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Experiments on the renal deposition of 
mercury in the rat led to the hypothesis that 
mercury-amino acid comple)(.es might be in­
volved in the transport of mercury into kid­
ney cells via the same mechanism as amino 
acids themselves are transported (1). 

It has been shown that copper is actively 
accumulated by kidney slices in the form of 
amino acid comple)(.es, largely of histidine 
and threonine (2). Since kidney accumulates 
mercury to a greater e)(.tent than any other 
tissue in vivo (3) and amino acid transport in 
kidney is enormously active (4), it would not 
be unreasona ble to ex pcct at least a com­
ponent of the mercury uptake in kidney to be 
amino acid-mediated, as in the case of copper 
intake. 

In this study, rat renal cortex. slices were 
used to assess effects of meta bolism or COIli­

plexation by amino acids on mercury uptake. 
Attention was focused on the complex with 
cysteine in view of the large stability con­
stants of mercury-cysteine complexes (5) and 
the observation that parenteral administra­
tion of mercuric cysteine to rats resulted in 
higher levels of mercury in kidney than when 
equimolar mercuric chloride was given (3). 

Methods. Animals. Male Holtzman rats 
were used. Throughout the rangc of experi­
ments body weights were 175-380 g; in 
single experiments the range of body weights 
was no more than 20 g. Animals were housed 
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in an air-conditioned room with an automatic 
12-hr light cycle and feci Purina Rat Chow 
(Ralston Purina Co., St. LOllis, Mo.) and 
water ad libitum. 

Chemica/so Analytical reagent grade chem­
icals were used in the preparation of buffers 
and other solutions unless specified other­
wise. Solutions were made in deionized dis­
tilled water. 

Mercuric nitrate I 2 ():lJ-Igj in 10 111M HNO:1 

(New EngJand Nuclear, Boston, Mass.) was 
diluted with 10 111M HNO:l to an activity or 
1000 ,uCijml. This stock solution was fur­
ther diluted with unlabeled mercuric chloride 
in phosphatc/HCI buffer (pH 7.4) to give a 
final speci6c activity of 1.0 ,uCij50 ,uM/ml. 
In all experiments, 100 j.41 of tbis solution was 
added to mu ke a 6nal volume of 5.0 mi. Each 
flask then contained a total of L.O fl.g or 
mercury and 0.10 j.lCi of activity. The final 
mercury concentration was J.O j.4M. 

Mercury com plexes with amino aeids or 
glutathione were prepared by diluting 100 
,uM mercuric solutions (predominantly mer­
curic chloride) with equal volumes of 100 or 
200 }JM amino acid or glutathione, thus 
yielding 1: 1 or 1: 2 molar compleKes. Cys­
teine and glutathione solutions were pre­
pared within 15 min of use. L-cystcinc hy­
drochloride monohydrate unci glutathione 
were obtained from Calbiochcl11, Los Ange­
les, Calif. L-histidine, L-serine) and L-lysinc 
were obtained from Eastman Kodak Co., 
Rochester, N.Y. 2,4-Dillitrophenol (DNP) 
was synthesized in the Department of Nu­
trition, Harvard School of Public Health. 
Solutions added to incubation Aasks were 
adjusted to pH 7.4 with HCI or NaOH 
shortly berore use. 

Tissue slices. Rat renal cortex slices were 
prepared as described by Rosenberg el a/. 
(6). The averagc thickness obtained with the 
Stadie-Riggs tissue slicer was 0.50 111m. Each 
kidney yielded four cortical slices. Prior to 
incubation, slices were taken from ice-cold 
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Krebs-Ringer buffer, gently blotted. on filter 
paper moistened with cold bufler, and 
weighed by suspending three slices at a tim.e 
from a wire placed inside a Mettler analytI­
cal balance. The average wet-weight of tissue 
per flask (three slices) was 100-120 mg. After 
weighing, slices were placed in 25-ml conical 
flasks containing Krebs-Ringer buffer and 
kept on ice until the start of the incubation 
intervaL 

Incubations. Slices were incubated at pH 
7.4 either in Krebs-Ringer bicarbonate 
(KRB) or Krebs-Ringer phosphate (KRP) 
buffer containing 10 mM glucose. Incuba­
tions were carried out in a Dubnoff incu­
bator agitating at about 85 oscillations/min. 
Flasks were covered by an air-tight hood and 
gassed with 95 % O2/5 ';{i CO2 when KRB was 
used, or 100% O2 when KRP was used. In 
anaerobic experiments 95 o/n Nd5 o/n CO2 (for 
KRB) was used. Flow rate was adjusted to 
4 ft3/hr, sufficient to produce bubbling from 
under the hood. Temperature was main­
tained at 37 ± 2° or at 25 ± lOin reduced 
temperature experiments. Before addition of 
test substances, slices were preincubated for 
15 min. Times of incubation varied from 15 
to 120 min in the time-course experiment, to 
a standard 60 min incubation for single 
time-point experiments. At the end of the 
incubation interval, flasks were removed 
fr0111 the incubator to an ice bath and the 
slices quickly removed with forceps, dipped 
briefly into fresh cold buffer, blotted with 
buffer-moistened filter paper and placed into 
lOX 70 mm glass test tubes. 

Mercuryassay_ The glass tubes containing 
the tissue slices were placed into plastic 
gamma-well counting tubes with screw-on 
caps. Counting was done in a dual-channel 
Nuclear Chicago gamma scintillation spec­
trometer against a standard 203Hg solution in 
order to compensate automatically for radio­
active decay, Standards and blanks were 
c.ounted also to correct for background radia­
tIOn and to provide a basis for calculating 
mercury concentrations and recoveries. 
Mercury concentration in tissue was ex­
pressed as fJ.g HgJg (wet weight). Aliquots of 
incubation medium were counted and 
mercury content expressed as Jtg Hg/ml. 
Results are presented as the ratio of slice 

concentration to medium COI1CclllratilJIl. 

S/M, or as a rereentage or the S/M ratio Ill' 
mercuric chloride untler standurd conlii!illih 

PC/Nil iOIl cOLi/ieiellls, Rad io .. la beled Iller· 
curic chloride or Illen.:uric cysteine eOlHpkxc;, 
(lOa 1'1 of 50 I'M) wcn.~ added to a l1lixIUl\~ or 
2.4 1111 sodium phosphate bulTer (pH X.1l1 illIll 
2.5 1111 II-heptane in stoppered tc:>t lube!>, llle 
solutions were shakt:n vignl'Olisly !>l'\t:fill 

times u nd allowed to eq uil i bra te 1'01' 20 Illill. 

Aliquots (1.0 1111) were Luken fmlll t'ach 
phase for gumma scintillation cOllllling and 
ratios of counts in heptane to COlln(~ ill 

buffer were computed. 
Stati.\'lic.\'. Data me expressl'd :If; !Ill'all~i 

SE based 011 I.he number oj' incubation lIa"b. 
Significa nec or dilfercnces bet wecll 1I11'~lIh 

was delt:l'lnincd usillg Student's I lesl, \\illl 
P < 0,05 being regurdt:d as signifit:anl. 

Results. Time-colll'si' 0./ 11U'I'('I/I'.I' IIl'ltI~ ,'. 
Mercuric chloride LIdded to the l1lCtiilll11 ,11 

zero time was aeclimulated by the slil.:," ~I~ 
shown in Fig. I. The uptake appl'o;II.:III·d a 
platen u bet wecn 60 and 120 111 i n or ill,'lIh" 
tion. The levC/ingoJr or lIpla ke WllS 1101 lill': 
to derletion of eXlraceliul a r mercury ,jUt'!.: 

the eoneentru lion oC ll1creu ry i 11 the Ilh~dill1!l 
remained consllll1 t til rough Oil I the hH.'lI h;lliHII 

interval. Recovery or radioactivity \\;1'> 

96.7 ± 1.I ';/;" 
A standard incubation inlel'v:d or (10 IIlIIl 

was selected ror Rtu<.iies or the elret:l~ OJf 
amino acids llnd l11etabolism 011 IIlt'lfllll' 

lIptake. -
IlIjlul!l1cl! (~/ (lmiJ/o acids 0/' J!/illillllllllil' 

Mercury complexes or amino ueids or ,dlll,1 
thionc were rormed by pre III IX i ng !lH.·I'C\lII~ 
chloride with two equivalents or cOmpll'\illp 
agent during the prcillcubaLinn inlL'rvill alld 
adding the complex to lhc incubation Ila',k iii 
zero time. The linal concentration or 11\;1 

curie chloride or l11el'clII'Y cumplex ill tbl' 
mediul11 was always l.0 J.l.M. S01lle III' II!, 
media con wined adeli liOlw I it nlino add, 
which were add(!d at thc starl or tbl.~ pn:illl'u 
bation intcrval. The lIf1la ke of IIll'l'L'm) 

under these dilfercnl conditions is shown ill 
Table r. The uptake or mercuric chhHltk 
without added amino acids or glutathj\~!I" 
was assigned a val Lie or I 00 I;;, tn serVL~ <1, >I 

basis of comparison. 
The histidine complex was nol taken up til 



RENAL MERCURY UPTAKE IN V/7'lW 305 

4.0 

::Ii 
;;, 3.0 

30 60 90 120 
TIME (min) 

FIG. I. Time-course of mercury uptake into renal 
cortex slices. Slices were preinclibaled in KRB bulTer 
for] 5 min before addition of uncol1lph.:xed mcrcuric 
chloride Ilt zero time to give a final mercury concentra­
tion in the medium or 1.0 p.M. Incubations al 37° 
under 95% OdYVo CO2 were carried Ollt for the times 
shown. DUllI are expressed as slice: medium ratios or 
mercury COllcentralion (S/M Ip.g I-Ig/gl slice I 
Lug Hg/mll medium). Each point is the mean of two 
flasks containing three slices each. 

a significantly higher dcgrec than mercury 
atone. Uptake of the cysteine and gluta­
thione complexes was enhanced ovcr 50';;. 
above that of mercury alonc. Addition 01' a 
tenfold molar excess of histidine over the 
mercury-cysteine complex abolished en­
hancement of the uptake of' the complcx. In­
creasing the ratio of histidinc Lo mercuric 
cysteine to 100 or 1000 resulted in increasing 
the mercury uptake, but the level of uptake 
of the pure cysteine complex was not at­
tained. Addition of serine in tenfold molar 
excess over mercuric cysteine had no ciTcct on 
uptake. Lysine, however, significantly re­
duced uptake of mercuric cysteine. The mosl 
pronollnced effects occurred when the cys­
teine concentration was increased. Molar 
ratios of' cysteine to mereury~eysteine COI11-

plex of 10, 100, and 1000 gave mercury up­
take levels of 275,350, and 370';;. of mercury 
alone, respectively. 

Partition coefficients. Purtitioll coeOkients 
between equal volumes of n-hepLune and 
phosphate buffer (pH 8.0) were measured 1'01' 

mercuric chloride and mcrcury-cysteine com­
plexes produced by premixing mercuric 
chloride with either one or two equivalenls 01' 
cysteine. The mean ± SE (/1 = 3) hep­
tane: buffer partition coe!1ieients were: 
0.1330 ± 0.0240 for HgC12 ,0.0190 ± 0.0010 

TAGLE I. INFLUENCE OF AMINO ACIDS OIt GLUTA­

THlONF ON MErtcUIlY UI'TM;:E ill' KlDNIl' COIl­

TEX SLIClS "Y VITI/II. 

Additions to slice 
incubation flasks" 

Hg++ only 
Hg (His), 
Hg (GSH), 
Hg (Cys), 
Hg (Cysh + 10 His 
Hg (Cys). + 100 His 
Hg (Cys), + 1000 His 
Hg (Cyo), + 10 SCI' 
Hg (Cy,), + [0 Lys 
Hg (Cys) 2 + 10 Cys 
Bg (Cys), + 100 Cys 
Hg (Cys), + 1000 Cy~ 

I-Ig2+ lIpLakel, 

(Pm'Ccn t:tgc of 
S/M or Ilg,1' 

alOlw) 

IOO ± 8 
110 ± 15 
155 ± 8 
158 ± 5 
100 ± 10 
120:1: 3 
128 ± III 
163 ± 2 
135 ± 10 
275 ± 10 
J50 ± 15 
J70 ± 15 

" Mercuric chloride (Hg'I') or mcrcury com­
pOllnd with histidinc (His), glutathionc (GSI-I), 
01' cysteine (Cy,) W(\S addcd lO prcincubatcd slices 
in KR13 bulrer at zero time. The limll total concen­
tration oJ' mercury was 1.0 Io'M in each case. Incu­
bations wc('(~ continued for 60 min at 37° under 
95% Od5';;, CO,. Some llusks containeci histidine, 
serine (Ser), lysine (Lys), OJ' cysteine which was 
added at the beginning or the 15 min preincubation 
interval in the molar excess over mercuric cysteine 
indicated. 

II Datil lIrc presented in terms of tile percentage 
or SIM fatios for 1n!.!l'curic chloride alolle. Figures 
arc I11C"!1S ± SE's from til!'!.!e na.~ks. 

for the I: I Hg: Cysteine complex and 
0.0065 ± 0.0005 for the J : 2 com plcx. 

This measurement verii1ed that cysteine 
complexes of mercury arc I11l1ch less lipid 
soluble than l11crcmic chloride itself. In­
creasecl uplake or complcxed mercury in the 
kidney slice is thus not due to increased 
lipid solubility or the complexes. 

M eta/Jolic influel1ces. Figure 2 su I11marizcs 
results of experiments carried out under 
standard conditions or 37° and 100(Yt, O 2 

compared with incubations under \00 (Yr, N 2 , 

reduced temperature, or in media containing 
2,4-dinitrophenol (DNP). In each case, a 
comparison was made between the uptHke of 
mercury alone and the uptake of the mer­
cury-cysteine complex. In the control sitLla­
tion, mercuric cysteine neeumulates to a 
level over 150 '!{) tha t of mercury alone. Under 
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FIG, 2. Metabolic influences on mercury uptake. 
Control flasks were incubated for 60 min at 31° in 
KRB buffer under 95 t7r, O2/5% CO. or in KRP under 
100(k, 0, , There was no significant difference in rela­
tive mercury uptake under these two control condi­
tions. Uptake of mercury due either to added mer­
curic chloride or mercuric cysteine is expressed as per­
cent of S/M ratio of control mercuric chloride uptake. 
Anaerobic conditions (N,) were done in KRB at 31° 
under 950/() N.j59() CO, , Reduced-temperature incu­
bation (25%) was done in KRP under 100% 0,. 
DNP (100 p.M) was added at the start or the 15 min 
preincubation period with mercury added at zero time 
and incubation continued at 37° in KRB under 95% 
0';5% CO, . Each bar represents the mean ± SE of 
three l1asks, 

anaerobic conditions, uptake of mercury 
alone was not significantly altered, while the 
uptake of mercuric cysteine was depressed 
to the level of mercury alone. Red t1ction of 
the temperature to 25° had no effect on the 
uptake of mercury alone, but mercuric 
cysteine accumulation was significantly re­
duced, Addition of DNP failed to arTect 
uptake of mercury alone, but it reduced 
mercuric cysteine uptake to the level of 
mercury alone. 

Discussion. Mercuric cysteine is clearly 
accumulated by kidney slices to a greater 
extent than mercuric chloride. Since meas­
ured recovery of total added mercury from 
media and slices was high (96.7'X)) for mer­
curic chloride alone and the amount of 
mercury available in the medium was not 
limiting in these experiments, the effect or 
cysteine was not simply to sequester mercury 
from binding sites on the glass walls of the 
flask, 

~oll1pl~xation of mercury with polar 
a111mo aCIds would be expected to produce 
1~10Ieclll[J~ ~pecies w!th low oil/water parti· 
hon coefhclents, ThIS was verified ror mer­
curic cysteine, thus excluding the possibility 
that the complcxes may have become nwrc 
permeable to membranes by virtue of in­
creased lipid solubility, 

The fact tha t retardation of metabolism 
reduces the uptake of mercuric cysteine but 
not mercuric chloride suggests that me:cury 
compounds entcr kidney cells by at least two 
processes. One component of the uptake is 
presuma bly diffusion; another component is 
depende~lt upon mcta bolic energy, The 
metabolic component seems to act only Oil 

the amino acid complex of mercury and not 
mercury itself. 

Clarkson and Magos (3) observed reduced 
renal uptake of mercury ill vivo by adminis­
tering DNP to rats, A greater eITect was seen 
with mercuric cysteine than with mercuric 
chloride, but a significant reduction or lIC­

cumulation was seen with both compounds, 
Cysteine would be available to form COIll­

plexes with administered mercury com· 
pounds ill vivo, thLls partially or totally 
masking differences that might be seell (,,!. 

t~een mercuric chloride and mercuric cys· 
teme uptake in vitro. 

Histidine and lysine are known to com· 
pete with cysteine rea bsorption in kidney 
(7, 8), These amino acids significantly re· 
duced uptake of mcrcury when added to the 
medium in tenfold excess over mercuric 
eysteine, Excess cysteine markedly increased 
mercury uptakc, From eq uilibriul11 calcula· 
tions of the major species prescnt in Krebs­
Ringer bulrer containing added mercuric 
chloride (5), virtually all of the mercury 
would be expected to bc in the form of lIg 
(cysteineh, even at the lowest cysteine COli" 

centration, If the complex were being HC­

cumulated by amino acid transport mcelul­
nisms for cysteine) the rate and level of 
uptake might be expected to increasc with 
increasing cysteine concentration, just as 
occurs in renal amino acid transport wilen 
the external conccntration of the same amino 
acid is increased (6). 

Richardson and Murphy (1) have ob· 
served suppression of renal deposition of 
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mercury following renal glutathione depic­
tion. It was suggested that the effect could 
be due to reduced uptake of mercury-amino 
acid complexes which share the amino acid 
transport system mediated by the 'Y-glutamyl 
cycle (4). The present work supports the 
hypothesis that amino acids and mereury­
amino acid complexes may be accumulated 
by kidney cells by a common mechanism. 
Further work will be required to substantiate 
or refute this hypothesis and to clarify the 
role that may be played by int1'llcellular 
glutathione. 

Summary. This study was undertaken in 
order to assess the effects of metabolism and 
complexations with amino acids on the renal 
uptake of mercury using rat renal cortex 
slices as the experimental system. 

Mercury levels attained in the slices aftcr 
60 min of incubation were 50'/;, higher with 
mercuric cysteine than with mercuric 
chloride. This enhancement or urtake with 
mercuric cysteine was reduced in the rl'CS­

ence of a tenfold molar excess or histidine or 
lysine) but not by serine. Excess cysteine 
markedly increased mercury uptake. Incu­
bation at 25° significantly reduced uptakc of 
mercuric cysteine, but not mercuric chloride. 
Anaerobie conditions and incubation in the 
presence of ONP each reduced mercuric 

cysteine uptake to the control level of mer­
curic chloride without affecting uptake of 
mercuric chloride. 

The differential aspects of metabolism on 
the uptake of mercuric cysteine and mercuric 
chloride and the competitive effects obtained 
with amino acids known to compete with 
cysteine in renal reabsorption support the 
hypothesis that a portion of the renal uptake 
or mercury operates through amino acid 
transport mechanisms acting on mercury­
amino acid complexes. 

I. Richardson, R . .I., and Murphy, S. D., Toxico!. 
Appl. Pharmacal. 31, 505 (1975). 

2. Neumann, 1'. Z., and SilVerberg, M., Nature (Lon­
don) 210 414 (1966). 

3. Clarkson, T. W., and Magos, L., Biochem. Phal'­
maco!. 18, 3029 (1970). 

4. Mci~ter, A., Science 180,33 (1973). 
5. Webb, J. L., "Enzyme and Metabolic Inhibitors," 

Vol. 2, pp. 729-985. AC<ldemic Press, New York 
(1966). 

6. Rosenberg, L. E., Blair, A., nnd Segal, S., Biochem. 
Biophys. Acta 54, 479 (\961). 

7. Vostal, J. "Working Paper for the Conference on 
MAC Values," Stockholm (1968). 

8. Webber, W. A., Brown, J. L., and Pitts, R. F., 
Amer. 1. Physio\. 200, 380 (1961). 

R~ceived March 31,1975. P.S.E.B.M. 1975, Vol. 150. 



J:>foceedi11gs 

of the 

Society 

for 

Experimental Biology and Medicine 

INCLUDING TilE FOLLOWING SECTIONS 

CLEVELAND, O. 

DISTRICT OF COLUMBIA 

NORTIlERN CALIFORNIA 

NC)RTIIWEST 

ILLINOIS 

IOWA 

MARYLAND 

MICHIGAN 

MINNESOTA 

MISSOURI 

NEW YORK 
WISCONSIN 

01110 VALLEY 

ROCKY MOUNTAIN 

SOlJTIIERN 

SUUTlllmN CALIFORNIA 

SOUTlIEASTERN 

SOUT) I WESTERN 

WESTWtN NEW YORK 

October-December 1975 (inclU1';ivc) 

VOLUME ISO 

New York 

LIBRARY 
CENTER FOR DISEASE CON'fROL 
Arrr.l\N'l'A. GEORGIA 30:53~ 

: I 



TABLE OF CONTENTS IX 

Comparison ofThrec Hemolytic Plaque ASSflYS using ShL'CP G. M, I'ETI'ltMAN, C. .I. WUST 289 
and Mouse Erythrocytes as Antigens in Rats 

Inhibition of ill Viii'll Immune Responses by Antisera to M. L. Ty AN, , ' 
H-2 or Ir Gene Products 

Elevated 7S Immunoglohulin [mel Acute Phase Proteins in L. Q. TAM, A. A, Bl'NEJ)ICT, 340 
Adjuvant-Injected Chickens 

Imlllulle Responses of Inbred Guinea Pigs Against Random p, H. MAURER., 39() 
Terpolymers Containing L Glutamic Acid lind L Alanine 

A New Protein with a Particular Thermoprecipitability in A SI'.TO, T. O"AIil', Y. IT(), 
Bovine Milk 

44(; 

ECleill£/scidia II/rbilwlct Extracts Inhibit DNA Synthesis in 
Lymphocytes after Mitogcnie Stimulation by Lectins 

Furtbery Studies 011 Cold Insoluble Circulating Immune 
Complexes in Rabbits Iml11unized with Bovine Albumin 

The Nature or the Polymeric Serul1l IgA in Mun 

W. LlcIITI:n, D. M, LOPEZ, L. L. WELL-

IIAM, M, M, SIGEL 475 

W. R, GRISWOLD, R. VAN DE STotlWE, 

R. BHADY, N, DYSART, R, MciNTOSH 479 

J, RADL, A. C. W. SWAHT, J. MIiSTECKY 482 

MICROBIOLOGY 

Virulence of SlreplococCII,v /lllIt/III,I': Bioehenlieal and Patho­
genic Characteristics or Mutant Isolates 

Evidence for the Dark Repair or Ultraviolet Damage in 
Saccharol11yces CCl'evisiae Mitochondrial DNA 

NUTRITION 

Arginine Deficiency and Ol'lltic Aciduria in Mammals 

Influence or Dielary Snll10wer Oil and Tallow 011 Growth, 
Plasma Lipids and Lipogenesis in Rat" Pigs and Chieks 

Decreased Citrate Synthesis: Possible Indication of Early 
Degenerutive Changes in Testes or Vitamin E-Dcikient 
Rats 

Effects or High hut Nontoxic Dietary Zinc 011 Zinc Metabo­
lism and Adaptalions in Rals 

S. M. MICHALEK, T. SlllOTA, J, M, 
NAVIA, J. R. McCiIIEE, 49!l 

S. C. HIXON, D, GAUIlIN, 1(, L. YUil.lJlNlJ 503 

J. A. MILNFR, R. L. I'RIOI!, W. J, VISI'K 2H2 

R. A. WATFHMAN, D, R. ROMs()s, A, C, 
TMI, E. R. M ILLI'I~, G. A. LI'V)"ILI"E 347 

R, y(lUN(l~ZAI, p, K, !)IXIT, G, T, 
V ATASSEI( Y , 441 

M, S, ANMlu, W . .I. MILLI'.R, J. W. 
L~sslTm, M, W, NliATIIEI~Y, R.I'. 
GENTI~Y. 534 

PATIIOLOGICAL PllYSIOI.OGY 

Vascular Responses to Plasma HypoosnlOlalily in Man 

Scrum Rcnin und Renin Substrate Levels in Scleroderma 

EJl'ccts or Moderatc Urcmia on Cardiac Contraclile Re-
sponses 

Inhibition or Sodiul11 Intestinal Transporl and Mucosal 
(Nul-K I)-ATPase in I :xperimcntul Funcon! Syndrome 

Changes in the Blood and Iron Metabolism in Rats with 
Alcoholic Fatty Livers 

H. W. OVl'HB1',("K, M. B. PAMNANI., 331 

R, FLHSCHMAJER, A. B. GOUI.Il. 374 

.I. St'IIJ'.Ul'.l~, T. N1VA'I'I'UMIN, T. YII'IN'ISOI 471 

R, A. WAI'NIR, R. A. EXEN1, M, 
MCVICAR, F, J. DE ROSAS, F. LlI'slII'l'z 517 

T. T. LOll, J. S . .JUOGI, , , 537 

I'IIAI~MACOLOGY 

Uptake of Mercury !Ind Mercllry'~Al11ino Acid Complexes 
by Rat Renal Cortex Sliecs 

Influence or Quinidine and Propranolol 011 the Intracellular 
Distribution of ":'Ca in Rat Heart 

The Toxicity of Thioxllnthenc Nellroleplies to Isolated Rat 
Liver Cells 

R, J. RIC'tIAlmsoN, A, C. WIU)I'R, S, 
D. MURPIIY. 303 

L. L. CONI!A!), D. J, BAXTl'lt., 371 

c. O. AIll'.HNATIIY, H . .I. ZIMMEIlMAN, 3~5 




