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ABSTRACT

Glinus lotoides Linn. is a plant used in Nigerian traditional medicine for treating many diseases
notably abdominal disorders. Decoction of leaf of the plant is mostly used in this case. This study
was carried out in order to determine the bioactive compounds present in the leaf acetone-hexane
extract of G. lotoides by using the gas chromatography-mass spectrometry (GC—-MS) machine. G.
lotoides leaves was extracted in acetone-hexane by cold maceration and concentrated in vacuo.
The GC-MS analysis revealed the presence of the following phyto-compounds: 9-Octadecenoic
acid, (E) (Z; 242.3975, RT: 16.663; 49.11%), n-Hexadecanoic acid (Z; 256.42, RT: 15.030,
25.58%), Octadecanoic acid (Z; 284.47, RT: 16.785; 6.80%), Stigmasterol (Z; 412.69, RT:
20.929; 5.25%) and Ergost-5-en-3-ol, (3.beta) (Z; 400.68, RT: 19.962; 2.72%) among others.
These compounds were identified from leaves of G. lotoides for the first time, and unarguably play
very vital roles in the health care system especially in abdominal disorders treatment and other
diseases. The study showed that the presence of these compounds in the leaves of G. lotoides
might be responsible for its biological activities in traditional medicine. It is therefore a
promising important plant of medical and pharmaceutical significance from which drug can be
discovered.
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INTRODUCTION

Since ancient times, mankind has relied on
herbs as medicine for treatment of various
ailments and diseases®. Phytochemicals used
in contemporary medicine such as morphine,
atropine, digoxin, quinine, reserpine and
ephedrine serve as evidence of drug
discovered through examination of native
medical practices®. However, due to paucity
of local expertise and resources, the potential

therapeutic value and profile of bioactive
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compounds of many African medicinal
plants are still under explored. One of such
plants, which have wide variety of uses as
herbs for treatment of ailment, is Glinus
lotoides Linn. It belongs to the family
Molluginaceae under the order
Caryophyllales. It is known as carpet weed
or lotus sweet juice. It grows in the tropics
and subtropics, especially in Nigeria, Egypt,

Sudan and South Africa. Glinus lotoides is a
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prostate to spreading annual herb up to 40
cm in length, with diverse parts woolly.
Leaves are 0.6 — 2.0 cm long, 0.5 — 1.8 cm
wide, petiolate. Leaves shape is round or
elliptic, often with a sharp pointed apex and
acute to obtuse at the base. Flowers are in
axillary clusters of 3 — 15, sub-sessile.
Flower stalk are up to 1.5 mm long, sepals 4
— 4.5 mm long. It bears flowers between
February and May. Fruit, persistent, ovate to
ovate-oblong, about 6 mm in length,
membranous, enclosed in the sepals. Seeds
are numerous, tuberculate, less than 1 mm

long® 4.

Glinus lotoides possess myriads medicinal
and nutritional values. Its tender shoots are
eaten as pot herb. It is also used for the
treatment of diarrhea, boils and abdominal
disorders®. The seeds of G. lotoides are used
traditionally in the treatment of tapeworm
infestation in Ethiopia®. The juice of the
plant is given to weak children for strength.
A study conducted by Abdel-Hameed et al.,
2008’ shows antimicrobial potency of G.
lotoides. The antihelmintic, antitumor, anti-
spasmodic and antiviral properties of G.
lotoides has also been evaluated in previous

studies® 910,

GC-MS is one of the modern analytical
techniques used to determine and identify

compounds present in plant samples. GC-MS

Nigerian Journal of Chemical Research

https://dx.doi.org/10.4314/njcr.v28il1.1

plays an essential role in the phytochemical
analysis and chemotaxonomic studies of
medicinal plants. We present herein the
phyto-constituents of G. lotoides leaf extract
detected using GC-MS. The aim of this study
is to provide profile of bioactive compounds
in G. lotoides leaf for onward
pharmacological ~ research  and  drug

development.

MATERIALS AND METHODS

Plant Material

Leaves of G. lotoides were collected from
Ologuneru area in Ido local government,
Oyo state. The plant was identified and
authenticated in Forest Herbarium Ibadan
(FHI) with voucher number FHI 113411.
The leaves were air dried till all the moisture
contents were removed and pulverized using

anelectric grinder prior to extraction.

Extraction

Adequate mass (5g) of the pulverized leaves
of G. lotoides was weighed, transferred into
a 250mL conical flask with lid.40 mL of
acetone-hexane (1:1) added to the sample in
the conical flask and ultrasonicated at 27°C
for 15 min. The suspension was filtered and
the filtrate concentrated in vacuo with a
rotary evaporator.lul. of the sample was
employed for GC-MS analysis of different

compounds.
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GC-MS Analysis

The GC-MS analysis of the acetone-hexane
extract of G. lotoides was carried out using
an Agilent 7820A gas chromatograph fixed
to 5975C inert mass spectrometer (with triple
axis detector) with electron-impact source
(Agilent Technologies) at the Department of
Chemistry, University of Lagos, Akoka,
Nigeria. Capillary column (HP-5) coated
with 5% Phenyl Methyl Siloxane (30 m
length x 0.32 mm diameter x 0.25 pm film
thickness) was the stationary phase of
separation of the compounds. Helium was
used as the carrier gas at constant flow of
1.4871 mL/min at an initial nominal pressure
of 1.4902 psi and average velocity of 44.22
cm/sec. At an injection temperature of 300
°C, an injection volume of 1uL of the sample
was introduced in splitless mode. While the
gas saver mode was turned off, the purge
flow to spilt vent was 15 mL/min at 0.75 min
with a total flow of 16.654 mL/min. Oven
was initially auto regulated at 40 °C for (1
min) then ramped at 12 °C/min to 300 °C (10
min). The run time was 32.667 min with a 5
min solvent delay. The mass spectrometer

was utilized in electron-impact ionization
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mode at 70eV with ion source temperature of
230 °C, quadrupole temperature of 150 °C
and transfer line temperature of 280 °C.
Acquisition of ion was through Scan mode
(scanning from m/z 45 to 550 amu at
2.0s/scan rate)'t 2. The relative percentage
amount of each component was calculated by
comparing its average peak area to the total
areas. National Institute Standard and
Technology (NIST) 14.L library (2018) was
then searched to compare the structures of
the compounds with that of the NIST
database. Compounds were then identified
based on the retention times and mass
spectra with already known compounds in
the NIST library (C: \ Database \ NIST14.L).

RESULTS AND DISCUSSION

The GC-MS total ion chromatogram of
acetone-hexane extract of Glinus lotoides
leaf showed numerous peaks (Figure 1)
which correspond to different compounds as
shown in the analysis in (Table 1). The
nature of compounds identified from acetone
- hexane extract of Glinus lotoides leaf by
GC-MS analysis with their corresponding
peak areas (%) is shown in figure 2.
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Figure 1: GC-MS chromatography of acetone-hexane extract of Glinus lotoides leaf

Table 1: Compounds identified from acetone - hexane extract of Glinus lotoides leaf by GC-MS analysis

S/n  Retention Name of compound Molecular  Nature of Mol. weight Peak area
time(Min) formula compound  (g/mol) (%)
1 3.387 Mesitylene CoHi2 Benzene 120.19 0.17
2 3.553 2-Heptafluorobutyroxydodecane  Ci7HxF-O.  Alkane 396.38 0.10
3 3.764 Benzene-1-methyl-3-propyl- CioHia Benzene 134.22 0.10
4 4.442 Undecane CuiHua Alkane 156.31 0.10
5 4,687 1,3-Cyclopentadiene, 1,2,3,4- CioHi4 Alkene 134.22 0.23
tetra methyl-5-methylene-
6 12.230 (E)-Dodec-2-en-1-yl propyl C16H3003 Carbonic 270.40 0.10
carbonate acid
derivative
7 12.841 Tetradecanoic acid C14H2802 Saturated 228.37 0.29
fatty acid
8 13.130 Octadecane,1-chloro- CisHs-Cl Alkyl halide 288.94 0.13
9 13.674 Hexahydropyridine, 1-methyl-4-  Ci2Hi7NO.  Aromatic 207.12 0.16
[4,5-dihydroxyphenyl]- piperidine
10 13.863 Pentadecanoic acid Ci5H3002 Saturated 242.40 0.37
4
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12

13
14
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16
17
18
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20

21

22

23
24

25

26
27

28
29
30

31
32

33

14.685
15.030

15.607
15.818
15.918
16.007
16.263
16.663
16.785

17.452

18.096

18.218

18.663
18.874

19.296

19.662
19.962

20.251
20.440
20.673

20.929
21.196

21.607

Methyl hexadec-9-enoate
n-Hexadecanoic acid

9-Cycloheptadecen-1-one, (2)-
Heptadecanoic acid

Ergost-4,7,22-trien-3.alpha.-ol
2-Hydroxychalcone
Ergosta-4,6,22-trien-3.beta.-ol
9-Octadecenoic acid, (E)-

Octadecanoic acid

2(1H)-Naphthalenone,
octahydro-4a- methyl-7-(1-
methylethyl)-, (4a.alp
ha.,7.beta.,8a.beta.)-
E,E-10,12-Hexadecadien-1-ol
acetate
Z,7-10,12-Hexadecadien-1-ol
acetate

Cyclododecanol, 1-aminomethyl-
9,17-Octadecadienal, (Z)-

Naphthalene, 1,2,3,4-tetrahydro-
5-nitro-

1,22-Docosanediol
Ergost-5-en-3-ol, (3.beta.)-
Campesterol
Dihydrotachysterol
1-Heptadecanamine
1H-Indene, 2-butyl-5-
hexyloctahydro-
Stigmasterol
Stigmasta-3,5-diene

Cholesta-3,5-diene

C17H3202
C16H3202

C 17H3OO
C 17H3402
C28H44O
C 1 SH 1 202
C2sHasO
C 1 8H3402

CIS H3602

C 14H24O

C18H3202

C18H3202

C17H2:NO
CisHs20

CioHuNO2

C22Ha602
C2sHasO

C2sHasO
CioHiaN
C20HasO

C29H48

C27H44

fatty acid

Ester
Saturated
fatty acid
Cyclic
ketone
Saturated
fatty acid
Sterol
Chalcone
Sterol
Saturated
fatty acid
Saturated
fatty acid
Naphthalene

Fatty ester
Fatty ester

Alcohol
Fatty
aldehyde
Naphthalene

Alcohol
Sterol

Sterol
Amine
Alkene

Sterol
Terpenoid
sterol
Terpenoid
sterol

268.43
256.42

250.42
270.45
396.60
224.26
396.6

282.46
284.47

208.34

280.4

280.4

213.36
264.4

177.20

342.6
400.68

398.7

283.5

412.69

396.7

368.64

0.44
25.58

0.38
0.39
0.17
0.14
0.39
49.11
6.80

0.26

0.40

0.38

0.18
0.24

0.27

0.35
2.72

0.68
0.14
0.35

5.25
0.71

0.76
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Figure 2: Peak areas (%) of the nature of compounds identified from acetone - hexane extract of Glinus
lotoides leaf by GC-MS analysis
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Figure 3: Chemical structures of some compounds identified in Glinus lotoides leaf
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Gas chromatography-mass spectrometry
characterization of Glinus lotoides leaf acetone -
hexane extract revealed the presence of thirty-
three compounds as shown in Table 1 and Fig. 1,
many of which are saturated fatty acids as well as
their esters (Fig. 2). From the results, of the GC-
MS spectra, 9-Octadecenoic acid, (E) (49.11%),
n-Hexadecanoic acid (25.58%), Octadecanoic
acid (6.80%), Stigmasterol (5.25%) and Ergost-
5-en-3-ol, (3.beta) (Campesterol) (2.72%) are the
most abundant in occurrence while 2-
Heptafluorobutyroxydodecane, benzene,1-
methyl-3-propyl, (E)-Dodec-2-en-1-yl propyl
carbonate and undecane are the least. These
compounds have been reported to play vital roles
in disease and general metabolisms of humans.
For example, 9-Octadecenoic acid, (E) (oleic
acid) detected, has been documented for its
antibacterial and antibiofilm activities against
methicillin-resistant Staphylococcus aureus™® 4,
It was also reported for its antioxidant property®®
16 Also, the n-Hexadecanoic acid identified is a
phytoconstituent of Pentanisia prunelloides and
Feronia limonia leaves, and known to possess
antimicrobial®’, anti-inflammatory*2 and
larvicidal® properties. Octadecanoic acid was
known for its ability to lower LDL cholesterol in
humans? and as anticancer bioactive compound
of rodent tuber?. The stigmasterol identified has
been investigated for its larvicidal and repellant
activities??, antimicrobial®®, antioxidant, anti-
inflammatory, antimutagenic and antitumor

effects® 2°. Identified 2-Hydroxychalcones, has
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been reported as anti-Trichomonas vaginalis and
anticancer agent®® %', The fatty acids detected
possess immune modulatory and anticancer
activities?®. Heptadecanoic acid act against the
skin cancer protein (Hsp90) with an effect that is
superior to standard drug, dyclonine?. Identified
compound 9,17-Octadecadienal, (Z) has been
found to exhibit anti-flammatory activity*® and
antimicrobial ~ property®:.  Cholesta-3,5-diene
identified has earlier been found in Psidium
guajava leaves extract and reported to bind DNA
gyrase of Salmonella enteric serovar Typhi more
efficiently than, ciprofloxacin, the standard drug
used for the treatment of typhoid fever®. The
identified ergost-5-en-3-ol (3 beta) (campesterol)
is known to have cholesterol lowering and anti-
carcinogenic  effects®*.  Campesterol  could
prevent carcinogenesis in lung®, gastric*® and
ovarium®, Stigmastan-3,5-diene present in G.
lotoidesis frequently found in vegetable oil, this
compound is reported to have antifungal and
antibacterial  activities®’.  Dihydrotachysterol
identified has been used in clinical practice as
treatment for several renal and endocrine
conditions®. This compound is also used to
prevent the osteogenic effects of long-term
treatment with corticosteroids and in various
vitamin D resistance disorders®® 4% 41 The
compound methyl hexadec-9-enoate detected has
been used to produce bioethanol, biodiesel and
biohydrogen®2.  Undecanes  have  shown
remarkably high antitumor activity®®. The

tetradecanoic  acid  identified has been
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investigated for its larvicidal and repellant

activities*.

CONCLUSION

GC-MS analysis of the acetone - hexane extract
suggests that numerous medicinally important
bioactive constituents are present in Glinus
lotoides leaf. This justifies the use of the plant for
therapeutic and treatments of various ailments by
traditional practitioner. G. lotoides possess some
bioactive components which could be effective
as anti-bacterial, anti-fungal anti-inflammatory,
antioxidant and anti-cancer agents. Isolation of
individual bioactive compounds may pave way
for development of new drugs and can therefore
contribute to the effective treatment of the
diseases.

REFERENCES

1. Vermeer, D. E. and Ferrell, R. E. (1985).
Nigerian geophagical clay: a traditional
antidiarrheal pharmaceutical. Science;
227: 634-636.

2. Evans, W. C. (1996). Trease and Evans’
Pharmacognosy. 15™ Edition, Elsevier
publisher, India pp. 174-440.

3. Bhavani, S. (2015). Glinus lotoides
(Ciru-Ceruppadai): an overview. Journal
of Chemical and Pharmaceutical
Research; 7(8): 676-682.

4, Mahmoud, T., Gairola, S., Shabana, H.
and El-Keblawy, A. (2016). Contribution
to the flora of United Arab Emirates:
Glinus lotoides L. (Molluginaceae) and

Nigerian Journal of Chemical Research

10.

11.

12.

https://dx.doi.org/10.4314/njcr.v28il1.1

Senna occidentalis L. (Fabaceae) two
new records. Biodiversity Journal; 7 (2):
223-228.

Qureshi, R., Bhatti, G. R. and Memon,
R. A. (2010). Ethnomedicinal uses of
herbs from northern part of Nara desert.
Pakistan Journal of Botany; 42: 839-
851.

Pankhurst, R. (1965). An historical
examination of traditional Ethiopian
medicine and surgery. Ethiopian Medical
Journal; 3: 157-172.

Abdel-Hameed, E. S., El-Nahas, H. A
and Abo-Sedera, S. A. (2008).
Antischistosomal and  antimicrobial
activities of some Egyptian plant species.
Pharmaceutical Biology, 46(9): 626-633.

Endale, A., Kassa, M. and Gebre-
Mariam, T. (1998). In vivo anthelminthic
activity of the extract of the seeds of
Glinus lotoides in albino mice infested
with  Hymenolepis nana  worms.
Ethiopian Pharmaceutical Journal; 16:
34-41.

Mengesha, A. E. and Youan, B-BC
(2010).  Anticancer  activity and
nutritional value of extracts of the seed
of Glinus lotoides. Journal of Nutritional
Science and Vitaminology 56: 311-318.

Farid, M. M., Emam, M., Mohammed,
R. S., Hussein, S. R., and Marzouk, M.
M. (2020). Green silver nanoparticles
based on the chemical constituents of
Glinus lotoides L.: in vitro anticancer
and antiviral evaluation. Tropical
Journal of Natural Product Research;
4(10): 714-721

Van den Dool, H., and Kratz, P. D.
(1963). A generalization of the retention
index system including linear
temperature  programmed  gas-liquid
partition ~ chromatography,  Journal
Chromatography A; 11: 463-471.

Hema, R., Kumarave, |. S., and
Alagusundaram, M. (2011). GC/MS

Vol. 28, No. 1, 2023


https://dx.doi.org/10.4314/njcr.v28i1.1

Odewo et al, njcr 28(1) 2023, 001 - 011

13.

14.

15.

16.

17.

determination of bioactive components
of Murraya koenigii, Journal of
American. Science. 7 (1): 80-82.

Stenz, L., Francois, P., Fischer, A.,
Huyghe, A., Tangomo, M., Hernandez,
D., Cassat, J., Linder, P. and Schrenzel,
J. (2008). Impact of oleic acid (cis-9-
octadecenoic acid) on bacterial viability
and biofilm production in
Staphylococcus aureus. FEMS
Microbiology Letters; 287: 149-155.
https://doi.org/10.1111/j.1574-
6968.2008.01316.x.

Selvaraj, A., Valliammai, A., Premika,
M., Priya, A., Bhaskar, J. P., Krishnan,
V., and Pandian, S. K. (2021). Sapindus
mukorossi Gaertn. and its bioactive
metabolite oleic acid impedes
methicillin-resistant Staphylococcus
aureus biofilm formation by down
regulating adhesion genes expression.
Microbiological Research; 242: 126601
https://doi.org/10.1016/j.micres.2020.12
6601

Emekli-Alturfan, E., Kasikci, E. and
Yarat, A. (2010). Effects of oleic acid on
the tissue factor activity, blood lipids,
antioxidant and oxidant parameters of
streptozotocin induced diabetic rats fed a
high-cholesterol diet. Medicinal
Chemistry Research; 19: 1011-1024.
https://doi.org/10.1007/s00044-009-
9247-z

Nuerxiati, R., Lu, C.F., Ning, X,
Woubulikasimu, A., Mukhamedov, N.,
Aierken, A., Mirzaakhmedov, Sh. Ya.
and Vili, A.  (2022). Fatty-acid
composition and biological activity of
lipids from Plantago ovata seeds.
Chemistry of Natural Compounds; 58:
213-216.
https://doi.org/10.1007/s10600-022-
03643-8

Yff, B. T. S,, Lindsey, K. L., Taylor, M.
B., Erasmus, D. G., and Jager, A. K.
(2002). The pharmacological screening
of Pentanisia prunelloides and the

Nigerian Journal of Chemical Research

18.

19.

20.

21.

22.

23.

https://dx.doi.org/10.4314/njcr.v28il1.1

isolation of the antibacterial compound
palmitic acid. Journal of
Ethnopharmacology; 79: 101-107.

Apama, V., Dileep, K. V., Mandala, P.
K., Karthe, P., Sadasivan, C and

Haridas, M (2012). Anti-inflammatory
properties of n-Hexadecanoic acid;
Structural ~ evidence and  kinetic

assessment. Chemical Biology and drug
designs; 80 (3): 434-439.

Rahuman, A. A., Gopalakrishnana, G.,
Ghouse, B. S., Arumugam, S. and
Himalayan, B. (2000). Effect of Feronia
limonia on mosquito larvae. Fitoterpia;
71: 553 555,

Olagunju, J. A., Fagbohunka, B. S.,
Oyedapo, O. O. and Abdul, A. I. A.
(2006). Effects of an ethanolic root
extract of Plumbago zeylanica Linn. on
some serum parameters of the rats.
RPMP-Drug Development Mol; 11: 268-
276.

Habib, N. A., Wood, C. B., Apostolov,
K., Barker, W., Hershman, M. J., Aslam,
M., Heinemann, D., Fermor, B.
Williamson, R. C. N. and Jenkins, W. E.
(1987). Stearic acid and carcinogenesis.
British Journal of Cancer; 56(4): 455-
458,

Gade, S., Rajamanikyam, M., Vadlapudi,
V., Nukala, K. M., Aluvala, R,
Giddigari, C., Karanam, N. J., Barua, N.
C., Pandey, R., Upadhyayula, V. S. V.,
Sripadi, P., Amanchy, R. and
Upadhyayula, S. M. (2017).
Acetylcholinesterase inhibitory activity
of stigmasterol and hexacosanol is
responsible for larvicidal and repellent
properties of Chromolaena odorata.
Biochimicaet Biophysica Acta (BBA) -
General Subjects; 1861(3): 541-550.
doi:10.1016/j.bbagen.

Alawode, T. T., Lajide, L., Olaleye, M.
and Owolabi, B. (2021). Stigmasterol
and B-Sitosterol: antimicrobial
compounds in the leaves of Icacina
trichantha identified by GC-MS. Beni-

Vol. 28, No. 1, 2023


https://dx.doi.org/10.4314/njcr.v28i1.1
https://doi.org/10.1111/j.1574-6968.2008.01316.x
https://doi.org/10.1111/j.1574-6968.2008.01316.x
https://doi.org/10.1016/j.micres.2020.126601
https://doi.org/10.1016/j.micres.2020.126601
https://doi.org/10.1007/s00044-009-9247-z
https://doi.org/10.1007/s00044-009-9247-z
https://doi.org/10.1007/s10600-022-03643-8
https://doi.org/10.1007/s10600-022-03643-8

Odewo et al, njcr 28(1) 2023, 001 - 011

24,

25.

26.

217.

28.

Suef University Journal of Basic and
Applied Sciences; 10:80
https://doi.org/10.1186/s43088-021-
00170-3.

Kaur, N., Chaudhary, J., Jain, A. and
Kishore, L. (2011). Stigmasterol: A
comprehensive review. International
Journal of Pharmaceutical Sciences and
Research; 2(9): 2259-2265.

Ahamed, J. I., Francy, K., Priya, A. V.,
Kumari, J. P., Steiny, R. P,
Kamalarajan, P. and Venkatadri, B.
(2022). Computational and biological
efficacy of stigmasterol against Hela
cells and Vero cells- first time isolated
from the ethanolic extract of Annona
muricata Linn leaves. Journal of
Molecular Structure; 1252
https://doi.org/10.1016/j.molstruc.2021.1
32186.

Das Neves, R. N., Sena-Lopes, A.,
Alves, M. S. D., da Rocha Fonseca, B.,
da Silva, C. C., Casaril, A.
M.Savegnago, L., de Pereira, C. M. P.,
Ramos, D. F. and Borsuk, S. (2020). 2'-
Hydroxychalcones as an alternative
treatment  for  trichomoniasis in
association with metronidazole.
Parasitology Research; 119: 725-736.
doi:10.1007/s00436-019-06568-4

Leal, A. L. A. B., Pinheiro, D. P,
Barros-Nepomuceno, F. W. A., da Silva,
P. T., Pessoa, C., Almeida-Neto, F. W.
Q., Marinho, E.S., Barreto, A. C. H,,
Julido, M. S. S, de Paiva A. S,
Bandeira, P. N., Lima-Neto, P., dos
Santos, H. S. and Teixeira, A. M. R.
(2021). Structural and spectroscopic
analysis and evaluation of cytotoxic
activity of 2-hydroxychalcones against
human cancer cell lines. Journal of
Molecular Structure, 1245, 131135.
doi:10.1016/j.molstruc.2021.13113.

Dabrowski, G. and Konopka, 1. (2022).
Update on food sources and biological
activity of odd-chain, branched and
cyclic fatty acids — A review. Trends in

Nigerian Journal of Chemical Research

10

29.

30.

31.

32.

33.

34.

https://dx.doi.org/10.4314/njcr.v28il1.1

Food Science & Technology; 119: 514-
529.

Saravanakumar, K., Sahu, S. K. and
Kathiresan, K. (2012). In silico studies
on fungal metabolite against skin cancer
protein (4, 5-diarylisoxazole HSP90
chaperone). ISRN Dermatol.

Adeyemi, M. A., Ekunseitan, D. A,
Abiola, S. S., Dipeolu, M. A., Egbeyale,
LT Sogunle, O. M. (2017).
Phytochemical analysis and GC-MS
determination of Lagenaria breviflora R.

Fruit. International Journal of
Pharmacognosy and Phytochemical
Research; 9:1045-1050.

https://www.researchgate.net/publication
/323505869

Rajeswari, G., Murugan, M., and Mohan
V. R. (2013). GC-MS analysis of
bioactive components of Hugonia
mystax L. (Linaceae). Research Journal
of Pharmaceutical, Biological and
Chemical  Sciences; 29: 818-824.
http://www.rjpbcs.com/pdf/2012_3(4)/%

5B32%5D.pdf

Adetutu, A., Olaniyi, T. D and Owoade,
0. A. (2021). GC-MS analysis and in
silico assessment of constituents of
Psidium guajava leaf extract against
DNA gyrase of Salmonella enterica
serovar Typhi. Informatics in Medicine
Unlocked; 26: 100722
https://doi.org/10.1016/j.imu.2021.10072
2.

Choi, J.M., Lee, E.O., Lee, H.M., Kim
K.H., Ahn, K.S., Shim, B.S., Kim, N.I.,
Song, M.C, Baek, N.I and Kim, S.H.
(2007).1dentification of campesterol
from Chrysanthemum coronarium.L and
its antiangiogenic activities

Phytotherapy Research. 21(10):954- 9509.

Mendilaharsu, M., Stefani, E. D., Deneo-
Pellegrini, H., Carzoglio, J. and Ronco,
A. (1998). Phytosterols and risk of lung
cancer: A case-control study in Uruguay.
Lung Cancer; 21(1): 37-45.

Vol. 28, No. 1, 2023


https://dx.doi.org/10.4314/njcr.v28i1.1
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286021023061#!
https://www.sciencedirect.com/journal/journal-of-molecular-structure
https://www.sciencedirect.com/journal/journal-of-molecular-structure
file:///C:/Downloads/1252
https://doi.org/10.1016/j.molstruc.2021.132186
https://doi.org/10.1016/j.molstruc.2021.132186
https://www.sciencedirect.com/science/article/abs/pii/S0924224421006762#!
https://www.sciencedirect.com/science/article/abs/pii/S0924224421006762#!
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology
https://www.sciencedirect.com/journal/trends-in-food-science-and-technology/vol/119/suppl/C
https://www.researchgate.net/publication/323505869
https://www.researchgate.net/publication/323505869
http://www.rjpbcs.com/pdf/2012_3(4)/%5B32%5D.pdf
http://www.rjpbcs.com/pdf/2012_3(4)/%5B32%5D.pdf
https://doi.org/10.1016/j.imu.2021.100722
https://doi.org/10.1016/j.imu.2021.100722

Odewo et al, njcr 28(1) 2023, 001 - 011

35.

36.

37.

38.

39.

40.

41.

De Stefani, E., Boffetta, P., Ronco, A.
L., Brennan,P., Deneo-Pellegrini, H.,
Carzoglio, J. C. and Mendilaharsu, M.
(2000). Plant sterols and risk of stomach
cancer: a case-control study in Uruguay.
Nutrition and Cancer; 37(2): 140-144.

McCann, S. E., Freudenheim, J. L.,
Marshall, J. R., and Graham, S. (2003).
Risk of human ovarian cancer is related
to dietary intake of selected nutrients,
phytochemicals and food groups.
Journal of Nutrition; 133(6): 1937-1942.

Boligon, A. A., Janovik, V., Frohlich, J.
K., Spader, T. B., Froeder, A. L.F,,
Alves, S. H. and Athayde, M. L. (2012).
Antimicrobial and cytotoxic activities of
leaves, twigs and stem bark of Scutia

buxifolia Reissek. Natural product
research; 26(10): 939-944.
Jacob, M., Faith, S. Boyle, B. S,

Tatiana, T. Antonovych, M. D., James,

C. M. and Chan, M. D. (1995).
Comparison of  the biological
effectiveness of calcitriol and

dihydrotachysterol. Nutrition research;
15(8): 1191-1197.

Teredesai, P., Winaver, J., Martin, L. G.,
Cranley, R., Conner, T. B., Hartsock, J.
and Puschett, J. B. (1980). Therapy of
renal osteodystrophy with
dihydrotachysterol  in  non-dialyzed
patients. Clinical Nephrology; 13:31-39.

Chesney, R. W., Mehls, O., Anast, C. S.,
Brown, E., Hammerman, M. R., Portale,
A., Fallon, M. D., Mahan, J. Jr. and
Alfrey, A. (1986). Renal osteodystrophy
in children: The role of vitamin D,
phosphorus and parathyroid hormone.
American Journal of Kidney Disease; 7:
275-284.

Hamdy, R. C., Coles, J. A. and Downey,
L. T (1987). A comparative study of
cholecalciferol, dihydrotachysterol and
alfacalcidol in the treatment of elderly
patients with hypocalcemia. Age and
Aging; 16: 178-180.

Nigerian Journal of Chemical Research

11

42.

43.

44,

https://dx.doi.org/10.4314/njcr.v28il1.1

Armstrong, L., Vaz, M. G. M. V.,
Genuario, D. B., Fiore, M. F. and
Debonsi, H. M. (2019). Volatile

compounds produced by cyanobacteria
isolated from mangrove environment.
Current. Microbiology; 76: 575-582.

Lin, J. M, and Xu, L. L. (1997).
Synthesis of y-N-[(Halobenzylidene-
Aminoethyl) Aminoethyl] Aminopropyl-
2,8,9-Trioxa-5-Aza-1-
Silabicyclo[3,3,3]Undecanes.  Synthesis
and Reactivity in Inorganic and Metal-
Organic Chemistry; 27(3); 419-430.
doi:10.1080/00945719708000198

Sivakumar, R., Jebanesan, A.,
Govindarajan, M. and Rajaseker, P.
(2011). Larvicidal and repellant activity
of tetradecanoic acid against Aedes
aegypti (Linn.) and Culex
quinguefasciatus (Say.) (Diptera:
Culicidae). Asian Pacific Journal of
Tropical Medicine; 4: 706 —710.

Vol. 28, No. 1, 2023


https://dx.doi.org/10.4314/njcr.v28i1.1

