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Abstract  

 

Alkaloids and fatty acids extracted from plant species are considered as popular ingredients in pharmaceutical products. 

The medicinal herb Peganum harmala L., native to arid and semi-arid rangeland, is known as an excellent source of β-

carboline alkaloids and some important essential fatty acids. In order to extend the knowledge of phytochemical 

biodiversity of P. harmala, main alkaloids and fatty acids contents of the populations collected from five different parts of 

Iran were investigated. Harmine and harmaline, that are the main β-carboline alkaloids of P. harmala seed extract, were 

identified by FTIR and quantified by HPLC. Significant quantitative differences (p ≤ 0.01) were observed in harmaline 

(295-354.16 mg/g dry extract) and harmine (257.91-304.66 mg/g dry extract) contents among studied populations. 

Furthermore, seed oil was extracted and analysis of fatty acids was performed quantitatively using GC method. The result 

showed that the average oil content of P. harmala was 15.82±1.06%, with no significant difference (p ≤ 0.05) among the 

samples. The most abundant fatty acid in all analyzed samples was linoleic acid (C18:2) (54.33-60.53% of the total fatty 

acids). Statistical analysis revealed significant differences (p ≤ 0.05) among the populations for linoleic acid (C18:2) 

(58.21±2.70%) and palmitic acid (C16:0) (9.99±1.19%) contents. Additionally, all the samples were rich in unsaturated 

fatty acids and β-carbolines, harmaline and harmine. These data indicate that the amounts of major alkaloids and fatty 

acids vary considerably among the P. harmala’s natural populations, which could be potential sources of these important 

phytochemicals for pharmaceutical and industrial purposes. 
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Introduction  

 

Peganum harmala L. (family Nitrariaceae), commonly 

known as Syrian Rue, is an important perennial medicinal 

plant widely distributed and native to arid and semi-arid 

areas of north Africa, Mediterranean, the Middle east, 

Pakistan, India and Iran. It was also introduced in parts of 

the southwest America and Australia [1-3]. This wild 

herbaceous species, with short creeping root, grows 

spontaneously in steppe areas and sandy soils, and can 

reach 30-100 cm in height [4]. 

Phytochemical analysis of P. harmala revealed the 

presence of alkaloids, fatty acids, steroids, flavonoids, 

anthraquinones, amino acids, and polysaccharides in its 

seeds and other parts of the plant [5-8]. The seeds consist 

of 2.5 to 4% mixed β-carboline alkaloids [9] such as 

harmine, harmaline, harmol, harmalol and 

tetrahydroharmine [10,11], which are known as harmala’s 

alkaloids, because they were originally isolated from 

Peganum harmala [12,13]. The main alkaloids of P. 

harmala are harmaline (harmidine) and harmine 

(banisterine). Harmaline (C13H14N2O), with chemical 

name of 7-Methoxy-1-methyl-3,4-dihydrobeta-carboline, 

is the major alkaloid of this plant, and harmine 

(C13H12N2O), with chemical name of 7-Methoxy-1-

methylbeta-carboline, pharmacologically resembles 

harmaline in its action but with less toxicity [4,14]. 

Several reports indicate that P. harmala extract has a 

wide range of pharmacological and biological properties 

such as anticancer [15], hypothermic and hallucinogenic 

[16], antiparasitic and anti-HIV [17], anti-microbial [18], 
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anti-oxidant [19] and monoamine oxidase (MAO) 

inhibition [20] activities. In most cases, these effects are 

caused by alkaloids of type β-carboline [21]. 

Furthermore, P. harmala has been one of the sources of 

edible oil [22]. In a recent study, P. harmala seed has 

shown the potential as a source of omega-3 essential oil 

(α-linolenic acid, 14.79%) and omega-6 oil (linoleic acid, 

10.61%). Also, saturated fatty acids in the seed oil 

(palmitic acid, 48.13% and stearic acid, 13.8%) were 

considered to be used in the soaps, cosmetics, lubricants 

and softening industry [8]. Apostolico et al., [23] have 

recently found that the composition of the essential oil of 

P. harmala seeds from five countries in northern Africa 

was quite varied and they concluded that the external 

environment can affect the metabolic pathway of the 

same plant. 

Generally, there is little information about the metabolic 

profile of plants at the population level [24]. Although the 

main alkaloids of P. harmala were reported, few studies 

on the fatty acids of P. harmala were carried out [8]. 

Nevertheless, until now, the variation of the alkaloids and 

fatty acids of P. harmala in different locations has not 

been investigated. In general, the objective of this study 

was to evaluate P. harmala seeds from five selected sites 

of Iran in order to carry out a quantitative and qualitative 

analysis of the major alkaloids and fatty acids. 

 

Material and Methods 

 

Plant Materials 

For this study, the seed samples of Peganum harmala L. 

were collected from five different sites of Iran. This 

sampling was done based on information from local 

Agricultural Extension Agencies and producers 

throughout Iran during 2017 (Fig. 1). The salient 

characteristics of the regions are reported in Table1. The 

plant materials have been identified and deposited in 

National Institute of Genetics Engineering and 

Biotechnology (NIGEB), Tehran, Iran. 

 

β-carboline Alkaloids Extraction 

The powdered dry seeds of P. harmala (5g) were mixed 

with 50 mL acetic acid (30% (w/w)) at room temperature 

for 24 hours. Afterwards, the mixture was filtered using 

Whatman 0.45 mm filter paper, while it was washed 

twice more with 10 mL acetic acid (30% (w/w)). The 

filtrate was transferred to a separatory funnel, and then 

washed thoroughly with 100 ml of petroleum ether: ethyl 

acetate (1:1). The aqueous layer was collected and 

basified with sodium hydroxide 10 M and transferred to 

another separatory funnel and extracted three times with 

50 mL chloroform. Eventually, the solvent of organic 

layer was evaporated to dryness on a rotary evaporator at 

45 °C [25].  

 

 
 

Fig. 1 The geographical sites of the Peganum harmala’s 

populations; S1: Kerman, S2: Isfahan, S3: Tabriz, S4: Mashhad 

and S5: Kermanshah  

 

FTIR Analysis of β-carboline Alkaloids 

The IR spectra were recorded on a Fourier transform 

infrared spectrophotometer (FT-IR, BRUKER, 

Germany). One mg of dried extracts and standards 

,Harmaline (286044-1G- Sigma) and Harmine (51330-

1G- Sigma), were ground with 150 mg KBr powder and 

pressed into pellets for infrared spectrometry analysis. 

The instrument was operated under dry air purge, and the 

scans were collected at scanning speed of 2 mm.s
-1

 with 

resolution of 4 cm
−1

 in the frequency range of 4000 to 

500 cm
−1

. 

 

Table 1 Main characteristics of selected sites of Peganum harmala L. 

 

Site (code) Region of Iran Latitude Longitude Altitude (m asl*) Climate 

S1 Kerman 30°16’ °N 57°04’ °E 1765 arid 

S2 Isfahan 32°59’ °N 51°03’ °E 1991 arid 

S3 Tabriz 38°04’ °N 46°17’ °E 1542 semi-arid 

S4 Mashhad 36°18’ °N 59°36’ °E 1070 semi-arid 

S5 Kermanshah 34°18’ °N 47°03’ °E 1392 semi-arid 

 

Annual mean temperatures in the arid and semi-arid climates were 24º – 27 ºC and 27º – 30 ºC, respectively. Annual mean rainfalls were 

104 – 181 mm and 205 – 308 mm in the arid and semi-arid climates, respectively.   

* metres above sea level (m asl) 
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HPLC Analysis of β-carboline Alkaloids 

High performance liquid chromatography (HPLC) 

analysis was conducted using a Cecil 1100 series (Cecil 

Instruments Ltd., Cambridge, England). The mobile 

phase composition was 10 mM potassium phosphate 

buffer (pH 7) and acetonitrile (50 : 50 , v/v) with the flow 

rate of 1.5 mL.min
-1

 at room temperature (25 ˚C).  

Stock solutions were prepared individually in methanol 

for harmaline and harmine standards (Sigma, USA) at 

five concentrations of 100 – 1000 µg.mL
-1

 and used to 

establish standard curves of harmaline standard (Figure 

4a) and harmine standard (Figure 4b). Four mg of each 

extract was dissolved in 1ml Methanol and filtered 

through a 0.45 µm polypropylene filter prior to direct 

injection into the HPLC column. Volumes of 20 µl of 

prepared stocks and sample solutions were subsequently 

injected into a 4.6 mm × 250 mm ODS-3 C18 column 

under the same conditions and the chromatograms were 

recorded at maximum absorbance wavelength of 330 nm. 

Oil extraction and preparation of fatty acid methyl esters 

(FAME) 

Oil extraction was conducted from ground dry seeds (5 g) 

using n-hexane as the solvent in a Soxhlet apparatus for 1 

h at 40 – 60 ºC. Oil content of the samples was expressed 

as a percentage of the oil in dry weight. 

The fatty acid methyl esters (FAMEs) were prepared by 

converting them to methyl esters by the addition of 0.2 

mL of 2N methanolic potassium hydroxide to 0.1 g of the 

extracted oil, heating in a water bath at its boiling 

temperature for 10 minutes, followed by the addition of 

1ml of n‐hexane and incubated at room temperature for 1 

hour [26]. A 1 µl aliquot of the superior phase containing 

FAMEs was injected and analyzed by gas 

chromatography. The fatty acid composition of the 

samples was specified using gas chromatography as 

FAMEs according to European Regulations (EEC 

2568/91). 

 

Gas Chromatography Analysis 

The gas chromatographic analysis of FAMEs was carried 

out by an ACME 6100 Younglin Capillary Gas 

chromatograph equipped with a FID (VICI, Valco, 

Houston, TX, USA). A fused‐silica capillary column 

(TRB-5, 60 m ×0.32 mm ×0.5 µm film thicknesses, TR-

120563, Teknokroma, Barcelona, Spain) was used. The 

injector, detector and oven temperatures were set at 240, 

250, and 185 °C, respectively. The carrier gas was helium 

with the flow rate of 1 mL min
-1

 and the split ratio of 1: 

50. The amount of each fatty acid was expressed as a 

percentage of the total fatty acids. 

 

Statistical Analysis 

All experiments were carried out in triplicate and all data 

were represented as means± standard deviation (SD). 

Statistical comparisons were performed using an analysis 

of variance (ANOVA) according to Duncan’s test 

through the SPSS 18.0 Software. The least significant 

differences were statistically calculated at p-values ≤ 

0.05. 

 

Results  

 

Evaluation of Alkaloids Contents 

The seed extracts of Peganum harmala were 

characterized and two major β-carboline alkaloids, 

harmaline and harmine, were identified by FTIR. Figure 

2 compares the typical infrared spectrum of P. harmala 

seed extracts with harmine and harmaline standards. 

Moreover, quantitative determination of the major 

alkaloids in crude extracts were analyzed using HPLC. A 

typical HPLC chromatogram of the extracts compared 

with the standards was exhibited in Figure 3. The 

retention times for harmaline and harmine were observed 

to be at 3.36 and 5.42 minutes, respectively. 

The alkaloid contents in the extracts of P. harmala was 

quantified using the corresponding linear calibration 

curves with correlation coefficient (R
2
) of ≤ 0.99, as 

shown in Figure 4. Accordingly, the amounts of 

harmaline and harmine (based on dry extract) varied 

significantly among the samples collected from five 

different regions (p ≤ 0.01) (Table 4). In the all examined 

extracts, the average contents of harmaline and harmine 

were 332.23±22.24 mg/g and 284.31±15.62 mg/g, 

respectively. On average, the highest content of 

harmaline (354.16±1.01 mg/g) was related to the samples 

of Isfahan (S2), and the highest amount of harmine 

(304.66±1.84 mg/g) was related to the samples of 

Kermanshah (S5). Meanwhile, the total concentration of 

the two alkaloids in dry extracts varied among the 

populations (p ≤ 0.01) (Table4), and the largest amount 

(640.00±2.78 mg/g) was detected in the samples collected 

in Kermanshah (S5), whereas the samples from Tabriz 

(S3) presented the lowest total alkaloid concentrations 

(583.00±2.50 mg/g), as shown in Table 2. 

 

Evaluation of Fatty Acids Contents 

The results of oil quantification in Table 3 showed that P. 

harmala seed oil (15.82±1.06% on average) ranged from 

15.32±1.27% (S2) to 16.14±1.09 % (S1), and there is no 

significant difference (p ≤ 0.05) among the samples from 

different localities. 

After esterification of the fatty acids to the fatty acid 

methyl esters (FAMEs), they were determined by GC 

analysis. The two major fatty acids were linoleic acid 

(C18:2) (58.21±2.70%) and oleic acid (C18:1) 

(27.99±2.42%), followed by palmitic acid (C16:0) 

(9.99±1.19%) and stearic acid (C18:0) (2.69±0.46%). The 

P. harmala seed oils also contained linolenic (C18:3) and 

palmitoleic (C16:1) acids, but in small quantities (0.12–

0.38%) (Table 3). Among the unsaturated fatty acids 
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(USFAs), linoleic acid (C18:2) was significantly varied 

(p ≤ 0.05) from 54.33±2.24% (S2) to 60.53±0.95% (S1). 

Significant differences (p ≤ 0.05) were also found among 

the populations for total unsaturated fatty acids, which 

ranged from 82.12±5.02% (S2) to 88.04±0.31% (S3). In 

addition, palmitic acid (C16:0) was the only saturated 

fatty acid (SFA) found to be different (p ≤ 0.05) from 

8.99±0.06% (S3) to 11.60±1.63% (S2). No significant 

difference in the other fatty acids among different sites 

was found (Table 4). 

 

 

 
 

Fig. 2 FT-IR spectra in the region of 4000 – 500 cm-1 for (a) 

Harmaline standard, (b) Harmine standard and (c) P. harmala 

seed extract 

 

 
 

 
 

 

 

Fig. 3 HPLC chromatograms at absorbance wavelength of 330 

nm for (a) Harmaline, (b) Harmine and (c) P. harmala seed 

extract 
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Fig. 4 Linear calibration curves for (a) Harmaline and (b) 

Harmine 

 

Discussion 

 

Medicinal plants have been proposed as potential sources 

of pharmaceutical natural products. In terms of active 

components, harmine and harmaline, which are two 

major β-carboline alkaloids in the P. harmala extract, 

have exhibited various types of pharmacological and 

biological activities. What is more, the proportions of β-

carboline alkaloids change sharply with the stage of 

development of seeds and finally harmine and harmaline 

are stored in high concentrations in ripe seeds [20, 21]. 

Therefore, in this study, the dry seeds of P. harmala were 

subjected to acidic/basic extraction to obtain the 

alkaloids, and then harmine and harmaline were detected 

as the major β-carboline alkaloids of the extracts via 

FTIR. According to comparison of infrared absorption of 

P. harmala seed extracts with the standards of alkaloids 

(Fig. 2 a and b), it could be found that in frequency 

region of 4000 - 500 cm
-1

; the functional groups (C-H), 

(C=O), (C=N), (OCH3) and (C-N) were absorbed at 

about wave lengths, 1071, 1277, 1446, 1620 and 3072 

cm
-1

, respectively, resembling harmaline (C13H14N2O) 

and harmine (C13H12N2O) molecular formulas [25, 27].  

Our study revealed that the concentrations of alkaloids 

(based on dry extract) quite varied among the populations 

of P. harmala. On average, harmaline content was higher 

than harmine content in all the samples and from each 

gram of the dry extract, 332.23±22.24 mg harmaline and 

284.31±15.62 mg harmine were determined by HPLC 

(Table 2). The relative contents of the β-carbolines 

seemed to be low, but they were 4-5 times higher than 

those previously reported in Iran, which identified that 

each gram of P. harmala seed extract contained 79.0 mg 

and 55.5 mg of harmaline and harmine, respectively [28]. 

Moreover, the average of harmaline content 

(332.23mg/g( was nearly similar to the amount of 

harmaline (325 mg in 1.20 g of crude extract) obtained by 

Wang et al., [29], but the average of harmine content 

(284.31 mg/g( was lower than their data with the value of 

554 mg in 1.20 g of crude extract. These differences 

might be related to the different geographical origins with 

different environmental conditions. Indeed, the 

concentration of plant secondary metabolites (PSMs) 

could change considerably due to the influence of several 

biotic and abiotic factors [30]. In this regard, it has been 

shown that alkaloid content of medicinal plants such as 

Corchorus depressus [31], Papaver somniferum L. [32] 

and Tribulus terrestris [33] were affected by 

environmental and spatial factors. 

Besides the PSMs, the Fatty acids composition of plant 

oils is also influenced by a lot of factors such as 

genotype, ecology, morphology, physiology and 

agronomic practices [34]. In this study, linoleic acid 

(C18:2) was the most abundant fatty acid (58.21±2.70%), 

which was significantly different (p ≤ 0.05) among the 

populations, followed by oleic acid (C18:1) with average 

value of 27.99±2.42% (Table 3). 

 

Table 2 Alkaloid amounts of P.harmala seeds from five different sites of Iran 

 

Site (code) Location Harrmaline Harrmine Sum of alkaloids 

S1 Kerman 351.58±2.12 a 286.33±1.18 bc 637.91±1.04 a 

S2 Isfahan 354.16±1.01 a 284.08±1.25 c 638.25±2.25 a 

S3 Tabriz 325.08±1.28 c 257.91±1.28 d 583.00±2.50 b 

S4 Mashhad 295.00±1.75 d 288.58±0.52 b 583.58±2.09 b 

S5 Kermanshah 335.33±1.01 b 304.66±1.84 a 640.00±2.78 a 

Mean of means - 332.23±22.24 284.31±15.62 616.55±28.18 

 

The values are expressed as (mg/g dry extract); mean ± standard deviation (n = 3). Mean values within each column followed by the 

same lower-case letter are not significantly different at p ≤ 0.01 level. 
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Table 3 Oil content and fatty acid composition of P. harmala seeds from five different sites of Iran 

 

Site (code) Location 
oil content 

 (% of dry weight) 

Fatty acid composition (% of total) 

C16:0 C18:0 SFAs C16:1 n7 C18:1 n9 
C18:2 n6 

 
C18:3 n3 UFAs 

S1 Kerman 16.14±1.09 a 9.95±1.08 ab 3.01±0.62 a 12.97±1.69 ab 0.13±0.02 a 26.10±2.22 b 60.53±0.95 a 0.26±0.05 ab 87.03±1.60 a 

S2 Isfahan 15.32±1.27 a 11.60±1.63 a 2.86±0.28 a 14.46±1.52 a 0.15±0.04 a 27.26±3.41 ab 54.33±2.24 b 0.38±0.13 a 82.12±5.02 b 

S3 Tabriz 15.63±1.42 a 8.99±0.06 b 2.91±0.32 a 11.91±0.28 b 0.17±0.01 a 27.68±1.28 ab 59.92±1.20 a 0.26±0.08 ab 88.04±0.31 a 

S4 Mashhad 16.09±0.71 a 9.51±0.54 b 2.53±0.33 ab 12.05±0.59 b 0.18±0.05 a 27.92±0.08 ab 59.59±0.67 a 0.27±0.09 ab 87.96±0.52 a 

S5 Kermanshah 15.94±1.39 a 9.90±0.18 ab 2.12±0.18 b 12.02±0.32 b 0.12±0.01 a 31.02±1.59 a 56.70±1.38 b 0.17±0.01 b 88.02±0.22 a 

Mean of means - 15.82±1.06 9.99±1.19 2.69±0.46 12.68±1.35 0.15±0.04  27.99±2.42 58.21±2.70 0.27±0.097 86.63±3.10 

SFAs: saturated fatty acids. UFAs: unsaturated fatty acids. All values are mean ± standard deviation (n = 3). Mean values within each column followed by the same lower-case letter are not significantly 

different at p ≤ 0.05 level. 

 

Table 4 Analysis of variance for alkaloid and fatty acid contents in five populations of Peganum harmala L. 

 

 Alkaloids Fatty acids 

Source of variation df Harmaline Harrmine Sum of alkaloids C16:0 C18:0 SFAs C16:1 n7 C18:1 n9 C18:2 n6 C18:3 n3 UFAs 

Between sites 4 1726.91** 850.05** 2767.29** 2.87* 0.39ns 3.51ns 0.002ns 10.02ns 20.68* 0.016 ns 19.64* 

Error 10 2.25 1.65 4.91 0.83 0.14 1.14 0.001 4.16 1.95 0.007 5.64 

 

SFAs: saturated fatty acids. UFAs: unsaturated fatty acids. 
** p ≤ 0.01, * p ≤ 0.05 and ns non-significant. 
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Interestingly, the range of omega-3 (n3) and omega-6 

(n6) fatty acids of P. harmala oil obtained in this study 

were more than those reported in the previous study [8]. 

The same result was reported by Nehdi et al., [35] that 

recommended the seed oil of harmal (Rhazya stricta) 

with oil content of 13.68% as dietetic oil, because it was 

high in linoleic acid (59.03%) and oleic acid (27.01%). 

However, in this study the oil content of P. harmala 

seeds was 15.82±1.06% on average, and we found that 

more than four fifths of the fatty acids from total lipids of 

P. harmala were unsaturated fatty acids (UFAs) with an 

average value of 86.63±3.10%. Therefore, P. harmala 

seed oil could be considered as a rich source of 

unsaturated fatty acids. In contrast, the average amount of 

saturated fatty acid (SFAs) in total lipids were only 

12.68±1.35%. Palmitic acid (C16:0) was varied among 

the sites (p ≤ 0.05), and there was a lower percentage of 

stearic acid (C18:0, averaging 2.69±0.46%) relative to 

palmitic acid (C16:0, averaging 9.99±1.19%). The 

contents of C16:0 (9.99±1.19%) and C18:3 

(0.27±0.097%) in our samples (Table 3) were much 

lower compared with those in the previous report on P. 

harmala from Saudi Arabia [8]. These differences in fatty 

acids composition in the same plant, might be due to 

sample collection from different areas. To date, no 

literature has reported on the geographical variation of 

fatty acid composition in P. harmala seed oils. However, 

other studies regarding variation in fatty acids of some 

other plant oils such as olive oil [36], sunflower oil [37] 

and apricot kernel oil [38] revealed significant differences 

among different geographical regions for C16:0 , C18:2 

and other fatty acids. In general, the relative proportion of 

the C18 unsaturated fatty acids, including oleic acid 

(C18:1), linoleic acid (C18:2) and linolenic acid (C18:3), 

determines final use of the crops oil. Hence, in the food 

industry, the oils which contain high level of linoleic acid 

(more than 60%) are being utilised in polyunsaturated 

oils and margarine production. Moreover the low content 

of linolenic acid (C18:3) improves the flavour stability of 

the product [39]. Thus, the optimal features of the P. 

harmala oil in all the populations were the high content 

of linoleic acid (C18:2) and the low content of linolenic 

acid (C18:3). 

 

Conclusion 

 

The present study indicated that Iranian P. harmala, 

containing considerable amounts of unsaturated fatty 

acids in the oil and β-carbolines in the extract, can be 

considered as a good source for the extraction of these 

phytochemicals. This investigation revealed that P. 

harmala seed oil has a relatively high content of C18:2 

and low C18:3 acids. Furthermore, the contents of two 

fatty acids, C16:0 and C18:2, and two β-carboline 

alkaloids, harmaline and harmine, in this medicinal plant 

from five different sites of Iran was quite varied; this 

could be attributed to the geographical distribution of the 

plant. The natural plant populations assessed might be 

potential candidates for selecting favourable chemotypes 

aimed at cost-effective production of these herbal 

compounds for pharmaceutical and industrial uses in the 

future. However, further studies are required to evaluate 

the effects of genetic and environmental factors on these 

valuable phytochemicals. 

 

Acknowledgement  

 

This study received financial support from National 

Institute of Genetic Engineering and Biotechnology 

(NIGEB). 

 

References 

 

1. Ehsanpour A, Saadat E. Plant regeneration from hypocotyl 

culture of Peganum harmala. Pakistan J of Botany. 

2002;34:253-6. 

2. Goel N, Singh N, Saini R. Efficient in vitro multiplication of 

Syrian Rue (Peganum harmala L.) using 6-benzylaminopurine 

pre-conditioned seedling explants. Nat Sci. 2009;7:129-34. 

3. Yousefi R, Ghaffarifar F, Asl AD. The effect of Alkanna 

tincturia and Peganum harmala extracts on Leishmania major 

(MRHO/IR/75/ER) in vitro. Iranian J of Parasitology. 2009:40-

7. 

4. Mahmoudian M, Jalipour H, Salehian Dardashti P. Toxicity of 

Peganum harmala - review and a case report. Iranian J of 

Pharmacology and Therapeutics. 2002;1:1-0. 

5. Chatterjee A, Ganguly M. Alkaloidal constituents of Peganum 

harmala and synthesis of the minor alkaloid deoxyvascinone. 

Phytochemistry. 1968;7:307-11. 

6. Sharaf M, El-Ansari MA, Matlin SA, Saleh NA. Four flavonoid 

glycosides from Peganum harmala. Phytochemistry. 

1997;44:533-6. 

7. Movafeghi A, Abedini M, Fathiazad F, Aliasgharpour M, 

Omidi Y. Floral nectar composition of Peganum harmala L. 

Natural Product Res. 2009;23:301-8. 

8. Moussa TA, Almaghrabi OA. Fatty acid constituents of 

Peganum harmala plant using Gas Chromatography–Mass 

Spectroscopy. Saudi J Biological Sci. 2016;23:397-403. 

9. Wagner H, Bladt S. Plant drug analysis: a thin layer 

chromatography atlas, Springer Sci and Business Media, 1996. 

10. Cheng J, Mitchelson KR. Improved separation of six harmane 

alkaloids by high-performance capillary electrophoresis. J 

Chromatography A. 1997;761:297-305. 

11. Kartal M, Altun M, Kurucu S. HPLC method for the analysis 

of harmol, harmalol, harmine and harmaline in the seeds of 

Peganum harmala L. J Pharmaceutical Biomed Analysis. 

2003;31:263-9. 

12. Hashimoto Y, Kawanishi K, Moriyasu M. Forensic Chemistry 

of Alkaloids by Chromatographic Analysis. Alkaloids: Chem 

Pharmaco Elsevier, 1988, pp. 1-77. 

13. Picada JN, da Silva KV, Erdtmann B, Henriques AT, 

Henriques JA. Genotoxic effects of structurally related β-

carboline alkaloids. Mutation Research/Fundamental and 

Molecular Mechanisms of Mutagenesis. 1997;379:135-49. 

51 



Journal of Medicinal Plants and By-products (2021) 1: 45-52 
 

14. Takahashi M, Nagashima M, Suzuki J, Seto T, Yasuda I, 

Yoshida T. Creation and application of psychoactive designer 

drugs data library using liquid chromatography with photodiode 

array spectrophotometry detector and gas chromatography–

mass spectrometry. Talanta. 2009;77:1245-72. 

15. Lamchouri F, Settaf A, Cherrah Y, Zemzami M, Lyoussi B, 

Zaid A, et al. Antitumour principles from Peganum harmala 

seeds. Therapie. 1999;54:753-8. 

16. Lamchouri F, Settaf A, Cherrah Y, El MH, Tligui N, Lyoussi 

B, et al., editors. Experimental toxicity of Peganum harmala 

seeds. Annales Pharmaceu Françaises. 2002. 

17. Di Giorgio C, Delmas F, Ollivier E, Elias R, Balansard G, 

Timon-David P. In vitro activity of the β-carboline alkaloids 

harmane, harmine, and harmaline toward parasites of the 

species Leishmania infantum. Experimental Parasitology. 

2004;106:67-74. 

18. Arshad N, Zitterl‐ Eglseer K, Hasnain S, Hess M. Effect of 

Peganum harmala or its β-carboline alkaloids on certain 

antibiotic resistant strains of bacteria and protozoa from poultry. 

Phytotherapy Research: An International J Devoted to 

Pharmacological and Toxicological Evaluation of Natural 

Product Derivatives. 2008;22:1533-8. 

19. Hamden K, Carreau S, Ayadi F, Masmoudi H, Abdelfattah E. 

Inhibitory effect of estrogens, phytoestrogens, and caloric 

restriction on oxidative stress and hepato-toxicity in aged rats. 

Biomedical and Environmental Sci. 2009;22:381-7. 

20. Herraiz T, González D, Ancín-Azpilicueta C, Arán V, Guillén 

H. β-Carboline alkaloids in Peganum harmala and inhibition of 

human monoamine oxidase (MAO). Food and Chemical 

Toxicology. 2010;48:839-45. 

21. Mayad E, Hassani L, Ferji Z, Chebli B, El-Hadek M. 

Quantitative and qualitative analysis by HPLC of major 

Peganum harmala alkaloids at different stages of development. J 

Natural Sci Res. 2013;3:104-11. 

22. Mabberley DJ. The plant-book: a portable dictionary of the 

vascular plants, Cambridge university press. 1997. 

23. Apostolico I, Aliberti L, Caputo L, De Feo V, Fratianni F, 

Nazzaro F, et al. Chemical composition, antibacterial and 

phytotoxic activities of Peganum harmala seed essential oils 

from five different localities in Northern Africa. Mol. 

2016;21:1235. 

24. Valares Masa C, Alías Gallego J, Chaves Lobon N, Sosa Diaz 

T. Intra-population variation of secondary metabolites in Cistus 

ladanifer L. Mol. 2016;21:945. 

25. Seyed Hassan Tehrani S, Hashemi Sheikh Shabani S, 

Tahmasebi Enferadi S, Rabiei Z. Growth inhibitory impact of 

Peganum harmala L. on two breast cancer cell lines. Iranian J 

Biotech. 2014;12:8-14. 

26. Parvini F, Zeinanloo AA, Ebrahimie E, Tahmasebi‐ Enferadi 

S, Hosseini Mazinani M. Differential expression of fatty acid 

desaturases in Mari and Shengeh olive cultivars during fruit 

development and ripening. European J  Lipid Sci Technol. 

2015;117:523-31. 

27. Silverstein RM, Bassler GC. Spectrometric identification of 

organic compounds. J Chem Education. 1962;39:546. 

28. Sobhani AM, Ebrahimi S-A, Mahmoudian M. An in vitro 

evaluation of human DNA topoisomerase I inhibition by 

Peganum harmala L. seeds extract and its beta-carboline 

alkaloids. J Pharm Pharm Sci. 2002;5:19-23. 

29. Wang X, Geng Y, Wang D, Shi X, Liu J. Separation and 

purification of harmine and harmaline from Peganum harmala 

using pH‐zone‐refining counter‐current chromatography. J Sep 

Sci. 2008;31:3543-7. 

30. Pavarini DP, Pavarini SP, Niehues M, Lopes NP. Exogenous 

influences on plant secondary metabolite levels. Animal Feed 

Sci Technol. 2012;176:5-16. 

31. Mathur M, Sundaramoorthy S. Mineral Composition in 

Corchorus depressus at Heterogeneous Environmental 

Conditions and Their Relationships with Bottom‐Up, 

Top‐Down, and Plant Metabolite Factors. Communications in 

Soil Science and Plant Analysis. 2009;40:2028-43. 

32. Shukla S, Yadav HK, Rastogi A, Mishra BK, Singh SP. 

Alkaloid diversity in relation to breeding for specific alkaloids 

in opium poppy (Papaver somniferum L.). Czech J Gen Plant 

Breed. 2010;46:164-9. 

33. Mathur M, Sundaramoorthy S. Ethnopharmacological studies 

of Tribulus terrestris (Linn). in relation to its aphrodisiac 

properties. African J Traditional, Complementary Alternative 

Med. 2013;10:83-94. 

34. COŞGE B, GÜRBÜZ B, KIRALAN M. Oil Content and Fatty 

Acid Composition of Some Safflower (Carthamus tinctorius L.) 

Varieties Sown in Spring and Winter. Int J Natural Engin Sci. 

2007;1. 

35. Nehdi IA, Sbihi HM, Tan CP, Al-Resayes SI. Seed oil from 

Harmal (Rhazya stricta Decne) grown in Riyadh (Saudi 

Arabia): a potential source of δ-tocopherol. J Saudi Chem Soci. 

2016;20:107-13. 

36. Esmaeili A, Shaykhmoradi F, Naseri R. Comparison of oil 

content and fatty acid composition of native olive genotypes in 

different region of Liam, Iran. Int J Agric Crop Sci. 2012;4:434-

8. 

37. Vosoughkia M, Hossainchi Ghareaghag L, Ghavami M, 

Gharachorloo M, Delkhosh B. Evaluation of oil content and 

fatty acid composition in seeds of different genotypes of 

safflower. International J Agric Sci Res. 2012;2:59-66. 

38. Turan S, Topcu A, Karabulut I, Vural H, Hayaloglu AA. Fatty 

acid, triacylglycerol, phytosterol, and tocopherol variations in 

kernel oil of Malatya apricots from Turkey. J Agric food Chem. 

2007;55:10787-94. 

39. Green A. Genetic control of polyunsaturated fatty acid 

biosynthesis in flax (Linum usitatissimum) seed oil. Theoretical 

App Gen. 1986;72:654-61. 

 

 

52 


