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Abstract

Aminoglycosides are frequently used antibiotics for life threatening gram-
negative bacterial infections. Gentamicin binds to the cell wall phospholipids, 
blocks phosphatidylinositol pathway leading to production of Reactive Oxygen 
Species (ROS) and impairment of cell integrity that contributes to its toxicities 
including nephrotoxicity. Fifty male rabbits were divided into five groups A, 
B, C, D and E each containing ten with group a being normal control. In this 
study microscopic examination in gentamicin-only treated group B 80% rabbits 
showed severe inflammation, 70% showed severe tubular necrosis and 70% 
showed severe glomerular congestion. Kidney sections from rabbits in group C, 
and D treated with Piper cubeba and vitamin C alone respectively, showed only 
mild to moderate inflammation, tubular necrosis and glomerular congestion. 
Maximum improvement was seen in Group E where Piper cubeba and vitamin 
C were co-administered. A significant increase in proximal tubular dilatation was 
found in group B. Kidney sections from rabbits in Group C, and D and E showed 
almost normal architecture of proximal tubules. The difference in mean tubular 
diameter in-group A, C, D and E was insignificant.

Conclusion: Piper cubeba appears to be more nephroprotective in 
comparison to vitamin C. Likewise, co-administration of both Piper cubeba and 
vitamin C augmented the nephroprotective effect as compared to either Piper 
cubeba or vitamin C given alone respectively.
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lysosome and mitochondria, via several mechanisms including 
peroxidation of membrane lipids, protein denaturation and DNA 
damage Lopez-Novoa et al [7]. With revival of herbal medicine and 
their incorporation in treatment of various ailments it is of interest to 
note that Piper cubeba (tailed pepper, java pepper, kabab chini) has 
been traditionally used to treat renal disorders, gonorrhea, syphilis, 
abdominal pain, enteritis, and asthma in Unani Medicine de Lima et al 
[8]. Chemical constituents of Piper cubeba like polyphenols (phenolic 
acid and flavonoids), α-cubebene, tanins, and dihydrocubebin have 
shown significant antioxidant activity [9]. 

Vitamin C is a naturally occurring water soluble substance that 
acts as non-enzymatic chain breaking antioxidant and free radical 
scavenger. It has shown protection against gentamicin induced 
nephrotoxicity by decreasing lipid peroxidation Motamedi et al [10]. 
In clinical situations the rate of aminoglycoside nephrotoxicity is very 
high usually occurs after one week of treatment and is attributed to 
oxidative stress Nagai and Takano [5]. The role of different agents 
such as Piper cubeba and vitamin C, due to their antioxidant effect 
had been evaluated internationally for providing nephroprotection 
against drug (aminoglycoside) induced nephrotoxicity. But none 
of the agent had been able to provide complete nephroprotection 
against such damage. 

The purpose of this study is to find out the concomitant effect 
of the Piper cubaba for the first time locally and Vitamin C in 

Introduction
Despite the advent of new highly potent and broad-spectrum 

antibiotics, aminoglycosides have been classified as critical 
antimicrobials by World Health Organization (WHO) to address the 
serious bacterial infections, which may result in significant morbidity 
and mortality if left untreated. All aminoglycosides are now classified 
as Critically Important Organization [1]. This is primarily because of 
their chemical stability, rapid bactericidal effect, synergy with beta 
lactam antibiotics, and low resistance in community and healthcare 
settings Takahashi and Igarashi [2]. They inhibit protein synthesis 
by binding 30S subunit of bacterial ribosome and the concentration 
dependent killing effect of aminoglycosides persists even after they 
have been discontinued Wargo and Edwards [3]. Nephrotoxicity is 
a therapeutic limitation of aminoglycosides that appears in 10-25 % 
of patients despite rigorous monitoring Riviere, [4]. Tubular toxicity 
is the consequence of many interconnected actions triggered by 
accumulation of drug in the proximal tubular epithelial cells with 
the help of a receptor complex formed by megalin and cubilin Nagai 
and Takano [5]. Studies have demonstrated excessive production 
of Reactive Oxygen Species (ROS) cause oxidative stress which is 
responsible for tubular damage as increased amounts of super oxide 
anion (O2

ˉ), hydroxyl radicals (OH), hydrogen peroxide (H2O2), 
and reactive nitrogen species are produced Fatima and Sultana, 
[6]. Oxidative stress directly damages some macromolecules e.g. 
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aminoglycoside induced nephrotoxicity and to look for their effects 
alone and in combination, whether both are together more effective 
than either of the single agent. The study might be used to develop 
safe, efficacious and cheap nephroprotective agents. 

Materials and Methods
The study was conducted in the KEMU and University of 

Veterinary and Animal Sciences, Lahore.

Preparation of the herbal cocktails
Dried berries of Piper cubeba (Java pepper) were bought from 

local market. Proper identification was carried out by Botany 
department Government College University, Lahore. They were 
finely powdered in an electric grinder. Mucilage of 5 grams of gum 
acacia in 100 ml of distilled water was prepared. Piper cubeba 800 mg/
kg of body weight was weighed for each animal and mixed in 2 ml of 
mucilage. The test drug was prepared fresh every time and given once 
daily in the morning through oral route for 21 days [11].

Drug dosage
Gentamicin was administered in doses ten times larger than 

the corresponding human clinical dose to produce experimental 
nephrotoxicity Tulkens, [12]. It was given in a dose of 80mg/kg of the 
body weight, intramuscularly in two equally divided doses with an 
interval of 12 hours, for 21 days Saleem et al [13]. Vitamin C 250mg/
kg/day was dissolved in 2 ml of distilled water and given orally once 
a day Rehman et al [14].

Experimental procedure
Rabbits were procured from local market and divided into five 

groups (A, B. C, D, and E). They were housed in clean cages, provided 
green fodder, and water ad libitum. Animals were kept at room 
temperature with natural day and night cycle. A period of ten days 
was given them to get acclimatized before the start of experiment. 

Fifty rabbits were divided into five groups randomly, with 10 
rabbits in each group. 

Group A: Normal control group. 0.5 ml of isotonic saline was 
injected I/M twice a day, for 21 days.

Group B: Gentamicin 80 mg/kg/day was injected I/M in two 
equally divided doses with an interval of 12 hours, for 21 days.

Group C: Gentamicin 80 mg/kg/day was injected I/M in two 
equally divided doses with an interval of 12 hours & Piper cubeba 
in a dose of 800 mg/kg/day was given orally once a day, for 21 days.

Group D: Gentamicin 80 mg/kg/day was injected I/M in two 
equally divided doses with an interval of 12 hours & vitamin C 250 
mg/kg/day was given orally, for 21 days.

Group E: Gentamicin 80 mg/kg/day was injected I/M in two 
equally divided doses with an interval of 12 hours. Piper cubeba in a 
dose of 800 mg/kg/day & vitamin C 250mg/kg/day was given orally 
once a day, for 21 days.

Histopathological procedure
On 21st day the rabbits were sacrificed, and both the kidneys were 

removed Ullah et al [15]. 

Fixation of tissue
Clean and dry plastic tissue jars were labeled properly with 

group no. and rabbit number. The renal tissue was immersed in 10% 
formalin (formaldehyde) for fixation in those jars. Formalin was 
changed every hour for three times. Then the tissue was left for 72 
hours for proper fixation 95.

Dehydration
Alcohol was used to dehydrate renal tissue. Dehydration was 

carried out in a slow, step-wise manner by passing the tissue blocks 
through 80%, 90%, 95%, 100%, 100% graded strength of alcohol, step 
incubation period was kept 1 hour for each strength. Clearing was 
done in three steps using xylene. In each step tissue was incubated 
for two hours.

Infiltration and Embedding
Tissue was allowed to equilibrate in an incubator at 580˚C for 

two hours with liquid paraffin being changed after an hour. After 
infiltration, the tissue was allowed to solidify in a mold, embedded 
within a small cube of paraffin.

Sectioning
Sectioning was done by using microtome in a thickness of 5μm. 

The sections were flattened by floating them on water held at 450˚C. 
The sections were then mounted on individual, properly labeled 
microscope slides. 

Staining
Slides were stained with hematoxylin and eosin stains. They were 

rehydrated by dipping them for 30 seconds in decreasing concentration 
of alcohol i.e. 100%, 90%, 80% and 70% each. Then they were dipped 
in hematoxylin for 2 to 3 minutes and were washed with running 
water. They were kept in 1% acid alcohol and again washed with 

Figure 1: Photomicrograph showing normal architecture of rabbit kidney. 
Group A (10 x magnification; H&E).

Figure 2: Photomicrograph showing normal tubules in renal medulla of rabbit 
kidney. Group A (10 x magnification; H&E).
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water. Slides were then dipped in eosin for 1 to 2 minutes and washed 
under tap water. After rinsing they were rehydrated by increasing 
concentrations of alcohol 90%, 100% for 2 to 3 minutes and cleared 
with xylene. They were covered carefully with coverslip and were 
placed to dry for 24 hours 95. The stained slides were then examined 
under microscope to evaluate proximal tubular dilatation, glomerular 
congestion, inflammation, and necrosis. Semi-quantitative grading of 
Histopathological changes was done as following:

_No pathological change

+Mild (less than 25% of the tissue affected)

++Moderate (25-50 % of the tissue affected)

+++Severe (more than 50% of the tissue affected) 

Tubular diameter was measured by using NIS (Nikon imaging 
software) Element “D” (documentation) software installed in deca-
head microscope in Pathology Lab. KEMU. Diameter of five tubules 
per high field was measured in each slide both for right and left kidney 
and their mean was taken. 

Statistical analysis 
Data was analyzed by using Statistical Package for Social Studies 

(SPSS) software. Quantitative data was presented in form of mean ± 
S.D. ANOVA was applied to compare mean values within all study 
groups. Post Hoc Tukey’s was applied for pairwise comparison among 
groups. Histopathological changes were expressed as frequencies and 
percentages; Kruskal Wallis ANOVA Test was applied for evaluating 
qualitative data in all study groups. Mann Whitney test was applied 
for pairwise significant differences among different groups. ‘P’ value 
less than 0.05 was considered significant.

Results 
Tubular diameter

Mean inner tubular diameter of proximal convoluted tubules of 
kidney for gentamicin only treated group increased significantly in 
comparison to group A, C, D, and E. ANOVA showed the difference 
with a significant p value of <0.001. There was a significant increase in 
the outer tubular diameter of proximal convoluted tubules of rabbit 
kidney in group B in comparison to group A, C, D and E, with a p 
value of <0.001. The difference between group A, C, D and E was 
insignificant.

Multiple comparisons by Post hoc Tukey’s test revealed that inner 
tubular diameter of group B was significantly dilated in comparison 
to other groups. There was no significant difference between the 
mean inner tubular diameter of group A, C, D, and E. Likewise, 
outer tubular diameter of group B was also significantly dilated when 
compared to group A, C, D, and E. There difference between the mean 
outer tubular diameter of group A, C, D, and E was insignificant.

Tubular necrosis
There was no pathological change found in group A. In-group B, 

3(30%) showed moderate and 7(70%) showed severe tubular necrosis. 
In-group C, 7(70%) showed mild and 3(30%) showed moderate 
tubular necrosis. In-group D, 6(60%) showed mild and 4(40%) 
showed moderate tubular necrosis. In-group E, 4(40%) showed 
no pathological change, 4(40%) showed mild, and 2(20%) showed 
moderate necrosis. ‘Kruskal Wallis’ showed significance difference 
with a p value of < 0.001 (Table 3).

Pairwise comparison by Mann Whitney showed significant 
tubular necrosis in group B, C, D, and E in comparison to group A. 

Figure 3: Photomicrograph showing tubular dilatation, severe glomerular 
congestion. Group B (20 x magnification; H&E).

Figure 4: Photomicrograph showing severe inflammation. Group B (10 x 
magnification H&E).

Figure 5: Photomicrograph showing moderate glomerular congestion and 
tubular dilatation. Group C. (20 x magnification H&E).

Figure 6: Photomicrograph showing mild to moderate glomerular congestion, 
inflammation and tubular necrosis. Group D. (20 x magnification H&E).
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Tubular necrosis in group C, D and E was significant in comparison to 
group B. Tubular necrosis among group C, D, and E was insignificant 
among different groups (Table 4).

Inflammation 
No pathological change was found in group A. In group B, 2(20%) 

showed moderate and 8(80%) showed severe inflammation. In group 
C, 3(30%) showed no pathological change, 4(40%) showed mild and 
3(30%) showed moderate inflammation. In group D, 1(10%) showed 
no pathological change, 5(50%) showed mild and 4(40%) showed 
moderate inflammation. In group E, 5(50%) showed no pathological 
change, 3(30%) showed mild, and 2(20%) moderate inflammation. 
‘Kruskal Wallis’ showed significance difference with a p value of < 

0.001 (Table 5).

Pairwise comparison by Mann Whitney showed significant 
inflammation in group B, C, D, and E in comparison to group A. 
Inflammation in group C, D and E was significant in comparison to 
group B. Inflammation among group C, D, and E was insignificant.

Glomerular congestion 
There was no pathological change found in group A. In-group 

B, 3(30%) showed moderate and 7(70%) showed severe glomerular 
congestion. In-group C, 3(30%) showed no pathological change, 
5(50%) showed mild and 2(20%) showed moderate glomerular 
congestion. In-group D, 2(20%) showed no pathological change, 
4(40%) showed mild and 4(40%) showed moderate glomerular 
congestion. In-group E, 4(40%) showed no pathological change, 
3(30%) showed mild, and 3(30%) moderate glomerular congestion. 
‘Kruskal Wallis ANOVA’ showed significance difference with a 
p-value of <0.001 (Table 7).

Pairwise comparison by Mann Whitney showed significant 
glomerular congestion in group B, C, D, and E in comparison to 
group A. glomerular congestion in group C, D and E was significant 
in comparison to group B. glomerular congestion among group C, D, 
and E was insignificant.

Urine microscopy
Numerous triple phosphate crystals per high power were seen on 

urine microscopy, which is normal for rabbit urine.

Tubular Diameter Group A Mean±SD Group B Mean±SD Group C Mean±SD Group D Mean±SD Group E Mean±SD P value ANOVA

Inner 22.05 ± 2.24 50.70 ± 10.77 29.44 ± 7.69 32.13 ± 11.46 27.32 ± 5.86 <0.001

Outer 41.21 ± 2.40 78.15 ± 19.32 48.48 ± 11.5 50.61 ± 9.17 46.26 ± 5.56 <0.001

Table 1: Mean tubular diameter (μm) for group A, B, C, D, and E. (n=10).

Dependent Variable (I) group (J) group Mean Difference 
(I-J) Summary

Tubular Diameter Inner 
μm

A

B -28.66 ***

C -7.39 Ns

D -10.08 Ns

E -5.28 Ns

B

C 21.26 ***

D 18.58 ***

E 23.38 ***

C
D -2.69 Ns

E 2.12 Ns

D E 4.8 Ns

Tubular Diameter Outer 
μm

A

B -36.94 ***

C -7.27 Ns

D -9.4 Ns

E -5.05 Ns

B

C 29.68 ***

D 27.54 ***

E 31.9 ***

C
D -2.13 ns

E 2.21 ns

D E 4.34 ns

Table 2: Post hoc Tukey’s test for multiple comparisons of mean tubular diameter 
(μm) among groups A, B, C, D, and E.

*p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

Tubular Necrosis Group A n=10 Group B n=10 Group C n=10 Group D n=10 Group E n=10 p Value

  n (%) n (%) n (%) n (%) n (%)

No Pathological change 10(100) 0(0) 0(0) 0(0) 4(40)

Mild 0(0) 0(0) 7(70) 6(60) 4(40) <0.001

Moderate 0(0) 3(30) 3(30) 4(40) 2(20)

Severe 0(0) 7(70) 0(0) 0(0) 0(0)

Table 3: Tubular necrosis among groups A, B, C, D, and E.

*p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

Groups Mean rank Z p value

A

B 5.5 -4.15 < 0.001

C 5.5 -4.15 < 0.001

D 5.5 -4.12 < 0.001

E 7.5 -2.81 0.005

 B

C 15.05 -3.65 < 0.001

D 14.9 -3.53 < 0.001

E 15.2 -3.69 < 0.001

C
D 10 -0.46 0.648

E 12.4 -1.55 0.111

D E 12.7 -1.81 0.07

Table 4: Pairwise comparison of tubular necrosis among various groups by Mann 
Whitney U Test.
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Discussion 
Aminoglycosides are frequently used antibiotics for life 

threatening gram-negative bacterial infections. Gentamicin (a 
prototype aminoglycoside) binds to the cell wall phospholipids, blocks 

Inflammation
Group A Group B Group C Group D Group E p value

n (%) n (%) n (%) n (%) n (%)

< 0.001

Nil 10(100) 0(0) 3(30) 1(10) 5(50)

<25% 0(0) 0(0) 4(40) 5(50) 3(30)

25-50% 0(0) 2(20) 3(30) 4(40) 2(20)

>50% 0(0) 8(80) 0(0) 0(0) 0(0)

Table 5: Inflammation among groups A, B, C, D, and E.

*p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

Groups Mean rank Z p value

A

B 5.5 -4.2 < 0.001

C 7 -3.13 0.002

D 6 -3.76 < 0.001

E 8 -2.5 0.013

 B

C 15.2 -3.72 < 0.001

D 15.1 -3.68 < 0.001

E 15.3 -3.8 < 0.001

C
D 9.45 -0.86 0.392

E 11.55 -0.85 0.397

D E 12.6 -1.69 0.091

Table 6: Pairwise comparison of inflammation among various groups by Mann 
Whitney U Test.

Glomerular 
Congestion

Group A Group B Group C Group D Group E p value

n (%) n (%) n (%) n (%) n (%)

< 0.001

Nil 10(100) 0(0) 3(30) 2(20) 4(40)

<25% 0(0) 0(0) 5(50) 4(40) 3(30)

25-50% 0(0) 3(30) 2(20) 4(40) 3(30)

>50% 0(0) 7(70) 0(0) 0(0) 0(0)

Table 7: Glomerular Congestion in-group A, B, C, D, and E. p value calculated 
by Kruskal Wallis ANOVA.

*p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.

Groups Mean rank Z p value

A

B 5.5 -4.15 < 0.001

C 7 -3.14 < 0.002

D 6.5 -3.45 0.001

E 7.5 -2.81 0.005

B

C 15.2 -3.69 < 0.001

D 14.9 -3.5 < 0.001

E 15.05 -3.58 < 0.001

C
D 9.4 -0.9 0.372

E 10.55 -0.4 0.968

D E 11.5 -0.802 0.423

Table 8: Pairwise comparison of glomerular congestion among various groups 
by Mann Whitney U Test.

phosphatidylinositol pathway leading to production of Reactive 
Oxygen Species (ROS) and impairment of cell integrity. Renal tissue 
has abundance of polyunsaturated fatty acids, which makes it an organ 
susceptible to ROS. Studies have proved that antioxidants protect 
tissues from ROS Chashmi et al [16]. We used Piper cubeba in our 
study to counter this toxicity as previous studies showed that it can 
increase the activity of anti-oxidant enzymes like catalase, glutathione 
reductase, and superoxide dismutase in animal model. Piper cubeba 
possesses free radical scavenging activity e.g. nitric oxide, hydroxyl 
and hydrogen peroxide radicals Ahmad and Hasan, Pachpute and 
Deshmukh, [17,18]. Vitamin C (ascorbic acid) was also used alone 
in in combination with Piper cubeb. It is also a naturally occurring 
organic compound, which acts as a chain-breaking antioxidant and 
free radical scavenger. It has a protective effect against gentamicin, 
induced nephrotoxicity Abdel-Daim et al, Ali et al [19]. Several studies 
have suggested more effectiveness of combination therapy by co-
supplementation of two antioxidants (Kadkhodaee et al., Chandran 
et al., [20,21]. On microscopy in gentamicin only treated group B 
80% rabbits showed severe inflammation, 70% showed severe tubular 
necrosis and 70% showed severe glomerular congestion (Figure 
3,4). Kidney sections from rabbits in group C, and D treated with 
Piper cubeba and vitamin C alone respectively, showed only mild to 
moderate inflammation, tubular necrosis and glomerular congestion 
(Figure 5,6). These findings are in accordance with previous studies 
showing the preservation of normal renal architecture with the use of 
Piper cubeba and vitamin C. Ahmad et al. [11], observed a significant 
nephroprotective effect of Piper cubeba in both pre-treated and 
post-treated groups. They stated that Piper cubeba possesses 
significant benefit against gentamycin-induced nephrotoxicity. The 
maximum improvement was seen in Group E where Piper cubeba 

Figure 7: Photomicrograph showing mild inflammation. Group E (10 x 
magnification H&E).

Figure 8: Photomicrograph showing mild tubular necrosis in renal medulla. 
Group E. (20 x magnification H&E).
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was co-administered with vitamin C (Figure 7,8). Similar results 
were observed by Kadkhodaee et al. where they co‐administered 
moderate doses of vitamins C and E and observed positive effects on 
renal preservation in aminoglycoside induced nephrotoxicity [20]. A 
significant increase in proximal tubular dilatation with a p value of 
<.001 was found in group B (Figure 3). This finding is in accordance 
with Chen et al [22] they witnessed gentamicin causing a significant 
dilatation in lumen of proximal tubules. Kidney sections from rabbits 
in Group C, and D and E showed almost normal architecture of 
proximal tubules this is in keeping with the studies conducted by 
Ahmad et al and Alhusaini et al [11,23,24]. Where they observed 
similar results concomitant use of antioxidants. The difference in mean 
tubular diameter in group A, C, D and E was insignificant. Current 
study evaluated the nephroprotective effect of Piper Cubeba and 
vitamin C alone and in combination against aminoglycoside induced 
nephrotoxicity in rabbits. The study revealed that concomitant use 
of Piper cubeba and vitamin C alone or in combination along with 
gentamicin significantly reversed the nephrotoxicity observing the 
Histopathological parameters.

Conclusion
Piper cubeba was observed to be more nephroprotective in 

comparison to vitamin C. Likewise, co-administration of both Piper 
cubeba and vitamin C significantly augmented the nephroprotective 
effect of each other as compared to either Piper cubeba or vitamin C 
alone.
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