected manganese disappears quickly from
the circulation. The elimination of the metal occurs mainly
through the mucous membrane of the intestines. Immunization
in itself does not cause changes in the normal manganese con-
tent of the different organs; only the liver undergoes a re-
duction to one fourth of its normal manganese content due to
the 1mmunization. ! Immunized horses that receive manganese
show & very clear/increase in manganese in the organs, and
this increase is ‘proportional to the amount of metal injected.
There 18 a eloaé/parallel relation between the liver's capa-
city for the retention of injected manganese and the aptitude
of the organism to produce antitoxin.

8. 'The effect of metal salt injections on the pro-
duction of agglutinin for B. coll varies widely according
to the nature of the salts. There seems to be a certain re-
lation in the majority of cases between the atom number of
the injJjected metal and the magnitude of the effect, either
in the form of a direct proportionality or an inverse pro-
portionality, depending on the group to which the metal be-

longs.

We think that these studies may have considerable’ theo-
retical interest in addition to their practical value. In
particular, the observation that the metals have an effect
on the production of antibodies that has a close relation to
their atomic weight may possibly give new information in the
field c¢f immunity.
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If definitive atudies prove that the occurrence and
production of antibodies in general are greatly enhanced by
metal salt injections, one may ask whether the use of such
catalysts may not have considerable significance in the
treatment of infectious diseases.

- Appendix

Walbum, in collaboration with K. G. Dernmby studied
the possible influence of metal salt injections on passive
immunity. They injected in rabbits (subcutaneously) a fairly
large quantity of agglutinin for B. coli, and followed by
means of serum titrations the resorption and 4disappearance
of this agglutinin.

During the entire course of the experiments half of
the rabbits were subjected to manganese injections, the
other'half served as comparisons; no difference was observed
betwebn the two groups of animals; the injection of metal
salts have therefore no effect on the passive immunity. This
pesult was predictable because the experiments reported here
tend to show that the metal salts play the part of directly
stimulating the antitoxin-producing cells in active immunity.

.x‘ ’.
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