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INTRODUCTION
Tropical rainforests in sub-Saharan Africa is 
home to a host of plants species, some of whose 
importance have not yet been exploited. Among 
these are neglected and underutilized species 
(NUS) used as food and medicine by local 
communities in traditional health and nutrition 
system. Medicinal plants play a crucial role in 
health care needs of people around the world 
especially in developing countries1,2. Nigeria is 
richly endowed with indigenous plants which are 
used in herbal medicine to cure diseases. These 
plants exhibit a wide range of biological and 
therapeutic activities including cancer prevention, 
prevention of inflammation, antidiuretic, laxative, 
suppression of spasms, prevention of hypertension, 
hypoglycemic, and anti-microbial functions3-6. 
It is generally assumed that the active medicinal 
constituents contributing to these protective 
effects are phytochemicals7,8. In historical times, 
traditional medicine was the only source of health 
care in Nigeria9. In spite of the introduction of 
western medicine with its attendant cost which 
often makes it unaffordable to the immediate needs 
of the poor, the popularity of traditional medicines 

has not only increased but has become common 
and remains a viable part of the complex health care 
system in Nigeria in recent times9,10.

The family Apocynaceae has attained great 
significance since the first commercial anticancer 
drugs of vinblastine, vincristine and their derivatives 
were developed from Catharanthus roseus 
(periwinkle) 11. The family is a rich source of drugs 
that have found use both in traditional and modern 
medicine. Several species of the family Apocynaceae 
have been reported to have anti-schizophrenic, 
anti-hypertensive, antibacterial, anti-inflammatory, 
antioxidant, antimalarial properties12-15. The study 
species - Gongronema latifolium, Vincetoxicum 
rossicum and Marsdenia edulis are shrubs of the 
Apocynaceae family that are found in the tropical 
forests of Nigeria (Plate 1). 

Gongronema latifolium (commonly called "Arokeke" 
by the Yorubas, "Utazi" by the Ibos, and "Utasi" by 
the Efiks/Ibibios) has a soft/hairy stem with green 
leaves that are slightly oval in appearance with a 
deeply cordate base16,17. The plant produces white 
latex and is characterized by a distinguishable bitter 
taste especially when eaten fresh17. G. latifolium has 
been widely used in folk medicine for maintaining 
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healthy blood glucose level.18 It has also been reported to exhibit various 
pharmacological properties such as antioxidative, anti-inflammatory, 
antibacterial, antimalaria, hypoglycemic and hypolipidemic effects16,19. 

Vincetoxicum rossicum has several common names including 
swallowwort, pale swallowwort, and dog-strangling vine. There 
has historically been much confusion about the genus it belongs 
to with authors placing it within Vincetoxicum and others within 
Cynanchum20-22. It is native to southern Europe and is a highly invasive 
plant growing in all of the Eastern United States, in the mid-west, and 
southern Ontario and Quebec in Canada. Some populations are found 
in the tropical forests of some parts of Africa including Nigeria. The 
leaves of the pale swallowwort are oval and contain smooth margins 
and major veins underneath. The leaves are glossy, dark green and 
grow opposite on the stem23. In parts of Nigeria where the plant 
grows, according to the locals, it is known to be poisonous and can be 
mistaken for Gongronema latifolium due to their shared morphological 
characteristics. There is little evidence to show that extracts from the 
plant exhibit broad spectrum antifungal activity24. 

Marsdenia edulis is native to tropical regions in Asia, Africa, Australia 
and America. It is a liana with thick green leaves that grow opposite on 
the stem and are ovate to elliptical25. There are no documented reports 
on the uses of Marsdenia edulis, however, the fruits are eaten as a 
snack among the Ugep people of Cross River state of Nigeria (Personal 
observation).

Gas chromatography coupled to mass spectrometry (GC-MS) is one 
of the techniques used to identify the bioactive constituents of long 
chain hydrocarbons, alcohols, acids, esters, alkaloids, steroids, amino 
and nitro compounds among others26. Traditionally used medicinal 
plants have recently attracted the attention of the biological scientific 
communities. This has involved the isolation and identification of 
secondary metabolites produced by plants and their use as active 
principles in medicinal preparations27. 

Natural products that come from medicinal plants are important for 
pharmaceutical research and for drug development as a source of 
therapeutic agents. At present, the demand for herbal or medicinal 
plant products have increased significantly. In this research, we report 
the GC-MS investigations of methanolic extracts from the leaves of 
Gongronema latifolium, Vincetoxicum rossicum and Marsdenia edulis of 
the family Apocynaceae in Nigeria in order to explore their utility in 
drugs and medicine. 

MATERIALS AND METHODS 

Sample preparation for laboratory analysis of 
phytochemicals
The three species – Gongronema latifolium, Vincetoxicum rossicum 
and Marsdenia edulis were collected from the forests in Cross River 
and Imo States in the Southeastern part of Nigeria. The species were 
authenticated and deposited in the Herbarium and Taxonomy Unit of 
the Department of Plant and Ecological Studies, University of Calabar. 
Fresh leaves of the three species were rinsed in running water, air dried 
at room temperature, milled and stored in plastic bottles in preparation 
for laboratory analysis. 

Quantitative phytochemical analysis in three 
Apocynaceae species	
Quantitative assay was carried out for alkaloids, flavonoids, phenols, 
saponins, tannins, terpenes, steroids and glycosides.

Determination of total Alkaloids

One gram (1 g) of each sample was weighed into a 250 ml beaker and 
100 ml of acetic acid was added, covered and allowed to stand for 24 
hours. The solution was filtered and concentrated to one-quarter of 
the original volume with a rotary evaporator. Ammonium hydroxide 
was added in drops to the extract until precipitation was complete. The 

Plate 1: Three species of Apocynaceae. (a) Gongronema latifolium (b) 
Vincetoxicum rossicum (c) Marsdenia edulis.

(a)  (b)  

(c)  
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solution was allowed to settle and the precipitate collected afterwards 
washed with ammonium hydroxide and filtered. The residue (alkaloid) 
was dried and weighed28. 

Determination of total flavonoids

 One gram (1 g) of each sample was repeatedly extracted with 100 ml 
methanol and allowed to stand for 24 hours at room temperature. The 
mixture was filtered through a Whatman No 1 filter paper into a pre-
weighed 250 ml beaker. The filtrate was transferred into a concentrator 
and allowed to evaporate to dryness and weighed29,30. The percentage 
flavonoid was calculated as 

% Flavonoid = Weight of flavonoid x 100

Weight of sample

Determination of total phenols
This was determined by colorimetric method using gallic acid as a 
standard. Approximately 1 g of each of the plant samples was dissolved 
in 500 ml of water. Approximately 500 ml of the fraction in water was 
mixed with 2.5 ml of Folin-Ciocalteu reagent (0.2 N). After five minutes, 
2 ml of sodium carbonate was added. After 120 minutes standing in 
the dark, the optical density was measured at 750nm against a blank. 
The total phenolic content was calculated from the calibration in curve 
equation in mg / g of the sample31. 

Determination of saponins

One gram (1 g) each of the plant samples was dispersed in 10 ml of 20 
% ethanol. The suspension was heated over a hot water bath for 4 hours 
with continuous stirring at about 55 0C. The mixture was filtered and the 
residue re-extracted with 10 ml of 20 % ethanol. The combined extracts 
were reduced to 2 ml in a rotary evaporator. The concentrated sample 
was transferred into a 10 ml funnel and 5 ml diethyl ether was added 
and shaken vigorously. The aqueous layer was recovered while the ether 
layer was discarded. 2 ml of n-butanol was added to the recovered 
aqueous layer. The solution was washed twice with 3 ml of 5 % sodium 
chloride solution. The remaining solution was heated in a water bath for 
evaporation and then dried in an oven to constant weight28. 

Determination of total tannins

This was determined by colorimetry as blue colour formation by 
the reduction of phosphor tungsto molybdic acid by tannin-like 
compound in alkaline medium. Approximately 1.1 ml of extract and 
standard solution of tannic acid (1000 ppm) was made up to 7.5 ml 
with distilled water. Approximately 0.5 ml Folin-Denis reagent and 1 ml 
sodium carbonate solution were added and then made up to 10 ml with 
distilled water. Absorbance was measured at 700 nm. The total tannic 
acid content was calculated in mg / g30. 

Determination of total terpenoids

Two grams (2 g) of each plant sample were weighed and soaked in 50 ml 
of 95 % ethanol for 24 hours. The solution was filtered and the filtrate 
was extracted with petroleum ether at 60 – 80 0C and concentrated to 
dryness32. The dried ether extract was weighed. 

Determination of total steroids

One gram (1 g) of each plant sample was weighed into a beaker and 
mixed with 20 ml chloroform. One ml of the solution was transferred 
into 10 ml volumetric flasks. Two (2) ml of 4 N Sulphuric acid and 2 
ml 0.5 % Iron (III) chloride were added followed by 0.5 ml of 0.5 % 
potassium hexacyanoferrate (III) solution. The mixture was heated in 
a water bath at 7 0C for 30 minutes with occasional shaking and then 
diluted to the mark with distilled water. The absorbance was measured 
at 780 nm against the reagent blank33. 

Determination of total glycosides

Glycosides were determined using Baljet reagent.34-50 One gram (1 g) 
of each plant sample was dissolved in 20 ml ethanol. Ten (10) ml of the 
solution was transferred to a 100 ml volumetric flask; 60 ml of water 
and 10 ml of 12.5 % lead acetate were added, mixed and filtered into 
a beaker. Fifty (50) ml of the filtrate was transferred into another 100 
ml flask and 10 ml of 47 % sodium hydrogen phosphate was added to 
the precipitate. This was mixed and completed to 100 ml with water 
and filtered twice to remove excess lead phosphate. Ten (10) ml of 
purified filtrate was transferred into clean 250 ml flask and treated 
with 10 ml Baljet reagent (95 ml of 1% aqueous picric acid + 5 ml 10 
% aqueous NaOH). This was allowed to stand for one hour for colour 
development. The colour intensity is proportional to the concentration 
of the glycoside. The absorbance was measured at 495 nm against blank. 

Extraction process with soxhlet extractor
Five grams of each plant sample were weighed into an extraction 
thimble of a Soxhlet extractor. Fifty (50) ml of the solvent (methanol 
mixed with dimethyl sulfuroxide to enable dissolution of the sample) 
was poured into a round bottom flask attached to the Soxhlet extractor. 
This was refluxed three times. The extract was transferred into the rotary 
evaporator and concentrated to 2 ml before being further transferred 
into a well-labelled Teflon screw cap vial. The 2 ml extract was passed 
through a chromatographic column packed with well baked silica gel 
and sodium sulfate anhydrous to obtain clean extract and also remove 
water from the extract.

GC-MS analysis
An Agilent 6890N gas chromatography equipped with an autosampler 
connected to an Agilent mass spectrophotometric detector was used. 
Approximately 1 ml of the sample was injected in the pulsed spotless 
mode unto a GC column 30 m x 0.25 mm ID DB-5MS coated fused 
silica column with a film thickness of 0.15 mm. Helium gas was used as 
carrier gas and the column head pressure was maintained at 20 psi to 
give a constant of 1 ml / min. Other operating conditions were preset. 
The column temperature was initially held at 55 0C for 0.4 minutes, 
increased to 200 0C at a rate of 25 0C/min, then to 280 0C at a rate of 8 
0C / min and to final temperature of 300 0C at a rate of 25 0C / min, held 
for 2 minutes. The identification time was based on retention time since 
each of the components has its separate retention time in the column. 
The components with lower retention time were eluted before the ones 
with high retention time. 

Data collection and analysis
Data obtained from phytochemical analyses of the three species 
were analyzed using analysis of variance (ANOVA). Phytochemical 
compounds were identified by comparing the retention times with 
those of authentic compounds and the spectral data obtained from 
National Institute of Standards and Technology (NIST) library. Each 
determination was carried out in duplicate.

RESULTS

Quantitative phytochemicals in Gongronema latifolium, 
Vincetoxicum rossicum and Marsdenia edulis
There were significant variations (P<0.001) in quantity in all the 
phytochemicals present in the three species except for alkaloids and 
tannins which were not significantly different (P>0.05) across the 
three species. Gongronema latifolium had the highest concentration 
of flavonoids (4.68 ± 0.04) and phenols (1.89 ± 0.02), Vincetoxicum 
rossicum had the highest concentration of saponins (1.55 ± 0.01) 
and steroids (2.30 ± 0.01) while Marsdenia edulis had the highest 
concentration of terpenes (2.18 ± 0.02) (Table 1). 
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Neophytadiene and Phytol. Squalene (C30H50) had the highest peak area 
% (33.04%) followed by 5-pentadecen-7-yne, (Z) (C15H26) (15.63%). 

Marsdenia edulis

The GC-MS chromatogram analysis of methanol leaf extract 
of Marsdenia edulis (Figure 3) showed the presence of six 
phytocompounds (Table 4). Of the six compounds identified, the most 
prevailing were Squalene, Oxirane tetradecyl, 1-chloro nonadecane 
and 1,10-decanediol. Squalene (C30H50) had the highest peak area % 
(62.22%) followed by Oxirane tetradecyl (C16H32O) (18.08%). 

Bioactivity of identified phytocompounds
Ten major compounds were identified in the three study species. 
Among the compounds, seven were reported to have antimicrobial, 
antioxidant, anticancer and anti-inflammatory activities and no activity 
was reported in three compounds (Table 5).

Gas Chromatography-Mass Spectrometry analysis in the 
three study species

Gongronema latifolium	

GC-MS analysis of the active principles in the methanolic leaf extract of 
Gongronema latifolium showed the presence of 18 bioactive compounds 
(Figure 1). The major compounds identified were n-hexadecanoic 
acid, phytol, 3-hydroxydodecanoic acid and transfarnesol. 
9,12-octadecadienoic acid (C18H32O2) had the highest area peak (%) 
(17.58%) (Table 2). 

Vincetoxicum rossicum

The GC-MS chromatogram analysis of methanol leaf extract 
of Vincetoxicum rossicum (Figure 2) showed the presence of 15 
phytocompounds (Table 3). The major compounds identified 
were Squalene, 5-pentadecen-7-yne, (Z), n-Hexadecanoic acid, 

Figure 1: GC-MS chromatogram of Methanolic leaf extract of Gongronema latifolium.

Figure 2: GC-MS chromatogram of methanolic leaf extract of Vincetoxicum rossicum.
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Figure 3: GC-MS Chromatogram of methanolic leaf extract of Marsdenia edulis.

Phytochemical
(mg / g)

Gongronema
 latifolium Vincetoxicum rossicum Marsdenia edulis LSD (p = 0.05)

Alkaloids 3.67a ± 0.02 (22.26) 2.49a ± 0.03 (18.67) 3.08a ± 0.06 (25.67) NS
Tannins 1.98a ± 0.02 (12.00) 2.22a ± 0.01 (16.65) 2.16a ± 0.01 (18.00) NS

Saponins 0.98c ± 0.02 (5.94) 1.55a ± 0.01 (11.63) 1.47b ± 0.01 (12.25) 0.002
Flavonoids 4.68a ± 0.04 (28.40) 2.35b ± 0.01 (17.63) 1.22c ± 0.02 (10.17) 0.056
Terpenes 1.54b ± 0.01 (9.34) 1.57b ± 0.02 (11.78) 2.18a ± 0.02 (18.17) 0.028
Steroids 1.41b ± 0.05 (8.56) 2.30a ± 0.01 (17.25) 1.29c ± 0.01 (10.75) 0.013

Glycosides 0.33a ± 0.01 (2.00) 0.33a ± 0.02 (2.48) 0.25b ± 0.03 (2.08) 0.041
Phenols 1.89a ± 0.02 (11.50) 0.52b ± 0.02 (3.90) 0.35c ± 0.01 (2.92) 0.025

Table 1: Means and Standard Errors (SE) as well as Percentages of Phytochemicals in three species of Apocynaceae.

 Means ± SE are based on three replications. Different lower-case letters in each row denote significant differences among the means based on 
the Least Significant Difference test at 5% probability level. Values in brackets are the means expressed as percentages of the total phytochemicals 
present in each species.

No *RT Compound Mol. Formula Mol. Weight Peak Area %
1 23.223 2-penten-1-ol, (Z)- C5H10O 86.134 1.20
2 27.115 10-Octadecenoic acid, methyl ester C19H36O2 296.487 0.99
3 27.350 Phytol C20H40O 128.171 7.57
4 27.451 Methyl Stearate C19H38O2 298.511 0.84
5 28.097 9,12-Octadecadienoic acid C18H32O2 280.446 17.58
6 28.298 Cis-Vaccenic acid C18H34O2 282.461 1.15
7 28.525 1-trimethylsilyl-2-ethene C12H28Si2 228.526 1.00
8 30.697 7-nonenamide C19H17NO 155.241 1.45
9 31.352 12-methyl-E, E-2,13-Octadecadien-1-ol C19H36O 280.488 1.43

10 32.400 Glycerol-1-Palmitate C19H38O4 330.503 1.21

11 34.346 D-Xylulose, tetrakis (trimethylsilyl) ether, 
pentafluorobenzyloxime (Isomer 2) C17H42O5Si4 438.85 1.23

12 34.522 19,12-Octadecadienoic acid (Z, Z)- C18H32O2 280.446 6.67
13 35.798 Trans-Farnesol C15H26O 222.366 6.09
14 38.172 4-Hydroxybenzoxazolone C7H5NO3 151.121 0.88
15 38.415 Mercaptoacetic acid, 2TMS derivative HSCH2CO2H 92.120 3.19
16 38.541 1,2-15,16-Diepoxyhexadecane C16H30O2 354.408 1.22
17 38.750 Cholesta-6,22,24-triene, 4,4-dimethyl C29H46 394.687 4.29
18 38.968 dl-.alpha.-Tocopherol C29H50O2 430.71 1.18

Table 2: Phytochemicals identified in the methanolic leaf extract of Gongronema latifolium.

*Retention time
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N0 RT Compound Mol. Formular Mol. Weight Peak Area %
1 23.231 1,10-Decanediol C10H22O2 174.284 7.30
2 23.894 1-Octadecyne C18H34 250.470 1.94
3 27.099 Oxirane, 2,2 – (1,4-butanediyl) bis- C10H18O4 202.247 2.07
4 27.292 Oxirane, tetradecyl- C16H32O 240.431 18.08
5 35.789 Squalene C30H50 410.730 62.22
6 38.390 Nonadecane, 1- chloro- C19H39Cl 302.966 8.39

Table 4: Phytochemicals identified in methanolic leaf extract of Marsdenia edulis.

N0 RT Compound Mol. Formular Mol. Weight Peak Area %
1 22.804 Neophytadiene C20H38 278.524 4.39
2 23.231 Neophytadiene C20H38 278.524 5.91
3 23.550 2-Cyclopenten-1-one, 3-(1-methylethyl)- C8H12O 124.180 1.12
4 23.894 6-methyloctahydrocoumarin C10H16O2 168.236 1.28
5 24.683 Cyclobutane, (1-methylethylidene) C7H12 96.173 5.93
6 24.968 Methyl (methyl-4-0-methyl-alpha.-d-mannopyranoside) urinate C9H16O7 236.220 2.20
7 25.354 n-hexadecanoic acid (palmitic acid) C16H32O2 256.430 7.06
8 27.090 1,2-15,16-diepoxyhexadecane C16H30O2 254.408 2.20
9 27.308 Phytol C20H40O 128.171 4.46

10 27.552 Z, Z-6,13-octadecadien-1-ol acetate C20H36O2 308.506 4.52
11 27.887 5-pentadecen-7-yne, (Z)- C15H26 206.373 15.63
12 28.097 Tridecanal C13H26O 198.350 2.40
13 35.806 Squalene C30H50 410.730 33.04
14 37.811 1-Methoxy-3-(2-hydroxyethyl) nonane C12H26O2 202.338 5.43
15 38.977 dl.-alpha. -Tocopherol C29H50O2 430.717 2.92

Table 3: Phytochemicals identified in methanol extract of Vincetoxicum rossicum.

Table 5: Compounds of importance identified in the three species of Apocynaceae.

Compound Structure Class Identified in Importance/activity

n-hexadecanoic acid 
(Palmitic acid) Saturated fatty acid

Gongronema 
latifolium

Vincetoxicum 
rossicum

Antimicrobial, anti-inflammatory, 
hypocholesterolemic, antioxidant, 

nematicidal, hemolytic 35-37.  

Phytol Cyclic diterpene

Gongronema 
latifolium

Vincetoxicum 
rossicum

Antimicrobial, anticancer, antioxidant, 
diuretic, anti-inflammatory 37-40.

9,12-octadecadienoic 
acid (Linoleic acid)

Polyunsaturated 
omega-6 fatty acid

Gongronema 
latifolium

Anti-inflammatory, hypoglycemic, serum 
insulin elevation 42.

Transfarnesol Sesquiterpene Gongronema 
latifolium Antibacterial 43. 

Squalene Linear triterpene
Vincetoxicum 

rossicum
Marsdenia edulis

Antioxidant, antistatic, antibacterial, 
anticancer, antitumor 35,44.

5-pentadecen-7-yne, (Z) Alkaloid Vincetoxicum 
rossicum
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Neophytadiene Sesquiterpene Vincetoxicum 
rossicum

Analgesic, anti-inflammatory, 
antimicrobial, antioxidant 45.

Oxirane, tetradecyl Oxirane Marsdenia edulis

Nonadecane, 1-chloro Alkane hydrocarbon Marsdenia edulis

1,10-decanediol Diacrylate Marsdenia edulis Essence, perfumes and pharmaceuticals, 
flexible dental materials 46, 47.

Mercaptoacetic acid Alpha-mercapto 
carboxylic acid

Gongronema 
latifolium

oil and gas, cosmetics, cleaning, leather 
processing, metals, fine chemistry and 

polymerization 48,49.

Cis-vaccenic acid

H3C

OH

O

Trans-fatty acid Gongronema 
latifolium

May down regulate gluconeogenesis and 
liver fat accumulation 50.

DISCUSSION
The phytochemical analysis carried out in this study revealed the 
presence of alkaloids, glycosides, flavonoids, tannins, steroids, saponins, 
terpenoids and phenols in Gongronema latifolium, Vincetoxicum 
rossicum and Marsdenia edulis. These secondary metabolites are 
reported to have many biological and therapeutic properties51. Alkaloids 
have been reported to demonstrate adverse array of pharmacological 
actions including analgesia, local anesthesia, cardiac stimulation, 
vasoconstriction, muscle relaxation and toxicity52,53. All the species 
studied were rich in alkaloids. The findings are in line with Trease 
and Evans54, who reported that the order Gentiales (of the three study 
species) of the Apocynanceae family is one of those found to be rich in 
alkaloids. 

Flavonoids are a class of water-soluble plant pigments. They are found 
to be better antioxidants with multiple biological activities including 
vasodilatory, antitumor, anti-inflammatory, antibacterial effects55. In 
this study, Gongronema latifolium leaves were high in flavonoids and 
phenols which may be responsible for its antioxidant, hypoglycemic, 
analgesic properties51,56-57. 

Vincetoxicum rossicum leaves were high in steroids, alkaloids, tannins 
and flavonoids indicating that the species could have biologically useful 
and therapeutic properties.

 Marsdenia edulis leaves showed the presence of terpenes, alkaloids, 
tannins and saponins. Terpenes have desirable properties for use in 
food as additives such as capsanthine, in cosmetics and perfumery 
for fragrance due to their volatile nature. Geraniol and linalool are 
common terpenoids used in perfumes. Terpenes are also used in the 
pharmaceutical industry to reduce inflammation, relief pain and aid 
sleep. In biotechnology industries, terpenes have been discovered to be 
useful as biofuels and can also be turned into suitable chemical feed-
stocks58,59. 

Results obtained from biochemical profiling of the three study species 
using GC-MS revealed the existence of various bioactive compounds 
of biological and therapeutic importance. These compounds included 
linoleic acid, phytol, neophytadiene, n-hexadecanoic acid, squalene, 
5-pentadecen-7-yne, (Z)-, transfarnesol, mercaptoacetic acid. Similar 
occurrences of these compounds have also been reported in many 
medicinal plants37,60,61. Linoleic acid identified in G. latifolium possesses 
anti-inflammatory, hypoglycemic properties and also elevates serum 
insulin 42. Phytol identified in G. latifolium and V. rossicum is an important 
diterpene that possesses antimicrobial, anticancer, antioxidant, diuretic 
and anti-inflammatory activities37-40. Al-Hindi et al.62 also reported 
the presence of phytol and palmitic acid in the ethanolic extract of G. 
latifolium. Neophytadiene identified in V. rossicum is a good analgesic, 
anti-inflammatory, antimicrobial and antioxidant45. Hexadecanoic 
acid is known to exhibit strong antimicrobial, anti-inflammatory and 
hemolytic activity35-37,61. Squalene identified in V. rossicum and M. 
edulis. is a triterpene that acts as a natural antioxidant. The European 
commission for health and consumers catalogued squalene as an 
ingredient for cosmetics. According to this institution, squalene has 
several functions including, antistatic, emollient, hair conditioning, 
refatting and skin conditioning63. 5-pentadecen-7-yne was identified in 
V. rossicum and is used as material for coating, also in flavoring drinks 
and spirits41. Some useful minor compounds were also identified and 
they included cis-vaccenic acid and mercaptoacetic acid. Cis-vaccenic 
acid has been reported by Weir et al.,50 as an omega-7 monounsaturated 
fatty acid that may down regulate gluconeogenesis and liver fat 
accumulation. Mercaptoacetic acid was identified in G. latifolium and is 
a high-performance chemical containing mercaptan and carboxylic acid 
functionalities. Reports indicate its use in industries and applications as 
wide as in oil and gas, cosmetics, cleaning, leather processing, metals, 
fine chemistry and polymerization. It forms powerful complexes with 
metals that give it specific characteristics sought after for the assisted 
recovery of ore as well as for cleaning and corrosion inhibition48,49. 
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This is the first report of GC-MS based metabolite profiling to detect the 
various bioactive compounds in methanolic extracts of Vincetoxicum 
rossicum and Marsdenia edulis. The presence of the various bioactive 
compounds in Gongronema latifolium justifies the use of the plant for 
food and medicine and their presence in Vincetoxicum rossicum and 
Marsdenia edulis indicated that they could be isolated and subjected to 
biological activity making these plants more useful.

ACKNOWLEDGEMENTS
Authors wish to thank the Nigerian Tertiary Education Trust 
Fund (TETFUND) Grant “Year 2015-2017 (Batch 6) Merged 
TETFUND Research Projects” (Ref. no. TETFUND/DESS/UNI/
CALABAR/2017RP/VOL. 1) for providing the financial support 
to carry out this research. We also thank the University of Calabar 
Directorate of Research for supporting our grant application.

CONFLICTS OF INTEREST
None.

REFERENCES
1.	 Rao, Y.K.; Vimalamma, G.; Rao, C.V.; Tzeng, Y. Flavonoids and 

andrographolides from Androphagis paniculata. Phytochemistry, 2004, 
65, 2317-2321 https://doi.org/10.1016/j.phytochem.2004.05.008. 

2.	 Bekalo, T.H.; Woodmates, S.D.; Woldemariam, Z.A. An ethnobotanical 
study of medicinal plants used by local people in the lowlands of 
Konta Special Woreda, southern nations, nationalities and peoples 
regional state, Ethiopia. Journal of Ethnobiology and Ethnomedicine, 
2009, 5, 26 https://doi.org/10.1186/1746-4269-5-26. 

3.	 Okwu, D E. Nigerian medicinal plants II. Medicinal and Aromatic 
Plants Science and Biotechnology, 2007, 1, 97-102

4.	 Raphael, E.C. Traditional medicine in Nigeria: current status and the 
future. Research Journal of Pharmacology, 2011, 5, 90-94 

5.	 Oreagba, I. A.; Oshikoya, K.A.; Amachree, M. Herbal medicine use 
among urban residents in Lagos, Nigeria. BMC Complementary 
and Alternative Medicine, 2011, 11, 117 https://doi.org/10.1186/1472-
6882-11-117 

6.	 Ezekwesili-Ofili, J.O.; Okaka, A.N.C. Herbal medicines in African 
traditional medicine; Philip F.B.; Ed. IntechOpen, 2019, DOI: 10.5772/
intechopen.80348 

7.	 Okwu, D.E.; Ekeke, O. Phytochemical screening and mineral 
composition of chewing sticks in South-Eastern Nigeria. Global 
Journal of Pure and Applied Science, 2003, 9, 235-238. https://doi.
org/10.4314/gjpas.v9i2.15962. 

8.	 Okwu, D.E. Phytochemical and vitamin content of indigenous species 
of South-Eastern Nigeria. Journal of sustainable Agriculture and the 
Environmant, 2004, 6, 30-37 

9.	 Scott-Emuakpor, A. The evolution of health care systems in Nigeria: 
which way forward in the twenty first century. Nigerian Medical 
Journal, 2010, 51, 53-65.

10.	Saalu, L.C. Nigerian folklore medicinal plants with potential antifertility 
activity in males: A scientific appraisal. Research Journal of Medicinal 
Plants, 2016, 10, 201-227 https://doi.org/10.3923/rjmp.2016.201.227

11.	 Van der Heijden, R.; Jacobs, D.I.; Snoeijer, W.; Hallard, D.; Verpoorte, 
R. The Catharanthus alkaloids: pharmacognosy and biotechnology. 
Current Medicinal Chemistry, 2004, 11, 607-628 https://doi.
org/10.2174/0929867043455846 

12.	Elisabetsky, E.; Costa-Campos, L. The Alkaloid alstonine: a review of 
its pharmacological properties. Evidence-based Complementary and 
Alternative medicine, 2006, 3, 39-48 https://doi.org/10.1093/ecam/
nek011 

13.	Shariff, N.; Sudarshana M.S.; Umesha S.; Hariprasad, P. Antimicrobial 
activity of Rauvolfia tetraphylla and Physalis minima leaf and callus 
extracts. African Journal of Biotechnology, 2006, 10, 946–950.

14.	Eleyinmi, A.F. Chemical composition and antibacterial activity of 
Gongronema latifolium. Journal of Zhejiang University SCIENCE B, 
2007, 8, 352-358 https://doi.org/10.1631/jzus.2007.B0352 

15.	Islam, M.D.; Lucky, R.A. A study on different plants of Apocynaceae 
family and their medicinal uses. Universal Journal of Pharmaceutical 
Research, 2019, 4, 42-46 https://doi.org/10.22270/ujpr.v4i1.235 

16.	Mosango, D.M. Gongronema latifolium Benth. Record from PROTA4u. 
Schmelzer G.H., Gurib-Fakin A. (Eds.). PROTA (Plant Resources of 
Tropical Africa), 2011. http://www.prota4u.org/search.asp. Accessed 
28 November, 2015 

17.	 Osuagwu, A.N., Ekpo, I. A., Okpako, E.C., Otu, P.A. & Ottoho, E. The 
biology, utilization and phytochemical composition of the fruits and 
leaves of Gongronema latifolium Benth. Agrotechnology, 2013, 2, 
115. https://doi.org/10.4172/2168-9881.1000115 

18.	Okafor, J.C. Trees for food and fodder in the savanna areas of Nigeria. 
International Tree Crops Journal, 1980, 1, 131-141. https://doi.org/10.1
080/01435698.1980.9752723 

19.	Analike, R. A. & Ahaneku, J. E. Effects of Gongronema latifolium 
on blood lipids, lipoproteins and glucose values in adult Nigerians. 
International Journal of Research in Medical Sciences, 2015, 3, 891-
895. https://doi.org/10.5455/2320-6012.ijrms20150413 

20.	Liede, S. Cynanchum – Rhodostegiella – Vincetoxicum – Tylophora 
(Asclepiadaceae): new considerations on an old problem. Taxon, 
1996, 45, 193 – 211. https://doi.org/10.2307/1224660 

21.	Liede-Schumann, S., Khanum, R., Mumtaz, A.S., Gherghel, I. & 
Pahlevani, A. Going west – A subtropical lineage (Vincetoxicum, 
Apocynaceae: Asclepiadoideae) expanding into Europe. Molecular 
Phylogenetics and Evolution, 2016, 94, 436–446. https://doi.org/10. 
1016/j.ympev.2015.09.021

22.	Khanum, R., Surveswaran, S., Meve, U. & Liede-Schumann, 
S. Cynanchum (Apocynaceae: Asclepiadoideae): A pantropical 
Asclepiadoid genus revisited, Taxon, 2016, 65(3): 467–486. https://
doi.org/10.12705/653.3

23.	DiTommaso, A., Lawlor, F. & Darbyshire, S. J. The biology of invasive 
alien plants in Canada. Cynanchum rossicum (Kleopow) Borhidi = 
Vincetoxicum rossicum (Kleopow) Barbar. and Cynanchum louiseae 
(L.) Kartesz & Gandhi = Vincetoxicum nigrum (L.) Moench. Canadian 
Journal of Plant Science, 2005, 85, 243–63. https://doi.org/10.4141/
P03-056 

24.	Cappuccino, N. Allee effect in an invasive alien plant, pale swallow-
wort, Vincetoxicum rossicum (Asclepiadaceae). Oikos, 2004, 106, 
3-8. https://doi.org/10.1111/j.0030-1299.2004.12863.x 

25.	Global Biodiversity Information Facility (GBIF). Accessed November 
24, 2007. http://www.gbif.org. 

26.	Karuppasamy B.; Nishanthini A.; Mohan V.R. GC-MS analysis of 
Polycarpaea corymbosa (L.) Lam whole plant. Asian Pacific Journal 
of Tropical Biomedicine, 2012, 1289-92. https://doi.org/10.1016/S2221-
1691(12)60402-X 

27.	 Helen P.A.; Aswathy M.R.; Deepthi K.; Rathi R.M.; Joseph J.J.; Sree 
S.J Phytochemical analysis and anticancer activity of leaf extract 
of Mangifera indica (Kotttukonam Varika). International Journal of 
Pharmaceutical Science Research, 2013, 4, 819-824. 

28.	Obadoni, B.O.; Ochuko, P.O. Phytochemical studies and comparative 
efficacy of the crude extracts of some haemostatic plants in Edo and 
Delta states of Nigeria. Global Journal of Pure and Applied Science, 
2002, 8, 203-208 https://doi.org/10.4314/gjpas.v8i2.16033 

29.	Bohm, B.A.; Koupai-Abyazani, M.R. Flavonoids and condensed 
tannins from leaves of Hawaiian Vaccinium vaticulatum and V. 
calycinium (Ericaceae). Pacific Science, 1994, 48, 458-463 

30.	Ezeonu, C.S.; Ejikeme, C.M. Qualitative and quantitative 
determination of phytochemical contents of indigenous Nigerian 
softwood. New Journal of Science, 2016, ID 5601327, Pp.9 https://
doi.org/10.1155/2016/5601327 

31.	Siddhuraju, P.; Becker, K. Antioxidant properties of various solvent 
extracts of total phenolic constituents from three different 
agroclimatic origins of drumstick tree (Moringa oleifera Lam.). Journal 
of Agricultural and Food Chemistry, 2003, 51, 2144-2155 https://doi.
org/10.1021/jf020444+ 

32.	Ferguson, N. M. A textbook of pharmacognosy. The Macmillian 
Company: New York, 1956, 45, Pp. 81 https://doi.org/10.1002/
jps.3030450730 

https://doi.org/10.1016/j.phytochem.2004.05.008
https://doi.org/10.1186/1746-4269-5-26
https://doi.org/10.1186/1472-6882-11-117
https://doi.org/10.1186/1472-6882-11-117
https://doi.org/10.5772/80348
https://doi.org/10.4314/gjpas.v9i2.15962
https://doi.org/10.4314/gjpas.v9i2.15962
https://doi.org/10.3923/rjmp.2016.201.227
https://doi.org/10.2174/0929867043455846
https://doi.org/10.2174/0929867043455846
https://doi.org/10.1093/ecam/nek011
https://doi.org/10.1093/ecam/nek011
https://doi.org/10.1631/jzus.2007.B0352
https://doi.org/10.22270/ujpr.v4i1.235
http://www.prota4u.org/search.asp
https://doi.org/10.4172/2168-9881.1000115
https://doi.org/10.1080/01435698.1980.9752723
https://doi.org/10.1080/01435698.1980.9752723
https://doi.org/10.5455/2320-6012.ijrms20150413
https://doi.org/10.2307/1224660
https://doi.org/10. 1016/j.ympev.2015.09.021
https://doi.org/10. 1016/j.ympev.2015.09.021
http://www.ingentaconnect.com/contentone/iapt/tax/2016/00000065/00000003/art00004?crawler=true
http://www.ingentaconnect.com/contentone/iapt/tax/2016/00000065/00000003/art00004?crawler=true
https://doi.org/10.12705/653.3
https://doi.org/10.12705/653.3
https://doi.org/10.4141/P03-056
https://doi.org/10.4141/P03-056
https://doi.org/10.1111/j.0030-1299.2004.12863.x
http://www.gbif.org
https://doi.org/10.1016/S2221-1691(12)60402-X
https://doi.org/10.1016/S2221-1691(12)60402-X
https://doi.org/10.4314/gjpas.v8i2.16033
https://doi.org/10.1155/2016/5601327
https://doi.org/10.1155/2016/5601327
https://doi.org/10.1021/jf020444
https://doi.org/10.1021/jf020444
https://doi.org/10.1002/jps.3030450730
https://doi.org/10.1002/jps.3030450730


391 Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

Willie, et al.: Gas Chromatography-Mass Spectrometry (GC-MS) Assay of Bio-Active Compounds and Phytochemical Analyses in Three Species of Apocynaceae

33.	Singh, D.K.; Verma, R. Spectrophotometric determination of 
corticosteroids and its application in pharmaceutical formulation. 
Iranian Journal of Pharmacology and Therapeutics, 2008, 7, 61-70

34.	Nesy, E.A.; Mathew, L. HPTLC profiling on cardiac glycosides of 
Thevetia peruviana leaf extracts of three morphovariant plants grown 
in Kerala, India. International Journal of Pharmacy and Pharmaceutical 
Sciences, 2015, 7, 191-195

35.	Amarowicz R. Squalene: a natural antioxidant? European Journal 
of Lipid Science and Technology, 2009, 111, 411-412 https://doi.
org/10.1002/ejlt.200900102 

36.	Kumar, P.P.; Kumaravel, S.; Lalitha, C. Screening of antioxidant activity, 
total phenolics GC-MS study of Vitex negundo. African Journal of 
Biochemistry Resources, 2010, 4, 191-195

37.	 Swamy, M.K.; Sinniah, U.R. A comprehensive review on the 
phytochemical constituents and pharmacological activities of 
Pogostemon cablin Benth.: an aromatic medicinal plant of industrial 
importance. Molecules, 2015, 20, 8521-8547 https://doi.org/10.3390/
molecules20058521 

38.	Jananie, R.K.; Priya, V.; Ijayalakshmi, K. Determination of bioactive 
components of Cynodon dactylon by GC-MS analysis. NY. Scientific 
Journal, 2011, 4, 1-5

39.	Wei, L.S.; Wee, W.; Siong, J.Y.F.; Syamsumir, D.F. Characterization 
of anticancer, antimicrobial, antioxidant properties and chemical 
compositions of Peperomia pellucida leaf extract. Acta Medica 
Iranica, 2011, 49, 670-674 

40.	Wei, F.H.; Chen, F.L.; Tan, X.M. Gas Chromatographic-Mass 
spectrometric analysis of essential oil of Jasminum officinale L var 
Grandiflorum flower. Tropical Journal of Pharmaceutical research, 
2015, 14, 149-152 https://doi.org/10.4314/tjpr.v4i1.21 

41.	Yakubu, O.F.; Adebayo, A.H.; Iweala, E.E.; Adelani, I.B.; Ishola, T.A.; 
Zhang, Y. Anti-inflammatory and antioxidant activities of fractions and 
compound from Ricinodendron heudelotii (Baill.). Heliyon, 2019, 5, 
e02779 https://doi.org/10.1016/j.heliyon.2019.e02779 

42.	Raafat, K. Phytochemical analysis of Juglans regia oil and kernel 
exploring their antinociceptive and int-inflammatory potentials 
utilizing combined bio-guided GC-FID, GC-MS and HPLC analyses. 
Revisita Brasileira de Farmacognosia, 2018, 28, 358-368 https://doi.
org/10.1016/j.bjp.2018.03.007 

43.	Jeon, J.; Pandit, S. ; Xia, J. ; Gregoire, S. ; Falsetta, M. ; Klein, 
M. Influences of trans-trans farnesol, a membrane targeting 
sesquiterpenoid, on Streptococcus mutans physiology and survival 
within mixed – species oral biofilms. International Journal of Oral 
Science, 2011, 3, 98-106 https://doi.org/10.4248/IJOS11038 

44.	Lozano, A.; Gorinstein, S.; Espitia-Rangel, E. ; Davila-Ortiz, G.; 
Martinez-Ayala, A.L. Plant sources, extraction methods and uses of 
squalene. International Journal of Agronomy, 2018, 2018, 1-13 https://
doi.org/10.1155/2018/1829160 

45.	Venkata, R.B.; Samuel, L.; Pardha, S. M.; Narashimha, R.O.; Naga, 
V.K.; Sudhakar, M.; Radhakrishnan, T.M. Antibacterial, antioxidant 
activity and GC-MS analysis of Eupatorium odoratum. Asian Journal 
of Pharmaceutical and clinical Research, 2012, 5, 99-106

46.	Diamond, M.J.; Applewhite, T.H. Alkaline cleavage of hydroxy 
unsaturated fatty acids and 1,1, 10-hydroxydecanoic acid from 
ricinoleates and 1, 10-decanediol from ricmoleyl alcohol. Journal of 
the American oil chemist’s society, 1967, 44, 656-658 https://doi.
org/10.1007/BF02680037 

47.	 Li L.; Tan, Z.; Meng, S.; Song, Y. A thermochemical study of 1, 
10-Decanediol. Thermochimica Acta, 1999, 342, 53-57 https://doi.
org/10.1016/s0040-6031(99)00305-6 

48.	Maltas, E.; Ertekin, B. Binding of actin to thioglycolic acid modified 
superparamagnetic nanoparticles for antibody conjugation. 
International Journal of Biological Macromolecules, 2015, 72, 984-
989 https://doi.org/10.1016/j.ijbiomac.2014.10.006 

49.	Si, L.; Ariya, P.A. Phytochemical reactions of divalent mercury 
with thioglycolic acid: Formation of mercuric sulfide particles. 
Chemosphere, 2015, 119, 467-472 https://doi.org/10.1016/j.
chemosphere.2014.07.022 

50.	Weir, N.L.; Johnson, L.; Guan, W.; Steffen, B.; Djousse, L.; Mukamal, 
K.; Tsai, M. Cis-Vaccenic acid is associated with lower HOMA-IR 
and incident T2D in participants from the MESA Cohort. American 
Diabetes Association, 2018, 67, 1 https://doi.org/10.2337/db18-1552-P 

51.	Hussein, R.A.; El-Anssary, A.A. Plants secondary metabolites: the 
key drivers of the pharmacological actions of medicinal plants. In 
Herbal medicine; Philip F. B. Ed; IntechOpen, 2018, 76139 pp. https://
doi.org/10.5772/intechopen.76139 

52.	Seigler, D.S. Plant secondary metabolism. Kluwer academy 
publishers: Boston, 1998; Pp. 506-512 https://doi.org/10.1007/978-1-
4615-4913-0 

53.	Hofmann, A.E.; Sebben, C.; Sobral, M.; Dutilh, J.H.; Henriques, A.T.; 
Zuanazzi, J.A. Alkaloids of Hippeastrum glaucescens. Biochemical 
Systematics and Ecology, 2003, 31, 1455-1456 https://doi.org/10.1016/
S0305-1978(03)00129-7 

54.	Trease, E.C.; Evans, W.C. Pharmacognosy, 16th ed.; Sounders Ltd: 
Elsevier, Edinburgh, UK, 2009; 616 pp.

55.	Yanishlievamaslarova, N.V. Inhibiting oxidation, In Antioxidants in 
food: practical applications; Pokorny, J., Yanishlieva, N., Gordon, M., 
Eds.; Woodhead Publishing Limited: Cambridge, 2001; Pp. 22-70

56.	Serafini, M.; Peluso, I.; Raguzzini, A. (2010). Flavonoids as anti-
inflammatory agents. The proceedings of the Nutrition Society, 69, 
273-278 https://doi.org/10.1017/S002966511000162X 

57.	 Imo, C.; Uhegbu, F.O.; Ifeanacho, N.G.; Azubuike, N.C. Histological 
and hepatoprotective effect of ethanolic extract of Gongronema 
latifolium Benth in Acetaminophen induced hepatic toxicity in male 
albino rats. International Journal of Preventive Medical Research, 
2015, 1, 217-226 

58.	Thimmappa, R.; Geisler, K.; Louveau, T.; O’Maille, P.; Osbourn, 
A. Triterpene biosynthesis in plants. Annual Review of Plant 
Biology, 2014, 65, 225-257 https://doi.org/10.1146/annurev-
arplant-050312-120229 

59.	Prakash, V. Terpenoids as source of anti-inflammatory compounds. 
Asian Journal of pharmaceutical and Clinical Research, 2017, 10, 68-
76 https://doi.org/10.22159/ajpcr.2017.v10i3.16435

60.	Gosh, G.; Panda, P.; Rath, M.; Pal, A.; Sharma, T.; Das, D. GC-
MS analysis of bioactive compounds in the methanol extract of 
Clerondendrum viscosum leaves. Pharmacognosy Research, 2015, 7, 
110-113 https://doi.org/10.4103/0974-8490.147223 

61.	Swamy, M.K.; Arumugam, G.; Kaur, R.; Ghasemzadeh, A.; Yusoff, 
M.M.; Sinniah, U.R. GC-MS based metabolite profiling, antioxidant 
and antimicrobial properties of different solvent extracts of Malaysian 
Plectranthus amboinicus leaves. Evidence-Based Complementary and 
Alternative Medicine, 2017, 1-10 https://doi.org/10.1155/2017/1517683 

62.	Al-Hindi, B.; Yusoff, N.A.; Atangwho, I.J.; Ahmad, M.; Asmawi, 
M.Z.; Yam, M. F.A soxhlet extract of Gongronema latifolium retains 
moderate blood glucose lowering effect and produces structural 
recovery in the pancreas of STZ-induced diabetic rats. Medical 
Sciences, 2016, 4, 9 https://doi.org/10.3390/medsci4020009 

63.	European Commission. Available online: http://ec.europa.eu/
consumers/cosmetics/cosing/index.cfm (accessed on 15-10-2019)

https://doi.org/10.1002/ejlt.200900102
https://doi.org/10.1002/ejlt.200900102
https://doi.org/10.3390/molecules20058521
https://doi.org/10.3390/molecules20058521
https://doi.org/10.4314/tjpr.v4i1.21
https://doi.org/10.1016/j.heliyon.2019.e02779
https://doi.org/10.1016/j.bjp.2018.03.007
https://doi.org/10.1016/j.bjp.2018.03.007
https://doi.org/10.4248/IJOS11038
https://doi.org/10.1155/2018/1829160
https://doi.org/10.1155/2018/1829160
https://doi.org/10.1007/BF02680037
https://doi.org/10.1007/BF02680037
https://doi.org/10.1016/s0040-6031(99)00305-6
https://doi.org/10.1016/s0040-6031(99)00305-6
https://doi.org/10.1016/j.ijbiomac.2014.10.006
https://doi.org/10.1016/j.chemosphere.2014.07.022
https://doi.org/10.1016/j.chemosphere.2014.07.022
https://doi.org/10.2337/db18-1552-P
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.1007/978-1-4615-4913-0
https://doi.org/10.1007/978-1-4615-4913-0
https://doi.org/10.1016/S0305-1978(03)00129-7
https://doi.org/10.1016/S0305-1978(03)00129-7
https://doi.org/10.1017/S002966511000162X
https://doi.org/10.1146/annurev-arplant-050312-120229
https://doi.org/10.1146/annurev-arplant-050312-120229
https://doi.org/10.22159/ajpcr.2017.v10i3.16435
https://doi.org/10.4103/0974-8490.147223
https://doi.org/10.1155/2017/1517683
https://doi.org/10.3390/medsci4020009
http://ec.europa.eu/consumers/cosmetics/cosing/index.cfm
http://ec.europa.eu/consumers/cosmetics/cosing/index.cfm


392

Willie, et al.: Gas Chromatography-Mass Spectrometry (GC-MS) Assay of Bio-Active Compounds and Phytochemical Analyses in Three Species of Apocynaceae

Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

GRAPHICAL ABSTRACT

Dr. Peggy Obaseojei WILLIE is a lecturer in the Department of Genetics and Biotechnology, University 
of Calabar, Nigeria. She is a researcher with interest in underutilized, indigenous, medicinal plants.

Professor Edak Aniedi UYOH is a lecturer in the Department of Genetics and Biotechnology, University 
of Calabar, Calabar, Nigeria with research interest on improvement of orphan crops.

Professor Peter Osobase AIKPOKPODION is a lecturer at the Department of Genetics and 
Biotechnology with research interest in plant breeding and genomics, agrobiodiversity and genetic 
resources management for food and nutrition security, seed systems, drugs discovery and climate 
change adaptation.

ABOUT AUTHORS

Cite this article: Willie P, Uyoh EA, Aikpokpodion PO. Gas Chromatography-Mass Spectrometry (GC-MS) Assay of Bio-Active 
Compounds and Phytochemical Analyses in Three Species of Apocynaceae. Pharmacog J. 2021;13(2): 383-92


	Title
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS  
	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST 
	REFERENCES
	GRAPHICAL ABSTRACT
	ABOUT AUTHORS

