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Moyassar B. H. Al-shaibani                          Hiba T. H. Al-mafrachi 
                                            College of Science/ Al-Nahrain University  

 

 ْبت ثايش حسٍ انًفشخٙ                  يٛسش باسم ْاد٘ انشٛباَٙ

 كلية العلوم /جامعة النهرين

                                     

Abstract: 

This study was designed to search the antitumor potential of Peganum harmala 

methanolic extracts and to evaluate their role in retardation the immunological 

side effects pre-and post-treatment which were carried out on 30 Albino male 

mice and included total and absolute count of leucocytes, micronucleus 

formation  and phagocytic index of peritoneal cells. Our study showed that P. 

harmala derivatives have considerable antitumor activity with high efficacy in 

immobilization of the immunological side effects evoked following treatment 

with antitumor drug. In conclusion, P. harmala possess antitumor activity 

increases with concentrations increasing. Pre-treatment with these extracts exert 

higher retardation to the side effects than post-treatment. 

              يسخخهصال

ْزِ انذساست نبحث فعانٛت يسخخهصاث َباث انحشيم ضذ الأساو ٔحقذٚش دٔسْا فٙ حقٛٛذ ظٕٓس  ثصًى

حٕٛاَا  30انخأثٛشاث انداَبٛت انًُاعٛت انُاحدت قبم ٔ بعذ انعلاج بالأدٔٚت انًضادة نلأٔساو ٔانخٙ أخشٚج عهٗ 

حشكم انُٕٚاث انًاٚكشٔٚت  ، نبٛضاءيٍ ركٕس انفأس الأبٛض ٔانخٙ حضًُج انعذد انكهٙ ٔانخصُٛفٙ نكشٚاث انذو ا

أثبخج انذساست بأٌ انًسخخهصاث انكحٕنٛت نُباث انحشيم نٓا انقابهٛت نخثبٛظ ًَٕ انخلاٚا .  ٔيعايم انبهعًت

يٍ َاحٛت اخشٖ كاٌ نهًسخخهصاث انكحٕنٛت نُباث انحشيم حأثٛشا اٚدابٛا ٔاضحا فٙ حقٛٛذ .  انسشطاَٛت

َسخُخح بأٌ َباث انحشيم ًٚخهك فعانٛت يضادة .  انعاندت بالادٔٚت انًضادة نلأساوانخاثٛشاث انداَبّٛ انُاحدت عٍ 

بالاضافت انٗ أٌ انًعاندت انسابقت بًسخخهصاث ْزا انُباث نٓا انقابهٛت عهٗ . نلأساو حخُاسب طشدٚا يع انخشكٛز

 . كبح انخأثٛشاث انداَبٛت انُاحدت عٍ علاج الأساو أكثش يٍ انًعاندت انلاحقت

Introduction 

Peganum is a small genus belonging to the family Zygophylaceae and mainly 

distributed in the Mediterranean region. Pegenum harmala is the only species found 

growing wild in the middle and northern parts of Iraq. The plant is rich in alkaloids 

and contains up to 4% total alkaloids [1]. The principle alkaloids present are 

harmaline, harmine, harmalol and peganine [2].  

There is an increasing interest in the discovery of novel antitumor agents from natural 

resources. The β-carboline alkaloids present in medicinal plants such as Peganum 

harmala have recently drawn attention due to their antitumor properties [3]. 

The pharmacologically active compounds of P. harmala are several alkaloids, which 

are found especially in the seeds and the roots. These include β-carbolines such as: 

harmine, harmaline (identical with harmidine), harmalol and harman and quina-zoline 

derivatives: vasicine and vasicinone [4]. It is known that these alkaloids have a wide 

spectrum of neuropharmacological, psychopharmacological, and antitumor effects. 
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Therefore, they have been traditionally used in oriental medicine for the treatment of 

various diseases including cancers [5]. 

There is great variety of pharmacological and biological activities of P. harmala such 

as antimicrobial, to be effective in the treatment of dermatosis, hypothermic [6]. 

Recently groups of workers reported that the extract of P. harmala possesses 

antinociceptive analgesic and anti-inflammatory properties [7].   Based on the strength 

above, this study was proposed aiming to: 

1- Detect the antitumor activity of P. harmala seeds.  

2- Investigate the immunomodulatory effect of P. harmala seeds. 

3- Determine whether pre- or post-treatment with P. harmala is the best against 

antitumor drugs. 

Materials and Methods 

Plant Materials 

The seeds of P. harmala that are suspected to be active compounds containing parts 

were purchased from the local market of Baghdad governorate. 

Extraction of Plants Compounds (Methanolic Extract) 

A quantity of (100 g) of P. harmala powder was extracted with 500 ml methanol by 

Soxhelt apparatus for 6 hours at 40-60⁰C, and then the cooled solution was evaporated 

to dryness by oven at 40⁰C. The amount of P. harmala powder extract was 12.0 g (12 

% of the original weight) and stored in refrigerator at 4⁰C until used [8]. 

Animal Grouping and Treatment 

Albino male mice, weighting (25-40) g their ages ranging from (30-45) day were used 

throughout the study. The animals were divided into four groups designated as A, B, C 

and D. each group consists of 5 animals and treated as following: 

Group A: The animals were treated with distilled water (negative control). 

Group B: The animals were treated with methotrexate (MTX "Shaanxi China") a dose 

of 50 mg/kg (positive control). 

Group C:  this group was subdivided into two subgroups as follow:  

C1:  These were treated with a dose of 75 mg /kg of the extract.  

C2: These were treated with a dose of 100 mg /kg of the extract, followed by treating 

both subgroups with 50 mg / kg of MTX for pre-treatment study. 

Group D:  This group was designed to study the Post-treatment activity of P. harmala 

Extract. The animals were treated with a dose of 50 mg / kg of MTX and subdivided 

into two subgroups as follow: 

D1: the animals were treated with 75 mg / kg of the extract. 

D2: the animals were treated with 100 mg / kg of the extract.     

The tested materials were injected orally using gavage needle as a single dose (0.1 ml) 

per day for seven days. Then, the mice were sacrificed on day 8 for laboratory 

assessment. 

Laboratory Methods 

Cytotoxicity Testing 

Cytotoxicity of P. harmala was screened on L20B (a mouse tumor cell line used at the 

passage 15) was obtained from the Biotechnology Research Center/ Al-Nahrain 

University. 
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Preparation of Concentrations 

The following concentrations were prepared immediately before use by dissolving 10 

g in 100 ml of serum free medium (SFM) followed by preparing (60.25, 125, 250, 500 

,1000) µg/ml. depending on the LD50 of P. harmala which was 425 mg / kg as 

mentioned by [6]. So the IC50 of this study was 200 µg/ml. 

Viable Cell Count 

Cells count were performed according to Freshney [9], using trypan blue dye, dead 

cells take up the dye making them easily distinguished from viable cells. Which 

counted by Neubauer chamber. 

Tumor Inhibition Assay 

The procedure below was depending on cytotoxicity testing mentioned in Freshney 

[9], which was applied for both L20B cell line and chick embryo primary culture. 

Cell suspension was well mixed and treated with both extracts poured into 96 flat 

bottom well microtiter plate and incubated at 37°C for 72hr in an incubator 

supplemented with (5%) CO2. 50 µl/well of neutral red dye were added and incubated 

again for 2 hr. The results were read by ELISA reader at 492 nm.  

Total Leucocytes Count 

Blood samples were collected by heart puncture using a disposable syringe (1 ml) pre-

coated with heparin. The method of Haen [10] was followed, in which, an aliquot of 

0.02 ml blood was mixed with 0.38 ml of leucocyte diluents, and examined in 

Neubauer chamber, and counted using the following equation: 

Total count (cells/c.mm.) = (No. of cells counted/4) x 20 x 10 

Absolute Count of Leucocytes 

One drop of blood was smeared on a clean slide and left to dry at room temperature. 

The smear was stained with Leishman stain for 5 minutes and buffered for 10 minutes, 

and then washed with tap water. The slide was air-dried, and then examined under oil 

immersion lens (100X) [10]. At least 100 leucocytes were examined, and the 

percentage of each type was recorded, while the total count of each type was obtained 

using the following equation: 

Total count of each type= (percentage of cells X total count / 100) 

Phagocytic Index 

Phagocytosis was carried out depending on the procedure of Metcalf [11] in which the 

peritoneal cells were suspended in 1 ml of normal saline, followed by mixing 0.2 ml of 

cell suspension, 0.1 ml of heat killed yeast suspension and 0.1 ml of human AB 

plasma and incubated in a shaking water bath at 37°C for 30 and 60 min. then, smears 

were made and stained with Giemsa stain snd examined under oil immersion lens (100 

X). At least 100 yeast-phagocytic activities were expressed as a phagocytic index, 

which calculated as follow: 

Phag. Index (%) = (No. of phag. Cell / Total count) x 100 

Statistical Analysis 

The results were statistically analyzed to determine the significance effect among the 

concentrations of both extracts and their effect on tumor cell line and normal cells. The 

comparison between groups has based on analysis of variance test (ANOVA), while 

the significance differences based on Duncan's test [12]. 
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Results 

Cytotoxicity of P. harmala 

As shown in table (1), this crude extract of P. harmala has cytotoxic effect in the 

growth of L20B cell line starting at the concentration 125 µg/ml with high significance 

difference (P≤0.05) accompanied with increased cytotoxic effect toward the higher 

concentrations when compared with the negative control during this incubation period 

72 hr. also, the positive control (MTX) has showed clear cytotoxic effect in the growth 

of this cell line starting from the lesser concentration (62.5 µg / ml) with high 

significant effect (P>0.05) in the growth of this cell line at the same incubation period. 

Table (1): The cytotoxic effect of P. harmala methanolic crud extract on L20B cell line after 

incubation period for 48 hr.  

Conc. (µg /ml) 
OD  of cell conc. ± SE 

P. harmala -ve  ctrl +ve  ctrl (MTX) 

62.5 
A,a* 

0.481±0.042 

A,a 

0.487±0.097 

A,b 

0.279±0.081 

125 
B,a 

0.423±0.033 

A,b 

0.483±0.028 

A,b 

0.273±0.062 

250 
BC,a 

0.382±0.065 

A,b 

0.486±0.056 

A,b 

0.272±0.056 

500 
C,a 

0.337±0.089 

A,b 

0.484±0.066 

AB,b 

0.259±0.072 

1000 
D,a 

0.296±0.085 

A,b 

0.482±0.047 

B,b 

0.234±0.022 

*Different letters mean significant effect P≤0.05; small letters to compare between columns, 

capital letters to compare between rows.  

 

Total and Differential Leucocytes Count 

As shown in Table (2), MTX (50 µg/kg) treatment cause significant decrease (P<0.05) 

in the total counts of leukocytes to reach to (51.40+4.04) as compared with the 

negative control (103.80+2.86). A significant decrease (P<0.05) in the number of 

lymphocyte and neutrophils was shown after MTX treatment to reach to (2578+324 

and 2293.0+304.5) cell/c.mm. blood respectively in comparison with the negative 

control (5439+265 and 4420.4+317.2) cell /cu.mm. blood respectively. But regarding 

monocytes, eosinophil and basophil, treatment with MTX showed no significance 

effect. 

   Table (2): The effect of MTX and P. harmal methanolic extract on total and differential count of 

WBC cells. 

 

 

Groups 

 

Total WBCs 

(m+SE) 

Differential count ( m+SE) 

No.of 

Lymphocyte 

cells /cu. 

mm. blood 

No.of 

Neutrophil 

cells /cu. 

mm. blood 

No.of 

Monocyte 

cells /cu. 

mm. blood 

No.of 

Eosinophil 

cells /cu. 

mm. blood 

No.of 

Basophil 

cells /cu. 

mm. blood 

Negative control 
A* 

103.80+2.86 

A 

5439+265 

A 

4420.4+317.2 

A 

332.4+88.9 

A 

167.6+19.18 

A 

20.40+4.562 

Positive control (MTX) 

(50  µg/kg) 

B 

51.40+4.04 

B 

2578+324 

B 

2293.0+304.5 

A 

175.4+92.7 

A 

72.0+5.96 

A 

21.40+2.941 

 

Pre-treatment 

100 mg/kg C 

177.40+3.44 

C 

9388+959 

B 

7391.8+207.2 

B 

639.0+77.3 

A 

249.8+27.18 

A 

71.60+9.807 

75  mg/kg D 

158.20+9.52 

D 

8486+902 

AB 

6523.4+229.2 

AB 

597.2+83.6 

A 

181.2+24.87 

A 

31.80+7.111 

 

Post-treatment 

100 mg/kg E 

170.27+6.54 

CD 

8825+677 

B 

7040.1+195.7 

B 

750.0+90.3 

A 

162.3+32.10 

A 

68.95+9.458 

75  mg/kg D 

157.04+3.31 

C 

8256+628 

AB 

6882.3+180.1 

AB 

377.6+86.1 

A 

156.5+19.41 

A 

31.69+7.085 
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* Differences A, B, C are significant (P<0.05) in same column. 

Also, figure (1) shows the reduction and increases in number of leucocytes when examined in the 

blood film of the tested mouse.    

 

 

 

 

 

     (A) Leucocytes (negative control) 400 X                         (B) Leucocytes (MTX treated)        

              100 X 

   

 

 

 

 

 

 

(C) Leucocytes (Pre-treatment) 100 X                              (D) Leucocytes (Post-treatment) 400 X 

L: Lymphocyte     ,      M: Monocyte    ,       N: Neutrophil     ,      B: Bsophil    ,      E: Eosinophil 

Fig (1): Leucocytes  of the tested mice. 

Regarding pretreatment by methanolic extract of P. harmala, Table (1) shows that the 

two different concentration of P. harmala extracts caused an increase in the total 

number of leukocyte which reached to (177.40+3.44) for (100 mg/kg) and 

(158.20+9.52) for the (75 mg/kg) of extract. The increase in total counts was 

significant (P<0.05) for both concentration in comparison with total counts of 

negative control (103.80+2.86). 

Also there was a significant (P<0.05) increasing in number of both lymphocyte and 

neutrophil for both concentration of P. harmala , the number of lymphocyte reach to 

(9388+959 and 8486+902) cells/c.mm. blood, for both (100 and 75) mg/kg 

respectively in comparison with negative control (5439+265) cell/c.mm. blood, and 

the number of neutrophil reach to (7391.8+207.2 and 6523.4+229.2) cell/c.mm. blood 

respectively for both concentration in comparison with negative control 

(4420.4+317.2) cell/c.mm. blood. Also, monocyte count has shown an increase that 

are reached (639.0+77.3 and 597.2+83.6) for both concentrations (100 and 75) mg/kg 

respectively but only the concentration (100 mg/kg) has showed significant increase 

(P<0.05) when compared with the negative control (332.4+88.9). 

Regarding eosinophil and basophil, there is no significant increase (P>0.05) when 

their negative control were (167.6+19.18 and 20.40+4.562) cell/cu.mm. blood 

respectively; the numbers of eosinophil reached to (249.8+27.18 and 181.2+24.87) 

cell/cu.mm. blood for both concentration (100 and 75) mg/kg respectively , while the 

numbers of basophil were (71.60+9.807 and 31.80+7.111). 
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On the other hand the two different concentrations (100 and 75) mg/kg of P. harmala 

extracts in case of post-treatment, cause significant increase (P<0.05) in the total 

number of WBC to reach to (170.27+6.54  and 157.04+3.31) for both  concentrations 

respectively in comparison with the totals counts of the negative control 

(103.80+2.86). 

Also there is a significant increase (P<0.05) in number of lymphocyte and neutrophil 

for both concentration of P. harmala extracts, the number of lymphocyte reached to 

(8825+677 and 8256+628) cell/c.mm. blood respectively in comparison with negative 

control (5439+265) cell/c.mm. blood and the number of neutrophil has reached to 

(7040.1+195.7 and 6882.3+180.1) cell/c.mm. blood respectively in comparison with 

the negative control (4420.4+317.2) cell.c.mm. blood. Monocytes have shown 

significant (P<0.05) only at the concentration (100 mg /kg) of P. harmala extracts at 

which the count was reached (750.0+90.3) cell/c.mm. blood in comparison with the 

negative control (332.4+88.9), while at the concentration (75 mg /kg), there was no 

significant effect when the number of monocyte was (377.6+86.1) cell.c.mm. blood.  

As post-treatment with P. harmala extracts, both eosinophils and basophils have 

showed no significance effect for both concentrations when compared with their 

corresponding negative control. Cytotoxic effect of MTX which cause damage of the 

cell in addition to its effects on bone marrow (Decreasing in cellular division), this 

damage expected to possess an effects on the quantity of WBCs.  

 Phagocytic Index  

The results explained in table (3) showed that the cells treated with MTX (positive 

control) possessed decrease (1.08±0.025 %) in phygocytic index of the phagocytic 

cells with significance (P>0.05) when compared with the negative control 

(1.22±0.037 %). 

At the same time, there is a significance increase (P<0.05) in phagocytic index of the 

animals that are pre- and post-treated with the methanolic extract of P. harmala when 

compared with the negative control (1.22±0.037 %). 

In pre-treatment, the concentration (100 µg/kg) possessed phagocytic index 

(2.7±0.073 %), while the concentration (75 mg/kg) has effect reached to (2.38±0.071 

%). On the other hand, in post-treatment both these concentrations have an increased 

values of phagocytic index which were (1.55±0.065 and 1.11±0.062) % respectively.  

Table (3): The effect of MTX and P. harmala methanolic extract on mouse phagocytic cell. 

Groups 
Phagocytic Index % 

( m+SE) 

Negative control 
B 

1.22±0.037 

Positive control (MTX) 

(50  µg/kg) 

A 

1.08±0.025 

Pre-treatment 

100 mg/kg 
C 

2.7±0.073 

75  mg/kg 
D 

2.38±0.071 

Post-treatment 

100 mg/kg 
D 

1.55±0.065 

75  mg/kg 
C 

1.11±0.062 

                    * Differences A, B, C and D are significant (P<0.05) to compression column 
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The purpose of phagocytic index is to explain the role of our extracts in activation of 

innate immune response. Figure (2) explains the activity of phagocytic cells of treated 

mouse in phagocytosis of heat killed yeast. 

Fig (2): Phagocytic cell opsonize 

heat killed yeast (1000 X). 

Discussion 

The objective of this research is to evaluate the antitumor activity of P. harmala in 

addition to their ability to suppress the side effect resulted from treatment with 

antitumor drugs. 

The present study indicated that the extracts of P. harmala had remarkable antitumor 

activity in L20B cell line. These crude extracts exert obvious antitumor potential on 

L20B cell line and these reasonable results since this plant rich with many active 

compounds that are potentially inhibit the tumors.  

Many naturally occurring alkaloids (e.g., camptothecin, vincristine and ellipticine) are 

potent anticancer agents, These alkaloids (which are the main alkaloids present in P. 

harmala) kill tumor cells by different biochemical modes of action, such as inhibition 

of apoptosis, inhibition of topoisomerase I and II and inhibition of microtubule 

formation [3]. While [13] has demonstrated that harmine and its derivatives play a 

significant role in up-regulating CD95, a well-known death receptor that is triggered 

by its cognate ligand or agonistic antibody. The molecular mechanisms for the 

antitumor activity of β-carbolines are not fully defined, but induction of apoptosis, 

inhibition of DNA topoisomerase I and II and CDKs may be implicated [14]. On the 

same side, β-carbolines and its derivatives downregulated Bcl-2 Members family 

proteins which are key regulators of apoptosis by acting on mitochondria; this protein 

family includes both anti-apoptotic molecules such as Bcl-2 and Bcl-X(L), and 

proapoptotic molecules [15]. 

On the other hand, the tumor-killing activity of these compounds may involve both 

“intrinsic” and “extrinsic” apoptotic pathways that can lead to the activation of 

effector caspases; Harmol induced caspase-3, caspase-8, and caspase-9 activities and 

caspase-3 activities accompanied by cleavage of poly-(ADP-ribose)-polymerase [16]. 

Furthermore, harmol treatment induces the release of cytochrome c from 

mitochondria to cytosol; Cytochrome c interacts with Apaf-1, dATP/ATP and 

procaspase-9 to form apoptosome, which results in autocatalytic processing of 

caspase-9 and initiation of the caspase cascade, which completely inhibit apoptosis 

[17]. Also, harmaline can induce necrosis which could result in the intracellular 

release of degrading enzymes from subcellular particles such as lysosomes, which 

may cause partial digestion of DNA [18].  
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Immunological Parameters 

A decreasing in total counts of leukocyte may be returned to cytotoxic effects of 

MTX; the decreasing in number of monocyte is thought to be that MTX cause 

reduction in monocytic IL-1 production, others have suggested that alterations in IL-1 

responses were related to diminution in the ability of cells to respond to IL-1 rather 

than to direct inhibition of its production [19]. The increase in number of leucocytes 

may be attributed to the inflammatory response induced by these extracts that possess 

a wide range of anti-inflammatory activities [6]. These results will agreement with 

[22] who found that this cell will increase in breast cancer patients and in albino 

female rats after treatment with tamoxifen drug. These results lead to detect the role of 

these extracts in both adaptive immune response represented by lymphocytes and 

innate immune response represented by neutrophils [23]. 

These effects may be attributed to the active compounds present in flavonoids that 

possess the activity to induce innate immune response like inflammation and 

monocyte reproduction [24]. While [24] have pointed out to the role of flavonoids in 

increasing the count of WBC making the animal to possess antimicrobial activity.   

The results explained in table (3), treating with MTX showed a decrease in phagocytic 

index (1.08±0.025 %) with a significance variations (P<0.05) when compared with 

the negative control (1.22±0.037 %), this may be attributed to the activity of MTX  to 

inhibit the production of chemotactic factor and macrophage activating factor that are 

both produced from phagocytic cells [25]. These results may be attributed to the 

ability of these extracts to support the production of IL-3 and polymorphoneuclear 

cells and monocytes that act as phagocytic cells, or by the activation of chemotactic 

factors [27]. Also, these extracts have many substances that stimulate the production 

of GRD which are known to interact with β2 integrins, a family of eukayotic adhesion 

molecules which are constitutively expressed on macrophages [28]. While [24] has 

showed that the flavonoids have a role in this process when promote the production of 

monocytes that act as phagocytic cells.  

Conclusions 

1. Peganum harmala crude extracts possess obvious antitumor activity. 

2. There were sever side effect on immune response after treatment with MTX and 

the crude extracts of P. harmala suppressed these side effect. 

3. The pre-treatment is preferred on post-treatment with P. harmala to suppress the 

side effect of antitumor drugs.   

References 

1. Dickson, R. A., Houghton, P. J., Hylands, P. J. and Gibbons, S. (2006). Antimicrobial, 

resistance-modifying effects, antioxidant and free radical scavenging activities of 

Mezoneuron benthamianum Baill. Phytother. Res. 20, 41– 45. 

2. Berrougui, H., Martin, C., Khalil, A., Hmamouchi, M., Ettaib, A., Marhuenda, E. and 

Herrera, M. D. (2006). Vasorelaxant effects of harmine and harmaline extracted 

from Peganum harmala L. seeds in isolated rat aorta. Pharmacol. Res. 54,150–57. 

3. Chen, Q., Rihui, Chao, R., Chen, H., Hou, X., Yan, H., Zhou, S., Peng, W., Xu, A. 

(2005). Antitumor and neurotoxic effects of novel harmine derivatives and structure-

activity relationship analysis"; Int. J. of Cancer. 114:675–82. 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.v114:5/issuetoc


Journal of Biotechnology Research Center                                       Vol.7 No.1 2013 

 

19 

 

4. Mahmodian, M., Jalilpour, H. and Salehian, P. (2002). Toxicity of Peganum harmala: 

Review and a Case Report. Iran. J. of Pharm. and Therap. 2: 11-14. 

5. Akihisa, A. and Hiroyuki, Y. (2009). Harmol induces apoptosis by caspase-8 

activation independently on Fas/Fas ligand interaction in human lung carcinoma H596 

cells. J. of Anti-Cancer Drugs. 20: 373-81. 

6. Muhi-eldeen, Z., Al-Shamma, K. J., Al-Hussainy, T. M., AL-Kaissi, E. N., Al-Daraji, 

A. M. and Ibrahim, H. (2008). Acute Toxicological Studies on the Extract of Iraqi 

Peganum harmala in Rats. Europ. J. of Sci. Res. 22: 494-500. 

7. Monsef, H. R., Ghobadi, A., Iranshahi, M. and Abdollahi, M. (2004). Antinociceptive 

effects of Peganum harmala L. alkaloid extract on mouse" formalin test. J. 

Pharmacol. Pharmaceut. Sci. 19. 221-22. 

8. Sabahi, M., Mansouri, S., Ramezanian, M., Hoseinian, G. (1987). Screening of plants 

from the southern of Iran anti-microbial activity. Int. J. of Crude Drug Res. 25: 72-6. 

9. Freshney, R. I. (2000). Culture of animal cells: A manual of basic technique. (4
th. 

Ed.). 

Wiley-Liss, A. and Wiley, J. (eds.). Inc. publication. New York, U.S.A. 132-35. 

10. Haen, P. (1995). Principle of Hematology. Young, L. H. and Pulsher eds. W. B. 

London. 310-25. 

11. Metcalf, J., Gallin, M., Mauseef, M. and Root, R. (1986). Laboratory Manual of 

Neutrophil Function. Raven Press New York, USA. 

12. AL-Mohammed, N. T., AL-Rawi, K. M., Younis, M. A., AL-Morani, W. K. (1986). 

Principles of statistics. AL-Mosil University. 

13. Cory, S., Huang, D. C. and Adams, J. M. (2003). The Bcl-2 family: roles in cell 

survival and oncogenesis. Oncogene. 22: 8590–607. 

14. Sobhani, A. M., Ebrahimi, S. A. and Mahmoudian, M. (2002). An in vitro evaluation 

of human DNA topoisomerase I inhibition by Peganum harmala L. seeds extract and 

its beta-carboline alkaloids. J. Pharmacol. Pharmaceut. Sci. 5: 19–23. 

15. Song, Y., Wang, J., Teng, S. F., Kesuma, D., Deng, Y., Duan, J., Wang, J. H., Qi, R. 

Z. and Sim, M. M. (2002). Beta-carbolines as specific inhibitors of cyclin-dependent 

kinases. Bioorg Med Chem Lett. 12: 1129–32. 

16. Bratton, S. B., MacFarlane, M., Cain, K. and Cohen, G. M. (2000). Protein complexes 

activate distinct caspase cascades in death receptor and stress-induced apoptosis. Exp. 

Cell Res. 256: 27–33. 

17. Ashkenazi, A. and Dixit, V. M. (1998). Death receptors: signaling and modulation. J. 

of Science. 281: 1305–08. 

18. Jime´nez, J., Rivero´n, N.  L., Abdullaev, F., Espinosa-Aguirre, J. and Rodrı´guez-

Arnaiz, R. (19 December 2007). Cytotoxicity of the b-carboline alkaloids harmine and 

harmaline in human cell assays in vitro. Exp. and Toxicolo. Path. 60: 381–89. 

19. Williams, L., Rosner, H., Conrad, J., Moller, W., Beifuss, U., Chiba, K., Nkurunziza, 

J. and Zhu, X., Chen, A. and Lin, Z. (2007). Ganoderma lucidum polysaccharides 

enhance immunological effectors cells in immunosuppressed mice. J. of Ethnipharma. 

11: 219 –26. 

20. Gabhe, S., Tatke, P. and Khan, T. (2006). Evaluation of the immunomodulatory 

activity of the methanol extract from Ficus benghalensis roots in rats. Indian J. of 

Pharm. 38: 271 –75. 



Journal of Biotechnology Research Center                                       Vol.7 No.1 2013 

 

20 

 

21. Herant, M., Marganski, W. and Dembo, M. (2003). The mechanics of neutrophils: 

synthetic modeling of three experiments. Biophysical J. 84: 3389 –413. 

22. Zhu, X., Chen, A. and Lin, Z. (2007). Ganoderma lucidum polysaccharides enhance 

immunological effectors cells in immunosuppressed mice. J. of Ethnipharma. 11: 219 

–26. 

23. Roitt, I. and Rabson, A. (2001). Really Essential Medical Immunology. 3: 65 – 7. 

24. Francis, G., Kerem, Z., Makkar, H. P. S. and Becker, K. (2002). The biological action 

of saponins in animal systems: areview. Brit. J. of Nutr. 88: 587-605. 

25. Middleton, E., Kandaswami, C. and Theoharides, T. (2000). The effects plant 

flavonoids on mammalian cells: Implications for inflammation, Heart disease and 

Cancer, J. of Pharmacol. 52: 673 – 751. 

26. Claman, H. N. (1983). Glucocorticosteroids: Anti-inflammatory mechanisms. Hosp 

Pract. 18: 123-34. 

27. Dahanukar, S. A. and Thathe, U. M. (1997). Current status of Ayurveda in 

phytomedicine. Phytomed. 4: 359-68. 

28. Springer T. A.  (2011). Adhesion receptors of the immune system. Nature. 346:   425–

34. 

  

 

 

 

 

 


