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Abstract

Solanum anomalum Thonn. ex Schumach. (family Solanaceae), an edible shrub whose fruits and leaves are used medicinally to treat diseases
including diabetes was evaluated for effect on alpha amylase and alpha glucosidase enzymes in vivo. The leaf extract (70-210 mg/kg) and
fractions (hexane, dichloromethane, ethyl acetate, methanol, 140 mg/kg) of S. anomalum were evaluated in vivo for inhibitory effect on alpha
amylase and alpha glucosidase enzymes using starch, sucrose and maltose as substrates. Acarbose was used as reference drug. The leaf
extract especially middle dose (140 mg/kg) and fractions (ethyl acetate and hexane) caused significant (p<0.05) reduction in blood glucose
levels of animals treated with the various substrates used. Ethyl acetate fraction exerted the highest inhibitory effect when starch and maltose
were used as substrates followed by n-hexane and methanol. n-Hexane was the most active fraction followed by ethyl acetate when sucrose
was used as substrate. The results suggest that the leaf extract and fractions of S. anomalum have the potentials to inhibit alpha amylase and

glucosidase in rats.
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INTRODUCTION

Solanum anomalum Thonn. ex Schumach, a plant whose
fruits and leaves are used medicinally and nutritionally
is commonly found growing in West and East Africa
sub-regions. Its parts are utilised locally to treat
diabetes,  gastrointestinal ~ disorders, infections,
inflammation and pains (Burkill, 2000; Bukenya and
Hall, 1988; Offor and Ubengama, 2015). Hypoglycemic
and antidiabetic activities of the fruits and leaves have
been reported (Offor and Ubengama, 2015; Okokon et
al., 2022). Moreso, in vivo and in vitro antiplasmodial
(Okokon et al., 2016; Okokon et al., 2017a), anti-
oedema (Okokon et al., 2017b), antioxidant and
antiulcer (Okokon et al., 2019a), anticonvulsant and
depressant (Okokon et al., 2019b), analgesic (Okokon et
al., 2020) and antidiarrhoeal (Udobang et al., 2022)
properties of the leaf extract have also been reported.
Phytochemical  constituents such as alkaloids,
flavonoids, saponins, tanins, diosgenin, a diosgenin
glycoside (25(R)-diosgenin-3-O-a-L-rhamnopyranosyl-
(1—4)-p-D-glucopyranoside, uracil, 5-methyluracil, 1-
octacosanol, and octacosane have been reported on the
leaves of the plant (Okokon et al., 2016; Okokon et al.,
2022). We report in this study the effect of leaf extract
and fractions of the plant on alpha amylase and alpha
glucosidase of rats.

MATERIALS AND METHODS

Plants collection

Fresh leaves of Solanum anomalum were collected in
compounds in Uruan area, Akwa Ibom State, Nigeria in
August, 2020. The plant was identified and
authenticated by a taxonomist in the Department of
Botany and Ecological Studies, University of Uyo, Uyo,
Nigeria. Hebarium specimen was deposited at
Department of Pharmacognosy and Natural Medicine
Herbarium, University of Uyo (UUH.75a).

Extraction

Fresh leaves of S. anomalum were washed, cut into
smaller pieces and dried under shade for two weeks. The
leaves were further pulverized to powder using electric
grinder. The powdered leaves material was divided into
two parts; one part (1.5 kg) was macerated in 50%
ethanol (7.5 L) for 72 hours at room temperature (28 +2
°C). While the other part, (1.5 kg) was successively and
gradiently macerated for 72 h in each of these solvents
(2 x 5L), n-hexane, dichloromethane, ethyl-acetate and
methanol to give corresponding fractions of these
solvents. These were thereafter filtered and the liquid
filtrates were concentrated and evaporated to dryness in
vacuo 40°C using a rotary evaporator (BuchilLab,
Switzerland). The extract and fractions were stored in a
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refrigerator at -4°C, until used for the proposed
experiments.

Animals

Wistar rats (138-150 g) of either sex were obtained from
the University of Uyo animal house. They were
maintained on standard animal pellets and water ad
libitum. Permission and approval for animal studies
were obtained from the College of Health Sciences
Animal Ethics committee, University of Uyo.

In vivo alpha-amylase and glucosidase inhibition
study

= Alpha-amylase inhibitory study

Fifty Wistar rats were divided into 10 groups of 5 rats
each. The rats in all groups were fasted for 18 hours and
fasting blood glucose concentration was first taken at 0
minute before administration. Based on predetermined
LDso value of 724.56 mg/kg (Okokon et al., 2016), the
animals were treated as follows; group I, which served
as the normal control, received distilled water (10
mL/kg). Group Il rats were orally administered starch at
2 g/kg body weight (orally with distilled water as
vehicle) and distilled water (10 mL/kg) simultaneously.
Rats in group Il were administered starch (2 g/kg) and
the standard drug (acarbose) at 100 mg/kg
simultaneously. Groups IV, V and VI were administered
simultaneously, starch (2 g/kg) and S. anomalum leaf
extract at 70, 140 and 210 mg/kg respectively while
groups VII, VI, IX and X rats were administered starch
(2 g/kg) and fractions (n-hexane, dichloromethane, ethyl
acetate and methanol) at 140 mg/kg respectively. All
administrations were done orally and blood glucose
concentration was monitored at 30, 60, 90, 120 and 180
minutes (Gidado et al., 2019).

= Glucosidase inhibitory study

The procedure as described above was used for this
study but with sucrose and maltose used as substrates
(Gidado et al., 2019).

Blood Glucose Determination
Drops of blood from tip of rats’ tails were dropped on
stripes and glucose concentration was measured using a

glucometer according to manufacturer’s specifications
(Accu-chek, Indiana). The glucometer works with the
following principle; the blood sample is exposed to a
membrane covering the reagent pad (strip), which is
coated with an enzyme (glucose oxidase, glucose
dehydrogenase). The reaction causes a colour change
and the intensity of this change is directly proportional
to the amount of glucose in the blood sample. Light
from a Light Emitting Diode strikes the pad surface and
is reflected to a photodiode, which measures the light
intensity and converts it to electrical signals. An
electrode sensor measures the current produced when
the enzyme converts glucose to gluconic acid. The
resulting current is directly proportional to the amount
of glucose in the sample (WHO, 2011).

Statistical Analysis

Data obtained from this work were analysed statistically
using one —way ANOVA followed by Tukey-Kramer
multiple comparison test using Instat Graphpad
software, (San Diego, USA). Differences between
means were considered significant at 5% and 0.1% level
of significance ie p<0.05 and 0.001.

RESULTS AND DISCUSSSION

In vivo alpha amylase and glucosidase inhibition
assay

Administration of starch (2g/kg) caused varying
percentages of increase in blood glucose concentrations
after 30 minutes. The percentages were starch (63.18%),
extract/fractions treated groups (10.97-32.69%) and
acarbose-treated group (17.97%). These increases were
reduced after 60 minutes with animals treated with the
ethyl acetate fraction (10.53%). These decreases were
significant and sustained for 180 minutes in ethyl
acetate-treated group, followed by middle dose group,
140 mg/kg, (9.22%) and methanol-treated group
(12.15%). However, co-administration of the starch
with acarbose prominently inhibited the rise in the blood
glucose concentrations (Table 1).
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Table 1. Effect of ethanol leaf extract and fractions of Solanum anomalum on blood glucose level of rat after oral administration of starch load.
Treatment Dose Blood Glucose Level mg/dL IN MIN
mg/kg 0 min 30 min 60 min 90 min 120 min 180 min
Control normal - 86.00+11.53 87.66+7.12(1.93) 87.66+7.62(1.93) 73.6616.17 91.0+7.50(5.81) 80.00+6.02
saline
Starch 2000 73.3318.25 119.66+5.45%(63.18)  115.66+1.33? 104.66+2.602 95.66+3.75% (30.45) 92.0+6.35(25.46)
(57.72) (42.72)
Acarbose 100 72.33+£2.69 85.33+12.97(17.97)  80.33+7.21(11.06) 76.33+3.48(5.53) 74.0+1.00(2.30) 72.33+8.68(0)
Crude extract 70 70.12+2.00 89.33+1.45(23.11) 100.33+4.05(42.12)  99.66+2.90(42.12) 89.0+2.08(26.92) 80.0+4.16(14.09)
140 72.33+8.87 89.33+8.68(23.50) 94.66+2.90(30.87) 94.0+0.57(29.95) 84.66+4.41(17.04) 79.0+3.21(9.22)
210 62.33+1.45 74.33+7.83(19.25) 86.0+10.14(37.97) 96.0+2.64(54.01) 83.0+2.08(33.16) 82.20+2.30(31.87)
n -hexane 140 66.66+1.33 90.33+1.85(35.50) 93.0+3.21(39.52) 108.0+3.60(62.01) 97.00+3.00(45.51) 85.66+4.48(28.50)
fraction
Dichloromethane 140 69.33+4.41 92.0+2.51(32.69) 104.3+14.71(34.97)  108.6+12.81(56.64) 107.33+11.78'(54.81)  96.66+7.53(39.42)
fraction
Ethyl acetate 140 82.00+4.04 91.0+3.21(10.97) 91.66+5.60(10.53) 93.33+1.20(13.81) 91.0+2.30(10.97) 81.66+3.75()
fraction
Methanol 140 71.334£1.20 90.00+4.35(26.17) 93.3345.78(30.84) 92.045.19(28.97) 85.33+3.18(19.62) 80.0+4.54(12.15)
fraction

Data is expressed as MEAN + SEM, Significant at p<0.05, °p< 0.01, when compared to control. (n=5). Values in parenthesis are percentage increases in
blood glucose concentrations compared to 0 min in the same group.

Administration of sucrose (2 g/kg) produced a
46.01% increase in blood glucose concentration 30
minutes post-administration of the sucrose in the control
group and 25.95-70.73% increases in blood glucose
concentration of extract/fractions-treated groups. The
blood glucose concentrations were significantly reduced

in hexane-treated group (13.02%) after 60 minutes post-
administration of sucrose. However, n-hexane fraction
had the highest effect (0.84%) throughout the duration
of the study (180 minutes) followed by middle dose, 140
mg/kg, group (6.47%) (Table 2).

Table 2. Effect of ethanol leaf extract and fractions of Solanum anomalum on blood glucose level of rat after oral administration of sucrose load.

Treatment Dose Blood Glucose Level mg/dL IN MIN
mg/kg 0 min 30 min 60 min 90 min 120 min 180 min

Control normal - 100.00+4.25 88.33+1.85 92.33+4.25 90.33+2.33 89.0+4.35 87.33+3.84

saline

Sucrose 2000 92.0+4.04 134.33+2.90°(46.01)  128.6615.452 117.33+4.663(27.53)  97.66+0.66(6.15) 104.16+2.48(13.21)

(39.84)

Acarbose 100 90.33+2.48 86.66+2.90 82.0+6.00 79.33+2.96 71.66+3.75 78.0+3.78

Crude extract 70 70.66+5.92 89.0+7.55°(25.95) 92.33+8.83(30.66) 78.33+9.13(10.85) 76.33+2.18(8.02) 77.66+0.66(9.90)
140 82.33+3.75 117.33+4.80°(42.51)  102.0+2.08(23.89) 88.66+5.45(7.68) 85.66+5.23(4.04) 87.66+1.33(6.47)
210 72.0+2.64 114.66+6.38(59.25) 113.0+11.24(56.94) 91.33+7.68(26.84) 93.22+9.33(29.47)  83.00+2.08(15.27)

n -hexane 140 79.33+1.45 101.0+3.05(27.31) 89.66+1.45(13.02) 86.0+3.05(8.40) 81.66+1.45(2.93) 80.0+1.00(0.84)

fraction

Dichloromethane 140 73.66+7.53 120.33+4.37(55.66) 106.33+£7.35(44.35)  113.66+9.38(54.30)  95.00+5.68'(28.97)  90.33+2.90(22.63)

fraction

Ethyl acetate 140 68.33+3.18 116.66+£11.72(70.73) 117.66+6.88(72.19) 110.33+8.53(61.46)  89.66+2.72(31.21) 86.66+1.85(26.82)

fraction

Methanol 140 79.33+6.06 106.33+7.86(34.03) 96.66+2.66(21.84) 108.0+2.51(36.14) 91.33+3.33(15.12)  96.66+9.52(21.84)

fraction

Data is expressed as MEAN + SEM, Significant at 3p<0.05, °p< 0.01, when compared to control. (n=5). Values in parenthesis are percentage increases in
blood glucose concentrations compared to 0 min in the same group.

There was 60.78%

minutes

increase in blood glucose
maltose

fraction group had blood glucose level of 18.44 and

concentration 30 following
administration in the control group. However, 27.08-
57.80% increases were observed in the extract/fractions-
treated groups. At 60 and 90mins, the ethyl acetate

0.61% respectively. At 180 minutes, n-hexane fraction
and middle dose (140 mg/kg)-treated group had blood
glucose level of 2.02% and 2.52% respectively (Table
3).
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Table 3. Effect of ethanol leaf extract and fractions of Solanum anomalum on blood glucose level of rat after oral administration of maltose load.

Treatment Dose Blood Glucose Level mg/dL IN MIN
mg/kg 0 min 30 min 60 min 90 min 120 min 180 min
Control normal 100.00+4.25 88.33+1.85 92.33+4.25(1.80) 90.33+2.33(3.62) 89.0+4.35(1.55) 87.33+3.84(3.98)
saline
Maltose 2000 82.30+2.14 132.33+1.90°(60.78)  130.22+2.45(58.22)  120.66+3.22%(46.60)  115.0+2.46(39.73) 106.22+4.24(29.06)
Acarbose 100 85.34+1.36 88.22+1.10(3.37) 86.0+2.20%(0.77) 85.33+2.15¢%() 84.26+1.14%() 82.28+2.26%()
Crude extract 70 83.3+1.20 131.45+3.28(57.80) 125.17+4.39°(50.26)  115.33+1.66%(38.45) 104.35+1.12(25.27) 95.42+2.28(14.54)
140 81.28+5.28 128.14+1.98(56.05) 105.23+1.523(29.46)  95.56+3.88(17.56) 90.44+1.86(11.26) 83.33+3.99(2.52)
210 85.24+7.34 125.19+7.22(46.86) 90.50+4.86%6.17) 87.25+8.65°(2.35) 81.45+5.60%() 77.0£5.21° ()
n -hexane 140 80.55+4.89 118.24+5.28(46.79) 104.28+2.37%(29.45)  92.22+3.34%(14.48)  87.28+2.28"(8.35)  82.18+3.28(2.02)
fraction
Dichloromethan 140 83.82+5.49 122.98+4.29°(46.71)  110.37+3.29(31.67)  102.19+2.19(21.91)  98.28+6.18%(17.25)  91.88+1.83(9.61)
e fraction
Ethyl acetate 140 82.3616.54 132.46+7.38(59.61) 97.55+7.445(18.44)  82.87+9.28° (0.61) 81.65+2.27° 74.33+8.44¢
fraction
Methanol 140 90.10+10.16  114.50+12.18(27.08) 108.53+5.68%(20.45)  94.66+8.933(5.06) 82.63+5.68° 73.26+6.79°
fraction

Data is expressed as MEAN + SEM, Significant at p<0.05, °p< 0.01, when compared to control. (n=5). Values in parenthesis are percentage increases in

blood glucose concentrations compared to 0 min in the same group.

Discussion

Various parts of S. anomalum, a medicinal plant, is used
in Ibibio traditional medicine in the treatment of
diseases such as diabetes among others. This work
focused on the evaluation of S. anomalum leaf extract
and fractions for in vivo inhibitory effect on alpha
amylase and alpha glucosidase activities in rats, as well
as isolation and characterization of the active
antidiabetic principles from this plant.

The extract was found to non dose-dependently
inhibit increases in Dblood glucose concentration
following starch administration with the middle dose,
140 mg/kg, and ethyl acetate fraction exerting the most
inhibition. Complete digestion of  dietary
polysaccharides like starch is achieved by the combined
action of alpha-amylases and alpha-glucosidase
enzymes. The alpha-amylase enzyme digests alpha-
bonds of the alpha-linked polysaccharides yielding
disaccharides, like maltose, which are further reduced to
monosaccharides by membrane bound alpha-glucosidase
enzymes (Kalra, 2014; Alongi and Anese, 2018).
Inhibitions of these enzymes delay the digestion of
ingested carbohydrates thereby resulting in a small rise
in blood glucose concentrations following carbohydrate
meals as was observed in this study. As a target for
managing Type 2 diabetes mellitus, many medicinal
plants have been reported to possess alpha-amylase and
alpha-glucosidase inhibitory potential (Esimone et al.,
2001; Ibrahim et al., 2014).

Similarly, the leaf extract and fraction significantly
inhibited blood glucose rise when co-administered with
maltose and sucrose with n-hexane and ethyl acetate
fractions exerting the highest inhibition. Acarbose, the
standard drug used in this study significantly inhibited
blood glucose rise when co-administered with starch,
maltose and sucrose. The results of this study
corroborate that reported on other species of Solanum

such as S. nigrum, S. melongena depressum, S. gilo, S.
melogena, S. melongena L., S. macrocarpon and S.
diphyllum (Hossain et al., 2009; Nwanna et al., 2013;
Dasgupta et al., 2016; Nwanna et al., 2019), which
significant inhibition of alpha —amylase and alpha-
glucosidase activities were observed. Diosgenin present
in this plant is implicated in antidiabetic activities of
plants (Pari et al., 2012; Saravanan et al., 2014).
Diosgenin has been reported to exert its activity through
various mechanisms such as inhibiting alpha-amylase
and alpha-glucosidase (Gosh et al., 2014) to reduce
intestinal glucose absorption, inhibiting the sodium-
glucose cotransporter-1  (SGLT-1) and reducing
intestinal Na*-K*- ATPase activity (Gan et al., 2020).
Also, diosgenin glycosides and other steroidal saponins
commonly present in the Solanum species (Kaunda and
Zhang, 2019) are reported to exert hypoglycaemic
activities (Wang et al.,, 2010; Wang et al., 2012;
Elekofehinti, 2015). Similarly, B-sitosterol present in the
leaf extract and fraction of this plant has been reported
to possess inhibitory potentials on alpha-glucosidase and
alpha-amylase enzymes (Kumar et al., 2013). These
could have contributed to the observed activity of this
study and therefore explains the antidiabetic mechanism
of this extract.

Alpha-amylase and alpha-glucosidase inhibitions by
plants extracts have been reported severally (Shirwaikar
et al, 2005; Ishnava and Metisariya, 2018).
Phytochemicals implicated as anti-diabetic agents, do so
possibly through alpha-amylase and alpha-glucosidase
inhibition. The phytochemicals in question include
flavonoids, saponins, tannins and terpenoids (Ortiz-
Andrade et al., 2007; Ishnava and Metisariya, 2018).
Also, polyphenolic compounds from plants are known to
cause enzymes inhibitions on the biological systems
(Kaita et al., 2018). The phenolic compounds which are
biological oxidants, strong metal ion chelators and
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protein precipitation agents form insoluble complexes
with proteins (Ishnava and Metisariya, 2018). The
presence of the polyphenolic compounds in the leaf
extract and fractions in addition to diosgenin, diosgenin
glycosides and B-sitosterol may suggests that their
inhibitory  potential on alpha-amylase and the
membrane-bound intestinal alpha-glucosidase enzymes.

CONCLUSION

The results of this study suggest that inhibition of alpha-
amylase and alpha-glucosidase enzymes maybe one of
the modes of antidiabetic activity of the leaf extract and
fractions of Solanum anomalum which can be attributed
to the activities of its phytochemical constituents.

Acknowledgements: The authors are grateful to Mr
Nsikan Malachy of Pharmacology and Toxicology
Department, University of Uyo for providing technical
assistance.

Authors’ Contributions: JOE was involved in the
conceptualization, design, execution, supervision,
sourcing of materials, statistical analysis, draft and
review of the manuscript; ICE participated in the
sourcing of material, design, execution, statistical
analysis, drafting and review of manuscript; while JAU
and NOE were involved in the design, execution,
statistical analysis, review and editing of the manuscript.
All authors read and approved the final manuscript.

Competing Interests: The authors declare that there are
no conflicts of interest related to this article.

REFERENCES

Alongi M, Anese M. (2018). Effect of coffee roasting on in vitro
a-glucosidase activity: Inhibition and mechanism of
action. Food Research International (Ottawa, Ont.), 111:
480-487.

Bukenya ZR, Hall JB. (1988). Solanum (Solanaceae) in Ghana.
Bothalia 18: 79-88.

Burkill HM. The useful plants of West Tropical Africa. 2nd
Edition. Volume 5, Families S-Z, Addenda. Royal Botanic
Gardens, Kew, United Kingdom. 2000. 686 pp.

Dasgupta N, Muthukumar SP, Murthy PS (2016). Solanum
nigrum: Natural food against diabetes and its bioactive
compounds. Research Journal of Medicinal Plant 10: 181-
193.

Elekofehinti OO (2015). Saponins: Anti-diabetic principles from
medicinal plants - A review, Pathophysiology 22: 95-103.
Esimone CO, Okonta JM, Ezugwu CO (2001). Blood sugar
lowering effect of Anacardum occidentale leaf extract in
experimental rabbit model. Journal of Natural Remedies 1:
60-63.

Gan Q, Wang J, Hu J, Lou G, Xiong H, Peng C, Zheng S, Huang
Q (2020). The role of diosgenin in diabetes and diabetic

complications. Journal of
Molecular Biology 198: 105575.

Ghosh S, More P, Derle A, Patil AB, Markad P, Asok A,
Kumbhar N, Shaikh ML, Ramanamurthy B, Shinde VS,
Dhavale DD, Chopade BA (2014). Diosgenin from Dioscorea
bulbifera: novel hit for treatment of type Il diabetes mellitus
with inhibitory activity against a-amylase and a-glucosidase.
PLOS One 9: €106039.

Gidado A, Ameh DA, Atawodi SE (2005). Effect of Nauclea
latifolia leaves aqueous extracts on blood glucose levels of
normal and alloxan-induced diabetic rats. African Journal of
Biotechnology 4: 91-93.

Gidado A, Watafua M, Sa’ad RS, Tagi HS, Abdullahi S (2019).
Alpha-amylase, maltase and sucrase inhibitions by aqueous
leaf extracts of Anacardium occidentale (Anacardiacea) and
Piliostigma reticulatum (Caesalpiniaceae) in rats. Tropical
Journal of Natural Product Research 3: 210-215.

Hossain SH, El Ayed M, Ohamed AM, Sheded OM, Oshima H
(2009). Phenolic content, anti-oxidative, anti-a-amylase and
anti-a-glucosidase activities of Solanum diphyllum L.
Bangladesh Journal of Botany 38: 139-143.

Ibrahim MA, Koorbanally NA, Islam S (2014). Antioxidative
activity and inhibition of key enzymes linked to Type 2
diabetes  (o-glucosidase and a-amylase) by Khaya
senegalensis. Acta Pharmaceutica 64: 311-324.

Ishnava KB, Metisariya DM (2018). In vitro study on a-amylase
inhibitory activity of selected ethnobotanical plant extra its
and its herbal formulations. International Journal of
Pharmacognosy & Chinese Medicine 2: 000136.

Kalita D, Holm DG, LaBarbera DV, Petrash JM, Jayanty SS
(2018). Inhibition of a-glucosidase, a-amylase, and aldose
reductase by potato polyphenolic compounds. PLOS One 13:
€0191025.

Kalra S (2014). Alpha Glucosidase Inhibitors. Journal of the
Pakistan Medical Association 64: 474-476.

Kaunda JS, Zhang YJ (2019). The Genus Solanum: An
ethnopharmacological,  phytochemical and  biological
properties review. Natural Products and Bioprospecting 9:
77-137.

Kumar S, Kumar V, Prakash O (2013). Enzymes inhibition and
antidiabetic effect of isolated constituents from Dillenia
indica. BioMed Research International 2013: 382063.

Nwanna EE, lbukun EO, Oboh G (2013). Inhibitory effects of
methanolic extracts of two eggplant species from South-
western Nigeria on starch hydrolysing enzymes linked to
type-2 diabetes. African Journal of. Pharmacy and
Pharmacology 7:1575-1584.

Nwanna EE, Obadaye TS, Shodehinde SA, Ojo RO (2019).
Comparative studies on the effect of free and bound phenolic
extracts from selected eggplant (solanum spp) fruits on
carbohydrate hydrolysis enzymes. FUTA Journal of Research
in Sciences 15: 292-299

Offor SJ, Ubengama EE (2015). Phytochemical and antidiabetic
studies of ethanolic extracts and fractions of the fruits of
Solanum anomalum Thonn. Ex. Schumach. Int J Sci Res Edu
3:4343-4350.

Okokon JE, Davis K, Umoh EE, Amazu LU (2017hb).
Antiinflammatory activity of leaf extract of Solanum
anomalum. Journal of Herbal Medicine 7: 243-249.

Okokon JE, Etuk IC, Thomas P, Drijfhout FP, Claridge TDW, Li
WW  (2022). In vivo antihyperglycaemic  and
antihyperlipidemic activities and chemical constituents of leaf
extract and fractions of Solanum anomalum in alloxan-

Steroid Biochemistry and



132 BIOLOGY, MEDICINE, & NATURAL PRODUCT CHEMISTRY 12 (1), 2023: 127-132

induced diabetic rats. Biomedicine & Pharmacotherapy (In
press).

Okokon JE, Nyong EE, Obot J, Davies K (2019b). Anticonvulsant
and depressant activities of ethanol leaf extract of Solanum
anomalum. Nigerian Journal of Pharmaceutical and Applied
Science Research 8: 73-79.

Okokon JE, Nyong EE, Thomas PS, Udoh AE (2019a).
Antioxidant and antiulcer activities of ethanol leaf extract and
fractions of Solanum anomalum. Discovery Phytomedicine 6:
20-25.

Okokon JE, Okokon PJ, Sahal D (2017). In vitro antiplasmodial
activity of some medicinal plants from Nigeria. International
Journal of Herbal Medicine 5: 102-109.

Okokon JE, Opara KN, Azare B (2016). Antimalarial activity of
Solanum anomalum (Solanaceae). Nigerian Journal of
Pharmaceutical and Applied Science Research 5: 1-6.

Okokon JE, Udoh AE, Nyong EE, Amazu LU (2020). Analgesic
activity ethanol leaf extract of Solanum anomalum. African
Journal of Pharmacology and Therapeutics 9: 22-26.

Ortiz-Andrade RR, Garcia-Jiménez S, Castillo-Espana P,
Ramirez-Aviila G, Villalobos-Molina R, Estrada-Soto S
(2007).  Alpha-glucosidase inhibitory activity of the
methanolic extract from Tournefortia hartwegiana: An anti-
hyperglycemic agent. Journal of Ethnopharmacology 109: 48-
53.

Pari L, Monisha P, Mohamed Jalaludeen A (2012). Beneficial role
of diosgenin on oxidative stress in aorta of streptozotocin

induced diabetic rats. European Journal of Pharmacology
691: 143-150.

Saravanan G, Ponmurugan P, Deepa MA, Senthilkumar B (2014).
Modulatory effects of diosgenin on attenuating the key
enzymes activities of carbohydrate metabolism and glycogen
content in streptozotocin-induced diabetic rats. Canadian
Journal of Diabetes 38: 409-414.

Shirwaikar A, Rajendran K, Punitha ISR (2005). Antidiabetic
activity of alcoholic stem extract of Coscinium fenestratum in
streptozotocin nicotinamide induced Type 2 diabetic rats.
Journal of Ethnopharmacology 93: 369-374

Udobang J, Okokon JE, Ukpong BD, Akpan SJ (2022). Analysis
of ethanol extract of Solanum anomalum leaves for
antidiarhoeal activity. Journal of Current Biomedical
Research 2: 145-157.

Wang T, Choi RC, LiJ, Bi CW, Ran W, Chen X, Dong TT, Bi
K, Tsim KW (2012). Trillin, a steroidal saponin isolated from
the rhizomes of Dioscorea nipponica, exerts protective effects
against hyperlipidemia and oxidative stress. Journal of
Ethnopharmacology 139: 214-220.

Wang T, Choi RC, LiJ, BiCW, Zang L, LiuZ, Dong TT, BiK,
Tsim KW (2010). Antihyperlipidemic effect of protodioscin,
an active ingredient isolated from the rhizomes of Dioscorea
nipponica. Planta Medica 76: 1642-1646.

World Health Organization (2011). Glucose analyser. Core
medical equipment information.
www.who.int/medical_devices/en/index.html.  Accessed 5
June, 2019.



