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Abstract
 This study was performed on fifty adult male laboratory rats (Rattus norvegicus) of 175 – 200 grams 
weights. The animals were randomly allocated into five equal groups of ten rats each. The groups of rats 
were: First, control group where the animals were fed on a standard diet along the experiment period; the 
Second and Fourth groups, where also maintained on a standard diet while the Third and Fifth groups were 
also maintained on a standard diet and they were orally dosed with Quercetin (20 mg) and vitamin C (500 
mg) daily. Suspension in phosphate buffer solution (PBS) was made for the bacteria and colony forming unit 
(CFU) count was done after making 10-folds serial dilutions. The rats of the second and third groups were 
intramuscularly injected with 16×106 (CFU) of Klebsiella pneumoniae while those of fourth and fifth groups 
were intramuscularly injected with 20×105 (CFU) of Pseudomonas aeruginosa. After 48 hours of challenge 
with bacteria, all the rats of the second group and 4 rats of the third group died. On the other hand, all the rats 
of fourth group and 3 rats of the fifth group died. The organs of died animals of all groups like the stomach, 
spleen, liver, and thigh muscle were immediately picked up and weighed after death and well homogenized 
with (PBS) to obtain counting of (CFU) in the organs mentioned. Passing 3 days later, the survived 6 rats of 
third group and the survived 5 rats of fifth group were euthanized and their organs were treated as the same 
as the process mentioned before to gain the organs (CFU) count. The results in this study clarify that the use 
of Quercetin plus vitamin C has led to increase the survival of rats challenged with bacterial infection and 
the organs bacterial count of them was significantly less than those rats maintained without supplementation 
with Quercetin and vitamin C at (P≤0.05).  
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Introduction
 Opportunistic microbial pathogens are serious 

challenging obstacle in fields of human or veterinary 
medicines and Pseudomonas aeruginosa comes in 
the queue of these pathogens (1). The other paramount 
pathogen is Klebsiella pneumoniae which is considered 
as a major problem in patients who suffer from 
malignancies and who are dwelling in hospitals (2). 
Vitamin C is well proved for its fantastic features in 
defensing against diseases, protecting and promoting 
all bodily functions. Of these effects relating to vitamin 
C are its role as an antioxidant agent, collagen and 
bone formation assistant, and assistant in enzymes 
and coenzymes models (3). In addition, vitamin C 
was approved to be protective in different ways and 
in different systems of the body and it can be gained 

naturally by consuming different vegetables and fruits 
especially citrus fruits, berries, tomatoes and others (4). 
Furthermore, vitamin C was clearly reported to cause 
healing, repairing and protection against heavy metals 
intoxication in the vital organs like liver and kidney of 
laboratory animals (5).

 Polyphenolic compounds are a vast family 
spreading in the world of plant kingdom and comprise 
flavonoids as a member of them (6). Quercetin belongs 
to the family of flavonoids and it is of highly antioxidant 
capacity (7) and it is fluently found in apples, beans, 
broccoli and onions in particular (8). The antioxidant 
potency of quercetin was found to be as four times as that 
of tocopherol (9). The effects of quercetin were linked 
to its antioxidant potency and its modulating effects on 
antioxidant enzymes beside its genomic stability effect 
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(10). Vast range of beneficial features of quercetin were 
reported like anticancer, anti-inflammatory, antiulcer, 
antibacterial, antiviral, cataract preventing role, 
cardiovascular system protector and other (11). Quercetin 
also has a protective role against lipid peroxidation 
and prevent cellular injury (12). Besides, quercetin was 
reported to be protective against poisonous compounds 
and has ameliorating and protective role for the 
hematological and reproductive aspects of laboratory 
animals (13, 14). 

Materials and Method
- Animals and Diets

Fifty adult laboratory male rats (Rattus norvegicus) 
of weights 175 – 200 grams were purchased from a local 
licensed laboratory medical centre and they were housed 
in a suitable cages in a very typical laboratory conditions 
and allocated randomly into five groups of ten rats each. 
The rats were fed and treated as: 

1- Control group, fed and maintained on a standard 
diet (AIN-93) referenced by (15). 

2- Second group, fed and maintained on a standard 
diet.

3- Third group, fed and maintained on a standard 
diet and they were orally dosed with Quercetin (20 mg) 
and vitamin C (500 mg) daily. The doses of quercetin 
and vitamin C were chosen depending upon LD50 
(161mg/kg for quercetin, and 11,900 mg/kg for vitamin 
C) as referenced by (16, 17) respectively. 

4- Fourth group, fed and maintained on a standard 
diet.

5- Fifth group, fed and maintained on a standard 
diet and they were orally dosed with Quercetin (20 mg) 
and vitamin C (500 mg) daily.  

- Experimental Challenges

The protocol of the experiment was continued 
for one month during which the rats were maintained 
on standard diets and the treatment with quercetin and 
vitamin C was done as mentioned before. After that, the 
rats of the second and third groups where intramuscularly 
injected with 16×106 (CFU) of Klebsiella pneumoniae. 
Organs of these animals including spleen, liver, 
kidney, lung and thigh muscle were homogenized in 
sterile PBS after being removed and weighed. Viable 

bacteria number in the organs was obtained by plating 
on specific agar; BHI agar and the expression of results 
was the number of CFU/g – tissue. The rats of the fourth 
and fifth groups were intramuscularly injected with 
20×105 (CFU) of Pseudomonas aeruginosa. Organs of 
these animals were processed as before mentioned and 
viable bacteria number in these organs determined by 
plating on specific agar plates; cetrimide agar and the 
expression of results was the number of CFU/g – tissue. 
All plates where incubated for 24 hours at 37 C° and 
the scoring of CFU was done. The bacteria isolates used 
in this experiment where obtained from Basrah general 
hospital. Cetrimide agar was prepared according to the 
manner described by (18). 

- Statistical analysis

At (P≤0.05), (t) test was used to find out the 
significant differences among groups by using SPSS 
program version 20. 

Results and Discussion
It is obvious from the results shown in tables below 

that the use of quercetin and vitamin C was very effective 
against the experimental infection of rats with Klebsiella 
pneumonia and Pseudomonas aeruginosa bacteria where 
it causes a significant increase in the survival numbers 
and ratios of rats (table 1) and a significant decrease 
in the numbers of bacteria isolated from different rats 
organs (tables 2 and 3).

 Quercetin has been reported and documented by 
vast numbers of researches to be a very potent against 
viral, fungal, and bacterial infections beside its beneficial 
effects on all bodily systems and immunity. One of these 
studies (19) who mentioned that quercetin has a wide 
range of antiviral, antibacterial, antioxidant properties. 
As anti-inflammatory agent in animals, quercetin was 
found to be very potent against inflammation and has a 
modulatory effect on the immune system beside boosting 
immunity as a whole (20). It was found to decrease TNF-α 
of adipose tissue and nitric oxide generation in obese rats 
(21). The mechanism of quercetin effects against bacterial 
infection might be related to its anti-inflammatory role 
where it has a very strong antioxidant potency and cause 
increase the secretion of cytokines (22, 23).

 Vitamin C on the other hand, is well known for its 
drastic effects against infections such as protozoal, viral 
and bacterial infections (24). Infections with microbial 
agents in humans or animal lead to oxidative stress and 
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then activation of phagocytes which in turn will cause 
elevation in reactive oxygen species ROS production (25, 

26). These ROS are known to cause damages to the cells 
and it was found in many cases of infection that vitamin C 
contents in macrophages or leukocytes declines severely 

in cases of infection (27, 28). One can exclude that vitamin 
C is required as antioxidant in case of infection and it 
can exert its action throughout its antioxidant effects 
against ROS beside its boosting role to other immune 
system compartments (29, 30, 31, 32).  

Table (1). Role of quercetin and vitamin C on rats’ survival after being challenged with Klebsiella 
pneumonia and Pseudomonas aeruginosa.

Groups Total rats 
number Number of died rats Number of survived 

rats
Ratio of survived rats 
%

Control
10 0 10 100

Second
Klebsiella 10 10 0 0

Third
Klebsiella + Vit C and 
Quercetin 10 4 6 60

Fourth
Pseudomonas 10 10 0 0

Fifth
Pseudomonas + Vit C and 
Quercetin 

  
10

  
3

  
7

  
 70

Table (2). The role of Quercetin +vitamin C on the cultured Klebsiella pneumonia bacterial numbers 
isolated from different rats organs

Organs Groups 

StomachSpleenLiverKidneyLungMuscle

C 
0

C 
0

C 
0

C 
0

C 
0

C 
0   Control

A 
12×107A 

16×107
A 
9×107

A 
40×107

A 
27×107

A 
62×107Second

Klebsiella 

B 
16×106

B 
24×106B 

27×106
B 
10×106

B 
7×106

B 
15×106

Third
Klebsiella + Vit C and 
Quercetin 
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Table (3). The role of Quercetin +vitamin C on the cultured Pseudomonas aeruginosa bacterial numbers 
isolated from different rats organs

 Organs
Groups

Stomach SpleenLiver kidneyLungMuscle

C
0

C
0

C
0

C
0

C
0

C
0

Control 

A 
11×107

A 
13×107

A 
8×107

A 
31×107

A 
25×107

A 
37×107Fourth

Pseudomonas 

B 
14×106

B 
21×106

B 
21×106

B 
8×106

B 
6×106

B 
13×106

Fifth
Pseudomonas + Vit C 
and Quercetin 
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