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ABSTRACT 

To date, an overwhelming production of oxidative stressors resembles the most considerable 

effector in doxorubicin (DOX) induced nephrotoxicity. A solid body of evidence indicates that DOX-

driven oxidative stress, if remain unopposed, can undoubtedly upset the cellular redox balance 

initiating apoptosis and inflammatory cascades that eventually threaten the cell's survival.Over years, 

silencing these DOX-initiated oxidative stressors and their undesirable consequences was considered 

as one of the most aggressively pursued goals to overcome its use associated drawbacks. Although 

individual phytochemical remediesachieved partial successes in this respect, a satisfactory outcome 

has not reached yet. In the current study, quercetin (QUR) and berberine (BER) were investigated 

individually and in combination to withstand against DOX-induced nephrotoxicity in rats which was 

induced by single intravenous DOXinjection (7.5 mg/kg). Oral administrations of QUR (50 mg/kg) 

alone or BER (50 mg/kg) alone as well as a blend of them in the same doses were started one week 

before DOX injection and continued concomitantly for another 14 consecutive days. Results of our 

study revealed that mixed administration of both QUR and BER worked synergistically to restore the 

DOX-induced impaired renal functions with approximately three-fold decreases in serum creatinine 

and BUN coupled with ten-fold decrease in microalbuminuria in comparison to DOX group. Also, the 

use of this blend succeeded efficiently to demolish the DOX-driven oxidative stress with significant 

increases in GSH level and SOD activity and significant decreases in MDA and NO levels compared to 

DOX-treated rats.These data collectively concluded, for the first time, that QUR and BER binary 

administration works synergistically to attenuate DOX-induced kidney injury through antioxidant 

mechanisms. 
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INTRODUCTION 

Doxorubicin (DOX) is an anthracycline 

antibiotic that has enjoyed considerable 

popularity in the last few decades as a 

prominent chemotherapeutic agent in the 

management of a variety of solid and 

hematologic malignancies[1]. Nonetheless, its 

clinical applications are constrained by 

numerous dose related organotoxic potentials 

including nephrotoxicity [2, 3]. The 

vulnerability of the kidney can be attributed 

predominantly to the toxic potential of DOX 

towards the proximal convoluted tubule and the 

glomerulus because a significant portion of the 

unchanged intravenously administered DOX 

typically arrives at the kidneys for clearance 

where DOX and its more toxic metabolites (13-

OH-doxorubicinol, doxorubicinone, 

doxorubicinolone and 7-deoxydoxorubicinone) 

enjoy ample opportunity to interact with kidney 

cells motivating serious harms [4].  

During the past decades, several research 

groups overshadowed looking into numerous 

supposed potential pathways that could explain 

the mechanisms of the abovementioned 

versatile DOX-induced cell injuries. The 

majority of these studies tend to agree on a 

common view that the DOX's organotoxic 

potential could emerge from the substantial 

increase in oxidative stress emanating from 

overproduction of free radicals that interact 

with molecular oxygen to synthesize 

superoxide. This in turn precipitously depletes 

tissue antioxidants and reacts with hydrogen 

peroxide to form highly reactive hydroxyl 

radicals that can cause severe macromolecular 

injury and initiate uncontrolled lipid 

peroxidation, ultimately inducing structural and 

functional injury to a wide variety of tissues 

which may have been the case in the kidney [5]. 
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It is an interesting paradox that some 

natural occurring compounds such as plant-

derived flavonoids and polyphenols showed 

promise in this area through their antioxidant 

potential and its ability to protect against 

various oxidative stressors without notable side-

effects [6]. As an example, quercetin (QUR) 

represents one of the most widely distributed 

flavonoids in the plant kingdom [7]. Previous 

studies have shown that QUR possess a broad 

range of pharmacological properties such 

ascarcinostatic, antioxidant, antiviral and anti-

inflammatory activities, suppress cell 

proliferation, modify eicosanoid synthesis, 

protect low-density lipoprotein from oxidation, 

prevent platelet aggregation, stabilize immune 

cells, and promote relaxation of cardiovascular 

smooth muscle[5, 8, 9]. 

In the same context, berberine (BER), an 

isoquinoline alkaloid that is found in several 

plant species, has extensively been reported in 

numerous studies in a variety of experimental 

animal models to exert a broad array of 

pharmacological activities, including anti-

inflammatory and anti-apoptotic activities, 

mainly through a potent antioxidant potential 

[10-12]. Modernly, extensive in vitro and in 

vivo trials have revealed that combinatorial 

administration of more than one antioxidant 

herbal products can be considered as a good 

strategy to synergistically alleviate oxidative 

stress and enhance the free radical scavenging 

capacity that would provide better outcomes 

than either agent administered alone [13-15]. 

In light of above knowledge, the current 

study aimed to investigate the modulatory 

effects ofthese phytochemicals, i. e., QUR and 

BER against DOX-induced toxic kidney injury 

in a wistar ratmodel.Along with that, our study 

aimed importantly to examine the potential 

synergistic effect of the two compounds against 

DOX-induced toxic nephrotoxicity, and to 

assume their possible modes of actions. 

MATERIALS AND METHODS 

Animals and experimental design 
Animal experiments were performed after 

approval by the Institutional Animal Care and 

Use Committee of Faculty of Medicine, Assiut 

University, Assiut, Egypt. All experiments were 

performed using 50 healthy male wistar rats 

(weighing 200 ± 10g) that were purchased from 

the laboratory animal colony, Assiut University, 

Assiut, Egypt. Rats were housed (5 per cage) in 

wire-floored cages at a regulated environment 

(temperature, 22 ± 2°C; humidity, 50 ± 5%; 

night/day cycle, 12 hours) with free access to 

standard pellet diet and tap water add libitum.  

After a two weeks acclimatization period, 

rats were randomly divided into 5 groups of 10 

animals each. In group I (control group), rats 

received only the suspending vehicle that 

consist of a mixture of 1% sodium carboxy 

methyl cellulose and 1% Tween-80, (daily by 

oral gavage) throughout the experimental 

periodto resemble the negative control group. In 

group II (DOX group), rats were injected 

intravenously with a single dose (7.5 mg/kg) of 

a commercially available doxorubicin (DOX) 

vials (10 mg adriamycin hydrochloride from 

Pharmacia Italia S.P.A. Gruppo Pfizer Inc., 

Nerviano, Italy) via tail vein [16]. In group III 

(QUR+DOX), rats received orally 50 mg/kg 

QUR (Sigma-Aldrich Gmbh, Munich, 

Germany) [17], suspended in the above 

mentioned vehicle, once daily for 7 days before 

administering the previously mentioned DOX 

injection and continued for another 14 

consecutive days. In group IV (BER+DOX), 

rats received orally 50 mg/kg BER (Sigma-

Aldrich Gmbh, Munich, Germany) [18], 

suspended in the above mentioned vehicle, once 

daily for 7 days before administering the 

previously mentioned DOX injection and 

continued for another 14 consecutive days. In 

group V (QUR+BER+DOX), rats received 

orally a mixture incorporating both QUR(50 

mg/kg) and BER (50 mg/kg) suspended in the 

above mentioned vehicle, once daily for 7 days 

before administering the previously mentioned 

DOX injection and continued for another 14 

consecutive days.  

On day 15 after DOX administration, each 

animal was housed in an individual metabolic 

cage for urine collection. The obtained urine 

samples were collected, centrifuged, and then 

stored at –20°C for subsequent evaluation of 

urinary biochemical indices. One day later, 

blood samples were collected from retro-orbital 

plexus for serum preparation and the animals 

were sacrificed by cervical decapitation under 

isoflurane anesthesia and autopsy was 

performed. Both kidneys of each animal were 

excised, purified from adhering fat and 

connective tissues and washed in ice-cold 

isotonic saline. One kidney of each animal was 

stored in 10% neutral buffered formalin 

solution and subjected for histopathological 

examination. The other kidney was instantly 

flash frozen in liquid nitrogen and stored 

separately at –80 °C for subsequent 

biochemical assays.  

Assessment of nephrotoxicity indices 
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Serum creatinine was assayed by kinetic 

procedure using a kit provided from Human 

Diagnostic (Wiesbaden, Germany). Blood urea 

nitrogen (BUN) was assayed by colorimetric 

procedure using a kit provided from 

Biomerieux Sa (Lyon, France). 

Microalbuminuria was estimated by 

colorimetric procedure using a kit provided 

from BioSystems (Barcelona, Spain).  

Assessment of oxidative stress markers 

Lipid peroxidation was determined 

spectrophotometrically in renal tissues as 

thiobarbituric acid reacting substance (TBARS) 

and is expressed as equivalents of 

malondialdehyde (MDA), using 1,1,3,3 

tetramethoxypropane as standard  [19]. 

Reduced glutathione (GSH) was assayed 

spectrophotometrically in renal tissues using 

Ellman assay method [20].SOD activity in renal 

tissues was estimated according to the method 

was described by [21]. Nitric oxide (NO) was 

assayed spectrophotometrically in renal tissues 

by measuring its stable metabolites, in 

particular, nitrite and nitrate [22].  

Histopathological examinations 

For histopathological examination, 

kidney tissues were fixed in 10% neutral 

buffered formalin solution. Washing was 

carried out in sterile tap water, and then in serial 

dilutions of alcohols (methyl, ethyl and absolute 

ethyl) which were used for dehydration. 

Specimens were cleared in xylene and 

embedded in paraffin at 56 °C in a hot air oven 

for 24 hours. Paraffin bees wax tissue blocks 

were prepared for sectioning at 4 microns 

thickness by a sledge microtome and the 

obtained tissue sections were placed on glass 

slides, deparaffinized, stained by hematoxyline 

& eosin (H&E) stain, and then examined under 

light microscope for assessment of 

histopathological changes [23].  

Statistical analysis 

Statistical analyses of the data were 

carried out using GraphPad prism version 5.0 

(Graph pad software San Diego, USA). Data 

comparisons were performed using analysis of 

variance (ANOVA) followed by Tukey’s t-test. 

The levels of significance were accepted with p 

< 0.05 and all relevant results were graphically 

displayed as mean  SEM.  

RESULTS 

Effect of tested compounds on animal body 

weight and mortality rate 

In the current study, all animals in the 

five groups remained alive throughout the 

experimental period except for a single 

mortality which was recorded in the DOX group 

on day 31, i. e., the 10
th
 day after DOX 

injection.  We have also observed that, after 

DOX administration on day 21 and throughout 

the remaining experimental period, animals in 

DOX group seemed extremely lethargic and lost 

significant weight (~25%) compared to their 

control counterparts which gained weight over 

(~20%). This DOX-induced decrease in the 

body weight was moderately attenuated to some 

extent in both (QUR+DOX) and (BER+DOX) 

groups with minor weight losses of (~6%) and 

(~3.2%) respectively. On the other hands, this 

DOX-forced attenuation in the body weight 

disappeared markedly in animals of the 

combination group (QUR+BER+DOX) which 

seemed spirited and even gained weight over 

(~1%) throughout the remaining experimental 

period as seen in figure-1. 

 

 
Figure-1: illustration of the effect of tested 

compounds on changes in the animal body 

weight during the experimental period. 

Effect of the tested compounds on biochemical 

indices of renal performance 

As observed in table 1, in comparison to 

the control group, administration of DOX 

resulted in significant increases in serum 

creatinine (p < 0.001), BUN (p < 0.001), and 

microalbuminuria (p < 0.001). Conversely, in 

comparison to the DOX group, pre- and co-

treatments with either QUR or BER alone in 

(QUR+DOX) and (BER+DOX) groups were 

able to attenuate these signs of renal impairment 

as indicated by significant decreases in serum 

creatinine (p < 0.001 and p < 0.001, 

respectively), BUN (p < 0.001 and p < 0.001, 

respectively) and microalbuminuria (p < 0.001 

and p < 0.001, respectively). More 

advantageously, combinatorial pre- and co-

treatment with both QUR and BER in 
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(QUR+BER+DOX) group was efficiently able 

to buffer the above mentioned alterations in the 

overall estimated biochemical indices of renal 

function to match its corresponding levels in the 

healthy control group without any observed 

significant differences, see figure 2 A-C. 

G r o u p 
Creatinine 

( mg/dl ) 

B U N 

( mg/dl ) 

Microalbuminuria 

( mg/L ) 

C o n t r o l 0.62 ± 0.03 8 . 2  ±  0 . 5 3 0 . 9  ±  2 . 6 

D O X 1.69 ± 0.05
*** 

23.0 ± 1.03
***

 330.8 ± 16.6
*** 

QUR + DOX 0.82 ± 0.05
*, ○○○

 11.7 ± 0.5
*, ○○○

 76.4 ± 9.4
*,  ○○○ 

BER + DOX 0.73 ± 0.04
○○○  

9.6 ± 0.7
○○○

 72.0 ± 6.5
*,  ○○○ 

QUR+BER+DOX 0.61 ± 0.04
○○○, $ 

8.3 ± 0.8
○○○, $

 33.5 ± 4.5
○○○, $, Φ  

Table-1: Effects of QUR and BER and 

their combination on DOX-induced changes in 

the biochemical indices of renal performance 

including serum creatinine, BUN, and 

microalbuminuria. Data are presented as mean ± 

SEM (n = 10). *, ○, $ and Φ indicate significant 

change from control, DOX, (QUR+DOX) and 

(BER+DOX) respectively. *, ○, $ and Φ 

indicate significant change at p < 0.05; **, ○○, 

$$ and ΦΦ indicate significant change at p < 

0.01; ***, ○○○, $$$ and ΦΦΦ indicate 

significant change at p < 0.001. 

 

 
 

Effect of the tested compounds on the 

oxidant/antioxidant system 

As summarized in table-2, in comparison 

to the control group, administration of DOX 

caused significant decreases in renal tissue 

content of GSH (p < 0.001) and SOD activity (p 

< 0.001) in addition to significant increases in 

renal MDA (p < 0.001) and NO (p < 0.001) 

levels. In comparison to the DOX group, pre- 

and co-treatments with either QUR or BER 

alone in (QUR+DOX) and (BER+DOX) groups 

were able to significantly increase renal tissue 

contents of GSH (p < 0.001 and p < 0.001, 

respectively) and SOD activity (p < 0.001 and p 

< 0.001, respectively) with significant decreases 

in renal tissue contents of MDA (p < 0.001 and 

p < 0.001, respectively) and NO (p < 0.001 and 

p < 0.001, respectively). It is of note that, in 

comparison to the healthy control group, neither 

QUR nor BER individual treatment was able to 

completely abolish the DOX-induced oxidative 

stress status, whereas combinatorial pre- and co-

treatment with both QUR and BER in 

(QUR+BER+DOX) group was more aptly able 

to withstand against these DOX-induced 

alterations in the estimated markers of oxidative 

stress without any significant differences with 

its corresponding values in the healthy control 

group as seen in figure 3 A-D. 

G r o u p 
G S H 

(µmol/g protein) 

S O D 

(U/g protein) 

M D A 

(nmol/g protein) 

Nitric oxide 

(µmol/g protein) 

C o n t r o l 6.20 ± 0.40 0.11 ± 0.010 18.0 ± 1.6 1.0 ± 0.13 

D O X 1.55 ± 0.20
***

 0.013 ± 0.001
***  

58.0 ± 2.4
*** 

4.4 ± 0.30
*** 

QUR + DOX 5.00 ± 0.30
○○○

 0.08 ± 0.003
**,○○○  

28.8 ± 2.8
*,○○○ 

2.0 ± 0.15
*,○○○ 

BER + DOX 4.70 ± 0.30
*,○○○

 0.09 ± 0.003
*,○○○  

28.5 ± 2.5
*,○○○ 

1.7 ± 0.17
○○○  

QUR+BER+DOX 6.10 ± 0.40
○○○,Φ

 0.11 ± 0.010
○○○,$$,Φ

 19.0 ± 2.2
○○○,$,Φ 

1.1 ± 0.10
○○○,$ 

Table-2: Effects of QUR and BER and 

their combination on DOX-induced changes in 

markers of oxidative stress including renal 

tissue GSH contents, SOD activity, MDA and 

NO levels. Data are presented as mean ± SEM 

(n = 10). *, ○, $ and Φ indicate significant 

change from control, DOX, (QUR+DOX) and 

(BER+DOX) respectively. *, ○, $ and Φ 

indicate significant change at p < 0.05; **, ○○, 

$$ and ΦΦ indicate significant change at p < 

0.01; ***, ○○○, $$$ and ΦΦΦ indicate 

significant change at p < 0.001. 

 

 
 

Effect of tested compounds on histological 

findings 

Histological examinations revealed that 

DOX administration induced apparent 

alterations in the kidney tissues compared to the 

control group in the form of congestion of renal 

blood vessel and focal haemorrhage that was 

detected in between the tubules associated with 

degeneration in the tubular lining epithelium at 

the cortex as well as focal inflammatory cells 
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infiltration in the cortical portion as appear in 

figure-4B. Individual administrations of QUR 

and BER in (QUR+DOX) and (BER+DOX) 

groups were able, to some extent, to calm down 

the DOX-induced pathological alterations in the 

kidney tissues architecture, although abnormal 

findings were still observed in kidney tissues of 

these groups in the form of minor focal 

haemorrhage that was detected in between the 

degenerated tubules at the cortex in addition to 

mild degeneration and desquamation that were 

observed in the tubular lining epithelial cells in 

the cortex as well as in the corticomedullary 

portions – see figure-4C-D. Combined 

administration of both QUR and BER in 

(QUR+BER+DOX) group, on the other hand, 

resulted in absence of any histopathlogical 

alteration in the renal tissues with normal 

histological structure of the glomeruli and 

tubules at the cortex which were approximately 

identical to those observed in the renal tissues 

of the control group which showed uniform 

staining intensity that clearly reflect intactness 

of the renal tissues as recorded in figure 4A-E. 

 

 
 

DISCUSSION 

Cancer chemotherapy usually demolishes 

the normal physiological homoeostasis and 

affects multiple organs during the course of 

treatment. Despite its extensive clinical 

utilization in the fight against a variety of 

human malignancies, treatment with the 

conventional DOX is limited because of its 

multi organ toxicities including renal damage 

and nephrotoxicity [24, 25]. Although, the exact 

mechanism by which DOX produces renal 

toxicity remains largely uncertain. Among the 

suggested mechanisms is free radical formation 

that initiate an overwhelming case of oxidative 

stress which intuitively, if remaining 

unopposed, can undoubtedly upset the redox 

balance and functionality of the intracellular 

organelles, induce inflammatory cascades, and 

promote programmed cellular death that 

eventually threaten the cell's survival [26-28]. 

Historically, attenuation of this DOX-

induced nephrotoxicity has been a fundamental 

goal in several studies.  Traditional herbal 

medicines received a lot of attention as 

promising candidates in this area and some of 

them were reported to achieve a partial success 

in preserving relatively normal renal function 

and structure probably through their antioxidant 

effects, such as caffeic acid phenethyl ester [29], 

Zingiber officinale Roscoe [30], and Solanum 

torvum [31].  

In the current study we evaluate the 

potential benefit of two naturally occurring 

bioactive phytochemicals, QUR and BER, either 

individually or, more importantly, in their novel 

combination as a possible strategy to withstand 

against the aforesaid DOX-induced 

nephrotoxicity. Both of these phytochemicals, 

i.e., QUR and BER, have been individually 

reported in other occasions to exhibit 

antioxidant, anti-inflammatory and anti-

apoptotic properties [7, 11, 12, 32, 33]. To our 

knowledge, no previous study has been 

conducted on the co-effect of both QUR and 

BER on DOX-induced nephrotoxicity in wistar 

rats. Therefore, the nephroprotctive activities of 

these phytochemicals, i.e., QUR and BER were 

assessed in our current work at 

histopathological and biochemical levels. 

As a very well documented phenomenon, 

intravenous administration of DOX on day 21 of 

our current study produced several signs of 

toxicity throughout the remaining experimental 

period as were manifested for example by 

immense weight loss (~25%) and 10% mortality 

in animals of DOX group compared to the 

healthy animals in the control group which 

gained weight over (~20%) and remained alive 

over the experimental time. Contradictory, this 

DOX-induced body weight loss was moderately 

attenuated to some extent in both (QUR+DOX) 

and (BER+DOX) groups with minor weight 

losses of (~6%) and (~3.2%) respectively 

without recording any mortality. Outstandingly, 

this DOX-forced attenuation in the body weight 

totally disappeared in the animals of the 

combination group (QUR+BER+DOX) which 

seemed spirited and even gained weight over 
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(~1%) throughout the remaining experimental 

period as seen in figure-1with no recorded 

mortalities. This significant retardation in the 

body weight loss could reflect the pivotal role of 

QUR and BER, individually and more 

efficiently in their combination, in revoking the 

direct toxicity of DOX on the animal intestinal 

mucosa as well as its indirect hazardous effects 

on the gastrointestinal tract arising from 

inadequate food intake and exhaustive energy 

expenditure causing a decrease in secretion of 

internal hormones and resulting in decreased 

trophic effects to the mucosa [34, 35]. 

Additionally and in consistent with 

numerous previous reports, signs of DOX-

induced nephrotoxicity was reported clearly in 

our current investigation with intense 

perturbations in biochemical nephrocyte injury 

markers. For instance, DOX-exposure caused 

tangible three-fold increases in serum creatinine 

and BUN levels coupled with a corresponding 

ten-fold increase in microalbuminuria (table-1) 

suggesting significant renal impairment [36, 

37]. Conversely, in comparison to the DOX 

group, separate pre- and co-treatments with 

either QUR or BER alone were able to attenuate 

these signs of renal impairment as indicated by 

intrinsic two-fold decreases in serum creatinine 

and BUN levels coupled with a corresponding 

four-fold decrease in microalbuminuria with 

minimal non-significant superiority to BER over 

QUR (table-1). More worthy, combinatorial pre- 

and co-treatment with both QUR and BER in 

(QUR+BER+DOX) group was efficiently able 

to buffer the above mentioned alterations in the 

overall estimated biochemical indices of renal 

function to match its corresponding levels in the 

healthy control group without any observed 

significant differences suggesting 

unquestionable improvement in renal 

performance and indicate the reno-protective 

effect of these phytochemicals (table-1) [32, 35, 

38]. 

So far, much concern has been given to 

the possible involvement of oxidative stress in 

pathogenesis of DOX-induced kidney injury. 

This was conspicuous in the results of the 

current study which revealed serious increases 

in oxidative and nitrosative damages in the form 

of markedly increased lipid peroxidation 

products MDA and NO levels and depleted of 

GSH levels and SOD activity in renal tissues of 

DOX-treated rats. These data are corroborated 

by several previous researches on DOX-induced 

nephrotoxicity in rats which proposed that DOX 

and/or its short-lived toxic metabolites can 

interact with molecular oxygen and initiates a 

cascade of consecutive reactions producing 

reactive oxygen species including superoxide 

and hydroxyl radicals as well as hydrogen 

peroxide which in turn deplete tissue 

antioxidants and consequently lead to 

disturbance in oxidant-antioxidant systems 

resulting in tissue injury [29, 39-41]. On 

contrary, individual pre- and co-treatment with 

QUR or BER and more effectively their blend 

usage succeeded to improve the antioxidant 

capacity and reduced the oxidative and 

nitrosative stress as indicated by significant 

increases in GSH level and SOD activity and 

significant decreases in MDA and NO levels 

compared to DOX-treated rats (table-2). This 

can be correlated with the ability of these 

phytochemicals to scavenge highly reactive 

species, iron-chelating properties and inhibitory 

effects on carbonyl reductases as been pointed 

out in previous studies [38, 42-44]. 

Further, evidences for the nephro-

protective effects of QUR and BER are 

materially augmented by the outcome of our 

obtained histopathological investigation. In 

DOX group, DOX administration leaded to 

congestion of renal blood vessel and focal 

haemorrhage that was detected in between the 

tubules associated with degeneration in the 

tubular lining epithelium at the cortex as well as 

focal inflammatory cells infiltration in the 

cortical portion (figure-4B). Similar 

histopathological changes have been previously 

reported in acute DOX-induced nephrotoxicity 

[45]. Individual supplementation with QUR or 

BER was relatively able to calm down the 

DOX-induced pathological alterations in the 

kidney tissues architecture; although minor 

focal haemorrhage as well as mild degeneration 

and desquamation in the tubular lining epithelial 

cells in the cortex and the corticomedullary 

portions remained observable in kidney tissues 

of these groups (figure-4C-D). On the other 

hand, combined administration of both QUR 

and BER in (QUR+BER+DOX) group resulted 

in absence of any histopathlogical alteration in 

the renal tissues with normal histological 

structure of the glomeruli and tubules at the 

cortex reflecting intactness of the renal tissues, 

approximately as were observed in the control 

group  (figure 4A-E). These results support 

those of earlier studies that demonstrated the 
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nephro-protective properties of both QUR and 

BER [32, 35, 38]. 

CONCLUSION 

In conclusion, the results of present study 

may have identified for the first time that QUR 

in combination with BER shows better 

alleviation of DOX-induced kidney injury than 

their individual administration. A solid body of 

evidence indicates that theseunequivocal reno-

protective effects could be attributed to the 

synergistic antioxidant activity of this dual 

phytochemical remedy. However further 

pharmacokinetic studies are required to expand 

understanding of this synergism and to build a 

foundation for later extension of the 

cytoprotective capacity of QUR and BER binary 

administration against other organotoxicities.  

ACKNOWLEDGEMENTS 

The authors are grateful to Prof. Dr. Adel 

Bakeer Kholoussy, professor of pathology 

Cairo University, for carrying out the 

hestopathological examinations. 

CONFLICT OF INTEREST 

The authors confirm that this article content has 

no conflicts of interest.  

REFERENCES 

1. S Lahoti, T., et al., Doxorubicin-induced in 

vivo nephrotoxicity involves oxidative 

stress-mediated multiple pro-and anti-

apoptotic signaling pathways. Current 

neurovascular research, 2012. 9(4): p. 282-

295. 

2. Bozcali, E., et al., Cardioprotective effects 

of zofenopril, enalapril and valsartan 

against ischaemia/reperfusion injury as well 

as doxorubicin cardiotoxicity. Acta Cardiol, 

2012. 67(1): p. 87-96. 

3. Patel, N., et al., Silymarin modulates 

doxorubicin-induced oxidative stress, Bcl-xL 

and p53 expression while preventing 

apoptotic and necrotic cell death in the 

liver. Toxicology and applied 

pharmacology, 2010. 245(2): p. 143-152. 

4. Hickey, E.J., et al., Diclofenac induced in 

vivo nephrotoxicity may involve oxidative 

stress-mediated massive genomic DNA 

fragmentation and apoptotic cell death. Free 

Radic Biol Med, 2001. 31(2): p. 139-52. 

5. Lahoti, T.S., et al., Doxorubicin-induced in 

vivo nephrotoxicity involves oxidative 

stress-mediated multiple pro- and anti-

apoptotic signaling pathways. Curr 

Neurovasc Res, 2012. 9(4): p. 282-95. 

6. Mantena, S.K., S.D. Sharma, and S.K. 

Katiyar, Berberine, a natural product, 

induces G1-phase cell cycle arrest and 

caspase-3-dependent apoptosis in human 

prostate carcinoma cells. Molecular cancer 

therapeutics, 2006. 5(2): p. 296-308. 

7. Ishikawa, Y. and M. Kitamura, Anti-

apoptotic effect of quercetin: intervention in 

the JNK- and ERK-mediated apoptotic 

pathways. Kidney Int, 2000. 58(3): p. 1078-

87. 

8. Nithipongvanitch, R., et al., Mitochondrial 

and nuclear p53 localization in 

cardiomyocytes: redox modulation by 

doxorubicin (Adriamycin)? Antioxid Redox 

Signal, 2007. 9(7): p. 1001-8. 

9. Qin, X.J., et al., Protection of multiple 

antioxidants Chinese herbal medicine on the 

oxidative stress induced by adriamycin 

chemotherapy. J Appl Toxicol, 2008. 28(3): 

p. 271-82. 

10. Domitrović, R., et al., Resolution of liver 

fibrosis by isoquinoline alkaloid berberine 

in CCl4-intoxicated mice is mediated by 

suppression of oxidative stress and 

upregulation of MMP-2 expression. Journal 

of medicinal food, 2013. 16(6): p. 518-528. 

11. Imanshahidi, M. and H. Hosseinzadeh, 

Pharmacological and therapeutic effects of 

Berberis vulgaris and its active constituent, 

berberine. Phytotherapy research, 2008. 

22(8): p. 999-1012. 

12. Yu, W., et al., Berberine protects human 

renal proximal tubular cells from 

hypoxia/reoxygenation injury via inhibiting 

endoplasmic reticulum and mitochondrial 

stress pathways. J Transl Med, 2013. 

11(11): p. 24. 

13. Almeida, I.M., et al., Dietary antioxidant 

supplements: benefits of their combined use. 

Food Chem Toxicol, 2011. 49(12): p. 3232-

7. 

14. Yanai, N., et al., Antioxidant combination 

inhibits reactive oxygen species mediated 

damage. Biosci Biotechnol Biochem, 2008. 

72(12): p. 3100-6. 

15. Yasuno, F., et al., Combination of 

antioxidant supplements improved cognitive 

function in the elderly. J Alzheimers Dis, 

2012. 32(4): p. 895-903. 

16. Pippin, J.W., et al., Inducible rodent models 

of acquired podocyte diseases. American 

Journal of Physiology-Renal Physiology, 

2009. 296(2): p. F213-F229. 



Amr M. T. Allam et al AAMJ ,VOL 13 , NO 4 , OCTOPER 2015 

 

8 | P a g e  

 

17. Behling, E.B., et al., Comparative study of 

multiple dosage of quercetin against 

cisplatin-induced nephrotoxicity and 

oxidative stress in rat kidneys. 

Pharmacological reports, 2006: p. 526-532. 

18. Tang, L.Q., et al., Berberine regulates the 

expression of E-prostanoid receptors in 

diabetic rats with nephropathy. Mol Biol 

Rep, 2014. 41(5): p. 3339-47. 

19. Uchiyama, M. and M. Mihara, 

Determination of malonaldehyde precursor 

in tissues by thiobarbituric acid test. 

Analytical biochemistry, 1978. 86(1): p. 

271-278. 

20. Ellman, G.L., Tissue sulfhydryl groups. 

Archives of biochemistry and biophysics, 

1959. 82(1): p. 70-77. 

21. Marklund, S. and G. Marklund, Involvement 

of the superoxide anion radical in the 

autoxidation of pyrogallol and a convenient 

assay for superoxide dismutase. European 

Journal of Biochemistry, 1974. 47(3): p. 

469-474. 

22. Montgomery, H. and J. Dymock, 

Determination of nitrite in water. 1961, 

ROYAL SOC CHEMISTRY THOMAS 

GRAHAM HOUSE, SCIENCE PARK, 

MILTON RD, CAMBRIDGE CB4 0WF, 

CAMBS, ENGLAND. p. 414-&. 

23. Banchroft, J.D., A. Stevens, and D.R. 

Turner, Theory And Practice Of Histoloicl 

Techniques, fourth ed. 1996, New york, 

London, San Francisco, Tokyo: Churchil 

Livingstone. 

24. Wang, Y., et al., Progressive adriamycin 

nephropathy in mice: sequence of histologic 

and immunohistochemical events. Kidney 

international, 2000. 58(4): p. 1797-1804. 

25. Hertzan-Levy, S., et al., Glomerular 

basement membrane anionic sites in 

adriamycin nephropathy: effect of saline 

loading and nitric oxide modulation. 

Nephron, 2000. 84(4): p. 354-361. 

26. Carvalho, C., et al., Doxorubicin: the good, 

the bad and the ugly effect. Current 

medicinal chemistry, 2009. 16(25): p. 3267-

3285. 

27. Park, J., et al., ARD1 binding to RIP1 

mediates doxorubicin-induced NF-κB 

activation. Biochemical and biophysical 

research communications, 2012. 422(2): p. 

291-297. 

28. Zhang, Y.W., et al., Cardiomyocyte death in 

doxorubicin-induced cardiotoxicity. 

Archivum immunologiae et therapiae 

experimentalis, 2009. 57(6). 

29. Yagmurca, M., et al., Caffeic acid phenethyl 

ester as a protective agent against 

doxorubicin nephrotoxicity in rats. Clinica 

Chimica Acta, 2004. 348(1): p. 27-34. 

30. Ajith, T., M. Aswathy, and U. Hema, 

Protective effect of Zingiber officinale 

roscoe against anticancer drug doxorubicin-

induced acute nephrotoxicity. Food and 

chemical toxicology, 2008. 46(9): p. 3178-

3181. 

31. Mohan, M., et al., Protective effect of 

Solanum torvum on doxorubicin-induced 

nephrotoxicity in rats. Food and chemical 

toxicology, 2010. 48(1): p. 436-440. 

32. Domitrović, R., et al., Berberine exerts 

nephroprotective effect against cisplatin-

induced kidney damage through inhibition 

of oxidative/nitrosative stress, inflammation, 

autophagy and apoptosis. Food and 

chemical toxicology, 2013. 62: p. 397-406. 

33. Formica, J.V. and W. Regelson, Review of 

the biology of Quercetin and related 

bioflavonoids. Food Chem Toxicol, 1995. 

33(12): p. 1061-80. 

34. Herman, E.H., et al., Comparison of the 

protective effects of amifostine and 

dexrazoxane against the toxicity of 

doxorubicin in spontaneously hypertensive 

rats. Cancer chemotherapy and 

pharmacology, 2000. 45(4): p. 329-334. 

35. Peng, C.C., et al., Selected nutraceutic 

screening by therapeutic effects on 

doxorubicin‐induced chronic kidney disease. 

Molecular nutrition & food research, 2012. 

56(10): p. 1541-1558. 

36. Boonsanit, D., S. Kanchanapangka, and C. 

Buranakarl, L‐carnitine ameliorates 

doxorubicin‐induced nephrotic syndrome in 

rats. Nephrology, 2006. 11(4): p. 313-320. 

37. McDuffie, J.E., et al., Feasibility of Protein 

Biomarkers in the Prediction of Subclinical 

Doxorubicin Nephrotoxicity in Male 

Sprague-Dawley Rat. J Mol Biomark Diagn, 

2014. 5(165): p. 2. 

38. Sanchez-Gonzalez, P.D., et al., Quercetin 

reduces cisplatin nephrotoxicity in rats 

without compromising its anti-tumour 

activity. Nephrology Dialysis 

Transplantation, 2011: p. gfr195. 

39. Ayla, S., et al., Doxorubicin induced 

nephrotoxicity: protective effect of 

nicotinamide. International journal of cell 

biology, 2011. 2011. 

40. Davies, K. and J. Doroshow, Redox cycling 

of anthracyclines by cardiac mitochondria. 



  

AL-AZHAR ASSIUT MEDICAL JOURNAL AAMJ ,VOL 13 , NO 4 , OCTOPER 2015 

 

9 | P a g e  

 

I. Anthracycline radical formation by NADH 

dehydrogenase. Journal of Biological 

Chemistry, 1986. 261(7): p. 3060-3067. 

41. Karaman, A., et al., Protective effects of 

leflunomide against ischemia-reperfusion 

injury of the rat liver. Pediatric surgery 

international, 2006. 22(5): p. 428-434. 

42. Periyasamy, L., et al., Quercetin Attenuating 

Doxorubicin Induced Hepatic, Cardiac and 

Renal Toxicity in Male Albino Wistar Rats. 

Advanced Journal of Phytomedicine and 

Clinical Therapeutics, 2014. 2(8): p. 985-

1004. 

43. Wu, D., et al., Ameliorative effect of 

berberine on renal damage in rats with 

diabetes induced by high-fat diet and 

streptozotocin. Phytomedicine, 2012. 19(8): 

p. 712-718. 

44. Kaiserová, H., et al., Flavonoids as 

protectors against doxorubicin 

cardiotoxicity: role of iron chelation, 

antioxidant activity and inhibition of 

carbonyl reductase. Biochimica et 

Biophysica Acta (BBA)-Molecular Basis of 

Disease, 2007. 1772(9): p. 1065-1074. 

45. El-Sheikh, A.A., et al., Effect of coenzyme-

Q10 on doxorubicin-induced nephrotoxicity 

in rats. Advances in pharmacological 

sciences, 2012. 2012. 

 

 

 

 



Amr M. T. Allam et al AAMJ ,VOL 13 , NO 4 , OCTOPER 2015 

 

10 | P a g e  

 

 

 الملخص العرثي

 رقييم الزأثيراد الزغيريخ لجعض المركجبد الطجيعيخ علي الزسمم الكلوى المسزحث ثمبدح الذوكسوروثيسيه في فئران الزجبرة

عمرو مجروك روفيق
1

 ، ثخيذ القط مصطفي
1

 ، محمذ اوور عجذ العسيس
1

 ، ثريب سعيذ الذيت
2 

1
جبمعخ االزهر ثأسيوط -كليخ الصيذلخ–قسم الكيميبء الحيويخ 

2
جبمعخ أسيوط -كليخ الطت-قسم الكيميبء الحيويخ

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

يؼزجش انذٔكسٕسٔثيسيٍ يٍ أْى يضبداد انسشطبٌ ٔانزٖ يسزخذو فىؼالط كضيش يٍ األٔساو انسشطبَيخ فٗ االَسبٌ، ٔنكٍ نٓزا 

 .انؼقبس آصبس عبَجيخ ال يًكٍ اًْبنٓب ػهٗ انؼذيذ يٍ األػضبء انجششيخ ٔيٍ ضًُٓب انكهٗ

أشبسد انؼذيذ يٍ انذساسبد اٌ سجت ْزِ اآلصبس انغبَجيخ انضبسح نؼقبس انذٔكسٕسٔثيسيٍ يشعغ ثشكم سئيسٗ إلسزحذاصّ 

يسزٕيبد ػبنيخ يٍ األكسذح ، ٔفٗ حبنخ إسزًشاسْب ثذٌٔ يؼبسضخ قذ رؤدٖ انٗ انًٕد انًجشيظ نهخهيخ ٔرٕانٗ االنزٓبثبد ٔانزٖ فٗ 

ػهٗ يذٖ سُٕاد ، اػزجش انحذ يٍ اسرفبع يسزٕيبد االكسذح انًسزحش ثٕاسطخ انذٔكسٕسٔثيسيٍ .انُٓبيخ يٓذد ثشكم كجيش ثقبء انخاليب

ٔيب يزجغ ْزا اإلسرفبع يٍ َزبئظ ٔآصبس غيش يشغٕثخ ، ٔاحذا يٍ اْى األْذاف انًطهٕثخ نهزغهت ػهٗ انًشبكم انًشرجطخ ثئسزخذاو ْزا 

. انؼقبس

ػهٗ انشغى يٍ االسزخذاو انفشدٖ نجؼض انًشّكجبد انُجبريخ قذ حقق ثؼض انُغبحبد انغزئيخ فٗ ْزا انشأٌ، اال آَب نى رصم انٗ 

فٗ دساسزُب ْزِ، رى ثحش اسزخذاو كم يٍ انكٕاسسيزيٍ ٔانجشثيشيٍ ثشكم فشدٖ أ ػٍ طشيق يزعًٓب يؼب ٔرنك .َزبئظ يشّعٕح حزٗ االٌ

ٔقذ رى إسزحذاس ْزا انزأصيش انضبس فٗ فئشاٌ . نجحش إيكبَيخ اسزخذايًٓب فٗ يٕاعٓخ انزأصيش انضبس نهذٔكسٕسٔثيسيٍ ػهٗ سًيخ انكهٗ

ٔقذ . ٔرنك فٗ انيٕو انسبثغ يٍ انزغشثخ، فٗ ٔسيذ انزيم (كغى/ يغى7.5)انزغبسة ػٍ طشيق حقٍ انذٔكسٕسٔثيسيٍ كغشػخ ٔاحذح فقظ 

ثشكم فشدٖ ٔايضب يٍ خالل يزعًٓب يؼب ثُفس انغشػبد  (كغى/يغى50)، ٔانجشثيشيٍ (كغى/يغى50)رى إػطبء كم يٍ انكٕاسسيزيٍ 

انسبثقخ، ػٍ طشيق انفى ٔرنك قجم اسجٕع يٍ حقٍ انذٔكسٕسٔثيسيٍ يغ اإلسزًشاس فٗ إػطبء انغشػبد انسبثقخ يٍ انكٕساسيزيٍ 

. ٔانجشثيشيٍ ثؼذ رنك نًذح اسثؼخ ػشش يٕيب يززبثؼخ

أظٓشد انُزبئظ اٌ انذٔكسٕسٔثيسيٍ قذ أحذس إسرفبػبً فٗ َسجخ كم يٍ يسزٕٖ انكشيبريُيٍ َٔيزشٔعيٍ انيٕسيب فٗ انذو ٔكزنك 

أظٓشد انُزبئظ أيضب قذسح انذٔكسٕسٔثيسيٍ ػهٗ إحذاس يسزٕيبد ػبنيخ يٍ األكسذح داخم األَسغخ .  ٔانزالل فٗ انجٕلإسرفبع يسزٕيبد

 .انكهٕيخ ٔانزٗ رؼزجش احذ انًسججبد انشئيسيخ فٗ انزسًى انكهٕٖ انًسزحش ثٕاسطخ ْزا انؼقبس

سغهذ انذساسخ اٌ رُبٔل كم يٍ انكٕاسسيزيٍ أ انجشثيشيٍ قذ أحذس رحسُب َسجيب فٗ يؼظى انقيبسبد انكًيبئيخ ، يًب يشيش انٗ 

كًب أظٓشد ْزِ انذساسخ ٔنهًشح األٔنٗ اٌ يزط كم . أًْيزٓى فٗ يغبل انٕقبيخ يٍ انزسًى انكهٕٖ انًسزحش ثٕاسطخ انذٔكسٕسٔثيسيٍ

يٍ انكٕاسسيزيٍ يغ انجشثيشيٍ يؼطٗ رحسُب يهحٕظب ٔ أفضم يٍ إسزخذاو كم يُٓى ثًفشدِ ، ٔانزٗ يًكٍ اٌ يُست ثشكم كجيش انٗ 

كفبءرٓى يؼب كًضبداد نألكسذح، ٔرأصيشْى انٕاقٗ ػهٗ حًبيخ انكهٗ ثصٕسح كبيهخ يٍ رأصيش انذٔكسٕسٔثيسيٍ انضبس ػهٗ ٔظبئف 

. انكهٗ


