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T.I& IP2TANIC; Wl ZFALLI Q.,SPI A3OZR ~l4~O

/ Jo::in!! iz; tllr trnnalation oi - 'r.ce y

L. ~. ~lDWr~n~i S. ie~it in tile:cn-a-

;,c:erch), Vol 43, 1925, Wi-'-ez V-457

t h. concent1ratiob ol" -tibocies in ar, rative,'r imnnIRu-

i ~c2 .i-eb ~mar of v:,riouxs chemicr.). t i Or

v : ocii aie atrrs-en (1) arought r :)out. -m incrrs in, i -oh-

..:.N .uiii in tlhp oae of 'i-bhtieriax-i ;jodh:e

iLjection o± lil6a'.rpin. ltoiix andr Vf..ill-1.rd (2),

.;n s ca jmd :ad;cn (3), :; ieduer,-,r twi ZDIor,-,cr (4),

I-(),Aveiffer (6), 2eymnr~nr (7), anA o-,hers z~owed

tz .c ro olooeilctting~ or several mall ones oe p! tirn-
~ ri~io~:~&formrtibn. 7imilrtr shiftin~ in ntiboy ~ro

* -mr~xn iOe effected ay- thp injection of Yyrodir"idly ro-I

IP l). Tiooently ':a,,.bur (13) nnd \,%,lbwm m.nd 14roh (14),

-;vo n~d~otal nalts -.nore olocely with reforonce to their-

*~ ..c for anzilody forviation nhd their inf lucnoo on thio

.L Irpv(. '%,und that there are several *one., theme -ub.-tttroes

0 -- 1-' ~*~. * IV



p -,~'* ev- .- .C 'X' .-.- - c - . l C :1o

c r:h e~. tc. - on~ 1ta 4 he bv. i s ~f v r. .

1, ioo a cont.aoaons3 ciorts --s e3olv; I. 1'QnA0r:

;~Or~ 0 into' the -qt e~tiori 0 the~ c.1rr-'1c-tc.r 0.o' c~-

h, h -~o ma ir iA'hC "n~ :Urin- tile f ortio Ow.1 0.4 otr

irM -1 .2.-

or ~esontt~~~ ro15 hor' n in thle pacte a1 It ~2 "tvi

C--h U

4j~C iitm, oncern ir-the n ture± h~, oar !in we~ei

~Cnoe oi' certaiin netralJi m.'1t I~ dxr c efQG

onti -. c±~v i..,(%nS (-Otr .yzea -curzea)g Y n M'!.xy

t.tortr±flm'MMIAO salts -VIv-ht 'oex'1ws als39o of iror r f i

:' te 'ttZ)Xi1 ''070rini. ~ioe aIn the iPniml2 or Imr~~

jj i di a~ p~ rovea. to be corroot n-trtth ~~ ~n ri~pn of,

-ho~ rta of anita in the ormRnism ooule6 n c fr&-f

Qmuaea of the -i"ten "'onsiderable inxtivieuwi1 Iflorenea1 lit

at itoin f tar. Uon nbiit %~te 'Iz~s. I t ~ou1 . . t6 be-

nuplmaed thcit every anijal -th It in t tl n~b1* t.) ro:nt 1. a

t~xrn irdooti=m ay the f'ormation~ m' An AtitoxinIlocl 1

C ~ ~ e*Jw'y s.~yes ,jyeo~jo? for ouch a refttioln rhich it o o



~* ':An tiJo he ty pe a~nd ramount of trio iwresent ntntll1-c

'di:: ~'t~y~rr? nro or less determ~ine the qu.nt t.Lve

wo*- o hese proceiceez.

* ~iitof o the etallic salt oonccrned to lhe czpn~

,.*...jc:*X-- imm~unized woul:, in 1;any irist.,%ncen, inciete the

vc -:eititox,;n-±oriation proces. thnt 'a, voule. !r~ve'

. ;r e se~d ini an increa~se in tho a~ntitoxin concentration

I'ico cxperirnento f'irst widertaIren referred t0,o th' rPction
0 ~ :;~~~flgochloride, rib1i-el chloride, cobalt ohlori4,' n

:.~h1oride on the f ornation o1L the di .htheria u tito in in

- 4' vely immiunized h~orses avcl on tLe 4oir '"ltnn ~'rtion

0i -onto. 7he in2.jcctions wcre uwlovt ken intra~ven our ],Y: rnd

it .' :iov'nthn.t oJ.2 tho tested rnlts resul-ted in f i.'Lcre~.se

In r1tiborly troductionglfhour~h in n~ dii'ferin,l epree..

:orses imaunizod ar:cdnst ellphtheriam nhich chowod, nv te-ndy

ruk'crw in 12ie atrength of the Intitoxiz cou2.d, in SOV6,ra1 o~net,

ythc injiection o± mnrinese chloride, e 3obrou'vrht to .,n rnnti-

(oi ca.-iontration which was greater than that --ioh h~ been

ach.y oieved icy the usual imunisation with toiit ;.one.

"w~*tton's 4*rum Tntitute, injections oV,,r~tCCTird

ny eI ntroduced into imiswtion uholo.,7 I n the -.ro-

cmto: of diihtheria aztitozin and other verwo.
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ft vI~i, nd Laoroh (14)_ who continued an u mnerzvi~z ivn i

vj r 40:,cor ox-irnnts 3howeti, r Von!- otbor 11inirm, tlrnt it j:3

o~~&.cin this, way als~o in tIhe case or~6pt'ei&-; uLe

-o -, h the~ antitoxin concntration of the blood-nrdr

i'~. ' her than is urnual.y pozsible by toxin treatr'.ent vlo
~ f~.t :h~hcr.n olamr a certa-In -rctia rcet 1

i~:u~Av~to o hui-j.n beings it is often desirable & bct

-oit diphtheria rnntitoxin;.howover, u.) to nows, it r.zimrIv

bc: on i;noncible 'by the u~ua~l immuuntzotion to brin. r the ' rXt to -ia

ntc. blood Of a &,oat hit,-her th~n toaou6-0 izinunizil~r

in mito wt~ cubic centimeter, an ar'itoxin strength which i~ sorotty'

Io OC or practical use. We. succeeded in our eoerimlerltsin nra-

Azain,,! a ear= with ntar4s.6 chloride that oontained,165

* ~ m iuvizinr units ioer cki.bio cntimeter.

:,he injooted, ananenec chloride fliuapper'irs very~r-'i.3y

*rom~ the blood circulation maid alwoit the entire nrnon of

rnr,,nOcc given off fra'i the experimntal antme1 tn'rejored

thlpil.h the iites-tiirn mocus memnbrane. Yot a ae~1l virt Is ro-

4nr[ncd in vnriois orgnno. Iowever the ability of thtwseto C't ore

~~nrieediffera greatly. Usually the rftipnzesi oontOnt of'

L'I orm~ns increases gradually with the amount ini1eted-, How-
cvr in this connection, the liver forms an exception'

It s~ems thnt the ability oft 'its orrmn to zrotrin mrn-

-rncio htuda in n certain relatioship to the m'ntitorin 'i'ro-

uct ton oancity of the animnl a* thmt xo r'tntitoxint ;,ojj.

cru hn~va mn increased zrin-,Anece -ionteat in the liver Mail le :.hr'

M T 7 11 0 OR
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;iqtin thp liver. of Do~or antitoxin lorocducers is o~noi lerribly

yruocd ''his .'n~ depot in the liver 6.f the "nIAm- is ~r

>~;,: ~inLiO~nd io~z antitoxin formation (cat'alyzers').

T;o comrp.re the a.ction of difrn calcs~.e x-

~n:1.ivo experiments were undertnaken with loJli-inmnunized ?~~-T

(:~~nr rabbits). Ta this connection it w!,s sho%*,q ItWli the

-'.,...Lon of various metallic saxlts aiiffers exceedinrly.' In rtree-

.i;nt octween the action o.& the metals and their place in the

ti,iodio ",yatem1 does not. seem to exist. On the ote if

one r.cranrea them according~ to the somewluxt older vinrwoints.

)iio will find that within prouva so iet up there io, it not.

iiVo an express agreeont between the atomio nirnber .-Ild the

r%'!tion in this way that the action within iftdivillunl. .-4ouys

(:,11cine meta~ls? anid the coalcium -Toup) inoreces. a the atom.

ic number increases while within other aroups the opposite

reirtion prevails (mgnesium roupt silver pxop, iron 7in

,izd perhape the platinum rroup).

Tt wan iound out in addition that~ beryllium chloride in

tjhe .Oat acti've of all the salts inaluded In the experiment.

Sizoe it is obvious that these relatioris'9n add~tiori

to the purely practioal interest, can claimR ro small iaterent

from the otandvoins of the ismity theory, there In an Intrn..

tio! of testinm~ sdially the Importance of the metal st'2 ts

for other procsses in the orrpnism whioh havre reater or

:.iah.jtrc Gireo Qocneofts with the cocieno of itnunity ruui4

in the first pVaoe, to asoertAin whetber the 1eou~IVI #iCven14-

777 17,- 777---
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onc f the action on 'the atomic nlrmbers of the sulia'noes is.

. . . .... ..th r.en.eral application within this area.

Y.-huc W/album (15) bas. tested. the action of various -etalhio
zsaltr on tkie bactericide substances of the blood and found that

tJ& c,.-orea of activity of these is also influenced in several

iistvinccs and in no small degree by the metallic salts just so

n certain agreement is found here too between the atom~.c: n'amber

* ~ ~ i 410 lo tion.

In the preent wo k we have examined the importa'nce of

•i otalic salts for abo optor formation.

The technology applied was as follows:

oefibrinatod sheep blood.L1Tamoelblu was centrifuged by

* rh~ikinS tand the blood corpuscles separated off by oentrifuhng

wero waushed three times -boy means if a sodiuma chloride solution.

C',e r.ert of -these washed blood ipusoles was dissolved in .t-

*parto of sterile distilled water and 3 cubic centimettra of

* tio solution(au 1 cubic centimeter of blood corpuscles) were

injected intravenously into the experimental aniiul(rabbit).

Before, the injection a blood sampl was taken to see whether

* norihally occurringf anboceptors were present in this, which was

in no onoe true in the animals used.

. The injection of the blood corpuscle solution usually,

n t :*.y rate atpparently, pioducd n symptoms of poisoning in thc

rbbitn. Frm the 5th day after the injection blood enmples

z.'re '!ton daile and on the 161h ,aY aftr the ioection on

0c hio the ninboeptor curve would surooedl3 y be dncendi '.o' -

IYo one ubic cntimeter'of a 0.001 molar soution ) of the rt.i13i0
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:::it in -ueotion (in a physiologioal sodium chloride solution)

•r~ . injected intravenously pcr kilogram of the rabbit. Accord-

4n.: -.o --he expcriments of 'album and '4"roh this ir the lr.rpent
nut of the most powerfully toxic metal salt(ca&-J,=). 1,hioh

onc :;an injvct intravenously in a rabbit without producing

vI::iblo symptoms of poisoning.

.,lood samples were tAken V, minutes, 3". minutes', 1. 2,

,, 5, 7, r.nd 24 hours cfter the metallic sr.lt injeotion. The

::crroment of the amboocptor concentration of these em

-.-- pleo was carried out as follows:

i-% firet a proliminur eyperiment was conducted. The

scrum was diluted 1 : 250 and from this dilution doaes

1.O-0.3-0.l-0.06-0.03-0.0 were used, tomether with a re-

liably solvent complement dosave (twice the mount of the '

n--e found solvent by the experiment) end 0.25 cubic centimeter

of a 5-oc.rent deposit L ufsohwiun 7 ;f sheep blooi corpuscles

in n tot.l volume of 1.25 cubio centiaeter*. After careful th'*-'

in,-, the -,lasses were placed for one hour in a 37-dee"ree atvr

:th, then shken &Min, and stored until the next day In an

;:c collar L'iskellee at a tenperature of about 2 degrees.

* rea ine, of the experiment was taken in this way: Jy Mens

of a rlncs witi - 30.-eroent hemolysis a oemparison of all the

ceriot . so conducted that the amount was determined which

produced ouch Ar hesolysis for each serum sample. The reotpro-,al

0 vnluo of thic *nment showed the mnmbor of ambooeptor units rer
cubic centimeter of undiluted cer=.. The main e rIwer nt wa of
owrao cou,'cted "4th ftr smill'? r.us in the



tionre a than In tChe indicated trelimzniary exper'iment,.

Tghe action of the individual iretallio 00%)t irajeotion

-n-a 4etorp'±ned by the he~.ght to which it could drive the Pr!--o-

c ptor concentration of the serum and in relation to the -- x

i'wrn =unoooet6r concentration achieved in advance throup.h the

r"tie alone. The indicated percent increase is to be. tudr-ed

tn rriation to the first acme of the curve while thissis nut

nt 100. In thin way individual Cifferenoes ol the -,&ndivje,%.%j

ex'ncrinontal animaals rewprding wrtibody fcrmation -,xe elirtirqttd..

incofar no this is at all possible -- and the results 'ittained

arnm, tbhua directl- comparable "4th oe another'.

Let it be noted here that only those rabbits were used

for the experimenti which showed a vigorous si'booeptor formtion

ra1Lor the olot Inj~ection ninos It turned out that aniymls "!hioh

.:wda nlurish mrbaoeptoz V1rw'.tim n 3so rw.,*ted ireui)y to

I le retaClli@ saIt 1.njootion. Among the ra~bbits rhone rrnboaontor

iirnton me -,ood, %ther* were, hovevorg some (aboutt 10-15 tr-

i.cnt *oC the rimals used) that did not react rut all to -the fol-

lo' In. -ota)llio "alt injeation, These snimals we hakve of ons

.n the included Table 1 all the results of these cx'ei-

, ntat ,x* cited while the metals ane frrngsd sooordin= to their

**ion. Three rabbits wons ysed for ech~ m~etal* -f o~vise not

.U1 of the test results ane cited out only the few which are

or Imoertnos In this coaqmion. ?a the 2ast coluin of the
V.010 the averaM~ pereent Inoremse oooaoioned orth ret,0li@



In, .a. ti onictd

: e~cd i3.v 3ome experimentsa of '*.'lbun(.). accart'i.C -to

..6ich vcr-y corll ruwount3. of various =etallic salts often exert

* i::;hrinr action on the f oniti on of 'bacterial. togeirm in theI
eulturec. delenn h'"dy and .Albin (1?) undertook ,, scris -)f

%x.cri.nent2 onl % d action of netallic suits or. the --mrz-eo f

v'trlous heoloytic processec among others niso on the dompl)e-

.:C~lt-*= bo0e'3t or-hemolysis (cheep blood),, -±noe it vmr. vrovc4,

11i thin connection, %bat rmn of these vnlts, in r~inuto % aintnt

c;,rtcd a~ fu'rtherine or checking action mn the hemolysis, one

-ould fear ilhat the amounts of mtillio salts which were trons-

O mittoc to the hemolytio system with the rabbit serma vere so

1 * r,-. tthat they Interfered with the reaction. 'y aimole r.l..-

*-uhntion, iiowiver, one sees easily tOut the owuto which

C:'f be trnitted in tugs manner Cze so MaLl %Mat they

lie fir below Use oorder of activity for the varicus ,etal~io



Table I
Amboce-tor Units Per Ou Cm

1?irst Before Injection Sec ond Increase Average
a1 t Acme of Salt Acme in % Increaise

Y:nC1 2  1920 833 1470 33 28
1470 1000 .1470 .32
1430- 714 1000 - 20

I'b-1? 2500 1250 1920 27 24
3850 3000 4050 27
1000 455 630 17.5

10"~12 1670 556 10032
1460 1000 "14 30 29
1250 833 1110 22.2

112 385 192 217 6.5 20
250 135 217 32.5
217 1ill 156 20

ika(12 2780 1920 .2780 3620
455 313 357 10.

1000 500 714 21

1:97,12 417 167' 313 35 18
1250 625- 769 -11.5

200 110 125 7.51

Sr"l2  3130 1470 2170 22 1
625 250 313 10
3850 2500 1130 '1.5

J12  2500 1670 2220 22 15
2500 1330 1670 14
3650 2860 3210 9

A O1 V50S .3130 3850 18 14
2500 1000 1370 15
833 435 500 7.6

d~l 2 556 278 345 12 13
278 147 192 16
1000 385 500 11.5

:r"J13 5(00 278 400 24 13
1920 1470 1670 10
3130 1470 1670 6

~~."1 1000 833907. 1.
3850 1220 2000 1,

313 125. . 147 7

-------- 10--

S -2



Table I
Amboceptor Units Per Cu C&

First Before Injection Second Increase Average
:;alt Acme of Salt Acme in 59 Increase

ZnC 2  1250 1090 1250 13 11
909 556 625 8
625 426 500 12

O 14 1250 1250 1470 17 9909 125 155 3
1670 714 .833 7

,,o"12  556 250 .313 11 7
8.33 .35 435 6
833 313 350 4.5

LiC12 1470 -... 625 700 .. 5 , 7
1470 1670 8

1920 833 1000 8.6:

" Ye;13 2780 1670 1920 9 7
5560 3130 3450 5.75
1110 630 709 7

liAu"'14 00 111 7100401590 7
813 500 556 6.7

tO16 125; 0 500 556 4.5 4
in50 14 769 4.4
833 435" 455 2.4

Ai0 3  250 192 192 0 0
2500 1920 1920" 0
1000 500 500 0

j
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In Table II the retals -.re arranged oy ...--rcups n'ccordin,-.

to their chemical -roperties and within the indiviual .-rou-0

• ccoraing to their atomic numbers. In the third, fourth, and

-ifth columns respectively there is cited the ruction of the

-lto on a,ooceptor formation, tvr-lutinin formation and on

the br.ctericide substances occurring in plasma. Tt -my be

Concluded.fr-., this that 4'or ambn.eptor for~mntinn too a

certain relationship oxists between the stimulating nction

of metals and their atomi. numbers.

Table II
Atomic Humber Aboceptor Arglutinin Baterioike .;ubetocs

Be 9.1 . 27 1147 63.0
U. 24-3 18 565 4.?
.u 63.6 12 134 1.7
Zn 65.4 11 188 1.3
i d 112.4 13 44 1.2

(Hr,) 200.6 20 181

,al ci m oariun) Groui
Ca 40.1 15 27 0.44
Zr 87.6 16 43 0.16

117.4 20" 233 0
i-b 207.2 24 .402 0

Silver Grou,
U63.6 12 334 1.7

r 107.9 14 95. 1.3
Au •197.2 7 30 0.83

Go 59.0 7 20 '5.6
,A 58.7 7 30 0.71
,n 54.9 28 142 0.44
Fe 55.8 7 0 r0.13

52.0 13 48 0.67

oc 190.1 9  268  0.59
*'t 195.2 4 .6 0.87

Al 27.1 0 6. 0

0'
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In~~~~~~ the m'teimgou h cin rm'rli

to~ zin whrepo itrssa~i ocdmu n ucslC

In te caciu~gro~p te a2tio' dereaetedl sth
atomic ~ ~ ~ ~ k~ nube rie hl h eaiuro h ivrgopi

ap~~rtrently th evre

InJthne ta~ion group ther ain pray o beryallium

tompison bhereupon i et he rieivoants coaldquickilver.

Iia~ n the-i caleims as the anineeaseso occuris *.a the

-.tomic number driases@ie. ebhaiu ftesivrg pi

If one investigates within different exoups the action

Q of the individual metallic salts on the omboceptor formation,.

lt.jlutinin formation, and the bactericide substances of the

Olood, then one will obtain the following results.

In the .*.Jgaeium group the action of the metallic salts

on nglutinin formation and on the bactericide subotanoes do-.

creases as the atomic number rises and conditions re~arding mbo.

ceptor formation are apparently partially (or perhaps competely)

of the same type. 'the umbers for copper, mine, and cadmium

(1:?1, 11, and 13) lie so close to one another that any difference

certainly lies within an experiinental error.

A uniformity likewise exists in the silver group in

*that the action here too decreases as the atomic number rises,

ithin the calcium group conditions are the same In

the , once of ambooceptor and alutinin 'formation In thatth o

tion increases as the atomio number Inoreasts while the bactori-

'jidje oubotances behave iz4 an opposite'=Maer.



fw

An agreement exists also in the iron group between f,,bo-

ceptor -nd r-,Frutinin f orination. H!ere,. nowevet, the action in-

creases as the atomi.c number. decreases' and here too the bac-

tericide substances behave in. just the oppooite-way.

In regard to the two trivalents, iron and chromium,

the action of chromium is greatest in all investigated cases.

In reg~ard to the platinum iretals' osmium acts with more
'Pot~erfuil stimulation than platinum on the formati.on of ambocep-

tore and agrlutinins while action, in the case of the uacteri-

cide substances, apparntly iD'ooseds inithe opposite direction.

Any attempt wishing to explain these phenomena the oret-

,,.cr~j1y nlow seems to us to be premature.

As is shown by Walbum and If~rch(14), the concentration

of the injtected -. itanio salt plays an extraordinarily important'

piart in it. degree of action, sine there seems'to be a best aon-

centration and the action of both greater and lesser conc'entration

sees to decrease.

Tho greatest effect on 4rglatifin fo;'intIon was attained

cy means of a 0.001 zolar solution.

Wei have tested this relation in roaard to anooeiitor forma..
* tion .qInjecting *elI~U= chloride solutions in the Indicated

concentrations Into a series of rabbits whose aboceptor ourve

was falling steeply. Blood smplIng took place before the In-

jection and 10 ttinutes, 2 hoqs ad 7 hops after the Injection.

0 n tablo 11Z the result of the epraient ts oited In subhaWay
th*%t the nuoibers indisate Uhe aub of ambeeplor unite par

one cubic orntiueter of seruM. noe papio presentAtiogi 10 fO~uDA
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Table III
AMboceptor Uni±ts Per Ou Cm

J12 10 '4inutos 2 mm ~7 h0=
::olr Before After After After

1.0 100 100 33 100 After 15 bra0.1 100 77 59 100 'After -18 bra
10.01 100 100 120. 75
0.001 100 10133 110. ...
0.0003 100 113 85 85
0.0001 100 100 87 87

UA ftuif

1b



1% ... .

eLrom thic it may be concluded that* while 1.0 and 0.1

:-olar colutiono cause a sharp drop in the ambooeptor concentra-

* i on of the blood, the 0.01,0.001, and 0.0003 molar colutions

cause riesi while the greater dilution, a 0.0001 molar solution,

results most quickly in a slight drop.

Just as for agglutinin formation, the greatest effect seems

to be produced here by an approximately 0.001 molar so4t ion.

Summ -
* - artio.e in wl.h the influence of various .etualli

nalto on the saboceptor formation of the rabbit is examinedj

is a link in . ..m-**3f onmd reseaehlon the action

of metallio salts on the :munologioal and other processes in

tUe anml orgen:no. ust in w,- f- ----- L-.u,.-,-
TT As CO 'piv4?r) ti TIfAT

Mw utf-4&-. . ..... 'mu within the lndivliual gro'.rs a oer-

tain a enent Uon, the eato nmbers o the etal anA. tjheir
aetio. t, 1'.

* I .--'.
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