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Gentamicin has broad spectrum antibacterial
activities, obtained from Streptomyces. It has strong
pharmacological and antibacterial properties (1).
The drug has dose dependent bactericidal activities
with low probability of bacterial resistance (2). In
spite of these properties, the drug has been used with
fright due to its nephrotoxic properties. It has been
reported that there will be no need for the develop-
ment of new drugs against Gram negative bacteria if
gentamicin was proved safe in high doses (3).
Therefore, Citrullus colocynthis was aimed to
explore its renal-protective properties. It belongs to
family Cucurbitaceae; a perennial creeping herb
with climbing stem, bearing spherical mottled green
fruits, used for the treatment of fever, constipation,
intestinal parasites, dropsy, visceral and cerebral
congestions (4). It had also been reported to possess
hypoglycemic (5) and antibacterial properties (6).
Fruit of C. colocynthis have been presented to have
beneficial effect in the improvement of glycemic
profile without the toxic side effects in type II dia-
betic patients (7). The most important thing is the

presence of large amount of phenols and flavonoids
with strong antioxidant properties (8). 

Retention of gentamicin in the proximal
tubules produce oxygen associated metabolites with
free radicals, causes renal damage (9, 10). The pres-
ent in vivo study was therefore designed to assess
the ability of C. colocynthis to protect against gen-
tamicin induced renal damage in rabbit due to its
strong antioxidant properties, by both kidney func-
tions and histologic examination. 

EXPERIMENTAL

Drugs and extraction of plant

RefobacinÆ injections (Gentamicin, Merck
Private Ltd.) were purchased from Pharma-net,
Abbottabad, Pakistan. Sufficient quantity of C. colo-
cynthis fruit was collected from different areas of
Khyberpukhtoonkhwa, Pakistan in the month of
November 2010. After authentication by Umar
Farooq, Professor of Botany, GPC-1 Abbottabad,
Pakistan, the voucher specimen number 1019 has
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been stored in the same institution. Plant material
after grinding was extracted with ethanol and evap-
orated under reduced pressure (11).

Protocol

24 Male rabbits (1-1.5 kg) were acclimated in
animal house of FMC Abbottabad after the approval
of study from University of Malakand Research
Committee. All the animals were maintained on the
same diet (raddish and cauliflower leaves). Four
groups of animals (Table 1) were arranged in sucha
way that each group contained six rabbits.
Gentamicin, normosaline solution and extracts were
administered according to dosage schedule given in
Table 1.

Estimation of blood urea nitrogen (BUN), serum

creatinine and serum uric acid

Berthelotís indophenol assay was used for esti-
mation of BUN and Jaffe reaction was followed for
the measurement of serum creatinine (12) by Power-
lab (Merck, Germany) with the help of reagents
(Pro-Dia, UAE). Readymade Reagents (Egypt) were
used for the estimation of serum uric acid with the
help of Power-lab (Merck, Germany). Further crea-
tinine clearance was calculated by formula:

Estimation of serum electrolytes

Cresolphthalein complexone method was used
for the estimation of serum calcium (13), by using
reagents from Randox Laboratories (UK), while serum
sodium and serum potassium were measured with the
help of flame photometer (Model 410, UK) (13).

Estimation of urinary lactate dehydrogenase

(LDH) and alkaline phosphatase (ALP)

Urinary excretion of LDH and ALP was esti-
mated by reagents from Dia-sys GmbH, (Germany)

following German Society of Clinical Chemistry
(14) procedure.

Estimation of urinary protein excretion and uri-

nalysis

Urinary estimation of protein was accom-
plished using reagents from Dia-sys GmbH
(Germany) (15). Urinary examination was per-
formed by light microscope (Leitz, Germany) and
multiple reagent strips (URS-10, USA) for assessing
further parameters.

Renal histology

After isolation, kidneys were fixed in formalin
and dehydrated with alcohol. Clearing was done
with xylene solution. A number of sections embed-
ded in paraffin wax were cut down and examined
with the help of microscope after staining with dyes
(hematoxylin and eosin).

Statistical analysis

Results were analyzed by one way analysis of
variance (ANOVA, Dunnett test) and p < 0.05 was
considered significant.

RESULTS AND DISCUSSION

The present work was aimed to explore the
reno-protective effects of C. colocynthis against
gentamicin induced renal toxicity. As human sus-
ceptibility to aminoglycosides is less than that of
animals, these drugs have the same toxic effects in
both human and animals yet in remedial doses (16).
It has been reported that efficient toxic side effects
are observed only if gentamicin is given in higher
doses (17, 18), however, one animal of group G and
group GCco had seizures on last morning of the sac-
rifice day. Animals treated with daily dose of 30-60
mg/kg of gentamicin had necrotic proximal tubules
with increased serum creatinine level and polyuria

Table 1. Daily dosage schedule for experimental period of twenty one days.

No. 
Animals 

Daily dose receivedgroup

1 C 0.9% saline solution 2 mL/kg

2 G Gentamicin 80 mg/kg

3 GCco 
Gentamicin 80 mg/kg/day &
C. colocynthis 25 mg/kg

4 Cco C. colocynthis 25 mg/kg

Urinary creatinine concentration
Creatinine clearance = ñññññññññññññññññññññññññññ  ◊ Urinary volume

Serum creatinine concentration
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(17). Therefore, in the present work, 80 mg/kg/day
of drug was used to generate significant renal dam-
age. In the present study all of the animals survived
throughout the experimental period.

Gentamicin has been reported to cause nephro-
toxicity induced by rise of BUN and serum creati-
nine with significant fall in creatinine clearance (18,
19). The same results were observed in the present
work. In the mid of experimental period, BUN
raised significantly in group G to 37.78 ± 2.14
mg/dL when compared with group C (13.75 ± 1.04
mg/dL) and further increased in group G on last day
to 54.18 ± 2.6 mg/dL, statistically different from
group C (14.14 ± 1.12 mg/dL). BUN in group GCco
(47.18 ± 2.66 mg/dL) and in group Cco (14.81 ±
0.30 mg/dL) were significantly different from group
G animals (54.18 ± 2.60 mg/dL) as seen in Table 2.
Serum creatinine was elevated in group G animals to
1.96 ± 0.14 mg/dL when compared with group C
animals (0.71 ± 0.10 mg/dL) in mid of the study
period and further increased on last day as shown in
Table 2. Group GCco exhibited no significant rise in
serum creatinine on the last day of the study period
when compared with group G animals, whereas
group Cco was significantly different in comparison
with group G animals (0.89 ± 0.03 mg/dL vs. group
G 4.02 ± 0.14 mg/dL). A significant fall in creati-
nine clearance of group G animals was observed

(2.08 ± 0.25 mL/min when compared with group C
animals (5.08 ± 0.82 mL/min in the mid of the study
period, which further decreased on last day to 0.76 ±
0.09 mL/min when compared with group G animals
(4.99 ± 1.16 mL/min). Creatinine clearance of group
GCco was significantly different from group G ani-
mals (3.20 ± 0.25 mL/min) while group Cco was
noted to be similar to that of group G as given in
Table 2. Significant rise in serum uric acid was
observed in group G and GCco animals when com-
pared with group C animals (Table 2). Group C and
Cco animals were found extremely different from
group G animals.

The rise of serum creatinine and functional
derangements have been described with a number of
different mechanisms by different researchers.
Further, they reported that serum creatinine and
tubular necrosis are inter-related and the blocking of
tubules with necrotic materials and leaking of fil-
trate is responsible for the rise of serum creatinine
(20). 

Gentamicin therapy has been presented with an
increase in urinary sodium excretion and a decrease
in the re-absorption of potassium (21), In the current
study serum potassium was found to be decreased in
both group G and GCco animals (p < 0.0001) sig-
nificantly different from group C animals, as previ-
ously reported for gentamicin treated animals (22-

Table 2. Kidney functioning parameters on last day of study period.

Group
Weight loss BUN Serum creatinine Creatinine clearance Uric acid 

% age (mg/dL) (mg/dL) (mL/min) (mg/dL)

C 0.15 ± 0.91*** 14.14 ± 1.12*** 0.80 ± 0.1*** 4.99 ± 1.1*** 1.51 ± 0.02***

G 10.795 ± 1.09 54.18 ± 2.60 4.02 ± 0.14 0.76 ± 0.09 2.34 ± 0.12

GCco 7.22 ± 1.33* 47.18 ± 2.66* 3.89 ± 0.13 3.20 ± 0.25* 2.37 ± 0.20

Cco 0.45 ± 0.86*** 14.81 ± 0.30*** 0.89 ± 0.03*** 3.03 ± 0.14 1.48 ± 0.10***

The mean ± SEM (n = 6), (*) significant, (**) very significant and (***) extremely significant.

Table 3. Serum electrolytes and urinary protein excretion.

Group 
Serum. sodium Serum potassium Serum calcium Urea protein 

(mEq/L) (mEq/L) (mg/dL) (mg/dL)

C 140.17 ± 1.01 5.10 ± 0.24*** 9.72 ± 0.25*** 1.81 ± 0.22***

G 137.67 ± 1.09 3.43 ± 0.17 7.68 ± 0.21 3.86 ± 0.32

GCco 138.83 ± 1.33 3.65 ± 0.22 8.41 ± 0.6 2.82 ± 0.34*

Cco 139.33 ± 0.99 5.40 ± 0.37*** 10.0 ± 0.17*** 1.93 ± 0.26***

The mean ± SEM (n = 6), (*) significant, (**) very significant and (***) extremely significant.



536 NAVEED ULLAH et al.

25). Gentamicin has been presented with
hypokalemia (18), which may be due to sodium
potassium ATPase depression (26). Group G ani-
mals lost their body weight throughout the study
period, providing conditions of depressing nitrogen
balance, which confirmed other report of consider-
able loss of potassium (22) like in group GCco ani-
mals, significantly different from group C animals.

Serum calcium decreased significantly in
group G animals to 7.68 ± 0.21 mg/dL when com-
pared with group C animals (9.72 ± 0.25 mg/dL) as
reported formerly for gentamicin (24). However, in
opposition, no change in serum calcium was
observed by toxic doses of gentamicin (22). Serum
calcium of group C and Cco animals were found sig-
nificantly different from group G animals. However,
no significant difference was noted in the serum cal-
cium of group G and GCco animals, as given in
Table 3. In nephrotoxicity, the resistance has been

developed to parathyroid hormone what might be
responsible for the generation of hypocalcemia (24).
Further, in the present work no significant change in
serum sodium was found in group G and other treat-
ed animals. However, it has been reported that the
excretion of calcium, magnesium, sodium and
potassium has increased in animals treated with
toxic doses of gentamicin (18). 

A significant increase in urinary protein excre-
tion was observed on last day of study period in
group G animals when compared with group C ani-
mals (Table 3). Further, mild increase in urinary
protein excretion was also observed in group GCco
animals (2.82 ± 0.34 mg/dL), but was still signifi-
cantly different from group G animals (3.86 ± 0.32
mg/dL) providing a statement of reno-protective
effects of plant extract. Urinary volume was
observed to be decreased in all selected groups
excluding group C (Table 4). To confirm nephro-

Table 4. Measurement of urinary volume and enzymes excretion.

Urinary volume Urinary LDH Urinary ALP
Group (mL) (U/L) (U/L)

Day 11 Day 21 Day 11 Day 21 Day 11 Day 21

C 200 ± 9.1 217 ± 19.7** 91.33 ± 1.8*** 88.17 ± 2.2** 14.2 ± 0.9 14.1 ± 1.2

G 168 ± 11.9 126 ± 9.0 143.17 ± 3.5 103.17 ± 4.2 11.9 ± 1.1 12.4 ± 0.6

GCco 160 ± 8.6 136 ± 7.2 92.17 ± 1.3*** 92 ± 1.3 12.9 ± 0.7 12.6 ± 0.7

Cco 196 ± 16.3 186 ± 14.6 88 ± 1.6*** 89 ± 1.2* 11.03 ± 0.7 13.2 ± 0.7

The mean ± SEM (n = 6), (*) significant, (**) very significant and (***) extremely significant.

Figure 1. Renal histopathological examination: photomicrographs of group C animals: (A) cortex showing normal glomerulus, (B) medul-
la presenting normal tubules. Photomicrograph of group G animals: (C) cortex presenting necrosis, ruptured tubules, glomerular atropy
and hydropic changes, (D) medulla showing dilated collecting tubules. Photomicrographs of group GCco animals: (E) cortex presenting
necrotic glomeruli with hyaline filled tubules, (F) medulla presenting hyaline and granular casts with some ruptured tubules.
Photomicrographs of group Cco animals: (G) cortex presenting no common abnormality, (H) medulla showing some hydropic changes

A B C D

E F G H
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protective effects of certain drugs, tubular brush
border enzyme has been estimated by different
researchers (27), as like in the present study, where
we used to measure urinary excretion of enzymes
i.e., ALP and LDH. ALP was found to be unchanged
throughout the study period (Table 4). However, uri-
nary LDH excretion was increased in the mid of
experimental period and was different and found
extremely significant between group G animals and
other treated animals including group C (Table 4).
This rise of LDH excretion in group G was
decreased by last day of study period but was still
significantly different from group C animals.
However, no significant difference was observed
between group G (103.17 ± 4.28 U/L) and group
GCco animals (92 ± 1.37 U/L) on the last day of
study period. Significant amounts of red blood cells,
leukocytes and cast cells were detected in group G
animals, significantly different from group C and
group Cco animals. However, significant amount of
red blood cells and cast cells were also identified in
the urine of group G animals. Significant amount of
bilirubin was detected by reagent strip in group G
animals, different from other groups. However, glu-
cose and ketones were not detected in any group
including group C and G. Urinary pH was recorded
as basic throughout.

Group G animals were found to have necrosis
of most of glomeruli with a number of ruptured
tubules. Hydropic changes were also observed sig-
nificant with loss of cellular pattern as shown in
Figure 1C and 1D, significantly different from
group C animals, which have normal glomerular
appearance and no necrosis and hydropic changes
(Fig, 1A and 1B). Hyaline and granular casts in the
tubules of group G and GCco were observed, what
may develop cellular degeneration leading to leak-
age of proteins. The blockage associated with cast
cells causes fall in the rate of glomerular filtration
directed to kidney damage (20). Group GCco ani-
mals were also observed with glomerular necrosis
with loss of cellular pattern. Casts were also been
observed (Fig. 1E and 1F). Regenerating tubular
cells were observed stating that both regeneration
and necrosis are present; as reported previously for
gentamicin treated animals (18, 24). However,
group Cco animals were found with such abnormal-
ities like group C animals, but few casts and hydrop-
ic changes were observed as shown in Figure 1G
and 1H. Some vacuoles in the proximal tubular cells
were also observed; may be due to pinocytotic activ-
ity, developed by amino-acids and salts. The mech-
anism is being unknown but have no relation with
cellular damage (28).

CONCLUSION 

It can be concluded from current study that
daily dose of 25 mg/kg of C. colocynthis for a peri-
od of twenty one days failed to protect renal func-
tional and histological changes associated with gen-
tamicin, despite of its strong antioxidant properties. 
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