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Abstract
Objective: Garlic (Allium sativum) has anti-inflammatory, anti-mutagenesis, and 
immunomodulatory properties that modulate anti-tumor immunity and inhibit tumor 
growth. In this study we have examined the effect of a protein fraction isolated from 

Materials and Methods: In this experimental study a protein fraction was purified from 
fresh garlic bulbs using ultra-filtration, followed by chromatofocusing, and SDS-PAGE 
analysis. Anti-tumor activity was assessed by intra-tumor injection of the protein frac-
tion and garlic extract, itself, into groups of 5 mice each. The percentage of peripheral 
blood and intra-tumor CD4+ and CD8+ cells were assessed by flow cytometry. Un-
paired student’s t test using the SPSS program was applied for all statistical analyses.

Results: Garlic extract included different type of proteins with different molecular weight. 
One of protein’s fraction was immunomodeulator and was composed of three single poly-
peptides, with molecular masses of ~10-13 kDa and different isoelectric points (pI). These 
molecules augmented the delayed type hypersensitivity (DTH) response compared to the 

CD8+ subpopulation of T-lymphocytes, as well as a decrease in tumor size. The fraction 
increased peripheral blood CD8+ T-lymphocytes in treated animals.

Conclusion: The data confirms that protein fractions purified from fresh garlic bulbs 
augment CD8+ T-cell infiltration into the tumor site, inhibiting tumor growth more ef-

on the purified polypeptide as a useful candidate for immunomodulation and tumor 
treatment. 
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Introduction

the growth of transplantable tumors and reduce the 
incidence of certain spontaneously occurring tumors 

outcome of the immune response toward Th

Although tumor cells attempt to escape immune 

) and cy

in vitro
disease progression in vivo implies that these cells 

cause they represent an enriched population of cells 

 In the present study we sought to determine if 

in vivo and if the 

compared it 

both inside the tumor and in peripheral blood.

Materials and Methods
Animals

Garlic extraction

part distilled water in a blender. The homoge

run through an Amicon ultra filter system using 

Chromatofocusing
The chromatofocusing method was used to separate 

proteins according to their isoelectric 

rate of 

by a spectrophotometer.

SDS-PAGE analysis

termine the purity and molecular mass of the isolated 
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Lymphocyte proliferation assay
 

termine the effect of garlic fractions on lymphocyte 
proliferation.

and cells were isolated from the tissues by gently us

that contained the splenocytes was transferred to a 

were washed twice with culture medium and resus

2

2

Delayed type hypersensitivity

  

Tumor transplant and evaluation

   
spontaneous mammary tumor cells was injected sub

Intra-tumor evolution of T-cell subpopulation

with a forceps and scalpel. The pieces were rinsed 

washed  
oclonal antibodies.

Immunophenotyping of T-cells in peripheral 
blood and tumor

the reference immunophenotypic pattern using stand
 cells) each of 
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cused on the lymphoid areas of the forward and side 

Statistical analysis

Results

according to their molecular mass using Amicon 

Fig 1: A. Schematic diagram of R10 purification by 
ultra-filtration; B. SDS-Page electrophoresis of partial 
purified garlic extract by Amicon ultra-filtration; C. 
Chromatofocusing graph of R10 fraction; D. SDS-Page 
electrophoresis of R10 fraction purified by chromatofo-
cusing (R10A, B, C). 

B

C
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Effect of garlic protein fraction on lymphocyte pro-
liferation and delayed type hypersensitivity response

In order to assess the effect of isolated protein frac

phocytes were treated with different fraction con

fractions did not stimulate lymphocyte prolifera
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-
tion, B. sub-fractions of R10 by chromatofocusing. Each test was performed in triplicate. Data presented as mean ± SD. The 
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Table 1: The effect of garlic fractions on the delayed type hypersensitivity response in mice 
SpleenPrimer sequenceIncrease in foot padDose

histology ***Mean ± SEM (%) **                                   

72 hours            48 hours  24 hours

Enlarged follicles

Group 1
sRBC + garlic extract
thickness

Group 2
sRBC + R300
follicle 

Normal follicle picture

Group 3
sRBC+100

Group 4
sRBC + R50

Group 5
sRBC + R10

Group 6
sRBC + R10A

Group 7
sRBC + R10B

Group 8
sRBC + R10C

Normal picture 
Group 9
sRBC + saline

Modulation of intra-tumor lymphocyte by R10 
fraction of fresh garlic 

  cells per mouse showed 

lated to the high concentration of infused tumor 
tion 

on tumor growth 
phocyte
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Discussion

ous immune factors such as the phagocytic (cell 

garlic are responsible for immunomodulatory 

addressed the effect of garlic proteins on the 
immune system.

In this study we purified a protein fraction of 

studies showed hyperplasia and hypertrophy of 
the periateriolar lymphoid sheath of the spleen 

by chromatofocusing resulted in three protein 

ferent pI and nearly similar molecular masses 

mined their immunomodulatory and mannose 

hibits tumor growth both in vitro and in vivo 
(
inhibition is unclear. It seems that an increase 

growth in vivo

its subfractions significantly increased infil
 lymphocyte subpopula

Th

Conclusion

cell infiltration into the tumor site and caused 

potential candidates for cell mediated therapy 
and in vivo applications. 
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