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Abstract

Background: Solanum aculeastrum is reportedly used in several diseases including gonorrhea, bronchitis, jigger
infestations and wounds, and cancers. We conducted an exhaustive phytochemical and GC-MS profiling of its methanol
extract and solvents’ fractions.

Methods: About 4500g of dried berries of S. aculeastrum was extracted with methanol, part of which was partitioned
into fractions of n-hexane, dichloromethane, ethyl acetate, n-butanol and aqueous fractions. These fractional
preparations were subjected to phytochemical and GC-MS profiling except aqueous fraction.

Results: The percentage yield of 430.69g of methanol extract of berries of S.aculeastrum was 9.57%w/w, while the
yields of dried 19.4g of n-hexane, 38.4g of DCM, 6.4g of ethyl acetate, 81.03g of n-butanol and 21.2g of the freeze-dried
aqueous fractions were 7.08%w/w, 14.03 %w/w, 2.33%w/w, 29.60%w/w and 7.74%w/w respectively. The relative
presence of glycosides, alkaloids, tannins, flavonoids, terpenoids, phenols, saponins were confirmed except quinones.
GC-MS profiling of methanol extract identified 32 compounds including alkane, alcohol, carbohydrate, fatty acids,
terpenoids, glycerides, vitamins and some unclassified compounds. 25 compounds including terpenoids, alkene, fatty
acids, vitamin and unclassified compounds were identified in n-hexane fractions. The DCM fraction yielded 20
compounds including isoprenoid, terpenoids, amino acids, carboxylic acid and unclassified compounds. 22 compounds
were identified in ethyl acetate fraction including phenol, fatty acids, alcohol, terpenoids, glycerolipid and unclassified
compounds. The n-butanol fraction yielded 11 compounds including fluorinated aromatic substance, hormonal
antineoplastic and a non-steroidal anti-inflammatory agent.

Conclusion: This study has further elaborated on the bioactive compounds in berries of S. aculeastrum, to aid robust
understanding of its pharmacological activities.
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1. Introduction

The systematic recording, analysis and interpretation of traditional medicine services has been supported by the
International Classification of Disease (ICD-11) [1], implying the official recognition of the use of traditional medicine
in management of disease conditions globally. Over the years, traditional medicine has been in use in the treatment of
many diseases across the globe, as about 80% of the global populace depend on it, and plant-based therapies are known
to be the most popularly used alternative/complementary remedies to primary health-related challenges [2], [3]

Natural products have over the years remained a reservoir for identification of important bioactive compounds for
combating a range of health-related challenges. Herbs have been used in treatment of different diseases and
improvement of health for many years [4]. During the past decades, global attention has been gained by herbs or their
extracts as a result of their significant efficacy in treating and preventing some diseases [5]. Many countries in Africa
still rely partly on traditional medicine as about 70-95% populations of developing countries use herbal drugs for basic
health care [6]. Furthermore, many Kenyans give credence to the potency of herbal medicine, even when they have
access to conventional medicine. In some cases, they combine both herbal and orthodox medicine, especially if they are
afflicted with chronic ailments such as HIV/AIDS, hypertension, infertility, cancer and diabetes [7].

Plants possess different phytochemicals also referred to as secondary metabolites which differ in terms of their
quantities and nature [8]. The berries, leaves, stems, roots, barks and flowers contain various phytochemicals such as
anthraquinones, saponins, tannins, flavonoids, terpenoids, alkaloids and phenols which possess medicinal properties
including anti-diarrhea, anti-inflammatory, antimycobacterial, antioxidant, antiplasmodial, anticancer and anti-ulcer
activities [9].

Solanum aculeastrum Dunal is a shrub belonging to the family Solanaceae whose species name, aculeastrum, signifies
the thorns that beautifies most parts of the shrub. It is commonly known as Ochok in the Western part of Kenya and
referred to as Omotobo by the Abagusii community in Nyamira County of Kenya. Other names of the plant are soda
apple or goat bitter apple [10]. It is a plant whose origin is traced from the tropical Africa to South Africa in different
climatic conditions and found mostly in woodland, grassland, forest margins and different soil types including reddish
brown clay-loam and brown sandy loam as well as sandy soils [11], [12].

The Abagusii community of Nyamira County in Kenya uses the fruits and leaves of S. aculeastrum Dunal in different
forms for the management of swollen joints in fingers, gangrene, gonorrhea, bronchitis, jigger infestations and wounds
(Tungiasis), toothaches, rheumatism and in ringworm in cattle, and as eyewash. Also, preparation of the root bark as a
decoction is used in the country for treatment of acne and for sexually transmitted bacterial diseases such as gonorrhea
[13]. The plant parts such as the leaves, root bark, and fruits have been used to manage various ailments including skin
and cervical cancer [14]. The leaves and fruits are used orally in management of digestion and stomach disorders,
gonorrhea, and cancer [11], [15]. The berries of Solanum aculeastrum Dunal and leaf materials demonstrated potentials
for anti-leishmanial activities [10]. Also, methanol and aqueous extracts of the berries have been shown to have
moderate antimicrobial activity against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Bacillus
subtilis bacteria [16].

The bioactive compounds such as solanculine A, S.-solanmarine isolated from the root bark and solanmargine isolated
from the berries possess activities against molluscicidal infections, with the steroidal alkaloid glycosides and saponins
suggested to be responsible for these activities [17]. The crude extract and aqueous fraction of the fruits of S.
aculeastrum have also been reported to possess potent non-selective cytotoxicity and inhibition of P-glycoprotein
against various cancer types, which was linked to the steroidal alkaloid solanmargine [18]

Consequent to the persistent interest in traditional medicine over the years, with phytotherapy becoming more popular
amongst patients, the need for a continuous scrutiny of potential medicinal plants including screening for their
phytochemical and bioactive constituents remains paramount. It is in the light of the foregoing that we conducted this
study to determine the secondary metabolites and bioactive constituents of methanol extract and n-hexane, ethyl
acetate, dichloromethane, n-butanol, and aqueous fractions of the berries of Solanum aculeastrum Dunal through
qualitative phytochemical screening and GC-MS analysis.
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2. Materials and Method

2.1. Collection and Identification of Plant Materials

The fresh berries of Solanum aculeasrtum Dunal were sourced for and collected from homesteads from Kakamega
County since it is not an endangered species and required no authorization before collection. The collected berries of S.
aculeasrtum Dunal was identified by a taxonomist from the National Herbarium of Kenya, Nairobi, Kenya, where
voucher specimen was deposited with voucher number allocated (PENDER/001).

2.2. Preparation of Plant Materials, Procedure for Whole Extraction and Fractionation

The collected berries of S.aculeastrum Dunal were cleaned to remove debris, shade-dried at ambient temperature for
three weeks, with constant monitoring and repeated turning of berries to prevent contamination due to fungi. The dried
berries of S. aculeastrum Dunal was grinded into powdered forms with the aid of an electric pulverizer at 8000RPM
(Christy and Norris Ltd; Serial No: 51474) at the Chemistry Department of Kenyan Medical Research Institute (KEMRI),
Nairobi, Kenya. A total of 4.5kg (4500g) of the blended S. aculeastrum Dunal berries was obtained which was macerated
using 15litres of methanol being a strong polar solvent for 24hours and re-soaked three times for exhaustive extraction
[19]. Whatman filter paper (No.1, 240mm) was used to filter the macerate and get rid of residues. The filtrate solution
was concentrated in Vacuo using Rotary evaporator (Buchi R-300, Switzerland) under controlled vacuum pressure of
337 Mbar at 40°C [20].

The total amount of methanol crude extract of S. aculeastrum Dunal was 430.69g, from which 157.0g were set aside as
total methanol extracts and the remaining 273.69g extracts proceeded to solvent-solvent fractionation extraction as per
Kupchan modified scheme [21], [22]. Briefly, 273.69g Methanol crude extract was dissolved in 400 mL methanol/water
(9:1 v/v) for n-hexane; (6:4 v/v) DCM; (4:6 v/v) ethyl acetate; (1:9 v/v) n-butanol; and sonicated for 30minutes for
adequate mixing. Using 4 identical 500ml separating funnels,100 mL of the obtained solution was transferred to each
funnel and partitioned with 200ml (1:2) of each of N-Hexane, Dichloromethane, Ethyl acetate, N-Butanol and water
solvents in increasing order of polarity. Each partition was done for three times to ensure complete extraction of the
compounds with respect to their various solvents and their polarities. The final aqueous fraction after n-butanol
portioning was subjected to freeze-drying (Edwards, KA0O0O000627, UK) to obtain aqueous fraction of the berries of S.
aculeastrum Dunal.

The fractions of N-Hexane, Dichloromethane (DCM), Ethyl acetate, and N-Butanol were concentrated in vacuo with aid
of rotary evaporator (Buchi R-300, Switzerland) at 35°C, 40°C, 45°C, and 45°C all at reduced pressure respectively. The
dried n-hexane, DCM, ethyl acetate, and n-butanol resulted to 19.4g, 38.4g, 6.4g, and 81.03g respectively and the freeze-
dried aqueous fraction gave 21.2g [23]. Thereafter, all dried extracts and fractions were kept in airtight containers at
4°C ready for use. The percentage yields of the whole methanol extracts and n-hexane, ethyl acetate, n-butanol,
dichloromethane and aqueous fractions were then calculated using the formula below:

Percentage yield of extracts = Weight of the obtained extract material x 100

Weight of original fine plant powder used
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Figure 1 Protocol used for the solvent-solvent fractionation of the components in Solanum aculeastrum Dunal berries

[21]

2.3. Qualitative Phytochemical Analysis of Plant Materials

Qualitative Phytochemical analysis for identification of plant secondary metabolites was done for whole methanol
extract and n-hexane, ethyl acetate, dichloromethane, n-butanol fractions and residual aqueous extracts of S.
aculeastrum Dunal berries using standard procedures [24]. 0.5g of each extract was dissolved in 50 mL of respective
solvents of extraction. Reagents used were prepared freshly, ready for use. [25].

Table 1 Qualitative Phytochemical Analysis of whole Methanol extract and solvent fractions of berries of S. aculeastrum

Dunal

Phytochemical | Test Procedure Observation

Alkaloids Dragendroff’s [ ml of filtrate + 2ml Dragendroff’s reagent A reddish-brown precipitate
Test

Glycosides Keller-Killiani's | 1ml filtrate+1.5 ml glacial acetic acid+ 1 drop of | A blue/green colored
Test 5% ferric chloride+conc H2S04 solution (in acetic acid layer)

Flavonoids Alkaline 2-3 drops of NaOH sol+ 2ml of filtrate A deep yellow color,
reagent Test gradually disappears on

addition of 5% HCL

Phenol Ferric Chloride | 2ml of filtrate +aqueous 5% ferric chloride Dark Green/bluish black
test color

Tannins Braymer’s test | 2ml of plant extract+ methanolic sol of 10% | Formation of blue/greenish

ferric chloride

solution
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Steroids Salkowski test 2 ml of filtrate+2ml of chloroform + 10 drops of | Dark pink/red colour in
acetic anhydride and 2 drops of conc H2SO4 | lower chloroform layer
(Shake well and allow to stand)

Quinones Conc HCl test 2ml of filtrate + conc. (98%) conc HCl Green color

Terpenoids’ Salkowski test Iml of chloroform +2ml filtrate+1ml conc | Reddish brown coloration of
H2S04 the interface

Saponins Froth test 2 ml filtract+6ml water, shaken vigorously Foam formation

2.4. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

Gas Chromatography-Mass Spectrometry (GC-MS) analysis to determine the composition of the chemical components
of berries of S. aculeastrum Dunal whole methanol extracts and n-hexane, ethyl acetate, n-butanol, dichloromethane and
aqueous extracts was done with the aid of a GC-MS system (Model; Shimadzu, GC-MS QP-2010SE) which had a low
polarity BPX5 capillary column (30 m x 0.25 mm x 0.25 pm film thickness) with temperature of oven set at 55°C,
consistently for 1min and increased by 10°C gradually after each minute until isothermal temperature of 280°C was
achieved at 15 min 30 s being the final hold time. The carrier gas was helium (He) maintained at a constant flow rate of
1.08 ml / min and temperature of 200 °C was maintained as the injector temperature. Four (4) mins served as the
solvent delay time and the diluted samples of 1ul of each solvent extract were injected automatically with the aid of an
AS3000 autosampler coupled with GC in the split mode, split ratio (10:1). 200 and 250°C were set as the ion source and
interface temperatures respectively. The EI mass spectra were collected at 70 eV in full scan mode over the range of
m/z 35 to 550. Thereafter, qualitative identification of compounds detected in the extract was done with the aid of NIST
mass spectra database.

3. Results

3.1. Plant Extraction and Phytochemical Screening

Table 2 Percentage yields of methanol extract, solvents fractions and residual aqueous extract of berries of S.
aculeastrum Dunal

Solvents Amount of dried extract (g) | Percentage yield (%w/w)
Methanol 430.69 9.57

N-Hexane 19.4 7.08

Dichloromethane | 38.4 14.03

Ethyl acetate 6.4 2.33

N-Butanol 81.03 29.60

Aqueous 21.2 7.74

Table 3 Phytochemical constituents of methanol extract, solvent fractions and residual aqueous extract of berries of S.
aculeastrum Dunal

Crude N-Hexane DCM | Ethyl acetate N-Butanol Aqueous
Alkaloid +++ ++ R e+ .
Glycosides +++ +++ +4++ | 4+ -
Flavonoids +++ - ++ ++ ++ 4+
Phenols +++ - - - 4+ ot
Tannins +++ - +++ | + ++ -
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Steroids +++ ++ - - ++ T+
Terpenoids +++ + ++ ++ 4+ 4+
Quinones - - - - - -
Saponins +++ - - - - I
- Key: + Present but mild: ++ Moderately present: +++ Highly present; - Absent

3.2. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

500,000

4]

22

260
min

Figure 2 Chromatogram of the bioactive compounds in the methanol whole extract of S. aculeastrum Dunal berries

Table 4 The bioactive compounds present in methanol whole extract of S. aculeastrum Dunal berries identified by GC-

MS
Peak | Retention | Identity of compound Peak | Molecular | Molecular | Class
No Time Area | Weight Formula
(min) (%) | (g/mol)
1 5.067 Undecane 0.77 | 156.31 C11Ha24 Alkanes
2 6.653 2-Pentanol 2.23 | 88.15 CsH1z20 Fatty Alcohols
3 9.105 Eicosapentaenoic Acid 1.22 | 3025 C20H3002 Fatty Acids
4 9.233 Shyobunol 1.17 | 222.37 C1sH260 Terpenoid
5 9.369 D-Arabinitol 15.71 | 152.15 CsH120s Carbohydrates
6 9.603 3',5'-Dimethoxyacetophenone 244 | 180.2 C10H1203 NC
7 9.742 Germacrene D-4-ol 1.11 | 222.37 C15H260 Alcohol
8 10.252 Hexanoic acid, 2-ethylhexyl ester 29.98 | 228.37 C14H2802 NC
9 10.34 2,3-Dehydro-4-oxo0-7,8-dihydro-.beta.- 246 | 206.28 C13H1802 NC
ionone
10 10.739 Cyclohexanol, 3-ethenyl-3-methyl-2-(1- | 0.99 | NMW NMF NC

methylethenyl)-6-(1-methylethyl)-
,[1R(1.alpha.,2.beta.,3.alpha.,6.alpha.)]-
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11 10.96 9-Oxabicyclo[3.3.1]nonan-2-one,6- 1.4 156.18 CsH1203 NC
hydroxy-
12 11.409 2,5,9-Tetradecatriene, 3,12-diethyl- 1.06 248.4 CisH32 NC
13 11.566 Solavetivone 1.15 | 218.33 CisHz220 Terpenes
14 11.667 Globulol 1.36 | 222.37 CisHz60 Terpenoid
15 11.929 2-(1,4,4-Trimethyl-cyclohex-2-enyl)- 0.48 | 168.28 C11Hz200 NC
ethanol
16 12.104 Hexadecanoic acid, methyl ester 2.87 | 2705 C17H3402 Fatty Acids
17 12.15 Eudesma-4(15),7-dien-1.beta. -ol 0.69 | 220.35 C1sH240 Terpenoids
18 12.232 Platambin 1.22 238.37 C15H2602 Terpenoids
19 12.416 Pentadecanoic acid 3.77 | 242.4 C15H3002 Fatty Acids
20 12.562 Glyceryl diacetate 2-linolenate 1.47 | 436.6 C25H4006 NC
21 12.923 Cyclopropane, 1-(1-hydroxy-1-heptyl)- | 0.63 | 238.41 C16H300 NC
2-methylene-3-pentyl-
22 13.396 9,12-Octadecadienoic acid, methyl ester | 6.64 | 294.5 C19H3402 Fatty Acids
23 13.426 9-Octadecenoic acid (Z)-, methyl ester 2.51 | 296.5 C19H3602 Fatty Acids
24 13.458 Methyl linolenate 1.69 | 2925 C19H3202 Fatty Acids
25 13.499 Phytol 1 296.5 C20H400 Fatty Acids
26 13.525 Methyl 2-nonynoate 0.86 | 168.23 C10H1602 Fatty Acids
27 13.595 Methyl stearate 0.93 | 298.5 C19H3802 Fatty Acids
28 13.97 Tricyclo[20.8.0.0(7,16)]triacontane, 1.57 | 444.7 C30Hs202 Fatty acids
1(22),7(16)-diepoxy-
29 16.624 2-Palmitoylglycerol 1.2 330.5 C19H3804 Glycerides
30 18.052 Glyceryl monolinoleate 3.02 | 3545 C21H3804 Glycerides
31 22.287 beta.-Tocopherol 0.84 | 416.7 C28H4802 Vitamin
32 24.929 Benzenepropanoic acid, .alpha.-(1- | 5.59 | 270.32 C17H1803 NC

hydroxyethyl)-.beta.-phenyl-

NMW=No Molecular Weight, NMF=No Molecular Formula, NC=Not Classified

(€3] (2) (3) 4
v
(5) (6) (7 (8)
: o o - i ¥ 15 h 2
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Figure 3 Structures of the GC-MS identified compounds (1-32) given in Table 4
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Figure 4 Chromatogram of the bioactive compounds in the n-hexane fraction of S. aculeastrum Dunal berries

Table 5 The bioactive compounds present in n-hexane fraction of S. aculeastrum Dunal berries identified by GC-MS

Peak | Retention | Identity of compound Peak | Molecular | Molecular | Class
No time Area | Weight Formula
(min) (%) | (g/mol)

1 6.185 2,4-Dimethyl-2,4-pentanediol 1.61 132.2 C7H1602 NC

2 8.038 (-)-cis-.beta.-Elemene 0.53 204.35 CisHza Terpenoids

3 9.11 beta-Humulene 0.76 204.35 CisHa4 Terpenes

4 9.178 Cadina-1(10),4-diene 0.52 204.35 CisHa4 Terpenes

5 9.231 4,8,13-Cyclotetradecatriene-1,3-diol, 1.49 306.5 C20H3402 Terpenes
1,5,9-trimethyl-12-(1-methylethyl)-

6 9.281 6-epi-shyobunol 0.94 222.37 C15H260 Terpenoids

7 9.459 2-(4-ethenyl-4-methyl-3-prop-1-en-2- 0.65 222.37 C15H260 NC
ylcyclohexyl)propan-2-ol

8 9.741 2E,4S,7E)-4-1sopropyl-1,7- 2.49 222.37 C15H260 Terpenoids
dimethylcyclodeca-2,7-dienol

9 10.374 Alpha.-Cadinol 0.91 222.37 C15H260 Terpenoids

10 10.737 Cyclohexanol, 3-ethenyl-3-methyl-2-(1- | 4.35 NMW NMF NC
methylethenyl)-6-(1-methylethyl)-, [1R-
(1.alpha.,2.alpha.,3.beta.,6.alpha.)]-

11 11.41 Neophytadiene 1.11 278.5 C20Hss Alkene

12 11.563 Solavetivone 4.79 218.33 C15H220 Terpenes
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13 11.665 Cyclohexanol, 3-ethenyl-3-methyl-2-(1- | 2.6 NMW NMF NC
methylethenyl)-6-(1-methylethyl)-, [1R-
(1.alpha.,2.alpha.,3.beta.,6.alpha.)]-
14 11.929 2-(1,4,4-Trimethyl-cyclohex-2-enyl)- 1.3 168.28 C11H200 NC
ethanol
15 12.102 Hexadecanoic acid, methyl ester 7.85 270.5 C17H3402 Fatty acids
16 12.15 Alpha-Costol 1.58 220.35 C1sH240 Terpenoids
17 12.229 Platambin 1.18 238.37 C15H2602 Terpenoids
18 13.394 9,12-Octadecadienoic acid, methyl ester | 25.21 | 294.5 C19H3402 Fatty acids
19 13.425 9-Octadecenoic acid, methyl ester 6.7 296.5 C19H3602 Fatty acids
20 13.456 9,12,15-0ctadecatrienoic acid, (Z,Z,Z)- 5.05 278.4 C18H3002 Fatty acids
21 13.591 Methyl stearate 2.95 298.5 C19H3802 Fatty acids
22 16.311 1-Propanone, 1,3,3-triphenyl- 1.29 286.4 C21H180 NC
23 18.886 Squalene 2.04 410.7 C3oHso Terpenes
24 22.295 .beta.-Tocopherol 1.85 416.7 C28H4802 Vitamins
25 24922 Benzenemethanethiol, .alpha.-methyl- | 20.26 | 214.33 C14H14S NC
.alpha.-phenyl-
NMW=No Molecular Weight, NMF=No Molecular Formula, NC=Not Classified
(1) (2) (3) (4)
Y / ) /’ ,.l Yy,
\,_‘..____ .-"M,_H‘/ - e
I N S I | .
b9 'D T o
(5) (6) (7) (8)
“ ; o
{ I 1
.'_.. _.U . | |
1 |
— o~ n -I
H &
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Figure 5 Structures of the GC-MS identified compounds (1-25) given in Table 5
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Figure 6 Chromatogram of the bioactive compounds in the DCM fraction of S. aculeastrum Dunal berries

Table 6 The bioactive compounds present in DCM fraction of S. aculeastrum Dunal berries identified by GC-MS

Peak | Retention | Identity of compound Peak | Molecular Molecular Class
No time (min) Area | Weight(g/mol) | Formula
(%)
1 11.407 Dehydrovomifoliol 4.3 222.28 C13H1803 Isoprenoids
2 11.578 Neointermedeol 4.32 222.37 C15H260 Terpenoids
3 11.665 Thunbergol 10.46 | 290.5 C20H340 Terpenoids
4 11.755 9,19-Cyclolanost-24-en-3-ol, 3.97 468.8 C32H5202 Terpenoids
acetate, (3.beta.)-
5 11.928 Cyclopropa[d]naphthalen-3-one, | 0.8 235.36 C15H2sNO NC
octahydro-2,4a,8,8-tetramethyl-,
oxime
6 12.105 DL-Norleucine 3.4 131.17 CeH13NO2 amino acid
7 12.147 (1R, 7S, E)-7-Isopropyl-4,10- | 5.23 220.35 C15H240 NC
dimethylenecyclodec-5-enol
8 12.229 Platambin 9.63 238.37 C15H2602 Terpenoids
9 12.331 (-)-Globulol 3.69 222.37 C15H260 amino acid
10 12.557 9-(3,3-Dimethyloxiran-2-y1)-2,7- | 3.2 238.37 C15H2602 NC
dimethylnona-2,6-dien-1-ol
11 12.917 2-Hydroxy-1,1,10-trimethyl-6,9- | 3.99 226.31 C13H2203 NC
epidioxydecalin
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12 13.077 (2R,3R,3aR,6R,8aS5)-3,7,7- 3.76 220.35 C15H240 NC
Trimethyl-8-
methyleneoctahydro-1H-3a,6-
methanoazulen-2-ol
13 13.155 Ingol 12-acetate 5.49 408.5 C22H3207 NC
14 13.257 Widdrol hydroxyether 4.01 238.37 C15H2602 NC
15 13.422 10-Methylundec-2-en-4-olide 6.26 196.29 C12H2002 NC
16 13.456 1-Heptadec-1-ynyl-cyclohexanol | 5 334.6 C23H420 NC
17 13.525 Widdrol hydroxyether 2.14 238.37 C15H2602 NC
18 13.625 Sinapic acid methyl ester 3.16 238.24 C12H140s5 Carboxylic
Acids
19 13.66 1-Ethylsulfanylmethyl-2,8,9- 9.93 249.4 CoH19NO3SSi | NC
trioxa-5-aza-1-sila-
bicyclo[3.3.3]Jundecane
13.968 Acetic acid, 1-[2-(2,2,6- | 7.28 250.38 C16H2602 NC
trimethyl-bicyclo[4.1.0]hept-1-
yl)-ethyl]-vinyl ester
NC=Not Classified
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Figure 8 Chromatogram of the bioactive compounds in the Ethyl acetate fraction of S. aculeastrum Dunal berries
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Table 7 The bioactive compounds present in ethyl acetate fraction of S. aculeastrum Dunal berries identified by GC-MS

(hydroxymethyl)ethyl ester

Peak | Retention | Identity of compound Peak | Molecular | Molecular Class
No time Area | Weight Formula
(min) (%) | (g/mol)

1 6.185 2,4-Dimethyl-2,4-pentanediol 3.91 132.2 C7H1602 NC

2 8.59 2-Bornanol, 5,5-ethylenedioxy- 3.35 | 212.28 C12H2003 NC

3 9.035 2,4-Di-tert-butylphenol 456 | 206.32 C14H220 Phenols

4 9.587 9-Eicosene, (E)- 443 | 280.5 C20H40 Fatty acids

5 11.096 Tetradecyl trifluoroacetate 6.64 | 310.39 C16H29F302 NC

6 11.406 Dehydrovomifoliol 4.3 222.28 C13H1803 Terpenoid

7 12.405 Undecanoic acid 3.35 | 186.29 C11H2202 Fatty Acids

8 12.555 1-Heneicosanol 6.44 | 312.6 C21H440 Alcohol

9 12.88 5-Methoxy-2,2,6-trimethyl-1-(3- 3.1 236.35 C15H2402 NC
methyl-buta-1,3-dienyl)-7-oxa-
bicyclo [4.1.0

10 13.07 9-Isopropyl-1-methyl-2-methylene- | 3.71 | 220.35 C15H240 NC
5-oxatricyclo
[5.4.0.0(3,8)]Jundecane

11 13.16 Tetracosa-2,6,14,18,22-pentaene- 2 4447 C30Hs202 NC
10,11-diol, 2,6,10,15,19,23-
hexamethyl-

12 13.262 Bicyclo [3.1.0] hexane-6-methanol, | 3.67 | 170.25 C10H1802 NC
2-hydroxy-1,4,4-trimethyl-

13 13.426 2-Dodecen-1-yl () succinic | 6.57 | 266.38 C16H2603 NC
anhydride

14 13.46 Bicyclo[2.2.1]heptane-2,3-diol, 2.63 | 266.38 C16H2603 NC
1,7,7-trimethyl-, (exo,exo0)-

15 13.525 Widdrol hydroxyether 8.05 | 238.37 C15H2602 NC

16 13.662 1-Ethylsulfanylmethyl-2,8,9-trioxa- | 5.77 | 249.4 C9oH19NO3SSi NC
5-aza-1-sila-bicyclo [3.3.3]
undecane

17 13.97 Thunbergol 6.97 | 290.5 C20H340 Terpenoids

18 14.045 9-Hexacosene 292 | 364.7 C26Hs2 Fatty acids

19 14.44 1,1,1,5,7,7,7-Heptamethyl-3,3- 236 | 443.96 C13H390sSi6 NC
bis(trimethylsiloxy)tetrasiloxane

20 14.561 Cycloheptane, 4-methylene-1- | 4.33 | 204.35 CisHza Terpenoids
methyl-2-(2-methyl-1-propen-1-
yl)-1-vinyl-

21 16.314 1-Propanone, 1,3,3-triphenyl- 7.22 | 286.4 C21H180 NC

22 16.621 Hexadecanoic acid, 2-hydroxy-1- | 3.72 | 330.5 C19H3804 Glycerolipid

NC=Not Classified
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Figure 9 Structures of the GC-MS identified compounds (1-22) given in Table 7
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Figure 10 Chromatogram of the bioactive compounds in the n-butanol fraction of S. aculeastrum Dunal berries

Table 8 The bioactive compounds present in n-butanol fraction of S. aculeastrum Dunal berries identified by GC-MS

Peak | Retention | Identity of compound Peak | Molecular | Molecular | Class
No time Area | Weight(g/ | Formula
(min) (%) mol)

1 8.575 Terephthalic acid, heptyl 3- | 1.18 | 334.4 C20H3004 NC
methylbutyl ester

2 10.965 N-(4-fluorophenyl)-3-(4- 1.03 327.4 C19H22FN30 | Fluorinated aromatic
phenylpiperazin-1- substances
yl)propanamide

3 15.51 Octadecanoic acid, 16-oxo-, | 27.22 | 312.5 C19H3603 NC
methyl ester

4 16.26 Cyclononasiloxane, 5.38 667.4 C18Hs409Si9 | NC
octadecamethyl-
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5 18.6 Ethyl homovanillate, TMS | 1.7 282.41 C14H2204Si NC

derivative

6 18.828 17.alpha.Methyltestosterone | 13.18 | 302.5 C20H3002 Hormonal antineoplastic
agent

7 20.024 2,2,2-Trichloroethyl 2.31 250.3 C2H2Cis0P Organophosphorus

phosphorodichloridite Compounds

8 20.871 benzoic acid, 4-(2- | 21.37 | 239.23 C14H9NOs NC

benzoxazolyl)-

9 21.57 Ibuprofen 1.03 206.28 C13H1802 A non-steroidal anti-
inflammatory agent with
analgesic, antipyretic,
and anti-inflammatory
properties

10 25.757 Trinexapac-ethyl, TMS | 12.64 | 324.44 C16H2405Si NC

derivative
11 27.223 Gamma.-Cyano-3-methyl- 12.97 | 208.26 C14H12N2 NC
5,10
dihydrobenzo[f]indolizine
NC=Not Classified
1 (2) (3) (4) (5)
|\ o o
.I . [ o
i : L1
|| 0
(6) (7) (8) (9)
' I ' \ 0 ,_ 0

I S NNe : N ¥

(10) (11)

Figure 11 Structures of the GC-MS identified compounds (1-11) given in Table 8
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4., Result and Discussion

The utilization of traditional medicine in primary health care has been in practice both in developed and developing
countries [26]. About 80% of the population in developing countries use herbal medicines to meet their primary
healthcare needs [27]. This probably could be due to the limited availability and high cost of conventional medicines
[28]. The percentage yield of 430.69g of methanol whole extract of berries of S.aculeastrum Dunal was 9.57%w/w, while
the yields of 19.4g of dried n-hexane fraction, 38.4g of dried DCM fraction, 6.4g of dried ethyl acetate fraction, 81.03g of
dried n-butanol fraction and 21.2g of the freeze-dried aqueous fractions were 7.08%w/w, 14.03 %w/w, 2.33%w/w,
29.60%w/w and 7.74%w/w respectively (Table 2). With respect to the yield of the methanol whole extract, our result
is in conformity with previous study where 1kg of ground berries of S. aculeastrum Dunal generated 94g of the extract
implying a percentage yield of 9.4%, although they used 50% methanol (MeOH) and dichloromethane (CH:CL?) as
solvents for extraction [29].

Our results of preliminary phytochemical screening revealed that the whole methanol extract of berries of S.
aculeastrum Dunal contained abundance of all phytochemicals screened except quinones which were absent. The
presence of glycosides in high amount, followed by moderate presence of alkaloids and steroids, and mild presence of
terpenoids were confirmed in the n-hexane fractions, but flavonoids, phenols, tannins, quinones and saponins were
absent. Regarding the DCM fraction, we confirmed the presence of alkaloids, glycosides, and tannins in high amounts,
flavonoids and terpenoids were moderately present but there were no phenols, steroids, quinones and saponins.
Screening of ethyl acetate fraction showed the moderate presence of alkaloids, glycosides, flavonoids and terpenoids
while phenols, steroids, quinones and saponins were absent. For n-butanol fraction, alkaloids and terpenoids were
highly present, glycosides, flavonoids, phenols, tannins, steroids were moderately present, but quinones and saponins
were absent. The freeze-dried aqueous fraction revealed the presence of high amounts of alkaloids, flavonoids, phenols,
terpenoids, with moderate amounts of steroids while glycosides, tannins and quinones were absent. There is an obvious
absence of quinones in all extract and fractions implying that the berries of S. aculeastrum Dunal do not contain quinones
(Table 3).

Our phytochemical screening results conform with the long existing information on the phytochemical constituents of
the Solanaceae family, as secondary metabolites such as steroidal alkaloids have been isolated from more than 300
species of this plant family [30], [31]. Solamargine and solasonine are important alkaloids which have been found in
Solanum species [32]. Plant alkaloids possess antioxidant, astringent and analgesic properties [33]. Glycosides such as
[-solamarine and a-solamarine have also been identified in Solanum species [32] with important functions as glycosides
are known to possess medicinal properties against different diseases including cancer [34].

Steroidal glycoalkaloids isolated from various species of Solanum have demonstrated pharmacological activities such
as anti-trypanosomiasis [35]; antifungal [36], [37]; hepatoprotective [38], [39]; anti-seizure [40]; antiulcer [41];
cytoprotective [42]; neuropharmacological [43]; antimicrobial [44]; antioxidant [45] and anticancer activities [46].
More specifically, it was reported in a study that two steroidal alkaloids namely, tomatidine and solasodine isolated
from berries of Solanum aculeastrum Dunal demonstrated significant anticancer effect against three cancer cell lines
which include colonic adenocarcinoma (HT-29), cervical adenocarcinoma (Hela) and breast adenocarcinoma (MCF-7)
cell lines [11].

Flavonoids are another important secondary metabolite with a range of medicinal properties including anticancer
activities [47]; anti-inflammatory [48]; antioxidant activities [49] amongst others. Furthermore, the medicinal
importance of tannins has also been well documented. Tannins are known to possess antibacterial, antioxidant, anti-
inflammatory, antiviral, antiparasitic as swell as immunomodulatory effects [50]. The pharmacological relevance of the
terpenoids have also been reported as they possess anti-inflammatory, analgesic, anticoagulant activities [51]; as well
as antimicrobial, anti-hyperglycemic, antiviral, antiparasitic, and anticancer activities [52]. Saponins are well known for
their antimicrobial, antioxidant and anti-inflammatory activities [53]; anticancer, cell apoptosis regulating activity, and
play important roles in autophagy and angiogenesis [54]. Also, they have the ability to reduce cholesterol levels and
interfere with multiplication process in cancer cells [55]. Phenols which are secondary metabolites synthesized by
plants, play significant roles including protective effects in plants against pathogens, important in plant growth and
signaling, as well as roles in management of cancers, diabetes, cardiovascular diseases, antiviral, and antiprotozoal
activities [56], [57]

The GC-MS profiling of the methanol extract and n-hexane, DCM, ethyl acetate, and n-butanol fractions of the berries of
S. aculeastrum Dunal revealed the presence of mixtures of straight chained aliphatic as well as ring-containing aromatic
hydrocarbons. A total of 32 compounds were identified in the methanol whole extract of S. aculeastrum Dunal berries.
These include an alkane (undecane), a fatty alcohol (2-Pentanol), an alcohol (Germacrene D-4-o0l), a carbohydrate (D-

1951



International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

Arabinitol), 10 compounds classified as fatty acids [Eicosapentaenoic Acid; Hexadecanoic acid, methyl ester;
Pentadecanoic acid; 9,12-Octadecadienoic acid, methyl ester; 9-Octadecenoic acid (Z)-, methyl ester; Methyl linolenate;
Phytol; Methyl 2-nonynoate, Tricyclo [20.8.0.0(7,16)] triacontane,1(22),7(16)-diepoxy-], 5 compounds belonging to the
terpenes/terpenoids [Shyobunol; Solavetivone; Globulol; Eudesma-4(15),7-dien-1.beta. -ol; Platambin and Methyl
stearate], 2 compounds classified as glycerides (2-Palmitoylglycerol and Glyceryl monolinoleate), 1 compound
classified as vitamin (beta.-Tocopherol) and 11 miscellaneous unclassified compounds (Table 4, Figure 3).

The GC-MS profiling of the n-hexane fraction of S. aculeastrum Dunal berries revealed the presence of 25 bioactive
compounds, which include 11 bioactive compounds classified as terpenes/terpenoids [(-)-cis-.beta.-Elemene; beta-
Humulene; Cadina-1(10),4-diene;4,8,13-Cyclotetradecatriene-1,3-diol, 1,5,9-trimethyl-12-(1-methylethyl)-; 6-epi-
shyobunol; 2E,4S,7E)-4-Isopropyl-1,7 dimethylcyclodeca-2,7-dienol; Solavetivone; Alpha-Costol; Platambin and
Squalene], 1 alkene (Neophytadiene), 5 fatty acids (Hexadecanoic acid, methyl ester; 9,12-Octadecadienoic acid, methyl
ester; 9-Octadecenoic acid, methyl ester; 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- and Methyl stearate], I compound
classified as vitamin (beta.-Tocopherol) and 7 unclassified compounds (Table 5, Figure 5). Profiling of the DCM fraction
of the extract identified 20 bioactive compounds including 1 compound classified as isoprenoid (Dehydrovomifoliol), 4
terpenoids [Neointermedeol; Thunbergol; 9,19-Cyclolanost-24-en-3-ol, acetate, (3. beta.)-; and Platambin], 2 amino
acids [DL-Norleucine and (-)-Globulol], 1 carboxylic acid (Sinapic acid methyl ester) and 12 unclassified compounds
(Table 6, Figure 7).

A total of 22 bioactive compounds were identified in the ethyl acetate fraction. These include 1 compound belonging to
the phenols (2,4-Di-tert-butylphenol), 3 compounds belonging to the fatty acids [9-Eicosene, (E)-; Undecanoic acid and
9-Hexacosene], 1 compound classified as alcohol (1-Heneicosanol), 3 terpenoids [Dehydrovomifoliol; Thunbergol and
Cycloheptane, 4-methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1-vinyl-], 1 compound classified as glycerolipid
[Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester] and 13 unclassified compounds (Table 7, Figure 9). The
n-butanol fraction contained 11 identified compounds which 1 compound belonging to the fluorinated aromatic
substances [N-(4-fluorophenyl)-3-(4-phenylpiperazin-1-yl)propenamide],1 compound classified as hormonal
antineoplastic agent (17.alpha.Methyltestosterone), 1 compound belonging to the organophosphorus compounds
(2,2,2-Trichloroethyl phosphorodichloridite), 1 compound belonging to non-steroidal anti-inflammatory agent with
analgesic, antipyretic, and anti-inflammatory properties (Ibuprofen) and 7 unclassified compounds (Table 8, Figure 11).

A study has conducted GC-MS profiling of the bioactive constituents of the berries of S.aculeastrum Dunal which involved
only the n-hexane fraction where the authors reported 16 identified bioactive compounds [58]. Our study involved a
comprehensive and exhaustive profiling of the bioactive compounds present in the berries of S. aculeastrum Dunal
through GC-MS analysis of the methanol whole extract, n-hexane, ethyl acetate, DCM and n-butanol fractions which
demonstrated the presence of a plethora of bioactive compounds compared to what have been identified previously.
This has therefore further broadened the knowledge on the bioactive components of berries of the plant that may be
responsible for their diverse pharmacological activities.

Interestingly, the previous study on the GC-MS profiling of the n-hexane fraction yielded 12 compounds belonging to
alkanes/alkenes, 3 compounds belonging to the fatty acids and 1 compound categorized as miscellaneous. However,
our GC-MS profiling of the n-hexane fraction of berries of S. aculeastrum Dunal, yielded 25 bioactive compounds
including 11 bioactive compounds belonging to the terpenes/terpenoids, 1 alkene, 5 fatty acids, | compound classified
as vitamin and 7 unclassified compounds (Table 5, Figure 5). Another important observation is the presence of 4
isomers (compounds with peak numbers 6,7, 8 and 9) of the identified bioactive compounds in the n-hexane fraction
which have same molecular formula (C1sH260) but different structures (Table 5, Figure 5). Also, we realized that the
compound with peak number 7 [(2-(4-ethenyl-4-methyl-3-prop-1-en-2-ylcyclohexyl) propan-2-ol] was not classified
from the PubChem source to the best of our knowledge. However, having found that it is an isomer of compounds with
peak numbers 6, 8 and 9 which are classified as terpenoids, we could therefore infer that the compound with peak
number 7 [2-(4-ethenyl-4-methyl-3-prop-1-en-2-ylcyclohexyl) propan-2-ol] could be a terpenoid as well. The
composition of plant compounds and molecules would also be influenced by its habitat and geographical location which
may explain the difference in our findings compared to the previous study.

These observations on the n-hexane fraction coupled with the diverse bioactive compounds identified in the methanol
whole extract and other fractions represent a monumental improvement on the previous study. Also, apart from the
fact that some compounds are yet to be classified, the molecular weights and formula of two compounds with peak
number 10 [(Cyclohexanol,3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-methylethyl)-, [1R (1. alpha.2. alpha.,3.
beta. 6. alpha.)]-)] and peak number13 [(Cyclohexanol, 3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-methylethyl)-
,[1R-(1. alpha. 2. alpha.,3. beta.,6. alpha.)]-)] were not identified in the n-hexane fractions. A close observation revealed
a striking similarity in these two compounds both in names and structures but with different peak areas and retention
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times. We also observed that few similar compounds were present across some of the extracts. For instance, the
compound, Dehydrovomifoliol (terpenoid) was found in both the DCM and ethyl acetate fractions. Similarly, the
compound, Platambin (terpenoid) was identified in the methanol extract, DCM and n-hexane fractions. Generally,
majority of the GC-MS identified bioactive compounds across all solvent’s extracts are terpenoids, followed by fatty
acids. This may explain most of the activities demonstrated by S. aculeastrum Dunal berries, bearing in mind, the
potentials of these secondary metabolites especially the terpenoids [51].

Furthermore, we noticed the presence of ibuprofen identified in the n-butanol fraction. Ibuprofen belongs to the non-
steroidal anti-inflammatory agents with analgesic, antipyretic, and anti-inflammatory properties, which may therefore
explain its reported anti-nociceptive and anti-inflammatory activities [59]. The identification of 17-alpha-
Methyltestosterone, classified as hormonal antineoplastic agent in the n-butanol fraction may be partly responsible for
the reported anticancer activities of the S. aculeastrum Dunal berries in previous studies [11], [14]. The profiling of the
bioactive compounds in medicinal plants provides more information and better understanding of their demonstrated
pharmacological properties. This study, to the best of our knowledge could represent one of the most exhaustive
screening and profiling of the berries of S. aculeastrum Dunal.

5. Conclusion

Giving the increasing patronage of medicinal plants in management of various ailments across the globe, the need for
screening and identification of their bioactive compounds remains paramount. Our study has further elaborated on the
bioactive compounds present in berries of S. aculeastrum Dunal, to aid robust understanding and study of its
pharmacological activities.

Compliance with ethical standards

Acknowledgments

We express our profound gratitude to Wesley Kanda, the laboratory technologist of Chemistry Department, Center for
Traditional Medicine and Drug Research, Kenya Medical Research Institute (KEMRI), Nairobi, Kenya, for his support
during the conduct of this study. The authors also acknowledge the unwavering support of the Department of
Biomedical Sciences and Technology, School of Public Health and Community Development as well as the School of
Graduate Studies (SGS) of Maseno University, Kenya.

Disclosure of conflict of interest

Authors declare no competing interests.

Statement of ethical approval

Approval was obtained from School of Graduate Studies (SGS), Maseno University. Ethical clearance was obtained from
Maseno University Ethical Review Committee (MUERC) with approval number: MUERC/00898/20. Research permit
was also obtained from the National Commission for Science, Technology and Innovation (NACOSTI), Kenya, with
license number: NACOSTI/P/21/8440.

Funding

This study did not receive external funding.

Authorship Contribution Statement

All authors collaborated in the conduct of this research. GCP, BG, PGM, and JO conceptualized the study. GCP wrote the
protocol and collected the data. GCP, M] and IJLL organized and prepared the results. GCP wrote the first draft of the
manuscript. The final manuscript was read and approved by all authors.

References

[1] J. E. Harrison, S. Weber, R. Jakob, and C. G. Chute, “ICD-11: an international classification of diseases for the
twenty-first century,” BMC Med. Inform. Decis. Mak., vol. 21, Nov. 2021, doi: 10.1186/512911-021-01534-6.

1953



[13]

[14]

[15]

International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

S. Karimi, M. T. Olia, and R. Karimi, “The effects of traditional and complementary medicine on health network
systems,” Avicenna J. Phytomedicine, vol. 5, pp. 144-145, 2015.

WHO Report, “WHO Global report on traditional and complementary medicine 2019,” World Health Organization.
p- Accessed: 18.12.2020, 2019. Accessed: Jan. 10, 2024. [Online]. Available:
https://books.google.com/books?hl=en&Ir=&id=WHOyDwAAQBA]&oi=fnd&pg=PP1&dq=WHO+Report+on+Tr
aditional+Medicine+(2019).+Who+Global+Report+on+Traditional+and+Complementary+Medicine.+Luxembo
urg:+World+Health+0Organization.&ots=h3cot06RhD&sig=-ly78EotK7HdLERgRBy

B. Van Wyk and M. Wink, Medicinal plants of the world. 2018. Accessed: Jan. 22, 2024. [Online]. Available:
https://books.google.com/books?hl=en&Ir=&id=UAitDwAAQBA]&oi=fnd&pg=PA3&dq=Van+Wyk+B-
E,+Wink+M.+Medicinal+Plants+of+the+World.+1st+ed.+Wallingford,+UK:+CABI%3B+2018:362&ots=gqxkZXX
dvv&sig=3sHz-042lwbgz0zetLiVm1Q97xk

A. Prabhakar, ]. M. Kaiser, M. B. Novitch, E. M. Cornett, R. D. Urman, and A. D. Kaye, “The Role of Complementary
and Alternative Medicine Treatments in Fibromyalgia: a Comprehensive Review,” Curr. Rheumatol. Rep., vol. 21,
no. 5, May 2019, doi: 10.1007/S11926-019-0814-0.

P. Singh, R. Shukla, A. Kumar, B. Prakash, S. Singh, and N. K. Dubey, “Effect of Citrus reticulata and Cymbopogon
citratus essential oils on Aspergillus flavus growth and aflatoxin production on Asparagus racemosus,”
Mycopathologia, vol. 170, no. 3, pp. 195-202, 2010, doi: 10.1007/S11046-010-9311-8.

J. M. Nagata, A. R. Jew, ]J. M. Kimeu, C. R. Salmen, E. A. Bukusi, and C. R. Cohen, “Medical pluralism on Mfangano
Island: Use of medicinal plants among persons living with HIV/AIDS in Suba District, Kenya,” J. Ethnopharmacol.,
vol. 135, no. 2, pp. 501-509, 2011, doi: 10.1016/j.jep.2011.03.051.

0. O. Innocent, A. N. Florence, C. K. Mutinda, and N. N. Sospeter, “Phytochemical screening and gas
chromatography-mass spectrometry analysis of Euphorbia ingens organic root extract,” . Med. Plants Res., vol.
17, no. 3, pp. 100-105, 2023, doi: 10.5897 /jmpr2022.7287.

T. Starlin, P. Saravana Prabha, B. K. A. Thayakumar, and V. K. Gopalakrishnan, “Screening and GC-MS profiling of
ethanolic extract of Tylophora pauciflora,” Bioinformation, vol. 15, no. 6, pp. 425-429, 2019, doi:
10.6026/97320630015425.

L. T. Laban et al, “Experimental therapeutic studies of Solanum aculeastrum Dunal. On Leishmania major
infection in BALB/c mice,” Iran. J. Basic Med. Sci., vol. 18, no. 1, pp. 64-71, 2015, Accessed: Jan. 10, 2024. [Online].
Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4366745/

S. Koduruy, D. S. Grierson, and A. ]. Afolayan, “Ethnobotanical information of medicinal plants used for treatment
of cancer in the Eastern Cape Province, South Africa,” Curr. Sci., vol. 92, no. 7, pp. 906-908, 2007, Accessed: Jan.
10, 2024. [Online]. Available:
https://www.jstor.org/stable/240976707casa_token=SkViK]Z2bAAAAAAA:jBfNrT7tt11zqYi5_Zh4kg286WQ4K
bQ9mYO_krNII9LS1KFUqQZcf8Qn_2C_SbrVcuioEV-

1FX _ziTTzctFnaf84WhGER8srEgzwaKuBw3NCZAGW4Lqc2Q

0. M. Aboyade, M. T. Yakubu, D. S. Grierson, and A. ]. Afolayan, “Safety evaluation of aqueous extract of unripe
berries of solanum aculeastrum in male wistar rats,” African J. Pharm. Pharmacol., vol. 4, no. 3, pp. 090-097, 2010,
Accessed: Jan. 10, 2024. [Online]. Available:
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=6898e14b512d9d36e5e2e59022b3b99a4

5e5b266

J. Kokwaro, Medicinal plants of east Africa. 2009. Accessed: Jan. 10, 2024. [Online]. Available:
https://books.google.com/books?hl=en&lr=&id=msyHLY0dhPwC&oi=fnd&pg=PR4&dq=Kokwaro+]O.+Medicin
al+plants+of+East+Africa.+Nairobi:+East+African+Publishing+Bureau%3B+3rd+ed.+2009.&o0ts=XUQi6wDhCn
&sig=LAe53jl1XF149DqVWQked1M;jTllg

D. 0. Ochwang'i, C. N. Kimwele, J. A. Oduma, P. K. Gathumbi, ]. M. Mbaria, and S. G. Kiama, “Medicinal plants used
in treatment and management of cancer in Kakamega County, Kenya,” J. Ethnopharmacol., vol. 151, no. 3, pp.
1040-1055, 2014, doi: 10.1016/j.jep.2013.11.051.

A. A. Elujoba, “Review of the Book ‘African Herbal Pharmacopoeia’ by Brendler, T., Eloff, ]J. N., Gurib-Fakim, A.,
Phillips, L. D. Published by the Association for African Medicinal Plants Standards (2010),” African J. Tradit.
Complement. Altern. Med., vol. 9, no. 3 Suppl, p. 81, 2012, Accessed: Jan. 10, 2024. [Online]. Available:
/pmc/articles/PMC3746613/

1954



[16]

International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

B. Wabwoba et al.,, “Experimental chemotherapy with Allium sativum (Liliaceae) methanolic extract in rodents
infected with Leishmania major and Leishmania donovani,” | Vector Borne Dis, vol. 47, pp. 160-167, 2010,
Accessed: Jan. 10, 2024. [Online].  Available: https://www.researchgate.net/profile /Peter-
Ngure/publication/46220584_Experimental_chemotherapy_with_Allium_sativum_Liliaceae_methanolic_extract
_in_rodents_infected_with_Leishmania_major_and_Leishmania_donovani/links/0912f50d23310afa45000000/
Experimental-chemotherapy-with-Allium-sativum-Liliaceae-methanolic-extract-in-rodents-infected-with-
Leishmania-major-and-Leishmania-donovani.pdf

A. W. Wanyonyi, S. C. Chhabra, G. Mkoji, U. Eilert, and W. M. Njue, “Bioactive steroidal alkaloid glycosides from
Solanum aculeastrum,” Phytochemistry, vol. 59, no. 1, pp. 79-84, 2002, doi: 10.1016/S0031-9422(01)00424-1.

T. Burger, T. Mokoka, G. Fouché, P. Steenkamp, V. Steenkamp, and W. Cordier, “Solamargine, a bioactive steroidal
alkaloid isolated from Solanum aculeastrum induces non-selective cytotoxicity and P-glycoprotein inhibition,”
BMC Complement. Altern. Med., vol. 18, no. 1, May 2018, doi: 10.1186/512906-018-2208-7.

P. G. Mwitari, P. A. Ayeka, ]. Ondicho, E. N. Matu, and C. C. Bii, “Antimicrobial Activity and Probable Mechanisms
of Action of Medicinal Plants of Kenya: Withania somnifera, Warbugia ugandensis, Prunus africana and
Plectrunthus barbatus,” PLoS One, vol. 8, no. 6, 2013, doi: 10.1371/journal.pone.0065619.

A. H. Ringim, M. V. Crespo, and B. A. Khan, “Toxicity study of Warbugia ugandensis used by traditional healers to
treat Herpes zoster in HIV patients using Drosophila melanogaster as a model,” J. Contemp. Pharm., vol. 1, no. 1,
2017, doi: 10.56770/jcp201701.

F. Mtunzi, “Antibacterial Activity of a Triterpene Isolated from Combretum Erythrophyllum Ethyl Acetate
Fraction,” Org. Med. Chem. Int. J., vol. 4, no. 3, pp. 1-6, 2017, doi: 10.19080/0mcij.2017.05.555640.

I. 0. Ademola and J. N. Eloff, “In vitro anthelmintic activity of Combretum molle (R. Br. ex G. Don) (Combretaceae)
against Haemonchus contortus ova and larvae,” Vet. Parasitol, vol. 169, no. 1-2, pp. 198-203, 2010, doi:
10.1016/j.vetpar.2009.12.036.

D. Csupor et al.,, “Anti-inflammatory activities of eleven centaurea species occurring in the carpathian basin,”
Phyther. Res., vol. 27, no. 4, pp. 540-544, 2013, doi: 10.1002 /ptr.4754.

J. R. Shaikh and M. Patil, “Qualitative tests for preliminary phytochemical screening: An overview,” Int. J. Chem.
Stud., vol. 8, no. 2, pp. 603-608, Mar. 2020, doi: 10.22271/CHEMI.2020.V8.121.8834.

T. Bin Emran et al, “Effects of organic extracts and their different fractions of five Bangladeshi plants on in vitro
thrombolysis,” BMC Complement. Altern. Med., vol. 15, no. 1, pp. 1-8, 2015, doi: 10.1186/s12906-015-0643-2.

N. Sahoo, P. Manchikanti, and S. Dey, “Herbal drugs: Standards and regulation,” Fitoterapia, vol. 81, no. 6, pp. 462-
471, Sep. 2010, doi: 10.1016/j.fitote.2010.02.001.

W. H. Organization, WHO traditional medicine strategy: 2014-2023. 2013. Accessed: Jan. 11, 2024. [Online].
Available: https://apps.who.int/iris/bitstream/handle/10665/92455/9786167697581-tha.pdf

A. M. Saadabi and 1. E. Abu Zaid, “An In vitro antimicrobial activity of Moringa oleifera L. seed extracts against
different groups of microorganisms,” Aust. J. Basic Appl. Sci., vol. 5, no. 5, pp. 129-134, 2011, Accessed: Jan. 11,
2024. [Online]. Available: https://www.researchgate.net/profile/Abdulmoneim-
Saadabi/publication/287535960_An_In_vitro_antimicrobial_activity_of Moringa_oleifera_L_seed_extracts_again
st_different_groups_of microorganisms/links/593536b0a6fdcc89e7f48fdf/An-In-vitro-antimicrobial-activ

F. Kama-Kama et al,, “Antimycoplasmal activities of compounds from Solanum aculeastrum and Piliostigma
thonningii against strains from the Mycoplasma mycoides cluster,” Front. Pharmacol., vol. 8, no. DEC, Dec. 2017,
doi: 10.3389/FPHAR.2017.00920/FULL.

J. G. Roddick, “Steroidal glycoalkaloids: Nature and consequences of bioactivity,” Adv. Exp. Med. Biol., vol. 404, pp.
277-297,1996, doi: 10.1007/978-1-4899-1367-8_25.

A. Hameed, S. ljaz, I. S. Mohammad, K. S. Muhammad, N. Akhtar, and H. M. S. Khan, “Aglycone solanidine and
solasodine derivatives: A natural approach towards cancer,” Biomed. Pharmacother., vol. 94, pp. 446-457, Oct.
2017, doi: 10.1016/].BIOPHA.2017.07.147.

A. M. Fewell, ]. G. Roddick, and M. Weissenberg, “Interactions between the glycoalkaloids solasonine and
solamargine in relation to inhibition of fungal growth,” Phytochemistry, vol. 37, no. 4, pp. 1007-1011, Nov. 1994,
doi: 10.1016/S0031-9422(00)89518-7.

1955



[43]

[44]

International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

Longbap, E. Ogah, and A. C. Kendenson, “Phytochemical Screening and Quantitative Determination of
Phytochemicals in Leaf Extracts of Hannoa undulata,” Int. . Med. Plants Nat. Prod., vol. 4, no. 2, pp. 2454-7999,
2018, doi: 10.20431/2454-7999.0402005.

W. Evans, Trease and Evans’ pharmacognosy. 2009. Accessed: Jan. 11, 2024. [Online]. Available:
https://books.google.com/books?hl=en&Ir=&id=17pkTFyY428C&oi=fnd&pg=PT2&dq=Evans+WC.+2009.+Trea
se+and+Evans’+Pharmacognosy:+Sixteenth+Edition,+1-
603.&0ts=2pCx7s5dGh&sig=t3qlwS4vUqK7mXH9v5E794krIEQ

B. Chataing, J. L. Concepciodn, R. Lobatén, and A. Usubillaga, “Inhibition of Trypanosoma cruzi growth in vitro by
Solanum alkaloids: A comparison with ketoconazole,” Planta Med., vol. 64, no. 1, pp. 31-36, 1998, doi: 10.1055/S-
2006-957361.

C.X.Zhou, ]. Y. Liu, W. C. Ye, C. H. Liy, and R. X. Tan, “Neoverataline A and B, two antifungal alkaloids with a novel
carbon skeleton from Veratrum taliense,” Tetrahedron, vol. 59, no. 30, pp. 5743-5747, Jul. 2003, doi:
10.1016/S0040-4020(03)00882-2.

S.Shamim, S. W. Ahmed, and I. Azhar, “Antifungal activity of Allium, Aloe, and Solanum species,” Pharm. Biol., vol.
42, no. 7, pp. 491-498, 2004, doi: 10.1080/13880200490891845.

K.Raju, ... G. A.-B. and, and undefined 2003, “Effect of Dried Fruits of Solanum nigrum LINN against CCl4-Induced
Hepatic Damage in Rats,” jstage.jst.go.jpK Raju, G Anbuganapathi, V Gokulakrishnan, B Rajkapoor, B Jayakar, S
ManianBiological Pharm. Bull. 2003ejstage.jstgo.jp, 2003, Accessed: Jan. 11, 2024. [Online]. Available:
https://www.jstage.jst.go.jp/article/bpb/26/11/26_11_1618/_article/-char/ja/

H. M. Lin, H. C. Tseng, C. ]. Wang, ]. J. Lin, C. W. Lo, and F. P. Chou, “Hepatoprotective effects of Solanum nigrum
Linn extract against CCl4-iduced oxidative damage in rats,” Chem. Biol. Interact., vol. 171, no. 3, pp. 283-293,
2008, doi: 10.1016/j.cbi.2007.08.008.

N. Wannang, J. Anuka, H. Kwanashie, ... S. G.-A. H., and undefined 2008, “Anti-seizure activity of the aqueous leaf
extract of Solanum nigrum linn (solanaceae) in experimental animals,” ajolinfoNN Wannang, JA Anuka, HO
Kwanashie, S Gyang, A AutaAfrican Heal. Sci. 2008eajolinfo, vol. 8, no. 2, 2008, Accessed: Jan. 11, 2024. [Online].
Available: https://www.ajol.info/index.php/ahs/article /view/7053

M. Jainu and C. S. S. Devi, “Antiulcerogenic and ulcer healing effects of Solanum nigrum (L.) on experimental ulcer
models: Possible mechanism for the inhibition of acid formation,” J. Ethnopharmacol, vol. 104, no. 1-2, pp. 156-
163, 2006, doi: 10.1016/j.jep.2005.08.064.

V. Prashanth Kumar, S. Shashidhara, M. M. Kumar, and B. Y. Sridhara, “Cytoprotective role of Solanum nigrum
against gentamicin-induced kidney cell (Vero cells) damage in vitro,” Fitoterapia, vol. 72, no. 5, pp. 481-486,
2001, doi: 10.1016/S0367-326X(01)00266-0.

R. M. Perez G, J. A. Perez L., L. M. Garcia D., and H. Sossa M., “Neuropharmacological activity of Solanum nigrum
fruit,” J. Ethnopharmacol., vol. 62, no. 1, pp. 43-48, 1998, doi: 10.1016/S0378-8741(98)00059-2.

P. Rani, N. K.-P. R. A. International, and undefined 2004, “Antimicrobial evaluation of some medicinal plants for
their anti-enteric potential against multi-drug resistant Salmonella typhi,” Wiley Online Libr. Rani, N
KhullarPhytotherapy Res. An Int. J. Devoted to, 2004 Wiley Online Libr., vol. 18, no. 8, pp. 670-673, Aug. 2004, doi:
10.1002/ptr.1522.

F. Abas, N. H. Lajis, D. A. Israf, S. Khozirah, and Y. U. Kalsom, “Antioxidant and nitric oxide inhibition activities of
selected Malay traditional vegetables,” Food Chem., vol. 95, no. 4, pp. 566-573, 2006, doi:
10.1016/j.foodchem.2005.01.034.

M.M,R.],L.V,L. A, and M. P, “Natural and Synthetic Derivatives of the Steroidal Glycoalkaloids of Solanum Genus
and Biological Activity,” Nat. Prod. Chem. Res., vol. 8, no. 1, pp. 1-14, Feb. 2020, doi: 10.35248/2329-
6836.20.8.371.

W. Bassiouni, T. Daabees, L. Louedec, X. Norel, and A. Senbel, “Evaluation of some prostaglandins modulators on
rat corpus cavernosum in-vitro: Is relaxation negatively affected by COX-inhibitors?,” Biomed. Pharmacother., vol.
111, pp. 1458-1466, 2019, doi: 10.1016/j.biopha.2018.12.097.

C. R. Ferraz et al,, “Therapeutic Potential of Flavonoids in Pain and Inflammation: Mechanisms of Action, Pre-
Clinical and Clinical Data, and Pharmaceutical Development,” Mol. 2020, Vol. 25, Page 762, vol. 25, no. 3, p. 762,
Feb. 2020, doi: 10.3390/MOLECULES25030762.

1956



[58]

[59]

International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

A. Panche, A. Diwan, S. C.-]. of nutritional science, and undefined 2016, “Flavonoids: an overview,”
cambridge.orgAN Panche, AD Diwan, SR Chandrajournal Nutr. Sci. 2016ecambridge.org, vol. 5, pp. 1-15, 2016, doi:
10.1017/jns.2016.41.

A.Smeriglio, D. Barreca, E. Bellocco, and D. Trombetta, “Proanthocyanidins and hydrolysable tannins: occurrence,
dietary intake and pharmacological effects,” Br. J. Pharmacol, vol. 174, no. 11, pp. 1244-1262, 2017, doi:
10.1111/BPH.13630.

A. Gupta and S. R. Chaphalkar, “Terpenoids From Three Medicinal Plants and Their Potential Anti-Inflammatory
and Immunosuppressive Activity On Human Whole Blood and Peripheral Blood,” Asian J. Ethnopharmacol. Med.
Foods, vol. 02, no. 1, pp. 13-17, 2016, Accessed: Jan. 11, 2024. [Online]. Available:
https://www.academia.edu/download/57117102/48.pdf

K. G. Ramawat and ]. M. Mérillon, “Natural Products: Phytochemistry, Botany and Metabolism of Alkaloids,
Phenolics and Terpenes,” Nat. Prod., pp. 1-4242, Jan. 2013, doi: 10.1007/978-3-642-22144-6.

Y. Huy, X. Chen, H. Duan, ... Y. H.-C. B. and, and undefined 2009, “Pulsatilla decoction and its active ingredients
inhibit secretion of NO, ET-1, TNF-«a, and IL-1a in LPS-induced rat intestinal microvascular endothelial cells,”
Wiley Online Libr. Hu, X Chen, H Duan, Y Hu, X MuCell Biochem. Funct. Cell. Biochem. its, 2009+ Wiley Online Libr.,
vol. 27, no. 5, pp. 284-288, 2009, doi: 10.1002/cbf.1570.

J. Zhong, L. Tan, M. Chen, and C. He, “Pharmacological activities and molecular mechanisms of Pulsatilla saponins,”
Chinese Med. (United Kingdom), vol. 17, no. 1, Dec. 2022, doi: 10.1186/5S13020-022-00613-8.

E. D. Jesch and T. P. Carr, “Food ingredients that inhibit cholesterol absorption,” Preventive Nutrition and Food
Science, vol. 22, no. 2. pp. 67-80, 2017. doi: 10.3746/pnf.2017.22.2.67.

T. Pinto et al, “Bioactive (Poly)phenols, Volatile Compounds from Vegetables, Medicinal and Aromatic Plants,”
Foods 2021, Vol. 10, Page 106, vol. 10, no. 1, p. 106, Jan. 2021, doi: 10.3390/FO0ODS10010106.

S. Pratyusha, “Phenolic Compounds in the Plant Development and Defense: An Overview,” in books.google.comS
PratyushaPlant  stress physiology-perspectives in agriculture, 2022ebooks.google.com, 2022. doi:
10.5772/intechopen.102873.

S. Koduru, O. T. Asekun, D. S. Grierson, and A. ]. Afolayan, “Isolation of volatile compounds from solanum
aculeastrum (solanaceae),” J. Essent. Oil-Bearing Plants, vol. 9, no. 1, pp. 65-69, 2006, doi:
10.1080/0972060X.2006.10643472.

0. Aboyade, D. Grierson, A. A.-]. M. P. Res, and undefined 2012, “Anti-nociceptive and anti-inflammatory activities
of the aqueous extract of fresh Solanum aculeastrum Dunal. Berries in male Wistar rats,” Acad. Aboyade, DS
Grierson, A] Afolayan] Med Plants Res, 2012eacademicjournals.org, vol. 6, no. 41, pp. 5400-5405, 2012, doi:
10.5897/JMPR09.277.

Author’s short biography

Gift Crucifix Pender; An academic Scholar in Medical Biotechnology at the Department of
Biomedical Sciences and Technology, Maseno University, Kenya. Also, an academic staff at the
Department of Pharmacology & Toxicology, School of Medicine and Pharmacy, University of
Rwanda. He is a Pharmacologist/Medical Biotechnologist with the passion and drive for knowledge
dissemination. He has interest in Ethnopharmacology, Chemotherapy, Neuropharmacology,
Molecular Pharmacology/Biotechnology and Toxicology.

Bernard Guyah A lecturer at Maseno University, Kenya. My research areas focus on testing new
biomarkers for detecting diseases and evaluating new tools for diagnosis and therapeutic products
for treatment of both communicable and non-communicable diseases

Dr. Peter Mwitari : Chief Research Scientist at the Center for Traditional Medicine and Drug
Research (CTMDR), KEMRI, Nairobi, Kenya, holds a BSc from Kenyatta University (KU), MSc from
University of Nairobi (UON) and a PhD in Pharmacology from Tianjin University of Traditional
Chinese Medicine (TUTCM). He has great interest in Herbal/Medicinal plant research, which
offers a great opportunity to the discovery of health products, for emerging and reemerging
diseases which should be supported and funded by all agencies and people of goodwill.

1957



International Journal of Science and Research Archive, 2024, 11(01), 1933-1958

Inyani John Lino Lagu; An uprising academic Scholar in Molecular Biology and Biotechnology,
Medical Biotechnology option at Pan African University for Basic Sciences, Technology and
Innovation, Nairobi, Kenya. Assistant Lecturer at the University of Juba, Juba, South Sudan. I am
passionate about the molecular biology of cancers, ethnomedicinal study, drug research and
discovery, nano-formulation of drugs, and molecular pharmacology, but not limited to tropical
disease research.

Mercy Jepkorir (CTMDR, KEMRI, NAIROBI, KENYA) Dedicated molecular biologist expert with
over five years of experience in cancer and inflammatory diseases therapeutics development,
specializing in in vitro and in vivo animal models, and drug toxicity studies. Proficient in advanced
analytical and organic chemistry techniques, including HPLC, GC-MS, LC-MS, and drug design.

Prof James H Ombaka; A Professor of Pharmaceutical Sciences, School of Public Health and
Community Development, Maseno University, Kenya. His research areas include Novel
Pharmaceutical Formulations, Slow and Continuous Release Formulations for HIV control, Drug
Carriers in Sustained Release Formulations, Natural Products in Athletic Performance, Coronavirus
mitigation and Pharmacogenomics in Pharmacy practice.

1958



