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Table 1- Compounds identified from Fruits obtained from the tissue culture process

3 Sy bl gl S (S glad
Row Component Retetion Time Component Pick Area
(min)
1 Butane, 1,2:3,4- diepoxy-, (+)- 2.69 0.205
2 1,2- Cyclopentanedione 3.68 0.306
3 Furfural 3.78 0.613
4 2-Furanmethanol 4.14 0.944
5 2(3H)-Furanone, 5- methyl- 4.39 0.484
6 2-Methyl-3-(methylthio)-1-propene 4.57 0.320
7 2(5H)- Furanone 5.20 0.283
8 1,2-Cyclopentanedione 5.52 14.946
9 2(5H)- Furanone, 5-methyl- 5.57 0.178
10 2-Furancarboxaldehyde, 5-methyl- 6.17 0.348
11 2H- Pyran-2,6(3H)- dione 6.81 3.147
12 1,2,3,4-Cyclopentanetetrol, (10,2[3,3B,4a)- 7.22 0.406
13 Benzeneacetaldehyde 7.83 0.197
14 2,3-Dimethylfumaric acid 9.03 0.764
15 Maltol 9.29 0.212
16 4H- Pyran- 4-one, 2,3- dihydro-3,5-dihydroxy-6-methyl- 9.95 1.044
17 Cyclohexanecarboxylic acid, 2-hydroxy-, ethyl ester 10.43 0.555
18 4H-Pyran-4-one, 3,5-dihydroxy-2-methyl- 10.85 1.732
19 5-Hydroxymethylfurfural 11.72 8.066
20 a-D-Glucopyranoside, O-a-D-glucopyranosyl-(1.fwdarw.3)-f-D- 12.07 0.222
fructofuranosyl
21 Phenol, 2-methyl-5-(1-methylethyl)- 13.11 0.214
22 2-Amino-2-cyano-4-methylpentanethioamide 13.42 0.953
23 2,4-Hexadienedioic acid 14.89 1.028
24 Tetradecanoic acid 21 0.753
25 2,6,8-Trimethylbicyclo[4.2.0]oct-2-ene-1,8-diol 21.55 0.212
26 Phytol, acetate 22.16 2.990
27 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 22.52 0.881
28 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 22.78 1.604
29 17-Octadecynoic acid 23.15 0.216
30 n-Hexadecanoic acid 24.03 17.61
31 Phytol 25.95 1.636
32 9,12,15-Octadecatrienoic acid, (Z,Z,2)- 26.39 12.334
33 Octadecanoic acid 26.65 2.881
34 7-Methyl-Z-tetradecen-1-ol acetate 28.26 0.180
35 Eicosanoic acid 29.05 0.286
36 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 30.22 0.201
37 Stigmasterol 30.74 5.651
38 Diisooctyl phthalate 30.87 0.220
39 B-Amyrin 31.17 2.004
40 Linolenic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester (Z,Z,2)- 32.57 1.224
41 1-Heptatriacotanol 32.76 2.497
42 - a-Amyrin 32.95 0.633
43 9,19-Cyclochloestene-3,7-diol, 4,14-dimethyl-, 3-acetate 33.97 5.465
44 Vitamin E 35.08 0.247
45 9,10-Secocholesta-5,7,10(19)-triene-3,24,25-triol, (3,5Z,7E)- 35.95 1.039
46 Stigmasta-5,22-dien-3-ol, acetate, (3f)- 36.80 0.417
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Table 2- Compounds identified from Plants Leaf, obtained from the tissue culture process

@3 Sy bl gl S ¥ (S sl
Row Component Retetion Time Component Pick Area
(min)
1 Methyl laurate 16.778 1.31
2 Lauric acid 17.697 4.49
3 (3-Ethynyl-3-methyloxiran-2-yl)methanol 20.784 0.85
4 NEOPHYTADIENE 21.796 2.06
5 2-Hexadecene, 3,7,11,15-tetramethyl-, [R-[R@,R@-(E)]]- 21.889 0.70
6 Methyl palmitate 23.046 1.96
7 Oleyl amide 23.772 1.12
8 12-STEAROLACTONE 24.93 22.31
9 12-STEAROLACTONE 25.438 0.61
10 Phytol 25.625 15.63
11 Methyl stearate 25.765 2.76
12 2,3,7-TRIMETHYLOCTANAL 27.083 1.38
13 13-Hexyloxacyclotridecan-2-one 27.493 1.29
14 1,5-Dicyclopentyl-3-(2-cyclopentylethyl)pentane 27.705 0.68
15 Methyl 2-cyano-3,4-Dimethyl-4-phenylcrotonate 28.235 4.78
16 9-Octadecenoic acid (Z)-, 2-hydroxy-1,3-propanediyl ester 28.629 0.84
17 18,18"-Bi-1,4,7,10,13,16-hexaoxacyclononadecane 29.096 1.43
18 Naphthalene, 1,2,3,4-tetrahydro-1-methoxy- 30.004 111
19 HEPTADECENE-(8)-CARBONIC ACID-(1) 31.488 0.80
20 3-(1,3-Dihydroxyisopropil)-1,5,8,11,14,17-hexaoxacyclononadecane 31.789 0.96
21 18,19-Dihydroxy-1,4,7,10,13,16-hexaoxacycloeicosane, (18S,19S)- 32.137 111
22 1-Butanesulfinyl isocyanate, 1,1,2,2,3,3,4,4,4-nonafluoro- 33.698 0.68
23 3-(1,3-Dihydroxyisopropil)-1,5,8,11,14,17-hexaoxacyclononadecane 34.731 0.86
24 .gamma.-Tocopherol 36.604 2.80
25 Vitamin e 37.901 1.00
26 Cyclohexane, 1,1',1"-(1-propanyl-2-ylidene)tris- 38.332 2.95
27 [1,2'-Binaphthalene]-5,5',8,8'"-tetrone, 1',4-dihydroxy-2,3'-dimethyl-, (- 38.928 0.73
)-
28 Oxiraneundecanoic acid, 3-pentyl-, methyl ester, trans- 39.442 2.85
29 Octadec-9-enoic acid 39.966 1.64
30 HEPTADECENE-(8)-CARBONIC ACID-(1) 40.916 157
31 Stigmasterol 41.284 271
32 1-methyl-2-(3-methyl-2-buten-1-yl)-1-(4-methyl-3-penten-1-yl) 41.621 4.71
oxetane
33 .delta.7,25-Stigmastadienol 42.592 5.27
34 14-Pentadecenoic acid 42.981 0.64
35 1-Butanesulfinyl isocyanate, 1,1,2,2,3,3,4,4,4-nonafluoro- 43.718 1.79
36 Cyclotetradecane, 1,7,11-trimethyl-4-(1-methylethyl)- 45.892 0.58
37 1-allyl-3-methylindole-2-carbaldehyde 46.81 1.02
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Table 3- Compounds identified from Root obtained from the tissue culture process

@3 Sy bl gl oS F S sLad
Row Component Retetion Time Component Pick

(min) Area
1 Dimethyl sulfone 4.901 0.38
2 Isobutyraldehyde n-propylhydrazone 13.52 0.81
3 Capric acid 14.205 0.41
4 Ethyl decanoate 14.464 0.37
5 Lauric acid 17.733 5.80
6 Decanoic acid 19.014 1.05
7 1H-Indene, 1-methyl- 19.248 2.79
8 Tetradecanoic acid 20.805 3.90
9 2-(2-DIMETHYLAMINOETHOXY)ETHANOL 21.583 0.52
10 Isothiazole, 3-methyl- 23.056 0.86
11 Palmitic acid 23.767 5.56
12 N,N'-Diethyl-1,12-dodecanediamine 24.452 0.39
13 12-STEAROLACTONE 24.935 13.85
14 Oleic acid 25.609 0.70
15 Methyl stearate 25.76 0.37
17 Octadecanoic acid 26.388 1.01
18 Oleamide 26.579 0.83
19 3-Dimethylaminopropyl isocyanate 27.114 2.36
20 stereoisomer of 1,1'4,4'-tetrahydro-9,9'-bi-1,4-methanonaphthalene 27.524 331
21 trans-.delta.(sup 9)-Octadecenoic acid 28.24 1.15
22 4-cyano-7-phenyl-4,5-dihydro-7H-thiopyrano[3,4-b]furan 28.634 1.56
23 (7ar,14cc)-7a,14c-dihydronaphtho[2,1-b]naphtho-[1',2":4,5] furo[3,2-d]furan 29.106 4.05
24 2-(2-DIMETHYLAMINOETHOXY)ETHANOL 29.558 0.99
25 Oxacyclotridecan-2-one 30.009 0.96
26 1-Nonadecene 30.149 0.43
27 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 30.445 4.15
28 N-(2-propynyl)-4-nitroaniline 30.689 112
29 spiro[1,3-dioxo-indene,-2,5'-2'-methyl-1',3'-dioxopyrrolo[3,4-c]indolizine 31.478 0.73
30 3-Methoxy-N-methylnaphthalimide 31.592 0.61
31 Cyclohexanol, 3,5-dimethoxy-, stereoisomer 31.804 1.21
32 N1,N1-Dimethyl-N2-(3-dimethylaminopropyl)formamidine 33.662 0.98
33 1-Aza-5,8-dihydroxyanthraquinone 34.451 1.24
34 3-(1,3-Dihydroxyisopropil)-1,5,8,11,14,17-hexaoxacyclononadecane 34.736 0.48
35 18,19-Dihydroxy-1,4,7,10,13,16-hexaoxacycloeicosane, (18S,19S)- 35.089 0.38
36 Phenol, 2-[2-(4-nitrophenyl)ethenyl]-, (E)- (CAS) 35.483 3.04
37 1,3,2-Dioxaphospholane, 2-chloro-4,5-bis(methoxycarbonyl)-, (E)- 37.138 0.32
38 9-Octadecenoic acid, methyl ester 37.683 0.48
39 Octanoic acid, heptyl ester 38.342 1.80
40 3,3"-Isopropilidenbis(1,5,8,11-tetraoxacyclotridecane) 39.468 0.39
41 Cyclopropaneoctanal, 2-octyl- 39.753 0.31
42 otochilone 40.314 0.57
43 (23R,24R,28S)-24-ethyl-23,28-cyclocholest-5-en-3.beta.-ol 41.621 7.64
44 2-Methyl-3-[(1S,2S)-1,3,3-trimethyl-2-(2- 41.969 0.72

hydroxyethyl)cyclohexyl]tetrahydrofuran

45 1-allyl-3-methylindole-2-carbaldehyde 42.586 154
46 2,3,4-Trimethoxyphenylacetonitrile 43.733 1.09
47 Benzoic acid, 4-hydroxy-3-(2-methoxybenzoyl)- (CAS) 44.626 2.65
48 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S)- 45.191 0.54
49 Cyclohexane, 1,1'-dodecylidenebis[4-methyl- 47.178 13.53
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Table 4- Compounds identified from Callus suspension

@3 el ol o S (o sLad
Row Component Retetion Time Component Pick

(min) Area
1 2(3H)-Furanone, 5-ethyldihydro-4-methyl-, trans- (CAS) 13.587 0.77
2 Dodecanoic acid 17.666 0.27
3 Spiro[bicyclo[2.2.1]heptane-2,2'-[1,3]dioxolan]-3-one, 4,7,7-trimethyl- 19.342 1.13
4 1,3-Propanediamine, N,N-dimethyl- ( 20.96 11.85
5 4-Propylthiazole 21.744 0.73
6 2H-Pyran-2-one, tetrahydro-6-pentyl- 22.289 0.76
7 n-Propylmaleamic acid 23.072 0.41
8 Chrysophanol 23.736 1.22
9 4-(3,3-Dimethyl-3-silacyclohexyl)-3,3-dimethylutan-2-one 24.774 0.20
10 12-STEAROLACTONE 24.935 391
11 13-Hexyloxacyclotridecan-2-one 25.236 0.36
12 2-Acetylthiazole 26.528 0.74
13 3-(Dimethylamino)ppropy! isothiocyanate 27.067 0.97
14 (+-)-8-Epi-costaclavine 27.809 23.94
15 n-Amyl n-heptyl ketone 28.058 0.60
16 2-Amino-3,5,7,8-tetramethyl-3H-imidazo[4,5-f]quinoxaline 28.64 1.19
17 N,N-Dimethyl-2-cyclohexyloxyethylamine 28.966 421
18 15-.beta.hydroxy-aristone 29.117 3.45
19 6-Undecanone 29.527 0.34
20 2-Acetylthiazole 29.983 0.62
21 2,5,10-Undecanetrione, 6,6-dimethyl- 30.476 0.38
22 (1S(*),5S(*),8S(*))-5-Methyltricyclo[6.3.0.0(1,5)]Jundec-2-en-4-one 30.684 0.22
23 1-Aza-5,8-dihydroxyanthraquinone 31.27 3.81
24 Z-1,2-Dicyano-1,2-bis(2-methylimidazo[1,2-a]pyridin-3-yl)ethene 31.478 0.91
25 1-Cyano-6-methylellipticine 31.592 0.37
26 Lysergic acid 31.768 7.92
27 3-Dimethylaminopropyl isocyanate 32.137 4.68
28 3-Dimethylaminopropyl isocyanate 32.547 1.99
29 1,1,4-Trimethyl-3-pyrazalone 33.662 1.39
30 2-Amino-3,5,7,8-tetramethyl-3H-imidazo[4,5-flquinoxaline 34.456 0.81
31 5,11-Dihydro-9b,10-diazacyclohepta[a]cyclohepta[4,5]benzo[1,2,3- 34.705 4.62

cd]azulene

32 6-Pentadecanone 35.11 0.24
33 6-Tridecanone 35.873 0.38
34 2-Amino-3,4,5,8-tetramethyl-3H-imidazo[4,5-flquinoxaline 36.303 3.13
35 1,4-dimethoxy-14-methyl-1,3,5(10),6,8,11-hexaen-17-one 37.808 3.94
36 2,3-(3-methylphenyl),5-methyl-[1H]-inden-1-one 38.337 221
37 Stigmasterol 41.585 1.75
38 1-Aza-5,8-dihydroxyanthraquinone 43.017 2.34
39 Methyl 9-octadecenoate $$ METHYL OLEATE 43.785 0.22
40 N-mesityl-m-anisidine 44,621 1.01
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Abstract

Introduction: Karela (also known as Bitter melon or bitter gourd) is a tropical annual plant of the
Cucurbitaceae family with the scientific name Momordica charantia. Due to the plant's complex
chemical structure, industrial production of many of its useful compounds is not feasible. Therefore,
propagation using in vitro culture technology is an efficient method for increasing these valuable
compounds by optimizing various factors and compounds in the culture medium. Various factors,
including plant hormones, genotype, and temperature, as well as the plants' response to in-vitro
activities, as well as the response of plant cells and tissues to hormonal balance during cultivation
and propagation, influence the success of in vitro organogenesis. In general, the control of
differentiation processes depends on the presence of auxin and cytokinin, as well as their
equilibrium and interaction, which results in the production of aerial parts and roots. Traditional
medicine recognizes karela as a distinctive and valuable plant due to the presence of its valuable
constituents. Using various technigques such as gas chromatography (GC) and mass spectrometer,
some of these compounds have been measured, identified, and introduced in extracts of cell
suspension, root, leaf, and fruit.

Materials and Methods: In order to study the micropropagation of Karela plant, certified seeds
were obtained from the DURGA company in Chandigarh (India) and transferred to the University
of Zabol's tissue culture laboratory. The seeds were washed with running water and a few drops of
liquid dish soap for 15 minutes before being rinsed three times with distilled water. under a laminar
airflow hood, seeds were immersed in 70% ethanol for 60 seconds, followed by 0.1% mercuric
chloride for 240 seconds, and then rinsed in distilled water. Calluses obtained from the optimal
combination were transferred to culture medium containing varying concentrations of BAP (1, 2, 3,
and 4 mg/L). The cultures were incubated at 28°C with 2000 to 2500 lux of light and a 12-hour
light/12-hour dark cycle.

In order to determine the secondary metabolites, plant extract, cell suspension, roots, leaves, and
fruits were ground with liquid nitrogen and subjected separately to ethanol (96%) and distilled water
for 72 hours. Using GC-MS, the Compounds of ethanolic extracts from control samples and tissue
culture treatments were identified (Agilent, USA). On the basis of the results-obtained curve, the
presence of secondary compounds in various plant parts was determined. The experiment was
conducted using a completely random design with three replications, and the data were analyzed
using SPSS 22 software. The F test was used to analyze variance, and the Duncan's multiple range
test was used to compare means at a 5% probability level.

Results and Discussion: Induction of callus from germinated seeds began after 10 days in MS
medium containing various concentrations of 2,4-D (1, 2, 3, 4, 5, and 6 mg/L), whereas no callus
was induced in the absence of 2,4-D. There was a significant difference between these treatments in
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terms of callus production, with the highest callus induction occurring at 3 mg/L 2,4-D.

Calluses obtained from the best concentration of 2,4-D were transferred to regeneration MS medium
containing different concentrations of BAP and NAA (0.1mg/L). The results showed that the
number of stems per callus increased with increasing amounts of BAP, up to 2 mg/L, and the
highest number of stems per callus was obtained in the culture medium containing 2 mg/L BAP.
Due to the inhibitory effects of this growth regulator on the regeneration process, The addition of
BAP at concentrations greater than 2 mg/L decreased the rate of shoot regeneration.

The evaluation of secondary metabolites revealed that the highest concentration of active substances
(46 compounds) was found in the fruits of plants grown in tissue culture, which may be due to the
physiological changes of the plant as well as the presence of numerous precursors in the in vitro
culture medium. This issue can be caused by the ripening of the plant as well as the natural inherent
process of transferring effective substances from other organs to the fruit in the fruit filling phase.
Conclusion: The use of 3 mg/L 2,4-D led to the highest percentage of callus formation, and 2 mg/L
BAP led to the highest percentage of regeneration, according to the results. Among the various
explants, including leaves, roots, and fruits, it was discovered that the fruit contained the greatest
number of secondary metabolites and, due to its high performance, can serve as a significant source
for extracting effective substances. In addition, the roots had the highest concentration of effective
substances, making them a suitable platform for investigating the role of the compounds used in the
culture medium on the type, concentration, and extraction of effective substances, and aiding in a
proper understanding of the tissue culture and micropropagation effects on the over-expression and
formation of secondary metabolites in karela plants.

Keywords: Callus induction, Direct regeneration, Optimization of tissue culture, Secondary
metabolites



