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ABSTRACT 

Aristolochia ringens (Vahl.) has been featured in traditional medicinal practices to manage several diseases. This work aims to investigate the 

phytochemical contents of Aristolochia ringens n-hexane root extract and the functional groups present using Gas Chromatography-Mass Spectrometry 

(GC-MS) and Fourier Transform Infrared (FTIR) Spectroscopy methods of analysis and also to discuss the major and minor compounds detected with 

their biological activities. The plant material was extracted by macerating in n-hexane for 72 h. The extract was concentrated to dryness using a rotary 

evaporator and then screened for secondary metabolites. The phytochemical contents and FTIR were investigated using a GCMS-QP2010SE Shimadzu 

(Japan) fitted with an MS (Model EI) and an Agilent FTIR spectrophotometer (USA). Sixty-two compounds were detected by the GC-MS and 

identified using the NIST 11 library. The compounds consist of terpenes (28.97%), steroids and D-modified steroid (17.54%), cannabinoids (23.56%), 

esters (14.78%), epoxides (3.74%), alkanol, alkynol, and phenolic (3.00%), organosilicone (5.43%), alkanones and nitroalkanone (0.41%), 

hydrocarbons and chlorohydrocarbon (1.98%), pyrazine ester (0.11%), dioxocin (0.47%), and fatty acid (0.01%). Three cannabinoids are detected, 

and the most abundant of compounds and cannabinoid is cannabinol. FTIR detected OH-stretch (3327 cm⁻¹), C-H-stretch (2921 cm⁻¹ and 2854 cm⁻¹), 

C=O stretch (1711 cm⁻¹), C=C (1640 cm⁻¹ and 1462 cm⁻¹), C-O stretch for ether and epoxide (1380 cm⁻¹), and C-O stretch for alkanol (1171 cm⁻¹ and 

1074 cm⁻¹). This study revealed the rich phytochemical contents of the n-hexane Aristolochia ringens extract, with their diverse medicinal properties. 

These results further explained the ethnomedicinal uses of the plant. 
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Introduction  

Plants have served as food and medicine to man throughout human 

history. Medicinal plants, in crude or modified forms, constitute about 

25% of conventional medications used to manage ailments, especially 

in traditional practices, because of their phytochemical contents. 1, 2 The 

phytochemical contents of over 5000 plants, seeds, nuts, vegetables, 

and fruits have been determined and reported. 3 Despite these reports, 

the phytochemical contents of several other plants and medicinal plants 

are yet to be known. The knowledge of medicinal plants' chemical 

contents and bioactivity forms the basis for modern drug formulations 

and synthesis. 1,4 Aristolochia ringens is a plant known in the traditional 

medicine cycle for its numerous uses in the treatment and management 

of common and chronic ailments. 5, 6 
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In the southwestern part of Nigeria, among the traditional medicinal 

practitioners, it is believed to have the ability to cure virtually all 

diseases; hence, it is known as “Akoogun” and also referred to as “Awo 

igba arun Oyo”.7 The plants are also cultivated in some areas for 

ornamental purposes because of their spectacular flowers. 8  

In ethnobotanical studies, the use of A. ringens for treating Diabetes 

mellitus and its complications was reported. 9, 10 The different parts of 

the plant have different medicinal properties, which are explored in 

traditional medicine practice: the root is used to treat diarrhoea and 

asthma in southwest Nigeria, and the aerial part is used for its 

antifungal, antibacterial, and cytotoxic properties. 11, 12, 13, 14 Some other 

researchers reported the traditional use of the root to manage piles. 15 

The use as an analgesic and treatment for rheumatoid arthritis, 

insomnia, and asthma were reported. 10, 11, 12 The use of the root to treat 

ailments such as gastrointestinal disturbance, asthma, diabetes, and 

oedema in Nigeria was confirmed. 7, 8, 10, 16, 17 There are also pieces of 

evidence to confirm its use to manage conditions such as dyslipidaemia, 

inflammation, and snake bites. 10, 12, 16 Experiments on the anticancer 

properties of some of its extracts were carried out. 18, 19 The chloroform 

extract of the aerial part of A. ringens showed strong antimicrobial 

activity against B. cereus, antifungal activity against C. albicans, and 

cytotoxic activity against human breast carcinoma cells (HepG2), 

human breast carcinoma cells. 13 The trace element contents, 

phytochemicals, and alpha-amylase inhibitory and insecticidal 

activities of the root extracts were reported. 20, 21 Some other researchers 

determined and reported the volatile contents of the flowers, leaves, and 

stem. 22   
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Gas Chromatography-Mass Spectrometry (GC-MS) is a common and 

versatile method of determining and quantifying the volatile 

phytochemical contents of plant extracts. 23, 24, 25, 26 In the 

electromagnetic spectrum, the infrared (IR) is in the low-energy region 

with a range from 12,800 to 10 cm⁻¹. 27, 28 The IR spectrum is made up 

of the far region, 400–10 cm⁻¹ (25–1,000 μm wavelength); the mid-

region, 400–4,000 cm⁻¹ (25–2.5 μm wavelength); and the near region, 

4,000–4,000 cm⁻¹ (0.7–2.5 μm wavelength). 27, 28 The mid-region is 

appropriate for organic molecules, and the vibrational frequencies are 

suitable for functional group detection. 28 Previous works were carried 

out to determine the phytochemical contents of the flowers, leaves, and 

stem of A. ringens using GC-MS, but there were no reports on the root 

extract. 22 In this work, we are reporting the phytochemical contents of 

A. ringens n-hexane root extract using GC-MS, the functional group of 

the major components of the extract using FTIR, and also discussing the 

major and minor compounds detected and their biological activities. 

 

Materials and Methods 

Chemicals and Reagents 
 

All chemicals used in this work are of analytical grade. The n-hexane 

(Fisher Scientific) was purchased from a local sales representative in 

Nigeria.  

 

Collection of plant material 
 

The dried sample of A. ringens stem was purchased at Mushin Market, 

Mushin Local Government, Lagos State, Nigeria. The plant material 

was authenticated at the University of Lagos Herbarium (LUH 5997). 

Extraction of plant material. The plant material (100 g) was extracted 

by macerating in n-hexane (500 mL) for 72 h. The extract obtained was 

concentrated to dryness using a rotary evaporator. 26 

 

Phytochemical screening  
 

The preliminary phytochemical screening of the extract was carried out 

to detect the presence of secondary metabolites: alkaloids, flavonoids, 

saponins, tannins, phlobatannins, cardiac glycosides, terpenoids, 

steroids, reducing sugars, and phenols using standard methods. 26, 29 

 

GC-MS analysis of the extract 
 

GC-MS analysis of the plant extract volatile compound was carried out 

using a GC-MS QP2010SE Shimadzu (Japan) fitted with an MS (Model 

EI) directly connected with a capillary column. The detector is a 

secondary electron multiplier with a patented lens and conversion 

mode. The carrier gas was helium with a flow rate of 3.22 mL/min, and 

the pressure was maintained at 144.4 kPa. The injector and detector 

temperatures were 250°C. The column was set to an initial temperature 

of 60°C, which was maintained for 2 min. The temperature was 

increased to 260°C at 14°C/min and was maintained for 1.50 mins. This 

was then further increased to 300°C at 14°C/min and maintained for 

3.30 mins. One microlitre (1 µL) of the sample was injected. Mass 

spectra were recorded at 70 eV ionisation energy armed with a metal 

quadrupole mass filter with a pre-rod. The total run time was 24.13 

mins. The compounds were detected and identified using the NIST 11 

Spectral Library. 26 

 

 

Infrared Spectroscopy  
 

FTIR data for the extract was obtained using the Agilent Cary 360 ATR-

FITR Infrared Spectrometer (Agilent Technologies, USA) equipped 

with Microlab PC software. The ATR sampling unit has a resolution of 

8 cm⁻¹. The spectrum was obtained from 4000 to 650 cm⁻¹. 30 

 

Results and Discussion 
 

Extraction of Plant Materials and Phytochemical Screening 

 

The n-hexane extract (ArnH) was obtained as a brown sticky solid 

(2.80%). The preliminary phytochemical screening indicated the 

presence of saponins, steroids, flavonoids, cardiac glycosides, and 

phenols (Table 1). The medicinal properties of plants have been 

ascribed to the presence of secondary metabolites. 31 Several biological 

effects, such as antimicrobial, antifungal, antioxidant, antiviral, 

anticancer activities, and others, have been ascribed to the presence of 

secondary metabolites and their relative contents in plant materials and 

extracts. 26, 29, 32 

 

GC-MS Result 

 

The GC-MS profile of the A. ringens n-hexane extract gave 70 

horizontal peaks and indicated 62 volatile compounds (Figure 1, Table 

2). The detected phytocompounds consist mainly of terpenes, steroids, 

cannabinoids, and some other minor compounds. The breakdown of 

indicated terpene (28.97%), steroids and D-modified steroid (17.54%), 

cannabinoids (23.56%), esters (14.78%), epoxide (3.74%), alkanol, 

alkynol, and phenolic (3.00%), organosilicon (5.43%), alkanones and 

nitroalkanone (0.41%), hydrocarbons and chlorohydrocarbon (1.98%), 

pyrazine ester (0.11%), dioxocin (0.47%), and fatty acid (0.01%) 

Eighteen compounds out of the sixty-two have a percentage area 

composition between 2.0 and 13.0%, constituting 74.29% of the total 

compounds eluted, forming the significant contents of the A. ringens n-

hexane extract. These compounds can be categorised into three groups. 

The first group is made up of eight compounds with an area composition 

between 2.0% and 3.0%, totalling 19.04%; the second group consists of 

three compounds with a percentage area composition between 3.0% and 

4.0%, totalling 10.53%; and the third group consists of seven 

compounds with an area percentage between 4.0% and 13.0%, with a 

total composition of 44.72%. 

The first group of eight compounds are 6. beta. -Hydroxy 

fluoxymesterone (RT: 12.295, 14.087 mins; total area 2.43%); 2H-

Cyclopropa [a] naphthalen-2-one, 1,1a,4,5,6,7,7a,7b-octahydro-

1,1,7,7a-tetramethyl-, (1a. alpha., 7. alpha., 7a. alpha., 7b. alpha.) - (RT: 

13.626 mins, 2.58%); octadecanoic acid, 9,10-dibromo-, methyl ester 

(RT: 14.943 mins, 2.03%); (R)-(-)-14-methyl-8-hexadecyn-1-ol (RT: 

16.242 mins, 2.24%); cannabidiol (RT: 18.229 mins, 2.3%); androst-5-

en-17-one, 3-hydroxy-16-(1-methylethylidene)-, (3. beta.) - (RT: 18.42 

mins; 2.82%), Stigmasta-7,22-dien-3-ol, acetate, (3.beta.,5.alpha.,22E)- 

(RT: 20.73 mins; 2.56%), and Pregn-5-en-20-one, 16-bromo-3,17-

dihydroxy-, (3.beta.,16.beta.) - (RT: 20.935 mins, 2.08%). 

 

 

 

Table 1: Contents of Aristolochia ringens n-hexane root extract from phytochemical screening 

 

Alkaloids Saponins Tannins Steroids Flavonoid Cardiac 

Glycoside 

Reducing 

Sugar 

Phenols 

- + - + + + - + 

 
+: detected; - :not-detected 
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Table 2: Compounds detected from A.ringens n-hexane root extract by GC-MS 

S/N Peak 

Retention 

Time 
Name 

Area  

% 
Molecular 

formula 

Molecular 

mass 

Description 

1 
1 6.408   

Cyclohexene, 1-methyl-4-

(1-methylethenyl) )-, (S)- 
0.03 

 C10H16 136 

monoterpene 

2 
2 7.401 trans-p-Mentha-2,8-dienol 0.3 

 C10H16O  152 

monoterpene 

alkanol 

3 

3 7.544 

2-Cyclohexen-1-ol, 1-

methyl-4-(1-

methylethenyl)-, trans- 

0.14 

 C10H16O  152 

monoterpene 

alkanol 

4 

4 7.637 

Bicyclo[3.1.1]heptan-3-ol, 

6,6-dimethyl-2-

methylene-, [1S-(1.alpha. 

,3.alpha., 5.alpha.)]- 

0.02 

 C10H16O 152 

monoterpene 

alkanol 

5 
5 7.678 

5,10-Pentadecadienoic 

acid, (E,Z)- 
0.01 

 C15H26O2  238 

Unsaturated fatty 

acid 

6 
6 8.135 p-Mentha-1(7),8-dien-2-ol 0.16 

 C10H16O  152 

monoterpene 

alkanol 

7 
7 8.175 

5,7-Octadien-2-ol, 2,6-

dimethyl- 
0.08 

 C10H18O  154 

monoterpene 

alkanol 

8 
8 8.217 

Cyclohexanol, 2-methyl-

5-(1-methylethenyl)- 
0.28 

C10H18O 154 

monoterpene 

alkanol 

9 
9 8.466 

(2R,4R)-p-Mentha-[1(7) 

,8]-diene, 2-hydroperoxide 
0.08 

 C10H16O2  168 

monoterpene 

hydroperoxide 

10 
10 8.529 

1-Nitro-bicyclo [6.1.0] 

nonan-2-one 
0.07 

 C9H13NO3 183 

Nitroalkanone 

11 

11 8.909 

2-Cyclohexen-1-one, 3-

methyl-6-(1-

methylethenyl) - 

0.06 

 C10H14O  150 

alkanone 

12 
12 9.379 

Methyl 3-amino-2-

pyrazinecarboxylate 
0.11 

 C6H7N3O2  153 

Pyrazine ester 

13 

13 9.533 

1,2-Cyclohexanediol, 1-

methyl-4-(1-

methylethenyl)- 

0.27 

 C10H18O2  170 

Cyclic alkanol 

14 

14 9.657 

4-(2,2,6-Trimethyl-

bicyclo[4.1.0]hept-1-yl)-

butan-2-one 

0.28 

 C14H24O  208 

alkanone 

15 

15 9.921 

Oxirane, 3-[5-(4-azido-2-

nitrophenoxy)-3-methyl-

3-pentenyl]-2,2-dimethyl-, 

0.08 

 C16H20N4O4  332 

Epoxide 

16 
16 10.403 

Cyclohexanemethyl 

propanoate 
0.01 

 C10H18O2  170 

ester 

17 
17 10.690 (-)-Aristolene 0.17 

 C15H24  204 

Sequiterpene 

hydrocarbon 

18 
18 10.762 Aromadendrene, dehydro- 1.12 

C15H22  202 

Sequiterpene 

hydrocarbon 

19 

19 10.819 

1H-

Cyclopropa[a]naphthalene

, 1a,2,3,5,6,7,7a,7b-

octahydro-1,1,7,7a-

tetramethyl-, [1aR-(1a. 

alpha.,7.alpha.,7a.alpha.,7

b.alpha.)]- 

0.5 

 C15H24  204 

Sequiterpene 

hydrocarbon 

20 

20 10.877 

4,4-Dimethyl-3-(3-

methylbut-3-enylidene)-2-

methylene bicyclo [4.1.0] 

heptane 

0.47 

 C15H22  202 

Sequiterpene 

hydrocarbon 

21 

21 10.961 
Bicyclo [4.1.0]heptane, 7-

chloro-  
0.15 

 C7H11Cl  130 

Bicyclic 

chlorohydrocarb

on 
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22 

22 11.056 

Androstan-17-one, 3-

ethyl-3-hydroxy-, (5. 

alpha.)- 

0.24 

 C21H34O2  318 

steroid 

23 
23 11.336 Cubedol 0.37 

 C15H26O  222 

Sesquiterpene 

alkanol 

24 
24 11.521 4-epi-cubedol 0.69 

 C15H26O  222 

Sesquiterpene 

alkanol 

25 
25 11.683 alpha. -Calacorene 0.33 

 C15H20 200  

Sesquiterpene 

alkanol 

26 

26, 

28 

11.786, 

11.927 
Calarene epoxide 0.84 

 C15H24O  220 

Sesquiterpenes 

(Epoxide) 

27 
27 11.849 

Glutaric acid, di(2-(2-

methoxyethyl)heptyl) 
0.32 

 C25H48O6  444 

Diester 

28 
29 12.037 (-)-Spathulenol 0.69 

 C15H24O  220 

Sesquiterpene 

alkanol 

29 30 12.097 Caryophyllene oxide| 1.1  C15H24O  220 Sesquiterpene 

30 

31. 

43 

12.295, 

14.087 

6. beta. -Hydroxy 

fluoxymesterone 
2.43 

 C20H29FO4  352 

Steroid 

31 

32 12.353 

Tricyclo[4.4.0.0.(2,7)]dec-

8-ene-3-

methanol,alpha.,alpha.,6,8-

tetramethyl-,sterioisomer 

0.44 

C15H24O 220 

Sesquiterpene 

alkanol 

32 
33 12.448 

Alloaromadendrene oxide-

(1) 
3.12 

 C15H24O  220 

Sesquiterpene 

(Epoxide) 

33 

34 12.526 

1H-Cycloprop[e]azulen-7-

ol, decahydro-1,1,7-

trimethyl-4-methylene-, 

[1ar-

(1a.alpha.,4a.alpha.,7.beta.

,7a.beta.,7b.alpha.)]- 

1.34 

 C15H24O  220 

Sesquiterpene 

hydrocarbon 

34 

35, 

36 

12.653, 

12.732 
Cadala-1(10),3,8-triene 4.09 

 C15H22 202  

Sesquiterpene 

hydrocarbon 

35 

37, 

42 

12.846, 

13.940 

Murolan-3,9(11)-diene-

10-peroxy 
4.49 

 C15H24O2  236 

Sesquiterpene 

hydroperoxide 

36 
38 12.968 

Isolongifolene, 9,10-

dehydro- 
1.05 

 C15H22  202 

Sesquiterpene 

hydrocarbon 

37 

39 13.229 

Naphthalene, decahydro-

4a-methyl-1-methylene-7-

(1-methylethylidene)-, 

(4aR-trans)- 

0.74 

 C15H24  204 

Sesquiterpene 

 

38 

40 13.626 

2H-Cyclopropa[a]naph 

thalen-2-one, 1,1a,4,5,6 

,7,7a, 7b-octahydro-1,1,7 

,7a-tetramethyl-,(1a. 

alpha.,7. alpha.,7a.alpha., 

7b.alpha.)- 

2.58 

 C15H22O  218 

Sesquiterpene 

alkanone 

39 

41 13.781 

4-(6,6-Dimethyl-2-

methylenecyclohex-3-

enylidene)pentan-2-ol 

3.75 

 C14H22O  206 

Sesquiterpene 

alkanol 

40 

44 14.713 

Spiro[tricyclo[4.4.0.0(5,9)

]decane-10,2'-oxirane], 1-

methyl-4-isopropyl-7,8-

dihydroxy-, 

3.66 

 C15H24O3  252 

epoxide 

41 
45 14.943 

Octadecanoic acid, 9,10-

dibromo-, methyl ester 
2.03 

C19H36Br2O2  454 

ester 

42 

46 16.118 

1-Propene-1,2,3-

tricarboxylic acid, tributyl 

ester 

5.18 

 C18H30O6  342 

ester 

43 
47 16.242 

(R)-(-)-14-Methyl-8-

hexadecyn-1-ol 
2.24 

 C17H32O  252 

alkynol 

44 
48 16.357 

Adipic acid, butyl 2-

cyclohexylethyl ester 
4.27 

 C18H32O4  312 

ester 
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45 49 16.913 Tributyl acetylcitrate 1.98  C20H34O8  402 ester 

46 

50 17.405 

5.alpha. -Androstan-

3.beta.-ol, 4,4-dimethyl-, 

acetate 

1.19 

 C23H38O2  346 

steroid 

47 51 18.229 Cannabidiol 2.3  C21H30O2  314 Cannabinoid 

48 

52 18.420 

Androst-5-en-17-one, 3-

hydroxy-16-(1-

methylethylidene)-, (3. 

beta.)- 

2.82 

 C22H32O2  328 

Steroid 

49 

53, 

54 

18.911, 

19.123 
Dronabinol 9.17 

 C21H30O2  314 

cannabinoid 

50 

55, 

56, 

58 

19.452, 

19.630, 

20.296 

Cannabinol  12.09 

 C21H26O2  310 

cannabinoid 

51 

57 20.123 

1,3-bis[(8E,10E)-Dodeca-

8,10-dien-1-yloxy]-

1,1,3,3-

tetramethyldisiloxane 

5.43 
 C28H54O3Si

2 494 

Organosilicone 

52 
59 20.554 

D-Homoandrostane, (5. 

alpha.,13.alpha.)- 
1.92 

 C20H34  274 

D-modified 

Steroid 

53 

60 20.730 

Stigmasta-7,22-dien-3-ol, 

acetate, (3. beta.,5. 

alpha.,22E)- 

2.56 

 C31H50O2  454 

steroid 

54 

61 20.935 

Pregn-5-en-20-one, 16-

bromo-3,17-dihydroxy-, 

(3. beta.,16.beta.)- 

2.08 

 C21H31BrO3  410 

Steroid 

55 
62 21.101 

Allopregnane-7. alpha.,11. 

alpha.-diol-3,20-dione 
1.08 

 C21H32O4  348 

Steroid 

56 
63 21.317 

12-Hydroxy-3-keto-

bisnor-4-cholenic acid 
1.6 

 C22H32O4  360 

Steroid 

57 64 21.441 Cholestane 0.91  C27H48  372 steroid 

58 65 21.740 2-methylhexacosane 1.83  C27H56  380 alkane 

59 66 21.963 Tetrahydrosmilagenin 0.71  C27H48O3  420 steroid 

60 

67, 

68 

22.308, 

22.520 

Fumaric acid, 2-hexyl 

tetradecyl ester 
0.99 

 C24H44O4  396 

ester 

61 

69 22.645 

3H-3,10a-Methano-1,2-

benzo dioxocin-3-ol, 

octahydro-7,7-dimethyl-, 

(3. alpha., 6a. beta., 

10a.beta.)- 

0.47 

 C13H22O3  226.3 

 dioxocin 

62 70 22.858 . gamma.-Tocopherol 0.49  C28H48O2  416 phenolic 

 

 

 
 

Figure 1: GC-MS Profile of Aristolochia ringens n-hexane root extract   
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The second group of compounds consists of alloaromadendrene oxide-

(1) (RT: 12.448 mins, 3.12%). 4-(6,6-Dimethyl-2-methylenecyclohex-

3-enylidene) pentan-2-ol (RT: 13.781 mins, 3.75%); and Spiro [tricycle 

[4.4.0.0(5,9)] decane-10,2'-oxirane], 1-methyl-4-isopropyl-7,8-

dihydroxy- (RT: 14.713 mins; 3.66%). 

The third group of compounds are Cadala-1(10),3,8-triene (RT: 12.653, 

12.732 mins; total area 4.09%); Murolan-3,9(11)-diene-10-peroxy (RT: 

12.846, 13.94 mins; total area 4.49%); 1-Propene-1,2,3-tricarboxylic 

acid, tributyl ester (RT: 16.118 mins, 5.18%); Adipic acid, butyl 2-

cyclohexylethyl ester (RT: 16.357 mins, 4.27%); Dronabinol (RT: 

18.911, 19.123 mins; total area 9.17%); Cannabinol (RT: 19.452, 19.63, 

20.296 mins; total area 12.09%); and                 1,3-bis[(8E,10E)-Dodeca-

8,10-dien-1-yloxy].-1,1,3,3-tetramethyl  disiloxane (RT: 20.123 mins; 

5.43%). 

Some of the compounds showed multiple peaks, possibly due to column 

impairment, which tends to reduce efficiency, and this is related to high 

retention time. 33 Compounds with multiple peaks are Calarene epoxide 

(RT: 11.786, 11.927; Total: 0.21%); 6.beta.-Hydroxyfluoxymesterone 

(RT: 12.295, 14.087; Total: 2.43%); Cadala-1(10),3,8-triene (RT: 

12.653, 12.732; Total: 4.09%); Murolan-3,9(11)-diene-10-peroxy (RT: 

12.846, 13.94; Total: 4.49%); Dronabinol (RT: 18.911, 19.123; Total: 

9.17%); Cannabinol (RT: 19.452, 19.63, 20.296; Total: 12.09%); and 

Fumaric acid, 2-hexyl tetradecyl ester (RT: 22.308, 22.52; 0.99); 

urolan-3,9 (11)-diene-10-peroxy (RT: 12.846, 13.94 mins; total area 

4.49%); 1-Propene-1,2,3-tricarboxylic acid, tributyl ester (RT: 16.118 

mins, 5.18%); Adipic acid, butyl 2-cyclohexylethyl ester (RT: 16.357 

mins, 4.27%); Dronabinol (RT: 18.911, 19.123 mins; total area 9.17%); 

Cannabinol (RT: 19.452, 19.63, 20.296 mins; total area 12.09%); and 

1,3-bis[(8E,10E)-Dodeca-8,10-dien-1-yloxy]. -1,1,3,3-tetramethyl 

disiloxane (RT: 20.123 mins; 5.43%). 

In this extract, the terpene contents are in small area percentages 

ranging from 0.03% to 4.49% and in different classes, giving a 

significant total area of 28.97% (Table 2.0). They are the largest group 

of natural products, classified as monoterpenes, diterpenes, triterpenes, 

tetraterpenes, sesterpenes, sesquiterpenes, and polyterpenes, based on 

their isoprene units. 25 Terpenes have been reported for diverse 

medicinal properties, such as anti-cancer, antioxidant, anti-

inflammatory, antiplasmodial, antiseptic, astringent, and diuretic 

activity. 34 
 

Figure 2:  GC Mass spectra of Cannabidiol, Dronabinol and Cannabinol 
 

 

 

Among the major compounds in the A. ringens n-hexane root extract 

are the cannabinoids (Figure 2), of which cannabinol is the most 

abundant as well as the most abundant compound in this extract. These 

compounds constitute 23.56% of the component compounds of the 

extract. The three cannabinoids are cannabidiol (2.3%), dronabinol 

(9.17%), and cannabinol (12.09%). The cannabinoids are compounds 

found originally in cannabis—a group of plants belonging to the class 

Cannabaceae. 35 Dronabinol constitutes about 74% of the content of the 

volatile compounds of cannabis. Comparing contents, dronabinol 

(delta-9-tetrahydrocannabinol) and cannabinol are 9.17% and 12.09% 

in A. ringens and 74.05% and 20.47% in cannabis. 36 Cannabidiol has 

been reported to possess antimicrobial, neuroprotective, analgesic, 

antiepileptic, anti-inflammatory, anti-anxiety, and anti-cancer 

properties. 37, 38, 39, 40, 41, 42 Dronabinol and cannabinol are psychoactive 

compounds with varying degrees of activity. 36 These two compounds, 

which have properties such as appetite stimulants and analgesics, were 

reported. 35, 43, 44 The activity of dronabinol as a sleep apnoea medication 

was reported. 45, 46 Cannabinol is a cannabinoid reported to possess 

antimicrobial, anti-inflammatory, immunosuppressive, 

neuroprotective, and analgesic effects. 47 

Several of the major compounds have peculiar medicinal properties. 

6.beta.-hydroxy fluoxymesterone and pregn-5-en-20-one, 16-bromo-

3,17-dihydroxy-, (3.beta.,16.beta.)- are halogenated steroids that 

exhibit anti-inflammatory, cytotoxic, anti-hormonal and antimicrobial 

activities. 48 The compound 6-beta-hydroxyfluoxymesterone (Figure 3) 

is a metabolite of fluoxymesterone, which is a drug used for the 

treatment of puberty delay and hypogonadism in young males and 

breast cancer in females. 49, 50 Alloaromadendrene oxide (1) (Figure 3) 

exhibits analgesic, antioxidant, anti-inflammatory, anti-tumour, and 

antibiotic activity. 51, 52 Cadala-1(10),3,8-triene (Figure 3) has 

antimicrobial properties, 53 stigmasta-7,22-dien-3-ol, acetate, (3.beta., 

5.alpha.)- exhibits antiulcerogenic, alpha-amylase, antithrombotic and 

antibacterial activities, 54 and pregn-5-en-20-one, 16-bromo-3,17-

dihydroxy-, (3.beta., 16.beta.) - have potential for the treatment of some 

reproductive disorders and some hormone-related cancers. 55 

Also significant is 1,3-bis[(8E,10E)-dodeca-8,10-dien-1-yloxy-1,1,3,3-

tetramethyl disiloxane (RT: 20.12, Area % 5.30), the only organosilicon 

compound eluted from the A. ringens n-hexane extract (Figure 4). 

Siloxanes are organosilicon compounds that have the functional group 

(-R2Si-O-SiR2-), which forms the main structure of the silicones. 56, 57 
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Some organosilicon compounds are from natural sources, such as 

plants, while others are synthesised. 58, 59 Some of these compounds 

show cytotoxic, anti-cancer, antitumour, anti-HIV, and antimicrobial 

activities. 58, 59 

The last sets of forty-four compounds eluted from A. ringens have an 

area percentage of 0.01%-2.0%, which is very low; hence, they have 

been considered minor constituents. Nine of these compounds have area 

percentages from 0.01% to 0.08%; twenty-five have area percentages 

from 0.1% to 0.99%, and the remaining ten have area percentages 

between 1.0% and 2.0%. The first nine of the forty-four compounds are 

cyclohexene, 1-methyl-4-(1-methylethenyl)-, (S)- (RT: 6.408, 0.03%); 

Bicyclo[3.1.1] heptan-3-ol, 6,6-dimethyl-2-methylene-, [1S-

(1.alpha.,3.alpha., 5.alpha.)]- (RT: 7.637, 0.02%);  5,10-

Pentadecadienoic acid, (E, Z)- (RT: 7.678, 0.01%); 5,7-Octadien-2-ol, 

2,6-dimethyl- (RT: 8.175, 0.08%); (2R,4R)-p-Mentha-[1(7),8]-diene, 

2-hydroperoxide (RT: 8.466, 0.08%); 1-Nitro-bicyclo [6.1.0] nonan-2-

one (RT: 8.529, 0.07%); 2-Cyclohexen-1-one, 3-methyl-6-(1-methyl 

ethenyl) - (RT: 8.909, 0.06%); Oxirane, 3-[5-(4-azido-2-nitrophenox)-

3-methyl-3-pentenyl]-2,2-dimethyl-,(RT: 9.921, 0.08%); Cyclohexane 

methyl propanoate (RT: 10.403, 0.01%). 

 

 

 
 
Figure 3: GC Mass spectra of 6.beta.-Hydroxyfluoxymesterone, Alloaromadendrene oxide-(1), Cadala-1(10),3,8-triene, Stigmasta-7,22-

dien-3-ol, acetate, (3.beta.,5.alpha.,22E)- and Pregn-5-en-20-one. 

 

 

 
 

Figure 4: GC Mass spectrum of 1 ,3-bis[(8E,10E)-Dodeca-8,10-dien-1-yloxy]-1,1,3,3-tetramethyldisiloxane 
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Figure 5:  GC-Mass spectra of Cyclohexene, 1-methyl-4-(1-methylethenyl) )-, (S)-, p-Mentha-1(7),8-dien-2-ol, 5,7-Octadien-2-ol, 2,6-

dimethyl- ol, Androstan-17-one, 3-ethyl-3-hydroxy-, (5.alpha.)- ,    (-)-Spathulenol, and .gamma.-Tocopherol 

            100 
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Figure 6: GC Mass spectrum of Caryophyllene oxide 
 

 

Many of these nine minor compounds are monoterpenes, which are used 

as food additives for their flavouring and significant medicinal 

properties. 60 Significant for their medicinal activities among these 

compounds are limonene (cyclohexene, 1-methyl-4-(1-

methylethenyl)-, (S)-,) and trans-Pinocarveol (Bicyclo [3.1.1] heptan-

3-ol, 6,6-dimethyl-2-methylene-). Limonene is used in the treatment of 

bronchitis. 61 The antioxidant, anticancer, anti-inflammatory, analgesic, 

and neuroprotective activities are recorded. 62, 63, 64. Trans-Pinocarveol 

is a food flavour and also reported to exhibit anti-inflammatory, 

antibacterial, and insecticidal properties and tumour inhibitors. 65 

The next twenty-five compounds are trans-p-Mentha-2,8-dienol (RT: 

7.401 mins, 0.3%); 2-cyclohexen-1-ol, 1-methyl-4-(1-methylethenyl)-, 

trans- (RT: 7.544 mins, 0.14%); p-Mentha-1(7),8-dien-2-ol (RT: 8.135 

mins, 0.16%); Cyclohexanol, 2-methyl-5-(1-methyl ethenyl)- (RT: 

8.217 mins, 0.28%); Methyl 3-amino-2-pyrazinecarboxylate (RT: 9.379 

mins, 0.11%); 1,2-cyclohexanediol, 1-methyl-4-(1-methylethenyl)- 

(RT: 9.533 mins, 0.27%); 4-(2,2,6-Trimethyl-bicyclo[4.1.0]hept-1-yl)-

butan-2-one (RT: 9.657 mins, 0.28%); (-)-Aristolene (RT: 10.69 mins, 

0.17%); 1H-Cyclopropa[a] naphthalene, 1a,2,3,5,6,7,7a,7b -octahydro-

1,1,7,7a-tetramethyl-, [1aR-(1a.alph a.,7.alpha.,    7a.alp 

ha. ,7b.alpha.)]- (RT: 10.819 mins, 0.5%); 4,4-Dimethyl-3-(3-

methylbut-3-enylidene)-2-methylenebicyclo [4.1.0] heptane (RT: 

10.877 mins, 0.47%); Bicyclo[4.1.0]heptane, 7-chloro- (RT: 10.961 

mins, 0.15%); Androstan-17-one, 3-ethyl-3-hydroxy-, (5.alpha.)- (RT: 

11.056 mins, 0.24%); cubedol (RT: 11.336 mins, 0.37%); 4-epi-cubedol 

(RT: 11.521 mins, 0.69%); alpha-Cacalorene (RT: 11.683 mins, 

0.33%); Calarene epoxide (RT: 11.786, 11.927 mins; total area 0.84%); 

Glutaric acid, di(2-(2-methoxyethyl) heptyl) (RT: 11.849 mins, 0.32%); 
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(-)-Spathulenol (RT: 12.037 mins, 0.69%); Tricyclo [4.4.0.0 (2,7)]  dec-

8-ene-3-methanol, .alpha.,.alpha.,6,8-tetramethyl-, stereoisomer 

(RT:12.353 mins, 0.44%); Naphthalene, decahydro-4a-methyl-1-

methylene-7-(1-methyl ethylidene)-, (4aR-trans)- (RT: 13.229 mins, 

0.74%); Cholestane (RT: 21.441 mins, 0.91%); Tetrahydrosmilagenin 

(RT: 21.963 mins, 0.71%); Fumaric acid, 2-hexyl tetradecyl ester (RT: 

22.308, 22.52 mins; total area 0.99%); 3H-3,10a-Methano-1,2-benzodi 

oxocin-3-ol, octahydro-7,7-dimethyl-, (3.alpha.,6a.beta., 10a.beta.)- 

(RT: 22.645 mins, 0.47%); and gamma.-Tocopherol (RT: 22.858 mins, 

0.49%). 

Significant among this set of twenty-five compounds for their 

bioactivity and medicinal uses are p-Mentha-2,8-dien-1-ol, p-Mentha-

1(7),8-dien-2-ol, 5,7-Octadien-2-ol, 2,6-dimethyl-ol, Androstan-17-

one, 3-ethyl-3-hydroxy-, (5.alpha.)-, (-)-Spathulenol, 3H-3,10a-

Methano-1,2-benzodioxocin-3-ol, octahydro-7,7-dimethyl-, (3.alpha., 

6a.beta.,10a.beta.)-, and gamma.-Tocopherol (Figure 5). Para-mentha-

2,8-dien-1-ol exhibits antifungal and antibacterial activities, 65 p-

Mentha-1(7),8-dien-2-ol and 5,7-Octadien-2-ol, 2,6-dimethyl-ol are 

fragrance ingredients that are used in decorative cosmetics, shampoos, 

fine fragrances, and other toiletries and detergents. 66, 67 Androstan-17-

one, 3-ethyl-3-hydroxy-, (5. alpha.)- show antioxidant activities. 67 

Spathulenol exhibits anticholinesterase, antioxidant, anti-

oedematogenic, anti-proliferative, cytotoxic, and antimicrobial 

activities. 69, 70, 71, 72, 73 Some benzodioxocin derivatives are reported to 

show anticancer properties. 74 Gamma-tocopherol is a known form of 

vitamin E with anticancer and antioxidant activities. 26, 75 

The last set of ten compounds are Aromadendrene, dehydro- (RT: 

10.762 mins, 1.12%); Caryophyllene oxide (RT: 12.097 mins, 1.1%); 

1H-cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene-, 

[1ar-(1a. alpha., 4a. alpha., 7. beta., 7a. beta., 7b. alpha.)] - (RT: 12.526 

mins, 1.34%); Isolongifolene, 9,10-dihydro- (RT: 12.968 mins, 1.05%); 

Tributyl acetylcitrate (RT: 16.913 mins, 1.98%); 5. alpha. -Androstan-

3. beta. -ol, 4,4-dimethyl-, acetate (RT: 16.913 mins, 1.19%); D-

Homoandrostane, (5. alpha.,13. alpha.) - (RT: 20.554 mins, 1.92%); 

Allopregnane-7. alpha., 11. alpha. -diol-3,20-dione (RT: 21.101 mins, 

1.08%); 12-Hydroxy-3-keto-bisnor-4-cholenic acid (RT: 21.317 mins, 

1.6%), and 2-methylhexacosane (RT: 21.74 mins; 1.83%). Significant 

among these compounds is caryophyllene oxide for its antifungal and 

cytotoxic activities (Figure 6). 76, 77 

Androstan-17-one, 3-ethyl-3-hydroxy-, (5. alpha.)- (RT: 11.056; 

0.24%), 5. alpha. -Androstan-3. beta. -ol, 4, 4-dimethyl-, (RT: 17.405; 

1.19%), and D-Homoandrostane, (5. alpha.,13. alpha.)- (RT: 20.554; 

1.92%) are significant among the steroids from A. ringens n-hexane root 

extract as derivatives of the C19 steroidal hydrocarbon, Androstane. 

Androstane exists in two isomeric forms: 5alpha-androstane and 5beta-

androstane, with the alpha isomer being the most potent. 78, 79 5alpha-

androstane functions as an androgen, serving as a foundation for several 

male hormones that are used in the management of male hormonal and 

sexual health challenges. 80 The detection of these compounds in small 

amounts within the n-hexane extract of      A. ringens suggests the 

potential for sourcing these androgens from this medicinal plant. 

Previous research work on A. ringens flowers, leaves, and stem 

indicated major monoterpenes like p-cymene (17.8%), limonene 

(20.0%), linalool (6.5%), and α-phellandrene (16.1%), as the contents 

of the stem, while the leaves consist majorly of sesquiterpenoids like 

trans 4(14), 5-muuroladiene (13.0%), β-caryophyllene (11.4%), 

spathulenol (8.0%), and methyl copalate (10.3%), a diterpenoid.  22 In 

this work on the n-hexane root extract, the results indicated the 

component compounds as terpenes, steroids, cannabinoids, esters, 

ethers, epoxides, alkanols, alkynes, phenolics, and organosilicon. 

Limonene and spathulenol are minor compounds in A. ringens n-hexane 

root extract. 

 

FTIR Analysis 

The FTIR spectrum (Figure 7) indicated the functional groups present 

in the component compounds in the extract. The technique is based on 

the principle that different molecules absorb frequencies of infrared 

light which correspond to the vibrational frequencies of the bonds in the 

molecule. 81 The absorption produces a characteristic spectrum from 

which the functional groups present in the molecule can be identified. 
81,82 The FTIR analysis (Figure 7, Table 3) indicated O-H stretch for 

alkanols and phenols at 3327 cm⁻¹, 83 C-H stretch at 2921 cm⁻¹ and 2854 

cm⁻¹, 84 C=O stretch for alkanals, alkanones and esters at 1711 cm⁻¹, 84 

C=C stretch for aromatics and others at 1640 cm⁻¹ and 1462 cm⁻¹, 84 C-

O stretch for ether and epoxide at 1380 cm⁻¹, and C-O stretch for 

alkanols at 1171 cm⁻¹ and 1074 cm⁻¹, C-O. 83 This result is consistent 

with the functional groups in the compounds detected in the A. ringens 

n-hexane root extract. 

 

Figure 7: FTIR spectrum of A. ringens n-hexane extract root extract 

 

Table 3: FTIR analysis of A. ringens n-hexane root extract 

S/N Functional 

group 

Vibrational 

Frequency (cm-1) 

Description 

1 O-H stretch  3327 Alkanol, phenols 

2 C-H stretch  2921 Alkyl C-H stretch 

3 C-H stretch  2854 Alkyl C-H stretch 

4 C=O 

stretch  

1711 Alkanal, 

Alkanone, Esters 

5 C=C 

stretch 

1640 Aromatic C=C 

6 C=C 

stretch 

1462  Aromatic C=C 

7 C-O stretch  1380 ether and epoxide 

8 C-O stretch  1171  Alkanol 

9 C-O stretch 1074  Alkanol 

 

Conclusion 
 

This work has described the phytochemical composition of A. ringens 

n-hexane root extract using GC-MS. The result shows that the extract 

contains a wide array of volatile phytochemicals with known medicinal 

properties. The phytochemicals and their bioactivity are closely related 

to the ethnomedicinal uses of A. ringens.  The detection of cannabinoids 

from this extract is, to the best of our knowledge, novel from the 

Aristolochia genus. The functional groups detected are related to the 

compounds eluted from this extract. This knowledge further 

authenticates the ethnomedicinal and other possible uses of this plant. 
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