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Abstract: Exposure to high amounts of ionizing radiation results in damage to the hematopoietic system characterized by 

the destruction of hematopoietic cells in bone marrow, thus reducing the production of blood cells. Infections and bleeding that 

result can be fatal. Aged garlic extract (AGE) has been demonstrated to possess several physiological activities in experimental 

animals thus, the present study aimed to evaluate the effect of AGE on the hematopoietic syndrome post whole-body exposure 

to ionizing radiations. Eight groups, five healthy male rats each were used (20 irradiated and 20 Sham Irradiated), among 

which some were receiving via gavages distilled water, the others AGE at different doses (25 mg/kg and 50 mg/kg) and the rest 

vitamin E + Alpha Lipoïc Acid. Blood samples were collected the 8
th

 day post irradiation to investigate blood picture. 

Exposure of rats to gamma radiation caused a significant disturbance in the level of white blood cells count (WBCS), 

Lymphocytes (LY), mid-size population of monocytes, basophils, eosinophils, blasts, and other immature cells 

(MID),Granulocytes (GR), red blood cells count (RBCs), hemoglobin content (Hb), Mean Corpuscular Volume (MCV), 

hematocrit value (HTC), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin concentration (MCHC) and 

platelets count (PLT). In rats exposed to radiation then treated with AGE, the results showed an improvement in all previous 

parameters. The results of the present investigation showed that AGE intake confers radiation protection to rat’s blood cells 

parameters after whole-body exposure to ionizing radiation. 
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1. Introduction 

Exposure to high amounts of ionizing radiation results in 

damage to the hematopoietic, gastrointestinal and central 

nervous systems depending on radiation dose [1]. 

Hematopoietic system is one of the most sensitive systems to 

evaluate the hazards effects of radiations in humans and 

animals [2-4]. It is seen with significant partial-body or 

whole-body radiation exposures exceeding 1 G y [5]. 

Mitotically active hematopoietic progenitors have a limited 

capacity to divide after a whole-body radiation dose greater 

than 2 to 3 G y [6]. In the ensuing weeks after exposure, a 

hematologic crisis occurs, characterized by hypoplasia or 

aplasia of the bone marrow. These changes result in 
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pancytopenia predisposition to infection, bleeding, and poor 

wound healing, all of which contribute to death. The 

hematopoietic tissues are among the most radiosensitive 

tissues in the body following irradiation. Damage of the 

hematopoietic system is a major factor in the mortality 

following acute radiation exposure. The first to be affected 

after irradiation are the red cells precursors causing a 

decrease in the amount and life span of peripheral red cells, 

next is those of the white blood cells and last the platelets 

precursors. The decrease in the number of platelets increases 

the incidence of hemorrhage [7-8]. 

The hematopoietic system is very well protected by 

vitamin E and Alpha Lipoïc acid (ALA) because Vitamin E 

promotes the natural formation of red blood cells and its half-

life is prolonged by Lipoïc acid which thereby enhances its 

antioxidant activities [9]. Supplementation with α-tocopherol 

and α-lipoïc acid enhanced the erythrocyte antioxidant 

defense [10]. But, recently; apart from synthetic antioxidants, 

focus of radiation protection has shifted to test the 

radioprotective potential of plants and herbs in the hope that 

one day it will be possible to find a suitable pharmacological 

agent/s that could protect humans against the deleterious 

effects of ionizing radiation in clinical and other conditions 

as well as during nuclear terror attack [11]. AGE, an odorless 

garlic preparation have been shown to possess several 

physiological activities in experimental animals [12-13]. Its 

antioxidant property and free radical scavenging capacity 

have also been investigated [13-14]. Although these 

antioxidant and radioprotective activities of AGE have been 

reported, there is paucity of data on such effects on the 

hematologic aspect particularly post irradiation. 

The present investigation was undertaken to assess the 

radioprotective property, if any, of AGE on some 

hematological parameters of rats after whole-body exposure 

to ionizing radiation. The study was performed using Vitamin 

E and Lipoïc Acid as positive control group. 

2. Material and Methods 

2.1. Animals 

Eighty healthy Albino male rats (Rattus norvegicus) of 

Wistar strain (3 to 4 months old) ranging from 214-230g 

body weight were obtained according to the ICH guidelines 

from animal lab Université des Montagnes, Bangangté and 

Douala University in Cameroon. Their acclimatization to 

laboratory conditions took place at room temperature, 

relative humidity and natural light-dark cycle (12 hours light 

and 12 hours dark). The rats were given ad libitum tap water 

and food of a commercial balanced diet. Five animals were 

housed per plastic cage containing paddy husk (procured 

locally) as bedding and fasted night before sacrifice. The 

experimental protocol and the maintenance of the 

experimental animals was done in accordance with the 

regulations of the Organization for Economic Cooperation 

and Development (OECD) guide since in Cameroon the 

ethics committee focuses only on clinical studies. 

2.2. Chemical 

Aged Garlic Extract (KYOLIC
®
 Aged Garlic Extract

™
 

Liquid) is prepared by soaking sliced raw garlic (Allium 

sativum Linn) with a quality plan program (QPP-003) in 15-

20% aqueous ethanol for 20 months at room temperature. 

The extract is then filtered and concentrated under reduced 

pressure according to the guidelines of Good Manufacturing 

practices established by the World Health Organization. The 

garlic is grown under strictly controlled organic conditions 

(without herbicides or pesticides of any kind), harvested at 

full maturity, cleaned, sliced and stored in stainless steel 

tanks under carefully controlled conditions without the use of 

a heating process [15-17]. The content of water-soluble 

compounds is relatively high whereas that of oil-soluble 

compounds is relatively low [17]. The AGE used in this 

study is standardized with S-Allyl Cysteine and contained 

30% extracted solids (300 mg/ml), and S-allyl cysteine 

present at 1.47 mg/ml. 

2.3. Experimental Design 

Two weeks after acclimatization and conditioning, the 

animals were randomly divided into four equal and double 

male rat groups in separate plastic cages, five rats each. Two 

negative control groups receiving 10 mL/kg of distilled water 

(I and II), two AGE-treated groups at dose of 25 mg/kg AGE 

(IIII and IV), two AGE-treated groups at dose of 50 mg/kg 

AGE (V and VI) and two positive control groups (receiving 

50 mg/kg Vitamin + 25 mg/kg of Lipoïc Acid) (VII and VIII) 

were used. Among the double groups, 20 were irradiated 

(rats of groups II, IV, VI and VIII) and 20 sham irradiated 

(rats of groups I, III, V and VII). The rats of each group were 

fed via gavages one hour after irradiation on day 1 and for 7 

consecutive days and weighed daily during the experiment. 

The experimental protocol and the maintenance of the 

experimental animals was done in accordance with the 

standard ethical guidelines for laboratory animal use and care 

as described in the European Community guidelines; EEC 

Directive 86/609/EEC, of the 24
th

 November 1986 [18]. 

2.4. Irradiation 

The Albino Wistar rats were placed in collective cages 

made of plastic for whole-body exposure after at least two 

weeks of acclimatization and conditioning. Rats were 

exposed using the facilities provided by the Oncology and 

Radiotherapy department of the Douala General Hospital. 

Irradiation was delivered by an ALCYON-II model cobalt-60 

teletherapy unit (General Electric/GE Healthcare). The rats in 

an area of 36 x 36 cm were exposed to a single dose of 4.5 

Gy applied as single shot dose at a dose rate of 0.55 Gy/min. 

Five animals were irradiated at once and sham-irradiated 

animals were treated in the same manner but were not 

exposed to the source. After irradiation, the rats were brought 

back to the animal Lab of Douala University for the follow 

up and the tests. 
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2.5. Sample Collection and Hematological Studies [19] 

The animals were put to fast during the night before their 

blood test (7th day post irradiation). The day of sacrifice (8th 

day post irradiation), arterio-venous blood was collected in 

Ethylene Diamine Tetra-Acetic (EDTA) tubes for 

determination of hematological parameters: white blood cells 

count (WBCS), Lymphocytes (LY), mid-size population of 

monocytes, basophils, eosinophils, blasts, and other 

immature cells (MID),Granulocytes (GR), red blood cells 

count (RBCs), hemoglobin content (Hb), Mean Corpuscular 

or Cell Volume (MCV), hematocrit value (HTC), Mean 

corpuscular or cell hemoglobin (MCH), Mean corpuscular or 

cell hemoglobin concentration (MCHC), platelets count 

(PLT). 

2.6. Statistical Analyses 

Results were expressed as mean ± Standard Error of the 

Mean (SEM). Comparison of means was done by Dunnett 

test as post hoc test. P values less than 0.05 were considered 

statistically significant. Statistical evaluation was conducted 

using one way analysis of variance (ANOVA) software 

Graph Pad Prism 5.03. With theα risk of 5%, statistically 

significant differences are reported in the tables and figures 

with an asterisk (*), the highly statistically significant 

differences are marked with two stars (**) and statistically 

highly significant differences are indicated by three stars 

(***). 

3. Results 

WBCS: white blood cells count, LY: Lymphocytes, MID: 

mid-size population of monocytes, basophils, eosinophils, 

blasts, and other immature cells, GR: Granulocytes, RBCs: 

red blood cells count, Hb: hemoglobin content, MCV: Mean 

Corpuscular or Cell Volume, HTC: hematocrit value, MCH: 

Mean corpuscular, MCHc: Mean Cell hemoglobin 

concentration, PLT: platelets count. 

Group I: “Sham Irradiation + Distilled Water”, Group II: 

“Irradiation + Distilled Water”, Group III: “Sham Irradiation 

+ 25 mg/kg AGE”, Group IV: “Irradiation + 25 mg/kg AGE”, 

Group V: “Sham Irradiation + 50 mg/kg AGE”, Group VI: 

“Irradiation + 50 mg/kg AGE”, Group VII: “Sham Irradiation 

+ Vitamin E and Lipoïc Acid”, Group VIII: “Irradiation + 

Vitamin E and Lipoïc Acid” 

The irradiation resulted in a non-significant variation (P > 

0,05) of blood constituents in groups “Sham 

Irradiation+Distilled Water”, “Irradiation+25 mg/kg AGE”, 

“Irradiation+50 mg/kg AGE” and “Irradiation+Vitamin E 

and Lipoïc Acid” as shown below (Table 1). In the group. 

Table 1. Effects of γ-radiation and AGE on blood parameters. 

Blood Count Group I Group II Group III Group IV Group V Group VI Group VII Group VIII 

WBCs(109/µl) 15.48±0.95 12.07±1.11 15.96±0.61 13.98±0.79 15.65±0.55 13.23±0.77 15.39 ±1.59 12.95±0.70 

LY (109/µl) 12.88±1.85 8.70±0.72 12.97±1.21 11.80±1.10 12.95±1.91 10.97±0.92 12.78±0.92 8.99±0.90 

MID (109/µl) 0.54±0.07 0.38±0.05 0.55±0.06 0.45±0.06 0.54±0.07 0.43±0.06 0.52±0.06 0.38±0.07 

GR (109/µl) 4.09±0.65 2.23±0.42a* 4.22±0.45 3.43±0.45 4.20±0.50 3.23±0.24 4.04±0.53 2.34±0.41 

RBCs (109/µl) 7.18±0.18 4.63±0.37 a*** 7.38 ± 0.18 6.5±0.55b**, c* 7.2 ±0.18 6.19±0.45 b* 7.09±0.32 4.92±0.39a*** 

Hb (g/dl) 14.52±1.47 11.10±0.83 14.92±0.60 13.64±0.35 14.38 ± 1.01 13.00±1.37 14.02±1.51 11.10±1.09 

MCV (fl) 57.8±1.47 50.50±2.17 a* 56.15±3.17 58.88±1.03 b*, c* 56.85±1.96 58.64±0.98 b*, c* 57.35±1.06 51.25±1.76 

HTC (%) 41.4±0.86 23.3±2.17 a*** 41.37±2.2 2 
38.86±3.70b***, 

c** 
41.39±1.80 36.39±3.03 b**, c* 40.67±2.23 25.38±2.59 a*** 

MC (pg) 20.35±2.20 24.31±2.02 20.27±1.04 21.44±2.13 19.74±1.31 21.89±3.82 20.20±2.92 22.57±1.16 

MCHc (g/dl) 34.9 ±3.42 48.52±4.80 36.53±2.80 36.67±4.23 35.06±3.13 37.35±6.64 35.15±4.86 44.31± 2.86 

PLT (109/µl) 1157.60±3.36 
845.20±2.31a***, 

c** 
1163.00±4.06 

1096.80±.24a***, 

b***, c*** 
1159.80±3.22 

1080.00±4.09a***, 

b***, c*** 
1150.00±4.47 

890.40±3.08a***, 

b**, 

 
“Sham Irradiation+Distilled Water”: the decline was in 

order of 22.02% (12.07± 1.11 Vs15.48 ± 0.95 10
9
/µl) for 

WBCS: white blood cells count, of 32.43%(8.70 ± 0.72 Vs 

12.88 ± 1.85 10
9
/µl) for LY: Lymphocytes, of 29.63% (0.38 ± 

0.05 Vs 0.54 ± 0.07 10
9
/µl) for MID: mid-size population of 

monocytes, basophils, eosinophils, blasts, and other 

immature cells and of 23.55% (11.10 ± 0.83 Vs 14.52 ± 1.47 

g/dL) for Hb: hemoglobin content. The increase was in order 

of 19.50% (24.31 ± 2.02 Vs 20.35 ± 2.20 pg) for MCH: 

Mean corpuscular hemoglobin and of 38.68% (48.52 ± 4.80 

Vs 34.99 ± 3.42 g/dl) for MCHc: Mean corpuscular 

hemoglobin concentration. 

“Irradiation+25 mg/kg AGE”: the decline was in order of 

9.69% (13.98 ± 0.79 Vs 15.48 ± 0.95 10
9
/µl) for WBCS: 

white blood cells count, of 8.36% (11.80 ± 1.10 Vs 12.88 ± 

1.85 10
9
/µl) for LY: Lymphocytes, of 17.41% (0.45 ± 0.06 Vs 

0.54 ± 0.07 10
9
/µl) for MID: mid-size population of 

monocytes, basophils, eosinophils, blasts, and other 

immature cells, of 16.13% (3.43 ± 0.45 Vs 4.09 ± 0.65 

10
9
/µl) for GR: Granulocytes, and of 6.06% (13.64 ± 0.35 Vs 

14.52± 1.47 g/dl) for Hb: hemoglobin content. The increase 

was in order of 5.37% (21.44 ± 2.13Vs 20.35 ± 2.20 pg) for 

MCH: Mean corpuscular or cell hemoglobin and of 4.81% 

(36.67 ± 4.23 Vs 34.99 ± 3.42 g/dl) for MCHc: Mean 

corpuscular or cell hemoglobin concentration. 

“Irradiation+50 mg/kg AGE”: the decline was in order of 

14.53% (13.23 ± 0.77 Vs 15.48 ± 0.95 10
9
/µl) for WBCS: 

white blood cells count, of 14.80% (10.97 ± 0.92 Vs 12.88 ± 

1.85 10
9
/µl) for LY: Lymphocytes, of 19.63% (0.43 ± 0.06 Vs 

0.54 ± 0.07 10
9
/µl) for MID: mid-size population of 

monocytes, basophils, eosinophils, blasts, and other 

immature cells, of 21.11% (3.23 ± 0.24 Vs 4.09 ± 0.65 

10
9
/µl)for GR: Granulocytes and of 10.47% (13.00 ± 1.37 Vs 

14.52 ± 1.47 g/dl) for Hb: hemoglobin content. The increase 

was in order of 7.57% (21.89 ±3.82 Vs 20.35 ± 2.20 pg) for 

MCH: Mean corpuscular or cell hemoglobin and of 6.75% 
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(37.35 ± 6.64 Vs 34.99 ± 3.42 g/dl) for MCHc: Mean 

corpuscular or cell hemoglobin concentration. 

“Irradiation+Vitamin E and Lipoïc Acid”: the decline was 

in order of 16.34% (12.95± 0.70 Vs 15.48 ± 0.95 10
9
/µl) for 

WBCS: white blood cells count, of 30.18% (8.99 ± 0.90 Vs 

12.88 ± 1.85 10
9
/µl)for LY: Lymphocytes, of 29.63% (0.38 ± 

0.07 Vs 0.54 ± 0.07 10
9
/µl) for MID: mid-size population of 

monocytes, basophils, eosinophils, blasts, and other 

immature cells, of 42.82% (2.34 ± 0.41 Vs 4.09±0.65 

10
9
/µl)for GR: Granulocytes and of 23.55% (11.10 ± 1.09 Vs 

14.52 ± 1.47 g/dl) for Hb: hemoglobin content. The increase 

was in order of 11.34% (51.25 ± 1.76 Vs 57.80 ± 1.47 f L) 

for MCV: Mean Corpuscular or Cell Volume, of 10.94% 

(22.57±1.16 Vs 20.35 ± 2.20 p g) for MCH: Mean 

corpuscular or cell hemoglobin and of 26.64% (44.31± 2.86 

Vs 34.99 ± 3.42 g/dl) for MCHc: Mean corpuscular or cell 

hemoglobin concentration. 

The radiation also caused a significant variation of blood 

constituents in groups “Sham Irradiation+Distilled Water”, 

“Irradiation+25 mg/kg AGE”, “Irradiation+50 mg/kg AGE” 

and “Irradiation+Vitamin E and Lipoïc Acid” according to 

the following parameters (Table 1). 

Granulocytes (GR): irradiation resulted in a significant 

decrease (P < 0.05) in order of 45.45% (2.23 ± 0.42 Vs 4.09 

± 0.65 10
9
/µl) in the group “Irradiation+Distilled Water”. 

Red blood cells count (RBCs): a significant reduction (P < 

0.001 and P < 0.001) was observed in the group 

“Irradiation+Distilled Water” in order of 35.48% (4.63 ± 0.37 

Vs 7.18±0.18 10
9
/µl) and 31.42% (4.92±0.39 Vs 7.18±0.18 

10
9
/µl) in the group “Irradiation+Vitamin E and Lipoïc Acid” 

after irradiation. This rate increased significantly (P < 0.01 

and P < 0.05) in the groups “Irradiation+25 mg/kg AGE” and 

“Irradiation+50 mg/kg AGE” respectively in order of 41.94% 

(6.57 ± 0.55 Vs 4.63± 0.37 10
9
/µl) and of 53.05% (6.19±0.45 

Vs 4.63±0.37 10
9
/µl) compared to the group 

“Irradiation+Distilled Water”. The increase was also 

significant (P < 0.05) in the group “Irradiation+25 mg/kg 

AGE” in order of 33.58% (6.57 ± 0.55 Vs 4.92 ± 0.39 10
9
/µl) 

compared to the group “Irradiation+Distilled Water”. 

Mean Corpuscular or Cell Volume (MCV): a significant 

reduction (P < 0.05) of this rate was observed in the group 

“Irradiation+Distilled Water” in order of 12.64% (50.50 ± 

2.17 Vs 57.80 ±1.47 f L) compared to the group “Sham 

Irradiation+Distilled Water”. This rate increased significantly 

(P < 0.05 and P < 0.05) in the groups “Irradiation+25 mg/kg 

AGE” and “Irradiation+50 mg/kg AGE” respectively in order 

of 16.60% (58.88 ± 1.03 Vs 50.50 ±2.17 f L) and of 16.12% 

(58.64 ± 0.98 Vs 50.50 ± 2.17 f L) compared to the group 

“Irradiation + Distilled Water”. The increase was also 

significant (P < 0.05 and P < 0.05) in the groups (“Irradiation 

+ 25 mg/kg AGE” and “Irradiation+50 mg/kg AGE”) of 

approximately 14.89% (58.88 ± 1.03 Vs 51.25 ± 1.76 f L) 

and 14.42% (58.64 ± 0.98 Vs 51.25 ± 1.76 f L) compared to 

the positive control group “Irradiation + Vitamin E and 

Lipoïc Acid”. 

Hematocrit value (HTC): the decrease in this parameter was 

significant (P < 0.001) in the groups “Irradiation + Distilled 

Water” and “Irradiation + Vitamin E and Lipoïc after 

irradiation, respectively in order of 43.55% (23.37 ± 2.17 Vs 

41.40 ± 0.86%) and of 38.71% (25.38 ±2.59 Vs 41.40 ± 

0.86%). The Hematocrit value increased significantly (P < 

0.001 and P < 0.01) in order of 66.28% (38.86 ± 3.70 Vs 23.37 

± 2.17%) and of 55.68% (36.39 ± 3.03 Vs 23.37 ± 2.17%) in 

the groups “Irradiation+25 mg/kg AGE” and “Irradiation+50 

mg/kg AGE” compared to the group “Irradiation+Distilled 

Water”. This increase was also significant (P < 0.01 and P < 

0.05) in the range of 53.13% (38.86 ± 3.70 Vs 25.38 ±2.59%) 

and of 43.38% (36.39 ± 3.03 Vs 25.38 ± 2.59%) by comparing 

the groups “Irradiation+25 mg/kg AGE” and “Irradiation+50 

mg/kg AGE” to the positive control group 

“Irradiation+Vitamin E and Lipoïc Acid”. 

Platelets count (PLT): after irradiation, the decrease in this 

parameter was significant (P < 0.001) in the group 

“Irradiation + Distilled Water” in order of 26.99% (845.20 ± 

2.31 Vs 1157.60 ± 3.36 10
9
/µl), in the group “Irradiation+25 

mg/kg AGE” in order of 5.25% (1096.80 ± 1.24 Vs 1157.60 

±3.36 10
9
/µl), in the group “Irradiation + 50 mg/kg AGE”, in 

order of 6.70% (1080.00 ± 4.09 Vs 1157.60 ±3.36 10
9
/µl) 

and in the group “Irradiation + Vitamin E and Lipoïc Acid” 

in order of 23.08% (890.40± 3.08 Vs 1157.60 ±3.36 10
9
/µl). 

Platelet counts increased significantly (P < 0.001) in order of 

29.77% (1096.80 ± 1.24 Vs 845.20 ± 2.31 10
9
/µl) and of 

27.78% (1080.00 ± 4.09 Vs 845.20 ± 2.31 10
9
/µl) in the 

groups “Irradiation+25 mg/kg AGE” and “Irradiation+50 

mg/kg AGE” compared to the group “Irradiation + Distilled 

Water”. This increase remains also increased significantly (P 

< 0.001) in order of 23.18% (1096.80 ±1 .24 Vs 890.40± 

3.08 10
9
/µl) and of 21.29% (1080.00 ± 4.09 Vs 890.40± 3.08 

10
9
/µl) in the group “Irradiation + Vitamin E and Lipoïc 

Acid” compared to groups “Irradiation+25 mg/kg AGE” and 

“Irradiation+50 mg/kg AGE”. 

4. Discussion 

Hematopoietic system is one of the most sensitive systems 

to evaluate the hazardous effects of radiations in humans and 

animals [2-4]. The hematopoietic tissues are among the most 

radiosensitive tissues in the body following irradiation, there 

is inhibition of mitosis and diminution in cellularity. Damage 

of the hematopoietic system is a major factor in the mortality 

following acute radiation exposure. The first to be affected 

after irradiation are the red cells precursors causing a 

decrease in the amount and life span of peripheral red cells, 

next are those of the white blood cells and last the platelets 

precursors. The decrease in the number of platelets increases 

the incidence of hemorrhage [7-8].  

In consistency, the present study indicated that irradiation 

with a dose of 4.5 Gy induced a decrease in the values of 

WBCs, lymphocytes, MID, GR, Hb and MCV with a 

significant reduction in RBCs, HTC and platelets counts. An 

increase in MCH and MCHC was noticed in rats as well. 

This is in partial agreement with the findings of Shaheen and 

Hassan, who reported that gamma radiation caused a 

significant decrease in red blood cells [20]. AGE exhibited 

profound antianemic, antifatigue, lipid-lowering activity and 

transaminases lowering and its administration via gavages 

prior or after irradiation had successfully ameliorated the 
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hematological disturbances induced by radiations. The 

amelioration was more important in “Irradiation+25 mg/kg 

AGE” group than in “Irradiation+50 mg/kg AGE” group. 

Furthermore, this improvement has been more pronounced 

with AGE than with vitamin E + Lipoïc Acid. 

Radiation is known to cause tissue damage via the 

generation of free radicals like hydroxyl and superoxide 

radicals. So, the reduction observed in RBCs can be 

explained by cells death due to oxidative damages; generated 

by these free radicals. The disturbances in RBCs could reflect 

an imbalance between its production and loss [21]. 

According to some authors, gamma radiation caused 

alterations in the haematological parameters of irradiated rats 

[22] and among the leukocytes, lymphocytes have been 

reported to be the most radiosensitive haematologic cells [23-

24]. The significant reduction in the mean of the lymphocytes 

observed in this study might have been due to the 

radiosensitivity of lymphocytes to gamma rays. Lymphocytes 

could offset oxidative damage by their capacity to regenerate 

intracellular stores of reduced glutathione [25], which may be 

deployed in mitigating the effects of the oxidative damage 

induced by the gamma radiation. Moreover, the significant 

reduction noticed in platelets count might be due to 

radiations inhibiting bone marrow activity or could be due to 

decreased production or increased consumption of platelets 

or due to the increased platelets aggregation. These results 

showed that gamma radiation causes oxidative stress in 

human platelets and lymphocytes, which might reflect on 

their life expectancy. However, the subsequent decline in the 

values of WBCs and lymphocytes, MID and GR could be the 

consequence of absence of infection and inflammation. 

While, elevation of HTC value in irradiation-treated rats 

could be related to loss of the body fluid and 

hemoconcentration that resulted from the damages of gamma 

radiation on the function of rat kidney. 

Changes in blood values are recognized as an asset in 

determining the extent of radiation exposure. Furthermore, 

destruction of bone marrow cells or increase osmotic fragility 

of RBCs allowed to establish an etiological relationship 

between anemia, difficulty in breathing, infection, fever and 

irradiation [26]. Thus, radiation injuries might lead to 

anemia, difficulty in breathing, infection and fever as a result 

of either suppression the activity of hematopoietic tissues, 

impaired erythropoiesis, and accelerated RBCs destruction. 

Yuan et al. showed that, the alteration of RBCs membrane 

permeability, increased RBCs mechanical fragility, and/or 

defective Fe metabolism [27]. 

Although, normal concentrations of hematological 

parameters usually measured can be modified by plants 

consumption or toxic substance [28-29], the animals 

receiving orally AGE prior or after irradiation, revealed 

significant modulation in most of the hematological indices. 

This modulation has been more pronounced with the lower 

dose of AGE (25 mg/kg) than with the higher dose (50 

mg/kg). AGE was then found to have beneficial effects 

against gamma radiation-induced suppression in most of 

hematological parameters and RBCs indices as it increased 

number of RBCs and Hb concentration about to normal 

levels. AGE has been shown to exert antioxidant properties 

in plasma and erythrocytes as well [30-31]. It also induced 

great improvement in the reduction of RBCs, HTC and 

platelets counts with subsequent decline in the values of 

WBCs and lymphocytes, MID, GR and MCV levels in 

irradiation-treated animals. The ameliorative effect of AGE 

could be due to reduction of lipid peroxidation level in cell 

membrane with subsequent prevention of free radicals 

induced damage through its antioxidant activity achieved by 

its active compounds [32]. These results tend to indicate that 

AGE had preventive and protective effects against radiation-

induced hematological change s. The beneficial effects and 

the improvement have been more pronounced with the lower 

dose of AGE (25 mg/kg) than with the higher dose (50 

mg/kg). Garlic-induced increase in erythrocytes count might 

be linked either to an increase in erythropoiesis or to the 

ability of garlic in decreasing membrane rigidity [33]. 

5. Conclusion 

The present study demonstrated that through its antioxidant 

and free radical scavenging activities, AGE confers significant 

radiation protection to blood cells parameters followed 

hematopoietic syndrome induced by γ-radiation. This 

radioprotection is achieved by its ability as a scavenger for free 

radicals generated by ionizing radiation. In addition, the study 

revealed that the preventive and protective effects of AGE were 

more pronounced with the lower dose of AGE (25 mg / kg) than 

with the higher (50 mg / kg) and the power of AGE was greater 

than the one of the positive control group Vitamin E and Lipoïc 

Acid concerning radioprotective properties. 
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