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STUDIES OW ZIRCOXTIRI, TAYTAIYNA, COYInZnieel, SURCETTR ATD LANTHAITHM

Y. ACUIE TOEICITY AMD EFFRCIS OW ERZUUTIC BrACTICNS

Eormath W. Coshran, Meroslls Mawur, Johm Doull
and Komnoth P. DuBois

Scveral motals hitherto rathsr obooure have gpined nev importonce due
to tholr ocourrence as fissiom prodneta. A koowledgo of the pharmscology of
these elsments, both in the steble ard rediosctive forma, would be of com-
sidorebleo ugse to psrapcanel iwmvolved in rezserch in this fleld. Informetian
on the toxicity of theso oleoments heo goimed 0éded imporienco glnge the sug-
goetod use of giroonium for the treetxemt of plubtonivm polscrzizg by melel
dieplecement (1) Desuusc of the poeosidility that othsr unesamon motals v
find a plmilar ussfulnces in the future. For thic rsizon snd Docanso 1t wag
mocezsery o egtoblish the acuts toxicity of the slable fcrog prior to toxi-
olty sludies ca the rodiosctive forms we kave exxudnod the torlolly of ealts
of columbiur, lawthamun, stromtium, tantalunm, end z2ircomlum. For moat of
theso oloments adsguato quantitative taxlolily deta are leocking. Tho pressnt
report describes ths results odtained to dste.

With tho exception of stroptivm, relatively little work has dboon dons
on the pharmscodyrmomics of thoss copounde and oven legs cn thsir biochemicsl
effeola. VWo have initiated studiess on the effeocta of theoss meials on enmy-
matic reections In an sttonpt to explain their toxic effcctn emd to obtein
inforzation on thelir behavior im vivo begcanse mowledlge of the behavior of
thy nieble form in biologlical syoisms should also opply to the mdloeotive
lecticpes. Our initial gtudioes on the Diochomicel offocts of thomo metaln
consigted of in vitro tesling of their 6ffecto on mucoinia Ashydrasorass and
adonczine triphosphatass (ATP-uco) end ere boing extendsd Yo imsluds othap
gyotons requiring raiellis activators.

Moterials and Methods

Adult m2le and fewalo Sprague-Dawlcy rats whose welght renged from 200
to 300 grome wore used for the acute toxicity studles. Tue animals wore Yot
‘ cagoed in growps of four and food (Purimae Chow) apd woler weve ofiered rod 11b.
; Aquoous solutions cr sueponsions of the verious salte of the moials we¥o age
; niriabered ir a single dose by imireperitomeal injection or or2lly by stamach
! tube. All animals were obssrved daily for e mimfmm of LC doye, dut inltial
: groups recolviepg a glven coxpound wers kept for poricds up to 30 daya to do-
' tormuline whather there would de ary vigniflcart mortelity coourring after theo
tomth day. Valuer for the ID-50 were dotermined by the log-probebility
method. ALL the LD-50 veluss given were derived from 10-day mortality dota,
Ho differcncss wore noted in mueccpbibility of ths male anmd fernle retc unsed.

Corvorth Foarms micoe wore employed for the studios of the in vitro
action on onzymes amd 5 per ocont liver homogerates, mado socording to ths
tochrigques of Polter and Elveblem {(2) were used. Susoinle dehydrogonase ag-
tivitr ves measured by the method of Schrmelder end Pobter {3) and ATP-zao by
the mothed of DuBois end Podter {4). In vosit cssce ths ehloride salte of
the wotale were used to avcid thz olddition of oncther amicm to the oyotem,
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pudocasi by those ouwrpounds axhibltod sympbomn charoghber.
Afiey lzitiel doses Yhors wos 8 drogreszlve L
o7 The tlus of dsath
veried from a fow houvrs %o 2 fur days following ths adrinlatreilon of the
conpuonrda. Tew deaths cecurrsd later then five days ailer poigoning except
in the ccme of larmthemin whare the muwvlival time was swewhat more oxterdad
than with the othor metalg. The IN-50 volues obteinsd by the Iintraperitonsal
and oral adminlebratlion of ceveracl salisz of zircomium, lenthamem, colurbium,
gtronbium and banbtaluem ere glwen in Toble 1.

From these deta 1% rey bo szon thet the orc) ID-50 for thoso zirsoniom
sompounds veriss from 2500 o 10,000 non./kom., vhich was equivalent %o 853
to 2290 mge./kegm. of sircomium. As 1p ordimarily the csse the toxisity of
tho sonpounds was comsldsrebly greatver vhon they waro adminieisroed indrapori-
tonsnlly with the LD-350 values ranglng from 175 to 4100 mgm./kga. of the salts
or 63 %o 939 mgm./kem. of zirconlum. Tho oral ID-50 velues renged from 2 to
20 %imse greator then the values obitained by ilmtraperitoneel administration.
The intraporitonsal LD-50 for zirconyl ascotate was 7.3 por osnt of the orsl
ralus whilo 1t was 11.% per cernt for zircomyl chlorida, 50 per oont for
zirgonyl nitrate, 5 por cert for zirconium sulfuie and 41 per combt for sodium
zixgonyl salfote,

. Metabolic trsssr ztudlss {5,6) have imdicated that the ocwral abs;orpz:éon
of Zxf9c1), with carrier was loss than 0.01 per corb. With sarriov-free Zrd0Cl,
thore was less then 20 per cent abdsorpticn from the abdczingl oavity siz deys
aftor imbraperitoneal edminigtration and loge than 0.1 por cond of tho admini-
ghared doge was fourd im the tissnes eir deys after oral adminlstration (7).

It hes besn suggested {5,7) that intraporitonsally-sdniniztered zirco-
niws 1g apParewtly deposited on the surfoces of intrapsritoncel orgeng end 1t
wag belisved that this nay bo dna 4o ths formation of insoludbls zirconimm
vhouphats &% tho site of atdministration,

The data proeentod hers indlcate that lanthemm injosoted intraperito-
roally is about equally toric es the chloride or ap lantharam srmonium nitrate.
When sdilnigtered orally, however, the LD-50 for lamthamm as the chlaride
was olmogt threo tlmes groetar tham the ID-50 walue for Xarthzoom ws Fhe oae
ponfium nitrate salt. This ssoms to indicate a greator absarption of lenthamm
ewzonivm nitrate frur the digsative tract rether than any inherent differences
in the texicity of the 4two comgmmds. The totel retention faur deys after cn
crelly-administered dose of LalB0Clz has been found to be approximately 0.3
per coub nost of which was found in the liver (8). It hao been stated (6,8)
that somo of the golution when glven intreperitoneally may rem=in unebaorbed
in the abdominmel) cavity on the suwrface of the organs end this has beon esti-
mated to be shout 15 per osnk of the administered doss four days after the
polution wag given. :

Both of the gubgrodp V olements studled (tantalum and columbium) wore
roletively toxic aa compared with the other motals ineindsd in this study.
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The ID-50 for abronsiom adninictorsd fubtrsporitonsally as strontiun
ehloribs wag found %0 e 245 mge. Sr per Iym. avd for oral o 815'61'&?.10:1 it
vas 1635 mem. Sr por kgi. Tracor studles with carrior-froe (6) shored
taot 87.L per cord was Townd 1n the foces, intostinal contents and urine four
deys after oral administretion cnd 32.7 per cent four days alber intreperito-
nsal sdpinigtration.

The ocmpounds which we citudlod wore adminisbored wilhoud regard o the
?H of their agueoous solviions or suaponslcns since neutralization usuelly re-
sulted in the formetion of insoluble hydroxildes. The quostion, therefore,
arcse eg to whother the acidity oomtribuied algnificantly to tho toxloity.
In this ocrnection zamples of the filve girconium salis ond lantharum emmonium
nitrate were disgolved in wator amd the acid titrated with 0.1 ¥ sodlwm hy-
droxide. Im the case of the basic eali, potassimm hexncolumdats, the bose was
titratod with 0.1 W hydrochloric asid. The acldity or elkelinity of themo salts
in millioguivelents cf acid or baso por kgm. injected with the edminigtration of
an intrapsritoneel 1LD-50 v caloulated amd th2 Sats sie Too. o%od inm Teblo 2.

-

Thens data indicate that the ccopounds varied consideradly in their
acldity but 1t does not appear thot the emourts of eeld injectad could ecoount
for the wlde differsnoss la the ID-50 valuss of the variocus sompounds. Althcugh
ziveoalum sulfate, which is the mogt acidlo of the group, 1s algo the meoxt toxic
administretion of an L2-50 entelils the injosction of thoe least amount of acid.
“his flnding ag well ag other evidents of a lack of corvslation botwoer acldity

apd Loxlolty indlcates that the toxicity of these compounds ig not due primerily
to their acldlc naturs.

Elfagt of laxbhsmam, zirconium, cosium end stropbium on swcoinic dohydrogonnse

In initieting studies on the aotlong of these motals on enzymatic re-
echicme wo selectod enzyms syctems which regquire motallic activators such as
colcium for maximal activity. Succinio dshydrogencse was the first engyme
studled becsuso for maxiwmum activity the tsst system requiros calolum (9) and
clumimm (9). Purthermors, it hes been shown (10) that the ectivity of tihds

suzyze 1s incyoaead by the pressnse of ohromium end cerxtain rare carths as
voll as alumirm.

In addition to teating the action of the metels on the intact succinic
denydrogomse system teats were made to observe whethor they conld replege
caloium or alwsinum in tho systom. Deta on the effect of lamthamun (as the
emmonium nitrats galt) on the succinic dehydrogenase activity of mouse liver
is given in Table 3, where it pny bo peen that in the ebsonco of amy motellic
ion the succinio dehydrogenesao activity is less t ono-hi:if the combtrol
valus which is obtaimed in the presence of 4 x 10~ Y celoium and alumimm.
Calelum and elumimm geparately, but at the control concontrations memtioned
above, showed 85 per cont and 56 per cent, respectivoly, of the conmtrol aotiv-
1ty. With 1 x 10-5 M lapthemm, the activity was 78 per cent of the comtrol
end with b x 10-% M calotum plus 1 x 10-5 M lenthamm the activity was 103
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TABLE 3

ZFFRCT OF TANCEARG CF MOUSE LIVER
BUCCINIC DENVDROGENASE

{

Conoenbtration of ‘ Por Cent of
Hotal Mo%al, Molar | Comtrol Ackizity
me_ 'a R T R X R Sy plare
Cortrol {Ca + Al) {( x 10""‘) (100)
Fore - 18
Ca b x 107% 85
Al b x 10"‘ 56
1x 107 33
b x 107% 50
1x 10"1‘ 6
1a
1x 102 78
1z 10"6 52
1 x 1077 38
1 x 1073 80
N b x 107 99
Ia+bk x 107" M Ca s
1x 10 56
1 x 1077 103
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LiLrconivn in somsomtuetlions yenginz from 1 x 1077 S0 1 x m"g Mas

both ziveonyl chleride and girocniva sulfste hed po slmiflcart oifec on
suceinde dohpdrogenogs oyl airilar rosulis vere cbtalined with paf;asaix%a. tenbe -
lun flueride {1077 to 107% M). Earfum and magessiva chloride (4 x 107 %) had
oo offcct wiem tosball Tor tholr ability to replass celoium nor did any of ithe
other selts (& x 107" ) oxcopt strombium. A aystom wilth siromdimm chlorids
(b x 107" ) as tho only colt added showed 67 per coxd as mueh eobtivity as d4d
the caljium Plus alunimum gomtiol, and with strowtiun plns alumlma {sach

% x 10~ }) 78 por comt of 2o ccatrol astivity vemltod whevsoa tho sottvity
without any wotel was 57 por eont and with alumimy: alors 35 por cand of the
combrol activity. This lndiceted that ciramticm 1o o% least pextielly adle to
roplace calolun in aebivating sucoinic dolydrogonnes.

Columhium ag potasalum hexacolnmbate was found to inhidbit pouse sugs-
cinls dehyirogemase, witk 1 x 10-3 M cousing 65 por cemt imaibiticn and
5 x 10-% M producing 5L por cenmt izhibition. Yirium chloride also cousod
25 pur cent inhibition &t a f£inal comssatration of 1 x 10-3 M. The pH of
the roactiom mixiure vas chsoked in the prosence of $he highest comssrbredioa
of each salt usod erd 1t wag fcumd to be no Aifferent from that of tho com-
trol syoten. The inhiditory effoot of columdbiim wos intersotirg in vievw of
the toxieivy of this motel eugmeoting that tho acute toxicity rey be sxpleln-
ed ¢n the beaste of lmbsrferonce with metallic activated snzymeitic rootiomw.

Ef7cet of zlrcoeium, columbium, lantharmm, girombivm end ylirlm om ATT-259

Adsnogine triphosphatass (ATP-age) reguires ths prsaseas of calalm
for voxlml astivity. It was, therofors, of imtorsst to test tho effech of
the tetcls szployed in cur studiss on the eotiviiy of this enryms im ftho
procenceo and abgencs of caloium to note whother any of the motals conld ro-
rlogs cclelum sag tho activator ard to observe whethor any of thom inhldiisd
the ectlivily of this enzywe. In vitro tests were, therefors, corried out
using wouass liver komogerches &8s the source of the enzyms. All of the salta,
with tho sxcoption of cealum chloride, cansed some imhibiticn in the range of
concerirations teotod. Tho results of those tosts are given in Table L.

By plotting the logaritim of the inhibitor concemtrations employed
agalart the percemtage of the cortrol sctivity the molar ooncentration of
oagh inhibitor mecessmary to produce 50 per cent inhiditica of tho aystom wap
oatinoted s follows: oolwsbium chloride, 4.2 x 10- M; potesalum coluxbate,
5.8 x 10~% M; lanthamm chlaride, 4.t x 10-3 M; stromtTum ciloride, 8.3 x _
102 M; ytirium chloride, 4.5 x 10-3 ¥; and zTrconium chloride, 1.05 x 1073
M. In the cage of ATP-aee in vive studies must bo condusted bofore signi-
Picance is attechsd to those elfects although 1t is intervabting to note that
the nost off=otive inhiditor tested (eolumbium} 1a also ome of the moat toxic
of the sompcunds whioh wo oxamimned dmring this study.

1100002




TATLE b

FEFECT OF COTIBINTUN, TAMEHANOM, SERCITTIR,
YITRIUM, ARD SIRCCHITM OF ATP-ace
ACTIVITY CF MUUCR LIVER

Coneentration, ; Por Count
Motal Molar Trhidition
. e
1.5 x 107 87
Colurdluxn ohloride 7.5 % 107 60
7.5 x 1072 9
1.5 x 207 | ™
Potasaivm columdate T.5 = 10"‘ 20
7.5 x 1072 3
6 x 1070 | 5%
Lambharnm chlorids 3 x 1077 by
7 x 107% 10
6x 1070 j 28
Stroxwtium chloxride 3x 102 i7
T =x 10‘,* 2
62107 78
Yttrium chlorids 3 x 1073 56
! Txw* | 20
i 6 x 1073 100
Zirconium chloride ! 3 x 1070 %8
: 7 x 10°% : 32
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3,6,7,5) ard the reeldz of Shens
J; bub reletivoly 11%tle toxiso-
raing tham 1g svaiindls, Tis
been studied by ¥Mavui (18) sald
inesha on the inerd oharcoter of inlcoled
oo ezd wontlona She won of sirconium ozide
28 & rediczrephle corbrant medlun no mvggooted by Zmeetlo 115, who fourd no
toxle effeuts fram 0.5 gL flim. of & soludle =ivgoalvm enld Jmlnodad sydente-
mpeusly ixdo rebbits or foom siveonfom ozide oight memths afier iks Lydra-
glutezl inlsobion inmto rota, Other simller findlags have duca wpertsd {1,16,
17) 1molnding the ebsenen of Soxls effocta from injeobding 300 mon. of nirvoonimm
silicateo imbyapsrifonenlly iuto guines 2lzs {(34) . Fellinion exd Sshudeort (18)
fourd the 1ID-50 of ziveouyl lon Zujocteld fadiaperitoroelly 2z alnconyl nitrats
$o bo 1710 mga./kgm. nnd the gouconets o bo O8F mogm./kom., end musooot thad
tha groater Loxiecily of the gluveonsde may bo v to iis Boirg crorotod slover
than the oitrate. The cpproxizats indrapsritoneal 1D-50 of zircoryl nitrate
for mice hea boenm reoported as W50 mgr./kem. (19) apd for rets 1185 mgm. kem.

prarmneedynenion of 2]
van Diakery {13). Bard
zirvoondun ollipats in ¢

T

-

The toxiolfy of ths rerv enrths hes recolived more etiention. Vikon in-
Jocted imdravenously thsy provent blood clotting thrvcugh en exbiprothronbin
astion {21}, but they are too toxis for such wee in man {22). The rmudcutensous
LD-50 of laptherin ohlorilo for nlcs has deen reported aa 3500 mzi./krm. (23,
24). Yo tnformoblon om tho touisity of temdalum or columdium w¥an fourd inm the
1itoxaturs and Taivkall (25) stoles $het 4o hile Xmowledge xnors 1s availeblo,
elthoogh the toloremos of tartelun webal by tlssues is kmowa {25,27). Touda-
Lz £oil end tombalum oxido sre sufficleably mom-toxis %o kave beon mugrosied
for covorleg cerlous durns (28,2¢). Ome wonld oxpeet colundium ard $orialun
to be rather toxio in visw of the toxloity of the obtbor mosder of oo ¥,
vamadiw {25). Althongh mrok work hze beon doms on the echicm oxd mabadollem
of whroatlvam im varicus animals, relativaly little deta con its sowde doxisity
ng Pzea pudlished. The mizlmn lobhal doge for rots hag boon rspoeried %o be
173 2. fegm. vhen injootod ladrevercusly es strondima chlcedds (30).

Cur siudises bave indicated thad there is a2 cornsiderabls A1flaromno in
the Soxicity of various eolbs of e glivon motal. This differemso i umdcubbod-
1y dne in part to differsmeos in aboorption. Moot of the nstels tested ers
rolatively mon-toxic wher compered with sudstexmves 1ils arsonie, seclsniuw,
mavoury emd load. However, cortain of them, sush as columblum, migat well
glve rice o acule polsonipg 1f -Aniniitered im large dozas or parhens if
socbisued ingogtion of tloir s21%tz cosurved.

The stizmulation of suscinic dohydrogerage by lamtharam hag deon ro-
portad prsvicusly (10) end cur finding that 1t was able %o reploce alumimm
in thla systom was not surprisinyg in view of tho chowmlnel aimilsritics of the
two metals. This finding indicates thet aluminium amd lantharvn deheve simi-
larly in diocloglcal systoms. Vireko emd Oelkers (24) found that rove earths
iohibit sexvm lipage of man end rebbits and tho esterase of pig liver, pan-
orseg end rabbit mmsole. It hee algo been reparted that the dshydrcgenmse
agtivity of yoast cells end yenst extract is inhibited by lanthamum (51).
Sirgonlim and yitrium wore reported to have practically no offect while
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The agute 10-day 1250 of zirpemive vith vorlous anions Wil fonmd O
ronge fram 990 40 2290 oon, [ X, oF L yhom 4ho oompounds wWoOrs ofoini-
sbered oyally, aml o &3 %o §59 ugn./rgn, of & when Shoy weve given
{atsyaperitonoelly in rotp. Tor lombhoman {an tho opmonind pivrato and
onlerids anlis roapoobively) ths 10-50 veluss weie 830 end 2370 o O
yoe. of La whsn gE90D orally asd 15% %o 197 e, [lgs. of La when thay
wsTe Zivsn {rtraporitonselly. The 1p-50 for columbivm as potassium
mszncolusbote given orelly wae fonnd to o 1140 mam./kom. of Ch as cam-
gared with 86 rom. fizzn. Cd when Sho salt vas given 1ntraperitoneelly .

Tho 1D-50 valuoe for tartalvm eg the chloride and 28 povassivm tantalim
fluorids, respectively, werd 958 end 150 wga./kegn. Te by orel pdnintgtre-
tlcm arxd 66 and 173 BgA. Jkzn. Ta when sdpinistored by the 1etroperitoneal
roube. The oral LD-30 for grrontiua chlorids wns 1635 m@/m wbhile
e imtraporitomenl LD-30 ¥AS 245 mem. /kgm. BY.

Loethamm cklorids L x 1077 ¥) was found to da abls %0 roplaco alumizw™
es oo achivetor for ¢he sucoindo Gehydrogorses syahen. gtrophivd ableariﬁ@
(4 z 10~% ) wes partlally oZFsotive An roplesing cslelum 12 thla syrvet.

Coludim (5 10-% ¥ posascliun hoxapclunbate) oeassd sppromizntely & 50
per cont iphibition and ) ¥ 1073 M yvizlum shiorids producsd & 23 290

oort nnidislon of thy cussimie Tehgirogomaas achivily of moupo liver
im vikxo.

Coziwa chloride falled to Lmnidls the ATP-RES asbivity of mse liver in
v4tro vhile salts of other motals conse@ 50 por conb 1anibisicn ot the
following molAT omgntmtima solxmbimm ehlorido, 4.2 x 10~%; potagaium
aolurbate, 5.8 X 10-°3 lanthama onloride, b.b x 1073) strartiws chlorids,
8.3 z}lo-»é; vvriue obloride, 4.3 x 1033 acd sizooniun onlorids, 1.05

x 1077,
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