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heve siniod aetal salts wmore closely with reference to their- '

s DPORTANCE OF MIPALLIC SALT wmzmgwmmuuasnmmﬂnm

£ oilosin:t is the translation of en ~ruicle Ly
1. E. unlow: ong S. Schmidt in the ‘ermaa-lan-
wnse periodieal Im-unitnetsiorschung(Tmavnity

ll(‘ -.ACh)’ “ol 431 1 ?5’ ‘}\ﬁ-xres 3')-4_’17

Jugulns nas ocen achicved, as is well Ynown, in influ—

fueing thc coneen 1r1t10n of airtibodies in nn rcvivelJ imnu—
sised groanias oy :e;nn of vrrions chemicol act;ons,
Andacenacn and - adsen (1) orought rsut an ineresse in &i nh;i
toescie catitoexin in the case o' ﬂlﬂhtuer11-1 runized harses
ss ot injection of Iildearpin. Roux and Vaillard (2),

Al onoen and fadsen (3), fbiedaer~* and Dorner (4),{

envarcer (%), Tfeiffer (6), Reymonn (7), and others showed

vant one lerse vloodletting or several small ones oen tiﬂu->'f:::““””

ety entlitoxin fbrmntibﬁ. 1imilnr shiftin& in'antibody oro- ,"
wvetion can we effected ov “the inaeetion of }vrodin snd zvro-
~n1lol{: ~dcen and Tallquist,8), Hetol (“ueller 9), fethylene

siug (Fuorn%,lo), Sar.arsan (Walker,11), and thorium(Héktaen

Wi oerwer, 12). Tecently “elbun (13) end ¥albwa end L'greh (14), .

forortinee Tor envibofy formation and their influcnce on thin
ko weve dound that there are several nmong these subatrrocs
. - . t
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tuLO?oviO: bonﬁidcr tions, *cvort- s follovs on thc;ﬁhttcr:
atorely into the question of the ehormeter 0. il nracesIen

~ which ~o ow*in the &fﬁﬂniﬁﬁ furing the Iu..“tiOﬂ of vuitoxin
vguut o*,ﬁi.' o t"oe thc n*oce sea noy oe(n\wizcti
.nlioa 1rhrﬁ ol"ctiw* ro*rr&r enents, ete. ), one

aosume*tast’tra ‘o :ationﬂ of on’ cuzvﬁﬂrio ;nturegﬁlﬁﬁ

vess:Qutﬂt&uﬁir" roléfnere ss in the cave ot = i
i o ] I IR

A 41%‘-4'~\"5-
) waY 5& rredent -9

o ertnzn on.ztionJ, woll kno:

5»hﬁt th en.,.;w ~'nay ac nble to 1anlav tnoir xull "éﬁ viiy
Y v

‘vcr; "lihht.v wmon~ oiﬁc fhing@. onr has ob,crved;

'~“on¢tivos r ucciaive ihfiutnco (cnt lvzers, u:':-wcnzv";eai an m~ny

15rze motione (sevcral ovaﬂaes), whioh ;cuﬁﬂ ne 0. swsneat

c

hwt eert&in met*llic salts 240t 3erhaﬁs ulag na'ofainrortﬂnoc

‘nr ,ae "vtito in- ormin ordsesces in the nnimﬁl or wnismi;pr‘~a-

1zhose sorts of snlts in the orraninm ‘oould nerhnna o dno of the
;cﬁuéen of the siten ‘onaiderablc 1ndivinua1 ifnorenoaé of’the ‘;
linntitamin faoruetion nb:lity of the Pnimmla. It moul‘ Ho té be
sypnoaed that cvery anhmal th .t ia at nll oblc ta recnt %o "

taxdn. irdcctian oy the rormaticn oi’ an antitoxin vorocaroa tho

reeounryy onsy oo ‘(specitie?) for such & re&ction rhiieh ihwn
. . | ;

.
i

e dwe BT

“'i‘n dur nrecent Lrnvle:~c it is CifCiondt Lo o more

"jﬁbO“tltibns, concernin, tho nnturc 0f Whiuhg our' Fn“wle ~e is._f?[”;*"

in ca8e 1h B Wroveu to oe correct == that the t¥ne vnd mwpunt of |
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sersac Jeelsive for the gunlitative rélations Gonrintg dh&itoxin
R . B B

e ntion while the type and hmount of the vresent netallli

lss {ertalysers?) rore or less deternine the auantitetive 1 b

intione of these proceseges,

b it

Tn enrze the state oi nffairs were thus, onc ”1'3‘ nssuwc
g ra o ddition of the etallic salt concerred to -Ye Jr*‘Pi

et 1o ooein immunized woull, in uo ny ingtanees ‘ncien ge the

v
Leont or th antitoxin-foreation process. that *a, woulc hrve’

t» oe exvresced in an increase in the nntitoxin concent;ation~)"

i
{

G hae blood." , : : : ’ o

fad e
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ihe experiments first wiiertaken referred to thegnctionv
ol ooepranese chloride,‘nibkel chloridé, cobnlt chlérid%; andv
wine chloride on tae formation of the dipatheria antit oxin in
“euively immunized horses nnd on tle oli-ts~rlutinin forﬁation‘ S l@é
in wonts. The injcetions were undertnken intravenouslyénnd - f{
It was shown thnt nfl the tested anlis rosulted in -~ \anréase
in ~ntibody wrdduction, nlthouah in o differing derrec.. | .
‘orses immunized apainst diphtheria which chowédln~atendv'
nrqrcine in {ilie strength of the 2ntitoxin could, in zovavnl c"nea,
o the injcetion of mangrnese ohloride, be brousht %o ﬂn ratie
toxin concentration which was grenter thcn thnt “hich ma been
rivinnrlly acialeved oy the ugual immunigation with toxin nlone, .

sl witton's Gerum Inhtitnto, 1njectionc ot mrn~~nern whloriﬁo

LRVE uned introdueod 1nto imnunisatiom technolo -y in th. *ro-

iuetion of diphtheria nntitoxin ond other ceru. P 1
-en ?p- i . . '
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»Jucinv a serum with'manaanese chloride'that'containod'iﬁs

- insunizing units per cubic ccntimater.

Yelown sad ereh (14) who continued and fuzthef intensi-
Fic 1 4neor exp¢riménts spowed, ~non~ other thinms, traﬁ $t is
ooauidle in tals way 2lso in the case of dinh*;eri°-ir4ufi"ed i | s
~nte te push the nntitoxin concentration of the blood connider-
ibly o1 ‘her than is usual Ly - noa31ble by toxin treatrment flone, .

.‘l
ey oy b
TIN3Y

~hich ezn olnim a certain nractic 1 intcrest. edr tie

i:zunization of hunsn beings it is often deairable to‘&e nble 1o

CEFuse cont uiphxherin nntitoxin however, D to now, it :na usnnily

been im "gible oy the usunl imanization t9 bring the toxin
‘n tac bloo& of a goat i her than to about 60-30 i munizinr
nnits nrr cubic centimeter, an n ap* itoxin stren ath which is rrot*v
low *or praotical uge. %e succeeaed in our exberimenta;in nro=

]

|

he injooted»nan#nnoae chloride diaapne1ra verv rrﬂiilv

ro the blood circulation and almont the entire amount of

~'"nrﬂnocc fiven off from the oxperimental antmel in’ redoved ';4
throurh the Sntoatinnl wuccus mambrano. Not a amall nnrt is ro-

awtnod in varions oranns, Howavor the ability of thrse.to ‘toro‘

mn.nnnao ditfers aroatly. Usually the ansenese cont.nt of .
‘e dryana increases aradually with the amount in1eoted. Tovwe
ever, in thie couneotien. the liver forus an cxooption;
It secens thnt the ability of “his orﬂnn to ~etnin meie
rnose .tands in n certain rolasionship to the \ntitoxir O
.uetlon cannoity of the nnimal so that nood nntitoxin .roJuc—
cre huve rn inorensed rnamnecs content in the l:l.ver v.-u le the :

LN } N
‘ : v 4 .
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raonnt in the liver of psor antitoxin wnroducers is osnaiteradbly .

rrouced.,  hiz manmneae depot in the liver of the ~nimtl is her—

suo Of simifiesnde for antitoxin formation (catnlyzers?).

o compnre the action of'ﬁiffcrent »otallic snlts , OX-
tsnnive cxperiments were underinken with Joli-immunized nnim~lsn
(:9n%a and rebbita). Tn thias connection it w~a showm 1hwp the
~etion of various metallic salts Jiffers excecdinrly in ariee-

aent octween the ction of the metals nnd their place in the
oscriodic qutem does not seen to exist. Cn the other h uG if
gne ~rrannes them Pccording to the somewhat older viowvoints.
ame will find that within srouvs so set up therg io, in moat.
sntes,an exvress aareenant between the atomic number aéd~the
~niion in this way that the sction within individunl-s#ouna
(~1kaline metnls? and the caleium ~roup) increases °: the atome
ic nuwaber inoreases while within other .rroups the onpoaito

3
rclztion nrevails(mamesium sroup, silver Froup, iron Trm

and perhaps the platinum sroup). ‘ .é ’

* ]

Tt wao round out in additicn that beryllium chloride is
the oot active of all the salts inoluded in the oxpnr#mnnt.
. Sinoce it is obvious that these relations,in add#tion
10 the vurely practical interest, can claim no srmall 1qterout

frou the standvoint of the immnity theory, there 1o an inten-
tio: of testing srndually thn importance of the metal a«lt.
for other processes in tho orranism whiech hnvo rroator or
slighter direct connecticn with the ccience or 1unnnity and,,

in tae firet plncc. to sscertain whether thn peculisr 6enond- ‘
et i o SR

A a i




 the Jdeqree of activity of these is also influanced in severnl

-

ence of tne action on ‘the atomio !ium'borl of the ou‘m&nndea is.

4 1w with reneral apolication v.ith:l.n this area.

“hug W/aloun ( 15) has: toatcd the action of various —etalliic . i
snlta on the bactericide subatances of the blood and found that

instonces and in no small degree by the metallic salts :jizgt 'aa

a certain agreement is found here too vetween the atomjc: r;1amver

and tihe action.

In the preaent_wpz‘k we have examined the importnnbo of
“etnllic salts for amdoceptor formation. |

The technology applied was ds follown:

Defiorinated sheep dlood _Ahumelﬁluﬂ was céhtrifugad by
ghoking and the blood corpuscles separated off‘ by centrifuring
wero waghed three times.oy means of a sodium chloride solution.
tne m'rt of.these washed blood ..rpuscles was dissolved in o
parts of sterile distilled water and 3 oubic centimeters of
this solution(== 1 oubioc centimeter of blood coz"pnulu)"nro
injectod intravencusly into the experimental aniial(mbbit)

Boetore the 1nject:|.on & 51004 sample was tnkcn to see whother

norially ocourrim amboceptors were present in this, wh.toh wac
in n2 ocnce true in the animals used.
The injection of tho blood corpuscle solution usunll,v.
sny rate nopnuntly. nroduced no symptoms of po:loon:l.mz 1n the
rabbits. From the 5th doy after the injestion blood cmpln
wore tiken daily and on the 16th day after the injection on

w1ieh the azbooeptor ourve would supnosedly be descendint ahrvp-

1y, onec cubic ocntimeter of a 0.001 molar solution of the metallie
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. =711t in ;uestion (in o physiolosieal sodium chloride solutiqn)
was injected intravenously ver kilogram 61“ the ravbit. Accord-
a0 w0 the experiments of “album and Mgreh this iz the lnrrest
nacunt of the most poverfully toxic metal salt(cad~iwz). rhich
one ¢can inject intravenously in a roobit Qithou_t pracucing

viciole symptoms of poisoning.

¢ .

ilo0@ samples were taken lt’: minutes, 3I{ minutes, 1. ?.,'

Yy 954 T, ~nd 24 hours after the metallie srlt injcotion. The |
nenaurement of the amboce'ptor conécntmtion of these serum
sanples was carried ;mt as follows: ‘

0 ~t first a preliminary experiment was conducted. The
serum was diluted 1 : 250 and from this dilution dosares
1.0-0, 3=0,1-0,06-0.03=0.01 were used, tozether with a Te-
linbly solvent comvlement dosa-e (twico the srount of the iz
nre found golvent by the exporiment) end 0.25 cubic centimeter
of a S-vcroent deposit fAufschwerzung/ of -hu"p_blood corpuscles
in a total volume of 1,23 cubio centimeters. After cnroful shake'
inz, the ~lasses wore placed for onc hour in a 37-desree water
sath, 'thgn shoken again, and stored until the next doy in ~n
:ec cellar [ ¥iskeller/ at s temperature of about 2 degrees.

« reatiag of the experiment was taken in thio way: Jy means

of a rincs with & 30-vercent henolysis a co=pirison of all the
seriec vno 89 conducted that the anount was determined which
produccd auch n hemolysis for each serum sample. The reaiprosal

0 ve.lue of this smount ohowed the numbor of amboceptor units ver !
cudic contizeter of undiluted cerum. The main exveriment m~e of i
aourao conducted rith for emaller s~ve in the '

“1.-




dozares than in the mdicntod: orelininary experiment, -

he action of the individual retallic on'4 in:lectioh
was detormined dy the h‘e:L{;.'ht to which it could drive the rroo0-
ecptor'concentration of the serum and in relation to tfu “A%~
imun amoocentor concentration aclxlie;red in advance through the
‘nntizen alone. The indicated pé;oent increase is to be. jud-ed
‘n reiation to the firet acme of the curve whilo thisin wut
% 100, In thio way individual ciffersnces of the :ndivicunl
exnerinontal ani.mla rom:rding antibody fcrmation ~re elimirated--
inzsofar ng this is at ali possible -- and the resvite attained
are +thug direot’ comparable with one another, .

Let it bo noted here that only thoss Trabbits were used
sor the exveriments which showed a vigorous amboseptor formation
r1ter the oloou injection aninoce '11: turned jut that anirels hich
cacwed & aluntish arboceptor Torration also rescted verkly to
the romlnd salt injection. Among the r2dbite r:hooo rabsaent Hr
Varetion was 3004, there nro.’ howevor, some (g.bout- J.d-i‘) ner
cent of the caionls used) that did not react nt sil to the fol-
lo*ins zotallic salt injeotion. These animals we have of sovrne
ci:;x'o:?.rdoa. o ) ' |

in the inoluded Tadble I oll the results of these cxnori-
~ents wre cited vhile the metals are ~rranged according to their
‘otion. Shree nuhita'wm veed for cach netal. 'f csurse not
~11 of tho test results are cited tut only tho few vhich ore
of imvortance in this connection. Ta the lnst c.olm ot the

L' ole ihe averase percent inorense occasioned oy tne retnllic
-t eBan

r
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no24 injecotion is cited. .

<@

Iadvced Oy some experiments of albun(1€). according to

“which very omall amounts of various metallic snlts often exert

: suishering action on the formation of oacterinl toxins in the
culturec. ilelena Fvvdy and :aloum (17) undertook ¢ scriea o7
-y.crizenta on 1 .¢ action of metallic sults on the zaurre of
vnrious hemolytic processes askonz others also on the domplc-.
.(at-rpoocentor-hemolysis (ah‘ep blooé). %1900 it wvas orovead,
in thia connection, thnt'nany of theee o~.lte, in rinute = cuntn,
caerted é\ x‘urthori;xe or checking action an the hermolysis, Ane
;ould Tear ihat the azounts of metallic snlts whieh vorQ trons=
mitted to the hemolytic system with the rabbit serum were so

1 e that they interfered with the reaction. .By gimple cele
sulntion, howcver, one sees easily that the armounts thich

ern be t;-ananittod in this manner cre so small that they

iie for below the dorder of activity for the various “etallic

:’:?‘ lta [ ] ) . '. ‘ *

o




Pirat
ualt Acnme

1 : nu 12 1920
B 1470
14 30-

Fodl, 2500
" 3850
1000

Reitly 1670
1460
1250

IH L) 385

250
217

Bally 2730
‘g’ 455
1000

3 gtla 417
; 1250

Srilp 3230
25
3850

waltlpg 2500
2500
3050

ACCl 3850
2500
833

il 556
278
1000

U1y 5(0
1920
3130

Juilg 1000
(& 3850
313

200 -

Table I

Anboceptor Units Per Cu Cm
Before Injection Second
Acme |

1470
. 1470

of Salt

833
1000 °

. T14

1250
3000
455

556
1000
833

192
135
111 .

1920
313
500

167

625- = -

110
1470

250
2500

1670
1330
2850

3130
1000
435

278
247
385

* 278
1470
1470

833
1220
125 .

1000

1920

4050
630

1090

1430

1110

217
217
156

2780
- 357

714
313
769
125

2170

© 313

3130
2220

1670

3210

3850
1370
500

. 345
192
500

400

1670 *

1670
909

2000

147

20

Increése
in #

33

- 3

- 20

27
27
17.5

32 -:

29
22,2

6.5
32,5

30
10 -
21

35
115
7.5

22"
10

Average

e

28

24

- 27

20
20 .
j . 18
} 16

6.5
15

13

13

12.

_ Increase

1
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wolla

EiCl2

¥elly

HAuI,

iloktilg

A1013

209
1670

First
Acre

.~ 1250

409
625

1250
Q

56
833
833

‘1470 .

1320

2780
5560
1110

I3 -

83

12

1380
833

250
2500

1000

Table I
Anmboceptor Units Per Cu Cm

Before Injection Second Increase ~ Averaga

of Salt Acme " dn % Increase
1090 1250 . 13 11
556 625 S T
426 : 500 12
1250 1470 7 9°
125 155 3 .
714 833 . 7 :
250 SO & K n .7
. 365 : 435 6
313 _ 350 4.5 |
625 ' 700 - .5 7
1470 1670 8 L
833 .. - 1000 8.6 @ -
1670 1920 - 7
3130 , 3450 5.75 .
630 . | 709 7
1110 '
1% 130 |
500 . 556 6.7
00 ‘ 6 4.5 . 4
2% 725 N
435 . . 455 2.4
192 - 192 0 0
1920 . 1920- 8‘

500 500

— g cmne na

-




In Tadle II the rctals ~re arranged oy araups.ﬁécordin:.
to their chemical oroverties and within the individual rrouﬁa'
- ceorcing t0 their etomic rumbers. In the third, fourth, and
rifth colwmns respectively there is cited the‘action of the

snlts on a:=:boceptor formation, ar~lutinin formatioﬁ and cn

the brctericide substances occurring in piaama. It my be

concluded .from this that “or andaceptor formatian téo a

certain relationshiv oxists between the stimulating nction

of netals end their atOmic nunmbers. .

Table II
Atonic Humber Amboceptor Arglutinin Bactericide .ubctm“ces
Na esium Crou

Iz 24,3 18 56“ ‘ 4.7
(H] 63.6 12 - 34 : 1.7 -
Zn 65.4 : o1l 188 ' L 1.3
(Hr) 200.6 - 20 181 s
o saleium( oariun)Crou .
Ca 40.1 15 : 27 . 0.44
Sr 87.6 16 ' 43 0.6 -
30 137.4 : 20 233 0
1b 207.2 - 24 " o - . 402 A o
T Silver Croup o ;
u 63.6 12 . 3y _ 3.7
ae 107.9 14 95. 1.3
Au +197.2 . 7 I' s 30 "~ 0,83
' ron Group ¥
CO ! 5900 " 7 -—. 20 506
ki 58.7 . 7 ) 30 0071
Pe . 558 - T 0 0.13
or 52.0 R o 48 0.67
Vg 190.1 . 9 0.59
't 195.2 . 4 . 26 0.87
N o 166 0 -




e b

2 it

N g

-
e i b E R A et s s T

In the ragmesium group the action ecreases from befyllium

1 to zinc whereupon it rises arain to cadmiur and guicksiiver.

- e ALy

.. In the calcium group the aztion decreases stendily ns the -

atomic nurber rises while the behaviour of the silver group is .
apmrently the reverse. '

ithin the iron group there can probably only be tnlk of
a comparison between the three bivalents cobalt, nickel, and

ranganese and .it seems as if an increased action occurs 2s the
stomic number decreasea. ' |

If one investigates within different sroups the aotion

@ of the individual metallic salts on the amboceptor fomtion,
nrglutinin formation, and the vactericide substances of the
olooc, then one w:l.ll obtain the following resulta.

In the :agnesium group the action of the metnluo salt.
on naelutinin formation and on the t;aotorioido subotances de-:
crenses as the atomic number rises and conditions romding AMbO-
ceptor 1or:aatim are apparontly rartially (or perha'os oompletoly)

' of the same typo. The numbera for copper, sinc, and cadmiwn
(12, 11.. and 13) lie s0 close to one another that any difro:jonoo _
certainly lies within an experinental error. .
A uniformity likewiso exists in the silver aroup in
that the action here too doorouu as the atomic number rises.
:ithin the calo:l.um group conditions are the same :I.n
the c2ce of amooceptor and agglutinin Tormation in that the ac-»‘. :

° tion incrcases os the atomic number inoreases while the baoteri= . -
side oubstances behave in an opposite manner. | P 1
: . \ R ) .
., [ . ‘
L




in agreement exists also in the'iron group between nIMD0-
ceptor and cgelutinin formation. Here, however, the action ine
. crenses as the atomlc number decreéseé and here .too the bac-
tericide substances behave in. Just the opposite way.
In regard to the two trivalents, iron and chromium,
the action of chromium is greatest in all inveat:l.gated cases.,

In resard to the ﬁlatim_am metals osmium acts with more
pov.erful stimulation than platinum on the formation of ambocep-
tors and agglutinihl while .e.ct:lon, in the case of the uvacteri-
cide gubstances, spparently oroceeds in,the opposite direction.

'Any attempt wishing to explain these phencmens thecret- .

ienlly now seems to us to be premature.
As is shown by Yalbun and lerch(l4), the concentration
o the injected etallic salt piayn an extraordinarily important
part in its degres of action, since there seens to be a best con-
centration and the action of both greater and lesser ocncentrations
scons to decrease. ‘ o . - L
the grutut sffect on snrlutinin tomtion was atuinod
oy moam of a 0.001 molar solutica. _
Ve hnvo tested thil relation in regard to nnbooontor formo- ‘
tien oy injecting verylliwm ohloride solutions in the indicated .
concentrations into a urioi of rabbits whose amboceptor 6'urvo'
was falling steeply. Blood mpuu ‘took place befors tho in-
Joctim and 10 rinutes, 2 henn. md 7 hoyrs aftor the :ln:eotion. .
In taovle IIT the result of the ommt is ottod in such a way
that the numbers indicate tho mboi' of uboooptu' unite por

one cubic orntuetor ocr serum. The graphioc muntntion :D found




Jelly
Jolar Before

. Table ITT .
Amboceptor Units Per Cu Cm
10 :inutes 2 hours -7 hours
After . After After

solution Injection Injéction Injection Injection

1.0 100
0.1 100
0.01 100
0.001 100
0.0003 100
0.0001 100

00. .- 33 100
7 59 100
100 120 O
120 13 S 10 .

b & S 85 -85
200 - 8T 87 -
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from thic it mav be con'cluc'le'd 't.éhat' while 1.0 and 0.1 . l
olar solutions cause é sharp drop in the amboceptor concentra~ -
{ . . tion of the blood, the 0.01,.0,001, and 0.0003 molar colutions
S cause rises; while the greater dilution, & 0.0001 molt_\r aolut'i‘én,

. results most quickly in a slight &op. _ )
Just as for agglutinin formation, the greatest effect aeema
to be produc;d here by a.n._'a.pprqximatoly 0.001 _niolar éq}n"tion. .
Summary TH‘ - / |

. ~ -Snés/srticle in miich the influence of various retallin

. saltc on the amboceptor formation of the rabdbit is examined} _
. ' A Comwriduinlc ) YOSV -RN N .  §

\ iz a link mkmm‘ research Am the action
'l 0 of metallic salts on the immunological and other proceases in

ts saimal orgioien; - Jurt-se-imvorie-whiek wppRTEyertteny-
IR AT O T - Cae | |
-SUthore-$i08-BaTs. +0e within the individual grovve a cer-

tain agreement ueu the atomio 'mborn.'ot the metais and: their
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