Available online freely at www.isisn.org

54 5 : :
Ah): Bioscience Research
E N Print ISSN: 1811-9506 Online ISSN: 2218-3973

Journal by Innovative Scientific Information & Services Network

RESEARCH ARTICLE BIOSCIENCE RESEARCH, 2022 19(2): 899-906. OPEN ACCESS

Protective effect of Ginkgo biloba extract against diclofenac
induced nephrotoxicity

Sally M. E. Ramadan'*, Hanaa M. Serag? and Gamal M. F. Edrees?

1Zoology Department-Faculty of Science-Mansoura University; Egypt
2Professor of animal physiology Zoology Department-Faculty of Science- Mansoura University. Egypt
3Professor of animal physiology Zoology Department-Faculty of Science- Mansoura University Egypt

*Correspondence: sally mahmoud 2012@yahoo.com Received 12-03-2022, Revised: 12-05-2022, Accepted: 13-05-2022 e-Published: 14-05-2022

The objective of the present study was to evaluate the ability to orally administration of Ginkgo biloba (G.b) extract against
kidney damage induced by diclofenac (DF) in male rats with different doses and times The experimental rats were divided
into six groups that further divided to 6 subgroups. The first group was served as control, the second group was given G.b
extract orally at a dose of 400 mg/kg b.wt/day using the gastric tube for 7 or 14 days. The third group was injected i.m.
once/day DF at a dose of 10 mg/kg b.wt. Then, animals injected i.m DF at a dose of 10 mg/kg b.wt/daily and received
orally freshly prepared G.b extract at a dose of, 100 mg/kg, 200 mg/kg, and 400 mg/kg b.wt for 7 or 14 days.
Administration of DF induced adverse effects on the kidney functions estimated parameters such as creatinine, urea, and
uric acid concentration, disturb oxidative stress and antioxidant markers (MDA, GSH, SOD, CAT, and GPx), as well as
abnormal in anti-inflammatory markers, prostaglandin, TNF-a, IL-1 § and IL-6. The administration of G.b extract with
different doses (100, 200, 400 mg/kg) for 7 or 14 days suppresses the renal injury induced by DF and keeps 2 the kidney
functions nearly within the normal limit. The most effective protective role was recorded at the highest dose and longer
time.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are
mostly used for relief of muscular pain, due to its anti-
inflammatory action as well as their analgesic one,
Crofford (2013). Diclofenac sodium (DF) is a phenylacetic
acid derivative, which has been indicated for the treatment
of pain due to its degenerative post-traumatic fatigue, Hoy
(2016). 60-70% of diclofenac and its metabolites are
mainly eliminated via urine and bile and 30% is eliminated
in the feces, Davies and Anderson (1997).

Ginkgo biloba contains high amounts of glycosides,
flavonoids, terpenoids, diterpenes, sesquiterpenes,
flavanol, and polyphenols which have strong antioxidants
effects that directly scavenges ROS, and protect against
oxidative cell damage,9 Escarcega-Gonzalez et al. 2016).
Gb contains 24% flavanol glycosides and 6% terpene
lactones. The flavonoid fraction is primarily composed of
guercetin, kaempferol, and isorhamnetin. The terpenoid
fraction primarily contains ginkgolides A, B, C, J, and M,
as well as bilobalide, Song et al. (2013).

Aim of the work:
The purpose of the present study, was to investigate the
renal-protective efficacy of a natural plant Ginkgo 3

biloba extract against chronic kidney injury induced by
diclofenac in male rats.

MATERIALS AND METHODS

2.1. Experimental animals:

Seventy-two adult male Wistar rats, weighing 150-180 g
were used; they were obtained from Helwan animal Farm,
Cairo, Egypt. Rats were housed in stainless steel cages in
an artificially illuminated and thermally controlled room
(22- 25°C and 12 h light / dark cycle). They were
acclimized for one week of pre-experimentation.

2.2. Chemicals:

Diclofenac sodium (Voltaren) ampoules were
produced by Novartis Pharma Company; each ampoule
was diluted in 2 ml saline immediately before intra-
muscular (i.m) administration. All other diagnostic kits and
chemicals used were of the highest purity and purchased
from specific agents.
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2.3. Ginkgo biloba L. family (Ginkgoaceae), were
purchased from Orchidia Pharmaceutical Company.
The powder of Ginkgo biloba leaves was confirmed and
analyzed by Orchidia Pharmaceutical Company, Cairo,

Egypt.

2.4. Preparation of aqueous extract of Ginkgo biloba:
15 grams of G.b powder were dissolved in 500 ml cold
water, and mixed in an electric mixture for 20 minutes.
then centrifuged in 750 xg, the supernatant were removed
and kept in a refrigerator at 2-80C as a final extract for
experimental treatments, (Al-Attar, 2012).

2.5. Experimental design:

Rats were randomly divided into the following groups:
Control group (Cont); Animals received basal diet. Ginkgo
biloba treated group (G.b); Animals received freshly
prepared Ginkgo biloba extract orally using a gastric tube
at a dose of 400 mg/kg b.w/day. Diclofenac treated group
(DF); Animals injected i.m daily Diclofenac at a dose of 10
mg/kg b.wt. DF+G.b100 mg/kg treated group; Animals
were i.m daily injected DF and in the same time received
Ginkgo biloba 100 mg/kg. DF+G.b 200 mg/kg treated
group; Animals were i.m daily injected DF and received
orally freshly prepared Ginkgo biloba dose of 200 mg/kg.
DF+G.b 400 treated group; Animals i.m daily injected
Diclofenac and received Ginkgo biloba 400 mg/kg.

All the above-treated groups were divided into two
subgroups, the first treated for 7 days and the other
treated for 14 days.

2.6. Blood and tissue samples collection:

At the end of each experimental period, overnight fasted
animals were sacrificed after slight diethyl ether
anesthesia by cervical dislocation. Blood samples were
collected in a clean centrifuge glass tube. After complete
coagulation, tubes were centrifuged for 20 minutes at 860
Xg. Sera were separated and immediately frozen at -20°C
for further analysis. Then, animals were dissected, the
kidney of each rat was carefully removed and cleaned
using saline solution, weighed, and known weight of it was
homogenized in a 10% w/v distilled water using
homogenizer surrounded by ice jacket. These
homogenates were kept at -20°C for further biochemical
assay.

2.7. Biochemical parameters:

Serum urea, creatinine, and uric acid concentration
were estimated by the enzymatic colorimetric method as
described by Patton and Crouch, (1977); Henry, (1974),
and Barham and Trinder, (1972) respectively.

2.8. Antioxidant enzymatic and non-enzymatic
activities, and oxidative stress markers assays:

The content of renal malondialdehyde (MDA) was
evaluated photometrically according to the procedure of
Ohkawa et al. (1979). Kidney content of reduced
glutathione (GSH) was estimated colorimetrically by the
method of Prins and Loose, (1969). The activities of renal
superoxide dismutase (SOD) and catalase (CAT) were
estimated after Aebi, (1984) and Niskikimi et al. (1972)
respectively. Glutathione peroxidase (GPx) activity was
determined as described by Paglia and Valentine, (1967).

2.9. Inflammatory markers:

For the quantitative determination of serum endogenic rat
prostaglandin E2 (PG-E2) concentrations. Using ELISA Kit
purchased by cusabio (Catalog Number.CSB-E07967r).
The content of interleukin-1 B (IL-1B) and interleukin-6 (IL-
6) in renal tissue was determined quantitatively using a rat
ELISA kit provided by Ray Biotech (Norcross, Georgia,
USA). ELIZA, which is a solid phase enzyme amplified
sensitivity immunoassay, is used for the detection of
tissue Tumor necrosis factors-a (TNF-a) content.

3. Statistical analysis

All data were statistically analyzed by using GraphPad
Prism 5.0 software (GraphPad Software Inc., San Diego,
California, USA). Results were expressed as means *
standard errors (SE). The values of p < 0.05 were
considered statistically significant, Motulsky, (1999).

RESULTS

The administration with Ginkgo biloba extract (G.b)
alone in the selected time non-significantly effect in the
serum urea, uric acid, and creatinine concentration, while
animals administered with DF alone showed a significant
increase in these parameters when compared to the
control group.

Table 4.1: Serum Urea, Uric acid, and Creatinine concentration in different animal groups.

DF+G.b DF + G.b DF + G.b
Cont. Gb DF 100mg/kg | 200mg/kg | 400mglkg
Urea 1week 32.00+2.12 30.95+2.95 56.00+4.59a 50.01+1.17ab 44.,0043.73ab 39.4044.3%ab
(mg/dl) 2weeks 31.20+2.21 30.00+2.34 68.60+5.87a | 48.00+2.62ap | 42.80+3.86ab | 38.20£2.40ap
Uric acid 1week 1.44+0.05 1.42+0.09 2.1520.07a 1.90£0.09a,6 1.70£0.07ap 1.6620.08a,0
(mg/dl) 2weeks 1.40£0.06 1.39+0.07 2.93+0.08a 1.7240.09a,6 1.64£0.07ap 1.5940.06a,6
Creatinine 1week 0.54+0.05 0.52+0.04 0.91+0.04a 0.83+0.02a 0.78%0.04a 0.6720.03a,6
(mg/dl) 2weeks 0.52+0.06 0.50+0.03 1.1540.05a 0.81+0.05a 0.77%0.03a 0.6420.04a,0
Data are presented as means +SE (n=6)
a and b significant changes p <0.05 compared control and diclofenac groups respectively
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The administration of G.b with different doses (100,
200, and 400 mg/kg) to the rats treated with DF caused a
reduction in serum wurea, uric acid, and creatinine
concentrations when compared to that treated with the DF
group. We notice that G.b extract administered at 400
mg/kg after two weeks has the best protective effect
against the injured kidney damage.

4.2. Renal MDA, GSH content, and SOD, CAT, GPx
activities in different animal groups.

The results shown in table 2 indicate that, in both
examined times, rats treated with G.b alone showed
normal content of kidney MDA, GSH, and SOD, CAT, GPx
activities while those administered with DF showed a
significant increase in MDA content, associated with a
decrease in the GSH content in addition to a decrease in
SOD, CAT and GPx activities when compared to the

renal MDA content and improve in renal content of GSH
as well as the activities of SOD, CAT, and GPx when
compared to that treated with DF only. The highest dose
400 mg/kg for the longer time 2 weeks showed the highest
effective protection.

4.3. Serum prostaglandin and renal interleukin-18,
interleukin-6, and tumor necrosis factors- a (TNF- a)
concentration in different experimental groups.

Rats treated with G.b alone at the 1st week or 2nd
week showed non-significant changes in serum
prostaglandin and renal interleukin-1, interleukin-6, and
TNF- a content, while that administered with DF alone
produced a highly significant decrease in prostaglandin
concentration when compared to the control group, A
significant increase in the other estimated parameters.
The administration of G.b extract with different doses of

control group. The administration of Ginkgo biloba extracts DF-treated rats showed a protective role in these
with different doses to the rats treated with DF reduce the parameters.
Table 4.2: Renal MDA, GSH content, and SOD, CAT, GPx content in different animal groups. Cont
Cont. G.b DF DF+G.b DF+G.b DF+G.b
100mg/kg 200mg/kg 400mg/kg
MDA 1week 833£18.93 828+17.66 1210+£29.73a 998+17.15ab 950£19.56a,0 922+15.99ab
(nmol/g) 2weeks 825+18.22 820+16.06 1624+46.56a 972+20.98ab 930£13.17ab 868+16.39ab
GSH 1week 4.74+0.13 4.84+0.15 2.50+0.08a 2.94+0.07ab 3.30+0.13ap 3.98+0.05b
(mg/g) 2weeks 4.76x0.11 5.01+0.09 1.97+0.08a 3.24+0.14ap 3.51+0.11ap 4.06£0.09ab
SOD 1week 177+9.50 17946.43 134+4.89a 14845.17ab 152.20+7.32ap 157.80+4.88ab
(Ulg) 2weeks 176+8.01 181+4.83 117+5.49a 150.40+7.59ab 157.10+4.11ap 160£5.33ab
CAT 1week 191.40+7.50 | 194.80+9.26 | 146.40+11.52a | 161.60+11.03ab | 168.80+9.58ap | 171.00+10.01a,b
(mMg/qg) 2weeks 195.20+8.69 203.20+9.84 106.00+14.27a | 163.00+£9.23apb | 170.80+8.83ab | 175.60+9.43ab
GPX 1week 781+8.50 791+11.43 583.03£12.89a | 640+9.17ap 67549.32ab 690+8.88a,b
(nmol/min/ml) | 2weeks 782+8.41 799+10.83 532+13.09a 670+10.59a,6 694+9.81ab 709+10.33a,0

Data are presented as means +SE (n=6).
00 a and b significant changes at p <0.05 compared to control and diclofenac groups respectively.

Table 4.3: Serum prostaglandin and renal interleukin-1pB, interleukin-6, and tumor necrosis factors- a (TNF- a)
concentration in different experimental groups

DF+G.b DF+G.b DF+G.b

Cont, Gb DF 100mg/kg 200mg/kg 400mg/kg

prostaglandin | 1week | 16.00+0.16 16.50+0.19 3.60+0.04a 5.32+0.08a, 6.71+0.35a 7.30+0.50a,0

(pg/ml) 2week 16.40+0.10 16.90+0.12 2.40+0.07a 6.82+0.24ap 7.90+0.32ap 9.00+0.25a
Renal IL-1p 1week 105.0049.80 | 101.00+9.00 | 232.80+11.90a | 198.20+10.50ab | 167.00+9.90ab | 135.40+10.00ab
(Pg/mg) 2week 106.00+8.80 | 100.98+8.90 | 292.00+10.90a | 170.60+9.30a,b | 150.00+9.10ab | 128.00+8.90a,b

Renal IL-6 1week 3.90+0.07 3.81+0.04 8.22+0.41a 6.23+0.21ap 5.91+0.16ab 5.03+0.18b

(Pg/mg) 2week 3.74+0.03 3.59+0.06 10.05+0.20a 5.13+0.09ap 4.97+0.15a0 4.15+0.18ab
Renal TNF-a 1week 15.33+1.47 | 14.45+1.32 40.00+3.48a 35.60+1.16a 28.40+2.89ab 21.60+1.54ab
(Pg/mg) 2week 15.00+£0.47 | 14.07+0.28 51.20+1.27a 33.20£1.59a 22.40+1.63ab 17.00£0.84a0

0 Data are presented as means +SE (n=6).
(0 a and b significant changes at p <0.05 compared to control and diclofenac groups respectively.
GSH as reported by Boerma et al. (2012).

DISCUSSION

Diclofenac is safe at therapeutic doses and has
proven to cause kidney papillary necrosis and renal failure
in long-term drug administration in Wister rats, Alabi et al.
(2020). Toxicities of DF may be through its reactive
metabolites 4\(OH). DF and 5\-(OH) DF and the highly
reactive benzoquinone imines, conjugate with reduced

In this study, diclofenac (DF) treatment caused an
alteration in the antioxidant and oxidative stress status,
lipid peroxidation and significantly increases the
concentration of urea, uric acid, creatinine, plasma
prostaglandin synthesis, and pro-inflammatory response.
However, Ginkgo biloba (G.b) extract pretreatment
reduces these toxic effects of DF.

Bioscience Research, 2022 volume 19(2): 899-906
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Urea, uric acid, and creatinine concentration are used
as markers of kidney function, but the creatinine test is
more sensitive than urea, Vasudevan and Sreekumari,
(2007). Exceed urea, uric acid, and creatinine may
indicate kidney injury, with resultant reduced glomerular
filtration. Creatinine is also removed from the blood by
glomerular ultrafiltration of the kidneys, Famurewa et al.
(2020).

Daily  administration  of diclofenac  induced
nephrotoxicity that was characterized by markedly exceed
in the serum concentration of creatinine, urea, and uric
acid. The results of this study agree with the findings of
Syed et al. (2012) who reported diclofenac sodium
impairment renal function, as this drug increase serum
urea and creatinine concentration in animal groups. These
results may be due to the nephrotoxic effect of the drug,
leading to reduced renal function, as recorded by,
Famurewa et al. (2020).

Diclofenac could change kidney functions by its role in
prostaglandin synthesis, leading to decrease GFR and
accumulation of both creatinine and urea in blood, an
explanation which in accordance with Orinya et al. (2016).
Diclofenac administration decreased the glomerular
filtration 10

rate, resulting in decreased excretion of urea, leading
to increase in the concentration of the blood urea, Alabi
and Akomolafe (2020).

The obtained increase in serum urea, uric acid, and
creatinine concentration in DF treated rats compared to
normal rats are in agreement with Mostafa et al. (2020).
The disadvantage of the glomerular filtration rate of the
kidneys may be due to the role of diclofenac to inhibit
cyclooxygenases, thereby suppressing the production of
prostaglandins, Dhanvijay et al. (2013). The obtained
exceeded uric acid concentration in DF treated group,
may be explained by the production of uric acid through
the breakdown of purine and synthesis of glutamine, in
addition, this increase may be a defense mechanism
against the free radical groups created oxidative stress, as
uric acid may act as an electron donor which reduce the
free radicals, Sivaraj and Umarani (2003).

The decrease in serum urea, uric acid and creatinine
are in Ginkgo biloba extract treated group pre-DF
treatment may be due to the role of G.b extract to
scavenge reactive oxygen species (ROS) Lu et al. (2007),
and / or by decreasing oxidative stress and nitric oxide
concentration in renal tissues, Abd-Ellah et al. (2007).
Treatment with Ginkgo biloba extracts resulted in a
significant decrease in serum concentration of urea, uric
acid, and creatinine relative to that treated with DF
indicating the suppression of kidney structure and
functions abnormalities, especially in the highest
concentration after 14 days.

Administration of diclofenac induced a significant
increase in lipid peroxidation product malondialdehyde
(MDA) in kidney tissues these results are in accordance
with Galati et al. (2002), and a remarkable reduction in the

GSH content when compared to that of the control as a
result of down-regulation of the antioxidant system which
may be attributed to the generation of ROS, hence
increase oxidative stress, reduce the antioxidant system,
and body defense mechanism to scavenge the free
radicals, an explanation which in parallel with Alabi and
Akomolafe (2020). The obtained increase in MDA in DF
treated group may be partially attributed to biological cell
damage caused by peroxidation of PUFA degradation
leading to cross-linking of proteins, that provoked the
generation of MDA. Oxidation damage can also produce
disulphide bonded polymers from protein thiol oxidation,
an explanation which is in accordance with Basu (2003).

The obtained depletion of non-enzymatic antioxidant
GSH content in renal tissues of DF treated rats indicates
GSH utilization which subsequently leads to renal toxicity,
a result which is in accordance with Kumar et al. (2007).
The decline in GSH content may confirm an impaired
antioxidant defense and thus increase the susceptibility of
the kidney to oxidative stress. Induced tissue toxicity by
DF may be by inhibition of cyclooxygenase-catalyzed
prostaglandin production and impair renal function by
decreasing the synthesis of vasodilator prostaglandins
from arachidonic acid, an explanation which run parallel
with Brater (2002).

The endogenous antioxidant enzymes such as SOD,
CAT, and GPx activities decrease in the kidney of DF-
treated rats compared to the control, these data are in
agreement with Peter et al. (2017). The antioxidant
activities of SOD and CAT decrease in rat kidney daily
administered with DF after two weeks, a result which
agrees with Hickey et al. (2001) The decrease in the GPx
activities in the renal tissues of DF-treated rats are in 12

agreement with Hickey et al. (2001). Reduction in
these antioxidants may result from the accumulation of
cytotoxic metabolites in the renal tissues of rats after DF
treatment, an explanation which agrees with Owumi and
Dim (2019). The resulted depletion in oxidative stress
markers in DF-treated rats may be explained by its role in
mitochondrial damage, as reported by Masubuch et al.
(2002). The adverse effect in DF treated group may be
through the toxic effect of accumulated superoxide anions
in the cells, Al-Attar (2012). The noticed alteration in
estimated oxidative stress and antioxidant parameters
MDA, GSH, SOD, CAT, and GPx in DF-treated rats may
be due to the enhancement of ROS production leading to
renal oxidative stress, Obajimi et al. (2007).

Ginkgo biloba extract administered groups in
concomitant to DF treatment nearly keep normal kidney
antioxidant SOD and CAT which stabilize non-enzymatic
antioxidant GSH concentration, DeFeudis et al. (2003).
The suppressive effect of G.b extract may be explained by
its ability to neutralize ferryl ion-induced peroxidation, an
explanation which is in accordance with Bridi et al. (2001).
Ginkgo biloba has the capability of inactivating oxo-ferryl
radical species, which are more efficient oxidative agents
than classical hydroxyl radicals, Schindowski et al. (2001).

Bioscience Research, 2022 volume 19(2): 899-906 902
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The features of the natural antioxidant G.b bring many
beneficial effects against free radical injuries that prevent
the harmful effect in the elimination of ROS or other
reactive by-products generated by DF toxic metabolites in
the kidney tissues, an explanation which coincides with
that of Song et al. (2013). However, the treatments of the
DF-intoxicated rats with G.b extract (100, 200, and 400)
mg/kg decrease the oxidative stress marker where the
activities of SOD and GPx have significantly increased
these findings are in agreement with DeFeudis et al.
(2003).

Serum prostaglandin concentration showed significant
decrease in DF treated rats if compared with that of
control, this result may be due to inflammatory effects of
DF on the rat’s kidney, as shown by Alabi and Akomolafe
(2020) where COX-2 is over-expressed due to pro-
inflammatory  cytokines induction, which triggers
prostaglandins released at the site of inflammation,
Fonseca et al. (2010). Diclofenac has a selective inhibitory
effect on COX-2 than COX-1 as showed by Erdal and
Sefa (2017). Diclofenac treated rats significantly reduced
COX-2 protein expression, as well as renal PGE2
concentration as there are correlations between them,
Gan (2010). This result is in agreement with Yasmeen et
al. (2007); and Ratliff et al. (2016) who stated that,
inhibition of prostaglandin production results in disruption
of glomerular filtration rate as well as the destruction of
renal tubular function and renal metabolism.

The obtained anti-inflammatory effects of G.b against
DF-induced rat,s renal inflammation is in accordance with
El-Ghazaly et al. (2015). The action of Ginkgo biloba
extract to reduce the synthesis of COX-2 mediated PGE2
release is the inhibition of COX-2 activity as being the
major target of the non-steroidal anti-inflammatory drugs
(NSAIDs) such as diclofenac, ibuprofen, and many others.
COX-2 activity is non significantly affected by G.b,
whereas DF significantly inhibited COX-2 activity,
Gargouri et al. (2018). Administration of G.b show a
significant increase in renal COX-2 protein expression and
PGE-2 renal content leading eventually to significant
protection against DF toxicity. This data implicates that
G.b reduced renal toxicity which may be through inhibiting
the inflammatory and pro-14

inflammatory responses. Ginkgo biloba extract
administration prevented alteration caused by DF in renal
PGE2 synthesis, as G.b extract increase the GSH content
in the biological system, hence facilitating the renal PGE2
synthesis, Gargouri et al. (2018).

The pro-inflammatory cytokines are produced
predominantly by activated macrophages and are involved
in the up-regulation of inflammatory reactions such as IL-
1B, IL-6, and TNF- a, Zhang and An (2007). The obtained
increase in IL-1B3, IL-6, and TNF- a in DF treated group
are in agreement with Baldwin (2001) and may be by
excessive production of free radicals and oxidative stress
stimulates the synthesis of nuclear factor-kappa B (NF-
kB) and other intracellular signaling cascades which in

turn stimulate the expression of the pro-inflammatory gene
as IL-1B, IL-6, TNF- a, and COX-2 which induces cell
damage. Obtained increase in IL-1B, IL-6, and TNF- a
may be also due to increase of ROS and the impairment
of antioxidant defense mechanisms in DF treated group,
Alabi and Akomolafe (2020). These results after DF
treatment may be attributed to increased myeloperoxidase
(MPO), a critical effector of tissue inflammation, that
generates H202, NO, deleterious hypochlorite levels, and
pro-inflammatory cytokines as TNF-a during the
inflammation process, increase in renal TNF-a content in
rats Nouri and Heidarian (2019). In addition to increase of
pro-inflammatory cytokines including IL-1B, IL-6, and TNF-
a may be due to the role of DF which induce circulation of
macrophages and monocytes, as shown by Peter et al.
(2017).

The anti-inflammatory effect of G.b may be due to its
various active components such as terpenoids, flavonoids,
bi-flavonoids, and organic acids that have been potent
anti-inflammatory properties, Chan et al. (2007) that 15

playing role in scavenging reactive oxygen species
and ferryl ion species, DeFeudis et al. (2003). In addition,
G.b showed a significant improvement in the expression
content of pro-inflammatory cytokines, such as IL-1, IL-6,
and TNF-a, Kaur et al. (2017). Ginkgo biloba extract plays
a role as a strong suppressor of IL-6 promoter activity;
which has shown universal inhibitory effects on the
production of other pro-inflammatory mediators to different
extents in macrophages, Gargouri et al. (2018). The anti-
inflammatory property of G.b extract could be also related
to its ability to down-regulate the production of (IL-1, IL-6,
and TNF- a) concentration as shown by Kaur et al. (2017).

CONCLUSION

In conclusion: It seem that Diclofenac may seriously
injured kidney and the pretreatment with Ginkgo biloba
extract suppress to some extent, these adverse effect
especially at dose 2 weeks in male rats.

CONFLICT OF INTEREST
The authors declared that present study was performed in
absence of any conflict of interest.

ACKNOWLEDGEMENT

| wish to express my deepest gratitude and
appreciation to Dr. Gamal M. F. Edrees and Dr. Hanaa M.
Serag, for suggesting and planning the work, excellent
guidance, kind encouragement, scientific advice, review
critically the manuscript and good wishes instilled the
strength in me to make this work possible.

Thanks also go to all the hands extended for help
from my fellows in Zoology Department, Faculty of
Science, Mansoura University, Egypt.

AUTHOR CONTRIBUTIONS

Gamal M. F. Edrees: Suggested the work protocol,
Analyzed & interpreted the data, Revised the manuscript.
Dr. Hanaa M. Serag: Conceived & designed the

Bioscience Research, 2022 volume 19(2): 899-906 903



Ramadan et al.

G.b against DF induced nephrotoxicity

experiments, contributed materials, analysis tools or data,
Analyzed & interpreted the data

Sally M. E. Ramadan: Performed the
experiments, data, Analyzed, Wrote the paper.

Copyrights: © 2022@ author (s).

This is an open access article distributed under the terms of
the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any
medium, provided the original author(s) and source are
credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not
comply with these terms.

REFERENCES

Abd-Ellah, M. F. and Mariee, A. D. (2007). Ginkgo biloba

leaf extract (EGb 761) diminishes adriamycin-
induced hyper lipidaemic nephrotoxicity in rats:

association with nitric oxide production. Journal of

Biotechnology and applied biochemistry; 46 (1): 35-
40.

Aebi, H. E. (1984). Catalase in vitro. Methods in
Enzymology, 105: 121- 126.

Alabi, Q. K. and Akomolafe, R. O. (2020). Kolaviron

Diminishes Diclofenac-Induced Liver and Kidney
Toxicity in Wistar Rats Via Suppressing Inflammatory

Events, Upregulating Antioxidant Defenses, and

Improving Hematological Indices. Dose-response: a

publication of International Hormesis
18(1):1-12. 16

Al-Attar, A. M. (2012). Attenuating Effect of Ginkgo biloba

Society,

Leaves Extract on Liver Fibrosis Induced by

Thioacetamide in Mice. Journal of Biomedicine and
Biotechnology, 1-9.
Baldwin, A. S. (2001). Control of oncogenesis and cancer

therapy resistance by the transcription factor NF-

kappaB. The Journal of clinical
107(3):241-246.
Barham, D. and Trinder, P. (1972): Enzymatic
determination of uric acid. Analyst., 97: 142-145.
Basu, S. (2003). Carbon tetrachloride-induced lipid
peroxidation: eicosanoid formation and their
regulation by antioxidant nutrients. Toxicology.
189:113-127.

Boerma J. S.; Dreogovic, S.; Venmeulen, N. P., et al.

investigation,

(2012). Mass Spectrometric Characterization of
P450-Dependent

Protein  Adducts of Multiple
Reactive Intermediates of Diclofenac to Human
Glutathione-S-transferase P1-1. Chemical Research
In Toxicology, 26 (11):2532-2541.

Brater, D. C. (2002). Renal effects of cyclooxygenase-2-

selective inhibitors. Journal of Pain and Symptom
Management, 23(4):15-23.

Bridi, R.; Crossetti, F. P.; Steffen, V. M. and Hen-Riques,
A. T. (2001). The antioxidant activity of standardized

extract of Ginkgo Biloba in rats. Phytotherapy

laboratory

Research, 15 (5): 449-451.

Chan, P.; Qingsu Xia, Q. and Peter P. Fu. (2007). Ginkgo
Biloba Leave Extract: Biological, Medicinal, and
Toxicological Effects. Journal of Environmental
Science and Health, 211-244. 17

Crofford, L. J. (2013). Use of NSAIDs in treating patients
with arthritis. Arthritis Research and Therapy;15,
3(3): 1-10.

Davies, N. M. and Anderson, K. E. (1997). Clinical
pharmacokinetics of diclofenac. Therapeutic insights
and pitfalls. Clinical Pharmacokinetics. 33 (3):184-
213.

DeFeudis, F. V.; Papadopoulos, V. and Drieu, K. (2003).
Ginkgo biloba extracts and cancer: a research area
in its infancy. Fundamental and Clinical
Pharmacology., 17(4):405-417.

Dhanvijay, P.; Arup Misra, K. and Sushil Varma, K. (2013).

Diclofenac Induced Acute Renal Failure in
Adecompensated Elderly Patient. Journal of
Pharmacology and Pharmacotherapeutics, 4, 155-
157.

El-Ghazaly, M. A.; Gharib, O. A.; EI-Sheikh, M. M. and
Khayyal, M. T. (2015). The Protective Role of Ginkgo
Biloba against Radiation Induced Injury on Rat
Gastro-intestinal Tract. Egypt International Journal of
Radiation Biology, 28, (1-2):1-16.

Erdal, T. and Sefa, L. (2017). Investigation of possible
cardiac side effects of diclofenac in exercise-treated
rats. Biomedical Research, 28(17):7675—-7678.

Escarcega-Gonzélez C. E.; Reynoso-Andeola |. G
Jaramillo-Juérez, F.; Martinez-Ruvalcaba, H. and
Posadas del Rio FA. (2016) The Ginkgo biloba
extract reverses the renal effects of titanium dioxide
nanoparticles in adult male rats. Biochemistry
Research International, 2, 1-9. 18

Famurewa, A. C.; Akunna, G. G.; Nwafor, J.; Chukwu, O.
C.; Ekeleme-Egedigwe, C. A. and Oluniran, J. N.
(2020). Nephroprotective activity of virgin coconut oil
on diclofenac-induced oxidative nephrotoxicity is
associated with antioxidant and anti-inflammatory
effects in rats. Avicenna Journal of Phytomedicine,
10(3)316-324.

Fonseca, L. C.; Dadarkar, S. S.; Lobo, A. S.; et al. (2010).
7-hydroxyfrullanolide, a sesquiterpene lactone,
inhibits pro-inflammatory cytokine production from
immune cells and is orally efficacious in animal
models of inflammation. European Journal of Clinical
Pharmacology, 644 (1-3): 220-229.

Galati, G.; Tafazoli, S.; Sabzevari, O.; Chan, T. S. and
O’Brien, P. J. (2002). Idiosyncratic NSAID drug-
induced oxidative stress. Chemico-Biological
Interactions, 142(1-2): 25-41.

Gan, T. J. (2010). Diclofenac: an update on its mechanism
of action and safety profile. Current Medical
Research and Opinion, 26(7):1715-1731.

Gargouria, B.; Carstensena, J.; Bhatiaa, H. S.; Huellb, M.;
Dietzc, G. P. H. and Fiebicha, B. L. (2018). Anti-

Bioscience Research, 2022 volume 19(2): 899-906 904


https://creativecommons.org/licenses/by/4.0/

Ramadan et al.

G.b against DF induced nephrotoxicity

neuroinflammatory effects of Ginkgo biloba extract
EGb761 in LPS activated primary microglial cells.
Phytomedicine, 15(44):45-55.

Henry, R. J. (1974): Principles and Technics (2nd Ed),
Harper and Row, Clinical Chemistry, 548-551.

Hickey, E. J.; Raje, R. R.; Reid, V. E.; Gross, S. M. and
Ray, S. D. (2001). Diclofenac induced in vivo
nephrotoxicity may involve oxidative 19

stress-mediated massive genomic DNA fragmentation and
apoptotic cell death. Free Radical Biology and
Medicine., 31(2):139-152.

Hoy, S. M. (2016). Diclofenac Sodium Bolus Injection
(DylojectTM): A Review in Acute Pain Management.
Drugs, 76, 1213-1220.

Kammerl, M. C.; Nising, R. M.; Schweda, F.; Endemann,
D.; Stubanus, M.; Kees, F.; et al. (2001). Low sodium
and furosemide-induced stimulation of the renin
system in man is mediated by cyclooxygenase 2.
Clinical Pharmacology and Therapeutics,1;70(5):468-
74.

Kaur, S.; Sharma, N. and Nehru, B. (2017). Anti-
inflammatory effects of Ginkgo biloba extract against
trimethyltin-induced hippocampal neuronal injury.
Inflammopharmacology, 26(1):87-104

Kumar, G.; Banu, G. S. and Pandian, M. R. (2007).
Biochemical activity of selenium and glutathione on
country made liquor (CML) induced hepatic damage
in rats. Indian journal of Clinical Biochemistry, 22:
105-108.

Lu, Q.; Yin, X. X.; Wang, J. Y.; Gao, Y. Y. and Pan, Y. M.
(2007). Effects of ginkgo biloba on prevention of
development of experimental diabetic nephropathy in
rats. Acta Pharmacologica Sinica, 28, 818-828.

Masubuchi, Y.; Nakayama, S. and Horie, T. (2002). Role
of mitochondrial permeability transition in diclofenac-
induced hepatocyte injury in rats. Hepatology, 35(3):
544-551.

Mostafa, R. E.; EI-Marasy, S. A.; Gehad A. Abdel Jaleel,
G. A.; and Rofanda M. Bakeer, R. M. (2020).
Protective effect of royal jelly 20

against diclofenac-induced hepato-renal damage and
gastrointestinal ulcerations in rats. Heliyon, 1, 6
(2):333-400.

Motulsky, H. J. (1999). Analyzing Data with GraphPad
Prism, A companion to GraphPad Prism version 3

Nishikimi, M., Rao, N.A., and Yagi, K. (1972): The
occurrence of superoxide anion in the reaction of
reduced phenazine methosulphate and molecular
oxygen. Biochemical and Biophysical Research
Communications, 46(2), 849-854.

Nouri, A. and Heidarian, E. (2019). Nephroprotective
effect of silymarin against diclofenac induced renal
damage and oxidative stress in male rats. Journal of
Herbmed Pharmacology, 8(2): 146-152.

Obajimi, O.; Black, K. B.; Glen, I. and Ross, B. M. (2007).
Antioxidant modulation of oxidant-stimulated uptake
and release of arachidonic acid in eicosapentaenoic

acid-supplemented human lymphoma U937 cells.
Prostaglandins, Leukotrienes and Essential Fatty
Acids, 76 (2): 65-71.

Ohkawa H, Ohishi N, Yagi K. (1979). Assay for lipid
peroxides in animal tissues by thiobarbituric acid
reaction. Annals of Biochemistry, 95 (2):351-358.

Orinya, O. A.; Adenkola, A. Y. and Ogbe, R. J. (2016).
Haematological and biochemical studies on the effect
of diclofenac sodium on Wistar Rattus norvegicus.
International Journal of Biological and Chemical
Sciences, 10 (5): 2231-2242. 21

Owumi, S. E. and Dim, U. J. (2019). Biochemical
alterations in diclofenac-treated rats: Effect of
selenium on oxidative stress, inflammation, and
hematological changes. Toxicology Research and
Application, 3 (2): 1-10.

Paglia, D. E. and Valentine, W. N. (1967). Studies on the
guantitative and qualitative characterization of
erythrocyte glutathione peroxidase. The Journal of
Laboratory and Clinical Medicine, 70: 158-169.

Patton, C. J. and Crouch, S. R. (1977):
Spectrophotometric and kinetics investigation of the
Berthelot reaction for the determination of ammonia:
Analytical Chemistry. (49): 464-469.

Peter, S. J.; Basha, S. K.; Giridharan, R.; et al. (2017).
Suppressive effect of Spirulina fusiformis on
diclofenac-induced hepato-renal injury and
gastrointestinal ulcer in Wistar albino rats: a
biochemical and histological approach. Biomedicine
and Pharmacotherapy, 88: 11-18.

Prins, H. K. and Loose, J. A. (1969): Glutathione “Chapter
4” In: Yunis JJ, editor. Biochemical Methods in Red
Cell Genetics. London: Academic Press, Pp. 126—
129.

Ratliff, B. B.; Abdulmahdi, W.; Pawar, R. and Wolin, M. S.
(2016). Oxidant mechanisms in renal injury and
disease. Antioxidants and Redox Signaling,
25(3):119-146.

Schindowski, K.; Leutner, S.; Kressmann, S.; Eckert, A.
and Miller, W. E. (2001). Age-related increase of
oxidative  stress-induced apoptosis in  mice
prevention by Ginkgo biloba extract (EGb761).
Journal of Neural Transmission (Vienna), 108 (8-9):
969-978. 22

Sivaraj R. and Umarani S. (2003). Diclofenac-induced
biochemical changes in nephrotoxicity among male
Albino rats. International Journal of Basic and Clinical
Pharmacology 7(4):640-643

Song, J.; Liu, D.; Feng, L.; Zhang, Z.; Jia, X. and Xiao, W.
(2013). Protective Effect of Standardized Extract of
Ginkgo biloba against Cisplatin-Induced
Nephrotoxicity. Evidence-Based Complementary and
Alternative Medicine,1-11.

Syed, N. I.; Zehra, F.; Syed, A. A.; Karim, S. and Khan, F.
S. (2012). Comparing the effects of salts of
diclofenac and alminoprofen with aspirin on serum
electrolytes, creatinine and urea levels in rabbits.

Bioscience Research, 2022 volume 19(2): 899-906 905



Ramadan et al.

G.b against DF induced nephrotoxicity

Pakistan journal of Pharmaceutical Sciences, 25(4):
777-782.

Vasudevan, D. M. and Sreekumari, S. (2007). Textbook of
biochemistry for medical students (5th edn).
Biochemistry, MCQs and Self-assessment, 724- 809.

Yasmeen, T.; Qureshi, G. S. and Perveen, S. (2007).
Adverse effects of diclofenac sodium on renal
parenchyma of adult albino rats. The Journal of the
Pakistan Medical Association, 57(7):349-351.

Zhang, J. M. and An, J. (2007). Cytokines, inflammation
and pain. International Anesthesiology Clinics,
45(2):27-37

Bioscience Research, 2022 volume 19(2): 899-906 906



