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ABSTRACT
Introduction and Aims: Cordia myxa L., one of the most commonly used herbal medicines, has been revealed to have analge-

sic, anti-inflammatory, immunomodulatory, antimicrobial, antiparasitic, insecticidal, cardiovascular, respiratory, gastrointesti-
nal and hepatoprotective effects, also, it is a natural antioxidant and a free radical scavenger with no documented evidence as a 
nephroprotective agent. The present study was aimed to investigate the nephroprotective activity of hydro-alcoholic extract of 
Cordia myxa L. (CME) fruits in a rodent model of gentamicin-induced nephrotoxicity. Changes in blood biochemical parameters 
were measured. The right kidney was removed for pathological evaluation and the left kidney was removed and then homoge-
nized for determination of malondialdehyde (MDA). 

Materials and Methods: Male Wistar rats, weighing 200-250 g was divided into 5 groups; including I, control group; II, GEN 
group(80 mg.kg-1 intraperitoneally(i.p)); III, GEN(80 mg.kg-1 i.p) + CME (250 mg.kg-1) group; IV, GEN (mg.kg-1 i.p) + CME (500 
mg.kg-1) group; V, GEN (80 mg.kg-1 i.p) + vitamin E (500 mg.kg-1) group. GEN (80 mg.kg-1 i.p.) was given every 24 hours for 14 
consecutive days. CME administered 24 hours prior and concurrently with gentamicin. Blood urea, creatinine, uric acid, and 
blood urea nitrogen, tissue malondialdehyde (MDA) as a lipid peroxidation marker analyses and microscopic examination of 
kidneys were performed. 

Results: The DPPH and ABTS*+ radical scavenging activity of CME were 54.8 ± 0.65% and 42.3 ± 0.47% respectively. 
Gentamicin treatment caused nephrotoxicity as evidenced by marked elevation in blood biochemical parameters such as urea, 
uric acid, creatinine and blood urea nitrogen (69 ± 5.89 mg.dl-1, 2.45 ± 0.18 mg.dl-1, 0.88 ± 0.09 mg.dl-1, 34.5 ± 2.94 mg.dl-1) respec-
tively when compared to the saline-treated group. Concurrent administration of CME with gentamicin decreased the rise in 
these parameters. Histopathological analysis revealed necrosis, glomerular congestion, interstitial congestion and inflammatory 
cell infiltration in gentamicin-treated rats, whereas vitamin E and CME lessen the severity of gentamicin-induced renal damage. 

Conclusions: To conclude, CME showed a moderate nephroprotective effect in gentamicin-induced renal toxicity. 
Prospective studies for the elucidation of the detailed mechanism(s) of this nephroprotection is inevitable, however, radical scav-
enging activity of CME might be involved.
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INTRODUCTION

Nephrotoxicity as a partially prevalent disorder reflecting both glo-
merular and tubular injuries as a consequence of drug toxicity. Which 
might lead to acute or chronic renal disorders1). Based on cohort studies 
the frequency of drug-induced nephrotoxicity in adult populations has 
been reported approximately 14-26 per cent2). Gentamycin, an amino-
glycoside is commonly used in drug-induced nephrotoxicity. 

Aminoglycosides are among in important drugs against gram-negative 
bacterial infections3,4). In spite of the introduction of new highly potent 
and wide spectrum antibiotics because of certain properties such as 
good bactericidal effects, clinical effectiveness and low cost of therapy 
Aminoglycosides are widely used5,6).

Aminoglycosides result in kidney damage by a direct-dose depen-
dent mechanism. However, nephrotoxicity as a challenge continues to 
be7,8). There were a variety of animal models for exploring the pathogen-
esis of drug-induced acute renal failure. Gentamicin-induced acute renal 
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toxicity has proved to be an excellent model9). The key features of renal 
toxicity induced by gentamicin which include an increase in plasma cre-
atinine and urea levels with severe proximal renal tubular necrosis, with 
progressive deterioration and renal failure10,11). Reactive oxygen species 
(ROS) in the kidney have been implicated as the delinquent for nephro-
toxicity induced by aminoglycosides such as gentamicin11,12). The cellu-
lar antioxidant enzymes and plays an important role in determining the 
susceptibility to oxidative damage which might alter in response to oxi-
dative stress13). Several studies have claimed antioxidant property of 
drugs as crucial for their nephroprotective effects in gentamicin induced 
renal damage14-16). 

Cordia myxa (sapistan), a plant belonging to the Boraginaceae fami-
ly, Cordia myxa L. Species, native in Asia temperate and Asia tropical. 
Sapistan originated from the area stretching from the eastern 
Mediterranean region to eastern India and was introduced long ago in 
tropical Africa, tropical Asia and Australia, and more recently also in the 
Americas. It was also used to suppress cough and for the treatment of 
respiratory infections and a sore throat, as it has demulcent proper-
ties17-19). 

The preliminary phytochemical screening carried out on Cordia 
myxa fruit extract revealed the presence of oil, glycosides, flavonoids, 
sterols, saponins, terpenoids, alkaloids, phenolic acids, coumarins, tan-
nins, resins, gums and mucilage. Pharmacological studies revealed that 
Cordia myxa possessed analgesic, anti-inflammatory, immunomodulato-
ry, antimicrobial, antiparasitic, insecticidal, cardiovascular, respiratory, 
gastrointestinal and protective effects20-24). in recent years more attention 
has been consecrated to natural antioxidants and their association with 
health benefits. Plants are a large source of new bioactive molecules 
with therapeutic potentials25). 

Studies have shown that many dietary polyphenolic constituents 
derived from plants are more effective antioxidants in vitro than vita-
mins E or C, and thus might contribute significantly to the protective 
effects in vivo26). Sapistan is shown to have great health benefits due to 
the presence of considerable amounts of phenolic compounds that pos-
sess varying degrees of antioxidant activity27). However, literature 
research revealed that the nephroprotective activity of Cordia myxa L. 
fruits has not been established and its probable role has only been postu-
lated with no positive evidence. Hence with this background, it decided 
to explore the nephroprotective role of Cordia myxa L. in a murine 
model of gentamicin-induced renal damage.

MATERIALS  AND  METHODS

This study was undertaken after obtaining the approval by the 
Gerash university of the medical sciences ethics committee (code: 
IR.GERUMS.REC.1396.008). 

Experimental Animals. 
Adult male Wistar rats of either sex, weighing 200-250g, were kept 

in the animal house of the cellular and molecular research Centre for the 
study. Animals were housed in polypropylene cages in a controlled 
environmental condition (22 ± 30C, 55 ± 5% humidity and a 12 h light/ 
dark cycle). The animals were fed with standard rodent diet and water 
ad libitum. They were allowed to acclimatize to these conditions for 10 
days.

Drugs and Chemicals. 
Gentamicin sulfate injection (Caspian Tamin Pharmaceutical Co, 

Rasht, Iran) was used to induce renal damage. Vitamin E(VE)(E-Vigel 
400 IU, alpha-Tocopheryl Acetate, Daana Pharma Co, Tabriz, Iran). 
DPPH (1,1-diphenyl-2-picrylhydrazyl) and 2,2'-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt radical cation 
(ABTS*+) were acquired from Sigma-Aldrich Chemical(St. Louis, 
Missouri, USA). Other solvents were obtained from Merck, Germany.

Plant Material and Preparation of Extract. 
Sapistan fruits were collected from the local area (Gerash, Fars 

province), authenticated by a botanist and a voucher specimen of the 
plant was maintained in the cellular and molecular research Centre, 
Gerash. The fruits were cleaned and dried in shade and crashed by a 
mechanical grinder. Extraction carried out with crushed fruit (100 g) 
which was added to 500 mL of hydro- ethanol (70% v/v) by maceration 
method28). The extract was collected and filtered using Whatmann fil-

tered paper no. 42. Then dried by rotary evaporator (Hyedolph, type: 
Heizbad Hei-VAP, Germany) and dry extract was kept in a refrigerator.

Experimental Procedure. 
Thirty male Wistar rat were divided randomly into five groups of 6 

animals each and placed in separate cages. The test drug, the hydro-eth-
anol extract of Sapistan and gentamicin were administered for a total 
duration of 14 days. The test drug was started 24 hours prior to the com-
mencement of the study. 

The animals have grouped accordingly as follows: Group I served 
as a control group and received normal saline (1 ml.kg-1. i.p) intraperito-
neal and orally throughout the course of the experiment, respectively. 
Group II received daily intraperitoneal injections of gentamicin (80 
mg.kg-1). Group III, IV received the test drug, hydro-ethanol extract 
Sapistan orally at 250 and 500 mg.kg-1 respectively. Group V received 
vitamin E orally at 500 mg.kg-1. Animals of group three, four and five 
were administered 80 mg.kg-1 of gentamicin intraperitoneal along with 
test drug for 14 days29).

Sample Collection and Biochemical Assays. 
Twenty-four hour after the last injection the rats were anaesthetized 

with ketamine (60 mg.kg-1) and xylazine (5 mg.kg-1) intraperitoneally 
and blood samples were collected by cardiac puncture. The serum was 
rapidly separated and processed for determination of urea, creatinine, 
uric acid and blood urea nitrogen (BUN) as an indicator of kidney dam-
age, using commercially available kits from Pars Azmoon Diagnostics 
Private Ltd (Liquid stable biochemistry kits). The animals were sacri-
ficed and both kidneys were isolated. The left kidneys from all the 
groups processed for histopathological examination30). The right kidneys 
were removed and then homogenized for tissue Malondialdehyde 
(MDA) assessment as a lipid peroxidation marker31).

Histopathological Examination. 
The left kidneys fixed in 10% formalin. Sections (5 microns) were 

taken and then stained with haematoxylin and eosin (H & E) and exam-
ined under the light microscope. They were evaluated and assigned 
scores as follows: 

Score 0 = Normal 
Score 1 = Areas of focal granulovacuolar epithelial cell degenera-

tion and granular debris in tubular lumens with or without evidence of 
tubular epithelial cell desquamation of small foci (< 1% of total tubule 
population) 

Score 2 = Tubular epithelial necrosis and desquamation easily seen 
but involving less than half of cortical tubules 

Score 3 = More than half of proximal tubules showing desquama-
tion of necrosis but involved tubules easily found 

Score 4 = Complete or almost complete tubular necrosis 

Statistical analysis. 
Data were expressed as mean ± standard deviation (S.D). The statis-

tical evaluation was done using SPSS (version 20). Kruskal-Wallis test 
was performed to find whether or not the values of different groups dif-
fer significantly. To test the intergroup significant difference, a Mann-
Whitney test was performed. A value of p < 0.05 was considered statis-
tically significant. 

RESULTS

Assessment of Radical Scavenging Activity(32, 33). 
The DPPH and ABTS*+ radical scavenging activity of CME, 54.8 ± 

0.65% and 42.3 ± 0.47% were reported, respectively (TABLE 1.)

Assessment of Biochemical Parameters. 
TABLE 1, showing significant (p < 0.05) increase in serum urea (69 

± 5.89mg/dl), serum creatinine (0.88 ± 0.09 mg/dl), serum uric acid 
(2.45 ± 0.18 mg/dl) and blood urea nitrogen (34.5 ± 2.94 mg/dl) in gen-
tamicin (80mg/kg) treated group as compared to normal control group. 
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The test drug, CME, depicted protective effects at doses 250 and 
500mg.kg-1 body weight by reducing the levels of serum urea, creati-
nine, uric acid and blood urea nitrogen as compared to gentamicin treat-
ed group. Results showed a good nephroprotective effect at VE(500mg.
kg-1), doses 250 and 500mg.kg-1body weight of the CME as evidenced 
by a significant decrease in serum urea, creatinine, uric acid and blood 
urea nitrogen (p < 0.05) as compared to gentamicin treated group.

Histopathological Finding. 
TABLE 2, showing the Histopathological studies of the kidneys of 

all the groups were scored. In normal control group treated with saline 
which remarkable lesions of both glomerulus and tubules were not 
found with the score of zero. In gentamicin treated group showed necro-
sis, glomerular congestion, interstitial congestion and inflammatory cell 
infiltration with an average score of 3. The histopathological observed 
changes included dilated tubules with denuded epithelium, intracyto-
plasmic vacuolation, blebs, interstitial and glomerular congestion, stro-
mal inflammation and granular casts as depicted in FIGURE 1. The his-
topathological assessment of the kidney sections in rats treated with 
CME at doses 250 and 500mg.kg-1 showed mild lesions of tubular cells, 
tubular degeneration and dilatation score of 2 and respectively, as 
showed in TABLE 2.

DISCUSSION

Aminoglycosides, e.g. Gentamicin and it's toxicity on kidneys is 
now obvious reality. Also, Gentamicin-induced nephrotoxicity is now 
recognized as a well-determined model for assessment of kidney disease 
including acute and chronic kidney disease4). Medical herbs with effica-
cy on ameliorating aminoglycoside nephrotoxicity would offer a distinct 
clinical advantage in therapeutics employing gentamicin. The present 
study was aimed to investigate the nephroprotective activity of 
hydro-alcoholic extract of Cordia myxa L. (CME) fruits in a rodent 
model of gentamicin-induced nephrotoxicity. Gentamicin at a dose of 
80mg/kg produces significant nephrotoxicity as evidenced by biochemi-
cal changes which showed by an increase in serum urea, creatinine, uric 
acid, blood urea nitrogen and histological changes of the kidneys. As 

shown in TABLE 1 & 2 biochemical and histological findings in genta-
micin-treated group correlate with other studies11-17). 

Hydro-alcoholic extract of Cordia myxa L. (CME) administered 24 
hours prior to and concurrently provided marked nephroprotection 
against gentamicin-induced renal damage in rats as evidenced by a sig-
nificant reduction in biochemical parameters which supported by histo-
pathological evaluation. Concurrent administration of CME appeared to 
assuage the severity of the gentamicin-induced renal injuries as shown 
in TABLE 2 by a significantly reducing the scores of histopathological 
damages compared to the gentamicin-treated group. The signs of ame-
lioration of tubules were seen, which was significant at the highest dose. 
Restoration of the structure of glomerulus and renal tubules in CME 
pretreated groups showed a shred of evidence for nephroprotective 
activity of CME.

Recently, many studies showed and proved that in experimental ani-
mal models of Gentamicin-induced nephrotoxicity accumulation of 
reactive oxygen metabolites including free radicals would offer renal 
tissue injury28,29). Gentamicin generates free radicals such as reactive 
oxygen species (ROS), which may account for kidney injury and necro-
sis several mechanisms28). It has also been considered that gentamicin 
reduces activities of the antioxidant enzymes such as catalase, glutathi-
one peroxidase and the levels of reduced glutathione (GSH) by the glu-
tathione S-transferase30). Natural plants products and other foods rich in 
polyphenolic compounds have a key role in the postponement and pre-

Table 1. Effect of Gentamycin and CME on biochemical parameters: urea, creatinine, uric acid, Blood Urea Nitrogen 
(BUN) and tissue malondialdehyde (MDA)

Group Treatment Parameter

  Urea Creatinine Uric Acid BUN MDA
  (mg.dl-1) (mg.dl-1) (mg.dl-1) (mg.dl-1) (nmol.ml)

 I Normal Control(1 ml.kg-1. i.p) 41 ± 2.09 0.7 ± 0.08 1.28 ± 0.33 20.5 ± 1.04 1.11 ± 0.27

 II Gentamycin(80 mg.kg-1. i.p) 69 ± 5.9‡ 0.88 ± 0.09‡ 2.45 ± 0.18‡ 34.5 ± 2.94‡ 3.26 ± 0.51‡

 III CME(250 mg.kg-1) + Gentamycin(80 mg.kg-1. i.p) 57.33 ± 5‡‡ 0.76 ± 0.08 1.56 ± 0.79‡‡ 28.67 ± 2.5 2.24 ± 0.47

 IV CME(500 mg.kg-1) + Gentamycin(80 mg.kg-1. i.p) 57.67 ± 10‡‡ 0.76 ± 0.1 1.53 ± 0.45‡‡ 28.83 ± 5.07 1.95 ± 0.33‡‡

 V VE(500 mg.kg-1) + Gentamycin(80 mg.kg-1. i.p) 60 ± 11.25 0.75 ± 0.08‡‡ 1.3 ± 0.26‡‡ 27.16 ± 5.62‡‡ 1.66 ± 0.4‡‡

Values are expressed as Mean ± S.D. ‡p < 0.05 when compared to normal control group. ‡‡p<0.05 when compared to Gentamycin treated group.

Table 2. The histopathological studies of the kidneys damage 
in all groups

 Histopathological  Groups
 properties I II III IV V

Glomerular infiltration - +++ ++ + +

Interstitial congestion - +++ ++ ++ +

Interstitial infiltration - +++ ++ ++ +

Tubular regeneration - - - - -

Average score 0 3 2 0.9‡ 0.5‡

The dose at 500 mg.kg-1 of CME and V.E (500 mg.kg-1) showed significant histo-

logical changes with mild lesions of tubular cells, tubular degeneration and dilata-

tion illustrating protection against the gentamicin induced damage. ‡p < 0.05 when 

compared to Gentamycin treated group.

Figure 1. Kidney sections of gentamicin treated groups showing 
necrosis, glomerular congestion, interstitial congestion 
and inflammatory cell infiltration. However, in normal 
control group remarkable lesions of both glomerulus 
and tubules were not found. Kidney sections of V.E (500 
mg.kg-1) & CME (250 mg.kg-1 & 500 mg.kg-1) treated 
groups: showing mild lesions of tubular cells, tubular 
degeneration and dilatation (40 X, H & E).
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vention of the cellular via radical scavenging action or other antioxidant 
mechanisms, such as inhibition of ROS producing enzymes30). 

Moreover, many previous studies have shown that pretreatment of 
rats by plant products had considerable kidney protection effects via 
radical scavenging properties13). Several experimental studies have 
shown the antioxidant potential of Cordia myxa L.34). Phytochemical 
screening of CME has revealed polyphenolic compounds like flavo-
noids, tannins, and phenolic acids as major components. These are very 
vital for the free-radical scavenging and antioxidant activities of CME 
as they neutralize the free-radicals as assessed by DPPH and ABTS rad-
ical scavenging activity assay methods34). The radical scavenging activi-
ty of CME can also be supported by significantly decreased lipid perox-
idation in the in vitro studies34). So, the antioxidant activity of CME has 
also been partially held responsible for its kidney preventive and per-
haps therapeutic effects in rats. 

Because of the above properties, CME can protect proteins, nucleic 
acids, polyunsaturated fatty acids in membranes from oxidation, thus 
decreasing the rate of the lipid peroxidation. Further studies are required 
to explore and associate the antioxidant effect kidney protection acquit-
ted by CME which might help better characterize its mechanism in ame-
liorating gentamicin-induced kidney damage.

To conclude, CME showed a moderate nephroprotective effect in 
gentamicin-induced renal toxicity. In summary, the results of our study 
reveal for the first time that pre-treatment and concurrent administration 
of CME along with gentamicin ameliorate both functional and histologi-
cal renal injuries induced by gentamicin in rats.
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