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Abstract
Objective: 1 (AFB1) suppresses the immune system. To decrease such sup-
pressive effects on the immune system, a wide range of herbal medicines like garlic are 
utilized. Biological activities of garlic in vitro and in vivo -
ous studies demonstrated that aged garlic (dry garlic bulbs preserved in the freezer for 

-
suppressor  fractions. This study focuses on the immunosuppressor activity of AFB1 and 
immunostimulator activity of aged garlic extract (AGE) through the evaluation of CD4+ 
CD25+ FoxP+ regulator cell (Treg) counts and the pattern of cytokine production in Balb/c 
normal mice.

Materials and Methods: In this experimental research, AFB1 was separated from As-

Delayed-Type Hypersensitivity (DTH) test was carried out to determinate the effectiveness 
of different doses of AGE and AFB1, which can both have an effect on the immune sys-
tem. Subsequent experiments were carried out on 20 Balb/c mice to estimate the effects 
of AGE and AFB1 on the number of Treg cell in 4 groups: 10 μl/kg/day of AFB1 and AGE 
diluents were administered for 4 consecutive days to group 1. AFB1, 2. control, 3. AGE 
+ AFB1
splenocytes harvested and the percentage of splenic T
cytometry analysis. The ELISA method was utilized to measure Cytokine production.

Results:  and IL-4 cytokines pro-
duced by splenocytes stimulated by  and decreased the number of 
Treg cells in the spleen (p<0.05). AFB1 increased the number Treg cells in the spleen and 
decreased cytokine production (p<0.05). In groups 2 (control) and 4 (AGE) the number of 
Treg cells decreased (p value<0.05) whereas in groups 1 and 3 the number of Treg cells 
increased (p<0.05).

Conclusion: This study indicated that AGE is able to alter the cytokine production in nor-
mal mice into a Th1 
and anti-tumor immunity in particular. AFB1 is able to alter the cytokine production into a 
Th2 protective pattern. Therefore, AGE might be used as herbal medicine with few side 
effects as compared to chemotherapy in treating cancers caused by substances like AFB1. 

Keywords: 1, Garlic, Treg Cells, Immunotherapy 

Cell Journal(Yakhteh), Vol 15, No 1, Spring 2013, Pages: 37- 44

Citation: 
CD4+ CD25+ + Treg cells in normal mice exposed to AFB1

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

CELL JOURNAL(Yakhteh), Vol 15, No 1, Spring 2013 38

Evaluation of Treg Cells in Mice Exposed to AFB1 and Treated with AGE

Introduction

also a suspected human carcinogen and has 
been shown to play a role in human hepatocar

 are 

number of T ) is 
changed in the human . The authors 

 on cells 

which cause harm by reacting with the chemi
 

Fig 1: The structure of AFB1 .

properties and benefits including antifungal 
antibacterial ac

that garlic modulates

protein fraction were shown to augment the 

infection and an upshot in the immune response 
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macologic effects including immunomodula
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Materials and Methods

Materials

AFB1 preparation

Aspergillus flavus
was purchased from the Iranian Research Or

 by 
slide chromatography. The Aspergillus flavus 

  separated 

Preparation of AGE
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in 
aged 

 were added to one liter of the superna

dodecyl sulfate polyacrylamide gel electrophore

SDS-PAGE electrophoresis

to estimate the molecular mass compacted with 

minutes and stained with coomassie blue.

The sample

) with free access to 

Animal care and treatment were conducted in 

Methods
Delayed-type hypersensitivity (DTH) test

On 
 

th

calculated according to the following formula 

Preparation of the animal model

 at a daily dose of 

optimal immunostimulatory dose. The second 

Splenocyte cytokine production measurement 
through ELISA method

The isolated spleen mononuclear cells were 

ti
gen and add
ed to each separately to stimulate the cells. After  

Right foot pad
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2

unconscious and medullary and seperated  spleen.

The control and treated animals were sacri
th day; 

spleens were resected under sterile conditions 

method was used. The cells were counted using 

 cells per milliliters in 

analysis

ence mouse regulatory T

.

Statistical analyses

pressed as measures of central tendency and dis

Results
Bradford assay and SDS-PAGE electrophoresis 

formed. The results are shown in figure 2.

Fig 2: Gel electrophoresis: protein bound in AGE is shown 
by arrow-head. 

Effect of AFB1 on DTH test

 on cell 

 

foot pad.

The percentage of foot pad swelling was meas

nificant difference in mice treated with a dose 
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and three days after the foot pad challenge. 
The steady increase in the pad swelling two 

 
 

was used for the 

Days after inoculotion
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Normal mice-injected with PBS 
(Controls)

Normal mice injected with 5 μl 
of AFB1 etc

Normal mice injected with 10 μl 
of AFB1 etc

Normal mice injected with 30 μl 
of AFB1 etc

Fig 3: The results of delayed type hypersensitivity (DTH) 
assay. As shown in the graph a significant difference in 
the degree of swelling was detected in the group treated 
with 10 μl of AFB1 (p=0.015 and 0.021 at two and three 
respectively).

Effect of AFB1 and AGE on splenic CD4 + CD25 + 
FoxP3 +  T cells
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Fig 4: Results of ELISA assessment showing the level of 
-

AFB1-treated group (p<0.05).

25

20

15

10

5

0
ControlAFB1+Treated 

Group
AFB1

Treated Group
 AGE+Treated 

Group

ll-4

IFN-

IL-4 / IFN-  

Fig 5: Results of ELISA assessment showing the level of 
-

difference between the AGE-treated group and AFB1-treat-
ed group (p<0.05). 

Effect of AFB1 and AGE on splenic CD4 + CD25 + 
FoxP3 + T cells    
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+ lymphocyte gate of splenocytes. B. Mean ± SE spleen %Treg cells in treated and control groups. (p value=0.049).

Discussion 

ing organisms causing harm. is a 

 on 

 while 

 effects on the immune system can be either 
criti

been shown to be differently affected by continu

for food and 
medicinal purposes worldwide for thousands of 

consumption has 
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homeostasis of immune functions (22). In the pre

in vivo
to select the optimal immunostimulatory dose of 

immunostimulatory dose and this dose was used 

able to enhance the capacity of splenic 

mitogenic stimulation. The authors also showed 
 could in

crease the total number of splenic Treg cells in the 

T

Treg 

some studies 
the number of T
production "an inducer metabolite for T

inhibit tumor growth in vivo  is able to in
crease Treg and stimulation tumor growth in vivo.

Conclusion 

 
that are needed to suppress the immune system and 

that are needed to support the immune system. Im

affected differently by continuous and intermittent 

decreases the production of Treg cells from sple

T
cell carcinogenesis. It is possible to speculate that 

effects during anticancer chemotherapy.
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