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ABSTRACT 

Peganum harmala L. is a wild herbal plant rich in active compounds, and is among the most 

used plants in local medicine. The purpose of this study is to contribute to the evaluation of 

some biological activities of alkaloids extract of P. harmala roots. Using the classical method 

of extraction of β-carboline alkaloids, the yield of alkaloids in the roots was estimated at 2.34  

%. The thin layer chromatography (TLC) method identified the two components Harmine and 

Hrmaline in the total alkaloid extract of the roots. We evaluated the antibacterial activity of 

harmala alkaloids in roots against three referenced bacterial strains, and this using the agar 

medium diffusion method, all extracts showed significant activity against all tested bacterial 

strains, the largest inhibition zone diameter of 20 mm was recorded with Staphylococcus 

aureus at a concentration of 50 mg/ml of crude alkaloids. The anticoagulant activity of 

alkaloid extracts was also examined using the prothrombin time (PT) and partial activation 

thromboplastin time (APTT) tests. The clotting times obtained in normal plasma indicate that 

they have good activity in both coagulation pathways compared with sodium heparin, 

especially in the prolongation of blood clotting in the intrinsic pathway.  

Keywords: Peganum harmala, alkaloids, TLC, antibacterial effect, anticoagulant activity. 

INTRODUCTION 

Medicinal plants are used to treat 

many diseases, and 80 % of the worldwide 

population still depends on herbal 

medicines, due to their richness in 

bioactive molecules. These natural 

molecules are involved in various fields 

such as cosmetics, food technology, and 

pharmaceuticals (Parsaeimehr et al., 2017). 

These bioactive compounds have aroused 

particular interest with their evaluations in 

various economic sectors. Algerian flora is 

very rich and diverse due to the diversity 

of the climate, the distinguished bio- 

geographical situation, and the extent of its 

spread between the Mediterranean Sea and 

sub-Saharan Africa (Baba Issa, 2011). 

Algerian flora is very rich and diverse due 

to its vital geographical location and 

climate diversity. Among these plants, we 

chose P. harmala belonging to the family 

Zygophyllaceae (Bournine et al., 2017). It 

is very rich in secondary metabolites, such 

as Glycosides, terpenes, phenols and 

alkaloids (Benbott et al., 2013). These 

compounds are of great importance in the 

field of health, there are several reports 

indicating the importance of the plant in 

the treatment of inflammation (Akhtar et 

al., 2022), against cancer (Liu et al., 2022), 

anti-diabetic and hypolipidemic activities
 

(Komeili et al., 2016), anti-microbial 

(Wang et al., 2022), anti-oxidant (Abbas et 

al., 2022). Most of these biological 

activities result from the action of β-

carboline alkaloids, which are harmine, 

harmaline and harmalol (Moloudizargari et 

al., 2013), amounting to 2-7 % total 

alkaloids
 
(Benbott et al., 2013). 
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The aim of this work is to extract 

alkaloids from roots and identify their type 

using TLC technique, along with studying 

their antibacterial and anticoagulant 

activity. Although there are many research 

projects focusing on the anticoagulant 

activity of different plant extracts, this 

activity has not been studied for alkaloids 

extracts from P.harmala. Therefore, the 

subject of this research is the first of its 

kind, which falls within the framework of 

studies interested in valuation of harmala 

alkaloids. 

MATERIALS AND METHODS 

Collection of the Sample 

The roots of the P. harmala plant are 

the subject of our phytochemical and 

biological studies. It was harvested from 

the region of Sidi Raghis, Oum El Bouaghi 

Governorate, in September 2022. The 

botanical identity of the plant was 

confirmed by Pr. Youcef Halis. The roots 

were air-dried at room temperature, then 

crushed and kept in a dark bottle until 

chemically studied. 

Chemicals  

The two reagents Harmine (Aldrich-

286044) and Harmaline (Aldrich-51330) 

were purchased from sigma Aldrich, while 

the other chemicals and reagents, including 

TLC solvents and 60F254 pre-coated silica 

gel TLC plates, were purchased from 

Merck, Darmstadt, Germany 

Alkaloids Extraction 

100 g of roots powder are treated in 

hydrochloric acid (0.1 N), then the 

compounds are extracted with a polar 

solvent, the solution containing the salt 

alkaloids is concentrated and then treated 

with ammonia NH3 (0.1 N) to obtain an 

extract of pH = 10, then adding 40ml of 

chloroform. The operation is repeated 3 

times then evaporates (Benbott et al., 

2013). The extraction yield (%) was 

calculated as follows:  

                         

 
                                        

                    
     

QualitativeAanalysis of the Extracted 

Alkaloids by Thin-Layer 

Chromatography (TLC)  

Thin-layer chromatography (TLC) 

study was performed using different 

solvent systems, and finally, it was found 

that methanol/chloroform/ammonia 

(79:20:1, v/v) was the most suitable 

mobile phase for good separation of the 

crude alkaloid extracts. The plates were 

detected under ultraviolet light of 365 nm 

and 254 nm. Dragendorf reagent was 

followed by heating for 5-10 minutes at 

105°C. After development (the spots 

appeared after 10 min.). The quality of the 

compounds present in the extracts was 

determined by comparing their retention 

factor values with the standard alkaloids 

retention factor values. In a chromatogram, 

the mobility of components was 

determined by the Rf value. It is calculated 

as the ratio between the distance traveled 

by the solute (component) and the distance 

traveled by the mobile phase front (Rabel 

and Sherma, 2012). Rf value was 

determined by following ratio: 

   

   
                            

                                         
 

In Vitro Evaluation of the Antibacterial 

Activity of Alkaloid Extracts 

The antibacterial effect of both crud 

alkaloids extract of P. harmala roots and 

standard alkaloids was evaluated using 

disc diffusion methods on solid medium. 

The antibacterial activity of both crud 

alkaloids extract of P. harmala roots and 

standard alkaloids was evaluated using 

disc diffusion methods on solid medium. 
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i. Sources of Bacterial Strains 

and their Activation 

The reference bacterial strains tested 

were obtained from the Pasteur Institute, 

Algiers, these strains are identified in 

Table 1. 

Table 1: Microbial strains tested and their 

American Type Culture Collection (ATCC)  

Bacterial 

strains 

Code Gram 

Staphylococcus 

aureus 

ATTC 

25923 

Positive 

Escherichia coli ATCC 

25922 

Negative 

Pseudomonas 

aeruginosa 

ATCC 

27853 

Negative 

The reactivation of the preserved 

bacterial strains is a necessary step before 

using them in order to obtain a young and 

pure culture. Where the strains are 

inoculated in a nutritious broth suitable for 

their growth, then they are incubated at 

room temperature for 24 hours, so that a 

density of a bacterial suspension of 108 

colony forming units per milliliter (cfu/ml) 

is obtained. 

ii. Preparing Disks 

The alkaloid extracts from the roots 

were dissolved in DMSO solution, and 6 

mm diameter discs were soaked with 10 

µL of different concentrations for each 

extract, and control discs were soaked only 

with pure DMSO (10 µL). 

iii. Diffusion Method on Agar 

Medium 

The method of diffusion on agar 

medium was described by Espinel-Ingroff 

et al., (2011), this process consists in 

dipping a sterile swab into the bacterial 

suspension, Next, rubbed the swab over 

the entire agar surface, from top to bottom, 

in narrow strips, while rotating the disk 

60° each time. Whatman paper discs 

saturated with different concentrations of 

alkaloids extracts were then placed in petri 

dishes, repeating the experiment three 

times for each extract and for each bacteria 

to reduce experimental errors. The dishes 

were incubated at room temperature for 18 

to 24 hours. The measurement was 

performed by measuring the diameters of 

the inhibitory zones in millimetres. 

Anticoagulant Activity  

This activity was assessed in vitro by 

according to the process described by 

Athukorala et al., (2007) that relies on two 

clotting pathways (the intrinsic pathway 

and the extrinsic pathway). This effect was 

on a pool of depleted normal plasma and 

using twochronometric tests, the 

prothrombin time assays (PT) and 

activated partial thromboplastin time 

(APTT). 

i. Endogenous Coagulation 

Pathway (APTT) 

100 μL of plasma was mixed with 

different concentration of Alkaloids 

extracts (50, 25, 12.5 μg/mL) prepared at a 

certain concentration, then incubated at 37 

°C for 15 minutes, 100 μL of Cephalin-

Kaulinin was added, the solutions were 

incubated for 3 minutes with stirring at 37 

°C. Then the clotting time was determined 

using a coagulometer by adding 100 µL of 

preheated calcium chloride (0.025 M). 

Under the same conditions, a positive 

control test for heparin (0.01 mg/mL) and 

a negative control test for sodium chloride 

solution (0.9  %) are performed, the results 

expressed by clotting per second (s). 

ii.  Exogenous Coagulation 

Pathway (PT) 

The effect of alkaloid extracts on the 

exogenous coagulation pathway was tested 

following the model described by Wing et 

al., (2010). The factors are activated and 

the time of clot formation is measured. 100 

μl of platelet-poor plasma preheated for 2 

min at 37 C° is mixed with different 



Benbott et al., (2023). In Vitro Evaluation of Harmala Alkaloids Roots. 

J Biores Manag., 10(2): 106-115. 

109 
© 2023 by Journal of Bioresource Management is licensed under CC BY 4.0 

concentration of extracts (50, 25, 12.5 

μg/mL). After 15 min of incubation at 37 

°C, 200 μl of calcium thromboplastin 

(preheated for at least 15 minutes at 37 °C) 

is added to the mixture and the coagulation 

time is then recorded using a 

coagulometer. 

Data Processing 

The analysis of the results was 

carried out by Microsoft® Office Excel 

2010, and Microcap Origin 6.0 

Professional for the graphs. 

RESULTS AND DISCUSSION 

Extraction of total alkaloids and their 

identification by TLC 

The total alkaloids extraction yield 

from P. harmala roots was estimated to be 

2.34 %. TLC chromatography of alkaloids 

extract of P. harmala roots recorded two 

spots, and this is after showing it by the 

Dragendorrf reagent that reacts with the 

alkaloids giving a spots orange color. This 

spots were observed at 365 nm under UV 

light were fluorescent bluish green and 

violet stains. This compounds which 

corresponds to the harmaline and harmine 

standers, which were determined by 

evaluating the factor Retention (Rf) at 0.30 

and 0.71, respectively (Figure 1 and Figure 

2) and table 2. 

The obtained results are consistent 

with the research carried out by Saad et al., 

(2019)., which showed, through TLC 

chromatography, that the seeds of the P. 

harmala plant growing in the Baghdad 

region contain two types of alkaloids with 

a retention factor equal to 0.29 and 0.79, 

and this is done by using a solvent system 

consisting of methanol / chloroform (50: 

50), and in another study, Benbott et 

al.(2022), showed that the seeds of the P. 

harmala contain β-carboline alkaloids 

represented in harmine, harmaline, and 

harmol, which are the most common types 

of alkaloids present in it. 

 

  
Figure 1: TLC for standards 

harmaline, harmine, and crud alkaloids 

detection with Dragendorff reagent. 

Figure 2: TLC for standards harmaline, 

harmine, and crud alkaloids respectively 

from left to right under UV light. 
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Table.2: TLC of crud alkaloid extraction compared to standards (harmine and harmaline). 

solvent system Spot 

number 

Spot type Retention 

factor 

Color 

under 

UV365 

Color with 

Dragendroff 

agent 

methanol/chloroform/ammonia 

(79:20:1, v/v) 

1 Harmine 0.71 Violet Orange 

2 Harmaline 0.30 Bluish 

green 

Orange 

3 Crud 

alkaloids 

0.71 

0.30 

Violet 

Bluish 

green 

Orange 

Orange 

Table 3: Antibacterial activity of crud alkaloid extraction compared to standards (harmine and 

harmaline) 

Bacterial 

strains 

Diameters  of inhibition zone diameter (mm) 

Harmine (mg/ml) Harmaline (mg/ml) Crude alkaloids 

(mg/ml) 

 

DMSO 

50        25 12.5 6.25 50 25 12.5 6.25 50 25 12.5 6.25  

S. aureus 19 17 14 10 16 13 11 9 20 18 15 11 - 

E. coli 14 11 10 9 13 11 10 9 17 15 12 10 - 

P. aeruginosa 9 8 7.5 7 8.

5 

7 7 6 8.

5 

8 7 6 - 

Antibacterial Activity 

The antibacterial activity of Haramla 

alkaloids was evaluated against three 

reference bacterial strains at four 

concentrations (50 mg/ml, 25 mg/ml, 12.5 

mg/ml and 6.25 mg/ml), using the agar 

diffusion method. The inhibition zones of 

the alkaloid extract were calculated. The 

results of the zones of inhibition assay are 

shown in Table 3.  

Table 2 and Figures 3, 4 and 5 show 

the effect of the standards alkaloids and 

the crude alkaloids extracted from the 

roots on the growth of the tested bacterial 

strains. We recorded varying diameters 

dependent on the dose and on the type of 

bacterial strains. Significant values were 

recorded with S. aureus strain, where the 

largest diameter of inhibition was 

estimated to be 20 mm with the crude 

extract of alkaloids in the roots, followed 

by 19 mm with harmine alkaloid, then 

harmine by 16 mm at a concentration of 50 

mg/ml, while the lowest inhibition zone 

diameter of 6 mm was estimated with P. 

aeruginosa strain at a concentration of 

6.25 mg/ml. 

Our results showed that the 

diameters of the inhibition zones ranged 

from 6 to 20 mm and are concurrent with 

varying concentration of alkaline extracts, 

these results agree with the previous study 

by Benbott et al., (2012) who found that 

the diameters of the inhibition zones 

increased with increasing concentrations of 

P. harmala extracts. In another study, 

Iranshahy et al., (2019) showed that 

alkaloids and smoke of P. harmala 

specifically are more effective on Candida 

albicans and Gram
+
 bacteria (Micrococcus 

luteus and Staphylococcus aureus), while 

Gram
-
 bacteria, especially Pseudomonas 

aeruginosa were less sensitive. 

Many scientific researches 

(Apostolico et al., 2016; Benyouneset al., 

2016; Zhu et al., 2022) indicated that P. 

harmala extracts have more effect and 

sensitivity on Gram
+
 bacteria than Gram

-
 

bacteria. The hypersensitivity of the S. 

aureus strain is caused by variations in the 

external environment such as temperature, 

pH and natural extracts, due to the absence 

of an external membrane which makes it 

very sensitive. 

Abdulridha et al., (2019) proved in 

his study that P. harmala extracts has an 

effect against some pathogenic bacterial 

strains isolated from Streptococcus, 
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Staphylococcus, Aeromonas, E.coli, 

Klebsiella and Acinetobacter.  

Anticoagulant Activity 

All the anticoagulant activities of 

alkaloids extracts from P.harmala roots 

and standards were evaluated in vitro with 

respect to the exogenous pathway and the 

endogenous pathway of coagulation using 

two general chronometric tests that explore 

coagulation APTT and PT, respectively. 

The results of the means of the APTT and 

PT tests for anticoagulant activity as a 

function of time are presented in Table 4. 

   
S. aureus E. coli P. aeruginosa 

Figure 3: Effect of crude alkaloids on three types of bacterial 

 
S. aureus E. coli                P. aeruginosa 
Figure 4: Effect of Harmaline on three types of bacterial strains 

   
S. aureus E. coli P. aeruginosa 

Figure 5:  Effect of Harmine on three types of bacterial strains 

Table 4: APTT and PT of Harmala alkaloids extract and standards 

 

Concentration  

(μg/mL) 

Anticoagulant activity (S) 

Harmine (μg/mL) Harmaline (μg/mL) Crude alkaloids 

(μg/mL) 

Heparin 

(μg/mL) 

 12.5 25 50 12.25 25 50 12.5 25 50 10 

APPT (S) 30.77 33.38 37.9 28.39 31.9 37.70 29.19 32.731 36.56 42.18 

PT (S) 12.90 16.83 23.5 13.10 17.6 23.20 13.75 16.69 23.60 13.3 
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The study of the anticoagulant 

activity on the endogenous pathway 

showed that harmala alkaloids, harmine 

and harmaline with different 

concentrations (50 𝜇g/mL, 25 𝜇g/mL and 

12,5 𝜇g/mL) had an effect similar to that 

of heparin. The results of the current study 

show that alkaloids extracts are able to 

prolong APTT in a significant and dose-

dependent manner. However, harmine 

appears to exert relatively greater 

anticoagulant activity than other extracts 

of harmaline and crudes alkaloids. The  

concentration 12.5 𝜇g/mL  of harmine 

demonstrated anticoagulant activity with 

APTT where the duration of clot onset was 

estimated to be 30.77 S, corresponding to 

the elongation duration of 2.38 S and 1.58 

S greater than that of harmaline and the 

crude extract respectively. Moreover, a 

concentration 25 𝜇g/mL is able to exert an 

anticoagulant effect on the intrinsic 

pathway of coagulation, estimated by 

APTT as 33.38 S of harmine with a 

lengthening of 1.39 S and 0.65 S greater 

than harmaline, and crude alkaloids. 

A concentration 50 𝜇g/mL of 

harmine shows a significant anticoagulant 

capacity with APTT with a time of 37.94 

S, corresponding to an elongation of 1.38 

S greater than that of the crude extract. 

However, the anticoagulant activity 

appears to increase with increasing 

concentration of the extracts. 

The values of a normal TP are 

between 12 and 14 seconds depending on 

the products applied. The concentration 

12.5 𝜇g/mL of harmine and Hermaline and 

crude of the alkaloid capable of prolonging 

prothrombin time (PT) of (12.90 S, 13.10 

S, 13.57 S) respectively, the elongation of 

the crude extract is 0.67 seconds greater 

than that of harmine and harmaline, with 

little change between these two others. 

However, a concentration 50 

𝜇g/mL of harmaline had an anticoagulant 

activity of PT estimated at 17.67 S with 

elongation (0.84 S and 0.74 S) compared 

to the harmine and the crude alkaloid 

extract.  

Concerning, a concentration 50 

𝜇g/mL has anticoagulant effect against the 

extrinsic pathway of PT estimated at 23.57 

s, 23.20 s and 23.60 s of the crude 

alkaloids, harmaline and harmine 

respectively, with slight changes between 

them. These values obtained are 

characterized by significant changes 

compared to the Heparin positive control 

This result is consistent with the 

work of Dhahri et al., (2020) which proved 

that the anticoagulant power of heparin 

comes from disruption of the intrinsic 

pathway of coagulation enzymes by 

forming a complex with antithrombin III. 

Because the thromboplastin time is a 

coagulation test that detects all exogenous 

pathway coagulation factors. A study, 

Khoo et al., (2014) showed that hexacic 

acids and polysaccharides, as well as 

polyphenols extracted from M. 

malabathricum, played a role in 

prolonging blood clotting in the intrinsic 

pathway. This result is agreement with Li 

et al., (2017) who found that several β-

carboline alkaloids such as harmine, 

harmaline, harmane, can play various 

pharmacological effects. 

CONCLUSION 

The results of TLC 

chromatography showed that the root 

extract of P. harmala contains two types 

of alkaloids, harmine and harmaline. An in 

vitro study confirmed that these alkaloids 

have antibacterial activity, the largest 

inhibition zone diameter was 20 mm with 

S. aureus. Alkaloids extracts also possess 

anticoagulant properties and have better 

effects than sodium heparin standard 

especially in prolonging blood clotting in 

the intrinsic pathway. This explains the use 

of P. harmala in traditional medicine in 

many countries including Algeria. Further 

research is needed to study the mechanism 

of the anticoagulant activity of the alkaloid 

components. 
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