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The kidney is a primary target organ for mercury deposition
(Wisniewska et al. 1970) and also an organ for mercury excretion
(Gregus and Klaassen 1986). However, when animals were
administered with either organic or inorganic mercury via
different routes (Richardson and Murphy 1975; Congiu et al. 1979;
Chung et al. 1982; Sin et al. 1989a) the renal tissues not only
showed the highest concentration of <tissue mercury but also
exhibited a significant increased level of renal glutathione
(GSH). The latter is known to be involved in the metabolism and
detoxication of toxic substances (Ketterer et al.l1983; Meister and
Anderson 1983) and particularly the binding of mercury ion
(Ballatori and Clarkson 1984). Richardson and Murphy (1975)
proposed that renal GSH may be a determinant in the deposition of
mercury in the kidney. They showed that the decreased renal GSH
was accompanied by decreases in mercury deposition in the kidney.
On the other hand, Sin et al. (1989b) showed that by injecting a
small amount of mercuric chloride (HgCl;) into rats through the
hepatic portal vein , there was a significant increase of renal
mercury with no significant change of renal GSH. This study was
attempted to examine whether an increase of renal GSH, is a
prerequisite for the accumulation of the high level of mercury in
the kidney.

MATERIALS AND METHODS

Animals. Young adult male Sprague-Dawley rats weighing about 200g
were used. Three animals were used for each group per interval and
the experiment was repeated once. All animals were fed with rat
pellet and water ad libitum.

Experimental Design. The H9012 (Merck, West Germany) was prepared
in a dose of 0.15 ug Hg +/g body weight in 0.9% saline for the
test group. The solution was sterilised through millipore filter
chamber and maintained at 37°C. The rats of the test groups were
anaesthesized and abdominal wall was surgically operated as
previously described (Sin et al. 1989b). The HgCl, preparation was
divided into two equal portions of 0.05 ml, and each injected
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into the cortical tissues of each kidney. The inserted needle was
left in situ for 15 sec after each injection and then pulled out.
The slit of the abdominal wall was then stitched and closed with
Mitchell clips and swabbed with 70% alcohol twice. The control
animals were subjected to a similar treatment except that they
were injected with sterile 0.9% saline. All the test and control
animals were returned to their cages before they were sacrificed
at 0.5, 1 and 3 hr intervals after the injections. The animals
were anaesthetized and bled through the jugular vein. The blood of
each rat was collected in EDTA and centrifuged at 200 g at 4°C for
15 min. The liver and kidneys were immediately removed and washed
in ice-cold 0.9% saline for mercury and tissue GSH analysis.

The removed organs were put into separate conical flasks. Mercury
was extracted according to the method of Agemain and Chau(1976)
and was analyzed by a Perkin-Elmer MAS 50A Mercury Analyzer
System.

The amount of tissue GSH was determined by the method of
Richardson and Murphy (1975). The removed organ was immediately
placed in 5% TCA in 0.001 M Nay-EDTA and homogenized with an
Ultra-Turrax (West Germany) at full speed in ice-cold conditions
for two intervals of 8 to 10 sec each. The mixture was then
centrifuged for 15 min at 1000 g at 0°C. The supernatant was then
used for the biocassay of tissue GSH, using a Shimadzu UV-120-02
spectrophotometer (Richardson and Murphy 1975) .

All data were summarized and tabulated as mean * standard errors
(S.E) and were analysed by Student's t-test. A value of p < 0.05
was considered to be significant.

RESULTS AND DISCUSSION

In our previous work (Sin et al. 1989b), it was shown that there
was no direct correlation between the increased amounts of mercury
and GSH levels in the renal tissues, when a small amount of HgCl,
was injected into rats through hepatic portal vein. However, a
significant increase of tissue GSH was only found in the liver at
0.5 hr and 1 hr after the HgCl, injection. Since, under such
experimental conditions, the liver is the first organ to receive
the entire amount of the injected HgCl;, we concluded that the
increased mercury in the kidney for deposition is most 1likely
derived from the liver in the form of GSH-mercury complexes via
the peripheral blood circulation. This view is further supported
by the results of the present study by injecting HgCl, directly
into the renal tissues.

Table 1 shows that there was no significant difference (p>0.05) in
the amount of renal GSH in the test groups as compared with the
control for all the three time intervals. In the test animals, the
kidney contained 853.97 % 41.48 ug GSH/g fresh weight at 0.5 hr
interval, 868.19 * 81.14 ug GSH/g fresh weight at 1 hr and 936.83
+ 67.94 ug GSH/g fresh weight at 3 hr interval, while the renal
GSH of the saline-injected controls ranged from 836.43 * 36.25 to
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Table 1. Concentration of glutathione in kidney at different time
intervals after intrarenal injection of 0.9% saline or

HgCl,.
Mean * S.E. (ug GSH/g F Wt)
Group
Time intervals (hr)
{treatment)
0.5 1 3

Control 836.43 * 36.25 871.28 * 98.82 891.38 + 26.06
(0.9% saline)

Test 853.97 % 41.48 868.19 * 81.14 936.83 = 67.94

(HgCly)

F Wt: Fresh weight of the organ; n = 6

Table 2. Concentration of mercury in kidney at different time
intervals after intrarenal injection of 0.9% saline or

HgCl,.
Mean * S.E 2+
* 5.E. (Mg Hg<7/g F Wt)
Group

Time intervals (hr)

(treatment)
0.5 1 3

Control
(0.9% saline) 0.18 +* 0.01 0.25 + 0.06 0.32 + 0.04
Test
(HgCly) 5.65 = 0.79 ** 5.55 = 1,23 ** 6.04  1.20%*

** p < 0.01 significantly different from controls

F Wt: Fresh weight of the organ; n = 6

891.38 + 26.06 ug GSH/g fresh weight. On the other hand, the
mercury concentrations in the renal tissue of the test animals
(Table 2) were significantly higher (p < 0.05) than those of the
different controls. Since the kidney wunder the present
experimental design, is the first organ which received the
injected HgCl,, the findings therefore suggest that endogenous
renal GSH production caused by the HgCl, does not respond in the
same magnitude as the liver which was shown to increase tissue GSH
significantly at 0.5 h after the hepatic portal vein injection of
HgClsy(Sin et al. 1989b). Since no correlation was found between
the amount of endogenous renal GSH and renal mercury concentration
in the present study, it is therefore concluded that endogenous
renal GSH is not a prerequisite for the accumulation of the
increased deposition of the renal mercury as suggested by
Richardson and Murphy(1975) and Congiu et al.(1979). Therefore, it
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is highly possible that metallothionein is responsible for binding
most of the injected mercury ions in the kidney(Wisniewska et al.
1970). However, one cannot rule out the possibility that renal GSH
also binds to the injected mercury ions in insignificant amounts.
If most of the endogenous GSH binds with the mercury ions then a
significant decrease of GSH should have occurred. This was not
observed. Therefore an increase of GSH in the kidney of mercury-
treated animals as reported by others (Richardson and Murphy 1975;
Congiu et al. 1979; Chung et al. 1982) was most likely derived
from the blood circulation. Since the kidney is known to be the
major organ that extracts plasma GSH (Hahn et al. 1978) and, as
proposed by Meister(1981), there is an interorgan cycle of GSH
from the liver to the kidney.

Table 3. Concentration of glutathione liver at different time
intervals after intrarenal injection of 0.9% saline or

HgClz N
Mean * S.E. (ug GSH/g F Wt)
Group
Time intervals (hr)
(treatment)
0.5 1 3

Control 1295.69 + 85.88 887.58 + 49.99 1086.52 = 171.59
(0.9% saline)

Test 1429.15 + 83.32 967.66 + 49.87 1166.88 * 184.16

(HgCly)

F Wt: Fresh weight of the organ; n = 6

In the present study a small increase in liver GSH was found in
the test animals as compared with those of the control
animals(Table 3). This was most likely due to the action of
escaped HgCl,; from the injected site of the renal tissues via
blood circulation. This assumption is in fact well supported by
our previous finding (Sin et al. 1989b) that liver GSH became
significantly increased at 0.5 hr after hepatic portal vein
injection of a small dose of HgCl,.

The data of Table 4 and 5 also indicate that a small amount of
HgCl; had escaped from the damaged renal tissues at the injected
sites. At 0.5 hr interval after the HgCl, injection, the levels of
mercury in the liver and blood plasma (Table 3 and 4) of the test
animals showed significant increases (p<0.05) as compared with the
controls. It has been reported that blood mercury immediately
complexes with various components in the blood (Lau and Sarkar
1979). In the tissues or organs particularly the 1liver, the
mercury forms complexes with the tissue GSH and is subsequently
released into the blood c¢irculation and bile for excretion
(Ballatori and Clarkson 1984; Tanaka et al. 1987). Hence, it is
most likely that these GSH-mercury complexes in the blood
circulation might contribute to the slight increase of mercury in
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Table 4. Concentration of mercury in liver at different time
intervals after intrarenal injection of 0.9% saline or

HQCl,.
Mean t S.E. (ug Hg?t/g F Wt)
Group
Time intervals (hr)
(treatment)
0.5 1 3

Control
(0.9% saline) 0.02 % 0.01 0.02 % 0.00 0.03  0.00
Test
(HgCly) 0.21 % 0.03 ** 0.15 + 0.02 ** 0.20 ¢ 0.03 **

* P < 0.01 significantly different from controls.

F Wt: Fresh weight of the organ; n = 6

Table 5. Concentration of plasma mercury at different time
intervals after intrarenal injection of 0.9% saline or

HgCl,.
Mean * S.E. (ug Hg2*/g F wt)
Group
Time intervals (hr)
(treatment)
0.5 1 3

Control 0.13 * 0.03 0.08 ¢ 0.02 0.08 + 0.02
(0.9% saline)
Test 0.65 = 0.12** 0.49 * 0.07** 0.46 + 0.05*"
(HgCl3)
* Kk

P < 0.05 significantly different from controls.
F Wt: Fresh weight of the organ; n = 6

the kidney at 3 hr interval after the HgCl, injection (Table 2)
Therefore, it is reasonable to assume that if the test animals of
the present study were killed at a much later period, the renal
mercury of these HgCljy-treated rats could certainly be increased
with time, because more and more escaped mercury from the injected
sites would be in the form of GSH-mercury complexes and ended up
in the kidneys via blood circulation.
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