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ABSTRACT

The objective of this research was study the phytochemical composition of Adiantum capillus-veneris and to evaluate the
isolates for possible in vitro antifungal and antibacterial activities. The compound obtained were screened by GC-MS
method. While agar-well diffusion method was employed to measure antimicrobial activity against five bacteria and
fourteen fungi and yeast. Thirtyone bioactive phytochemical compounds were identified in the methanolic extract of
Adiantum capillus-veneris. The identification of phytochemical compounds is based on the peak area, retention time
molecular weight, molecular formula, MS Fragment- ions and Pharmacological actions. GC-MS analysis of Adiantum
capillus-veneris revealed the existence of the a-D-Glucopyranoside , O-a-D-glucopyranosyl-(1.fwdarw.3)-R-D-fruc, d-
Mannose, 5,7-Dodecadiyn -1,12-diol, 3-Trifluoroacetoxypentadecane, 3-Trifluoroacetoxypentadecane, Pterin-6-
carboxylic acid, Imidazole-4-carboxylic acid ,2-fluoro-1-methoxymethyl-,ethyl ester, D-Carvone, Pyrrolizin-1,7-dione-6-
carboxylic acid , methyl (ester), D-Glucose ,6-O-a-D-galactopyranosyl, Estragole, Phenol,2-methyl-5-(1-methylethyl), 3-
Allyl-6-methoxyphenol, Ppropiolic acid , 3-(1-hydroxy-2-isopropyl-5-methylcyclohexyl), 7-epi-trans-sesquisabinene
hydrate, Tetraacetyl-d-xylonic nitrile, y-Sitosterol, Ergosta-5,22-dien-3-ol, acetate , (38,22E), Curan-17-oic acid ,2,16-
didehydro-20-hydroxy-19-oxo,methyl ester, 9,10-Secocholesta -5,7,10(19)-triene-1,3-diol,25-[(trimethylsilyl)oxy], Cis-
Vaccenic acid, L-Ascorbic acid , 6-octadecanoate, L-Ascorbic acid , 6-octadecanoate, Deoxyspergualin, Tributyl
acetylcitrate, 10,13-Dioxatricyclo[7.3.1.0(4,9)]tridecan-5-ol-2-carboxylic acid, 18,19-Secoyohimban-19-oic acid
16,17,20,21-tetradehydro-16, 9-Octadecenamide ,(Z), Olean-12-ene-3,15,16,21,22,28,-hexol,(3,150,160,218,22a),
(22S)-21-Acetoxy-6a,11B-dihydroxy-16a,17apropylmethylenedioxy, Ethyl iso-allocholate, Olean-12-ene-
3,15,16,21,22,28-hexol,(38,150,160,218,22a) and Olean -13(18)-ene. The FTIR analysis of Adiantum capillus-veneris
leaves proved the presence of Alkenes, Aliphatic fluoro compounds, Alcohols, Ethers, Carboxlic acids, Esters, Nitro
Compounds, Hydrogen bonded Alcohols and Phenols. Adiantum capillus-veneris was highly active against Aspergillus
terreus (7.09+0.32). Methanolic extract of bioactive compounds of Adiantum capillus-veneris was assayed for in vitro
antibacterial activity against Bacillus subtilis, Pseudomonas eurogenosa, Streptococcus faecalis, Salmonella typhi and
Staphylococcus aureus by using the diffusion method in agar. The zone of inhibition were compared with different standard
antibiotics. The diameters of inhibition zones ranged from 3.07+0.21 to 7.09+0.32 mm for all treatments.

Keywords: GC/MS, Bioactive compounds, FT-IR, Adiantum capillus-veneris.

INTRODUCTION faith on traditional knowledge?. The synonyms of the plant

Adiantum capillus-veneris is a wooden herb with a height
of about 35 centimeters, with crowning rhizome. Adiantum
capillus-veneris (Family: Adiantaceae) is one of the most
common pteridophyte species with potential importance
for medicinal and nutritive purpose. Its a common fern
widely distributed throughout the world. Adiantaceae
generally occur in the mountainous region of throughout
India; in plains they grow on rocks, inhabiting in shady
places near swamps and on slopes of lower hills?, India is
profusely rich in the history of medicinal plants and its
75% folk population is still using herbal preparations in the
form of powder, extracts and decoctions because these are
easily available in nature and the natives have stronger

include Adiantum capillus, A. michelii, A. modestum, A.
schaffneri, and A. tenerum. Its most common names are
avenca and maidenhair fern. Adiantum capillus-veneris. L
is cultivated as an ornamental plant in Japan and Europe
because of its beautiful evergreen frond. The plant is best
used fresh, though it can also be harvested in the summer
and dried for later use®*. In traditional herbal medicinal
system, Adiantum capillus-veneris is used as expectorant,
diuretic, febrifuge, as hair tonic, in chest diseases, in
catarrhal infection, to treat hard tumours in spleen,
antimicrobial and anticancerous®>®. The dried whole plant
is used as an antipyretic and diuretic, and also in the
treatment of bronchitis in folklore medicine in China’. It is
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also used as detoxicant in alcoholism and to expel worms getting back on cycle after birthing, nursing, or coming off
from the body?®. Externally, it is used as a poultice on snake birth control pills®°. The aims of this study were chemical
bites, bee stings etc.8. It is effective with female conditions analysis of methanolic leaves extract of Adiantum capillus-
and is used to regulate menstruation, dysmenorrhoea, and veneris and evaluation of antimicrobial activity.

facilitate childbirth by speeding up the labor. It seems most

effective for young women and those having trouble

Table 1: Major phytochemical compounds identified in methanolic extract of Adiantum capillus-veneris.

S.No  Phytochemical =~ RT (min)  Mol.  Exact Chemical structure MS Pharmacologic
compound Wt. Mass Fragment- al actions
ions
1. a-D- 3.693 504 504.1 Ho 60,73,85,9 Anti-diabetic
Glucopyranoside 69035 o " 7,113,126, activity
, O-a-D- s 145,163,1
glucopyranosyl- ' 81,199
(1.fwdarw.3)-B-
D-fruc
2. d-Mannose 3.722 180 180.0 o 60,73,85,1 Ani-bacterial
63388 Vs 03,131,14  activity
- 9,158,179
HO
'H
HO
e
HO
3. 5,7-Dodecadiyn - 4.466 194 194.1 51,55,65,7 New chemical
1,12-diol 3068 HO._- 9,91,105,1 compound
\ 15,124,14
8,163,179,
Ay 193
4, 3- 4.626 324 3242 55,69,83,9 Anti-
Trifluoroacetoxy 27615 | Foon 7,111,125, nephrotoxic
pentadecane C‘ﬁ 163,210,2 and antioxidant
33 activities
5. Pterin-6- 4712 207 207.0 0 0 57,69,73,9  Anti-tumour
carboxylic acid 39239 H H 3,105,122,
HN/INJ/\,H 149,163,1
O 77,189,20
HaM RN M 7
6. Imidazole-4- 4.987 202 202.0 0 56,72,85,1 Anti-cancer,
carboxylic acid 75371 | o 00,114,12  anti-viral, anti-
,2-fluoro-1- = : 7,139,157, HIV, anti-
methoxymethyl- oy by R 182,202 protozoal and
,ethyl ester ﬁ anti-
’ mycobacterial
7. D-Carvone 6.961 150 150.1 ~— 54,82,93,1 Antimicrobial
04465 08,135,15 and anti—
5 0 diabetic effect
0
8. Pyrrolizin-1,7- 7.207 197 197.0 = 55,69,84,9 Anti-viral and
dione-6- 68808 A 8,110,142, anti-Tumor
carboxylic acid , N 166,197 activity
methy! (ester) fflj \ -
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Table 1: Major phytochemical compounds identified in methanolic extract of Adiantum capillus-veneris.

S.No  Phytochemical RT (min) Mol.  Exact

compound WH. Mass

9. D-Glucose ,6-O-  7.344 342 342.1
a-D- 1621
galactopyranosyl

10. Estragole 7.481 148 148.0

88815

11 Phenol,2-methyl-  7.727 150 150.1
5-(1- 04465
methylethyl)- 5

12. 3-Allyl-6- 8.466 164 164.0
methoxyphenol 8373

13. Ppropiolic acid,  8.986 224 224.1
3-(1-hydroxy-2- 41245
isopropyl-5-
methylcyclohexy
1)-

14. 7-epi-trans- 9.290 222 222.1
sesquisabinene 98365
hydrate

15. Tetraacetyl-d- 10.960 343 343.0
xylonic nitrile 90332

16. y-Sitosterol 13.816 414 414.3

86166

Chemical structure

MS Pharmacologic

Fragment- al actions

ions

60,73,85,1 Anti-

10,126,14  trypanosomal

4,164,182, activity

212,261

51,63,77,9 Estragole has

1,105,121, many

133,148 biological
effects,
including
antioxidant and
anti-
inflammatory
activity

51,77,91,1 analgesic,

35,150 antiviral and
anti-diabetic

55,65,77,9  Antihistaminic,

1,103,131, anti-

149,164 inflammatory
and antioxidant
activities

55,81,95,1 Anti-

09,135,16  angiogenic

3,178,191, activity against

206 solid tumor
growth.

55,69,82,9 Anti-cancer

3,105,119,

133,147,1

61,179,18

9,204,223

60,73,112, Anti-oxidative

133,245,2  activities and

81 anti-viral
effects

55,69,81,1 Anti-

45,161,21 inflammatory

3,255,303, effect

329,381,3

96,414
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Table 1: Major phytochemical compounds identified in methanolic extract of Adiantum capillus-veneris.

S.No  Phytochemical RT (min) Mol.  Exact Chemical structure MS Pharmacologic
compound WH. Mass Fragment- al actions
ions
17. Ergosta-5,22- 15.978 440 440.3 55,67,91,1  Anti-tumor
dien-3-ol, acetate 6543 05,145,15  activity and
, (3R,22E)- | 9,213,227, immunomodul
255,281,3  atory activity
27,365,38
0
18. Curan-17-oic 16.007 354 354.1 69,83,97,1 Anti-yeast
acid ,2,16- 57957 11,129,16  activity.
didehydro-20- 7,180,194,
hydroxy-19- 209,226,2
oxo,methyl ester 68,283,35
4
19. 9,10- 16.665 488 488.3 55,81,95,1 New chemical
Secocholesta - 68572 | e umgf’ 31,152,21  compound
- .
5,7,10(19)- ;™ 1,251,340,
triene-1,3- 398,412
diol,25- .
[(trimethylsilyl)o
xy]
20. Cis-Vaccenic 16.940 282 282.2 o 55,69,83,9 Anti-
acid 5588 ey 7,111,123, inflammatory
180,222,2  effects
64,282
21. L-Ascorbicacid, 17.134 442 442.2 57,69,85,9 Antioxidant
6-octadecanoate 93085 O 7,111,129, and
. § NS 1431711 antiinflammato
! 0 85,199,22  ry activity
7,241,267,
284,327,3
68,424
22. Deoxyspergualin ~ 17.295 387 387.2 we .o 99,72,86,1 Anti-
o5788 o T AN o8 g o1 angiogenic
N|H HNJ\C-H 6,252 action
™™ NH/\/\/\)\\“O
23. Tributyl 17.953 402 402.2 57,112,12  Anticancer
acetylcitrate 25368 9,157,185, activity and
213,231,2  Antimicrobial
59,273,32  activity
9
24, 10,13- 18.502 310 310.1 55,69,81,9 Antimicrobial
Dioxatricyclo[7. 78024 3,152,179, activity
3.1.0(4,9)]trideca 211,250,2
n-5-ol-2- 78,310

carboxylic acid
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Table 1: Major phytochemical compounds identified in methanolic extract of Adiantum capillus-veneris.

S.No  Phytochemical RT (min) Mol.  Exact

compound WH. Mass

25. 18,19- 18.725 352 352.1
Secoyohimban- 78692
19-oic acid ,
16,17,20,21-
tetradehydro-16

26. 9- 18.857 281 281.2
Octadecenamide 71864
v(Z)'

27. Olean-12-ene- 19.601 506 506.3
3,15,16,21,22,28, 60739
hexol,(38,150,16
0,218,22a)-

28. (22S)-21- 20.287 488 488.2
Acetoxy-6a,118- 41018
dihydroxy-
16a,170propylm
ethylenedioxy

29. Ethyl iso- 20.859 436 436.3
allocholate 18874

30. Olean-12-ene- 25.631 506 506.3
3,15,16,21,22,28 60739
hexol,(36,150,16
0,218,22a)-

31.  Olean-13(18)-  27.113 410 410.3
ene 91253

HO

Chemical structure

MS Pharmacologic
Fragment- al actions
ions

57,69,85,9 Anti-

5,126,149, inflammatory

221,256,2  activity

79,352

59,72,83,1 Anti-

14,184,21  inflammatory

2,264,281  activity and
antibacterial
activity

107,135,1  Anti-

90,207,23  inflammatory

1,249,280,

298,334,3

52,381,43

9

55,91,121, New chemical

149,223,2  compound

79,297,35

1,387,416,

445,488

55,69,81,9 Anti-

ooy 5,213,253, mfl_ar_nmatory

400,418 activity

135,190,2  Anti-

07,231,24  inflammatory

9,280,298,

334,352,3

86,439,48

8

109,135,2  Significant

05,257,27  anti-

2,395,410 proliferation

effect and anti-
inflammatory

MATERIALS AND METHODS

Extraction and isolation

Adiantum capillus-veneris were purchased from local
market in Hilla city, middle of Iraq. After thorough
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cleaning and removal of foreign materials, the Adiantum
Table 2. FT-IR peak values of Adiantum capillus-veneris

No. Peak (Wave Intensity Bond Functional group Group
number cm-') assignment frequency

1. 896.90 70.886 C-H Alkenes 675-995

2. 921.97 70.297 C-H Alkenes 675-995

3. 1024.20 51.450 C-F stretch Aliphatic fluoro compounds  1000-10150

4, 1205.51 75.588 Cc-O Alcohols, Ethers, Carboxlic  1050-1300
acids, Esters

5. 1232.51 75.058 C-O Alcohols, Ethers, Carboxlic  1050-1300
acids, Esters

6. 1261.45 76.466 Cc-O Alcohols, Ethers, Carboxlic  1050-1300
acids, Esters

7. 1315.45 77.468 NO2 Nitro Compounds 1300-1370

8. 1373.32 76.507 C-H Alkanes 1340-1470

9. 1516.05 80.267 - Unknown -

10. 1606.70 75.878 - Unknown -

11. 1732.08 86.700 - Unknown -

12. 2735.06 92.036 - Unknown -

13. 2850.79 84.751 H-O H-bonded H-X group 2500-3500

14. 2920.23 80.581 C-H Alkanes 2850-2970

15. 3271.27 82.637 O-H Hydrogen bonded Alcohols, 3200-3600
Phenols

Table 3a: Antibacterial activity of Adiantum capillus-veneris

Leaf extract Bacteria
/ Antibiotics Baci - Pseudomonas Streptococcus Salmonella Staphylococcus
acillus subtilis . .
eurogenosa faecalis typhi aureus

Streptomycin 2.09+0.11% 2.00£0.11 1.02+0.21 1.7740.10 2.00+0.19
Rifambin 2.11+0.12 3.00+0.10 2.00+0.13 2.04+0.11 1.5740.10
Kanamycin 1.7940.10 1.09+0.07 2.06+0.11 0.99+0.10 0.69+0.07
Cefotoxime 1.84+0.01 2.00+0.01 3.03+0.16 2.08+0.20 2.07+0.04
Chloramphenicol 2.00+0.13 2.85+0.12 3.00+0.16 2.87+0.20 2.98+0.14
Leaf extract 5.35+0.22 6.00£0.25 7.77+0.38 6.29+0.29 6.86+0.26

* The values (average of triplicate) are diameter of zone of inhibition at 100 mg/mL crude extract, 30 pg/mL of
antibiotics (Streptomycin; Rifambin; Kanamycin; Cefotoxime and chloramphenicol).

Table 3b: Antifungal activity of Adiantum capillus-veneris.

Bacteria Antibiotics /Plant extract
Plant Amphotericin B Fluconazol Miconazole nitrate

Aspergillus niger 6.07£0.22 8 2.00£0.10 2.99+0.21 2.08+0.10
Aspergillus terreus 7.09£0.32 3.07+0.13 2.03+0.18 3.00+0.14
Aspergillus flavus 6.07+0.27 2.06+0.20 3.77+0.26 2.95+0.16
Aspergillus fumigatus 5.99+0.30 1.99+0.08 3.00+0.17 2.00+0.16
Candida albicans 6.03+0.21 2.88+0.17 2.85.+£0.11 2.09+0.19
Saccharomyces cerevisiae 4.00+0.19 2.00+0.16 2.00£0.10 3.14+0.16
Fusarium sp. 4.81+0.20 3.00+0.15 3.24+0.15 2.01+0.12
Microsporum canis 3.98+0.18 2.37+0.19 2.02+0.10 2.18+0.13
Streptococcus faecalis 3.07+0.21 3.08+0.14 2.80£0.10 2.09+0.11
Mucor sp. 4.05+0.17 2.02+0.17 1.99+0.12 1.00£0.10
Penicillium expansum 3.89+0.19 3.00£0.19 2.82+0.16 1.97+0.13
Trichoderma viride 4.66+0.25 2.09+0.13 2.22+40.13 2.41+0.18
Trichoderma horzianum 4.00£0.20 1.00+0.02 3.05+0.17 2.96+0.19
Trichophyton mentagrophytes 4.09+0.19 2.08+0.11 1.76+0.10 1.03+0.10

@ The values ( average of triplicate) are diameter of zone of inhibition at 100 mg/mL crude extract and 30 pg/mL of
(Amphotericin B; Fluconazol and Miconazole nitrate).
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10,065

Figure 1: GC-MS chromatogram of methanolic extract of Adiantum capillus-veneris.
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60 90 120 150 180 210 240 270
{mainlib) a-D-Glucopyranoside, O-a-D-glucopyranosyl-{1 fwdarw.3)$3-Dfruc
Figure 2: Structure of a-D-Glucopyranoside , O-a-D-
glucopyranosyl-(1.fwdarw.3)-B-D-fruc with 3.693 (RT)
present in Adiantum capillus-veneris.

Determination of antibacterial activity of crude bioactive
compounds of Adiantum capillus-veneris

The anti-bacterial activity was evaluated using Mueller-
Hinton agar. The bacterial plates were incubated at 37 °C

- 7
/o
60 ?
HO
50
H
HO
HO
103
85 149
121 l
. | l158 179

T = T T r
60 9 120 150 180 210 240 270
(mainlib) d-Mannose

Figure 3: Structure of d-Mannose with 3.722 (RT)
present in Adiantum capillus-veneris.

for 24 h. After incubation, the diameter of the inhibition
zone was measured to evaluate the antimicrobial activity.
Each test was performed twice and the average of the
results was calculated. The extraction solvents were used
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Figure 4: Structure of 5,7-Dodecadiyn -1,12-diol with
4.466 (RT) present in Adiantum capillus-veneris.

1004

o} 0}

|, |

HN O H
50+ H 2w)\\‘\w N
65
163
57
73 g3 105 122 149
i} l ||1I|'i189 20/
D_ s alay Il " 1

60 80 100 120 140 160 180 200 220

{mainlib) Pterin-6-carboxviic acid

Figure 6: Structure of Pterin-6-carboxylic acid with 4.712

(RT) present in Adiantum capillus-veneris.

as negative control'’. The test pathogens were swabbed in
Muller Hinton agar plates. 60pl of plant extract was loaded
on the bored wells. The wells were bored in 0.5cm in

100
T
AW%F
55 :
o}
69
504
83
97
11
125 163 210
o dial aw 233'

80 120 160 200 240 280
{mainlib) 3-Trifluoroacetoxypentadecane
Figure 5: Structure of 3-Trifluoroacetoxypentadecane with
4.626 (RT) present in Adiantum capillus-veneris.

1004

60 80 100 120 140 160 180 200 220

(mainlib) Imidazole-4-carboxylic acid, 2{luoro-1-methoxymethyl-, ethvl ester
Figure 7: Structure of Imidazole-4-carboxylic acid ,2-

fluoro-1-methoxymethyl-,ethyl ester with 4.987 (RT)
present in Adiantum capillus-veneris.

diameter. The plates were incubated at 37C° for 24 hours
and examined. After the incubation the diameter of
inhibition zones around the discs was measured?8,
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[mainlib) D-Carvane
Figure 8: Structure of D-Carvone with 6.961 (RT)
present in Adiantum capillus-veneris.
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60 90 120 150 180 210 240 270

(mainlib) D-Glucose, 6-0-a-D-galactopyranosyl-

Figure 10: Structure of D-Glucose ,6-O-a-D-

galactopyranosyl with 7.344 (RT) present in Adiantum

capillus-veneris.

Determination of antifungal activity

Vi
Jil LY

197

60 90 120 150 180 210 240 270
(mainlib) Pymrolizin-1,7-dione-6-carboxylic acid, methyl(ester)

Figure 9: Structure of Pyrrolizin-1,7-dione-6-carboxylic
acid , methyl (ester) with 7.207 (RT) present in
Adiantum capillus-veneris.
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s
50
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91 105

133
51

63

o

60 90 120 150 180 210 240
mainlib) Estragole

Figure 11: Structure of Estragole with 7.481 (RT)
present in Adiantum capillus-veneris.

Five-millimeter diameter wells were cut from the agar
using a sterile cork-borer, and 50 pl of the samples
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mainlib) Phenol, 2-methyl-5-{1-methylethyl)-
Figure 12: Structure of Phenol,2-methyl-5-(1-
methylethyl) with 7.727 (RT) present in Adiantum
capillus-veneris.

100+
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504
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360

[mainlib) Ppropiclic acid, 3-{1-hydroxy-2isopropyl-5-methylcyclohexyl)-
Figure 14: Structure of Propiolic acid , 3-(1-hydroxy-2-
isopropyl-5-methylcyclohexyl) with 8.986 (RT) present in

Adiantum capillus-veneris.

solutions Adiantum capillus-veneris was delivered into the
wells. Antimicrobial activity was evaluated by measuring
the zone of inhibition against the test microorganisms.

100 164
OH

50
W
149 =

703 3
55 91
&5
0

60 90 120 150 180 210 240 270
{mainlib) 3-Allyl-6-methoxyphenol

Figure 13: Structure of 3-Allyl-6-methoxyphenol with
8.466 (RT) present in Adiantum capillus-veneris.

100- 115
89
93 H
55 | g2
50 HO
H
105
o

80 120 160 200 240 280 320
{mainlib) 7-epitrans-sesquisabinene hydrate
Figure 15: Structure of 7-epi-trans-sesquisabinene
hydrate with 9.290 (RT) present in Adiantum capillus-
veneris.

Methanol was used as solvent control. Amphotericin B and
fluconazole were used as reference antifungal agent. The
tests were carried out in triplicate. The antifungal activity
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{mainlib) Tetraacetyl-d=xylonic nitrile

Figure 16: Structure of Tetraacetyl-d-xylonic nitrile with
10.960 (RT) present in Adiantum capillus-veneris.
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55

380

365

327
Lo d

28

60 120 180 300 360 4200
(mainlib) Ergosta-5,22-dien-3-0l, acetate, (38.22E)-
Figure 18: Structure of Ergosta-5,22-dien-3-ol, acetate ,
(3B,22E) with 15.978 (RT) present in Adiantum capillus-
veneris.

240

was evaluated by measuring the inhibition-zone diameter
observed after 48 h of incubation?2®.
Statistical analysis

1004
- \
wo”” \)\
50 81
69 414
145
0

420

60 120 180 240 300 360
[mainlib} yv-Sitosterol

Figure 17: Structure of y-Sitosterol with 13.816 (RT)
present in Adiantum capillus-veneris.

ol 8
0
e W
L 283 H|>I
129 o o
209 N NH
50+
" 194
180
354
- “1 :
60 120 180 240 300 360 420

(mainlib} Curan-17-oic acid. 2.16-didehydro-20-hydroxy-19-oxo-, methyl este
Figure 19: Structure of Curan-17-oic acid ,2,16-
didehydro-20-hydroxy-19-oxo,methyl ester with 16.007
(RT) present in Adiantum capillus-veneris.

Results of the study were based on analysis of variance
(ANOVA) and Differences were considered significant at
p <0.05.
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RESULTS AND DISCUSSION

Identification of phytochemical compounds

Gas chromatography and mass spectroscopy analysis of
compounds was carried out in methanolic leaves extract of
Adiantum capillus-veneris, shown in Table 1. The GC-MS
chromatogram of the 31 peaks of the compounds detected
was shown in Figure 1. Chromatogram GC-MS analysis of
the methanol extract of Adiantum capillus-veneris showed
the presence of thirtyone major peaks and the components
corresponding to the peaks were determined as follows.
The First set up peak were determined to be 1,7-
Dioxaspiro[5,5]undec-2-ene Figure 2. The second peak
indicated to be 2,4-Dihydroxy-2,5-dimethyl-39(2H)-
furan-3-one Figure 3. The next peaks considered to be a-
D-Glucopyranoside , 0O-a-D-glucopyranosyl-
(1.fwdarw.3)-R-D-fruc, d-Mannose, 5,7-Dodecadiyn -
1,12-diol, 3-Trifluoroacetoxypentadecane, 3-
Trifluoroacetoxypentadecane, Pterin-6-carboxylic acid,
Imidazole-4-carboxylic acid ,2-fluoro-1-methoxymethyl-
.ethyl ester, D-Carvone, Pyrrolizin-1,7-dione-6-carboxylic
acid , methyl (ester), D-Glucose ,6-O-a-D-
galactopyranosyl,  Estragole,  Phenol,2-methyl-5-(1-
methylethyl), 3-Allyl-6-methoxyphenol, Ppropiolic acid ,
3-(1-hydroxy-2-isopropyl-5-methylcyclohexyl), 7-epi-
trans-sesquisabinene  hydrate,  Tetraacetyl-d-xylonic
nitrile, y-Sitosterol, Ergosta-5,22-dien-3-ol, acetate
(3B,22E), Curan-17-oic acid ,2,16-didehydro-20-hydroxy-
19-oxo,methyl ester, 9,10-Secocholesta -5,7,10(19)-
triene-1,3-diol,25-[(trimethylsilyl)oxy], Cis-Vaccenic
acid, L-Ascorbic acid , 6-octadecanoate, L-Ascorbic acid ,
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Figure 20: Structure of 9,10-Secocholesta -5,7,10(19)-
triene-1,3-diol,25-[(trimethylsilyl)oxy] with 16.665 (RT)
present in Adiantum capillus-veneris.

6-octadecanoate, Deoxyspergualin, Tributyl acetylcitrate,
10,13-Dioxatricyclo[7.3.1.0(4,9)]tridecan-5-0l-2-
carboxylic acid, 18,19-Secoyohimban-19-oic acid
16,17,20,21-tetradehydro-16, 9-Octadecenamide ,(2),
Olean-12-ene-3,15,16,21,22,28, -
hexol,(38,150,160,218,22a), (22S)-21-Acetoxy-6a,1 18-
dihydroxy-16a,17apropylmethylenedioxy, Ethyl iso-
allocholate, Olean-12-ene-3,15,16,21,22,28-
hexol,(36,150,160,218,220) and Olean -13(18)-ene
(Figure 3-32). The FTIR analysis of Adiantum capillus-
veneris leaves proved the presence of Alkenes, Aliphatic
fluoro compounds, Alcohols, Ethers, Carboxlic acids,
Esters, Nitro Compounds, Hydrogen bonded Alcohols and
Phenols which shows major peaks at 896.90, 1024.20,
1205.51, 1261.45, 1315.45, 1373.32, 1606.70, 2735.06,
2850.79, 2920.23 and 3271.27 (Table 2; Figure 33). The
present study has been found useful in the identification of
several constituents present in the methanolic extract of the
plants. Many medicinal plants are rich source of secondary
metabolites such as alkaloids, phenol, cardiac glycosides,
flavonoids, tannins and terpenoids determined by gas
chromatography and mass spectrum®. In Nepal, a paste
made from the fronds is applied to the forehead to relieve
headaches and to the chest to relieve chest pains?’28,
Olagunju et al. (2006)° revealed that secondary plan
metabolites exert a wide range of biological activities on
physiological systems. Kumar et al. (2010)° also reported
that the activities of some plant constituents with

compound nature of flavonoids, palmitic acid
(hexadecanoic acid, ethyl ester and nhexadecaonoic acid),
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Figure 21: Structure of Cis-Vaccenic acid with 16.940
(RT) present in Adiantum capillus-veneris.
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Figure 22: Structure of L-Ascorbic acid , 6-octadecanoate
with 17.134 (RT) present in Adiantum capillus-veneris.
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Figure 24: Structure of Tributyl acetylcitrate with 17.953

(RT) present in Adiantum capillus-veneris.
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Figure 23: Structure of Deoxyspergualin with 17.295
(RT) present in Adiantum capillus-veneris.
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Figure 25: Structure of 10,13-Dioxatricyclo
[7.3.1.0(4,9)] tridecan-5-ol-2-carboxylic acid with
18.502 (RT) present in Adiantum capillus-veneris.
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Figure 26: Structure of 18,19-Secoyohimban-19-oic acid ,
16,17,20,21-tetradehydro-16 with 18.725 (RT) present in

Adiantum capillus-veneris.
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Figure 28: Structure of Olean-12-ene-3,15,16,21,22,28,-
hexol,(38,150,16a,218,22a) with 19.601 (RT) present in

Adiantum capillus-veneris.
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Figure 27: Structure of 9-Octadecenamide ,(Z) with
18.857 (RT) present in Adiantum capillus-veneris.

100+

55

70

121

9

140

387

416

210 280 3%0 420
(mainlib) (225)-21-Acetoxy-6a, 11B-dihydroxy-16a, 1 7a-propylmethylenediox
Figure 29: Structure of (22S)-21-Acetoxy-6a,118-
dihydroxy-16a,17apropylmethylenedioxy with 20.287
(RT) present in Adiantum capillus-veneris.
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Figure 30: Structure of Ethyl iso-allocholate with 20.859
(RT) present in Adiantum capillus-veneris.
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Figure 32: Structure of Olean -13(18)-ene with
27.113 (RT) present in Adiantum capillus-veneris.

unsaturated fatty acid and linolenic (docosatetraenoic acid
and octadecatrienoic acid) as antimicrobial, anti-
inflammatory, antioxidant, hypocholesterolemic, cancer
preventive, hepatoprotective, antiarthritic, antihistimic,
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(mainlib) Olean-12-ene-3,15,16,21,22 28-hexol, (38.15a,16a:,21B8.22a)-

Figure 31: Structure of Olean-12-ene-3,15,16,21,22,28-

hexol,(38,150,160,218,220) with 25.631 (RT) present in
Adiantum capillus-veneris.

antieczemic and anticoronary. Bharathy et al. (2012)%°
analyzed that the Phytol is a diterpene with antimicrobial
properties, significantly against many bacterial strains.
Balaj et al. (2014)%° also reported that the GC-MS analysis
of wvarious extracts of clerodendruphlomidis leaf.
Similarly, our present result showed that the GC-MS
analyses of methanolic extract of Adiantum
capillusveneris. Generally its application is oriented
towards the specific detection and potential identification
of compounds based on the molecular mass in a complex
mixture.

Evaluation of antimicrobial activity

In the current study, the anti-microbial activity of the
methanolic extract was evaluated by determining the zone
of inhibition against five bacteria and fourteen fungi and
yeast. Clinical pathogens were selected for antibacterial
activity namely, (Bacillus subtilis, Pseudomonas
eurogenosa, Streptococcus faecalis, Salmonella typhi and
Staphylococcus aureus. Maximum zone formation was
against Streptococcus faecalis. Methanolic extraction of
plant showed notable antifungal activities against
Aspergillus niger, Aspergillus terreus, Aspergillus flavus,
Aspergillus fumigatus, Candida albicans, Saccharomyces
cerevisiae, Fusarium sp.,  Microsporum canis,
Streptococcus faecalis, Mucor sp., Penicillium expansum,
Trichoderma viride, Trichoderma horzianum and
Trichophyton mentagrophytes. Adiantum capillus-veneris
was very highly active against Aspergillus terreus
(7.09£0.32). Results of antimicrobial activity are presented
in Table 2 and Table 3. In comparison to the antibiotics
used in this study, the plants extracts were far more active
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Figure 33: FT-IR profile of Adiantum capillus-veneris

against the test bacterial strains. Similarly our extract of
Adiantum capillus-veneris was active against microbes
which is almost in agreement with the studies by Jain et al.,
(2012)%! and Rondon et al., (2006)%. A previously
published study by Dildar et al., (2005)* revealed that the
Pseudomonas aeruginosa was the most susceptible, and
the aqueous and methanolic extracts exhibited a slightly
higher efficiency against this pathogen than the drug
amoxicillin.

CONCLUSION

Medicinal property of plant extract is due to presence of
secondary metabolites identified by GC-MS analysis. In
the present study determined that thirty one
phytoconstituents were identified from methanol extract of
the whole plant of A. capillusveneris by Gas
chromatogram and mass spectrometry (GC-MS) analysis.
This plant derived bioactive compounds used as source of
antibiotic, antioxidant, anti-inflammatory, anticancer
properties and pharmaceutical industries used for drug
formulation. This plant crude extract showed the
phytochemical constituent has great potential for food
resource and malnutrition of human health. Hence these
compounds may act as potent drugs to treat obesity.
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