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ABSTRACT

Multidrug resistance (MDR) among microbes threatening our ability to treat common infectious diseases 
including typhoid, resulting in organ damages and finally death. Due to MDR, there is requirement to 
explore the natural products against infectious diseases. The present studies investigate the antioxidant 
effects of honey bee collected pollen and beebread against oxidative stress induced by Salmonella enterica 
serovar Typhimurium in BALB/c mice. Animals were divided into 8 groups: Group (Gp)1 was the normal 
control, Gp2 was infected with S. typhimurium, Gp3 was oral administration of bee pollen without infection, 
Gp4 was Salmonella infected and treated with bee pollen, Gp5 was given beebread without infection, Gp6 
was Salmonella infected and treated with beebread, Gp7 was oral administration of vitamin C without 
infection and Gp8 Salmonella infected and treated with vitamin C. Animals were scarified after 21 days 
and biochemical investigations of liver, spleen, kidney and sera were performed. The experimental data 
showed significant differences in honey bee products and vitamin C treated groups as compared to the 
infected group, indicates the ameliorative effect of honey bee products on S. typhimurium induced oxidative 
stress in mice.
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Salmonella typhi is a motile, rod shaped, gram-
negative bacteria, responsible for typhoid fever. The 
disease is primarily originated through the ingestion 
of water or food contaminated with excreta of 
typhoid infected person. Typhoid fever characterized 
by a sustained high fever, headache, stomach pain, 
inflammation, hepatic injury and diarrhoea. The invasion 
of bacteria in human body results in the production of 
reactive oxygen species such as superoxide and nitric 
oxide which further react to form peroxy nitrite, a 
damaging oxidant. The peroxy nitrite molecule initiates 
oxidation of lipids, proteins and damages DNA. 
These alterations in biomolecules initiate a series of 
pathological conditions. Therefore, rise in the level of 
reactive oxygen species (ROS) above the threshold, 
upset the balance between oxidant and antioxidant 
system and results in the production of a number of 
human diseases including ischemia, cancer, failures 
in immunity and endocrine functions as well as 
ageing (Mates et al., 1999). Though a number of 
antibiotics available in the market against Salmonella 
but due to emergence of its resistant strains, the control 
of typhoid is worldwide challenge. 

Traditionally, plants were used as a medicine to 
cure common ailment. Honey bees collect various 
substances from plants such as pollen, nectar, resins 
and modify them by adding their own secretions to 
fulfil the requirements of their colony. Therefore, 
bees collect and modify the necessities of their 
life from plants and rendered them more useful 
to human. Bee pollen is male gametophyte of the 
flower, collected by honey bees and mix it with the 
saliva and various secretions of their own in order 
to feed their larva. This modification of bee pollen 
by honey bees known as bee bread. Bee pollen and 
bee bread contains polyphenolic compounds and 
act as antibacterial, antioxidant, anti-inflammatory, 
anticancerous, rejuvenating as well as to cure 
neurodegenerative, cardiovascular, gastrointestinal 
tract diseases and treatment of wounds and burns 
(Pulido et al., 2000; Silva et al., 2004; Kaur et 
al., 2014; Kocot et al., 2018). The present study 
evaluates the antioxidant effects of bee pollen and 
beebread against Salmonella typhimurium in mice. 
S. typhimurium causes gastroenteritis in man but in 
mice, it produces typhoid fever as S. typhi does in 
humans. 
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MATERIALS AND METHODS

Pollen of Brassica campestris (hives placed in B. 
campestris crop) collected by installing pollen trap at 
the entrance of Langstroth beehive. Beebread collected 
with the help of forceps and spatula from the pollen cells 
stored by worker bees in the middle region of the comb. 
The samples extracted with water by following the 
method of Kaur et al. (2013a). 3g of fresh sample was 
suspended and extracted by shaking with 10 volumes 
of solvent at 20ºC for 1 day and the extracts were 
centrifuged at 5000 rpm for 1h. The supernatants were 
collected, filled up to 30 ml with solvent for biochemical 
analysis. The extract was freshly prepared each time 
before using in the experiment. The aqueous extract of 
bee collected pollen and beebread were screened for 
qualitative determination of different phytoconstituents 
according to the protocol of Kaur et al. (2013b), Misra 
et al. (2011), and Vijaylakshmi and Ravindhran (2012). 

Bacterial strain employed in the study was 
Salmonella enterica serovar Typhimurium (MTCC 
98), purchased from Institute of Microbial Technology 
(IMTECH), Chandigarh. It was identified biochemically 
according to Bergey’s Manual of systemic bacteriology. 
The strain was maintained in nutrient agar slants at 
4ºC. Fresh agar slant was taken out each time for 
further use. The strain transferred in the nutrient broth 
and kept overnight. Next day isolated colonies were 
procured by streaking on the nutrient agar plate, kept 
at 37ºC overnight. This was used for further studies 
as follows. After overnight incubation at 37ºC, cells 
harvested by cold centrifugation at 8000g for 10 min 
to obtain pellet. Then washed and suspended the pellet 
in phosphate buffer saline (PBS). OD measured at 600 
nm. For a particular OD, viable counts were determined 
by making serial dilutions and by spread plating on 
MacConkey agar followed by incubation at 37o C and 
counting CFU 24 hr later. 

Healthy five to six weeks old BALB/c mice 
(weighing 25- 30 g) of either sex were used. Animals 
were maintained under standard laboratory conditions 
of 12 hr light and dark cycle with free access to food 
(Ashirwaad Industries, Kharar, Punjab) and water 
ad libitum. Ethical clearance was taken from Animal 
Ethical Committee, Panjab University, Chandigarh. The 
antioxidant activity of B. campestris was determined 
with mice model using S. typhimurium as an oxidative 
stress inducer. Animals divided into different groups 
(6-8 mice). Group (Gp)1 served as normal control, 
administered with normal saline orally. Gp2 presented 

as infected control, administered intraperitonelly 0.2 
ml of 2 ×104 CFU/ml of Salmonella typhimurium. In 
Gp3, normal mice administrated bee collected pollen 
from B. Campestris orally. Gp4 served as treated with 
bee collected pollen from B. campestris (orally) in S. 
typhimurium infected mice. Gp5 contained normal mice 
administrated beebread from B. campestris orally. Gp 
6 as treated with bee bread from B. campestris (orally) 
in S.  typhimurium infected mice. Gp7 administrated 
Vitamin C orally in normal mice and Gp8 treated with 
Vitamin C (orally) in S.  typhimurium infected mice. 
To study biochemical changes, different doses i.e. 103, 
104 and 105 CFU/ml were administrated intraperitonally 
in the mice. 104 CFU/ml was observed as appropriate 
dose to induce oxidative stress. The infected animals 
of untreated group sacrificed on 5th day.

Different doses of bee pollen and bee bread were 
administrated to mice for different days. On the basis 
of results obtained, suitable dose and day were selected. 
In treated groups, the pollen and bee bread collected 
from B. campestris and Vitamin C were given orally at 
250mg/ kg body weight for 21 days to the mice after 
inducing bacterial infection. Animals were sacrificed 
next day.

Under diethyl ether, the animals were lightly 
anaesthetized. Gp 2 was sacrificed on 5th day as this 
was the peak day of infection while other groups were 
sacrificed immediately after 21 days of treatment. Mice 
from all groups were sacrificed and blood collected from 
jugular vein in the ependroff tubes. The blood samples 
were left to clot for 20 min at room temperature. Clear 
serum collected and then centrifuged at 3000 rpm for 30 
min. The sera were used immediately for the enzymatic 
analyses such as Alkaline phosphatase (ALP), Bilirubin, 
Lactate dehydrogenase (LDH), Urea, Uric acid and 
Creatinine with the help of standardized kit methods. 
After blood collection, animals were quickly dissected 
and liver, spleen and kidney were removed.

Weighed organs were homogenized in an ice-
cold 100 mM potassium phosphate buffer (pH 7.4) 
containing 150 mM KCl to obtain 10% homogenate 
(w/v). This homogenate was used for biochemical tests 
such as LPO (Lipid peroxidation), GSH (Glutathione) 
estimation. Then, homogenates of different tissues were 
subjected to cold centrifugation at 10,000 × g for 30 
minutes. The pellets were discarded and supernatants 
(Post-Mitochondrial Supernatant) were used for further 
estimation of GST (Glutathione-S-transferase), GP 
(Glutathione peroxidase), GR (Glutathione reductase), 
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SOD (Superoxide dismutase) and CAT (Catalase). The 
activity of different antioxidants estimated as LPO 
(Beuge and Aust, 1978), GSH (Moron et al., 1979), 
GST (Habig et al., 1974), GP (Pagila and Velentine, 
1967), GR (Carlberg and Mannervik, 1985), SOD 
(Kono, 1978) and CAT (Luck, 1971). The quantity 
of protein in homogenate and supernatant sample of 
liver, spleen and kidney was determined by the method 
of Lowry et al. (1951).  The data was presented as a 
mean ± standard error and analysed by ANOVA and 
Student’s t-test. p values of ≤0.05, ≤0.001 and ≤0.0001 
were considered to be significant, very significant and 
extremely significant, respectively.

RESULTS AND DISCUSSION

Effect on biochemical parameters (Table1)
The present study indicates alterations in level 

of serum parameters. The extremely statistically 
significant increase in the level of ALP, bilirubin, 
LDH, urea, uric acid and creatinine was observed in 
case of Gp2 as compared to Gp1. This interference in 
enzyme levels indicate the liver and kidney damage as 
membrane permeability of liver cells increases during 
liver injury that leads to leakage of hepatic enzymes 
from liver cells (Saleem et al., 2014; Kalia et al., 2016), 
increase in ALP and bilirubin indicate the biliary tract 
obstructions. After treatment with bee pollen and 

beebread extracts, the activities of serum enzymes are 
significantly ameliorated to near normal (Gp4 & Gp6), 
indicated that they strengthened the antioxidant system 
in mice and also enhance their ability to cope with 
oxidative stress and thus subsequent reduce hepatic and 
renal damage. On treatment with bee pollen and bee 
bread from B. campestris, the reduction was significant 
(p≤0.0001) in ALP, LDH, urea and creatinine, when 
compared to the Gp2. 

Apart from this in bilirubin, the moderate relief 
was observed which was statistically significant in 
case of Gp6 and in Gp4, no significant difference was 
reported. Almost similar results in the level of uric acid 
was observed as in Gp4 (p≤0.001) and Gp6 (p≤0.0001) 
respectively. Khalil and El-Sheikh (2010); Omnia 
et al. (2014) studied that administration of sodium 
fluoride and TAA (Thioacetamide) caused significant 
increase the activity of SGPT, SGOT, GGT, ALP, 
creatinine, urea, uric acid, nitric oxide (NO), sodium 
and potassium levels and decrease in total protein, 
albumin, magnesium, calcium and phosphorus levels 
as compared to normal group but after treatment with 
propolis or bee pollen their levels were normalized. The 
positive control groups, Gp3 and Gp5 showed enzymes 
activity (p≤0.0001) similar to normal (Kaur et al., 
2015). Animals treated with vitamin C with (Gp7) and 
without (Gp8)  infection showed extremely statistically 

Table 1. Effect of treatments on biochemical parameters in serum of BALB/c mice 

S.  
No

Biochemical 
tests

Gp 1 Gp 2 Gp 3 Gp 4 Gp 5 Gp 6 Gp 7 Gp 8

1. ALP
(KA units)

9.3
±  0.6

26.3
± 0.58@

10.2
±  0.3^

20.3
± 0.4^

10.3
 ± 0.46^

19.1
± 0.35^

9.03
± 0.42^

9.67
± 0.5^

2. Bilirubin 
(mg/ml)

1.05
± 0.13

2.3
± 0.1@

1.13
± 0.16^

1.9
± 0.2

1.09
± 0.11^

1.8
± 0.21*

0.97
± 0.02^

1.16
± 0.06^

3. LDH
 (IU/L)

197.39
± 2.12

264.6
± 1.7@

201.6
± 3.2^

221.95 
± 0.24^

199.86 
± 1.17^

209.77 
± 1.65^,π

197.56 
± 0.81^

201.79 
± 3.08^

4. Urea 
(mg/dl)

47.77
± 1.22

89.0
± 0.59@

48.24
± 0.35^

77.75
± 1.56^

44.69
 ± 1.09^

75.32
± 0.86^

45.54
 ± 1.59^

54.89
± 2.55^

5. Uric acid 
(mg/dl)

3.2
± 0.26

7.2
± 0.42@

3.47
± 0.12^

6.37
± 0.45*

3.43
± 0.21^

5.9
± 0.26^

3.03
± 0.15^

3.43
± 0.47^

6. Creatinine 
(mg/dl)

0.43
± 0.04

1.19 ± 
0.22@

0.43
± 0.02^

0.73
± 0.04^

0.41
± 0.02^

0.65
± 0.05^

0.39
± 0.02^

0.47
± 0.02^

Gp 1 v/s Gp 2 $ p<0.05 (statistically significant); %:p ≤ 0.001 (very statistically significant); @:p ≤ 0.0001 (extremely statistically 
significant) Gp 2 v/s Treated groups *  : p < 0.05 (statistically significant); # : p ≤ 0.001 (very statistically significant); ^ : p ≤ 0.0001 
(extremely statistically significant) Gp 4 v/s Gp 6 (π : p < 0.05; △ ≤ 0.001; ⍙ : p ≤ 0.001) (Gp 1: Normal mice - administered with 
normal saline orally. Gp 2: Infected mice - administered intraperitonelly 0.1 ml of 2 ×104 CFU/ml of Salmonella typhimurium. Gp 
3: Normal mice administrated bee collected pollen from Brassica campestris orally. Gp 4: Treatment with bee collected pollen from 
B. campestris (orally) in S. typhimurium infected mice. Gp 5: Normal mice administrated bee bread from B. campestris orally. Gp 
6: Treatment with bee bread from B. campestris (orally) in S. typhimurium infected mice. Gp 7: Normal mice administrated Vitamin 
C orally. Gp 8: Treatment with Vitamin C (orally) in S. typhimurium infected mice).
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significant difference in serum parameters as compared 
to the infected Gp2. Adikwu and Deo (2013) reported 
that vitamin C normalized levels of serum LDH, ALP, 
SGPT, SGOT, GGT and bilirubin in intoxicated animals. 

Effect on oxidative stress (Table 2)
Nimse and Pal (2015) studied that on the basis of 

size, antioxidants can be grouped into two classes, 
first class is small-molecule antioxidants and second is 
large-molecule antioxidants. The first class antioxidants 
are vitamin C, vitamin E, GSH and carotenoids that 
neutralize the ROS by radical scavenging process 
and carry them away. The second class antioxidants 
are absorb ROS and prevent them from attacking 
other essential proteins. The main antioxidants in this 
category are enzymes as SOD, CAT, GP and albumin. 
Regarding antioxidant system, five days exposure to 
S. typhimurium in mice caused rise in the level of LPO 
in Gp2 as compared to Gp1. The elevation in liver and 

spleen was up to extremely statistically significant 
(p≤0.0001) and in kidney upto statistically significant 
level (p≤0.05).  However, reduction (p ≤ 0.0001) in the 
levels of GSH, SOD, CAT, GST, GP and GR in liver and 
spleen were observed in Gp2 as compared to Gp1. In 
case of kidney, GSH and GST showed statistically very 
significant (p≤0.001), SOD, CAT and GP statistically 
extremely significant (p≤0.0001) and GR statistically 
significant (p<0.05) decrease between Gp1 and Gp2. 
These alterations in enzymes showed oxidative stress 
was produced in response to bacteria in mice. 

SOD is an important endogenous antioxidant 
enzyme acting against ROS by scavenging the 
superoxide radicals to hydrogen peroxide (H2O2). 
H2O2 accumulation further leads to the formation of 
more injurious hydroxyl radicals. To scavenge these 
hydroxyl radicals, GSH and CAT play major role.  GSH 
contains SH group which reacts with hydroxyl radicals 

Table 2. Effect of treatments on oxidative stress parameters in Liver, Spleen and Kidney of BALB/c mice

Biochemi-
cal tests 

LPO (n moles/
mg protein)

GSH (µ 
moles/mg 
protein)

SOD (units/
min./mg 
protein)

CAT (µ 
moles H2O2 

decomposed/
min./mg 
protein)

GST (µ moles 
GSH adduct 
formed/min./
mg protein)

GR (µ moles 
NADPH 

oxidized/min./
mg protein)

GP (n moles 
NADPH 

consumed/
min./mg 
protein)

Groups

Liver
Gp 1 0.21± 0.02 1.6 ± 0.35 9.6 ± 2.18 74.81± 2.09 0.86 ± 0.04 49.35± 1.32 13.28± 0.89
Gp 2 0.49 ± 0.03@ 0.62 ± 0.11@ 3.67 ± 2.4@ 46.03±1.99@ 0.43±0.03@ 32.8 ± 1.86@ 6.43 ± 0.54@

Gp 3 0.19 ± 0.03^ 1.7 ± 0.23^ 12.07±1.56^ 75.02±3.01^ 0.9 ± 0.02^ 51.62±1.34^ 14.22 ± 0.4^

Gp 4 0.36 ± 0.06^ 1.24 ± 0.34 5.87 ± 2.1 54.5 ± 1.35^ 0.69±0.01^ 41.86±1.34^ 8.04 ± 0.29
Gp 5 0.18 ± 0.01^ 1.77 ± 0.06^ 12.4 ± 1.5^ 75.5 ± 4.35^ 0.93±0.05^ 52.1 ± 3.16^ 14.55±0.41^

Gp 6 0.32 ± 0.02^ 1.42 ± 0.11* 8.8 ± 1.15^ 58.0±1.59^,π 0.75±0.04^,π 44.17±1.46^ 9.21 ±0.57*,π

Gp 7 0.17 ± 0.02^ 1.9 ± 0.3^ 13.2 ± 1.75^ 76.07 ± 3.5^ 1.04±0.14^ 53.1 ± 2.83^ 15.33±0.75^

Gp 8 0.26 ± 0.03^ 1.88 ± 0.08^ 10.03±2.61^ 71.87±1.94^ 0.91±0.02^ 49.58±3.39^ 12.77±0.87^

Spleen
Gp 1 0.30 ± 0.02 1.33 ± 0.15 10.7± 3.27 73.17± 1.75 0.74 ± 0.04 52. 45 ±1.21 9.46 ± 0.6
Gp 2 0.48±0.03@ 0.67±0.12@ 5.5 ± 1.85@ 27.2±1.78@ 0.23±0.04@ 36.16±1.5@ 5.27±0.32@

Gp 3 0.28 ±0.02^ 1.41 ± 0.09^ 11.8 ± 1.1^ 74.8± 1.94^ 0.83±0.10^ 53.96±2.06^ 10.5 ±0.41^

Gp 4 0.46±0.02 1.03±0.02* 7.06 ± 1.9 49.2± 4.27^ 0.60±0.03^ 41.83±1.57^ 7.03 ±0.44*

Gp 5 0.27±0.02^ 1.45 ±0.05^ 12.2± 2.3^ 75.0± 2.43^ 0.87±0.08^ 54.05±2.40^ 10.9± 0.86^

Gp 6 0.42±0.01*,π 1.1 ± 0.01# 7.81 ±2.67* 55. 1±5.44^ 0.67±0.02^,π 44.52±1.48^ 8.54±0.58^,π

Gp 7 0.27±0.02^ 1.6 ± 0.15^ 13.03±2.44^ 75.63 ±2.1^ 0.98±0.11^ 55.11±2.91^ 11.67±0.15^

Gp 8 0.32±0.006^ 1.45 ±0.05^ 10.13±3.15^ 71.01±2.64^ 0.77±0.02^ 49.98±5.11^ 9.03 ±0.62^

Kidney
Gp 1 0.11± 0.006 1.23 ± 0.23 10.82 ± 4.25 79.8 ± 2.88 0.71 ± 0.02 78.8 ± 1.55 11.16 ± 0.66
Gp 2 0.18±0.006$ 0.75 ±0.05% 8.2 ± 1.7@ 60.21±1.05@ 0.52 ±0.03% 75.48 ±1.84$ 8.13 ±0.74@

Gp 3 0.09 ± 0.06* 1.33 ± 0.15^ 12.46 ±1.56^ 80.17 ± 1.9^ 0.87 ± 0.04^ 79.43 ±2.86# 11.89 ±0.95^

Gp 4 0.17 ± 0.01 0.92 ± 0.09 7.17 ± 1.0 61.63 ± 3.02 0.53 ± 0.02 65.77 ±1.59^ 8.34 ± 0.99
Gp 5 0.09±0.006# 1.37 ± 0.06^ 12.8 ± 1.10^ 80.33±1.10^ 0.89 ±0.07^ 79.75 ±1.82^ 11.96 ±0.57^

Gp 6 0.13 ± 0.01π 1.0 ± 0.11 8.23 ± 1.15 70.2±1.25^,π 0.63 ± 0.02$ 69.0 ± 1.45^ 9.49 ± 0.56
Gp 7 0.07 ± 0.06^ 1.42 ± 0.17^ 13.87 ±1.37^ 81.1 ± 1.98^ 1.01 ±0.09^ 80.6 ± 3.25^ 12.45 ±0.47^

Gp 8 0.11 ± 0.01* 1.27 ± 0.2^ 10.48 ±1.73^ 79.63±5.50^ 0.72 ±0.02^ 79.26 ±1.33# 10.51 ±0.59#
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and H2O2 thus prevent tissue destruction as well as also 
capable of scavenging ROS directly or enzymatically. 
GR was necessary for the conversion of GSSG to 
GSH thus helped in the removal of H2O2. Urso and 
Clarkson (2003); Wassmann et al. (2004) reported that 
GP contained selenium that oxidized hydrogen peroxide 
and lipid peroxide to water and lipid alcohols. The 
administration of S. typhimurium along with bee pollen 
and beebread caused significant restoration up to the 
level of control group in antioxidants. Some relief was 
observed in case of kidney but this was not statistically 
significant in all antioxidants. Present results indicate 
that bee pollen and beebread work as an antioxidants 
by retarding the process of oxidation by free radicals 
and further damage.

Similar free radical scavenging activities of honey 
bee products in different organs was observed against 
oxidative stress induced by propoxure (Eraslan et al., 
2009a), carbaryl (Eraslan et al., 2009b), sodium fluoride 
(Khalil and Sheikh 2010), acetaminophen (Akkol et 
al., 2010), cisplatin (Karadeniz et al., 2011), carbon 
tetrachloride (Yildiz et al., 2013) and many more. They 
showed that bee pollen also have anti-inflammatory, 
antinociceptive and antiapoptotic activities. In the 
present research, it was observed that bee pollen and 
bee bread when administrated alone (i.e. without S. 
typhimurium infection), should not exert any negative 
effects on the tested parameters (Kaur et al., 2014; Kaur 
et al., 2015). Almaraz-Abarca et al. (2004) reported that 
bee collected pollen of different plants had antioxidant 
activity. It was based on the free radical scavenging and 
on lipid peroxidation inhibition activities. Nagai et al. 
(2004) observed that bee bread had higher acidity as 
compared to pollen because of presence of lactic acid 
and vitamin K. Bee bread contained larger amount of 
protein but less carbohydrates. It also play important 
role in regulation of lipid metabolism in patients 
suffering from chronic joint diseases and in immune 
system of type 2 diabetic patients. 

On comparing the radical scavenging activity of 
pollen and beebread, it was noticed that beebread (Gp 
6) possess higher antioxidant activity as compared 
to bee pollen (Gp 4), but not better than vitamin C 
(Gp 8). Treatment of infected mice with vitamin C 
showed highest antioxidant potential in liver, spleen 
and kidney as compared to bee pollen and beebread. 
Ascorbate primarily found in the cells and tissues and 
regarded as an effective antioxidant. It helps to protect 
lipids, proteins, carbohydrates, and nucleic acids from 
destruction produced by pro-oxidants thus helps to 

maintain the general health. Vitamin C act either by 
reaction with aqueous peroxyl radicals or by restoring 
the antioxidant properties of fat-soluble vitamin E 
(Bendich et al., 1986; Isela et al., 2013; Adikwu and 
Deo, 2013). The overall function of these antioxidant 
activities is beneficial in the control of lipid peroxidation 
of cellular membranes of surrounding as well as within 
intracellular organelles. 

On comparison of bee pollen and bee bread, bee bread 
(Gp6) showed high antioxidant potential as compared 
to bee pollen (Gp4). The antioxidant effects observed 
in our study can be allocated to various phytochemicals 
such as tannins, flavonoids, carbohydrates, steroids, 
terpenoids, alkaloids, coumarins and quinones present 
in the bee pollen and bee bread as many studies 
described that they possess the antioxidant activity. 
Secondary metabolites are small molecular weight 
antioxidants, act through direct or indirect mechanisms 
as chain-breaking of the free radical propagation, 
interaction with transition metals, inhibition of ROS-
generating enzymes such as xanthine oxidase, nitric 
oxide synthase and improving the endogenous cellular 
antioxidant mechanisms. It has been proposed by 
Malomo et al. (2011). Zarei et al. (2015) studied that 
polyphenolic compounds revive the cells against 
glutathione depletion and also fortify them by increasing 
the capacity of antioxidant enzymes. They provided 
strong correlation of flavonoids with antioxidant, anti-
diarrhoeal, analgesic, anti-inflammatory, antipyretic 
and various other biological properties specifying the 
utmost importance of bioactive constituents.

In consideration with the results we procured and 
earlier study observations, it was clearly indicated 
that water extracts of bee pollen and bee bread has the 
tendency to prevent the oxidative stress produced by 
S. typhimurium in liver, spleen and kidney induced in 
experimental mice. It indicates that both extracts have 
antioxidant potential but the more in case of bee bread 
as compared to bee pollen. This may be due to their 
phytochemical composition which is more in case of 
bee bread as compared to bee pollen. They have good 
impact on both the enzymatic (SOD, CAT, GR, GP and 
GST) and non-enzymatic antioxidant (GSH). The bee 
bread showed more antioxidant potential as compared 
to bee pollen but not as compared to vitamin C. On 
the whole, bee pollen and bee bread has much hope 
for its antioxidant potential which had been proven in 
its lowering oxidative stress and serum enzymes level 
improvements. 
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