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ABSTRACT

Objective: The aim of this study is assessment of protective role of bee pollen in antituberculosis drug (rifampicin and isoniazid)-induced toxicity in 
testis of Sprague Dawley rats.

Methods: Healthy rats weighing 180±20 g were selected for the study. Rats were divided into five groups, i.e., Group A (control), Group B (100 mg/kg 
body weight/day rifampicin-treated), Group C (rifampicin 100 mg/kg body weight and bee pollen 100 mg/kg body weight), Group D (isoniazid 
50 mg/kg body/day treated), and Group E (isoniazid 50 mg/kg body weight/day with bee pollen 100 mg/kg body weight/day) serve as experimental 
groups.

Results: Aqueous extract of bee pollen when administered along with the antituberculosis drugs (rifampicin, isoniazid) showed significant reduction 
in the level of malondialdehyde while the activity of superoxide dismutase, glutathione (GSH) reductase, glutathione peroxidase, glutathioneS-
transferase, catalase, and GSH was elevated representing the antioxidant potential of bee pollen against the drug-treated groups. Supplementation of 
bee pollen significantly reduced histological changes in the testis of drug-induced groups such as smaller epithelial height, germ cell loss, and irregular 
seminiferous tubules to near normal.

Conclusion: Bee pollen has shown the modulatory effect against damage and oxidative stress induced by antituberculosis drugs (rifampicin and 
isoniazid) in rat testis.
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INTRODUCTION

The World Health Organization (WHO) has shown concern about the 
burden of tuberculosis in the developing countries. About 1.8 million 
deaths are caused by Mycobacterium tuberculosis worldwide and 
there is an increase in a number of new cases as well [1]. Even though 
rifampicin and isoniazid are wonder drugs in effective management of 
tuberculosis, certain toxic effects have been documented in humans. The 
coadministration of ethambutol, isoniazid, rifampicin, and pyrazinamide 
to male rats during the period of spermatogenesis caused an increase in 
the level of malondialdehyde (MDA), and the rate of glutathione (GSH) 
and protein SH-group contents was significantly decreased [2]. Fatal 
decrease of male fertilizing capacity and fertility was also reported by 
antituberculosis drugs. To minimize the adverse effects of tuberculosis 
therapy, there is a necessity to supplement tuberculosis therapy with 
natural products. Various natural products such as Ocimum sanctum [3], 
garlic [4], Silymarin [5], Aloe vera [6], and propolis [7] had potential to 
reduce the oxidative stress caused by antituberculosis drugs. Keeping all 
these activities in mind, the present experiment was designed to study 
the preventive role of bee pollen against toxic effect of antituberculosis 
drug induced toxicity in Sprague Dawley (SD) rats.

MATERIALS AND METHODS

Drugs
Rifampicin and Isoniazid drugs were purchased from HiMedia.

Bee pollen
Bee pollen was collected from Langstroth beehives maintained in an 
apiary at Majri village near old Panchkula, Haryana. Aqueous extract of 
bee pollen was prepared.

Experimental animals
Male SD rats of body weight in the range of 180±20 g were obtained 
from the central animal house of Panjab University, Chandigarh. 
All experiments and protocols reported here strictly followed 
the principle as laid down by the Institutional Animal Ethical 
Committee (IAEC), Panjab University, Chandigarh vide letter no 
PU/IAEC/2013/18.

Experimental protocol
The rats were divided into five groups randomly (n=6)
•	 Group A received only the normal diet.
•	 Group B received along with normal diet received the rifampicin 

(100 mg/kg body weight/day)
•	 Group C received along with normal diet rifampicin (100 mg/kg body 

weight/day) and bee pollen (100 mg/kg body weight/day)
•	 Group D received along with normal diet isoniazid (50 mg/kg/day)
•	 Group  E along with normal diet received with isoniazid 

(50 mg/kg/day) and bee pollen (100 mg/kg/day).

These treatments were given daily for 30 days. All rats were kept under 
identical conditions for 30  days with free access to food (standard 
laboratory pellet diet from Ashirwaad Industries) and water. After the 
last treatment, rats were sacrificed under light anesthesia and cervical 
dislocation. Testes were removed and weighed for preparing tissue 
homogenate. Testis samples were rapidly excised; after dissection, 
washed with ice-cold saline and 10% testis homogenates were 
prepared in ice-cold phosphate-buffered saline (PBS, pH  7.4) using 
homogenizer for 2 minutes at 3000 r.p.m in ice till total disruption of 
cells. Post-mitochondrial supernatant was prepared by centrifugation 
at 10,000 g for 20 minutes at 4°C in cold centrifuge.
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higher (13.915±0.156 IU/mg protein) as compared to rifampicin- and 
isoniazid-treated groups, respectively. These values were significantly 
near the control values of (13.835±0.176  IU/mg protein). Decreased 
activity of CAT 40% (rifampicin-treated rats) and 36% (isoniazid-
treated rats) was found in rat testis supernatants as compared to 
control group (0.125±0.006 µmoles of H2O2 decomposed/min/mg 
protein) indicating attenuation of the most significant antioxidant 
enzyme. Significant increase (p<0.001) was recorded when bee pollen 
was administered along with antituberculosis drugs indicating positive 
effect on CAT activity. Similarly, treatment of rats with rifampicin and 
isoniazid caused a significant decrease (p<0.001) in reduced GSH level, 
GST when compared with control group. GSH (45.51% and 32.44%) 
and GST (45.07% and 16.95%) activity improved on bee pollen 
cotreatment with rifampicin and isoniazid, respectively. GR and GPx 
activities were significantly elevated in bee pollen-treated groups 
(p<0.001) in comparison to rifampicin-  and isoniazid-treated group 
that produced a significant decrease in the activities of GR and GPx 
(p<0.001).

Histopathological study of testis
Under Nikon phase-contrast microscope, examination of testis tissue in 
control group revealed Plate 2 - C, the presence of healthy blood vessels 
with normal architecture of seminiferous tubules. The spermatogonia, 
spermatocyte, spermatids, spermatozoa, and Sertoli cells can be easily 

Plate 1: Oxidative stress parameters in testis of SD rat. C: Control, D1: Ripfampicin, D1O: Ripfampicin+Pollen, D2: Isoniazid, 
D2O: Isoniazid+Pollen as treatment groups. p value: a1 (p≤0.001), a2 (p≤0.001), a3: (p≤0.05) statistically significant difference w.r.t. 

control. p value: b1 (p≤0.001), b2 (p≤0.001), b3: (p≤0.05) statistically significant difference w.r.t. Ripfampicin treated group. 
P value: c1 (p≤0.001), c2 (p≤0.001), c3: (p≤0.05) statistically significant difference w.r.t. Isoniazid treated group

Biochemical analysis
Lipid peroxidation product was determined by measuring MDA content 
in tissue homogenates according to the method of Begue and Aust [8] 
spectrophotometrically at 532 nm. Superoxide dismutase (SOD) activity 
was determined by following the method of Kono [9] at 560 nm. Catalase 
(CAT) activity was determined according to method of Luck [10] based 
on determination of the H2O2 decomposition rate at 240 nm. The level 
of reduced GSH was measured as protein-free sulfhydryl content by the 
method of Sedlak and Lindsay [11] at 412 nm, activity of glutathione 
S-transferase (GST) was determined using spectrophotometer by the 
method of Habig et al.[12] at 340 nm, glutathione peroxidase (GSH-Px) 
was assessed according to the method of Pagila and Valentine [13] at 
340 nm, and glutathione reductase (GR) activity was determined by the 
method of Carlberg and Mannervick [14].

Histopathologic analysis
Testis tissues from the rats were fixed in 10% formalin solution 
overnight. After fixation, the sections were subjected to routine 
histologic tissue preparation and dehydrated and embedded in paraffin. 
Paraffin blocks were sliced to 0.5 mm thickness with a microtome and 
after hematoxylin and eosin staining, and they were analyzed under a 
light microscope

Statistical analysis
All data were expressed as the mean±standard deviation. Data were 
analyzed by one-way analysis of variance and means were compared. 
A probability value of p≤0.05 was considered statistically significant.

Oxidative stress-related parameters
Generation of ROS on administration of antituberculosis drugs 
(rifampicin and isoniazid) leads a series of imbalances measured in 
terms of related enzymes and molecules in rat testis PMS. The level 
of lipid peroxides was assessed by estimation of formation of MDA, 
an indicator of lipid peroxidation. Animals treated with rifampicin 
(p<0.001) and isoniazid (p<0.001) showed a significant increase in 
the level of MDA concentration compared to control group (0.54±0.02 
nmoles/mg protein). Administration of bee pollen extract [15] with 
antituberculosis drugs significantly reduced the adverse effect by 
30.59% (rifampicin) and 41.24% (isoniazid) on testis lipid peroxidation 
(Plate 1).

The activity of SOD significantly decreased in rifampicin 
(9.763±0.214  IU/mg protein)-treated rats and in isoniazid 
(10.165±0.199  IU/mg protein)-treated rats showing the depletion 
of antioxidant system. In rifampicin-  and bee pollen-treated 
rats, values were 43.8% (14.038±0.211  IU/mg protein) while in 
isoniazid-  and bee pollen-treated group, the values were 36.9% 

Plate 2: Histopathology of testis. C: Control, showing 
normal cells in seminiferous tubule. D1: Rifampicin, the 

number of spermatocytes and spermatogonia decreased. 
D1O: Rifampicin+Pollen, seminiferous tubules with several layers 

of epithelial cells and recovery of germ cell population. 
D2: Isoniazid, the germinal epithelium eroded. 

D2O: Isoniazid+Pollen, thickness of germinal epithelium 
improved (×40)
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identified in the seminiferous tubule. The lumen of seminiferous tubule 
is occupied by large number of spermatozoa. Leydig cells are also clearly 
seen in the interstitial spaces. In Rifampicin (100 mg/kg body weight)-
treated group, the histopathology showed distorted morphology in 
contrast to that in the control group. The seminiferous tubules were 
shrunken and with wavy outlines. A number of spermatocytes and 
spermatogonia are decreased. Debris of dead cells can be seen in 
the lumen of seminiferous tubules. Distorted and less concentration 
of germ cells was recorded in groups treated with rifampicin drug. 
Detachment of spermatogenic cells was also recorded Plate 2 - D1. In 
Isoniazid (50  mg/kg body weight)-treated group, the histopathology 
showed anomalous morphology in contrast to that in the control group 
(Plate 2 - D2. The germinal epithelium was eroded. Severe interstitial 
edema was seen. Multinucleate giant cells were frequently observed 
and reduced numbers of spermatozoa were present.

Aqueous extract of bee pollen when fed along with drugs revealed 
noticeable enhancement in the testis histoarchitecture and clogged the 
rifampicin-/isoniazid-induced alterations as shown in Plate 2  -  D1O, 
D2O. The seminiferous tubules consist of several layers of epithelial 
cells with recovery of germ cell population was seen in the lumen. The 
thickness of germinal epithelium was also improved with treatment 
with bee pollen. Morais et al. (2011) advocated that bee pollen 
constitutes a good source of healthy compounds and is a potential 
source of new antimicrobial agents. Shayakhmetova et al. reported that 
the rats groups administered with ethambutol, rifampicin, isoniazid, 
and pyrazinamide showed increased level of germinal epithelium 
exfoliation into the lumen of seminiferous tubules. Reports of previous 
workers supported the presence of various antioxidants in bee pollen, 
and the present study supports the protective efficacy of bee pollen 
against antituberculosis drug-induced toxicity. The present study 
attempts to create awareness concerning the modulatory potential of 
bee pollen against antituberculosis drug-induced toxicity in SD rats.

DISCUSSION

Reactive oxygen species (ROS) play a vital role in sperm maturation 
and capacity. The delicate equilibrium between ROS production and 
recycling is crucial for normal spermatogenesis and its excessive 
generation causes male infertility [2]. Bee pollen has arisen as a 
promising agent with the recognition of its antioxidant effects. The 
bee pollen contained about 67.7% carbohydrates, 21.8% crude 
protein, 5.2% crude fat, and 2.9% ash. The phenolic contents (12.9 to 
19.8 mg of gallic acid equivalents/g of extract) and flavonoid contents 
(4.5-7.1  mg of catechin equivalents/g of extract) were reported from 
the samples. About 100 g of bee pollen contained about 396.4-411.1 
kcal energy [16]. Rifampicin-  and isoniazid-induced toxicity and 
oxidative stress relationship have been reported previously [3,4,7]. 
Mechanism of drug toxicity is through production of free radical and 
their capability to induce apoptosis by the production of ROS, lipid 
peroxidation, and cell membrane damage [5,6]. In the present study, 
statistically significant differences were observed in the oxidative stress 
markers in testis tissues and in histopathological parameters of male 
SD rats treated with rifampicin and isoniazid as compared to control 
group rats, and also statistically significant amelioration of toxicity 
was found in rifampicin and isoniazid plus bee pollen-treated group 
as compared to antituberculosis drugs alone. The results suggested 
that when administered at the indicated dose and for the given period 
to rats, bee pollen caused modulatory influence on the parameters 
investigated. Bee pollen has been found to have some protective effect 
against carbon tetrachloride-induced toxicity [17] and malathion-
induced toxicity [18]. Previous studies showed that antituberculosis 

drugs damaged the endogenous antioxidant system of the whole 
body [3-7] In our results, it is clearly reflected that supplementation 
of diet with bee pollen in animals has antioxidant and protective effect 
when given along with antituberculosis drugs (rifampicin as well as 
isoniazid). It is thus observed that bee pollen has strong potential to 
provide protection against antituberculosis drugs-induced toxicity in 
rats as evidenced by improved histological parameters and rebuilding 
of the antioxidant/oxidative status.
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