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Tff IMPORTANCE OF METAL SALTS IN IMUNIZATICK AND
ESPECIALLY IN Tff P1ODUMTI6 OP DI?•[EA ANTITOXIN

AND OF AOGLWLI FOR & GOLI

by L. D. Valbun and J. R. M0rch
(Danish State Sermu Therapy Institute,

Direotor Th. Madsen)

Annales of l Institut Pasteur, Vol 371 1923, PP 396-442.

Nuerous studies have been made of the conditions of
antitoxin produotion In the animal organIm since the Intro-
duction of seram therapy. Many t'*s have been made for these
studies relating to welaning of the antigen, decrease or in-
crease in the antigen doses, the use of different toxins,
different ways of injecting, the timin of Inoculations, the
combination of active and passive immnization, the ue of
smaller or larger bleedings, etc. These tests have, in addi-
tion to their theoretical Interest, great practica) ialuo for
#ths production of therapeutic antitoxins under optima con-
ditions.

These investigations have yielded much information,
but the deeper aspects of the immunity phenomena in general
and of the antitoxin formation in particular am still little
known.

The experiments oonfirmed the observations of BaIeger
and Ehrlich (1], Salomonsen and Madsen [2-3], Madsen and Jor-
gensen [4], and they indicat* that the rules that apply to
the formation of different 1tibodies seem to be the ane
throughouts: ediately after injection of the antigen a de-
crease in the antitxc strength of the serm is noticed
(first nemarive pblapo), subsequently a rise socus (positive
phaxe) and finally a gradual decrease (second negative phase )3
"this curve may be considered as the resultant of antitoxin-
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producing- and destroying-forces in the organism (Madsen [5)).

In the flivt studies of _1mie"by It was asomed that
the appearance of antitoxins In the ftr-anim was due to a
direct transormatien of the n jected tozin. _Sal2em n and
Madsen were the first to suggest that in an actively .muized
animal production and destruction ofliktitmdun are .unt•nuous.
ftis opinion hba been increasingly crnftrmed and ay Ie con-
oldered generally accepted.

Sal n mose and Madsen (6] shoved tiat pViUeuhl -
creases secretium in general *ad Vroduces an increase or
the antitoxin level of the bLoed, which Is, however, of a
transitory nature.

The fact that a large bleeding stinulates antitexin
formation (Roaw and VallUrd [7) Salm sen and MlAdoem (8],
Friedberger and Bmener 19], Boh24der [10,], etc.) Induced
other authors to assme that there is a direct relation be-
tween globular blo~d "eSeneratin and a titozIn pr dMotion
(Pfeiffer and 1arx [], Wasserm and Takaki, Debrd, lava-
diti, e.a.).

Madsen *ad Ta'lqulnt (12) hae YsloUed this lesand
they induced fezmtIon of red ooiunyleu in test anIsmi by
Injecting hemelytic olsc (pyr•o2n and p 1e0m1ol); ialw-
tameouSly they *bserve a p11arel zle IS the antitoxin
curve. MNller [13] found In •aditian with eItol the ella-
tence of a certain relation between the effect of leucocytoses-
Inducing substanoes and the formatimn of antitoxin.

FIrst [1.] bserved subsequently tht inectlm of
methylene blue causes a decrease in the nuber of leucocytes
in the blood and a weak increase In the serom value. Walker
(15] succeeded In stimulating agglutins feoration In rabbits
by mans of salvarsan Injections. Neotoem and Corper [16]
studied the influence of uhorium on the precipitin formatien;
they found it to be considerably delayed when thoriem Is in-
jected at the beginning of the iunoization process; when
precipitin formation has set in the th-im injection haa no
effect.

Walbm [17] na recently investigated the importance
of the action of different metal salts on antitoxin formation
from a theoretical standpoint. This is what he writes: "Due
to the nature of the problem and our present state of knowl-
edge It is difficult to discus. the neohannlm of antitoxin
formation in the organlm,, but whatever the moehanim
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(synthetic actions, splitting, intramolecular rearrangements),
it may be assumed that enzymatic interactions play a certain
part, as in all cellular activity.

Certain conditions have to be fulfilled to enable 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, it
is 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 come ex-
tent determine the quantitative aspects of this formation.
If this be so 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. coli 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.

Ecouraged 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 experiments elucidate it to
some extent and that is our reason for publishing our results
now.
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I. Goao s I:unUteK Afainst Dhphtcz:ia

..' - o i n.- : C ; -"•. . c a r r i ed o u3- i ' " , e . - L i -
- 1... ..- : -cin "~a ofc c-:

(,, 1( e I) con-st n- oa 1t¢:.natc ir.Tctic Ct of
- and antitoxin durin._ the firat immnuniaatioi" period."r:1 satvol- fast increase in the quantity of to;:in inriected

.a ed in this w-y and the im.nunizatiorn t130 io c n-
-_,a',lI reduced.

TABLE I

I':amunization Schedule for Goats iTo 1, 2, 3

BAT ES Al ITOXIN AND TOXIN
DATS uwEl INJEQOEE METOC OF IJECION1 -

' OCTOBER 1920 2000 STASOARD UNITS INTRAVENOUS
DO- 0a TOKIN 8I3MgANEOMS

- 2000 3.*. INITRAVENOUB
1 .I cc TOXIN SUBCUTANEOUS

- 2oosGMT I INTRAVENOUS
2:13 - • .2000 Soso GOATS 2 3

22 ccTOXIN S BCVTANEOUS
2 .. 2000 .M.

:) " • 3 cc TOXININOV ER 1920 .. 0 .1.
3 5 ce TOIN

- ... 12 c c
13 20 ccF' - 1sc * "

2 - .40 s

SDECWISER 1920 If" so

Goats are lmo:.m to be poor producers of diphtheria
.:ou', and moreover they are rather sensitive to the

u-, and therefore a relatively weak toxin was used (aver-
S-, lta! dose approx-imately 0.007); the antitoxin used was
:- scrum that disappeared relatively fast from circulation

-c.ZC it is a heterolo-ous serum, and thus did not cause
-t;cclf a measurable increase in antitoxin.
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The toxin was injected subcutaneously. In the begin-
ning (on the 15th and 19th of October) antitoxin was injected
intravenously, but on the 23rd of October intravenous injec-
tion caused a typical anaphylactic shock (sneezing convul-
sions, dyspnea and a drop in temperature to 36.8'C0 in goat
number 1. Subsequent serum injections were therefore given
wnder the skin at the opposite side to that where the toxin
was injected.

The metals Mn and Co were used as Mn1 2 . 4 H2 0 and
CoC12 * 6 H2 0 in 0.01 normal solution in physiological solu-
tion. Each dose of either NnC1 2 or CoC1 2 consisted of 25 cc
0.01 normal solution injected Intravenously. The solution
was heated to 370 before tnjection. 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
Table I. Immunization was free of incidents except fot the
above mentioned anaphylactic shock. The antitoxin level in
the serum rose gradually after each toxin injection, 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 weighing 40 kg received daily Injections of manganese

,chloride from the start of Iunization, from 15 October to
41 November when i-4jections were stopped for 24 days in order
to see whether the shape of the antitoxin 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
goat No 1 during the first iunization period,, but the rise
s4pped as soon as the administration of anganese chloride
was discontinued. The result was a period when antitoxin
c=.zantration did not nearly increase as fast as in goat No
1 (•,o I frnm 1 S. U. per cc to 15 S. U. per cc; No 2 S. U.
per c1 to 8 S. U. per cc).

When the manganese injections were resumed they stimu-
late1 antitoxin formation so strongly that the antitoxin level
at t!he end of the experiment reached 165 S. U. per cc compared
to 45 S. 7-. per cc for goat No 1. The animal weighed 44 kg
at that time.
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GOAT No I GOAT No 2 GOAT No 3
DATES

INJECTION$ I NJEoIONS t. NJE1 io
2* CT~ ~ /cc 1c

"2:; OCTI OBER 1.I 15 .. 1.1 I , ,o 0.;

' - NOV"I0I 2 MjGL .- a C~l2O
1, -- , - hii 2 "'nu 1 2"')3.'9•

M3 AL • .' In•J . i' <2 I'I(V - III%.") d U', 2
' M-ESALT " lii4 1h' E , ; .(.

G- f - "

OE-"IIER INJLC IONS :i 2no .- ," 55 r"n.". 15,h'

I:•i '' DAILY INJlEe tou DAILY IJO.:
MoCL 2  COCL2  0

11o £ (C:U It c:.ol.'.dc). T'7o year old uale :oat

•"""',3 .... Sj~treated iin th~e sane ;iay as ;oat, T~o ,_-..ut ~ith
co-salt chloride instead of miananese chloride. Coba: t

hord'e in:ectlon, does not seem to influence antitoxincr I
L'ornation in the first i..,munizatlon period, but in the second.

~..eXod t.c Col 2 ,ijectioins caused a sudden and rapid risc in
""•curve, so that the antitoxic potencey at the end of th e

e:,':erim.cnit '.,as 75 S. U. per cc. The an:i al vicighed then c,_b'

The variations in antitoxin level of the serum ofthese 3oats are graphically represented in Fi0s. 1 and la.

Thne dotted parts of the curve indicate (as in all other
curves of this paper) the changes in antitoxin level caused
o- v toxin in.lectionz_ only, whereas the parts dra':.n in solid
lir:cz indicate the parts where the :metal salt cooperated.

The following conclus~ons r,•y be drawnm fro'.' these ex-

-. Intravenous injection of I~nCl 2 and also of Co~l 2:i.•, oats irmized agains T diphthe0.ia increases conside-ably
L..,e aL.itox.in production oL these anIfals.

2. ;ancanese chdenoride seems to have a stronger effect
t n.-: -onalt chloride.

These experiments may have a certain practical value
:ddition to their theoretical interest. Efforts e ave been

'... ! . 5 .. . . p ......... ..... . .... ..... h e d •



.i17 tn u-c antliciplphterisa scirum of the . o.c in scrum ta.crapy,
U,~ ha'-S in7 ;ei-oral TiOt VZ631ci'5e 'uu rL-a!LC thc antitoxin

POG '1cY- of t't'. 2s Cru!m o f thez. so a n i-a1. aS a'-,o vc 0-~ S. U. pe r
Cc I-'-o usual i!nv.uniLsation toh ca,,- tlis is in uf'fi-
cion- for theirapeutic application.

Pt . 2.~ Goases Imraurized A,,,ainst Diphatheria. h lm

A series of experiments on horses that produce anti-
diphi-theria serum was carried out in addition to these experi-
,nent~s on -oats. T"he hor.,ses viere in3munized by thec same method

aI te;oats and they haad supplied serum for varicus periods.
"Th -ea sals were in.Jected either (A) durirv; th~e per~iod

daciesndin-; antitoxin curve, or ()drn h eido
rPcin..ection wihto:xin. Finally we tried (C) nan,-anese chalo-
rid~e administered orally.

A. I~n.-ecU'io-n o.2 iinCl2 and CoCloý Duri>,ý Of ~icL a Drop

The ex:peria.entaI techinique was as follows: at the end
of'L th1-e initial i:mTmuni-:;ation period the haorses were bled on
ý,_ ninthI day aftei: the last t~oxin injection, as usual; th'e

*In -Pi-s. 1 th,,rouj-!- 14 thie o~rdinates represent antitoxin
units1 per cubic- centimeter.



sc:ln vs tlcan titrated. If thne antitoxin potency dcc..rca-cd
dally intGravenous Injections. were started xwith' 10 cc of a
i-or. tal Solution d13 utcC -:It' he salý' c a oiounli of water(.')

-- 0> anc. 1.1<' CoCl12* )

1 I a o t ,Ize" Inst.Di -e-ia -- 4i

uu-es a: .,otto1Inc Da*",--.-

A oun Ln t .,ast on h-o.--3t. 1-or 30, -cn >ccu
,this I~S a:.u amoui.tU o-` calt- th-at *ý b-

~J~ ~ wtoti-mi7airir- thoe aninial's -ealth.,. Th-e inti'a-
v.encus 'Ln-iec'1ioi. is al? iay ,c performed In the- iu-;ular, anCL it

3 al'ried oLlut ve:'y7 carefullyr to prevent that- even a
11,-,? s-aal a'.-ount of 'thle solution enters in th-e surroundin;,
';~2ucs.In this case extensive hiar6 infiltrations are p.Lo-
:z>,often accom--panied by edce'Aa; thnese can beco-,-e extremnely

~atrv~to the ari-Lial, d1L:,in~sh-in-j its mobillity and appe-
ti.An injectlion into th-e anic.-ial's arteries can cause its

.VO.c~iatc death.

in the period before the metal salt injections test
"-lcedirv-s aere made on alternate days, and during the rest
of thae experiment every day.



a ) 11.anl-anese Chloride

Horses Nos 353 aim 3l . After immi~inization thCee
l-vrses were 2irst b~ ed on 1-1 Au.ýuzt. Tlio bIloodt of hiorse ;o
3>-ý contained th-,,en 1250 S. U. per cc and thtof h.orse No0

347'50 S. TU. per cc, butU' th-.e antitoxin level decreased after
-2~ Olcedin-j; it was darnM to 700 S. U. per, cc for th first
one1t 40 S. U. fo-r, t"he second on th'e secoi.' day. F.o

th-is date (3Ausust) to th-e end of the, e:-.peri.-,,ent Iil~ a
in1 .jeý,''ctd daily,%. Thec arAGitwxIn curve, itedof fallin,-, fur-
uh-er, started to rise to suci~ an extent thlatL af'tei four days
t~e seruma ofl horse 1.o 353. reached 1000 S. U. per- cc, i.e.,.

Sof the antitoxin level obtained by encrLotictraen
.itt largre diph-theria to;xin doses forý seven wee'hý. This hýil.

-1, 6r-o-pped in -.pý, to~ of tL-,o, contin'±.uocA> >2 J.OL&

c.'ýs. --.-e a iount- ofL antUit-oxi:- in thec seru:1 of h ose h:o
3)t4 increased '-radually throughout the manganese tr-eatment
and .-ih-en manganese inJections stopped it had reached 67. S. U.
per cc, i.e., 90,co of the se-tum potency after, in~jection of 3
liters of stron- toxin Jfor- seven wee]ks (see the antitoxin
curves Fi-s. 2 and 3).

S+

S%

Fi. . ore mmniedAaistDihtera,14 38
MnC12. The F~~igrsathBotmIdceDy.

.49
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750 _

DAYS

F- - 3. Horse `o 3o4 lmnunie1-ed Against Diphtheria.

Horse No 3:33. - This horse was first bled on 18 August
(ý0O0 S. U. per cc), for the second time on 15 September (425
S. U.) and for the third time on 23 October (250 S. U.). On
2 Uiove-iber, i.e., nine days after this last bleeding, the
ani ial's serum contained lbO S. U. per cc; frorl this day to
the end of the experiment on 22 November manganese was in-
jected daily. The antitoxin level increased so considerably
through this treatment that after 9 in ections (11 November)
this serum contained 350 S. U., i.e., 40c.) over its strength
after injection of 1200 cc toxin carried out over a period of
approximately one month. The antitoxin curve dropped here
soon, as wiuth horse No 358 in spite of continued manganese
in>jections (see antitoxin curve, Fig. 4).

Therefore in these thiree cases daily injections w:itll
:KnCl made the serum of horse 358 rise from 700 S. U. per cc
to 1000 S. U., that o2 horse 334 from 450 S. U. per cc to 375
S. U. per cc, and finally that of horse 3:33 from 130 S. U. to
350 S. U. per cc. It follows then from these experimaents that
intravenous injection of manganese chloride in horses irmun-
i-o, aainst diphthoria witnout any toxin injcction !ws a
very 3arled stimaulating effecý on antitoxin production.

Tnese experiments were made by analyzing the antitoxin
potency of the serum 24 hours after the injection of -netal
salt, and immediately before the next injection, and therefore

10
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they do nob give information about the rate of antitoxin in-
crease. To examine this we carried out the follo-wini; experi-
ment with horse No 377.

.00

Z0o.--

S ,

b

S ,o to DAYS

Fis. 4. Horse No 363 I-amunized Against Diphtheria.
-InC1 2 . Daily Injection of Manganese.

This anLmal was bled on 20 April and 22 April (the serum
stren-;th was 550 S. U.). On 2 May at 8 o'cloch: in the morning
a sa..iple bleedin: was performed, and immediately afterwards 10
cc of a normal M4nCl2 solution, diluted by half eas injected in
the vein, and 5, 15, 30, 45, '0 minutes and 2, 3, 5, 3, 12, 24
and 30 hours after the injection additional sample bleedincs
were miade (Fig. 5).

Examination of Fig. 5 shows that tho effect is instan-
taneous upon injection and that the antitoxin curve rises suJ-
denly. The curve reaches a peak after approximately two hours
anc the antito;:in increase is then approximately 1; to M7.
The curve -hen falls off -radually, but 24 hours after manga-
nose injection the antitoxin level of the serum remains aboutOct

above the level before injection.

11
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400

350 -- - -------------

0 t 6 0 0o

- Hcr'se I,,rniuni-zcd A-,ains.- Dip", 3i~~a ne Si>2.c

'InCl,- I11jectlo:'i. Trie Iii-ures 3t &Ie 1,, 6o i 12,3iý; e

It, iv ea ttiat -) f-maaetai >jLC:!-',encor ec:1tý7 >-.c

U.:e th c 2J. of a to; i iin , r, cct I > I t ue tC o
z;al1 iý 5e on; oC or -. r i s cKo a D . I arn:.c~ J a io~ P>

to hiave tb;'e opposi-t-e eflezt.

A pro le2lhe the one tnetae~ nere has obvi-oucly
Muon. thco-.etical interest., it miay profitally be applied to
practice, since a manganese chloride inje.;,i.-on one hour be-
fo-.e bleedin; makes it possible to increase the antitoxin
potencyr of the serum.

b) obalt Chloride

Vrs a351. - .l oK O r :D o'~ rt~c at
w 'ee Acin~ f3 oe'e 3 .U e 0 On 1o:c.~bc -

'A~ant.it-o.-in level had faller. t-,7, 3. U. -) 0.a th
-)~,-_(] 3ý (; tee level of Tho 24>-(frc a rallJ trn t'ie street)

[a.;Al 1 hifhIevelr; an- n :aeof antito;:in: level fo.,-

.Q2e'daily injections, o2 Oo,.31 were -iven; thae artito.:in

loyal rose ;radually to 22ý5 3. U. per cc or approxirnatel,; 42ý11
:_ncrcase (i>~)

Co'balt c*.loricie ria- th-us also a stio..ilatin,- _-f~fectl or. diph,-
D..cr*La antitoxin for-.-atiorn In i:.ziuniz.ed 'oce, ut 14-- is mucg.:

12
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less pronounced than the effect of manganese chloride, similar
to what was found for goats.

CoCl'

I

%

. .

I I

50 ý5 20 y, o '5 to DAYSI

Fig.. SO Horse Immunized Against Diphtheria, -o 353.
CoC12.

B. Injection of itnCl 2 and of CoCI 2 in Serum-Producing
Horses During Toxin Reinjection,. After the Initial
I-amaunization Period

Antidiphtheria-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 eight days then
200 cc toxin is injected, eight days later 400 cc and again
after eight days 600 cc. On the ninth day after this last
injection a first bleeding of 8 liters is carried out, and two
days later another bleeding of 7 liters.

It is "mown what fluctuations the antitoxin curve can
go through after these successive reinjections and bleedings.
It is clear that the best choice 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-
naent when the curve is either stationary or descendin-. Thishias been done in the experiments reported here. (The plots of
the antitoxin potency before these experiments may be seen in
Fl3s. 7 and &)

13
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"1?i-. 7. Horses Immwaunized Against Diphthe-ia.

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

a) .lan-anese Chloride Injections

Horses Nos 309, 348, 334 and 347 were subjected, each
at different periods, to intra enous injections of 10 cc of a
nor'aal solution diluted to half strength, for, each dose.
Tests made on horse 309 had shownm that this dose could not be
c:ceeded .iithout serious upsets, shivering, excessive sweat-
in-, fever, etc...

0orse lo 309 (Fig. 3). At each bleeding performed on
21' ,anuary, 3 March, 7 April and 8 -ay, the antitoxin level

of this horse was 200 S. U.; it stayed thus in a stationary
state that was ver-j favorable for an experiment of the type
that we intended to carry out.

From 12 to 15 May, 10 cc normal MnCl2 solution diluted

by half were injected, on 19 [lay 25 cc, on 20 May 30 cc; the

14



animal did not stand up well to these injections and it was
allowed to rest till 26 Hay. From 26 May to 12 June daily
injections of 18 cc of rnC12 without any incident. On 12 June
a sample bleeding, and the antito;-in lcvc.L -ac 325 3. U.

600

400

2oo . .. ..

1919 4- 1 92o

, ' I I t t "+ --t 4- 4- -

2i. ,. .orses I+imunized Against Diphtheria.

:2'roi 22 June to 15 July, after a 200 cc toxin injection
daily injections of MnCl 2 . On 15 July the antitoxin level is
350 S. U.

From 30 July to 15 August, after 400 cc toxin manganese
chloride is injected daily and the bleeding on 16 August gives
375 S. U.

From 10 to 20 September after 600 cc toxin renewea
daily injections of IHnCl are given. On 20 September: 350 S.
U. The horse shows at this time infiltrations on either side
of the nec:, due to the manganese injections.

From 12 to 16 October, after 400 cc, MVnC1 2 is given
daily. The injections are interrupted on 16 October as the
infiltrations near the jugular have incueased. Tc inj:o•tio o

•_- • .. .+ _+•- w .. ..._. . ... • +_ +E ,.. +• :.. -, .---.- "--w :• .... -•++-w -. + o--++7 -+B ...... .... + - .....



alre arc(. a2)L 1 m~;c oo, 7~i -

daG 1 C t 0 1. 1t lC 2. :tLo:I, ~ U.

.VOO

-,-a . c (f,. TTU~'GA~is Diphitheria 'To 30ý. T-e
-ures at- thi .3o"to,,; Incý*catc Date-.

rra1. t o DDeco,..ibcir rene'YeC& dail, injections of' 7.nCl 2 .
Cii 9Decer-bep: 2 9-,0 S. U.

Thais liorse had tiuls o:ri-jnallyr a steadyT ant-itoxin level
in~ u''.e serum of' 2,00 S. U. andý under the influence of manganese
c~ilo~ride injlect-ions it rose to 3775 S. U.

In the case of' ho--se 309 the rnan-ane~sc chloride injec-
tions could not pr~event the subsequent fall in the an't-ito.;:irn
potGency, but tk-his was possibly due to the interruptions of the
aian--anese treatment that th state of health of the animal made
nccessary.

R



lorsc L3 (Fi. I0- The antitoxin level before
thie imanganesc chloride injections waas 325 2. U. per cc.
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Prom 12 June to 15 July toxin only is injected without
manganese: drop of the serum to 325 S.U.

From 30 July to 16 August, after 400 cc toxin, daily
injections of NnM2. On 16 August, 450 8. U.

From 16 August to 20 September, injectiGns of toxin only.
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 Nn12. On 30 October, 225 8. U.

Prom 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 stimulating 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 trqtmet with
manganese chloride the antitoxin level.,was 30075. U. per cc.

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

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

From 12 August to 30 Aut, after 400 cc toxin, daily
treatment with manganese.. On30 Aust: 500 S. U.

Prom 17 September to * October, the same treatment.- On
* October: 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 only toxin,
and wt&ere the serum dropped to 200 8. U., it Is realized how
exceedingly favorable the effect of mangamese Injections is on
the rise of the antitoxin level.

18
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Fig. 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 600 cc toxin, manganese
chloride is injected daily. On 23 June, 400 S. U.

From 12 August 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
V•nCi 2 daily. On 4ý October, 525 S. U.

From 11 November to 18 November, same treatment.. On
18 N ovember, 550 S. U. The horse dies suddenly.

19
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Fig. 12. Horse Immunized Against Diphtheria, No 33k.
The Numbers at the Bottom Indicate Dates.

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

Horse No 34I7 (Fig. 13). - The antitoxin curve of this
horse that received a manganese treatment with interruptions
is similar to that of horse 348. It shows, as did the curve

20
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of 3 b, that after interruption of the injections of MnC1 2 ,
the subsequent effect of these injections decreases.. The first
period of injections increases the number of' units from 400 to
550, or 44,; the second period from 400 to 450, or 12.5j, and
the third from 350 to 375, or 75ý.

I : S

S/ f

i""l''' ',, ;

III

* S
1 S , S ,_

In S

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 COC12 treatment the serum of these horses contained
the following quantities of antitoxin:

Number 349 325 S. U. per cc356 275 " "

"I 357 300" " " "

From 4 October to 1 November, i.e., after 200 cc of
toxin, COC1 2 was injected daily, and at the bleeding of 1
November contained the following quantities of antitoxin:

Number 349 275 S. U. per cc
356 225 " " " "
"357 200 " " I "

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

From the previously made experiments (Fig. 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 (Fig. 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 daily dose was set at 10 g of MnC1 2 . This amount was

22

3 , 3 S S 0 0



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. From 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
NnCI 2 from 25 August to 25 September (it 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, Oral

Horse Before mnCl 2  A. After NnCl 2  B. After inCl2

300 300 U.E. 300 U. I.
3J9 200 U.E. 200 U.Z. 175 U. E.
3 0 300 U.E. 275 U. . 200 U. E.
3*5 250 U. E. 225 U. 1. 200 U. L.

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,
either 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 I,,e toin used fo: t1-e inr7ectlonc; the two curves are
perfectly parallel. Considering the lar'e number of an!-iLa1s
(300 to 400 horses) and the long period (19 years) that were
available for the computation of the precedin:: statistics,
it is no exaggeration to conclude that the more potent the
diphtheria toxin available, the more favorable the conditions
for the production of an active antidiphtheria serum.

oA. ITOI N

-.... AFTER Nlum2 TEAT.lIEr

I'

200S

77

Fig. 14. Statistics of Toxin and Antitoxin From 1903 to
1922.

•antitoxin, toxin ..... after MnC12 treatment.

The averagses of thae serum potency vary, of course,
considerably. The period 1915-1918 was especially bad. In
thiis period, however, the potency of the to~xin was also fairly
low•., and as the two curves over the 10 or 11 preceding', years
correspond exactly aith each other, it is quite justifiable
to ascribe this lower value of the serums to the toxin weak-
ness,

In !!a-! 1920 manganese treatment of a certain number of
antidiphtheria horses was started, the course of which has
been described in the preceding pages, the rest of the horses
receivin," toxin only.

24
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As seen in Fig. 19t- t:-e antitoxin cui+ve oJ t:ie horses
Lha- received no ;aanganese sho':ed a drop si:lila-r to that of

tlie toxin, wihereas ULie ai-titoi-:in curve o- tC .0 o_'ses treated
with !aanganese rises appreciably.

TABLE IV

Toxin Statistics (1903-1922)

VERAGE OF
YEARS INT OF 1 MEAN LEVAL DOSE

t903-04 ........ 194I. 0.0 :, 0,0i ),
190-t1- . . . . ... 2"28 O,0'1. 0O.O05
1905-04;.. 11...... .. . .. .14 0,04'; 0,01
t906-01. . t . ... .. 2(111103 0,111
19 '-ON .. ... ..2W.) 0,1103 0,01
t 909409 . Ik. . . . .. . 31|-1 41,(02" 1),11W4

1 .1-10 . . . . . . . 21:1 0,001r 0 .ol

1910 t I ... ........ 237 0,403 0,001
0911-12.. .... ........ ISV 0,003 OO1.
19t2-13 ... ...... Vi: I,,o6" 0, k2
1913-1 . . .. ... lit 0.0o, o',ooA

191 #-135 ... .. ...... 160 0010., 0,1Io.

195-1t ........ .t. . .... .. 1 0. 110:, 0.0;
191fll .- ... ........ 8. O.11115 0,02
191145 X........ ..... 132 0,004 OOri

1918-19 .... ........ 2o:; 0,103 0,02
1910-20 .... ........ 310 0.0O11t 0,01

19- -1 . . . ... . 266 ll,002 0,01
021)-22 . . . . .. ',,Oo t .0

(,) TNE FilKE IRING TUE NOW OF TOKII OMI PER Cc IS TUE
REMI PUSL OF TRE HUEAt LET AL ONE.

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 21r) the anti-
toxin potency of the serums previously produced.

In 1921-1922 the institute had only horses treated
with manganese; if there had been animals undergoing the regu-
lar regime without manganese, the level of their 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.

25
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TABLE V

Antitoxin Statistics (1903-1922)

I4R OF RASE OF II1rMW ANl tINVIIr
NORIE .MNe PERu ar OF ltI I LW+N

Olf" 2811lnl •1 1 KUl

VJO4W U ; a 4, 349 :I.r
t , I~o, a N4 37, 1:,0

'-U,,, aU I, 3$S •,60 153

1110-1 , 21 11 U0 ,I
19t2-13 Uf ,, o:, so

1 % 5', 1. 4

V11-1.IX 1 :; 153 204" - %

t M, 1 2,- 17"; 3"5 1 .0
02It4 241 Vl too iN $:4 I

1920-21 t 31 N
P1N-21) 1 WIH NInfl'... $33 U92 It,

! '2• " 22 V..' 266

FM JOE M3OS TO JMNE 10T4.

4. The Fate of Manganese Chloride in the Organism

It is knovm that heavy metal compounds (Pb, Cu, Hg, Bi,
Fe, Mn) are largely eliminated by the muicous membranes of the
stomach and the intestines, and a smalle:- quantity is retained
in various organs (mainly in the liver, ,-he spleen ar.d the
kidney). It is interesting to know how long this elimination
takes in order to make a comparison between the latter and
antitoxin production.

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

Finally we determined the co.,centration of manganese
in a number of organs from normal and immunized horses.

26
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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
studied these analyses, and later C. K. Reiman and A. Minot
[19, 20].

This is our method: Blood and fat are carefully re-
moved from the organs, they are wiped with a cloth and out
in thin slices that are weighed and then dried at 50-60* C,
and subsequently weighed 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 Ljeldahl
flask of 300 cc and wetted with 20-25 cc concentrated sulful-.
ric acid, briefly heated to eliminate a 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 is 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 liquid 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 Past Does Injected Manganese Disappear
From the Blood?

Experiment with horse 338. - The horse weighed 500
kg. At 7 a.m. 10 cc of a 10% 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 in 0.02 mg Mn per liter of .

horse blood, and consequently there should,;be 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 in 0.002 to 0.004 mg Rn.
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TABLE VI

Disappearance of Manganese From Circulation
(Horse)

TI WEFTN We OF Ho IN TW MAFTI IO M
IIJEOTII ON s o a LOOD IN&CT IO 100 s LOOM

1 .. . ,11,13 (CAUKIL ) '-0 OM .. ,,
OW. -

2 . .1' . .4 .. 03t

E - , . . !I ,N t ..

Experiments with the goat. - The ani. 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 MnC1 2 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)

TIW WTEII ATs OF Io IN TIME AFTER Of IN
III11= Io W to KM Is ION 100 s Rs

"".. ... . ." (c•,C .) 2 0Oft o.,,
MINTE -- ,, • t0

.- II.I

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.)

W "F I aINIIITO
TIME

3; .. . . . . .. .u. .' 6,e
- ., ..... ~cm

0.. 0.14

lot - . . . ., .Iw u.:1i.-, -- . . . . . .l:; IU. "

•-, -- • . . . . . * 9:| ,I

• 1.11 -- &.. . .!I|. IN ,m. ;

I1-12 . . . . •i•.

The MnC1 2 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.

3. . .... . ... . . U

.I'IT
S, 04 T

-- - - - --- -- --

Fig. 15. Disappearance of Manganese from Circulation.
The Figures at the Bottom Indicate Hours.

29

S:-, U'- -- -•7 :-..--t-v--.-•- l--- r-



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 mall extent through
the kidney.

It ia also seen that the urine and fecab of the goat
normally contain considerable amounts of manganese, the amount
ef manganese found in the urine 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
Izmumnized Horses

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

The two Cirst horses of the table are-nominl animals,
i.e., they were not imminized. The two next horses No 380
and 393 are, in that order, diphtheria and meningococcl im-
munized; they did not receive manganese.

The eight 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
a mount 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 immunization, except for the liver. The amount of

anganese 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 pnimals shows Immediately an increase in
the manganese content of all organs (except the liver), and
the manganese content increases with the amount of metal- the
animal was given.
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The faculty for retaining manganese seems to vary
widely with the organs. In the horses that received 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 is 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 is seen (Table X) that for the liver there exists a
ceftain relationship between the r ianganese retertion and the
antitoxin productivity of the animal, in other words, the
good antitoxin producers show an increase in the manganese
content of the liver.

TABLE X

MEN OF NOW nO01SE S iW. Uo PM cc

1:5• .. . . . . . l.'0,4 Mill)

.I,,"~~ME ... I~ Id ~t•

::•. .. ..... ~ I. o,•1P A::ill .. . . .. O. NABIT

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. IPIRI I-3U ON ANIMALS INUIZD AGAINST
B. COLI

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. Coll agglutinin, and we
have consequently selected the latter for the following ex-
periments. Goats 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 anlmals, and in addi-
tion it is necessary to find the suitable moment for proceed-
Ing with the metal salt injections.

The same strain of a B. Coli (named nge) derived from
a 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 If 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, m.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 results of these tests are shown in Table XI be-
low; the metal salts are arranged in the order of decreasing
effectiveness.

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

It is obvious that for daily injection over a long
period the salts may be used only in amounts that do not
cause noticeable poisoning.

33
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0.001 cc of a normal solution per kilogram rabbit orgoat 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. A~glu-4tinin formation was stimulated by injecting subcutaneously in
each goat 10 cc of a 2n hour old B. coln culture (in broth)
heated before injection to 800 for 5 minutes, and by inject
in each rabbit intravenously 0.1 cc of a live B. coli culture
(in 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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Fig,. 16. Rabbit Immunized Against B. Coli. The Arrows
Indicate I,1nCl 2 Injections. The Figures in tIe Ordinate
Indicate Agglutinin Thits per cc. Th• Figures at the
Bottom Indicate Dates.

The first metal salt injection was given on the l4th

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 an the six
following days injections were repeated daily. The lack of
an injection on the seventh day caused always a drop (more or
less pronounced) in the agglutinin content (Fig. 16).

The effect of a metal salt is 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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TABLE XII

New
SLT w1IN -

I T' . ,",0 . 22 Jr I . s3l. .2

I Iv. Ma u I .. 1,, l. I II.662,6 1.171 I.11-

MuIf It. U. 5 -,• 49130-;,N

OUT M~* 40 43 66.7 S 60955,X

Uha:l' . ON5 I 3,Ul 3,21 T 2I i 13041 7,,.3 ;--4 56,7

"TOn'I 34;I *,18 6333 711 1 628 ix.39,

Pt. ' US IT 2 ,011 3,05 t.j:I:j !PA 1 2-41 -240 .3 s-N 124 W

UN IT I. 2.10 2,,41 :3:13 14:l 1. 24; 3;I.4I

GOT jfi ri 12:; 3o. :1a7 *:!.,fi
.u.'.. 36IT 1 2,15 :,N••.3 .4.3 t.3 S10,2 351 :131

WT 6.0 60 A'l 271 1.042 2114.1

I)II' ff I . ' s , 16 1## i.e - :1440 292 16$

""I. Ig 2,1 7 256 leO i, I 211.6

MT A. 435 Ib 1.916 11s.5

WIT I -,2 2,7 t " lp) t.:2! : !14,5 2511,
#pf 11. 2":4 2,4-, 625 256 o'113

%MIT II :. -;,t t •l 4-4 .; ;1:3 V ,2 o. I

2U1T !.2 0.0. 1*:, 24

S ... , .... e l...--• .. ... -, -•' - L-t -......- - " -.... .. 4 ... .. - .. .. ......

WUT 34.1. :14. :s. j I : ..s*-.
I" 5 ff 1 2, 12 , 14A -*,#.. ::5 - ±*A !9,7- P 1 i4 1.o

553ff I I~ ,:22 5'** .1 U
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mnoEi- MwIT 1 !,9 3,4 313 1 e. r4id taro,1I 16" 142

UNIT It !,5 2,%x too 66,I- 121, 1141,l

NMum' I ;t! 2:3.1O 37-~ 1.16- J1:
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TABLE XII (Continued]

SALT -T
lIIme h

- . -

4 r1' SluT $ 33k m 270 6.2,1 -.2
a• ti 20 i l ol f3 IIoi$lW
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490T 3 2t r. I,1 ?10 ,90
Ru f IA IT 2" 0 1,4 "it U111 214 :i1!,:; fix
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The values indicating 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
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'TUE ALKALI IiELTALI
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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 alkali metals.- Their effect seems to be extremely4
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 effectihmness of these Mt3als relative to agglutinin
production is 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 (OdC1 2 ) 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 cc of a normal NrC12 solution
diluted 100.,000 times, per kg, during the indicated periods,
the second I 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 hundredth normal solution (this last
quantity is ten times the amount used in the main experiment
described above), without any untoward effect or the goat.

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

TABLE XIV

Goat No Nn(l 2 per kg Rise, % -. 24&

1........ 1 cc of a normal solution di- 71 0
luted 100,000 times

l0,09"times 35 11
... 1,000 times 1 7

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 it seems that the-injection of the solu-
tion diluted 10,000 times is ineffective, whereas the same
solution diluted 1,000 times in 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 maximum after
about one hour. These experiments were done on a horse Im-
munized against diphtheria, but it was interesting to find
out Ite 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 Immwnized against diphtheria: the increase in ag-
glutinin follows immediately upon the injection. The maxi-
mu in this case is 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,,300 times per
kg.

Siumary

The results of the experiments in this report can be
ammarized as follows:

1. Intravenous injection of manganese chloride (NnCl 2 )
as well as of cobalt chloride (COC1 2 ) during immunization in-
creases considerably the antitoxin level of goats imunized
against diphtheria toxin.

Manganese chloride seems to have a stronger effect
than cobalt chloride.
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2 4 6 ,0 to so

Fig ... Goat Immouni z-ed Against B. Colt. One Single
lMnC12 Injection. The Figures in the Ordinate Indicate
the Agglutinin Units pei, cc. The Numbers at the Bottom
Indicate Hours.

-- .... 2.Intravenous 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 inmdediately
upon the metal salt injection, but it reaches its peak only
after approximately one hour. There is thus a fundamental .
difference between the effect of a toxir injection and that
of a metal salt injection, the former being frequently as- •
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. lianganese 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 iimunize the animals.

7. 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 immunization. ýImmunized horses that receive manganese
show a very clear/Ancrease in manganese In the organs, and
this increase is'proportional to the amount of metal injected.
There is a cloW 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. coli 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 injected 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 of immunity.
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Ir definitive studies prove that the occurrence and
production of antibodies in general are gr•eatly 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. Dernby studied
the possible influence of metal salt injections on passive
Iinmunity. They injected in rabbits (subcutaneously) a £air-ly
large quantity of agglutinin for B. coli, and followed by
means of serum titrations the resorption and disappearance
of this agglutinin.

During the entire course of the experiments half of
the rabbits were subjected to manganese Injections, the
other'kfalf served as comparisons; no difference was observed
betweb the two groups of animalsi the injection of metal
salts have therefore no effect on the passive iimunity. This
result 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.
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