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Abstract: Renal failure is a growing concern in the modern society and the increasing rate of exposure to toxic substances
has contributed a lot to renal diseases. As a result of this, there is a great need for agents that can serve as nephroprotective.
The present study assessed some parameters of renal function on the ameliorative properties of Ginkgo biloba extract (GBE) in
cadmium (Cd) - induced nephrotoxicity in adult wistar rats model. The study was performed on twenty four (24) male Wistar
rats divided into four groups: Group A (Control), Group B (Cd), Group C (Cd + 100mg/kg BW of GBE) and Group D (Cd +
300mg/kg BW of GBE). The Cd and GBE were administered orally through oro-gastric cannula. The results showed changes
in the renal function chemical parameters (creatinine, urea, and total protein) in the treated groups compared to the control
group. Exposure to Cd lowered the activities of the kidney by increasing the plasma level of creatinine and urea, and
decreasing the plasma level of total protein. The creatinine concentration decreased significantly (p<0.05) in groups C and D
while the urea concentration increased on GBE administration. A significant decrease was observed in the plasma total protein
level in the Cd group when compared with the control and on administration of GBE there was an increase in the plasma total
protein concentration in groups C and D. The results showed that Ginkgo biloba treatment ameliorated the effects of Cd-
induced nephrotoxicity in all parameters except urea which is to be further investigated. These may be explained by the
oxidative and anti-oxidative properties of the Cd and GBE respectively and their mechanisms of action.
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irreparable damage to the kidneys; it develops slowly, usually
over the course of a number of years [3]. One of the most
common indicators of acute renal failure is accumulation of
nitrogenous wastes (urea nitrogen, uric acid, and creatinine)
in the blood. Also, in acute renal failure the glomerular
filtration rate (GFR) is decreased. As a result, excretion of
nitrogenous wastes is reduced and fluid and electrolyte
balance cannot be maintained [4]. Persons with acute renal
failure often are asymptomatic, and the condition is

1. Introduction

Renal failure is one of the commonest clinical symptoms
that is caused by the inability of the kidney to remove
metabolic end-products from the blood. It can occur as a
short term (acute) or long term (chronic) disorder [1, 2].
Acute renal failure is usually unexpected in onset and often
reversible if recognized early and treated appropriately, while
chronic renal failure in contrast is the end result of
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diagnosed by observation of elevations in blood urea nitrogen
and creatinine levels [4]. Since the kidney is a vital organ in
the body, having a primary role in maintaining homeostasis,
it is important in toxicological processes. The mechanism
underlying renal injury has been the focus of intense
investigation for many years, and it has been suggested that
inflammation and oxidative stress cause renal toxicity [5]

The activities of human contribute a lot in promoting
environmental pollution by introducing unwanted toxic
compounds which accumulate in water and food. Four main
categories of pollutants that jeopardize the environments are
radio nucleotides, petroleum hydrocarbons, pesticides and
heavy metals, heavy metals being the most dangerous [6].
Hence industrial pollution of heavy metals is becoming a
significant problem. Environmental pollution is a great cause
of concern nowadays and the exposure of humans to heavy
metals released into the environment by several sources
produces deleterious and lethal effects [7]. Cadmium (Cd) is
a non-essential heavy metal known to possess toxic effects
on living things, in nature, it is not found in its pure form [8,
9]. Cadmium can be found almost everywhere; and its
toxicity is of concern to industrial workers and all humans
due to its use in some industrial products like batteries and
also in agriculture [10, 11]. Cadmium enters human and
animal body orally by ingestion of contaminated food [12].

Herbal and natural products represent some of the most
common forms of alternative medicines [13]. Various studies
have shown antioxidant properties of several natural products
against many toxic materials [14, 15]. Ginkgo biloba, also
known as the maidenhair tree is the only living species in the
division Ginkgophyta [16]. The tree is widely cultivated and
is native to China. It has various uses in traditional medicine
and as a source of food [16]. Extracts of Ginkgo biloba
leaves contain phenolic acids, proanthocyanidins, flavonoid
glycosides, biflavones, as well as alkylphenols and
polyprenols [17]. Ginkgo biloba is a common plant used as a
natural supplement. Ginkgo biloba extract is well known for
its antioxidant properties, this may result from its ability to
scavenge free radicals [17]. In developing countries, a large
portion of the population depends heavily on traditional

practitioners and medicinal plants for their health care needs.
Ginkgo biloba leaves have been used as agents for improving
cerebral circulation and are also said to have medicinal and
therapeutic benefit such as anti-parasitic, anti-tumor and anti-
viral activities [18]. The role of Ginkgo biloba in the
treatment of diseases associated with free radicals and
oxidative stress has been suggested and tested [19] with
various positive results. Here, the efficacy of Ginkgo biloba
against heavy metal poisoning produced by cadmium (Cd)
would be tested for its ameliorative effects at different doses.
Herbal and dietary substances that can considerably reduce
the negative effects caused by metal toxicity are thus sought
and presently, not enough evidence is available on the effects
of Ginkgo-biloba on Cd-induced nephrotoxicity which is the
rationale that formed the baseline for this study.

2. Materials and Methods
2.1. Plant Extract

Ginkgo biloba leaf extract made into capsules was gotten
from Med Plus Limited Lagos Nigeria, a reputable drug store
and taken to the Department of Anatomy, Babcock
University, [lishan-Remo Ogun State, Nigeria. The powdered
extract was obtained from the capsule and weighed before it
was dissolved in distilled water in the right proportions
required for the experiment.

2.2. Animal Care and Treatment

A total number of 24 adult male Wistar rats (Rattus
norvegicus) weighing between 120-170g were obtained from
the animal house of Babcock University, Ogun State. The rats
were randomly divided into groups of four of six rats each
(groups A, B, C and D). The animals were housed in clean,
well ventilated plastic cages at room temperature, under
natural light and dark cycles. The rats were left to acclimatize
for 8 days and afterwards used for the experiment. Care and
treatment of animals were performed accordingly. The
following treatment protocol was used for this experiment:

Table 1. Grouping and treatment of experimental animals.

GROUPS TREATMENT

A Control, rats received distilled water only

B Negative control, Cadmium sulphate (50mg/kg body weight) only

C Cadmium sulphate (50mg/kg body weight) for 7 days + Low dose, Ginkgo biloba (100mg/kg body weight) for 7 days
D Cadmium sulphate (50mg/kg body weight) for 7 days + High dose, Ginkgo biloba (300mg/kg body weight) for 7 days.

Cadmium sulphate was obtained from Sigma® Chemicals,
USA. Both Ginkgo biloba extract and Cadmium sulphate
were dissolved in distilled water separately and administered
daily through orogastric cannula throughout the period of
administration, the dosage and time span chosen for this
experiment were based on previous researches [20, 21], also
a pilot study was carried out to arrive at the dosages used.

2.3. Sacrifice and Biochemical Analysis

The animals were sacrificed by cervical dislocation
method, twenty four hours after the last administration.
Blood samples were collected from the animals through
cardiac puncture and were stored in EDTA bottles to obtain
plasma. About 5ml of whole blood was collected into an
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EDTA bottle and centrifuged at 4000 revolutions for 15
minutes using Gulfex Medical and Scientific Centrifuge,
England. The plasma was separated by decantation and
analyzed for renal functions test with investigation of
creatinine, urea and total protein levels. The analysis of
creatinine, urea and total protein were determined following
strictly the methods described by Ranjna [22].

2.4. Statistical Analysis

The data obtained were expresses as mean + Standard
Error of Mean (S. E. M). The statistical significance was
evaluated by one way analysis of variance (ANOVA) using
GraphPad Prism (version 6). A value of p < 0.05 was
considered statistically significant.

3. Results
3.1. Plasma Creatinine Level in Rats After Treatment

As shown in figure 1, the plasma creatinine level of group
B (Cd) (0.4027 + 0.043) was significantly (p < 0.05) higher
when compared to the control group (0.3132 + 0.018) and
group C (Cd + Ld GBE) (0.3238 + 0.019), the difference
between group B (Cd) (0.4027 + 0.043) and group D (Cd +
Hd GBE) (0.3576 £ 0.034) was not found to be statistically
significant, however, there was an observable reduction in
the plasma creatinine level of group D when compared to the
Cd treated group (B). However, no significant difference was
observed between groups C (Cd + Ld GBE) (0.3238 + 0.019)
and D (Cd + Hd GBE) (0.3576 + 0.034) when compared with
the control group (A) (0.3132 £ 0.018).
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Figure 1. Plasma creatinine level (umol/L). Values are mean + SEM of data
obtained; * = significantly different from A (control); # = significantly
different from B (Cd); * = significantly different from C (Cd + Ld of GBE),
Cadmium (Cd), cadmium + low dose Ginkgo biloba (Cd + Ld of GBE),
cadmium + high dose Ginkgo biloba (Cd + Hd GBE).

3.2. Plasma Urea Level in Control and Treated Group

The plasma urea level in groups C (Cd + Ld GBE) (2.831
+ (0.368) and group D (Cd + Hd GBE) (3.720 + 0.407) were

significantly higher than the control group (A) (1.369 +
0.044). Also, there was significant increase in plasma urea in
group C (Cd + Ld GBE) (2.831 + 0.368) when compared to
group B (Cd) (1.781 + 0.128) and this was also observed
between group D (Cd + Hd GBE) (3.720 + 0.407) and group
B (Cd) (1.781 £ 0.128). That is, both Cd + GBE groups had
increased plasma urea concentration when compared to the
Cd only treated group. The plasma urea level of group D (Cd
+ Hd GBE) (3.720 + 0.407) was significantly (p < 0.05)
higher than group C (Cd + Ld GBE) (2.831 + 0.368).
Although, no significant difference was found between group
A (control) (1.369 + 0.044), and group B (Cd) (1.781 =+
0.128). However, looking at the figure below, one could tell
that there was an increase in the plasma urea concentration of
group B in comparison with group A as shown in figure 2.
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Figure 2. Plasma urea level (Mmol/L) Values are mean + SEM of data
obtained; * = significantly different from A (control); # = significantly
different from B (Cd); “ = significantly different from C (Cd + Ld of GBE).
Cadmium (Cd), cadmium + low dose Ginkgo biloba (Cd + Ld of GBE),
cadmium + high dose Ginkgo biloba (Cd + Hd GBE).

3.3. Plasma Total Protein Level in Control and Treated
Groups
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Figure 3. Plasma total protein level (gm/L) Values are mean + SEM of data
obtained; * = significantly different from A (control); B = significantly
different from B (Cd), Cadmium (Cd), cadmium + low dose Ginkgo biloba
(Cd + Ld of GBE), cadmium + high dose Ginkgo biloba (Cd + Hd GBE).



115 Ogunnaike Philip Olubunmi ef al.: An Assessment of Renal Function Parameters on the Ameliorative Properties of
Ginkgo Biloba Extract in Cadmium-Induced Nephrotoxicity in Adult Wistar Rats Model

As shown in figure 3, significant difference was observed
between the control group (A) (11.76 +£0.16) and group B
(Cd) (10.76 £ 0.13). However, the plasma total protein levels
in groups C (Cd + Ld GBE) (12.73 £ 0.25) and D (Cd + Hd
GBE) (12.77 £ 0.45) were significantly higher compared to
group B (Cd) (11.11 £ 0.27) and the control group (A) (11.76
+ 0.16). Also, group B (Cd) (10.76 + 0.13) was significantly
lower when compared with the control group (A) (11.76 +
0.16) and the rest of the treated groups i.e. groups C and D.

4. Discussion

Many studies have shown detrimental effects (toxic,
carcinogenic) of heavy metal Cd on human health due to the
wide spread ability of this metal in the air (cigarette smoke,
factory wastes), water (in pipelines) and plants [23, 24, 25].
The kidneys play a vital role in the elimination of toxic
substances as a result of their ability in filtration, secretion
and reabsorption and so the kidneys are more likely to be
exposed to toxic materials compared to other organs [26, 27].
The toxicological evaluation of a substance in animal models
is primordial for determining the potential risk for human life
and is a necessary step to ensure the safety of a medication
[28]. To this end, this study investigated the effects of Ginkgo
biloba leaf extract on some markers of renal function of the
kidney in rats with cadmium-induced kidney injury.

Plasma creatinine and urea concentrations in the blood are
biomarkers of renal injury [29] and the elevation of these
biomarkers is usually associated with impairment in renal
function [30] because urea and creatinine are excreted
through the kidneys, therefore in cellular damage, there is
retention of urea and creatinine in the blood [31]. In this
study, treatment of animals with Cd resulted in disturbance in
kidney function, evidenced by increased levels of plasma
urea and creatinine in the Cd group (B) when compared with
the control and other experimental groups. This may be
attributed to alterations in Glomerular Filtration Rate (GFR)
leading to reduction in the amount of creatinine and urea that
were filtered out of the blood. This is consistent with the
work of Liu [32] in which he showed that Cd caused kidney
damage. These changes could also be linked to oxidative
imbalance in the kidney due to the presence of Cd causing
elevation of these biomarkers in the blood. Findings from this
study correlate with the report given by Gilrolami where urea
level was elevated as a result of Cd induction [33].

Also, the significant increase in the level of creatinine in
group B (Cd rat group) when compared with the control group
(A), could also be attributed to oxidative damage to the kidney
by the Cd, in agreement with earlier reports [34] where Cd
administration led to an elevated level of creatinine. Shatti
reported rise in creatinine level to be an indication of renal
tubular damage due to Cd-induced nephrotoxicity [35]. The
significant increase in plasma concentration of creatinine is an
evidence of reduced ability of the renal tubules to extract and
remove creatinine from the plasma of the Cd group. The
results seen in groups C (Cd + Ld GBE) and D (Cd + Hd
GBE), gives an indication that Ginkgo biloba has ameliorative

effects on cadmium-induced kidney damage revealed by
reduced plasma creatinine concentration. The creatinine level
in group C (Cd + Ld GBE) was far more lower than that of
group D (Cd + Hd GBE), indicating that treatment of
nephrotoxicity induced by Cd with Ginkgo biloba is more
effective at a low dose than it is at a high dose. There was no
significant difference between the control rats and the rats of
group C and D indicating that the GBE treatment brought back
the functions of the kidney to an almost normal level, a fact
supported by the study of Okuyan [36] where Ginkgo biloba
restored the histoarchitecture of the kidney after being
damaged by a toxic substance.

The significant increase in plasma concentration of urea is
an evidence of the reduced ability of the renal tubules to
extract and remove urea from the plasma of the Cd treated
group, a fact supported by Girolami [33], it could also be as a
result of diminished protein synthesis [37] in group B, this
correlates with the effect that cadmium administration had on
the level of total protein in group B. Treatment with Ginkgo
biloba extract significantly increased the amount of urea
retained in the blood of animals in groups C and D, with the
higher dose of Ginkgo biloba causing more urea retention,
which can be likened to increased impairment in the filtration
function of the kidney which is in contrast with earlier
reports [20, 38] whose studies showed a decrease in urea
concentration on Ginkgo biloba administration. It could be
said that Ginkgo biloba reacts negatively with Urea
excretion, thereby causing retention in the plasma urea
concentration this can be further investigated.

The decrease in plasma total proteins in Cd treated rats
may indicate disorders in protein synthesis, metabolism and
necrosis as a result of individual actions or interactions of the
complex constituents of the metal [39]. It has been similarly
reported that Cd exposed rats showed reduced serum total
protein with increased serum urea and creatinine due to
functional damage to kidney [40]. On the other hand, GBE
increased the amount of total protein in the plasma according
to the doses administered in groups C and D even above the
concentrations in the control group.

It may be deduced from this study that Cd induced
nephrotoxicity in rats may be associated with free radical
formation, supported by reports on activities of heavy metals
analyzed [41, 42]. The alterations in glomerular function in
Cd treated rats may also be secondary to reactive oxygen
species (ROS), which induce mesangial cell contraction,
altering the filtration surface area and modifying the ultra
filtration coefficient factors that decrease the glomerular
filtration rate [43].

The complex in the plasma is then filtered through the
glomeruli in the kidney and taken up by the PCT [44]. On its
way through the kidney, this complex causes injury
especially in the cortical region, reaching the PCT and
causing a gradual loss of the organ’s function [45, 46].
Moreover these changes may be linked to the accumulation
of free radicals as the consequence of increased lipid
peroxidation by free Cd ions in the renal tissue of Cd treated
rats [34] as the mechanism of Cadmium-induced kidney
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damage is considered to be related to increased oxidative
status increasing free radical production [47].

It was reported that Ginkgo biloba extract possesses anti-
oxidant properties. It is also known to be efficient in helping
to treat or prevent diseases associated with free radicals [48].
Pharmacologically, there are two groups of substances that
are significant compounds found in Ginkgo biloba extract;
the flavonoids, which give Ginkgo biloba its antioxidant
action, and the terpenes, which help to inhibit the formation
of blood clots [49]. Anti-oxidants are agents that significantly
inhibit the rate of oxidative activity [50]. Ginkgo biloba was
able to reverse the effects of Cd by restoring the membrane
of the Bowman’s capsule and the tubules from oxidative
degradation. This ameliorative property of Ginkgo biloba
could be associated to the high concentration of flavonoids it
contains because they possess the anti-oxidant property of the
plant which help to fight off the free radicals produced by
nephrotoxicants.

5. Conclusion

In conclusion, it was observed that treatment with
Cadmium induced a significant elevation in the levels of
plasma creatinine and urea and reduction in the plasma total
protein. However, it was demonstrated that Ginkgo biloba at
both high and low doses administered daily for 7 days
conferred ameliorative potential by restoring these
biomarkers with the low dose proving more effective in
restoring renal functions, except in the case of urea where
Ginkgo biloba caused a significant increase in the plasma
urea concentration, this however remains controversial, and
so further investigation is recommended. However, it can be
suggested that Ginkgo biloba has ameliorative effects on
cadmium-induced nephrotoxicity.
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