] Herbmed Pharmacol. 2022; 11(4): 513-521.

http://www.herbmedpharmacol.com doi: 10.34172/jhp.2022.59
‘ ‘ Journal of Herbmed Pharmacology

In vitro a-glucosidase inhibitory activity of medicinal plants
used traditionally for treating diabetes in Vhembe District,
South Africa

Stephen O. Amoo'**"~, Tshenzhemo E. Mudau'* =, Joshua O. Olowoyo*

'Agricultural Research Council - Vegetables, Industrial and Medicinal Plants, Private Bag X293, Pretoria, South Africa

*Department of Botany and Plant Biotechnology, Faculty of Science, University of Johannesburg, P.O. Box 524, Auckland Park 2006, South Africa
*Indigenous Knowledge Systems Centre, Faculty of Natural and Agricultural Sciences, North-West University, Private Bag X2046, Mmabatho 2735,
South Africa

‘Department of Biology and Environmental Sciences, School of Science and Technology, Sefako Makgatho Health Sciences University, P. O. Box 60,
Medunsa, 0204, South Africa

ARTICLEINFO ABSTRACT

Article Type:
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and its inhibition is a target for the management of diabetes mellitus. This study investigated
the in vitro a-glucosidase inhibitory activity of extracts from different parts of 20 selected
medicinal plants and the potential for plant-part substitution and plant species combinations
used by traditional healers to treat diabetes.

Methods: Acetone and petroleum ether extracts from different parts of 20 plant species
traditionally used to treat diabetes were individually evaluated in vitro using an a-glucosidase
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investigated as used traditionally.

Results: Anthocleista grandiflora stem bark acetone, Artabotrys brachypetalus leaf petroleum
ether, and Dichrostachys cinerea root petroleum ether extracts exhibited remarkable
a-glucosidase inhibitory activities with IC_ values of 9, 14, and 12 pg/mL, respectively. The
a-glucosidase inhibitory activities of A. grandiflora, A. brachypetalus, Asparagus virgatus,
Brackenridgea zanguebarica, Maerua edulis, Pterocarpus angolensis, and Tabernaemontana
elegans were documented for the first time, suggesting their antidiabetic potential. The leaf
acetone extracts of Brackenridgea zanguebarica and Terminalia sericea had similar a-glucosidase
inhibitory activities when compared to their stem bark and root, respectively. The combination
of Dichrostachys cinerea leaf with Elephantorrhiza elephantina root, extracted with petroleum
ether, resulted in a synergistic inhibitory effect.

Conclusion: The valorization of these newly documented species holds potential for the
discovery of more effective and perhaps novel antidiabetic remedies or drug principles.

Herbal medicine
Indigenous medicine
Medicinal herbs
Plant extracts

Implication for health policy/practice/research/medical education:

This study demonstrated the potential antidiabetic effects of Anthocleista grandiflora, Artabotrys brachypetalus, Asparagus
virgatus, Brackenridgea zanguebarica, Maerua edulis, Pterocarpus angolensis, and Tabernaemontana elegans extracts, providing
scientific evidence for their use in traditional medicine to treat diabetes.
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Introduction hyperglycemia can develop neuropathy, nephropathy,
Diabetes mellitus is characterized by increased blood and retinopathy (2,3). Globally, 537 million adults (aged
glucose due to pancreatic inability to secret insulin, its 20-79 years) are living with diabetes, with a projection
action deficit, or a combination of both (1). Long-term of this number rising to 643 million adults by 2030
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and 784 million adults (46% increase) by 2045 (4). In
2021, diabetes caused 6.7 million deaths worldwide and
health expenditure of USD 966 billion (4). Recently,
the prevalence of diabetes has increased, especially in
developing countries (5), with 81% of people with diabetes
living in low-income and middle-income countries (4).
While the prediction of global diabetes by 2045 is a 46%
increase, the Africa region is predicted to experience an
alarming 134% increase in cases of diabetes by 2045 (4). In
Africa, South Africa currently has the highest proportion
of adults (aged 20-79 years) living with diabetes; one in
nine adults, as opposed to one in 10 adults globally (4).

Diabetes can affect persons of any age, lessening
the person’s quality of life. Since diabetes can cause
huge personal financial challenges owing to the cost of
medications, it also presents a significant economic burden
for every country and its health systems. According to the
International Diabetes Federation, diabetes economic
burden is due to the long-term support required to
reduce diabetes and its cognitive complications, increased
utilization of health services, and loss of productivity
(6). The diabetes disease burden globally is expected to
increase from USD 966 billion in 2021 to USD 1028 billion
by 2030 (4). A large number of those within the workforce
category suffering from diabetes places huge economic
and social burdens on countries and their national health
systems. In terms of the socioeconomic impact, diabetes
affliction leads to losses in productivity and economic
growth due to lost work days, restricted activities, reduced
work productivity, increased health cost, mortality
burden, and permanent disability resulting from diabetes
(7). Therefore, the need for readily-available, cost-effective
management or solutions to decrease the prevalence
cannot be over-emphasized. Herbal medicines are usually
more accessible and cost-effective than synthetic drugs.
The adverse effects and high cost of synthetic antidiabetic
drugs necessitate the search for new and efficient remedies
to manage diabetes (8).

Medicinal plants have been used for centuries in
traditional medicine worldwide for the treatment and
management of several diseases, including diabetes. To
date, medicinal plants are still used by many who believe
strongly in the efficacy of natural products, irrespective
of the presence of conventional antidiabetic therapies. We
recently documented medicinal plants used by traditional
healers in Vhembe District, Limpopo Province, in South
Africa, for treating diabetes (9). As with many medicinal
plants and their products used traditionally for diabetes
treatment, there is a dearth of information on the scientific
efficacy of these plants to valorize their use in traditional
medicine.

a-Glucosidase, a major enzyme in carbohydrate
digestion, catalyzes the hydrolytic cleavage of a-glucosidic
linkages in oligosaccharides and disaccharides into
monosaccharides, leading to an increased blood glucose
level through intestinal absorption (10). Unlike the

products of a-amylase activity during carbohydrate
metabolism, monosaccharides produced through the
action of a-glucosidase are more quickly absorbed (11).
The inhibition of a-glucosidase remains a therapeutic
target for post-prandial hyperglycaemia modulation
(12). Thus, a-glucosidase inhibition assay is often
used to evaluate in vitro antidiabetic activity. Given
the conservation concerns that beset the use of non-
renewable plant parts in traditional medicine, the use of
renewable plant parts such as the leaves was evaluated
to determine the potential for plant part substitution in
the case of species whose non-renewable parts are mainly
used traditionally for diabetes treatment. In evaluating
the antidiabetic potential of crude extracts from the
selected species, we also evaluated the a-glucosidase
inhibitory activity of plant species combinations used by
the traditional healers (9).

Material and Methods

Chemicals and reagents

a-Glucosidase, p-nitrophenyl-a-D-glucopyranoside
(PNPG), acarbose, potassium dihydrogen phosphate
(KH,PO,), dipotassium hydrogen phosphate (K,HPO,)
and dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich (South Africa). Sodium carbonate,
petroleum ether, and acetone were purchased from
Merck (South Africa). All solvents and chemicals were of
analytical grade.

Plant selection and collection

From a total of 63 medicinal plants mentioned by
traditional healers as remedies for diabetes in four local
municipalities of the Vhembe district in South Africa
(9), 20 medicinal plants (Table 1) were selected based on
the number of citations by the participating traditional
healers and documented research activities on the species.
Plant materials identified by the traditional healers were
authenticated by Prof Milingoni Tshisikhawe and Dr.
Ndivhaleni Masevhe, Department of Botany, University of
Venda, South Africa. The collection of the selected plants
and their voucher specimen preparation and deposition in
the University of Venda herbarium in South Africa were
done as previously described (9).

Preparation of plant extracts

Different parts of each selected plant species were
collected, rinsed in clean water, chopped or fragmented
into small pieces, and oven-dried inside a brown paper
bag at 50°C. Dried plant materials were milled using
Fritsh Pulverisette 14 (Idar-Oberstein, Germany) into
fine powders (1 mm sieve size), transferred into airtight
containers, and properly labelled. The finely ground plant
parts were weighed and extracted using two solvents
of different polarities; acetone and petroleum ether.
Powdered plant materials were extracted in a ratio of 1:10
(w/v), whereby 50 g of plant materials were extracted with
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Table 1. Selected plant species traditionally used for treating diabetes in Vhembe District (South Africa), their voucher numbers, and a-glucosidase inhibitory
activities of extracts from different parts

Voucher a-Glucosidase inhibition (IC_, pg/mL)
Plant species Family Plant part
number Acetone extract PE extract

Root 55 + 22¢ 1109 + 336
Anthocleista grandifiora Gilg. Gentianaceae TEU049 Stem bark 9+1° 239 + 1gbcdef

Leaf 933 + 58 105 + 1630

Root 68 + 23¢ 30+2%®
Artabotrys brachypetalus Benth. Annonaceae TEUO19

Leaf 313 + 16 14 + 22
Asparagus virgatus Baker. Asparagaceae TEU047 Whole plant 917 + 31 67 + 9«

Stem bark 145 + 15%bcde 125 + 4abede
Brackenridgea zanguebarica Oliv. Ochnaceae TEUO037

Leaf 119 + 236 41 + 43¢

Root 115 + 8« 43 £ 13bc
Capparis tomentosa Lam. Capparaceae TEUO50 Stem 85 + 32bcd 508 + 58"

Leaf 1780 + 45¢ 202 + 273bedef

Stem bark 606 + 53¢ 50 + 430
Cassia abbreviata Oliv. Fabaceae TEUO039

Leaf ND 308 + 30¢f

Root 167 + 2¢de 12+0°
Dichrostachys cinerea (L) Wight and Arn. Fabaceae TEUO40

Leaf 587 +32¢ 86 + gabd

Root bark 264 + 13¢f 53 & 42bcd
Elaeodendron transvaalense (Burtt Davy) R.H.Archer. Celastraceae TEUOO3 Stem bark 109 + 32bcd 54 + 3abcd

Leaf 657 + 18" 348 + 28
Elephantorrhiza elephantina (Burch.) Skeels Fabaceae TEUOO1 Root 49 + 10% 110 + 3abede

Root ND 684 + 78"
Heteromorpha arborescens (Spreng.) Cham. and Schltdl.  Apiaceae TEUO30 i i

Leaf 1272 + 60’ 1655 + 123
Hypoxis hemerocallidea Fisch., C.A.Mey. and Ave-Lall Hypoxidaceae TEUO53 Corm ND 139 + Q3bede

Root 62 + 6% 142 + 133bcde
Maerua edulis (Gilg and Gilg-Ben.) DeWolf. Capparaceae TEUO0O4 i

Leaf 849 + 31 257 + 10%f

Stem bark 1230+ 73 18+ 12
Moringa oleifera Lam. Moringaceae TEUO017 )

Leaf ND 1033 + 21

Root bark 24 +2%® 24 + 42
Pterocarpus angolensis DC. Fabaceae TEU022 Stem bark 31 + 7% 244 + 4edet

Leaf 1179+ 57 44 + 43be

Root bark 41 + 1%b¢ 31+£1%®
Sclerocarya birrea (A.Rich.) Hochst. Anacardiaceae  TEUO010 Stem bark 34 + 4% 191 + 2(Qbcdef

Leaf 156 + 12bcde 309 +31¢f

Root 59 + 2% 26 +1°
Securidaca longepedunculata Fresen. Polygalaceae TEU028 )

Leaf 255 +31¢f 1721 £ 59

Root 212 + 10%f 43 £ 1%
Senna petersiana (Bolle) Lock. Fabaceae TEUO014

Leaf 513 +57¢ 567 + 31"

Stem bark 82 + 73bcd 46 + 33
Strychnos henningsii Gilg. Loganiaceae TEUO32

Leaf 1184 +175 ND
Tabernaemontana elegans Stapf. Apocynaceae TEU045 Leaf 99 + 23bcd ND

Root 97 + 3abcd 245 + 23cdef
Terminalia sericea Burch. ex DC. Combretaceae TEUO018

Leaf 39 + 1%c 123 + ]33bcde

In each column, values (mean + standard error of mean) followed by different superscript letters indicate statistically significant (P < 0.05) differences.
PE = Petroleum ether, ND = not determined. IC, = Half maximal inhibitory concentration. Acarbose (positive control) IC, =980 pg/ml.
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500 mL of solvent with sonication (Branson, 5510E-MT,
Lasec, South Africa) for one hour. The mixtures were
filtered using a Buchner Filtration kit (Buchner flask +
filter funnel + filter paper + rubber hose + vacuum pump).
The filtered extracts were condensed in vacuo using a
rotary evaporator (Stuart, RE300DB, Lasec, Johannesburg,
South Africa). The resultant extracts were transferred into
glass vials and air-dried. After drying, the samples were
kept in a refrigerator at 4°C for a-glucosidase inhibition
assay. For combination studies, plant materials were
combined 1:1 (w/w) and extracted as described above.
The selection of the combined plant materials was based
on the ethnobotanical combinations of the plant materials
as practiced by the interviewed traditional healers in the
four local municipalities of the Vhembe district in South
Africa (9).

a-Glucosidase inhibition assay

The a-glucosidase inhibition assay was done according to
the method described by Li et al (13) with modifications
detailed by Mabotja et al (14). In this assay, a-glucosidase
breaks down the substrate pNPG into p-nitrophenol,
which is measured spectrophotometrically using a 96-
well microplate reader (FLUOstar Omega, BMG LabTech,
Ortenberg, Germany) to determine the inhibitory activities
of the samples. Briefly, into each sample well of a 96-well
microplate was pipetted 20 uL of the extract dissolved
in DMSO, 100 pL of potassium phosphate buffer (0.1M,
pH 6.8), and 20 pL of a-glucosidase solution (0.5 unit/
mL). The same volume of DMSO was used to replace the
sample in the case of the negative control. After incubation
of the mixture at 37°C for 5 minutes, 20 uL of the substrate
(5mM pNPG) was added, and the plates were incubated at
37°C for 30 minutes. Sodium carbonate (80 uL, 0.2M) was
added to terminate the reaction. Each determination was
done in triplicates in independent experiments. Acarbose
was used as a positive control. The absorbance was read
at 405 nm, and a-glucosidase inhibitory activity was
calculated using the following equation:

a-Glucosidase inhibitory activity (%) =

A,ys control — A,ssample

x100%
A5 control

where A, . control is the absorbance value of negative
control and A, sample is the absorbance value of the
sample or acarbose. Half maximal inhibitory concentration
(IC,,) determination was done for each sample evaluated
at different concentrations.

Fractional inhibitory concentration index (YFIC) was
calculated using the following equation:

> FIC = (Qj+(ﬂj++(£]
Csl Cs2 Csn

where C1 is the IC, of the combined sample while

Csl, Cs2, and Csn refer to the IC_ of sample 1, sample 2,
up to sample n in the same combination. Following the
classification by van Vuuren and Viljoen (15), XFIC < 0.5
is synergistic, 0.5 < YFIC < 1.0 = additive, Y¥FIC > 1.0 but <
4.0 = indifference, and YFIC > 4.0 = antagonistic.

Data analysis

For the determination of IC,, a non-linear regression
analysis was done using the GraphPad Prism software
(version 4.03). Data were subjected to one-way analysis
of variance followed by Duncan’s multiple range test
as a post-hoc test using SPSS software (version 16.0) in
order to separate mean values where significant (P<0.05)
differences were established. The results were expressed as
mean IC, | values + standard errors of the mean.

Results

a-Glucosidase inhibitory activities of plant extracts

The a-glucosidase inhibitory activities of acetone and
petroleum ether extracts from different parts of the 20
selected medicinal plants are indicated in Table 1. With
the exception of Capparis tomentosa leaf, Heteromorpha
arborescens leaf, Moringa oleifera stem bark, and
Pterocarpus angolensis leaf, as well as Cassia abbreviata
leaf, H. arborescens root, Hypoxis hemerocallidea corm,
and Moringa oleifera leaf, whose IC, values could not
be computed because of low activity at the highest
concentrations tested; all other acetone extracts had lower
IC,, values when compared to acarbose (Table 1). Overall,
Anthocleista grandiflora stem bark acetone extract had the
least IC,| making it the most potent acetone extract. Other
acetone extracts with very low IC,  values (IC,, < 100 g/
mlL) indicating their strong potency include Anthocleista
grandiflora root, Artabotrys brachypetalus root, Capparis
tomentosa stem, Elephantorrhiza elephantina root,
Maerua edulis root, Pterocarpus angolensis root bark and
stem bark, Sclerocarya birrea root bark and stem bark,
Securidaca longepedunculata root, Strychnos henningsii
stem bark, Tabernaemontana elegans leaf, and Terminalia
sericea root and leaf. There were no significant differences
in all acetone extracts with very low IC_; values. Only the
leaf acetone extracts of Brackenridgea zanguebarica and
Terminalia sericea demonstrated lower IC,, values when
compared to their respective other parts (stem bark and
root, respectively).

All the petroleum ether extracts except those
of Anthocleista  grandiflora  root, Heteromorpha
arborescens leaf, Moringa oleifera leaf, and Securidaca
longepedunculata leaf displayed lower IC, values than
that of acarbose. Seventeen petroleum ether extracts
particularly demonstrated potent activity with very low
IC,, values (IC, < 100 pg/mL). These were obtained from
Artabotrys brachypetalus roots and leaves, Asparagus
virgatus whole plants, Brackenridgea zanguebarica leaves,
Capparis tomentosa roots, Cassia abbreviata stem barks,
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Dichrostachys cinerea roots and leaves, Elaeodendron
transvaalense root bark and stem barks, Moringa oleifera
stem barks, Pterocarpus angolensis root barks and leaves,
Sclerocarya birrea root barks, Securidaca longepedunculata
roots, Senna petersiana roots, and Strychnos henningsii
stem barks. In terms of potential plant-part substitution,
the leaves of Anthocleista grandiflora, Artabotrys
brachypetalus,  Brackenridgea  zanguebarica,  and
Terminalia sericea demonstrated potencies that were at
least comparable to their root and/or stem barks.

a-Glucosidase activities of combined plant extracts

Table 2 shows the a-glucosidase inhibitory activities
of acetone extract of different plant combinations. All
the combinations demonstrated stronger activity than
acarbose control. Only two combinations, Brackenridgea
zanguebarica stem bark with Securidaca longepedunculata
root (fractional inhibitory concentration index of 0.6), as
well as Elephantorrhiza elephantina root with Dichrostachys
cinerea leaf (fractional inhibitory concentration index
of 0.9), demonstrated additive a-glucosidase inhibitory
effect with very low IC_  values (Table 2). The other
combinations were either indifferent or antagonistic.
For petroleum ether extracts, all the combinations
exhibited strong potency with very low IC, values
(Table 3). Combining Elephantorrhiza elephantina root
with Dichrostachys cinerea leaf resulted in a synergistic
inhibitory effect (fractional inhibitory concentration
index of 0.3) (Table 3). Similar to the acetone extract, a
combination of Brackenridgea zanguebarica stem bark
with Securidaca longepedunculata root exhibited an

Table 2. a-Glucosidase inhibitory activities of acetone extract combinations

In vitro a-glucosidase inhibition of medicinal plants

additive effect, whereas all other petroleum ether extract
combinations were indifferent (Table 3).

Discussion

a-Glucosidase is an enzyme found in the mucosal brush
lining of the small intestine, and is responsible for the
hydrolysis of disaccharides into monosaccharides, which
are more readily absorbed, resulting in an increased blood
glucose level (16). a-Glucosidase inhibitors slow down the
breakdown of carbohydrates and decrease postprandial
hyperglycemia (17). The inhibition of intestinal
a-glucosidase has been reported in the successful
treatment of patients with diabetes (16). Diabetic patients
in developing countries usually cannot afford or have not
readily access to synthetic drugs for diabetes management.
The undesirable side effects such as lactic acidosis, liver
problems, abdominal discomfort, flatulence, and diarrhea
(18,19) associated with the current drugs also present
another challenge in the management of diabetes. The
use of acarbose and metformin has been associated
with gastrointestinal problems in some patients (19,20).
The presence of such side effects can negatively affect
the compliance of patients with the treatment regimen,
leading to further diabetic complications (21). Hence,
the search for less costly and high potent antidiabetic
drugs, especially of natural origin ones with minimal
or no adverse effects, is important. The World Health
Organization has acknowledged the importance of
alternative and complementary medicines in various
disease prevention and treatment of diseases, especially
for improving the quality of life of people living with

Combination

a-Glucosidase Fractional inhibitory

Plant species Plant part Remarks
number ped P inhibition (IC_, pg/ml)  concentration index
Elephantorrhiza elephantina (Burch.) Skeels
1 170+ 44 3.8 Indifference
Dichrostachys cinerea (L) Wight and Arn.
Brackenridgea zanguebarica Oliv. Stem bark
2 24 +0° 0.6 Additive
Securidaca longepedunculata Fresen.
Anthocleista grandiflora Gilg.
3 152+ 7¢ 3.0 Indifference
Cassia abbreviata Oliv Stem bark
Elephantorrhiza elephantina (Burch.) Skeels
4 Dichrostachys cinerea (L) Wight and Arn. 30+3° 0.9 Additive
Elaeodendron transvaalense (Burtt Davy)
Stem bark
R.H.Archer
Brackenridgea zanguebarica Oliv. Stem bark
5 Securidaca longepedunculata Fresen. Root 46+ 2° 1.5 Indifference
Capparis tomentosa Lam. Root
Anthocleista grandiflora Gilg. Root
6 Cassia abbreviata Oliv. Stem bark 192 +2¢ 7.1 Antagonistic
Securidaca longepedunculata Fresen. Root

Values (mean * standard error of mean) followed by different letters in the a-glucosidase column indicate statistically significant (P < 0.05) differences.
IC,, = Half maximal inhibitory concentration. Acarbose (positive control) IC, = 980 pg/mL.
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Table 3. a-Glucosidase inhibitory activities of petroleum ether extract combinations

Combination Plant species Plant part a-Glucosidase Fractional inhibitory Remarks
number P P inhibition (IC,, pg/mL) concentration index

Elephantorrhiza elephantina (Burch.) Skeels Root

14 + 22 0.3 Synergistic
Dichrostachys cinerea (L) Wight and Arn Leaf
Brackenridgea zanguebarica Oliv. Stem bark

20+2° 0.9 Additive
Securidaca longepedunculata Fresen Root
Moringa oleifera Lam. Leaf

32+1° 1.1 Indifference
Sclerocarya birrea (A.Rich.) Hochst Root bark
Anthocleista grandiflora Gilg. Root

92+1¢ 1.9 Indifference
Cassia abbreviata Oliv. Stem bark
Elephantorrhiza elephantina (Burch.) Skeels Root
Dichrostachys cinerea (L) Wight and Arn. Leaf 30+2° 1.2 Indifference
Elaeodendron transvaalense (Burtt Davy) R.H.Archer  Stem bark
Brackenridgea zanguebarica Oliv. Stem bark
Securidaca longepedunculata Fresen Root 54 + 4¢ 3.8 Indifference
Capparis tomentosa Lam. Root
Moringa oleifera Lam. Leaf
Sclerocarya birrea (A.Rich.) Hochst. Root 34+1° 1.8 Indifference
Cassia abbreviata Oliv. Stem bark
Anthocleista grandiflora Gilg. Root
Cassia abbreviata Oliv. Stem bark 315 1.8 Indifference
Securidaca longepedunculata Fresen Root

Values (mean + standard error of mean) followed by different letters indicate statistically significant (P < 0.05) differences. IC, = Half maximal inhibitory

concentration. Acarbose (positive control) IC_ = 980 pg/mL.

chronic diseases (22). Researchers have thus documented
variation in the a-glucosidase inhibitory activity of
different plant materials and preparations (16,23). In the
current study, 67 extracts obtained from different parts of
the selected species exhibited IC,_ values below that of the
positive control, acarbose, including 32 extracts (with IC,,
values below 100 pg/mL) whose a-glucosidase inhibitory
activities were nine times stronger, based on their IC_|
values, than acarbose activity. This indicates the potential
for discovering potential a-glucosidase inhibitors from
natural products that are more active than acarbose.
Anthocleista grandiflora stem bark acetone, Artabotrys
brachypetalus leaf petroleum ether, and Dichrostachys
cinerea root petroleum ether extracts exhibited remarkable
a-glucosidase inhibitory activities with IC, values of 9, 14,
and 12 pg/mL, respectively. The a-glucosidase activities
of Anthocleista grandiflora, Artabotrys brachypetalus,
Asparagus virgatus, Brackenridgea zanguebarica, Maerua
edulis, Pterocarpus angolensis, and Tabernaemontana
elegans documented for the first time, to the best of our
knowledge, suggest their antidiabetic potential.

In evaluating medicinal plant extracts, the choice of
extraction solvent is a very important consideration as
different solvents extract different compounds based
on their polarity and can influence the pharmacological

activities of the extracts (24,25). Although water is a
common solvent, the use of organic solvents of varying
polarities has become a common modern practice
in order to exploit phytoconstituents with different
solubilities (26). Seventeen petroleum ether extracts
had IC_ values below 100 pg/mL in comparison to 15
acetone extracts that exhibited a similar response. Acetone
extracts of Anthocleista grandiflora root and stem bark
had stronger inhibitory activities than their respective
petroleum ether extracts, whereas the leaf petroleum
ether extract showed stronger activity than its acetone
extract. Unlike acetone, petroleum ether is known to
mainly extract non-polar compounds. In a previous
study (27), baruol, 3-deacetylmongolenin, anthocleistone,
6-ketoanthocleistone, scopoletin, lupenone, and (+)-de-
O-methyllasiodiplodin were isolated from the combined
hexane and dichloromethane extracts of A. grandiflora
stem bark. The antidiabetic activities of lupenone and
scopoletin have been established in vitroand in vivo (28,29).
3-Deacetylmongolenin was isolated from A. grandiflora
leaf dichloromethane extract while lupenone was isolated
from a combined hexane and dichloromethane extract
of its root bark (27). Sweroside was obtained from the
combined ethyl acetate and methanol extract of the root
bark (27).
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A similar or stronger inhibitory activity was shown by
the leaf extract of Amthocleista grandiflora (petroleum
ether extract), Artabotrys brachypetalus (petroleum
ether), Brackenridgea zanguebarica (both acetone and
petroleum ether), and Terminalia sericea (both acetone
and petroleum ether) when compared to their root and/
or stem bark extracts. Their leaves were included to
compare their potencies with other plant parts, mainly
the traditionally used non-renewable parts. Based on
their IC,  values, the leaves of Brackenridgea zanguebarica
and Terminalia sericea can substitute for their stem bark
and root, respectively. The use of leaves can ameliorate
the biodiversity conservation issues associated with the
harvesting and use of underground or stem barks of
medicinal plants. Plant part substitution is a recommended
strategy for the sustainable use of medicinal plants (30,31),
especially for commercialization.

In many instances, medicinal plants are combined in
traditional practice for improved efficacy, among other
reasons. Combining medicinal plants can increase their
therapeutic ability as compared to the single use of plants
(32). In line with their use in traditional medicine (9), the
combination of Brackenridgea zanguebarica stem bark
with Securidaca longepedunculata root demonstrated an
additive a-glucosidase inhibitory effect, irrespective of
the extraction solvent. The combination of Dichrostachys
cinerea leaf with Elephantorrhiza elephantina root
petroleum ether extract resulted in a synergistic
inhibitory effect, whereas the acetone extract of the
same combination exhibited an indifferent effect. This
again indicates the influence of extraction solvent in the
pharmacological screening of medicinal plants. On the
other hand, the inclusion of Elaeodendron transvaalense
stem bark in the acetone extract combination having
Dichrostachys cinerea leaf and Elephantorrhiza elephantina
root resulted in an additive effect. Similarly, the additive
effect shown by the acetone extract combination of
Brackenridgea zanguebarica stem bark with Securidaca
longepedunculata root changed to an indifferent effect
when Capparis tomentosa root was added to the
combination. The improved antidiabetic activity of some
extracts of combined medicinal plant materials supports
the valuable indigenous knowledge on combining plants
for herbal treatment by the traditional healers.

Conclusion
The a-glucosidase inhibitory activities of Anthocleista
grandiflora,  Artabotrys  brachypetalus, — Asparagus

virgatus, Brackenridgea zanguebarica, Maerua edulis,
Pterocarpus angolensis, and Tabernaemontana elegans
were documented for the first time. On the basis of their
IC,, values, the leaves of Brackenridgea zanguebarica
and Terminalia sericea can substitute for their stem bark
and root, respectively, for their sustainable use. The use
of renewable parts such as leaves with proven similar

In vitro a-glucosidase inhibition of medicinal plants

biological potency is a conservation strategy to be further
explored, especially for highly utilized plants in traditional
medicine. Consistent with their combinational use in
traditional medicine, the combination of some plant
species exhibited a synergistic or additive a-glucosidase
inhibitory effect. However, the efficacy and safety of
medicinal plants that showed strong inhibitory activity
need to be evaluated in other mechanism-based
antidiabetic assays for the development of effective herbal
remedies.
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