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Abstract: Study aim: More is still to be known about the combinative effect of lead and arsenic compounds on critical
organs. In this study, the effect of single and combined exposure to lead and arsenic on some biomarkers associated with liver
and kidney functions in healthy Wistar rats was assessed. Method: The rats were divided into four groups (n = 5) and were
treated with sodium arsenite or lead acetate individually or in combination for 14 days. Results: The results revealed that single
exposure to either compound caused significant increase in the hepatic transaminases and alkaline phosphatase. Significant
decrease in serum proteins and glucose concentration were also observed with morphological changes in the liver of treated
rats as discovered by the photomicrographs from light microscopy indicating hepatotoxicity. Similarly, significant increase in
the blood urea nitrogen (BUN) and creatinine concentration with simultaneous rise in the concentrations of serum potassium
and sodium were observed. The photomicrographs of the kidney from light microscopy showed congestion in the interstitial
spaces indicating compromised function of the kidney. The combination of the two metals demonstrated the enhanced effect on
these parameters when likened with their individual treatments. Conclusion: This study therefore proves the enhanced toxicity
induced by co-exposure to lead acetate and sodium arsenite among biomarkers of liver and kidney functions in Wistar rats.
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many Countries, some industries like car repair, battery
manufacturing and recycling, refining and smelting industries
e.t.c., consider its use inevitable. Therefore, human exposure
to toxicities induced by lead and its compounds remain
unavoidable. Arsenic is another element that has raised
concern from both environmental and human health stand
points. Humans may get exposed to arsenic in water from
wells drilled into arsenic-rich ground strata or in water
contaminated by industrial or agrochemical waste and
therefore, predisposed to its induced toxicities. [2]

The most important target organs for series of toxicants
have been the kidney and the liver due to the critical roles of
detoxification and metabolism they perform. [3-4] Changes

1. Introduction

Lead is a very important toxic heavy metal in the
environment, it is abundantly distributed globally. Lead
together with its compounds are important yet dangerous
environmental chemicals. [1] It has important properties like
malleability, ductility, poor conductibility and resistance to
corrosion which make it highly useful. It is non-
biodegradable, this property makes it and its compounds
accumulate in the environment thereby causing a lot of
hazards. Human exposure to lead and its compounds is
possible mostly in lead related occupations, eventhough,
there has been a discontinuous widespread use of lead in
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in the concentrations of biomarkers such as the blood urea
nitrogen (BUN), creatine, electrolytes, albumin and activities
of some enzymes incuding alaninine amino transferase
(ALT), aspartate amino transferase (AST), alkaline
phosphatase and gamma glutaryl transferase (GGT) are some
of the useful measurements in the assessment of the
pathological changes associated with these organs. [5-6]
Cases of liver disease are also frequently seen with
increasing concentrations of serum triglycerides [7] and a
decline in glycemia has been described in Wistar rats with
hepatic necrosis, lipidosis, neoplasia and cirrhosis. [8]

The toxic effects induced by individual exposure to arsenic
and lead on hepatic and renal tissues have been reported [9]
but humans get exposed simultaneously to more than one
toxicant in the atmosphere. Co-exposure to arsenic and lead
has been reported in Nigeria and some west African countries
to be through the consumption of “calabash chalk which was
formally used by pregnant and nursing mothers to cure
morning sickness before it was banned. [10] Also, reports
exist on occupational and environmental co-exposure to
many other heavy metals including As and Pb, [11-14]
however, there is dearth of detailed information as regards
the extent of the induced toxicities in organs critical for their
metabolism and detoxification. Due to continuous exposure
to various combined toxicants, it may not be a misguided
research priority to assess the toxicological effects induced
by mixture of these toxicants on these crucial organs, hence,
we carried out this work.

2. Materials and Methods
2.1. Chemicals

Sodium arsenite (Na,AsO,, Mol.wt 129.9 As 57.6% CAS
No 7784-46-5; Sigma Chemical Co., St. Louis, MO) and lead
acetate (CH;COO) 2Pb.3H,0, mol.wt 379.33, 99.999%, CAS
No. 6080-56-4; Aldrich Chemical Co. Inc. St. Paul Avenue
Wisconsin USA). All other reagents and chemicals were of
analytical grade and were obtained from Sigma Chemical Co.
St. Louis, Mo. USA.

2.2. Experimental Design

Adult male albino rats (weighing 120 - 150 g) were
obtained from the animal breeding unit at Department of
Biochemistry, Obafemi Awolowo University, Ile-Ife, Osun
State, Nigeria, and were housed in cages, at room
temperature (24 -27°C), relative humidity 60-70%, and 12-
hour light/dark cycle. Food (pellet rat chow) and water were
available ad libi-tum. Animals were cared according to US
National Institute of Health ethical guidelines. After 2 weeks
of acclimatization, animals were randomly divided into four
groups of five animals each: Group I (C) given 1ml/kg body
weight distilled water, group II (Pb) given 60mg/kg body
weight of lead acetate, group III (As) given 2.5mg/kg body
weight of sodium arsenite and group IV(Pb+As) given
60mg/kg body weight of lead acetate and 2.5mg/kg body
weight of sodium arsenite. Treatment was done orally and

once daily for 14 days. Lead acetate and sodium arsenite
were dissolved in distilled water and were administered at a
dose of 60mg/kg and 2.5mg/kg body weight respectively.
The choice of lead acetate dosage was according to the report
of a study, this dose corresponds to 1/10™ of the reported
LDs, [15] while the dosage of sodium arsenite corresponded
to 1/10™ of the reported oral LDs, of sodium arsenite. [16]
After the treatment period, animals were fasted overnight and
sacrificed 24 hours after the last dose under light ether
anesthesia. Blood samples were obtained by heart puncture
and centrifuged at 3000 g for 10 minutes. The clear non-
hemolyzed sera were stored at 20°C till subsequent
measurements. The liver and kidney tissues were quickly
excised and washed in cold saline solution, blotted on filter
papers to remove adhering blood, weighed and kept in 10%
formalin for histological examination.

2.3. Determination of Serum Hepatic Function Biomarkers

The hepatic function biomarkers: ALT and AST were
determined following the principle reported by Reitman and
Frankel. [17] GGT and ALP were determined following the
principles reported by Szasz and Englehardt respectively.
[18-19] Total protein concentrations of the serum were
determined according to Biuret method as described by
Gornal et al. [20] Albumin concentration were determined
following the principle reported by Grant, [21] triglycerides
concentration was determined by following the principle
reported by Bucolo and David, [22] and glucose
concentration was determined through the procedure reported
by Trinder. [23]

2.4. Determination of Renal Function Biomarkers

The renal function biomarkers: BUN and creatinine
concentrations were determined following the principles
described by Weatherburn and Henry respectively. [24-25]
Serum sodium and potassium concentrations were obtained
following the method described by Maruna and Trinder with
little modification. [26]

2.5. Histopathological Analysis

The liver and kidney were excised from the animals after
sacrificed and stored in 10% formalin solution, for tissue
sections and subsequent histopathological examination. The
tissues were then embedded in paraffin. Rotary microtome
was used to collect five micrometer-thick paraffin sections
and tissues were thereafter stained by Hematoxylin and Eosin
(H&E). The specimens were examined and photographed
under light microscope.

2.6. Statistical Analysis

The data were expressed as mean + standard deviation
after analysis by one-way analysis of variance (ANOVA)
with the aid of Statistical Package for Social Sciences (SPSS)
software, SPSS Inc., Chicago, Standard version 17.0.
Differences between mean values of different groups were
considered statistically significant at P < 0.05.
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3. Results

3.1. Effect of Lead Acetate and Sodium Arsenite on Body
and Organ Weights

The differences in body weight gained by the different
groups with their relative liver and kidney weights were
presented (Table 1). Both lead acetate and lead acetate +

sodium arsenite groups gained weights significantly when
compared with control (P<0.05; ANOVA) while sodium
arsenite group experienced significantly low weight gain as
compared with control (Table 1). There are no significant
changes in the relative liver and kidney weights except in the
sodium arsenite group only.

Table 1. Body and organ weights profile of rats exposed to lead acetate and sodium arsenite.

Groups Body weight gained (%) Relative Liver weight (%) Relative Kidney weight (%)
Control 19.8 2.40+0.33 2.40+0.33

Pb 26.60* 2.73+0.25 2.73+0.25

As 11.20%* 3.11+0.40* 3.11+0.40*

Pb+As 23.70* 2.74+0.45 2.74+0.45

The values are expressed as mean + SD, n=5 and
*significantly different at P<0.05 from control. Control:
given 1ml/kg body weight distilled water, Pb: given 60mg/kg
body weight of lead acetate, As: given 2.5mg/kg body weight
of sodium arsenite and Pb+As: given 60mg/kg body weight
of lead acetate and 2.5mg/kg body weight of sodium arsenite.

3.2. Serum Hepatic Function Biomarkers Analysis

Figure 1. Effects of lead acetate and sodium arsenite on Alanine
aminotransferase (ALT) activity in rats. The values are expressed as mean +
SD for n=5. *significantly (P<0.05) different from control. For details see
legend in Table 1.

Treatment of rats with lead acetate and sodium arsenite
individually and in combination resulted in significant
increase in the activities of serum ALT, AST, ALP and GGT
and significant decrease in the concentrations of albumin,
glucose and total protein (P<0.05; ANOVA) when compared
with the control (Figures 1-7). Also, the combination and
sodium arsenite singly increase triglyceride concentration
(35.60 = 1.67; 34.80 = 3.89 respectively) while laed acetate
(32.80 + 2.16) singly caused a decrease when compared with
control (33.00 + 1.87), although there were no significant
differences in triglyceride concentrations between the means.

Figure 2. Effects of lead acetate and sodium arsenite on Aspartate
aminotransferase (AST) activity in rats. The values are expressed as mean +
SD for n=5. *significantly (P<0.05) different from control. For details see
legend in Table 1.
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Figure 3. Effects of lead acetate and sodium arsenite on Gamma glutaryl
transferase (GGT) activity in rats. The values are expressed as mean £ SD
for n=5. *significantly (P<0.05) different from control. For details see
legend in Table 1.
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Figure 4. Effects of lead acetate and sodium arsenite on Alkaline
phosphatase (ALT) activity in rats. The values are expressed as mean + SD
for n=5. *significantly (P<0.05) different from control. For details see
legend in Table 1.
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Figure 5. Effects of lead acetate and sodium arsenite on glucose
concentration in rats. The values are expressed as mean + SD for n=35.
*significantly (P<0.05) different from control. For details see legend in
Table 1.
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Figure 6. Effects of lead acetate and sodium arsenite on total protein
concentration in rats. The values are expressed as mean = SD for n=35.
*significantly (P<0.05) different from control. For details see legend in
Table 1.

#

Figure 7. Effects of lead acetate and sodium arsenite on albumin
concentration in rats. The values are expressed as mean = SD for n=35.
*significantly (P<0.05) different from control. For details see legend in
Table 1.

3.3. Serum renal Function Biomarkers Analysis

Significant increase in the concentrations of serum urea,
creatinine, sodium and potassium were observed (P<0.05;
ANOVA) following treatment of rats with lead acetate and
sodium arsenite individually and in combination when
compared with the control (Figure 8-11).

% &

Figure 8. Effects of lead acetate and sodium arsenite on serum urea
concentration in the blood of the exposed rats. Values are expressed as mean
+ 8D, n=5 and *significantly (P<0.05) different from control. For details see
legend in Tuble 1.
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Figure 9. Effects of lead acetate and sodium arsenite on serum creatinine
concentration in the blood of the exposed rats. Values are expressed as mean
+ 8D, n=5 and *significantly (P<0.05) different from control. For details see
legend in Table 1.
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Figure 10. Effects of lead acetate and sodium arsenite on plasma sodium
(Na) concentration in the blood of the exposed rats. Values are expressed as
mean + SD, n=5 and *significantly (P<0.05) different from control. For
details see legend in Table 1
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Figure 11. Effects of lead acetate and sodium arsenite on plasma potassium
(K) concentration in the blood of the exposed rats. Values are expressed as
mean + SD, n=5 and *significantly (P<0.05) different from control. For
details see legend in Table 1

3.4. Histological Examination of the Liver Section

The photomicrograph of the liver sections of rats exposed
to lead acetate and sodium arsenite individually and in
combination is presented in Figure 12.

Figure 12. Representative photomicrographs of liver sections (viewed under light microscope at X400 magnification). Control (distilled water): showing no
visible lesion, Pb (lead acetate): showing vacuolar hepatocellular degeneration (black arrows) and necrosis (circled areas) around the centrilobular to mid-
zonal region in addition to moderately increased frequency of binucleate or dividing cells (red arrows). As (sodium arsenite): showing moderately increased
frequency of binucleate or dividing cells (black arrows), Pb+As (lead acetate plus sodium arsenite): showing increased number of mitotic hepatocyte as

evidenced by bi-nucleate and tri-nucleate cells (black arrows).

3.5. Histological Examination of the Kidney Section

The changes obtained in the kidney sections of exposed rats were presented (Figure 13).

Control Pb
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Figure 13. Representative photomicrographs of kidney sections (viewed under light microscope at 400 magnification). Control (distilled water): showing no
visible leision, Pb (lead acetate): showing moderate congestion of tubule-intersttial spaces (arrow). As (sodium arsenite): showing moderate congestion in the
interstitial spaces (arrow). Pb+As (lead acetate plus sodium arsenite): showing severe widespread renal interstitial congestion (arrows).
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4. Discussion

Contamination of the environment with heavy metals and
some other contaminants have been related to factors
predisposing exposed individuals to development of several
health issues including cancers. [27, 28-29] Lead and arsenic
are both heavy metals which are well-established for their
induced environmental toxicities. [30-32] Exposure of
humans to both chemicals is still far from elimination since
many industries find their use inevitable. Researches focus
mainly on the effects of the individual heavy metal while
only few which examine combined -effects of these
environmental contaminants provided very few data hence
the reason this study was conducted to present more data on
the combined toxic effect of the two metals.

Treatment with either lead or sodium arsenite caused a
significant increase in the final body weight when compared
with control at (P< 0.05) (Table 1). The combination group
gained more weight significantly than sodium arsenite group
but less than lead acetate group. No significant changes in the
relative organ weights were obtained except in the sodium
arsenite group only.

In order to assess the proper functioning of the liver, the
concentrations of various different proteins and enzymes are
measured in the blood. These substances are either
synthesized by the liver cells or they are released when liver
cells are damaged. Some of these substances were measured
in this study.

Alanine aminotransferase catalyzes the transfer of amino
groups to form the hepatic metabolite oxaloacetate. In both
acute and chronic hepatocellular injuries, the serum activity
of the ALT have been reported to be significantly elevated.
[6] In the present study, lead acetate and sodium arsenite
individually induced significantly higher ALT activity
(Figure la) compared with the control while co-
administration of both metals increased the activity of the

enzyme suggesting enhanced toxicity induced by both metals.

AST, GGT and ALP have also been frequently used as
measures for liver function, an increase in their activities is
implicated in liver damage. [33] In this study there is a
significant increase in induction of the enzymes by lead
acetate and sodium arsenite when compared with the control
these increase got significantly enhanced with co-
administration of both metals (Figure 1b-d). Significant
increase in these enzymes activities is buttressing that there is
enhanced liver damage. These data on the hepatic enzymes
are in agreement with earlier report. [14]

Even though there was an observed increase in the
concentration of triglycerides in the lead acetate and sodium
arsenite groups individually and in combination as compared
with the control, the increase is insignificant. Increase in
triglyceride concentration has been associated with
significant lipid accumulation in the liver. [7] A significant
increase in triglyceride concentration following exposure to
lead acetate has also been reported [9], however, this is
contradictory to the result of this study, the reason for the
contradiction is not really clear. The insignificant increase in

triglyceride concentration may mean that the toxicants at the
tested doses are not associated with lipid accumulation as
observed in this study.

A decline in blood glucose concentration and
compromised function is not popular as the glucose
concentration remains normal in rats with hepatopathy. [9, 28]
However, a significant decrease in glucose concentration has
been earlier linked with hepatic necrosis, neoplasia and
cirrhosis as described in Wistar rat. [8] In the present study,
the significant decrease seen in both sodium arsenite and lead
acetate (Figure le) may not be unrelated to their induced
hepatotoxicity. The glucose concentration was further
decreased in the combination doses signifying enhanced
hepatotoxicity. This is not in agreement with the report of the
work with a higher dose of arsenic, however, the low
concentration of glucose might be related to the reduced
function of the liver or inability to degrade glycogen to
glucose at a normal rate. [34]

From this study also, in the lead and arsenic groups,
individually and in combination, serum total protein and
albumin levels were found to be significantly decreased
(p<0.05) as compared with the control (Figures 6 and 7).
Earlier report has linked lead sodium arsenite exposure to
serum total protein and albumin decrease. [9, 34] Many
substances have been reported to be capable of binding to
serum proteins, albumin inclusive. [35-36] The significant
decrease in the total protein and albumin concentration might
be related to the binding ability of lead and arsenic to the
blood protein hence reducing their concentration in the serum.
Also, since the liver is the primary organ for protein
synthesis, the compromised function of the liver might be the
reason for the significant decrease in these proteins

The kidney glomerulli serves as an important organ which
filter out urea from the blood, therefore the concentration of
urea in the serum is being constantly used as a clinical index
for determining renal function. [37] There was a significant
increase in the blood urea concentration (Figure 8) in this
study in lead acetate and sodium arsenite groups which was
enhanced by both metals, this may be an indication that the
function of the kidney has been compromised, however,
since overproduction of urea has also been associated with
non-renal factors, we assessed other biomarkers of renal
function to ascertain this inference. [38]

Significant increase in creatinine concentration is associated
with an assumption of renal failure diagnosis. [39] The
significant increase in creatinine concentration (Figure 9)
observed in this study could serve as an increased evidence of
the compromised kidney function. The significant increase in
plasma electrolytes that is the plasma sodium and potassium
(Figure 10 and 11) in the toxicant groups observed in this study
suggests a perturbation in the acid-base and water balance which
are strictly controlled by the kidney. [40] This provides
confirmation to this proof of kidney function impairment.

Histological examination of the liver tissues (Figure 12)
from the exposed rats revealed vacuolar hepatocellular
degeneration and necrosis around the centrilobular to mid-
zonal region in the group that were administered lead acetate.
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Though there was no visible lesion in the sodium arenite group,
combination of sodium arsenite with lead acetate resulted in
increased number of mitotic hepatocyte as evidenced by bi-
nucleate and tri-nucleate cells suggesting increase in
proliferation of the hepatocytes beyond the control group. Lead
exposure has been previously linked to increase in cell
proliferation. [41] Any substance that has capacity to induce
increase in cell proliferation can be a potential carcinogen.
Since humans get exposed to more than one environmental
toxicant, the result of study is an implication that combined
doses of these toxicants might induce carcinogenesis. In the
kidney (Figure 13), lead acetate caused moderate congestion of
tubule-intersttial spaces and sodium arsenite induced moderate
congestion in the interstitium. These conditions become more
severe when these toxicants were combined buttressing the
afore mentioned fact.

There were reports on the contamination of certain
environments with arsenic, lead and poly aromatic
hydrocarbons. [13] Several reports on the different organs
toxicity induced by the metals (arsenic and lead) abound.[42-
45] The report on the interaction between arsenic and lead
acetate resulting in significant increase in induction of
micronuclei and liver enzyme biomarkers also exists but
information is scarce as regards the combined effects of
arsenic and lead on detailed markers for the function of these
two indispensable organs in the aspect of metabolism and
detoxification. [14]

Here, it may be recommended that combined doses of
arsenic and lead elicited their synergistic effect by lowering
the concentration of serum proteins and glucose and by
increasing the proliferative ability of the hepatocytes. The
combined doses also resulted in the perturbation of the
electrolytes balance and lowered creatinine clearance
capacity in the kidney of the treated rats. This report has not
existed before now regarding sodium arsenite and lead
acetate.

5. Conclusion

The present study suggests that lead and arsenic exhibited
significant toxicity during individual exposure whereas co-
exposure to these metals demonstrated the enhanced effect on
these parameters when likened with individual treatments in
male rats. Hence, this study proves the enhanced toxicity
induced by the combination of lead acetate and sodium
arsenite among biomarkers of liver and kidney functions.
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