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Abstract-The effect of spironolactone (Sp) pretreatment on the biliary excretion of intravenously in- 
jected heavy metals (mercury, cadmium, zinc and cerium) was investigated in rats, using five metal 
compounds (four inorganic metals in chloride form, and methyl mercuric chloride). The oral administ- 
ration of Sp (5 mg/lOO g) l-3 hr before the bile excretion study increased the biliary recovery of 
mercury more than ten times over a period of 4 hr in rats injected with mercuric chloride, but did 
not increase the biliary excretion of the other three metals (Cd, Zn and Ce). Multiple-dose pretreatment 
(2 doses a day for 3 days) also increased the biliary excretion of mercury but much less than in 
the acutely treated rats. Cadmium excretion was significantly decreased by multiple dose pretreatment. 
Sequential nuclear imagings after intravenous injection of 197HgC12, demonstrated clear differences 
in the tissue distribution of mercury between control and Sp-treated rats. 

Spironolactone (Sp) has been reported to protect ani- 
mals against lethal damage caused by mercury [l], 
cerium [2], and cadmium [3] intoxication. It has been 
postulated [4] that a possible mechanism for the pro- 
tective effect of Sp against mercury poisoning is the 
change of mercury distribution in the body tissues, 
particularly the decrease of mercury concentration in 
the kidney. Another possible mechanism is the en- 
hancement of biliary excretion of mercury reported 
by Haddow et al. [S]. However, Garg et al. [6] and 
more recently Klaassen et ul. [4] reported that the 
enhancement of mercury excretion did not occur in 
Sp-pretreated rats. 

Thus, there is a clear discrepancy in the literature 
on the effect of Sp on the biliary excretion of mercury. 
Therefore, the present work was designed to deter- 
mine if the biliary excretion of mercury can be 
enhanced by Sp. Bjondahl et al. [7] examined the 
fecal excretion of cerium in the rats chronically 
treated with Sp, but did not see any increase in the 
fecal excretion of cerium. However, they did not 
report on the effect of acute pretreatment with Sp. 
Since information for the other metals is lacking, the 
effect of Sp on the biliary excretion of cerium, cad- 
mium, and zinc was also investigated. 

MATERIALS AND METHODS 

Male Wistar rats weighing 200-350 g were used 
throughout the study. Administration of Sp was per- 
formed in two ways. 

1. Single dose administration: rats were given 
orally 5 mg/lOO g body weight of Sp through a sto- 
mach tube in the form of a water suspension of Sp 
prepared from commercial tablets (Aldactone, G. D. 
Searle & Co., Chicago, Ill.). The injection of mercury 
and other heavy metals was performed l-3 hr later. 

For reprints contact: K. Kitani, Tokyo Metropolitan In- 
stitute of Gerontology, 35-2 Sakaecho, Itabashi-ku, Tokyo, 
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2. Multiple dose administration: rats were given the 
same dose twice daily for three days and the biliary 
excretion study was performed on the fourth day, 
16-20 hr after the last administration. ‘97HgC12, 
‘03HgC12, CH3Z03HgCl, ‘41Ce(N03)3, 11SmCdC12, 
65ZnC1, were purchased commercially. Rats were 
studied under pentobarbital anesthesia (4.5 mg/lOO g 
ip) with additional small doses added as needed dur- 
ing the study. The common bile duct was cannulated 
(PE-10 tubing) through an abdominal incision and 
a saline solution of each metal compound (in chloride 
form) with its respective radioactive tracer (1-5 &i) 
was injected intravenously (iv.) through a femoral 
vein catheter. Each animal received 0.5 mg of metal. 
Bile was continuously collected in a polyethylene tube 
at 30-min intervals for the first hour and then con- 
tinuously on the hour for the next 3 hr. The rectal 
temperature was maintained between 37-38’ through- 
out the experiment by a heating lamp. The recovery 
of the injected metals in the bile was calculated from 
the radioactivities of the bile and the standard solu- 
tion prepared from the isotope solution for injection. 
Radioactivities of isotopes for ‘03Hg, 19’Hg, i4’Ce, 
and 65Zn were determined according to their specific 
energy peak using a well-type y-scintillation counter 
(Aloka, Tokyo). For the measurement of ‘iSmCd, 20 
~1 of bile or standard solution containing “‘“‘Cd was 
dried in a metallic planchette, and the activity was 
measured by a gas flow counter. Sequential changes 
in the hepatic content of mercury in the control and 
Sp-treated rats were studied by the following two pro- 
cedures. The liver was taken at 15 min, 2 hr and 
4 hr after mercuric chloride injection. The liver was 
immediately perfused with saline through a portal 
vein catheter to eliminate the blood in the hepatic 
vessels. The sequential change in the mercury content 
in the liver was studied by counting the radioactivity 
of liver tissue. The sequential changes in the distribu- 
tion of mercury in the liver and kidney was also stud- 
ied in an in ciao system using a nuclear imaging 
device (Phogamma HP. Nuclear Chicago). One 
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Table 1. Biliary recovery of metal compounds after spironolactone (Sp) pretreatment in rats 

Metal compound O-30 nun 
Sequential recovery m the bde (mean *SD.. per cenf of the mlected dose) 

30-60 min 60-120 min 12&1X0 min 1X0-240 mm TOtal 

H&J 
Control (3) 

SPW (81 
SPGW 151 

CH,HgCI 
Control (3) 
SP(SI (3) 

CdCI, 
Control (61 
spw (5) 
WM) (4) 

ZnCL 
C&o1 (3) 
SP(SI (3) 

cccl, 
Control (3) 

SPW 0) 

0 II + 0.04 014 + 0.04 
3.52 f 174' 2.98 + 1.07: 
0.25 & 0.10* 0.32 i 0.10' 

0.28 f 0 06 
0.34 f 0.02 

3.71 +- 0.67 4.08 I 0.35 
3.59 * 0.49 3.86 * 0.61 
214 &O.El' 2.65 t 1.85' 

038 + 0.11 0.44 * 0.13 
0.36 k 0.16 0.42 f 0.11 

(x lo-% 
063 + 0.07 I87 * 0.52 
0.36 k 007' I.11 f 0.25' 

0.26 k 0.06 
2.78 i 086* 
0.47 * 011' 

0.35 + 0.14 
0.48 + 0 IO 

5.34 + 0.47 
5 09 + 0.67 
4.97 + 0.89 

0.60 t 0.19 
0.73 * 027 

4 29 i 0.99 
3 92 + 0.23 

0.18 * 0.03 
O.Y8 + 0.23' 
0.24 i 0.03' 

037 * 0.15 
0.55 + 0.17 

2.31 + 0.24 
1.97 i_ 0.35 
1.78 + 016' 

0.35 * 0.10 
0.36 + 0.08 

3.78 + I G4 
3 75 * 0.43 

0.13 * 0.02 
0.47 * 0.14* 
0.16 * 0.02' 

0.35 _t 0 I? 
0.67 k 0.12' 

063 + 0.13 
040 * 019' 
0.41 * ox* 

0 19 f 0.05 
0.20 i. 0.06 

2 76 i; 072 
2.85 i_ 0.76 

0.82 + 0.17 
IO 73 + 3.89' 
1.45 * 0.30' 

I 37 i 0.46 
2.06 f 0.38 

15.70 + 1.49 
1491 & 1.93 
II 84 2 1.61' 

1 Y6 i 0.55 
2.10 * 066 

1333 fr 3.02 
11.99 t 1.21 

Sp(S) Single dose of Sp (5 mg/lOO g) l-3 hr prior to metal study. Sp(M) Multiple dose of Sp (2 doses a day 
for 3 days, the last dose was administered 16-20 hr prior to metal study). Number in parenthesis indicates the number 
of rats studied. 

* Significantly different from respective control value (P < 0.05), by Student’s r-test. ’ 
t Values for cerium are expressed at lo-’ (i.e., 0.63 = 0.0063). 

hundred $i of ‘g7HgC12 was injected i.v. into a 
femoral vein in control and Sp-pretreated rats and 
the mercury distribution was sequentially monitored 
over a period of 2 hr by serial imagings. 

RESULTS 

Table 1 summarizes the recovery of the five metal 
compounds in the bile in the first 4 hr in control 
rats, rats pretreated with a single dose, and rats pre- 
treated with multiple doses (only for HgClz and 
CdClJ of Sp. In control rats, the 4-hr recovery rates 
varied widely, depending upon the injected metal 
compound; from 0.13 per cent for cerium chloride 
to 15 per cent for cadmium chloride. A significant 
increase in biliary excretion of mercury was observed 
in rats pretreated with either a single or multiple dose 
of Sp. Compared with control rats, the excretion rate 
of i.v. injected mercury (as HgClJ in rats pretreated 
with a single dose, was 35 times higher in the first 
30 min, 21 times in the next 30 min and 11 times 
in the second hour. The total recovery of HgCl, in 
the first 4 hr was more than 12 times higher than 
the controls (10.73 + 3.89 per cent vs 0.82 + 0.17 per 
cent). The 3 days’ successive treatment of Sp also pro- 
duced a significant (P < 0.01) increase for biliary 
excretion of mercury. However the excretion rate 
(1.45 _+ 0.30 per cent in 4 hr) was much less than 
that observed in rats immediately pretreated. The bili- 
ary excretion of mercury injected as methyl mercuric 
chloride was also increased by Sp administration. 
However, the difference from control value was not 

significant (P > 0.05). Sp pretreatment, did not in- 
crease the biliary excretion of the other three metals 
(cadmium, zinc and cerium). In fact, multiple-dose 
administration of Sp for 3 days even decreased the 
biliary excretion of cadmium, even though the bile 
flow rate and liver weight were both significantly in- 
creased in this group of rats compared with control 
rats. Table 2 indicates the hepatic mercury content 
after mercuric chloride iniection expressed as per cent 
of the mercury dose in control rats and rats with 
acute Sp-pretreatment. The control group showed a 
gradual and continuous increase in mercury content 
in the liver for the first 4 hr, while the mercury con- 
tent in the liver of rats given acute pretreatment of 
Sp rose very rapidly in the first 15 min and then 
decreased gradually thereafter. Thus, the greatest dif- 
ference between control and acutely treated rats was 
observed in the 15-min liver sample (control; 
7.34 t_ 2.99 per cent vs Sp; 24.94 k 4.49 per cent, 
P < 0.01). The bile to liver mercury concentration 
ratio was approximately 1.6 in the first hour in the 
rats with acute pretreatment, while it was 0.20 in the 
control rats. 

Figure 1 shows the sequential imagings obtained 
with 197Hg in the control and pretreated rats. The 
intensities of the imaging of the kidney and liver in 
control rats continuously increased during the obser- 
vation period of 2 hr. However, at 15 min post injec- 
tion, the intensity in the control liver imaging was 
lower than in the treated rat. In the treated rats, the 
liver contour was clearly observed with higher inten- 
sity even in the picture taken 15 min after injection. 

Table 2. Sequential changes in mercury content in rat liver after i.v. injection of mercuric 
chloride expressed as per cent of the dose 

15 Ill," 
Tme after mercury mjection 

2 hr 4 hr 

734 f 29Y(5l 17.90 (21 21.07(Z) 
24.94 i 4.49 (4) 19.24(2) lS.22(2) 

* Sp treated rats received a single dose of spironolactone (5 mg/lOO g) I-3 hr prior to 
mercury study. 

Number in parenthesis indicates the number of rats studied. 
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Control rat 

15 min 30min 60min 90 min 120 min 

Sp pretreated rat 

15 min 30min 60min 90 min 120 min 

Fig. I. Sequential nuclear imagings of liver and kidney 
with 19’HgCl,. in control and Sp-pretreated rats. In con- 
trol rats, the liver and kidney uptake of ‘97Hg was low 
at 15 min post i.v. injection but gradually increased for 
2 hr after injection. At 2 hr post injection, the renal inten- 
sity became quite high compared with the treated rats. 
In Sp-pretreated rats, the liver intensity was much higher 
than control liver at 15 min post injection. Kidney inten- 
sity was lower than in the control rat throughout the 
period. This difference in kidney intensity was most 
marked in the pictures taken 2 hr after mercury injection. 

The intensity of the liver image in treated rats was 
much higher than the control throughout the obser- 
vation period. Conversely, the kidney image intensity 
was much lower in pretreated rats in comparison to 
the kidney images at corresponding time intervals in 
control rats. The biliary excretion of mercury in 
treated rats could not be clearly seen in the imagings 
in this study. 

DISCUSSION 

A 7 per cent liver accumulation of inorganic mer- 
cury at 15 min post injection and a 20 per cent ac- 
cumulation at 4 hr observed in the control study, 
agree well with the values reported previously [4,5]. 
According to the past literature [7-lo], it seems that 
cadmium, zinc and cerium are also to a large extent 
taken up by the liver shortly after administration 
(20-50 per cent in the first few hr). Furthermore, there 
are evidences that a common binding protein in the 
liver, metallothionein, is involved in the metabolisms 
of mercury, cadmium and zinc [lO-141. However, the 
biliary excretion rate for these four metals ranged 
very widely (100 times as 4 hr biliary recovery). This 
result indicates that, at least quantitatively, there are 
great differences in the metabolisms of these metals 
in the biliary excretion system. 

A single-dose Sp-pretreatment increased the biliary 
excretion of inorganic mercury more than ten times, 
while it did not increase the biliary excretion of the 
other three metals (Cd, Zn and Ce), which indicates 
that the action of Sp is specific to inorganic mercury 
only. The increase in biliary excretion of mercury by 
Sp is consistent with the report by Haddow et ul. [S]. 
However, it does not agree with the results by Garg 
et al. [6] and Klaassen [4]. Garg et ul. ligated the 

*Confirmed by personal communication. 
tK. Kitani unpublished observation. 

bile duct 24 hr before bile duct cannulation, and per- 
haps, this difference in the experimental procedure 
may explain why their results are different from ours. 
Klaassen [4] injected i.p. a propylene glycol suspen- 
sion of pure Sp *, instead of oral administration of 
Aldactone tablet used by Haddow et a[. [S] and our- 
selves. According to SadCe et al. [15], when Sp was 
injected i.v. in a polyethylene glycol suspension, most 
of the fluorogenic substances found in the plasma 
were Sp metabolites, namely canrenone and can- 
renoate, and unchanged Sp initially present in the 
plasma in a small amount disappeared within 30 min 
after injection. Sadie et al. also demonstrated [16] 
that with oral administration of Aldactone tablet un- 
changed Sp stayed in the plasma in much higher con- 
centration for the first few hours. Therefore, 
Klaassen’s results could be interpreted as revealing 
that none of these Sp metabolites, canrenone, can- 
renoate, or free thioacetate increases biliary excretion 
of mercury. If unchanged Sp in the plasma is assumed 
to play a significant role in the increase of the biliary 
excretion of mercury, then the discrepancy between 
the enhanced excretion observed by Haddow et ul. [5] 
and by the authors in the present study and un- 
changed excretion reported by Klaassen [4] appears 
to be reasonably explained. In this regard, we con- 
firmed that an i.p. injection of an ethylene glycol (or 
water) suspension of Aldactone was effective in in- 
creasing biliary excretion of mercury as an oral 
administration?. Therefore it is possible that the dif- 
ference in the effect of Sp in the mercury excretion 
is not due to the difference in the procedure (injection 
vs oral administration) but in the material used. If 
it is, the results reported by Garg et al. [6] appear 
to be also explained on this basis, since they seem 
to have administered pure Sp orally. 

Repeated administration of Sp is known to increase 
activities of various hepatic microsome enzymes and 
the bile flow rate (17-19). Such effects of Sp are con- 
sidered to accelerate hepatic metabolisms of many 
drugs, such as cardiac glycosides [19,20], and indo- 
methacin [20], reducing the toxic effect of these drugs 
in Sp-pretreated animals [19-211. However, in the 
case of inorganic mercury, repeated administration of 
Sp effected the biliary excretion of mercury to a much 
smaller extent than acute single-dose administration, 
indicating that the increased excretion is not due to 
the results of repeated administration of Sp. 

The enhanced biliary excretion of mercury as 
demonstrated in the present study, might contribute 
to the protective effect of this drug has against mer- 
cury poisoning, as Haddow et al. [5] suggested. HOW- 
ever, the decrease in mercury concentration in the 
kidney was produced by an i.p. injection of Sp with- 
out an appreciable increase in biliary mercury excre- 
tion [4]. Therefore, the decrease in mercury concen- 
tration in the kidney per se might be playing a signifi- 
cant role in the protection against mercury poisoning. 

Biliary excretion of cadmium, zinc or cerium was 
not increased by Sp-pretreatment. Chronic treatment 
of Sp even caused some decrease in biliary excretion 
of cadmium. The decrease in fecal elimination of cer- 
ium in mice pretreated with repeated administration 
of Sp was also reported [7]. Therefore, for cadmium 
and cerium, other mechanisms might be responsible 
for the protective effect of Sp. 
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The projection of the protective effect of Sp on mer- 
cury poisoning documented for rats [l] to other spe- 
cies and ultimately to man requires further work. 
Nuclear imaging study not only agreed well with the 
in t&-o measurement of the concentration of mercury 
in the liver but clearly demonstrated the decrease in 
renal accumulation of mercury in the Sp-pretreated 
rats, which also agrees with the previous in citro 

studies [4,5]. Thus, the nuclear imaging could be a 
simple and perhaps the only practical procedure to 
test this effect of Sp in man, where the rapid changes 
in the organ distribution of mercury can be only 
monitored with this kind of approach. 
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