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Ginkgo biloba leaf extract (EGb 761) diminishes adriamycin-
induced hyperlipidaemic nephrotoxicity in rats: association
with nitric oxide production
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The aim of this experimental study was to investi-
gate the effect of a standardized preparation of
Ginkgo biloba extract (EGb 761) on the hyperlipidaemic
nephrotoxicity and oxidative stress induced by a single
intravenous injection (5 mg/kg) of adriamycin. EGb
761 was received daily thereafter by a gavage at
the dose of 100 mg/kg for 35 consecutive days. EGb
761 administration significantly attenuated adriamycin-
induced renal dysfunction, as assessed by measuring
serum lipid profile, serum total protein, serum urea
and Ccr (creatinine clearance). Furthermore, urinary
excretions of protein and NAG (N-acetyl-β-D-gluco-
saminidase; a marker of renal tubular injury) were
significantly inhibited following EGb 761 administra-
tion. EGb 761 supplementation significantly prevented
the generation of TBARS (thiobarbituric acid-reacting
substances) with a marked improvement in terms of
GSH content and activity of antioxidant enzymes in
the kidney homogenate. Moreover, EGb 761 treatment
significantly reduced both renal-tissue and urine total
NO (nitric oxide) levels. The results suggest that the
protective potential of EGb 761 in the prevention
of adriamycin-induced hyperlipidaemic nephrotoxicity
in rats was associated with the decrease in the oxi-
dative stress and the total NO levels of renal tissues.
Likewise, the present study demonstrates the ability
of EGb 761 to reduce the hyperlipidaemia and
proteinuria associated with this nephropathy, which
might be beneficial to enhance the therapeutic index
of adriamycin.

Introduction

Adriamycin is a widely used anti-cancer agent with efficacy
in a broad range of malignancies. However, the use of
adriamycin in clinical chemotherapy is limited on account
of to its lethal cytotoxic effects, the most important being
cardiac, renal and testicular toxicity [1–4]. Adriamycin-
induced renal toxicity is characterized by hyperlipidaemia,
proteinuria and hypoproteinaemia [2,5,6]. It is believed that

the primary pathogenic mechanism of adriamycin-induced
nephropathy is mediated through free-radical formation and
membrane lipid peroxidation [2,4,6,7].

The oxidative damage in the body induced by ROS
(reactive oxygen species) and free radicals is frequently
involved in the development of many diseases [8–10].
Particularly, at the level of kidney toxicity, ROS are important
causes of acute and subacute renal failure, which could be
prevented by molecules possessing an antioxidant-mediated
protection [11,12]. NO (nitric oxide) is an important bio-
regulatory molecule. It regulates numerous physiological
and pathophysiological processes [13–15]. Large amounts
of NO may react with superoxide anion to produce
peroxynitrite, strong oxidants that may mediate cell death
[16]. Wang et al. [17] proposed that high production of
NO is associated with the induction of apoptosis in lupus
nephritis.

The standardized extracts of Ginkgo biloba (maidenhair
tree) leaves (EGb 761) have received great attention
as alternative medicines in recent years and have been
marketed as therapeutic dietary supplements to counteract
a variety of neurological disorders. Its mechanism of action
is believed to be produced mainly by its functions as an
antioxidant and free-radical scavenger [18–22]. EGb 761 has
generally been recognized as a safe herbal medicine, and it
causes hardly any severe adverse effects [23].

Different trials to preserve the renal functions that
have been decreased by adriamycin were done by various
research groups [2,4,24,25]. In the present study, we have
conducted a model of hyperlipidaemic nephrotic syndrome
in rats induced by adriamycin, to investigate the ability of
standardized extract EGb 761 to restore the deteriorated
renal functions. Kidney lipid peroxidation, GSH content and
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status of antioxidant enzymes were determined. Further-
more, renal-tissue NO, together with its urinary level, were
investigated. We thus aimed to evaluate the proposed pro-
tective role of EGb 761 on such kidney damage in a rat
model.

Materials and methods

Chemicals
Adriamycin was used in the form of injectable commercial
product (Adriablastina; 10 mg; Carlo Erba, Milan, Italy).
The standardized G. biloba leaf extract (EGb 761) was
obtained from Dr Willmar Schwabe (Egyptian International
Pharmaceutical Industries, Tenth of Ramadan City, Egypt).
All other chemicals used were of analytical grade.

Animals
A total of 32 male Sprague–Dawley rats, weighing 160–180 g,
were obtained from our animal facility (Al-Azhar University,
Cairo, Egypt). The rats were kept in wire-floored cages
under standard laboratory conditions of 12 h/12 h light/dark
cycle and 25 +− 2 ◦C with free access to food and water.

Experimental design
The rats were randomized and divided into two main
groups: an adriamycin-treated group and a control group.
Adriamycin was injected as a single intravenous dose of
5 mg/kg, while saline was administered to the control group
by the same route of injection. Badary et al. [2] revealed that
hyperlipidaemic nephropathy was achieved 5 weeks after the
single adriamycin injection. On the basis of this previous
finding, the two main groups were then divided into two
subgroups of eight animals each: subgroup 1, EGb 761, a
light-brown powder suspended in 0.5% methylcellulose, was
given orally by a gavage at the dose of 100 mg/kg daily for 35
consecutive days in a volume of 1 ml/kg. Animals of subgroup
2 were given orally an appropriate volume of the vehicle
(0.5% solution of methylcellulose) daily for the same number
of days. On the last day of treatment, rats in all groups
were housed for 24 h urine collection in individual metabolic
cages. During urine collection, animals had water ad libitum,
whereas food was allowed for the first 12 h only. The
volume of collected urine was measured to ascertain urine
parameters [creatinine, total protein, NAG (N-acetyl-β-D-
glucosaminidase) and nitric oxide]. After urine collection,
and at 24 h after the last injection, blood samples were taken
from abdominal aorta under light diethyl ether anaesthesia,
and used for determination of serum lipid profile, urea,
total protein and creatinine levels. All animals were then
killed by cervical dislocation and both kidneys from each
rat were quickly removed, rinsed in ice-cooled physiological
saline, blotted dry on filter paper, weighed and then 10%

(w/v) homogenate of the kidney was made in ice-cold
0.15 M KCl solution using a Potter–Elvehjem homogenizer.
Aliquots of the homogenates were used for determination
of tissue contents of total GSH (reduced glutathione), and
of lipid peroxides [measured as TBARS (thiobarbituric acid-
reactive substances)]. Enzyme activities of catalase and SOD
(superoxide dismutase), together with the level of NO, were
also determined in tissue homogenates.

Biochemical analysis
TC (total cholesterol) was assayed by the method of
Roeschlau et al. [26]. Total TGs (triacylglycerols) were deter-
mined following the method of Fossati and Prencipe [27].
HDL-C (high-density lipoprotein cholesterol) was deter-
mined by the method of Warnick et al. [28]. LDL-C (low-
density lipoprotein cholesterol) was then calculated accord-
ing to the equation described by Friedewald et al. [29]:

LDL − C = (TC − HDL − C − TG)/5

Serum urea was measured by the method of Hallet and Cook
[30]. The protein content of the collected urine and serum
samples was measured by the method of Lowry et al. [31].
Ccr (creatinine clearance) was calculated after measuring
the serum and urinary creatinine levels by the alkaline
picrate method [32]. Urine was analysed for NAG activity
[33]. Kidney homogenate was used for determination of
lipid peroxides (expressed as TBARS [34]) and total GSH
[35]. The enzyme activities of SOD [36] and catalase [37]
were measured, as well, in the kidney homogenates. Urine
and tissue concentrations of NO were measured as its stable
metabolites, nitrate and nitrite. Nitrate was first reduced by
nitrate reductase to nitrite and then nitrite was determined
spectrophotometrically by the Griess reaction [38].

Statistical analysis
Results are expressed as means +− S.E.M. for the groups.
Data analysis was evaluated by one-way ANOVA followed
by Tukey–Kramer test for multiple comparisons. A 0.05 level
of probability was used as the criterion for significance.

Results

The consequences of animal treatment with adriamycin
result in an observed hyperlipidaemic nephropathy, as evid-
enced by significant increase in serum TGs, serum urea,
serum protein and urinary protein as compared with
the control values in vehicle-receiving rats. EGb 761
administration significantly reduced those elevated values
when compared with the adriamycin-treated group. Besides,
an obvious reduction in Ccr was observed in the adriamycin-
treated group, and it was highly improved upon EGb 761
administration (Table 1). There was more than 17-fold
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Table 1 Effect of G. biloba (EGb 761) on serum TGs, serum urea, serum protein, urinary protein and Ccr modified by adriamycin treatment in rats

Values are expressed as means +− S.D. (n = 8). Multiple comparisons were achieved using one-way ANOVA followed by Tukey–Kramer test as a post-ANOVA
test. a , b and c indicate significant change from control, EGb 761 or adriamycin nephrotoxicity groups respectively, at P < 0.05.

Parameter Control Control + EGb 761 Adriamycin nephrotoxicity Adriamycin nephrotoxicity + EGb 761

Serum TG (mg/dl) 51.6 +− 11.37 48.2 +− 10.75 69.8 +− 16.41a,b 52.1 +− 11.6c

Serum urea (mg/dl) 55 +− 6.14 46 +− 7.64 149 +− 25.19a,b 77 +− 15a,b,c

Serum protein (g/dl) 4.9 +− 0.93 4.8 +− 1.13 3.4 +− 0.79a,b 4.0 +− 1.13
Urinary protein (mg/mg of creatinine) 1.8 +− 0.45 1.6 +− 0.45 34 +− 9.34a,b 23 +− 10.19a,b,c

Ccr (ml/min) 0.43 +− 0.06 0.48 +− 0.06 0.07 +− 0.01a,b 0.2 +− 0.17a,b,c

Figure 1 Effect of G. biloba (EGb 761) on the atherogenic indices in control
and adriamycin-induced nephrotic rats

Results are presented as means +− S.D. (n = 8). Multiple comparisons were
achieved using one-way ANOVA followed by Tukey–Kramer test as a
post-ANOVA test. ‘a’, ‘b’ and ‘c’ indicate significant change from control, EGb
761 or adriamycin nephrotoxicity groups respectively, at P < 0.05.

increase in the LDL-C/HDL-C risk ratio of the group of rats
treated with the single dose of adriamycin, when compared
with control animals. This risk ratio was significantly
lowered by 80% following EGb 761 intake compared with
adriamycin-treated animals. Likewise, the TC/HDL-C ratio
was significantly elevated by approx. 6-fold in the adriamycin-
treated rats, while a significant ratio decrease amounted
to 71% as a result of treatment with EGb 761 (Figure 1).
Moreover, the nephrotic (adriamycin-treated) rats showed
high urinary excretion of NAG (102%) compared with
vehicle-treated non-nephrotic rats. A significant protection
was observed upon EGb 761 administration through de-
creasing of the high urinary NAG excretion (Figure 2).

In nephrotic kidneys, adriamycin treatment significantly
increased TBARS levels, while the treatment with EGb 761
significantly prevented that increase. Noticeable declines
were observed in the GSH content, together with the activ-
ities of antioxidant enzymes catalase and SOD in nephrotic
kidneys when compared with the kidneys of vehicle-
receiving animals, which was markedly prevented upon
administration of EGb 761 (Table 2).

Figure 2 Effect of G. biloba (EGb 761) on the NAG excretion in control
and adriamycin-induced nephrotic rats

Results are presented as means +− S.D. (n = 8). Multiple comparisons were
achieved using one-way ANOVA followed by Tukey–Kramer test as a
post-ANOVA test. ‘a’, ‘b’ and ‘c’ indicate significant change from control, EGb
761 or adriamycin nephrotoxicity groups respectively, at P < 0.05.

Data in Figure 3(A) indicate that adriamycin treatment
significantly increased urinary excretion of nitrite to 236%
of the control level, while administration of EGb 761 signifi-
cantly prevented the elevated urinary excretion of nitrite.
However, the level of nitrite excretion remained approx. 1.3-
fold above the control value. Similarly, Figure 3(B) shows
that the nitrite concentration in kidney homogenate was
markedly increased (172%) after adriamycin treatment. EGb
761 treatment significantly reduced the kidney nitrite by
63% when compared with nephrotic kidney. The solitary
administration of EGb 761 has insignificant changes on
the levels of all parameters measured, compared with the
control animals.

Discussion

Cancer treatment is usually accompanied by diverse side
effects to different body organs. The use of adriamycin, a
potent anticancer agent with efficacy in a broad range of
malignancies, is limited by severe cytotoxic side effects,
the most important being cardiotoxicity [1,39] and
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Table 2 Effect of G. biloba (EGb 761) on the renal oxidative stress induced by adriamycin treatment in rats

Values are expressed as means +− S.D. (n = 8). Multiple comparisons were achieved using one-way ANOVA followed by Tukey–Kramer test as a post-ANOVA
test. a , b and c indicate significant change from control, EGb 761 or adriamycin nephrotoxicity groups respectively, at P < 0.05.

Parameter Control Control + EGb 761 Adriamycin nephrotoxicity Adriamycin nephrotoxicity + EGb 761

TBARS (nmol/g of wet tissues) 71 +− 20.74 80 +− 20.1 203 +− 28.1a,b 116 +− 23.63a,b,c

GSH (µmol/g of wet tissue) 2.3 +− 0.4 2.6 +− 0.48 0.91 +− 0.08a,b 1.97 +− 0.17b,c

SOD (unit/mg of protein) 68.7 +− 14.77 71.3 +− 14.71 30.6 +− 10.19a,b 67.8 +− 9.2c

Catalase (unit/mg of protein) 8.1 +− 0.88 8.5 +− 0.76 4.8 +− 0.57a,b 7.8 +− 0.71c

Figure 3 Effect of G. biloba (EGb 761) on the urinary excretion of nitrite
(A) and renal tissue nitrite (B) in control and adriamycin-induced nephrotic
rats

Results are presented as means +− S.D. (n = 8). Multiple comparisons were
achieved using one-way ANOVA followed by Tukey–Kramer test as a
post-ANOVA test. ‘a’, ‘b’ and ‘c’ indicate significant change from control, EGb
761 or adriamycin nephrotoxicity groups respectively, at P < 0.05.

nephrotoxicity [4,40]. Adriamycin-induced nephrotoxicity
in rats revealed a severe nephropathy with substantial
hyperlipidaemia, hypoproteinaemia and proteinuria (Table 1
and Figure 1). This nephrotic syndrome was also associated
with high levels of serum urea and decreased Ccr (Table 1).
The toxicity also reflects renal-tubular injury, as indicated
by the increased levels of urinary NAG (Figure 2). This
distinctive value for adriamycin-induced nephrotoxicity is
comparable with those reported by other research groups
[2,4,41–43].

The molecular mechanism that has been suggested
for the induction of adriamycin-induced nephrotoxic action
is the production of free radicals and its related oxidant
injury. Adriamycin produces free radicals either through the
generation of semiquinone radical or by a non-enzymatic
mechanism that includes a reaction with iron. The semi-
quinone radical will in turn react with molecular oxygen
and produce other free radicals [43]. In the non-enzymatic
mechanism, adriamycin will form a complex with iron
that is able to reduce oxygen to different active oxygen
species [4,44]. The role of free-radical formation, and the
consequent oxidative stress, in the induction of adriamycin-
induced nephrotoxicity is now widely accepted, as indicated
by different studies that support this notion [3,4,6,41,43–
46].

In the present study, the kidney of adriamycin-treated
rats revealed a significant increase in TBARS generation
accompanied by a significant decrease in the level of GSH.
There is also a marked decrease in the levels of the me-
asured antioxidant enzymes of the kidney (Table 2). The abil-
ity of adriamycin-induced nephrotoxicity to modulate kidney
oxidative status proves the role of increased oxidant stress.
Moreover, the present study attempted to define the rela-
tionship between NO level and hyperlipidaemic nephropathy
induced by adriamycin. Animals with adriamycin nephro-
pathy exhibited an increase in the NO levels of renal tis-
sues and urine. We have observed marked NO production
in the renal tissue and urine (Figure 3), which we have in-
terpreted to be important in the pathogenesis of adriamycin
nephropathy. Physiological levels of NO chiefly contribute
to the conservation of renal haemodynamics, mainly
due to its vasodilator and antithrombogenic properties
[16,47]. However, greater NO production and urine nitrite
excretion are associated with glomerulonephritis [48].
Raij and Baylis [16] reported that NO may interact
with superoxide anion and generates peroxynitrite, which
induces lipid peroxidation and cytotoxicity.

The antioxidant and free-radical-scavenging activities of
EGb 761 have been primarily attributed to its flavonoid
fraction. EGb 761 has been shown to scavenge different
reactive species, including superoxide, hydroxyl, peroxyl
radicals and NO [18–22,49,50].
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In the present study, administration of EGb 761
significantly alleviates adriamycin-induced hyperlipidaemic
nephropathy in rats (Table 1 and Figures 1 and 2). EGb
761 helps to normalize renal oxidative status (Table 2).
Furthermore, EGb 761 significantly decreases NO levels in
both renal tissues and urine (Figure 3). The contribution of
EGb 761 to prevent oxidative stress induced by adriamycin
is obvious in the current study, and directly correlated with
the improvement of the hyperlipidaemic nephropathy, as
demonstrated in the parameters mentioned above. The
protective role of EGb 761, and its proposed antioxidant
and free-radical-scavenging activity support the notion
that oxidative stress is involved in adriamycin-induced
nephrotoxicity. Under our experimental conditions, a single
treatment of rats with EGb 761 did not significantly affect
any of the studied parameters compared with the control
animals.

In conclusion, results of the present study indicate that
administration of EGb 761 exerts a renoprotective effect
on adriamycin-induced nephrotoxicity, possibly through
prevention of kidney oxidative damage. In addition, EGb
761 decreased the high levels of NO in both kidney and
urine of adriamycin-treated rats, which could be through
participation in the regulation of NO production. EGb 761
is found to suppress the level of mRNA of iNOS (inducible
nitric oxide synthase), affecting its translational regulation
[51]. However, further study is required to clarify the
detailed mechanism. Additional studies on human subjects
are needed to shed some light on the possibility to make
use of EGb 761 as a part of renoprotective strategies during
adriamycin therapy. It remains, as well, to be determined
which components of EGb 761 or its metabolites are
responsible for this protective effect.
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