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EXPERIMENTAL ARGYROSIS 
V. Hypartropky of th• Ll!ft Ventricl• of tile Heart in Rats Ingesting Sil¥ar Salts 

CHARLES T. OLCOTT, M.D. 
NN YORK 

T HE DEPOSITION of silver in many organs of rats ingesting­
silver salts for long periods has been previously r~poned.1 Special 

reference was made to the pigmentation of the basement membranes of 
the glomeruli and renal tubules and of the tissue between the endothelium 
and the epitht!lidm of such diverse organs as the thyroid gland and the 
choroid plexuses of the brain and the eye. The ~t_!!POJie q£ this corn­
munication,j~J.9 present .evidence thatlong~on~nu~ fe:eding of silver 
is accompani~g by hypertrophy of the left ventricle of the heart of the 
e~pi'nmenh11 animal. ' 

MATEJliAf,. ANl) :METHODS 

Ani"'al.r Umi.-The ancestors of a large majority o£ the- rat~ l.lsed came from 
Roddand Fvms. New~ .. of ll strain almost certainly derived by H. C. 
Shennan. of Columbia University, from that of Osborn Mendel. Se?enteen filial 
generatioas in aU 4ve been bred. by mating brothers aDd ~ister5. ~ thU way, 
through ei1rb1 or nine )'f!lll"S, the stoclc ~~ become increuingly purebred. Each 
litter- was divided as much as possible: into a group givm .silver salts and anoth~r 
giv~ wat~r. 

As previou!ly de~cribed, over long periods the ~~ilut.nicrate · · 
o.r ~ s}l'!g;.,:hto.ti!t.Jse.U~., s~~J,~!si~l!~.~l ~~~~-· In the great majorit1 
of cases these roilver salts were pyen ip 1: l&Q!LG'CGKJ:b.. jnsread gf driuki..g. 
water. Most of the animals, includinr a rrut majority of thosc1 with essentially 
~ luugs which were subjected to the final statistical analysis deseribed in 
subsequent pages, were killed in BQOd health. There .. wer.IL, tclii~WY-1i':P 
numi;Jets of 5pontaneous dl!ilJ)JViJD$:mf. .. lb~ .,rats .. diminated ~rocrL the Mal study . 
b~9l:i!~~.lesions. Th~:- agu at which the animal$ were kill~ 
<;aned with many f~tou, including shortage of food dQriall World Wv II. As 
much aa possible, silver-treated and water•trtttoi littermates were killed tosether. 
A few nm survived to 30 months of are. 

Dtttr1~tin4htms of Blood Prtssure.-M.any attempt5 have· been made in this 
department to determine the blood presmre of rats from the tails by thl! use of the 
method of Vv'illiams, Harrison and Grollman ~ without 1\nesth~•ia. The re,ults 

From the: DeJ,JillrmJent of P:;nhology, New York Hcspitai··Corne!I }ledical 
Ct!:nter. 

I. Olcott, C. T.: ((I) Am. J_ Path. 21:783, 1947; (b) 24:813, 19-18. 

2. Williams, J. R., Jr.; Harrison, T. R .. and Grollman, A.; J. Clin. Investiga­
tion 1.8:373, 1939. 
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were not consistent, perhap5 .iD part beaUS!! of the lack of proper control of the 
degree of heat to which the animals were exposed. If the heat w~ts inad.equ11.te 
to relax the blood veueb of the tail, an accur~~te reading \u; impossible ; if it 
was extessive, the animal was restless, and a false reading te5ulted, 

The aortas of about 25 ratll were cannulated under either pentobarbital sodium 
or ether anesthesia. . With both agents the blood preuurc readinis obtained seemed 
to be more closely correlated 11.-ith the depth oi anesth~ia than with any underlyins 
~tathologic or physiolo~c than(e. 

In 2 rats whose blpod premm=a were determined in another department o{ this 
mt:dical school by Sobin's ' modification of the method of Williams, Harrison and 
GraUman but with the 1.lK of pc~totvbital sodiUiu, the pressures fdl irom 121 to 
92 and £rom 102 to IS, respe!:tively, betwea determinatioru:. Both rats died shortly 

~~-after the s~ond c:letermi11ati0tl$. clearly from the effect of the anesthetic agent. 

In 1941 Dr. Ben Freedman, at Mount Sin!U Hospital, New York, detennined 
die blood preuure of 6 of my rats by his modification of the method of William$, 
Harrison and Grollmatt without anesthe5ia. The 3 rats with the highe5t blood 
pte~sure readin.n had the highest ldt ventricular weirnts wh~ killed four to 

~'Ci&bt morrths later, but of ~urse thi5 serie5 is much too small to give resultS 
d any sipifiC~U~Ce. 

The difiicalty my wociates aDd I have ~rieneed in obtainmg satisfactory 
-~:i.uuremtDts of the blood p.-usure of rats is unforttmately the all too common 
~ence of others. Same 11.utbon have described difh~ oi bJooc1 pressurt: in 
·~;- of diffw:nt mams. With different methods of determination, the ob.served. 
·~ of blbod presswe of normal nts fall into eDtirely di!eteut ranges. Th.u, 
·.:Yteodbl.lry aud Ha1ililton' found the blood pressur-e of a.ocsthetir:ed al)imals to be 
.,., to 100 whh a rnerc:ury l'tla.IIOmeter and 145 5YStolic: and lOS diuto-lic with an 
-·iPticaJ one. They found the lnel to be 187 systolic: and 138 diutolie whet~ an 
·:.cia:al I'JWlometer was used on the unanestn.mzed rat. Shuler, Kupperman and 

B.-milton I folUI<l tMt. blood pressure wa$ much lOWer When :llli!.UUfed Ul the tail 
tbul when found with aJl optiCilliQIJlometer. Con~iderins determinatioJU of blood 
l)n!Ssure on the tl.il alone, one notes very d.iscor~t nonnal values in the litera· 
tw-e. They vary with the amount of beat used,• with the width of the c:uff,a with 
anesthesia r and with a mnn~r oi other i;u:ton .. 

lttlano" uf V".r~,. H'1PtrlltiJWn to Wtight of H"'t m M"n lltld ~pffi. 
'lftllltal AnitM!s.-Saiba • said thAt "Byputropby of the wall of the left ventricle 
aod increue of the relative weisht of th-: heart may, if the valvular apparatus is 

3. Sobia, S. S.: Am.]. Physiollt8:17Sl, 1946. 

4. Woodbury, R. A., and H11111ilton, W. F.: Am.]. Physiol. U1~663; 1937. 
5. Shuler, R. H.; Kuppennan, H. S., and Hamilton, W. F.: Am. ]. PhysioL 

1•1:625, 1944. 
6. Pro5kallet, G. G.; Neumann, C., and Graef, 1,: Am. J. Physiol. Ul:290, 

1945, 

7. SlilldQ, N. M_, and Briuee, K. R.: Proc. Sec. Exp~. Bioi. &: Meci. H: 125, 
1N7, __..._. . 

.:...;.... ;.&, Scn"ba.. K.: Virc:bows Arch. f. path. Anat lfl ~321, 1938. 

141003 



12/09/99 THU 

... ;..~-

{ ~\L\J t::i\ .. ~ \!-1'1)~ f1,11\1C:Clw-l ARC/fiVES OF P AT/fOLOGY 

~A 111 ,.,-.n .JI"),...~ 11Z£.. -::::}:> tntact, be taken as c:VJdence of elevation of blood pressure." Other author~ • 
-y ' r \"}U..w'V"!"'J J~ haw: come to an esscnti!l11y similar condu~iot~. 

. -.:.,, '· Passler and. Heineke 10 and Jwiarlc and Geisendorfer u fo\Uid a 1' l tr~_:( tf).,'V:J;;:; Corrc:lation between' increased blood pri!Ssure and relative hypertrophy of the 1.-fl~-.... 
·l'f~ .- ventricle in dogs with "ro:dQced'' kidney tissue. Collins u constricted tho: renal. .·. 

.. 1: 

it i' w I 
-t 
L 

' arteri~ c;~f do~rs and found hypertension and a relative increase :.n the h!!art'& · 
weight without any hi~tologic changes of thl! kidney. 

Chanutin and Ferris 1S and Chanutin and B:arladale '-• found that when vascular 
hypertension was induced in rat5 br a "reduction" of the kidney tissu~ there was 
a col'related im:rease in the ratio of the weight of the heart to the surface area, 
~he latter being a function of the wei!fht. 

Schroeder u found that ''in rats the weight of the heart is prcbablr a more 
reliable inde:x; of the presence: of the hypertensive state than is one mea!urement, 
or two, of blood pre55ure under anesthesia." 

Halpert and Crollman u found a PQ5itivc corrcl11tion betw~en the e:lentlon 
of blood pressure and hypertrophy of the heart, ~pecially of the left ventricle, in 
rats with "6gure of eight" liptW'es appli~ to thdr kidno:ys. 

The weightl! oi the he:~ru of milliy of tho: rats re!:eiving water in the e:'<peri, 
ment to be describ!!d have been ploned ag:aimt their bod)' weight!i with results 
~imilar to those of Walter and Addis,l' who found a straiS'ht lir1e relationship 
between the lor of the heart weight and the log of the body wdg:1t. Hatai's tl 
valw (quoted also by Donaldson 18 ) are sli(htly higher in both caterories. 
ever, in the present series both values frequently lie ~nuch beyond the maxiunq 
values of the others quoted, clc:arly \leea1,1se so many of the l'lltli were ke];!t 
longer than thQse in the eocperiment$ of others. Cromartie ao found that 
weights of the hl!arb of rats with hypertension were 14 to 144 pel~ cent l.a·•· .. ···~iiiH' 
than those listed b:r Donald5on,lt 

The question arises as to the validity of wing the terminal heart weight iD 
presence of emaciaticm, wbicb wa:;, in passil'lg, ~ o:xtreme in tht! p~ent 

9. Evans, G.: Quart. ]. Med. 14:215, 1921. Fahr, T.: Virc::10ws Arch. 
path. Anat. D9:41, 1922. Murphy, F. D., aad Grill, 1-: Arch Int. Med. 4&:74,. 
1930. Rytaod, D. A.: ]. Clin. Inv~tigation 17:391, 1938. Moo1·e, R. A.: A 

Textbook of Pathology: Pathologic Anatomy in Its Relation to the_,;;n~i;i~~·f 
Pathogenesis and Clinical Maniiestation of Disease, Phil!Lclelphia, W. B. S 
Company, 1944, p. 968. 

10. Passier a.ad H~nelce: Vefhandl. d. deutseh. path. Gesseli.$Cit. 9:99, 1905. -~-
11. Mark, R. E., and Geisendorler, H.: Zuchr. f. d. res. exper. Med. 71:350, 

1930. 
12. Collins, D. A.: Am. ]. Physiol. 118 :o16, 1936. 
13. Chanutin, A., and Ferris, E. 'B., Jr.: Arch. Int. Med. U: i6:r, 1932. 
14. Cbanutin, A., and Bark~dale, E. E.: Arch. Int. Yed. St=i'39, 1933. 
15. Schr-Q~dcr, H. A.: J. Exper. Med. '7i:Sl3. 1942. 
16. Halpert, B., and GroHman, A.: Arch. Path. U: 559. 194i. 
17. Waltel', F., and Addis, T.: J. E.ltper-. Mtd. 88:467, 1939. 
18. Hatai, S.: Am. J. Anat. 15:87, 1913. 
19. Donaldson, H. H.: Rat: Data and Reference Tables for the Albino Rat 

(Mu~ Norvegicus Albinus) and the Norway Rat (Mus No"e!fic:lls), American 
Allatomical Memoir 15, ed. 2, Philadelphia, Wistar Institute o£ .-\natomy aud 
Biology, 1925. 

20. Cromartie, W. S.: Am. J, M. Sc. 206=66, 1943. 
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This procedure seems abundantly justified by thl! experiments of Van Lierl! and 
Sleeth,::1 who found the percentage loH of the weight of the heart to parallel 
the loss oi body we.is-ht .in guinea J)igs subjetted to stan"ation. 

DctmninatiOfll. of Rttlatiw Weight of Lefr 1" tntriclt.-!here are praetia.l and 
theQ~tk objectiom to U5ing the weight of the entire hurt whim arc: ob\l'iated by 
using the weight of the left ventricle. For one thing, there is no dear line of 
division between the auricle:; and the large veias or at the origins of the aorta 
and the pula~onary artery. For another, there are cllanges irl the weight m the 
right l"entricle whkh are confu5ing and irrelevant, especially when associated 
with \-arious dee-r~ of change in the lungs. .o\t any rate, it is felt that the 
most sirmfi_9DL-lndil;aticnror-ltevnm--bl0Gei..prtUJ!re is the ~t 
~LO£..tM-beart1trlfwhOf£"'"" __ _ 

To obtain the weight o£ the left ,._entrir;lc:, the heart has been fixed m·er 11ight 
ill Kaiserling solution no. 1 ='~ (which contains 5odium nitrate and sodium acetate) 
.iD u attempt to eliminate edc:ma by the use of this stro11g solution of these salts. 
I have weighed all the hearts myself oo the Allie 5Cales and with as litandard a 

· -udmic u possible as to the time the tissui!S were kept 011 the wti&bt pam, etc. 
Thirty per cent of the weight o£ the right \'eDtricle ha$ been deducted from 1bat 
of the left, after· the suggestion of Rytand and f>ock,n to allow for the portion 
o£ the interY.ntrieular septwn belonging to the right ventricle b\lt weighed ·with 
the left. The raultinr net weight of the left ventricle (L) is the numerator of the 

. ratio L/W that expres&es the relationship betweeu the corrected weight of the 
left Ye~ttride and the weight o! the rat (W). lt i& usually ~tween 0.3 and 0.6 
Gm. for adult nu. 

(The technical procedure fot s.:parating tbe ventricles from the auricles is 
. ~ftly ~le. The bean is t$J!O'ftd irom the rat's body by cu.ttinr all the 
·.,-~ ~ads as close to the heart u PQ~Siltle. Then, with the heart lyinr on its 

lllterior aurlaa:, one blade of a sharp pair ~;tf scissors is inserted thrOugh the rerion 
Gl tbe ~ sinus and the iaclsion continued around the heart between the 

· ·richt •IU'i.cle a,qd the risht ventricle [foltowins' the right c:oronary vends if these 
·Cit! be eccnl and t!ontinued, always at ~ht angles to the long ~~Xis of the heart, 
· CD 'tbe oJ'isinal incision. By this method, the '\'Cntricles are cleanly separated 

lr'Cia1 the auricles and thl!! roots of the aorta and ~ pulmonary artc:ey. Both 
Yaltricl~ are then openbi and spoogcd out. After beinl!" iixl!d oYer night in Kaiser­
ling solution 1, the right ventricle is removed from the left by cutting the flange-
like e flush with the inten·entrieular septum.) 

The denominator of this ratio, W, is the last wei ht of the rat and r ults 
it is in the I'Jei hborhood of 200 to 400 Gm.. The ratio i.s expre$~ed as L in gnms 
Ptr h~n~dred grams 01 • 1us, tor an ;uumal with aJ1 L of 0.563 and a W of 
244 the ratio is 0.563 dhided by 2.44, or 0.23 per hundred ~rams of W. 

Ii an anirnal was found during life or at autopsy to have a tumor or other 
condition, su~ as a s-alact01:ele, that would make a sigqificant chan~ in body 
\\'eiqht, this rat 'IA'aS omitted frorn $tatistical can5ideration. Rats in. several other­
··~tego"~"ie! were also omitted from consideration, namely, animals on which atJtop· 
,;~~ C01dc:l !lOt be made promptly, rats exp~;tsed to direct sunli~;ht, rats treated with ------

21. VanLiere,:£. S., a.nd..Sieeth. C~ K.: Am. J. Physiol. 116:635, 1936. 
22. Mallory, F. :e.: Pathological Technique, Philadelphia, W. B. Saunders 

CIIDIP&n)-, 1938, p. 380. 
23. Ryta:od, D. A .. and Dock, W.: Arch. Int. Med. 5&: 511, 1935. 
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2, 3-dimuapto·propanol N. N. R. (BAL, or British anti-Lewisite) in a..n unsuc­
cessful attempt to reznove sihra- with tJmi substance at and rats subj~cted to 
renal "reductioa." 

SUMMARY OF llESULTS , . ..,..,,. 

A£ter dimiuating the animals mmtioned in the foregc)ing paragraph 
there are 433 rau whose L!W ratios are open to no technical obje~;tion. 

~onnll.lluns• Dllttuad LllliCt 

A.p, MoQt.hS SU•et W&t&r 84'fV WAt.oll" 
L ...••••••• · ............. 'S) .:IO:Z .06 ('t) Jli:I:;.QII (J) ..U::t.llii .............. 
.... ~·················· (8) .17 = .01. (I) .1? :1:: .Ol ·············· ............... ...................... (Ut .]f ± .oa (IJ) ·lU;!;; .Ol. (~) .lB :1:: .01 (1) .18 
II- B ................... (II) .lt :t .1111 (I) .15~.QJ. n> .u (ll) .l.S ;;t .01 

11-11 ................... (10) .18 ;;t; .011 (II) .1.5 ~ .()1 ............... (2) -l'l' :I: .()1 

l.il-1'·········· .. ······· (J.S) .16:!: .01 (lB) -1•= .en (~J oli;!;; .Gil (I) .:2 :;I: .oc 
1$-tT ................... (11) .16 = .01 (6) .111 :I: .G1 01) .211:;t;.Dt (8) .l7-;;t .1111 
1.11-~1) ................... (11) .11 = .ot (8) .10:1;;.01. (1) J.II;!:.QI (8) .18;;!;;.06 
.n ..................... ('1) .Ia ::t .ae l•U .te;;t;.OI (6) .1&:!;:.011 m .l.l±.l11 

=zi48...' ............... · •.••• (3) .26:!:.ot. ......... .~ ..... (6) .28::!:;.06 . .................. 
S7·21 .•• , •• , •.•. ,,, .• ,.,, (t) .18: .oa ................ (I) .2e:;l;.ml .. ............. 4 ••• 

10-Sa. ........... _,, .... U) .l8 ·············· (1) .. ...................... 
t1Ai:lloWD. ..... •• •• • ...... .................... (li) .lA :t: .Ol . .............. . .. , .............. 

·~'. 

====T="=..,.==2.=--.4=wr.=og~•==L,;,I-=W=V=-al=~='=41=V=IW1DIU=·==A=g~e=I;;::=F=,:='IUJk=~====·~::,·: 
!fDzmal.IAuiD 

A.a-. llonthl 8llnr Water 

1n••••••••• ••••• •••••• ~) JIIS:;!:.ot (a) .II ;1: .oa 
a.. ••••••••••••••••••••• (T) .11z .1115 (8) .11::!: .Ql 
a...L ••••.• , ... , ......... (7) .lll± .Ill (U) • 11::!:.01. 
IJoo a. •..•.••••••...••.• (Ill .ll:t ,(II! (1) J.'J 

g...u ........•.•••.....• (t) .»:I: .OS (18) .a:-01 
IJ-1.6. .................... CU) Jll:!: .• (Ill) J8±4 
Ii-1? .................... (Jl) .JO.:t •• ('1) .11±.01 
)8.10 ••• ••••••••••• •4 ••• (11) JO:t.GI (11) olt±.lll 
11·118. .................. (l8) JIO::t; .IB (3) .ao;::t:.GJ. 
~ ................... (7} .ill:!: .01 (2) JiD:t: ... 
87 ............... ~ ••••••• ......... ~ ...... (1) .1' 

Ullknown .............. '""··········· (I'll .lB±.ol 

,::.'~' 

,........_SII_vu_fliM_u_..s _ _.,_I_m~_et;...w_a_ta'_-.:~: . 

·<a> .llll~.ot ............ .. . ............. (1) "' (l) ,II) ·············· .............. . .. ··········· . 
(8) .16::1:0 (1) • • 
(8) .a. :I: .rrt (1) .18 
(lJ .ao (S) .H±a 
(I) JB:t:.C. (4) .I& .:I:: .at 
(1) .. (ll) olT:I: 0 . ............. (1) ,Ill 
(J) .lli:.a. . .. ··········· 
. ~ .............. ·············· 

• The lllllllber In P&11111t:leH• show• tile ~~~ ot rata Ill. the 1r1>up. 

These 433 rats include 131 males given silver salts, 89 mal•~ given water, 
114 females given silver salts and 99 £!!males given '?fllt~~. The L(W 
values of these rats have been averaged according to age groups, and the 

24. Olcott, C. T., and Riker, W. F., Jr.: Science 11lh67. N37. 
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averages are listed in tables 1 and 2. The critC!ria by which normal and 
diseased lunli were differentiated will be considered in a later section. 

Before a significant analysis of the LJW values can bC! made!, a 
further elimination of animals is desirable : 

1. It will be seen that amonS' younl rau both the water and the silver treated 
eroups have high L/W value5. These valu~s art! ~ally high a.tn01Ji the yOUDgl:5t 
arrimals. Aceqrdinely, lOP rats 11!.5s than P months of age will be eliminated from 
further statistical study. Thi5 bas the acldal advantag~ of remo~ n.ts that 
have ~eived silver for only short periods. 

2. Twe:nty-one male n.ts more dian 24 mouths old whieh rec:eivtd silYet but 
for whidl there were ao mutrol rats ai\'ell water will ~ removed. 

3. Seva~ rau of 1JIIblown age should be removed. 

Nems&JlAiiiP Dlle.-lXAmn 

.Ap, lifOIItlil Sllvv Wate lllhv Wat.ar 
111&1111 

.u.. ............................... · ... 1/10 .,. 0/1 

Jl.l"-·· .. ·· ............ ············· one 0/U 1ft 1/1 
16-17 ...................................... l/ll 0/1 1/J 0/1 
~ .................................. 1/ll 0/B t/'1 Ill 
ltl..a.. .................................... , .. 1/7 .,. 116 0/1 

~ 

..u.. .......... , .................... ·~ 1/JJ 0/8 1/l 

JS..lL •.....•.•••• , ••..•••.••. , .... , ••. 1/ll, ,~~~. 111 0/1 
IJ.lf ............................... t •• 11/11 1ft 1(1 J/8 
:~&~~~... ............................... 1/U J/ll 115 5/0 
IJ,.D ................................. Glil 211 1/l 1111 
....................................... 7/'t 1/1 111 
!4-19 .... -· ..................... ··~···· .. 0(1 •II 

• 'lbe DIDIIert-tQr Ia tbe DWIIII>wr ot "tt 11tllo18 l.l\\' value wa• 111on than 0.1; tbe 
4tDOJDIIIator Ia tile total DmDber of rate ID the lit rto\111· 

The remaining 296 rats are represented in table 3 in such a way 
that the number of rats whose L/W was over 0.2 is placed as the 
numerator and the total number of rats in· the gTOUp as the denominator. · 

M odiji.ca.tion of Weight of Left Ventricle Caused by Pult~sono.tjl 
Lesions.-The lungs of 63 (21.2 per cent) of these 296 rats showed 
consolidation of one lobe or n1ore and were thus considered to have a 
conspicUous and definite amount of pneumonia. (In one of these rats 
the pneumonia. was less conspicuous, but there was purulent meningitis.) 
Twenty of these 63 rats died of natural causes, in contrast to only 6 of 
the 233 rats without signHicant pulmonary involvemmt. ·The r-esults 
giv@ll in the tables cunfonn with the experience of others who have 
found that bronchitctatic and pneumonic lesions increase with advancing 

141007 
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age.~~ Rats with diseased lungs tend to have higher l..jW values than 
those with good lungs at the various ages. The L/W "Value tends to b~ 

_ higher for rats receiving silver than for those reeeivin~~ water, whether 
or not they have diseased lungs. 

Even more clearly shown is the greater variability of the average 
values of the L/W ratio in rats with diseased than in those '!'.l-ith ~ssen­
tia.lly normal lungs. This is apparent wlien it is noted in tables 1 and 2 
that the average of the mean variation for most of 1:he three month 
periods (the figure following the :!:: sign) is a relatively larger part of 
the average L/W value for that period (the figure bef,:>re the ;!;: sign) 
in rats with diseased lungs than in those with nortnal lung~. In the 
former it is often 1 : 5 or 1 : 6; in the latter it is usually in the neigh­
borhood of l: 15 or 1: 16. 

Clear confirmation of the positive correlation between disen.sed ltmgs 
and relative hypertrophy ai the left ventricle if; giv·en by the use of the 
"four-fold table.''~$ 'This ma~· be set up, including both sih·er-treated 
and water-treated rat~, as iolli)'\YS : 

o: 28 rats with L/W oi 0.2 or more b: 3S rats with L/W leso than 0.2 
with diseased !UQrJS with diseased. lw1gs 

t: 49 rats with L(W of 02 or mo~ d: 184 rat~ with l.fW less than 0.2 
with nonnal lunss with normal lunlJS 

Using the formula. ('chi- deviation [X) I standard deviation [6]) 
(chi) s._ (1Jd......f1c)' X c .. +l>+.:-l-d) 

(a+b) X (t+J) X (o+~ X (b+d) 

one obtains 3.76 as the value for chi, which is highly significant. To 
anticipate: This figure i$ higher than when the weight o£ the left ventricle 
is co1r1pared in rats given sU'Ver and rats given water. In other word$1 

significant pulmoiJ<UY di$Ca.Se is a more potent factor in causing a hlgh 
L!W value than is the administration of silver. However, puhnonary 
changes do not give the uniformly high L/W values found for very 
young rats. 

L!W Ratio m Rat.s with NotmaJ Lungs.-To return to the tabula­
tion of the L/W ratios and consider only the 233 rats (!iS silver-treated 
and 45 water-treated males, 75 silver-treated and 58 water-treated 
females) with essentially nonnallungs between 9 month11 of age and the 
end of the controls (betwe~ double lines on tables l and 2)-it will be 
seen that the average L/W value for male rats given wat1~r approximates 
0.16, while that for f~es is rarely over 0.19. The L/W value for rats 
given silver, all ages and both sexe!, is equal to or h:igher than that 
£or rab given water. This higher value is usually due to increased 

25. S:P:tcm, ]. A.: N¢W York State J. Me<J. U :1095, 1941. 
2ti. Hawlt!y, P. R., in Simmom, ]. S., and Gent:ckow, C. J.: Laboratory 

Methods of the. Unit~ States Army, ed. S, Philadelphia, Lea &: Febiger. 1944. 
p. 785. 
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weight of the l~t ventricle (L), as the body weights of the two groups 
show no consistent difference. In passing, it has b~n determined that 
the higher LjW '"alues are not due to terminal loss of body weight. 

In determining the value of chi for silver-treated rats in compari­
son with their controls, use ha5 bem made of the following diagram 
with the same 233 rats referred to in the foregoing patagnph: 
(a) silver-truted rats with L/W of (b) sih·er-treated rats with !./W less 

O..Z or more than O.Z 

(f) water-treated rats with LlW oi 
0.2 or more 

(d) water-treated rats with L/W 
le~5 than 02 

For the 100 males 6 j 49 the chi is .2.29. 

o 1 4s 
For the 133 iemales 31 j 44 the chi i~ Z.S2. 

12 1 46 

For both &eXes 37 I 93 the chi is 3.13. 

12 1 91 

The last-mentioned chi ( 3.1.3) is highly significant, as the probability 
of this figure occurring by accident is in the neighborhood of 1 : 400. 

Relation of Eltva.tion of L/W to Atnaunt of Silv1r Rtceivld.-The 
3? rats with L/W over 0.2 received more silver for a longer time and 
showed more silvl!r on microscopic examinatiOn of ¢eir glomeruli than 
did the 93 rats with lower L/W values, as shown by the following 
scheme: 
Of the 37 rats with 
L/W equal to or 

abo-.-e 0.2 

l 
65'1'-

8150 

95% 

Of 93 rats with L/W 
less than 0.2 

re~;eh·ed 11 Gm. of silve• ~lts or more 
(there was a tendency fer th~ rats 
given silver chloride to have a rugher 
L/W nlue than tho:te siven silver 
nitrat~) 

received silver for 401 c:!aY5 or more 

on mittO$copic examination 'bowed 3 + 
or 4 + silver in their rlomeruli 

J. 
42% 

47% 

71% 

L/W in Rats with RBduced Rmal Parenchyma..~Two female rats 
(1 given silver, 1 given water) were suhje~ed to unilateral nephrectomy 
lhd killed sixteen and nineteen months later. The values of L/W 
fitted into those oi the series of rats with two kidneys. 

f4l 009 
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Dr. William Dock "reduced" the kidneys of 10 of my rats by stverely 
damaging one kidney with a clamp and removing its {ellow a week or 
so later. The values of L!W when the animals were killed or died,._...,.. 
months later were: 0.32, 0.29, 0.25, 0.23 and .0.18 for 5 rats receiving . ....:.:_. 
silver and 0.29, 0.25, 0.24, 0.23 and. 0.16, rel!lpectively, for 5 rats given 
water. These very high values were apparently largely due to an 
increase in L rather than to a del:reue in W. 

Po.uible Adventitio'Us Chan.g1 in L/W Ratio.-The ~luestion arises 
as to the possibility that the L/W va.lues of rats given silver rose becatis~ 
silver was actually deposited in the heart. There is direct evidence 
that this is not the case : 1. The granules of silver found in the heart 
on microscopic examination were scattered, few and small. 2. Nitric 
acid digestion of the heart of a. rat gave an entirely nega:~ive result for 
silver. Comparison of known arnounts of silver nitrate indicated that if 
there was 1 mg. of silver in the entire heart its presence would be 
revealed by this test for silver. A trace of silver was recovered by 
digestion of renal and hepatic: tissue. 

It is of interest that no more vasc:ulaJ: lesions were ~~resent in the 
kidneys o£ animals receiving silver than in those receiving water. There 
was no suggestion of necrosis or of significant thickening l)f the arterial 
walls. 

Another possibility of ertor that must be elhnin.a.ted is the possi­
bility that the high L/W values tnight · bave been due tc anemia, the 
latter ca1aed by the ingestion of silvu. In 19 determino>tions in rats 
giYen silver wts the hemoglobin was 14.6 ± 0.8 Gm .• while! in 12 deter- . '' 
minations in ms given water, it was 15.1 :!: 1.1 Gm.; i. f:., no anemia ·:;:. 

. was found. (The nonnal value for tnan in the Hellige colc·rimeter used 
is 14.6 Gm. per hundred cubic centimeters of blood.) 

URINAL YSlS 

lt is a: well known fact that albuminuria is an appar,~tly normal 
finding in old male rats.=7 When albumin was determinl!d qualitatively 
with .sodium sulfosalicylate in the urine oi rats receiving silver and the 
urine of those receiving water, no clear difference was found. 

Dl". Eyup Cana.t made a. number of quantitative deu~r::ninations of 
the protein in twenty-four hour urine samples from the rats. The 
results showed enormous variations. When repeated urinalyses were 
made there was shown a strong tendl!ncy for the proteinurilL to increase 
through the months. Rats given silver had more proteinuria, on the 
average, 'than those given water. This may have been partl? due to 

2i. Jack$on, H., Jr., and Rig-gs, M. D.; ]. Biol. Chem. 87:101, l9Z6. Bell, 
M. E.: J. Physiol~ 79:191, 1933, Shih, H. E.: Am. J. Physiol. U3:l20. 1935. 
Sa...-:ton, J. A., J:r., and Kimba.ll, G. C.: Arc:!h. Path. S2:9Sl, 194l. 
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the greater age of the IUJimals given silver. Males had slightly higher 
proteinuria than females. The figures may be rendered as follows: 

Twenty-two detenninations for silver-treated male rats 19 ;;t: 6 
months old gave a maximum of 368, a minimum of 1 and an 
average 83 ::!: 89 mg. of protein for 24 hours. 

Four determinations for w<uer-treat~ male rats 15± 4 months old 
gave a ma..-ximum oi IB, a minimum of 1 and an average of 
11 ;;;t: 6 mg. oi protein per 24 hours. 

Xine determinations for silver-treated female rats 14 ±: 3 months 
old gave a maximum of 340, a minimum of l and an average 
of 75 ::: 113 mg. per· 24 hours. 

Three determinations for water.treated female rats 12 ± 1 month 
old gave a maximum of 14, a minimum of 1 and an average of 
9 ~ 26 mg. per 24 h,ours. 

Readings higher than any recorded in the foregoing para.gt"aph were 
given by a water-treated rnale rat and a siJyer-treated male rat whose 
kidneys had been "reduced." · 

o.EATtNINE 

An attempt was made to get some light on the physiology of the 
kidney by determining the creatinine clearance. Unfortunately, pre­
suma.bly bea.use of faulty collection, there were only negligible amounts 
of creatinine in the urin~. The determinations of blood creatinine were 
apparently reliable. Three female littermates were killed when 16 months 
old. All&ly~es under the direction of Dr. Kendrick Hare. of the depart· 
ment of pediatrics. gave the following results: 

2 rats given silver fol' 455 days: 0.54 mg. per 100 cc. blood 
0.68 mg. per 100 cc. blood 

1 rat siven water: 0.68 mg. per 100 cc. blood 

Thus, in these animals there was no change in the retention of 
~:reatinin~ on the ingestion of silver. 

COMMENT , 

This e.'tperiment was started after an examination of the slides from 
tht. case of argyria described by Gettler, Rhoads and Weiss u showed 
rena.l arteriosclerosis. Their patient was a moderately large ma:n, about 
70 yea.rs old, whose heart weighed 480 Gm. His blood pressure was 
not recorded. Kino :a has been the only author to find significant arterio­
sderasis in a patfent with argyrosis, a man of 77 years. He main-

. "28. Gettler, A. 0.: Rhoads, C. P .. :mel Weiss, S.: Am. J, Path. 1;631, 1927. 
29. Jtino, F.: Frmlcfun. Ztschr. f. Path. 3:398, l909. 

,, 
., 
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tained that silnr pign1entation of the kidneys is prin1ary, arteriosclerosis 
secondary. Hill and Pillsb~try,l11 considering the condition in man, 
stated tha.t "argyria . . . produces no significant disturbance of the 
physiology of the affected organs, or of the general health o£ the patiet:~t.'' 

Silver nitrate or silver chloride held in suspension by sodium thio­
sulfate was given to many rats to see whether the ingestion of silver 
salts might cause vascular lesions. In a small number of rats the renal 
arteries of moderate size ;:;bowed slig-htly thickened \Valls, but these 
changes were no more common in animals given 5ilver than in those 
given water. 

Although there has been no arteriosclerosis or other vascular change 
that could be attributed to silver, hypertrophy of the left vmtricle has 
apparently been demonstrated in a statistically significant number of the 
animals treated with silver for long periods. Anemia w;l.S not present, 
and the increase in the weight of the heart was not dtte to its silver 

content. T~likely_pr.o,lltl,.~j!J!'l.!!.S!:S.J~~rj,;~l!;.~J?!;E:9.ahy 
indicated vascular ~~.i.Qn.., · 

~of this presumed hypertension was 110t e..."';plained. 
Advanced pigmentation was present in the thyroid· gla11d and in the 
medulla. of the adrenal gland, but no change was found that is known to 
cause hypertension. The pigment deposited in the chorc.id membranes 
of the brain and the eye also seems to be an incidental finding. The 
most ad\Tallced pigmentation was present in the portal vein and the 
hepatic histiocytes, neither of which have any apparent cc1nnection with 
hypertension, 8Ild in the . kidney. Changes in the kidn(y are known, 
from studies of man and animals, to be closely related to hypertension. 
Certainly our repetition of the work of many others wbo studied the 
infiuence of "reduced'' kidneys has emphasized the lil:elihood of a 
renal factor in the hypertension. The.re may well have bt~en a humoral 
mechanism associated with the pigmentation of the basem::nt membrane 
of the renal tubules, but this caD!lot be proved or disprove(l The JX!SSj­
bility remains that chan !!S in the struc:tur~ of the hea~~en!ed 

_baseme~~~ .. ~!J!!,t;..<(,g!!!!n!,~~ve e.'terted some m ·­
atimfUence on the mzocardium. It ha$ been s n previously that 
th~iCk;d.'i11 No article has been found describing 
sueh a change in the e::<:perimental work oi others. However, the 
glomerular basement membranes nre thickened in many casl'!s of tox­
emia o£ pregnancy, and this thickening is accompanied by albuminuria 
and hypertension. It is submitted as a possibility that the~;e same three 

30. Hill. W. R., and Pillsbury, D. M.: Argyria: The PharmaeoloiY of 
Silver, Baltimore, Williams & Wilkins Compa.ny, 1939, p, 132. 
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cllatiges, thick~med basement membrane, albuminuria and vascular 
hypertension, may have been present as interrelated iactors in the ani­
mals ingesting silver. 

$tJllf:M:AR'l! 

Hypertrophy of the left Yentricle has b~ found in a. statistically 
5ignificant nun1ber of rats ingesting silver salts for long periods. This 
condition is preswned to indicate that they had vascular hypertension. 
It is postulated !,!t~t tJ:.~.lu~~Gl.Q. mu.,btt¥e.been due to, tl1• ,Japoii* 
~ o£ sDyg.~~~~~~!.:.~~~~~~em!~~~~ ~~-

e renal glomeruli. 
"""'~-~~···~c<\<WI~'~·~"*-~~ 
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