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ABSTRACT

Background: Cassia abbreviata plant extracts are
used traditionally to treat various ailments including
diabetes mellitus. However, very few animal studies
have been conducted to investigate potential
hypoglycaemic effects locally. We examined
phytochemicals, median lethal dose and effects of
Cassia abbreviata extracts and fractions on oral
glucose tolerance in non-diabetic male Wistar rats.

Methods: Qualitative and Lorke's methods were
used to screen for phytochemicals and acute toxicity
testing. Rats weighing 160 - 250 g were divided into
4 groups of 3 rats (phase one) and 4 groups of 1 rat
(phase two) each for acute toxicity. Main
experiments comprised 8 groups (extracts) and 7
groups (fractions) of 6 rats per group. Doses of 762
mgkg-1, 381 mgkg-1, and 190 mgkg-1 for extracts,
381 mgkg-1 for the fractions, 10 mgkg-1 for
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sitagliptin and 10 mL.kg-1 of vehicle were
administered. Thereafter, blood glucose levels were
assessed using Accu-Chek glucometer.

Results: Leaf methanolic extract and ethyl acetate
fraction contained more phytochemicals. Acute
toxicity test revealed no mortality in all the groups
except for leaf ethanolic and methanolic crude
extracts in phase two at dose 5000 mg.kg-1. Root
bark ethanolic extract 381 mg.kg-1
significant hypoglycaemic effect at 60 min and 180
min while 381 mg.kg-1 n-hexane fraction showed
significant hypoglycaemic effect only at 180 min.
Sitagliptin 10 mg.kg-1 minimally reduced the blood
glucose levels at 60 min.

showed

Conclusion: More phytochemicals were observed
in leaf methanolic extract and ethyl acetate fraction.
Both extracts and fractions were considered
practically non-toxic following acute toxicity
testing. Root bark ethanolic extract and n-hexane
fraction revealed better hypoglycaemic effects.
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Hypoglycaemic bioactivity observed may be due to
various mechanisms.

INTRODUCTION

Diabetes mellitus (DM) is a multifactorial disease
sharing its origin and aggravations from food habits,
microbial infections, environment and family
genetics'. The collective agreement on management
of DM is glycaemic control to prevent
complications’. Although, there are numerous
chemical agents available to treat DM, these
treatments have adverse effects, and not always
satisfactory in maintaining euglycaemia’. Sixty
percent of the world's population relies on herbal
medicine to treat their ailments’. Globally, there are
over 1000 plant species used for treatment of type 2
DM’. Cassia abbreviata (C. abbreviata) Oliv. also
known in English and Bemba as “Sjambok or long
pod cassia” and “munsoka-nsoka” respectively
belongs to a family of trees called Fabaceae" . C.
abbreviata grows easily and fast from seedlings and
wildings, and withstands drought in winter. It is
distributed in drier tropical countries of West Africa,
East Africa and Southern Africa, often found in the
thickets, deciduous woodland and savannah belts of
these regions’. The plant is widespread and native to
Zambia™,

C. abbreviata flowers, leaves, pods, stems, and
roots are used traditionally to treat various ailments
including DM. In East Africa, it is used for fever,
malaria, stomach troubles, uterine complaints,
gonorrhea, syphilis, pneumonia and as purgative.’
The plant is a dysentery and diarrhoea remedy’ and
DM" in South Africa. In Malawi, it is used for
snakebites and as charm'. In Zimbabwe, the
infusion or decoction of the dried bark and roots is
mainly used for abdominal pains, stomach-aches,
blood pressure, constipation, diarrhoea, bloat,
toothache, pneumonia and gonorrhea, laxative and
as aphrodisiac for men®. The infusion of bark is
taken by Bembas in Zambia to treat fever and
venereal diseases. Valley Tongas in Zambia drink
infusion of chopped roots to treat barrenness in

women. Furthermore, Lamba, Lenje, Lilima and
Swaka of Zambia use the warmed up infusion of the

root for toothache by holding it in the mouth’,

A number of phytochemicals are found in different
parts of C. abbreviata, namely alkaloids,
glycosides, flavonoids, saponins, anthraquinones,
phenolics, sterols, tannins, terpenoids and
terpens””"”. A wide range of these phytochemicals
in the plant species have demonstrated
hypoglycaemic bioactivity effected via different
mechanisms'*. Despite their use, only limited data
are available regarding safety and efficacy of most
individual phytochemicals in preventing or treating
chronic ailments such as DM". The median lethal
dose (LD,,) is one way to measure the short-term
toxicity potential of phytochemicals™. Establishing
toxicity potential of plants taken already or before
being taken improves safety. LD, is usually the first
test conducted for every chemical before further
toxicity tests are carried out’. While animal studies
have revealed C. abbreviata hypoglycaemic effects
especially outside Zambia"™, very few studies have
been conducted to investigate this potential locally.
Therefore, we examined phytochemicals, LD,,, and
effects of C. abbreviata crude extracts and fractions
on oral glucose tolerance in non-diabetic male
Wistarrats.

MATERIALSAND METHODS
Plant material

The leaves and root and stem barks of C. abbreviata
were collected in July 2020 and August 2022 from
the bushes of Kamaila Village at 15°05'02.1"S,
28°17'59.9"E in Chisamba District, Zambia. The
plants were growing at an altitude of approximately
1,228 m above sea level. The plant species was
identified, authenticated and voucher specimen
deposited at the Herbarium section in the
Department of Biological Sciences (DOBS), School
of Natural Sciences (SNS), University of Zambia
(UNZA) with accession number UZL 22418.

Preparation of plant extracts and fractions
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The collected fresh and healthy leaves and barks
were first carefully washed with tap water to remove
debris, rinsed completely with distilled water to
remove surface contaminants, and then air-dried in
shade for three and six weeks respectively. The plant
parts were pulverised and weighed using Sinbo
grinder blender-GS-PBJ-01 and Nimbus®
analytical balance correspondingly to yield 1.13 kg
(leaf), 1.22 kg (root), and 1.31 kg (stem) of powder
material. The measured powder of leaves and barks
were macerated using magnetic stir in ethanol and
methanol (50 g/250 mL) and extracted twice on each
occasion at 18 - 25°C room temperature for 24 - 48
hours to obtain an infusion. The supernatant was
decanted, filtered with Ahlstrom filter paper grade 1
to obtain a filtrate. The infusion was concentrated to
dryness under reduced pressure at 40°C using
Biichi® Rotavapor® RII evaporator. This yielded
22.4 g leaf ethanolic crude extract (LECE), 9.02 g
root bark ethanolic crude extract (RBECE), 13.44 g
stem bark ethanolic crude extract (SBECE), 26 g
leaf methanolic crude extract (LMCE), 17.62 g root
bark methanolic crude extract (RBMCE), and 18.8 g
stem bark methanolic crude extract (SBMCE) from
100 g of each plant part.

To obtain the fractions, the clinically significant
extract of LECE upon administration to animals,
was partitioned using liquid-liquid extraction
method”'. The fractions were dried using anhydrous
sodium sulphate and evaporated as already
explained to yield 1.38 g petroleum ether (PEF), 1.9
g n-Hexane (n-HF), 4.74 g chloroform (CF), 4.64 g
ethyl acetate (EAF), 6.02 g n-Butanol (n-BF) and
5.74 g aqueous (AF) masses. Both crude extracts
and fractions were stored in air and water proof
containers in a refrigerator at 4°C until required for
further analysis.

Phytochemical screening of crude extracts and
fractions

The determination of the presence of tannins,
polyphenols, saponnins, sterols, flavonoids,
Alakaloids, cardiac glycosides, reducing sugars,
total carbohydrates, amino acids, protein, and
terpenoids was achieved by qualitative methods™ ™.

Chemicals

The 50% dextrose and sitagliptin phosphate tablets
were purchased from Link Pharmacy, Lusaka,
Zambia. Dimethyl Sulfoxide 99.7%, Chloroform
99.0%, Petroleum Ether 40-60°C, Ethyl Acetate
99.5%, Methanol 99.8%, n-Hexane 95.0%, Ethanol
99.7% and n-Butanol were purchased from Kansma
Investments Ltd and Chemsol Scientific, Lusaka,
Zambia. All the chemicals were of Analytical
Research grade.

Experimental animals

The experiments were conducted on health adult
male Wistar albino rats, aged eight to twelve weeks
and weighing 160 - 250 g. They were obtained from
DOBS, SNS, UNZA. The animals were housed in
colony cages of 6 rats per cage at ambient
temperature and humidity of 25 = 2°C and 55 £ 10%
respectively. They were housed in a standard 12 h
light and 12 h dark cycle environment and fed fresh
NAMFEED™ standard pellets (National Milling
Corp. Ltd., Lusaka, Zambia) and water ad libitum.
The rats were allowed to acclimatize to the
laboratory environment for seven days before
commencement of the experiments™. All procedures
satisfied ethical standards of the Institution Animal
Care and Use Committee of the UNZA Biomedical
Research Ethics Committee and National Health
Research Authority, Ref. No. 1396-2020 and Ref
No: NHRA00005/15/03/2021 respectively.

Experimental design

Acute toxicity study of crude extracts and fractions

The Lorke's” arithmetic method was used to
determine LD,, and safety of extracts and fractions.
The Organisation for Economic Co-operation and
Development (OECD) 423” guide together with
Hodge and Sterner” toxicity scale were used to
determine toxicity. Animals were fasted overnight
for 14— 16 hours and then randomly allocated to four
groups for phase one and two with 12 and 4 rats in
each phase respectively. Single oral doses of 10, 100
to 1000 mg.kg-1 (first phase) and 1600, 2900 to 5000
mg.kg-1 (second phase) of extracts and fractions
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were administered to animals using 16 g round ball
tip curved stainless steel gavage needle. Animals
were allowed access to feed and water ad libitum.
The animals were monitored closely every 30
minutes for the first 3 hours after administration of
the extracts and fractions, then hourly for the next 6
hours for any changes in behavioural, neurological
and autonomic profiles, and after 24 and 72 hours to
identify lethality. Thus, higher, moderate, and lower
doses of 762 mg.kg-1,381 mg.kg-1, and 190 mg.kg-
1 corresponding to 1/5", 1/10" and 1/20" of
calculated Ld,,”” of 3807.8 mg.kg-1 were
extrapolated and administered to the animals.

Determination of hypoglycaemic effects of crude
extracts and fractions

Oral glucose tolerance test (OGTT) was used to
determine hypoglycaemic effects of crude extracts
and fractions. Animals were divided into 21 groups
and 9 groups (n = 6) for the crude extracts and
fractions correspondingly and fasted overnight for
14 — 16 hours. The following day animals were
either administered 10 mL.kg-1 of 0.5-1% dimethyl
sulfoxide (DMSO) as vehicle, 10 mg.kg-1
sitagliptin as standard drug or 190, 381, and 762
mg.kg-1 leaf and root and stem barks of extracts. A
dose of 381 mgkg-1 of each fraction was
administered basing on clinically significant dose of

LECE. The extracts and fractions were dissolved in
0.5-1% DMSO. Two gkg-1 of glucose was
administered 30 min after feeding the extracts and
fractions to animals. Blood was withdrawn from tail
vein at baseline, 30 min, 60 min, 120 min, and 180
min of glucose administration. Fasting blood
glucose levels (BGLs) were assessed using Accu-
Chek glucometer (Roche Diagnostics GmbH,
Mannheim, Germany).

Statistical analysis

One-way analysis of variance (ANOVA) followed
by Dunnett's post hoc multiple comparison test was
performed. Shapiro-Wilk test and Levene's F-test
were used to test for normality and homogeneity of
variance respectively. All tests were performed
considering significance level at 5%. The results are
expressed as mean =+ standard error of the mean.
Statistical analysis was performed using IBM SPSS
statistics Version 24.0.

Results

Phytochemical screening of Cassia abbreviata
crude extracts and fractions

The results of the phytochemical screening of the C.
abbreviata leaf and root and stem bark extracts and
leaf fractions have been depicted in tables 1 and 2
respectively.

Table 1: Phytochemical screening of Cassia abbreviata crude extracts
Phytochemical Ethanol Methanol

Leaf | Root Stem bark | Leaf Root Stem

bark bark bark

Saponins - + ++ +++ ++ ++
Phenols + ++ ++ +++ ++ ++
Reducing sugars ++ ++ ++ ++ ++ ++
Amino acids - - - - - -
Flavanoids ++ ++ + ++ ++ ++
Total carbohydrates + ++ ++ + +t ++
Proteins - - + - - -
Cardiac glycosides + ++ ++ + ++ T+
Sterols + ++ ++ ++ ++ ++
Terpenoids + ++ ++ ++ ++ ++
Alkaloids ++ - + o+ _ _
Tannins ++ - - Tt _ -
Anthroquinones - - - + _ N

Key: +++ High concentration, ++ Moderate concentration, + Low concentration, ( - ) Aabsent
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Table 1 shows that the leaf methanolic crude extract
contained more phytochemicals followed by the
root bark ethanolic extract while the leaf ethanolic
crude extract contained less phytochemicals
followed by the stem bark ethanolic and root and
stem bark methanolic crude extracts.

Table 2 shows that ethyl acetate fraction contained
more phytochemicals followed by aqueous and n-

butanol fractions while n-hexane contained less
phytochemicals followed by chloroform and
petroleum ether.

Acute toxicity study of crude extracts and fractions
The results of the acute toxicity studies of the C.
abbreviata crude extracts and fractions are shown in
tables 3 and 4 respectively.

Table 2: Phytochemical screening of Cassia abbreviata ethanolic fractions
Phytochemical Fraction

Aqueous | n- Ethyl Chloroform | n- Petroleum

Butanol | acetate Hexane | ether

Saponins ++ + + - - -
Phenols ++ - ++ - - -
Reducing sugars | + - ++ - - -
Amino acids - + - - - -
Flavanoids + + + - - -
Total ++ + ++ - - -
carbohydrates
Proteins - - - - - -
Cardiac + + ++ + - ++
glycosides
Sterols - - ++ + - -
Terpenoids ++ + ++ + + ++
Alkaloids - - - - - -

Key: +++ High concentration,

++ Moderate concentration, + Low concentration, ( - ) Absent

Table 3: Mortality recorded during oral median lethal d ose determination for Cassia
abbreviata crude extracts

Ethanol Methanol
Dose (mg.kg-1 body | Leaf Root Stem Leaf | Root Stem
weight) bark bark bark bark
*Phase one
10 0/3 0/3 0/3 0/3 0/3 0/3
100 0/3 0/3 0/3 0/3 0/3 0/3
1000 0/3 0/3 0/3 0/3 0/3 0/3
Control 0/3 0/3 0/3 0/3 0/3 0/3
**Phase two
1600 0/1 0/1 0/1 0/1 0/1 0/1
2900 0/1 0/1 0/1 0/1 0/1 0/1
5000 1/1 0/1 0/1 1/1 0/1 0/1
Control 0/1 0/1 0/1 0/1 0/1 0/1

Key: *(0/3) 0 = number of death, 3 = number of rats used for the test. **(0/1) or (1/1) O or 1=
number of death, 1 = number of rats used for the test.
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Table 4: Mortality recorded during oral median lethal dose determination for the Cassia

abbreviata ethanolic fractions

Dose ( mg.kg- 1 body aqueous | n- Ethyl | Chloroform | n- Petroleum
weight) Butanol | acetate Hexane | ether
*Phase one

10 0/3 0/3 0/3 0/3 0/3 0/3
100 0/3 0/3 0/3 0/3 0/3 0/3
1000 0/3 0/3 0/3 0/3 0/3 0/3
Control 0/3 0/3 0/3 0/3 0/3 0/3
**Phase two

1600 0/1 0/1 0/1 0/1 0/1 0/1
2900 0/1 0/1 0/1 0/1 0/1 0/1
5000 0/1 0/1 0/1 0/1 0/1 0/1
Control 0/1 0/1 0/1 0/1 0/1 0/1

Key: *(0/3) 0 = number of death, 3 = number of rats used for the test . **(0/1) 0 = number of

death, 1 = number of rats used for the test .

Tables 3 and 4 shows that, no mortality was
recorded in all the experimental groups in 24
hours, after 72 hours and up to two weeks of
follow up after oral administration of crude
extracts and fractions except for ethanolic and
methanolic crude leaf extracts in phase two at
dose 5000 mg.kg-1.

Effects of Cassia abbreviata crude extracts and
fractions on oral glucose tolerance in non-
diabetic male Wistar rats

The effects of oral administration of C.
abbreviata crude extracts and fractions on oral
glucose tolerance in non-diabetic male Wistar
rats are shown in tables 5 and 6
correspondingly.
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Table 5: Effects of Cassia abbreviata leaf and root and stem bark ethanolic and methanolic
crude extracts on oral glucose tolerance in non-diabetic male Wistar rats
Group Blood glucose level (mmol/L)

0 Min 30 Min 60 Min 120 Min 180 Min
Negative control | 3.82+0.15 3.82+0.16 3.85+0.16 3.72+0.12 3.77+0.12
(10 mL.kg-1) (Ref) (Ref) (Ref) (Ref) (Ref)
Positive control 3.45£0.30 (P | 7.15£0.63 (P | 5.25+0.24 (P | 5.07+0.24* (P | 4.92+0.26" (P
(10 mL.kg-1) =.96) <.001) =.009) =.048) =.008)
Sitagliptin (10 3.58+0.14 (P | 5.37£0.19° (P | 5.17+£0.39* (P | 5.03+0.53 (P | 4.55+0.21 (P
mg.kg-1) =1.00) =.003) =.02) =.06) =.17)
RBECE (190 3.73+0.18 (P | 5.43+0.12° (P | 5.25+0.09° (P | 4.98+0.26 (P | 4.63+0.13 (P
mg.kg-1) =1.00) =.002) =.009) =.08) =.09)
RBECE (381 3.30+0.17 (P | 5.43+0.38" (P | 5.25+0.14° (P | 4.95+0.22 (P | 4.75+0.31° (P
mg.kg-1) =.66) =.002) =.001) =.09) =.04)
RBECE (762 3.7340.182 | 5.50+0.13° (P | 5.35+0.06° (P | 5.33+0.25° (P | 4.85+0.16a
mg.kg-1) (P=1.00) =.001) =.004) =.009) (P=.02)
RBMCE (190 5.08+0.31° (P | 6.78+0.18° (P | 5.88+0.42° (P | 5.35+0.55° (P | 5.40+0.38° (P
mg.kg-1) =.002) <.001) <.001) =.008) <.001)
RBMCE (381 427+0.22 (P | 6.3340.36° (P | 6.23+0.38° (P | 5.33+0.39° (P | 5.42+0.34° (P
mg.kg-1) =.83) <.001) <.001) =.009) <.001)
RBMCE (762 3.87+0.34 (P | 5.20£0.21% (P | 6.15+0.35° (P | 6.42+0.15° (P | 4.95+0.21° (P
mg.kg-1) =1.00) =.0D) <.001) <.001) =.006)
LECE (190 3.20+0.14 (P | 6.07+0.31° (P | 4.45+£0.36 (P | 4.07+0.43 (P | 4.17+0.17 (P
mg.kg-1) = .44) <.001) =.76) =.99) =.92)
LECE (381 2.87+0.17* (P | 5.25+0.18" (P | 4.90+0.28 (P | 4.18+0.40 (P | 4.03+0.18 (P
mg.kg-1) =.045) =.009) =.11) =.98) =.99)
LECE (762 3.92+0.14 (P | 6.72£0.45° (P | 5.77+0.02° (P | 5.15+0.17* (P | 5.00+0.17° (P
mg.kg-1) =1.00) <.001) <.001) =.03) =.003)
LMCE (190 4.05+0.19 (P | 6.47£0.09° (P | 5.40+£0.14° (P | 5.22+0.13% (P | 4.88+0.11° (P
mg.kg-1) =1.00) <.001) =.003) =.02) =.01)
LMCE (381 3.70+0.12 (P | 6.20+0.23° (P | 4.35+£0.35 (P | 4.65+0.24 (P | 4.52+0.15 (P
mg.kg-1) =1.00) <.001) =.92) =.36) =.21)
LMCE (762 420+0.23 (P | 6.48+0.27° (P | 5.80+0.30° (P | 4.28+0.07 (P | 4.83+0.09° (P
mg.kg-1) =.94) <.001) <.001) =.92) =.02)
SBECE (190 4.42+0.19 (P | 6.95+0.33° (P | 6.97+0.32° (P | 5.60+0.18° (P | 5.53+0.19° (P
mg.kg-1) = 47) <.001) <.001) =.001) <.001)
SBECE (381 3.47+£0.31 (P | 5.77£0.17° (P | 6.65+0.28° (P | 6.05+0.46° (P | 5.42+0.30° (P
mg.kg-1) =.97) <.001) <.001) <.001) <.001)
SBECE (762 3.62+0.270 4.30+0.103 5.87+0.148 | 5.47+0.375° | 4.44+0.156
mg.kg-1) (P=1.00) (P=.94) (P<.001) (P =.003) (P=.34)
SBMCE (190 3.93+0.203 6.45£0.367° | 5.18+0.380% | 4.92+0.427 4.78+0.363"
mg.kg-1) (P =1.00) (P <.001) (P=.02) (P=.11) (P=.03)
SBMCE (381 4.234£0.255 7.0840.239¢ | 6.52+0.250° | 5.80+0.177¢ | 5.42+0.114°
mg.kg-1) (P=.89) (P <.001) (P <.001) (P<.001) (P<.001)
SBMCE (762 4.75+0.402* | 6.40+0.266° | 5.88+0.283° | 5.82+0.316° | 5.47+0.259°
mg.kg-1) (P =.05) (P <.001) (P <.001) (P <.001) (P<.001)

The values are expressed as mean = SEM (n=6). P value: ‘< .05, °<,01, °<.001 as compared with negative control
group using one-way between groups ANOVA followed by Dunnett's post hoc multiple comparison test.
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Table 5 shows that 381 mg.kg-1 RBECE revealed
significant hypoglycaemic effect at 60 min (P =
.001) and 180 min (P =.04) followed by 190 mg.kg-
1 SBMCE and 762 mg.kg-1 LMCE which showed
significant hypoglycaemic effect at 60 min (P = .02
and P < .001) and 180 min (P = .03 and P = .02)
respectively. 10 mg.kg-1 sitagliptin only showed
significant hypoglycaemic effect at 60 min (P=.02).
However, 190 mg.k-1 SBECE showed Ileast
significant hypoglyacemic effects at 120 min (P =
.001) and 180 min (P < .001) followed by 762
mg.kg-1 SBMCE at 60 min (P <.001), 120 min (P <

.001) and 180 min (P <.001), 381 mg.kg-1 SBMCE
at 60 min (P <.001), 120 min (P <.001) and 180 min
(P <.001), 381 mg.kg-1 RBMCE at 60 min (P <
.001), 120 min (P =.001), and 180 min (P <.001),
and 381 mg.kg-1 SBECE at 120 min (P <.001) and
180 min (P<.001).

Table 6 shows that n-HF 381 mg.kg-1 revealed
significant hypoglycaemic effect only at 180
min (P = .05) followed by AF 381 mg.kg-1
which showed significant hypoglycaemic
effects only at 120 min (P=.03).

Table 6: Effects of Cassia abbreviata ethanolic leaf fractions on oral glucose tolerance in
non-diabetic male Wistar rats
Group Blood glucose level (mmol/L)
0 Min 30 Min 60 Min 120 Min 180 Min
NC (10 3.82+0.160 3.85+0.157 3.72+0.117 | 3.77+£0.115 3.78+0.126
mL.kg-1) (Ref) (Ref) (Ref) | (Ref) (Ref)
PC (10 3.45+0.299 7.15£0.625° | 5.25+0.240 ( 5.07+0.240 4.92+0.263
mL.kg-1) (P=.93) (P <.001) P=.19) (P=.17) (P=.07)
Sit(1 0 3.58+0.142 | 5.37+0.186 (P | 5.17+0.399 (P 5.03+0.534 4.55+0.214
mg.kg-1) (P=.99) =.06) =.24) (P=.19) (P=.36)
PEF (381 3.67+£0.263 | 4.30+0.188 (P | 5.22+0.234 (P 4.17+0.388 4.09+0.301
mg.kg-1) (P=1.00) =.96) =.21) (P=.98) (P =.98)
n-HF (381 4.14+0.061 | 5.15+0.099 (P 6.09+0.185" 5.29+0.151 4.97+0.048*
mg.kg-1) (P =.96) =.14) (P=.01) (P=.08) (P =.05)
CF (381 3.58+0.549 | 5.63+0.52% (P 5.98+1.192° 4.74+0.802 4.51+0.592
mg.kg-1) (P=.99) =.02) (P=.02) (P = .444) (P=.42)
EAF (381 3.08+0.315 | 4.65+0.691 (P | 4.03+£0.485 (P 3.52+0.486 3.54+0.419
mg.kg-1) (P =.36) =.61) =.99) (P=.99) (P=.99)
n-BF (381 3.10+0.372 | 4.26+0.365 (P | 4.45+£0.540 (P 4.11£0.351 3.92+0.266
mg.kg-1) (P =.38) =.97) = .88) (P=.99) (P =1.00)
AF (381 4.38+0.095 5.45+0.198" 6.38+0.159° | 5.54+0.157° 4.87+£0.137
mg.kg-1) (P=.64) (P=.04) (P =.004) (P=.03) (P=.09)

The values are expressed as mean + SEM (n=6). P value: '<.05,"<,01, °<.001 as compared with negative control group
using one-way between groups ANOVA followed by Dunnett's post hoc multiple comparison test.
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DISCUSSION

Diabetes mellitus is a major public health problem
that is approaching epidemic proportions
worldwide’. Oral and parenteral hypoglycaemic
agents are the mainstay of treatment of DM and are
effective in hyperglycaemic control. However, they
have important side-effects and fail to significantly
alter the course of DM complications’. Medicinal
plants used in various folklore medicine are known
to play a significant role in the management of DM
especially in developing countries where primary
care facilities are limited”. Evaluation of plant
products for treatment of DM is becoming profitable
owing to the presence of several bioactive
constituents with therapeutic potential”. Although
C. abbreviata has been used in African forklore
medicine for the treatment of DM, limited
pharmacological findings justify its use as an
antidiabetic medicinal plant”. Therefore, we
investigated the phytochemicals, LD,, and the
effects of C. abbreviata crude extracts and fractions
on oral glucose tolerance in non-diabetic male
Wistarrats.

This study showed that C. abbreviata LMCE
contained higher concentration of saponins,
phenols, alkaloids, and tannins followed by RBECE
while LECE contained lowest amount of
phytochemicals followed by SBECE and SBMCE
and RBMCE. Additionally, EAF contained more
phenols, reducing sugars, total carbohydrates,
cardiac glycosides, sterols, and terpenoids followed
by AF and n-BF while n-HF contained less
phytochemicals followed by CF and PEF. Similarly,
higher amounts of phenols were present in LMCE,
followed by leaf chloroform crude Extract while
lower concentration was observed in SBMCE".
Additionally, tannins, reducing sugars, alkaloids,
and sterols were observed in RBECE,
anthroquinone glycosides, sterols, and saponins in
LECE, tannins, reducing sugars, flavonoids, sterols,
phenolics, and proteins in SBECE while tannins,
reducing sugars, flavonoids, and saponins were
observed in leaf aqueous crude extract (LACE)"”. In

another study, SBMCE contained alkaloids,
tannins, flavonoids, saponins, and terpenoids,
SBECE contained alkaloids, tannins, flavonoids,
saponins, and terpenoids, hot stem bark aqueous
crude extract (SBACE) contained alkaloids, sterols,
tannins, flavonoids, saponins, and terpenoids, and
cold SBACE contained alkaloids, sterols, tannins,
flavonoids, saponins, and terpenoids”. Further,
flavonoids, phenols, tannins, saponins and alkaloids
were reported in SBACE and SBMCE" while
alkaloids, tannins, flavonoids, saponins, terpenoids,
sterols, and phenols were observed in SBACE and
SBECE®.

The phenols might be present in higher
concentrations in ethanolic and methanolic extracts
but not in aqueous extracts because they are
degraded by phenol oxidase in aqueous solvent™.
Since, alkaloids are more soluble in alcohol and
sparingly soluble in water, alkaloids are likely to be
absent in aqueous extracts of most plant parts’.
Other studies have reported absence of alkaloids in
the aqueous and ethanolic root bark and stem bark
respectively”. Considering that tannins are soluble
in both water and alcohol, they are likely to be more
in ethanolic, methanolic, and aqueous extracts and
fractions akin to phenols™. In agreement to this
study, previous studies detected similar
phytochemicals with varying concentrations
attributed to the differences in polarity of solvents
and plant part used”. The phytochemical yield
mainly increase with increasing solvent polarity
index and decreases at very high polarity of the
solvent™. Primarily, phytochemical composition of
plant species is influenced by a variety of
environmental factors including the geography,
climate, soil type, sun exposure, grazing stress, and
seasonal changes”.

The lethality of C. abbreviata was established to
assist uncover possible harmful effects following
short term administration. The current study
recorded no mortality in most of the experimental
groups in 24 hours, 72 hours and up to two weeks
after oral administration of maximum dose of 5000
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mg.kg-1 of crude extracts and fractions. Further,
there was no change in body weight, behaviour, and
food and water consumption in all the non-mortality
groups. Nonetheless, mortality was observed with
LECE and LMCE in phase two at dose 5000 mgkg-1
within 24 hours of administration. According to
toxicity classes of Hodge and Sterner” and Lorke”,
any compound with rat oral dose of 5000 mg.kg-1 or
more should be considered as practically non-toxic.
Similarly, C. abbreviata leaf, stem bark and seed
aqueous crude extracts were non-toxic on C2C12
mouse skeletal muscle cells at lethal concentration
(LC);, > 5000 pg/mL”. In another study, C.
abbreviata stem bark aqueous crude extract LD,
was 500 - 750 mg.kg-1 following intraperitoneal
administration in mice". Also, C. abbreviata stem
bark acetonic crude extract inhibited the activities of
baker's yeast a-glucosidase with an inhibitory
concentration (IC),, of 0.6 mg.mL-1 resulting in

inhibition of over 70%". However, oral preparation
of C. abbreviata methanolic root and stem bark
extracts showed high toxicity to the shrimps with
LC,, value of <20pg.mL-1 (2.7pg.mL-1) using the

brine shrimp lethality test”.

Assessment of toxicity of herbal medicines is
necessary to evaluate their bioactivity for their safe
therapeutic utilisation before administration to
animals”. While C. abbreviata has been used in
folklore medicine to treat a number of ailments few
toxicity studies have previously been performed
especially in vivo. Previous studies have showed
that C. abbreviata is well tolerated at various
dosages. Variations of tolerance could be due to
among others, use of different methods to establish
the lethality with varying results of LD, and LC,,.
However, toxicity of individual and specific
compounds of C. abbreviata is yet to be performed
to confirm their safety therapeutic utilisation.
Therefore, safety evaluation becomes important
because C. abbreviata contains many different
compounds and adverse effects and toxic dosages
are mostly unknown®.

In the present study, RBECE 381 mg.kg-1 showed
statistically significant hypoglycaemic effect at 60
min (P =.001) and 180 min (P = .04) followed by
SBMCE 190 mg.kg-1 and LMCE 762 mg.kg-1 at 60
min (P=.02 and P <.001) and 180 min (P=.03 and
P =.02) respectively. Regarding the fractions, n-HF
381 mg.kg-1 showed statistically significant
hypoglycaemic effect only at 180 min (P = .05)
followed by AF 381 mgkg-1 which showed
statistically significant hypoglycaemic effects only
at 120 min (P=.03). The SBECE 190 mg.kg-1 at 60
(P <.001), 120 (P <.001), and 180 min (P < .001)
and SBMCE 762 mg.kg-1 at 60 (P <.001), 120 (P <
.001), and 180 min (P < .001) showed slow
reduction in blood glucose levels. After rising at 30
min (P = .003), sitagliptin 10 mg.kg-1 minimally
reduced BGLs at 60 min (P = .02). Although the
BGLs were reduced in most of the groups after 180
min, better and quicker reduction was observed with
LECE 381 mg.kg-1 at 60 min (P=.11), 120 min (P=
.98) to 180 min (P=.99) and EAF 381 mg.kg-1 at 60
min (P =.99), 120 min (P = .99) and 180 min (P =
.99) but results were not non-statistically
significant. Sitagliptin 10 mg.kg-1 seemed not to
have immediate effects on BGLs at circulation level.
While reasonable reduction was observed at 180
min (P =.17), the results were inconclusive. Across
most groups, the highest BGLs occurred at 30 min
while the lowest occurred at 180 min. Thus, glucose
normalization was observed after 180 min and
generally, groups with moderate doses revealed
better hypoglycaemic effects.

Previous studies reported comparable
hypoglycaemic effects of C. abbreviata on 2g.kg-1
glucose load. SBECE 150 and 300 mg.kg-1 showed
significant hypoglycaemic effects than were
observed in 50 mg.kg-1 SBECE after 180 min in
male Sprague-Dawley albino rats'. Also, SBACE
had significant hypoglycaemic effects at 10 mL.kg-
1 than at 5SmL.kg-1 in male Wistar albino rats after
180 min®. In lower dose group of 5 mL.kg-1
SBACE, the pick for BGLs were maintained up to
180 min. In higher SBACE 10 mL.kg-1 dose, a slow
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shooting of BGLs was noticed up to 120 min and
there after the level was maintained up to 180 min.
Additionally, C. abbreviata 100 mg.kg-1 SBMCE
significantly reduced BGLs the lowest followed by
50 mgkg-1 SBMCE after 180 min in male Wistar
albino rats”. These studies revealed that higher
doses had significant hypoglycaemic effects on oral
glucose load. The BGLs in both lower and higher
doses differed significantly when compared to
control group. However, 10 mL.kg-1 SBACE and
SBMCE revealed non-significant rising GBLs at 60

20
min .

In this study, there could be a possibility that 762
mg.kg-1 SBECE and RBMCE and 381 mg.kg-1 n-
BF and EAF BGLs did not peak after 30 min as may
have compounds that might inhibit absorption of
glucose from the intestine. The maintenance of near
normal BGLs might be due to slow absorption of
glucose. LECE 190 and 381 mg.kg-1, LMCE 381
mg.kg-1, n-BF and EAF 381 mg.kg-1 had lowered
BGLs at 60 min through to 180 min may be due to
compounds that enhance insulin activity and
increase glucose uptake. RBMCE 190 mg.kg-1 and
SBMCE 762 mg.kg-1 had sustained maintenance of
BGLs at 60 min through to 180 min probably due to
some compounds not having any effect on glucose
clearance from circulation. Besides, RBMCE 762
mg.kg-1, SBECE 381 and 762 mg.kg-1, and AF and
n-BF 381 mg.kg-1 reduced BGLs after 30 min but
sustained maintenance was noticed at 60 and 120
min. This may indicate that the extracts and fractions
do not have any effect on glucose clearance from the
circulation”. Further, the clinically significant
hypoglycaemic effects of 381 mg.kg-1 EAF and
LECE may be due to the presence of more than one
antihyperglycaemic principle and their synergic
properties. Also, the negative control (NC) group
showed lowest blood glucose levels which remained
the same throughout the 180 min experiment.
Similar observation were made in SBMCE™ and
LMCE and control group BGLs were maintained up
to 180 min™. The current study, revealed that doses
used had some effect on glucose load that was
administered. Some groups exhibited better

hypoglycaemic effect than sitagliptin-treated group.
Sitagliptin increases glucose-dependent insulin
production from pancreatic islet B-cells and
decreases hepatic glucose overproduction from
pancreatic islet a-cells by prolonging the action of
GLP-1 and GIP via inhibition of dipeptidyl-
peptidase (DPP) IV enzyme™”.

Although the exact mechanism of action of C.
abbreviata 1s unknown, various mechanisms have
been proposed. Firstly, it may enhance glucagon-
like peptide 1 and 2 (GLP-1 and -2) from
enteroendocine L cells and glucose-dependent
insulinotropic polypeptide (GIP) from
enteroendocrine K cells. GLP-1 and GIP stimulates
glucose-dependent insulin release from pancreatic
islet B-cells, on ingestion of nutrients""
Additionally, GLP-1 stimulates glucose disposal”
and inhibit inappropriate postprandial glucagon
release®. GLP-2 increases insulin sensitivity and
suppresses basal hepatic glucose production” and
regulate intestinal hexose transporters which
enhances glucose absorption™. Secondly, C.
abbreviata might increase synthesis of insulin with
consequent increase in plasma levels™”. Finally, it
could increase glucose uptake by adipose, liver and
muscle tissues". The increased binding of insulin to
insulin receptor enhance the uptake of glucose by
extract and fractions as demonstrated in rat

hemidiaphragm experiment™*.

LIMITATIONS

The present study did not investigate the pure
compounds in the extracts nor fractions of C.
abbreviata. Therefore, hypoglycaemic effects
observed may differ if pure compounds were used.
Although this study confirms that C. abbreviata is
practically safe, the acute toxicity that was
conducted may not reveal the long term effects and
toxicity to important organs of animals such as
kidney, liver, heart and spleen. Equally, this study
may not reveal the long term effectiveness of the
extracts and fractions. In any case, the study
revealed safe doses and hypoglycaemic effects of
extracts and fractions on acute hyperglycaemia.
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CONCLUSION

This study revealed that LMCE and EAF contained
higher concentration of various phytochemicals
while the LECE and n-HF contained the lower
concentration of phytochemicals. Acute toxicity
results showed that, mortality was recorded only in
5000 mg.kg-1 LECE and LMCE groups in phase
two of LD, It may be concluded that most of the
extracts and all fractions were practically safe.
RBECE 381 mg.kg-1 revealed significant
hypoglycaemic effect at 60 and 180 min followed by
SBMCE 190 mg.kg-1 and LMCE 762 mg.kg-1 at 60
and 180 min respectively. Sitagliptin 10 mg.kg-1
only showed significant hypoglycaemic effect at 60
min. SBECE 190 mg.k-1 showed least significant
hypoglyacemic effects at 120 min and 180 min
followed by SBMCE 762 mg.kg-1 and SBMCE 381
mg.kg-1 at 60 min, 120 min and 180 min
respectively. n-HF 381 mg.kg-1 revealed significant
hypoglycaemic effect only at 180 min followed by
AF 381 mg.kg-1 only at 120 min. However, 381
mg.kg-1 LECE and EAF revealed clinically
significant hypoglycaemic effects. Although,
significant concentration of phytochemicals were
observed in LMCE and EAF, RBECE with moderate
amounts of phytochemicals significantly reduced
BGLs after 180 min. The hypoglycaemic effects
observed in different groups could be due to the
presence of bioactive compounds in C. abbreviata.
The reduction in BGLs could be due to delayed
absorption of glucose, increased insulin release or
enhanced glucose uptake by muscles. Attempts to
purify EAF and investigating regeneration of islet 3-
cells and responsible transcription factors are
underway.

Whatis already known on this topic:

C. abbreviata contains various
phytochemicals such as phenols,
flavonoids, alkaloids, tannins, saponnins
among others

Phytochemicals in C. abbreviata have
demonstrated hypoglycaemic effects both
in vitro and in vivo

e Different dosages in different studies have

been used to effect hypoglycaemia

What this study adds:

Investigation of different parts of C.
abbreviata in one study

Fractionation of clinically significant leaf
ethanolic crude extract into six fractions of
petroleum ether, n-hexane, chloroform,
ethyl acetate, n-butanol, and aqueous

Investigation of C. abbreviata plant
species due to paucity of data on its
hypoglycaemic effects in locally
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