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ABSTRACT

Background: Boswellia dalzielli Hutch. (Burseraceae) is a medicinal plant, which is used
locally by the local dwellers for the management and treatment of microbial-related diseases,
neurological conditions, stomach spasms, diabetes, etc.

Copyright© 2023, The Authors.

Objectives: This study aimed at isolating a phytochemical of anti-diabetic potentials from the
leaf of Boswellia dalzielii in alloxan-induced diabetic rats.

Article info: Methods: The n-butanol fraction of the leaf of B. dalzielii was fractionated using column

Received: 24 Mar 2022 chromatography. Fractions obtained were screened phytochemically and by antidiabetic study.

Accepted: 18 May 2022 Results: Encoded column fraction B4 (150 mg/kg) produced a maximum reduction (72.45%)

in fasting blood glucose (FBG) of animals after 7 hours, which was significantly (P<0.05)

different from the controls (alloxan-induced diabetic rats) and was better than glibenclamide

(52.67%). The re-column fractions obtained from fraction B4 were pooled based on similar

R, values and encoded B41-B48, and subjected to further antidiabetic evaluation on alloxan-

induced mice. Eight sub-fraction with doses of 50 mg/kg each were administered to all

the groups. Fraction B44 had the highest reduction of FBG by 65.63%, whose effect was

. significantly higher than the non-treated diabetic mice (negative control) and glibenclamide

Keywords: (52.68%) at 2.0 mg. Further purification of sub-fraction B44 with Sephadex LH-20 yielded
. encoded fractions A, B, and C. Isolate C showed the highest inhibition of glycemia (22.85%)

Boswellia dalzielii, .

Ph ytochlemic:lls, " : when the dose of 10 mg/kg was administered (p.o).

Glibenclamide, Alloxan, :  Conclusion: The antidiabetic effect of the plant in laboratory animals (rats and mice) may be
Hyperglycaemia ¢ due to the presence of the isolated phenolic compounds.
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Introduction

ature has been the source of medicine

since ancient times [1]. The ethnobotani-

cal study has led researchers to explore

medicinal plants used by the natives to

understand how they work, improve the

preparations, and find a standard remedy.
Medicinal plants have been used for centuries in tradi-
tional systems of medicine for the treatment and man-
agement of diabetes as complementary and alternative
remedies [2], making them an interesting source of po-
tential drug-candidate compounds [3]. These plants have
played a vital role in the treatment of disease conditions,
which include epilepsy, obesity, cardiovascular diseases,
diabetes, microbial-related diseases, etc. [4-6].

Diabetes mellitus (DM) is a metabolic disorder of the
endocrine system that precipitates disturbances in glu-
cose, lipid, and protein homeostasis [7]. This condition
is increasing rapidly worldwide. It is secondary to a de-
ficiency of the number of pancreatic B-cells of the is-
lets of Langerhans or resistance of tissue cells to insulin
[8]. People suffering from this disease cannot produce
or properly use insulin, and persistently have high blood
glucose. DM is generally characterized by medical con-
ditions, such as hyperglycemia, glucosuria, polyuria,
body weight loss, disability, coma, and even death [9].
The currently, available treatment for diabetes includes
insulin and various oral hypoglycaemic agents, which
include sulfonylureas, metformin, glucosidase inhibi-
tors, troglitazone, etc. These agents however are reported
to produce serious adverse effects, such as liver prob-
lems, lactic acidosis, and diarrhea [10]. However, due
to appalling scientific reports of these side effects [11],
the effectiveness of these compounds has been debatable
and there is a demand for new compounds for the treat-
ment of DM [12]. In the last few years, there has been a
growing interest in the traditional system of herbal medi-
cine in the care and management of diabetes and diabe-
tes-related diseases globally, due to their natural origin
and fewer side effects [13-15]. DM is currently affecting
around 422 million people [15] and the number of those
affected is increasing daily. By 2030, this number is pre-
dicted to reach 366 million populations worldwide. Sev-
eral plant species have been used for the prevention or
management of DM by the Native Americans, Chinese,
South Americans, Asian Indians, and Africans [16-19],
and about 800 of them have been reported to possess an-
tidiabetic properties [17, 18].

Bowellia dalzielii locally called Hano or Arrarabi in the
Hausa language (meaning to prevent bad luck), is a pop-
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ular plant in the Northern part of Nigeria due to its ethnic
medicinal value. The decocted root bark is used tradi-
tionally by the Hausa-Fulanis in Sokoto, Nigeria to treat
diabetes [20]. A bark decoction is used as an antiseptic
wash for sores in Ivory Coast and is an ingredient of a
complicated prescription for leprosy [21]. In the north-
ern part of Nigeria, the stem bark is boiled and taken for
the treatment of fever and rheumatism, and management
of snake bites [21].

Scientific studies have revealed that the plant possesses
antibacterial, antibiotic, antifungal, and antiseptic prop-
erties, making it a valuable ingredient in natural medi-
cine [22]. The antidiabetic effect of the plant has also
been reported by Bobboi and Olusegun [23], Balogun
et al. [24], and Yakubu et al. [4]. Phytochemicals, which
include boswellic acid, gallic acid, protocatechuic acid,
and incensole have been isolated from the stem bark
of the plant [25, 26]. Yakubu et al. [4, 27] reported the
antidiabetic activity of the crude methanolic as well as
the polarity-graded partitioned fractions. They reported
that the n-butanol portion had the most promising an-
tidiabetic effect making it a choice for further studies.
To the best of our knowledge, there has not been any
scientific report on the bioassay-guided isolation of the
phytochemical(s) responsible for the antidiabetic ef-
fect of the plant. Thus, there is a need to investigate the
chemicals within B. dalzielii leaf for its antidiabetic ef-
ficacy with the view of isolating a possible novel lead for
the cure of diabetes.

Materials and Methods
Sample collection, identification, and preparation

The fresh leaves of B. dalzielii were collected from
Gulantabar, a village in Song Local Government Area
of Adamawa State, Nigeria. The plant leaf was given a
voucher specimen of UMC/DC/341 and deposited at the
herbarium of the Postgraduate Research Laboratory of
Chemistry Department, University of Maiduguri, Mai-
duguri, Borno State. The fresh plant sample was cleaned
and shade-dried for ten days. The air-dried plant material
was ground using a mortar and pestle and kept in a desic-
cator until required for use.

Plant extraction

The pulverized leaf material (2 kg) of the leaf was mac-
erated using 22.5 liters of 85% methanol for 72 hours
with periodic shaking and allowed to stand at room tem-
perature for proper dissolution of soluble plant chemi-
cals. The liquid mixture of the extract was filtered using
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n-Butanol Fraction
of Boswellia dalzielii crude
methanol extract

Phytochemical screening and
Hypoglycaemic activity test

Column Chromatography, separation of the
most active portion using ethyl acetate and
methanol as mobile phase and silica gel (60-
120 mesh) as stationary phase
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Figute 1. Bioassay directed hypoglycaemic studies/compound isolation

a clean white muslin cloth followed by filtration using
Whatman No. 1 filter paper (200 mm in diameter). The
crude extract was concentrated to dryness at reduced
pressure.

Partitioning of Methanol Extract of B. dalzielii

As earlier reported by Yakubu et al. [27], the crude
methanol extract (300 g) of the leaf was partitioned us-
ing n-hexane, chloroform, ethyl acetate, and n-butanol.

Fractionation and isolation

The n-butanol partitioned portion of B. dalzielii was
fractionated by column chromatography and Thin

PBR
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Layer Chromatography (TLC) for the isolation of the
phytochemical(s) responsible for the antidiabetic ef-
ficacy. The flow chart of the experiments is shown in
Figure 1.

The n-butanol fraction of the methanol crude leaf ex-
tract of B. dalzielii was subjected to further separation
using the column chromatographic technique. Silica
gel 60-120 mesh (Quikelem, India) was used as the sta-
tionary phase. The eluting solvent initially was 100%
ethyl acetate and the polarity was gradually increased
at 90:10, ethyl acetate: methanol ratio until 0:100 ethyl
acetate: methanol ratio was used. Thirty sub-fractions
were collected. The column fractions were monitored
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for similarities of the fractions based on retardation fac-
tor (R) values using the TLC technique, and afforded
six pooled fractions encoded B1, B2, B3, B4, BS, and
B6. This method was used to further purify 10 g of col-
umn pooled fraction B4, which afforded 30 re-columned
fractions. The fractions were also monitored using TLC
plates, and re-pooled based on R, similarity. The pooled
fractions were encoded, which afforded B41, B42, B43,
B44, B45, B46, B47, and B48.

Fraction B44 (0.3g) was further purified using an equil-
ibrated Sephadex LH-20 fixed column chromatographic
technique. A total of three sub-fractions were obtained
and encoded A, B, and C. A preparative TLC was used
to isolate a single compound from the sub-fraction C.

Preliminary phytochemical screening

The column chromatographic fractions and sub-frac-
tions were screened qualitatively for phytochemical
constituents using standard procedures as described by
Evans [28].

Experimental animals

All the experiments performed on laboratory animals
in this study followed standard procedures for the treat-
ment of animals. The International Guiding Principle for
Biomedical Research involving animals was followed
[29]. An Ethical approval (Reference ID: HREC:2021-
009) was granted by the Health Research Ethics Com-
mittee, University of Maiduguri, Maiduguri, Borno
State.

A total of 32 Wistar strained rats (100-180 g) and 46
mice (20-25 g) of both sexes were purchased from the
Animal House of the Faculty of Pharmacy, University of
Maiduguri. They were housed in clean, sterilized plastic,
well-ventilated cages with a wood sawdust as beddings
under 12 hours light/12 hours dark cycle conditions of
normal room temperature and humidity in the Veterinary
Physiology and Biochemistry Laboratory, Faculty of
Veterinary Medicine, University of Maiduguri, Maidu-
guri, for the analysis. They were fed with standard food
and water. The animals were allowed to acclimatize for
48 hours before the commencement of the experiment.

Column fractions and alloxan preparation

The column fractions and alloxan (2 g each or the
equivalent) were dissolved in 10 mLor its equivalent of
distilled water to give a stock solution of 200 mg/mL

Dose x Body Weight in Kg

Volume to be administered= -
The concentration of the Extract in mg
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Antidiabetic study of column fractions and iso-
lates

The method described by Emordi et al. [30] with a
modification was adopted in this study. The acclimatized
laboratory animals were fasted for 12 hours and subse-
quently injected (i.p.) with alloxan monohydrate in ice-
cold 0.9% saline (NaCl) solution, at a dose of 150 mg/kg
body weight. Animals with a blood glucose of 200 mg/
dL or more after 48 hours were selected for the study. The
diabetic rats were segregated into nine groups. Groups
1-7 were treated orally with 200 mg/kg each of B1 to
B6, respectively. Groups 8, 9, and 10 received (p.o) 2
ml/kg normal saline, glibenclamide (2 mg/kg), and 150
mg/kg alloxan monohydrate solution. At the end of the
fasting period, taken as zero time (0 hour), blood was
withdrawn from the tip of the tail of each animal and the
fasting blood glucose (FBG) was estimated with a blood
glucometer (Accu-Check, Roche, Germany). The same
procedure described above using mice was repeated for
re-columned fractions as well as sub-fractions.

Statistical analysis

The results of the pharmacological study were ana-
lyzed using GraphPad Prism software, Version 8 for
windows (Graphpad Software, 2016). One-way analysis
of variance (ANOVA) followed by Dunnet’s Multiple
Comparison test was used to analyze and compare the
results at a 95% confidence level.

Results
Phytochemical constituents of column fractions

Table 1 presents the phytochemical constituents of the
column fractions of the leaf extract of B. dalzielii. The
results showed that column fractions B2-B6 contained
flavonoids, tannins, and saponins, while steroids were
absent in the fractions; flavonoids, tannins, saponins,
steroids, cardenolides, and terpenoids were present in
fraction B1, cardenolides were present in fractions B2-
B4, but were absent in fractions B5 and B6.

Phytochemical screening of re-column fraction B4
of B. dalzielii leaf

Table 2 presents the result of phytochemical screening
carried out on the column chromatographic fractions ob-
tained from the fraction B4 of n-butanol partitioned por-
tions of B. dalzielii. The re-column pooled fraction B44
had most of the prominent phytochemicals, which were
flavonoids, glycosides, tannins, and saponins.
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Table 1. Phytochemical constituents of column chromatography fractions of B. dalzielii leaf extract

S/N Phytochemical Test B1 B2 B3 B4 B5 B6
Test tor carbohydrates
General test-Molisch + + + + + +
Test for reducing sugar, Fehling’s test + + + + +
Test for combined reducing sugar - - - + + +
2 Test for tannins
Ferric chloride test + + + + + +
Lead acetate + + + + + +
3 Test for steroids/triterpenes
Salkwoski test + - - -
4 Test for flavonoids
Shinoda’s test + + + + + +
Ferric chloride test + + + + + +
Lead acetate test + + + + + +

Sodium hydroxide test

5 Test for Saponnins
Frothing test + s + a4 +
6 Test for cardiac glycoside nucleus/cardenolides
Keller-Killian’s test + + + + - -
7 Test for terpenoids + - - _
+: Present; -: Absent m

Effect of column fraction of n-butanol partitioned
portion of B. dalzielii on alloxan-induced diabetic Wi-
star strain rats

The column fractions, which were pooled based on
the similarities of their R, values encoded B1-B6 were
subjected to further antihyperglycaemic evaluation on
alloxan-induced rats. Six fractions of the dose of 150
mg/kg were administered to all the groups. Fraction B4
caused a significant reduction of FBG by 72.45%, while
fraction B3 showed the lowest FBG reduction (16.02%).
The effect was significantly higher than the effect of the
non-treated diabetic rats (negative control) and standard
drug glibenclamide (52.68%) at 2.0 mg concentration
(Table 3).

Effect of column fraction of n-butanol partitioned
portion of B. dalzielii on alloxan-induced diabetic
mice

The re-column fractions, which were pooled based
on the similarities of their R, values encoded B41-B48
were subjected to further antihyperglycaemic evaluation
in alloxan-induced diabetic mice. Eight fractions of the
dose of 50 mg/kg were administered to all the groups.
Fraction B44 showed the highest reduction of FBG by
65.63%, while fraction B47 had an FBS reduction of
13.52 as the lowest. The effect was significantly higher
than the effect of the non-treated diabetic rats (negative
control) and standard drug glibenclamide (52.68%) at
2.0 mg concentration (Table 4).
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Table 2. Phytochemical constituents of Column chromatography fractions of B. dalzielii leaf extract

S/N Phytochemical Test B4 B4 B4 B4 B4, B4 B4 B4

1 2 3 a 5 6 7 8
1 Test tor carbohydrates
General test-Molisch - - - = o + + +
Test for reducing sugar-Fehling’s test - - - - - + + +
2 Test fortannins
Ferric chloride test - - + + + + + +
Lead acetate = - + + + + +
3 Test for flavonoids
Shinoda’s test - - - + + + + +
Ferric chloride test - - - + + + + +
Lead acetate test - 5 + + + + + +
4 Test for saponins
Frothing test - - + + + o - -
5 Test for cardiac glycoside nucleus/cardenolides
Keller-Killiani’s test + + + + - - - -
+: Present; -: Absent m

Table 3. Effect of column fractions of B. dalzielii leaf extract on alloxan-induced diabetic rats

MeantSD
| Fasting Blood Glucose (FBG) Concentration (mg /dL) P
s/N Treatment Basal FBG Time (hour) After Treatment % Inhi |h¢?n
(150 mg/kg) (mg/dL) of Glycemia
0 1 3 5 7
1 Normal 73.5045.24 73.00+4.92 75.7545.02 72.75+4.33 70.5045.64 78.00+2.74 -
2 D.C 73.5045.24 263.00+16.50  286.50+25.18  262.00+10.80  253.80+4.33 249.00+9.25 5.32
3 B1 75.0043.24 293.00+18.40  263.00+24.16  215.50+16.78  180.80+58.98  147.50+24.47* 49.66
4 B2 72.00+4.08 391.30#17.32  370.30+19.12  335.80432.39  333.80%27.63  284.30+45.90* 27.34
5 B3 72.25+3.47 452.00£8.50  428.50+69.32  432.00£66.20  376.30#55.25  379.30+67.33* 16.02
6 B4 77.0043.51 4335045739  330.30#36.24  249.00+43.27  170.30#33.65  119.00+26.50* 72.45
7 B5 72.50+3.47 307.80424.57  267.70+34.68  271.50+24.46  240.30£33.65  227.80+31.51* 25.99
8 B6 80.50+3.48 463.00+41.98  422.30+50.68  407.30+47.49  378.00+43.56  333.50+29.77* 27.95
G"?;%C:g'de 7325:1.90  307.50£32.69  305.00:32.16  240.30:46.48  215.30:4.33  145.50428.93* 52.68
PBR

Results are expressed as Mean+SEM (n=4). *P<0.05 compared to the control group (One-way ANOVA followed by Dunnet’s
t-test, 2-sided).% Inhibition of glycemia denotes the percentage reduction of blood glucose from 0 hour.

Basal FBG:FBG before induction of diabetes; DC=Diabetic Control.

Yakubu J, et al. Antidiabetic Study of Boswellia Dalzielii Column Fractions. PBR. 2023; 9(1):53-62
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Table 4. Effect of re-column fractions of the n-butanol partitioned portion of B. dalzielii extract on alloxan-induced diabetic mice

MeantSD
Fasting Blood Glucose (FBG) Concentration (mg/dL)

Treatment (50 Basal FBG % Inhibition

S/N me/ke) (m/dL) Time (hour) After Treatment of Glycaemia
0 1 3 5 7
1 Normal 73.5045.24 73.00£4.92 75.7545.02 72.75¢4.33 70.5045.64 78.0042.74 -
2 D.C 73504524  263.00£16.50  286.50£25.18  262.00£10.80  253.804.33  249.00£9.25 532
3 B4l 794842235  249.79:4.12  233.89£12.03  230.00:523  231.04+6.98  221.98+23.01 11.12
4 B42 69.40£43.76  43431#12.01  421.34%13.67  401.23:32.76  389.78:43.76  300.90+33.12 30.71
5 B43 71.40438.76  307.80424.57  267.70+34.68  271.50424.46  240.30#33.65  227.80431.51* 26.00
6 B44 72.01#42.06  433.50£57.39  330.30£36.24  249.00:4327  200.30£33.65  149.00£26.50* 65.63
7 B4S 62.89£24.12  495.00£39.26  358.00£52.49  352.80:48.52  225.00£50.74  200.50£39.02* 59.50
8 B46 66.78£23.90  465.50£38.17  419.00:38.76  413.50:41.65  402.80:42.06  376.30:40.91* 19.18
9 B47 77.10£12.43  503.30:473  495.50:40.40  486.00#3622  471.00:4124  43530+42.85* 13.52
10 BAS 79.20£13.00  489.03£22.35  399.12¢17.45  373.00£32.12  349.12+1367  300.11#12.19 38.63
11 G"t(’;"gcﬁgide 73.25+1.90  307.50+32.69  305.00432.16  240.30£46.48  215.30£4.33  14550+28.93* 52.68
PBR

Results are expressed as Mean+SEM (n=4). *P<0.05 compared to the control group (One-way ANOVA followed by Dunnet’s
t-test, 2-sided).% Inhibition of glycemia denotes the percentage reduction of blood glucose from 0 hour.

Basal FBG: FBG before induction of diabetes; DC: Diabetic control.

Table 5. Effect of sephadex column isolates of the n-butanol partitioned portion of crude methanol extract of B. dalzielii extract
on alloxan-induced diabetic mice

MeantSD
Fasting Blood Glucose (FBG) Concentration (m dl) o
S/N Treatment (10 Basal FBG Time (hour) After Treatment % |nh|bltlorl of
mg/kg) (mg/dL) Glycaemia
0 1 3 5 7

1 Normal 73 73 75 72 70 78 -
2 D.C 71 263 286 262 253 249 5.32
3 A 72 207 210 206 200 196 5.31
4 B 71 234 231 231 225 220 5.98
5 C 78 280 270 252 231 216 22.85
g  Glibenclamide 78 207 205 190 175 145 29.95

(2.0 mg)

PBR
% Inhibition of glycemia denotes the percentage reduction of blood glucose from 0 hour. Basal FBG: FBG before induction of

diabetes; DC: Diabetic control. (n=1)

g
w
>
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Effect of sephadex column fractions of n-butanol
partitioned portion of B. dalzielii on alloxan-induced
diabetic mice

The isolates obtained from the Sephadex column chro-
matographic separation of fraction B44b yielded encod-
ed isolates A, B, and C. The isolates (10 mg/kg) were
administered to all the treatment groups. Isolate C had
the highest percentage of inhibition of glycemia (22.85).
Although the effect was higher than that of the non-treat-
ed diabetic (negative control) rats, it was more effective
than the standard drug glibenclamide (29.95%) at 2.0 mg
concentration (Table 5).

Discussion

The useful remedies of medicinal plants for the treat-
ment of DM and its complication have been attributed
to polyphenolics [31], saponins, flavonoids, glycosides,
and steroidal compounds present in the plants, which has
the ability to reduce the glucose and cholesterol levels in
the blood. The use of natural medicinal plants or herbal
products for DM has been described in ancient literature.
The phytochemical study of the leaf-portioned fractions
of B. dalzielii revealed chemical constituents, which in-
clude flavonoids, cardiac glycosides, tannins, saponins,
terpenoids, and alkaloids. The presence of these phyto-
chemicals in the plant parts is in agreement with the re-
port by Balogun et al. [24]. Several reports have shown
that flavonoids [32], steroids, terpenoids, or phenolic ac-
ids are bioactive antidiabetic principles [33]. The blood
glucose-lowering effect of the plant extracts may be at-
tributed to the presence of total phenols, flavonoids, al-
kaloids, tannins, terpenoids, and saponins that have been
known to confer hypoglycemic activity [34].

Chromatography is one of the most effective methods
for the isolation of plant chemicals. Alemika et al. [25,
26] isolated phytochemicals from the stem bark and
showed the important role of chromatography in the
isolation of bioactive chemicals from plants. It was de-
ployed in this study and could significantly separate the
phytochemicals and isolate the bioactive compounds.
Through bioactivity-guided fractionation, this study
demonstrated that the most active sub-fraction was com-
pound C, which was obtained from the series of column
fractionations. This study revealed that the blood glucose
levels of the diabetic rats treated with the n-butanol col-
umn fractions of B. dalzielii significantly lowered after
7 hours. This glucose control was sustained till the end
of the study. There was a remarkable increase in the anti-
diabetic activity of the fractions as the compounds were
further purified. The hypoglycaemic effect of the extract
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supports the findings of Bobboi and Olusegun [23] who
reported the hypoglycaemic activity of the aqueous stem
bark extract of B. dalzielii on laboratory rats. Interest-
ingly, the antidiabetic activities of the plant parts are in
agreement with the folkloric usage of the plant root and
stem in the management of diabetes. Traditionally, the
stem and root are macerated in water, and the infusion
is used for diabetes, especially for severe diabetes [20].

There is increasing evidence to suggest that free radi-
cals play a role in beta cell damage [35]. The possible
phenolic compound isolated responsible for the antidia-
betic effect in column sub-fraction C could have acted
by inducing pancreatic beta cell regeneration, repair, and
revitalization.

Conclusion

The following conclusions could be drawn: the leaf
of B. dalzielii contains phytochemicals of medicinal
importance, which probably are responsible for its ef-
fect against DM by decreasing blood glucose levels.
As the extract is further purified, the antidiabetic activ-
ity increased. Through bioactivity-guided fractionation
of the n-butanol partitioned portion, this study demon-
strated the significance and role of chromatography in
the isolation of bioactive compounds. The most active
sub-fraction was compound C, which was obtained from
an n-butanol fraction of methanol leaf extract contain-
ing phenolic compound(s), a class of phytochemicals
responsible for the antidiabetic effect of the leaf of B.
dalzielii.

Ethical Considerations
Compliance with ethical guidelines

All experimental protocols were in accordance with
the National Institutes of Health (NIH) guidelines and
approved by the Health Research Ethics Com-mittee,
University of Maiduguri, Maiduguri, Borno State (Code:
HREC:2021-009)

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

All authors equally contributed to preparing this article.



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

PBR

Pharmaceutical & Biomedical Research

Conflict of interest
The authors declared no conflicts of interest.
Acknowledgments

The authors acknowledge the technical assistance of
Fine Akawu from the Postgraduate Research laboratory,
Department of Pure and Applied Chemistry.

References

[1] Farombi EO. Africa indigenous plants with chemotherapeu-
tic potential biotechnological approach to the production of
bioactive prophylactic agent. Afri ] Biotech. 2003; 2:667-71.
[DOI:10.5897/ AJB2003.000-1122]

[2] Caro-Ordieres T, Marin-Royo G, Opazo-Rios L, Jiménez-
Castilla L, Moreno JA, Gémez-Guerrero C, et al. The com-
ing age of flavonoids in the treatment of diabetic complica-
tions. J Clin Med. 2020; 9(2):346. [DOI:10.3390/jcm9020346]
[PMID] [PMCID]

[3] Meng JM, Cao SY, Wei XL, Gan RY, Wang YF, Cai SX, et al.
Effects and mechanisms of tea for the prevention and man-
agement of diabetes mellitus and diabetic complications: An
updated review. Antioxidants. 2019; 8(6):170. [DOI:10.3390/
antiox8060170] [PMID] [PMCID]

[4] Yakubu ], Abdulrahman Fl, Sodipo OA. Evaluation of the
toxicity profile and antidiabetic potentials of the methanol
extracts of boswellia dalzielii (frankincense tree) in alloxan-
induced diabetic rats. Trop ] Nat Prod Res. 2020; 4(5):190-4.
[DOI:10.26538/ tinpr/ v4i5.2]

[5] Yakubu J, Sodipo OA, Abdulrahman FI, Balami VM. Tox-
icity study and anticonvulsant effect of ethanol leaf extract
of piliostigma thonningii milne-redhead (fabaceae). Niger ]
Pharm Res. 2021; 17(1):63-70. [DOI:10.4314/njpr.v17i1.7]

[6] Dawa IS, Yakubu J, Mamza UT, Balami VM, Sodipo OA,
Abdulrahman FI, et al. Antimicrobial activities of methanol
leaf extract of Carissa edulis Vahl (Apocynaceae). Bull Pure
Appl Sci Chem 2021; 40C(2):96-103. [DOI:10.5958/2320-
320X.2021.00016.9]

[7] Van den Berghe G, Wilmer A, Milants I, Wouters PJ, Bouc-
kaert B, Bruyninckx F, et al. Intensive insulin therapy in
mixed medical/surgical intensive care units: Benefit versus
harm. Diabetes. 2006; 55(11):3151-9. [DOI:10.2337/db06-
0855] [PMID]

[8] Kelly CM, Fabktus IC. Insulin binding in non-insulin de-
pendent diabetes mellitus (NIDDM) is correlated with
glycemic control: Clinical evidence for abnormal recep-
tor regulation in NIDDM. Metabolism, 1995; 44(4):506-12.
[DOI:10.1016/0026-0495(95)90059-4] [PMID]

[9] Cockram CS, Woo J, Lau E, Chan JC, Chan AY, Lau J, et al.
Prevalence of diabetes mellitus and impaired glucose toler-
ance among Hong Kong Chinese adults of working age. Di-
abetes Res Clin Pract. 1993; 21(1):65-72. [DOI:10.1016/0168-
8227(93)90099-Q] [PMID]

March 2023. Volume 9. Number 1

[10] Rajalakshmi M, Eliza J, Priya CE, Nirmala A, Daisy P. An-
tidiabetic properties of tinospora cordifolia stem extracts on
streptozotocin-induced diabetic rats. Afr ] Pharm Pharma-
col. 2009; 3(5):171-80. [DOI:10.5897/ AJPP.9000027]

[11] Innes JA. Diabetes mellitus. In: Davidson’s essentials of
medicine. Amsterdam: Elsevier; 2016. [Link]

[12] Moller DE. New drug targets for type 2 diabetes and
the metabolic syndrome. Nature. 2001; 414(6865):821-7.
[DOI:10.1038,/414821a] [PMID]

[13] Rahimi R, Nikfar S, Larijani B, Abdollahi M. A review on
the role of antioxidants in the management of diabetes and
its complications. Biomed Pharmacother. 2005; 59(7):365-73.
[DOI:10.1016/j.biopha.2005.07.002] [PMID]

[14] Modak M, Dixit P, Londhe J, Ghaskadbi S, Paul A, Devasa-
gayam, T. Indian herbs and herbal drugs for the treat-
ment of diabetes. ] Clin Biochem Nutr. 2007; 40(3):163-73.
[DOI:10.3164/jcbn.40.163] [PMID] [PMCID]

[15] Hasani-Ranjbar S, Larijani B, Abdollahi M. A systematic re-
view of the potential herbal sources of future drugs effective
in oxidant-related diseases. Inflamm Allergy Drug Targets.
2009; 8(1):2-10. [PMID]

[16] World Health Organization (WHO). Diabetes. Geneva:
World Health Organization; 2022. [Link]

[17] Nanu R, Raghuveer I, Chitme HR, Chandra R. Antidiabetic
activity of nyctanthes arbortristis. Pharmacogn Mag. 2008;
4(16):335-40. [Link]

[18] Momin Y, Yeligar, V. The antidiabetic and antioxidant ac-
tivity of coccinea grandis voigt stem extract in streptozotocin
induced diabetic rats. ] Drug Deliv Ther. 2019; 9(4-A):390-5.
[DOI:10.22270/jddt.v9i4-A.3438]

[19] Ponnusamy S, Ravindran R, Zinjarde S, Bhargava S, Ravi
Kumar A. Evaluation of traditional Indian antidiabetic me-
dicinal plants for human pancreatic amylase inhibitory ef-
fect in vitro. Evid Based Complement Alternat Med. 2011;
2011:515647. [DOI:10.1155/2011/515647] [PMID] [PMCID]

[20] Shinkafi TS, Bello L, Hassan SW, Ali S. An ethnobotanical
survey of antidiabetic plants used by hausa-fulani tribes in
Sokoto, Northwest Nigeria. ] Ethnopharmacol. 2015; 172:91-
9. [DOI:10.1016/j.jep.2015.06.014] [PMID]

[21] Lewis WH. The useful plants of west tropical Africa. Econ
Bot. 1986; 40:176. [DOI:10.1007 / BF02859140]

[22] Ben-Yehoshua S, Borowitz C, Hanus LO. Frankincense,
myrrh and balm of gilead: Ancient spices of Southern Ara-
bia and Judea. In: Janick ], editor. Horticultural reviews,
Volume 39. Hoboken: Willy-Blackwell Publisher; 2011.
[DOI:10.1002/9781118100592.ch1]

[23] Bobboi AA, Olusegun R. Hypoglycaemic effect of boswellia
dalzielii stem bark in normoglycaemic and alloxan diabetes
rats. Niger ] Biotech. 2005; 16(1):89-99. [Link]

[24] Balogun O, Ojerinde SO, Alemika TE. Hypoglycemic effect
of the aqueous stem bark extract of boswellia dalzielii hutch.
Cont J Pharmaceut Sci. 2013; 7(1):36 -41. [Link]

[25] Alemika TA, Onawunmi GO, Olugbade TA. Isolation and
characterization of incensole from boswellia dalzielii stem
bark. ] Pharm Bioresour. 2004; 1(1):6-11. [DOI:10.4314/pb.
v1i1.32041]

Yakubu J, et al. Antidiabetic Study of Boswellia Dalzielii Column Fractions. PBR. 2023; 9(1):53-62



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.5897/AJB2003.000-1122
https://doi.org/10.3390/jcm9020346
https://www.ncbi.nlm.nih.gov/pubmed/32012726
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7074336
https://doi.org/10.3390/antiox8060170
https://doi.org/10.3390/antiox8060170
https://www.ncbi.nlm.nih.gov/pubmed/31185622
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6617012
https://www.researchgate.net/profile/James-Yakubu/publication/343201561_Evaluation_of_the_Toxicity_Profile_and_Antidiabetic_Potentials_of_the_Methanol_Extracts_of_Boswellia_dalzielii_Frankincense_Tree_In_Alloxan-Induced_Diabetic_Rats/links/61f365a3dafcdb25fd5719f7/Evaluation-of-the-Toxicity-Profile-and-Antidiabetic-Potentials-of-the-Methanol-Extracts-of-Boswellia-dalzielii-Frankincense-Tree-In-Alloxan-Induced-Diabetic-Rats.pdf
https://doi.org/10.4314/njpr.v17i1.7
https://doi.org/10.5958/2320-320X.2021.00016.9
https://doi.org/10.5958/2320-320X.2021.00016.9
https://doi.org/10.2337/db06-0855
https://doi.org/10.2337/db06-0855
https://www.ncbi.nlm.nih.gov/pubmed/17065355
https://doi.org/10.1016/0026-0495(95)90059-4
https://www.ncbi.nlm.nih.gov/pubmed/7723674
https://doi.org/10.1016/0168-8227(93)90099-Q
https://doi.org/10.1016/0168-8227(93)90099-Q
https://www.ncbi.nlm.nih.gov/pubmed/8253025
https://academicjournals.org/journal/AJPP/article-stat/AA123FE34034
https://www.google.com/books/edition/Davidson_s_Essentials_of_Medicine/mPdwCgAAQBAJ?hl=en&gbpv=1&dq=Davidson%E2%80%99s+Essentials+of+Medicine&printsec=frontcover
https://doi.org/10.1038/414821a
https://www.ncbi.nlm.nih.gov/pubmed/11742415
https://doi.org/10.1016/j.biopha.2005.07.002
https://www.ncbi.nlm.nih.gov/pubmed/16081237
https://doi.org/10.3164/jcbn.40.163
https://www.ncbi.nlm.nih.gov/pubmed/18398493
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2275761
https://www.ncbi.nlm.nih.gov/pubmed/19275687
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.proquest.com/openview/51ce34cbff4660e3c7f0e73db68fc7c7/1.pdf?pq-origsite=gscholar&cbl=226461
https://doi.org/10.22270/jddt.v9i4-A.3438
https://doi.org/10.1155/2011/515647
https://www.ncbi.nlm.nih.gov/pubmed/20953430
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2952308
https://doi.org/10.1016/j.jep.2015.06.014
https://www.ncbi.nlm.nih.gov/pubmed/26117532
https://link.springer.com/article/10.1007/BF02859140
https://doi.org/10.1002/9781118100592.ch1
https://www.ajol.info/index.php/njb/article/view/126183
https://www.academia.edu/27148030/HYPOGLYCEMIC_EFFECT_OF_THE_AQUEOUS_STEM_BARK_EXTRACT_OF_Boswellia_dalzielii_hutch_Opeyemi_Balogun_Stephen_Olalekan_Ojerinde_and_Taiwo_Emmanuel_Alemika
https://doi.org/10.4314/jpb.v1i1.32041
https://doi.org/10.4314/jpb.v1i1.32041

March 2023. Volume 9. Number 1 PBR

Pharmaceutical & Biomedical Research

[26] Alemika TA, Onawunmi GO, Olugbade TA. Antibacterial
phenolic from boswellia dalzielii. Niger ] Nat Prod Med.
2006; 10:108-10. [Link]

[27] Yakubu J, Mamza UT, Balami VM, Medugu AN, Abdul-
rahman FN, Sodipo OA. Antidiabetic effects of partitioned
methanol extract of boswellia dalzielii (frankincense tree)
on rats. ] Phytopharmacol. 2020; 9(4):224-9. [DOI:10.31254/
phyt0.2020.9402]

[28] Evans WC. Trease and evans pharmacognosy. Amsterdam:
Elsevier Health Sciences; 2009. [Link]

[29] CIOMS and ICLAS: Council for International Organisation
of Medical Sciences and the International Council for Labo-
ratory Animal Science, 2012. [Link]

[30] Emordi JE, Agbaje EO, Oreagba 1A, Iribhogbe OI. Antidia-
betic effects of the ethanolic root extract of uvaria chamae p.
beauv (annonaceae) in alloxan-induced diabetic rats: A po-
tential alternative treatment for diabetes mellitus. Adv Phar-
macol Sci. 2018; 2018:1314941. [DOI:10.1155/2018/1314941]
[PMID] [PMCID]

[31] Chowtivannakul P, Srichaiku IB, Talubmook C. Antidia-
betic and antioxidant activities of seed extract from leucaena
leucocephala (lam.) de wit. Agri Nat Resour. 2016; 50(5):357-
61. [DOI:10.1016/j.anres.2016.06.007]

[32] Vieira GT, de Oliveira TT, Carneiro MAA, Cangussu SD,
Humberto GAP, Taylor JG, et al. Antidiabetic effect of
equisetum giganteum . extract on alloxan-diabetic rab-
bit. ] Ehtnopharmacol. 2020; 260:112898. [DOI:10.1016/j.
jep.2020.112898] [PMID]

[33] Momoh S, Yusuf OW, Adamu MM, Agwu COC, Atanu
FO. Evaluation of the phytochemical composition and hy-
poglycaemic activity of methanolic leaves extract of cos-
tus aferin albino rats. ] Pharmaceut Res Int. 2011; (1):1-8.
[DOI:10.9734/BJPR/2011/237]

[34] Middleton E Jr, Kandaswami C, Theoharis CT. The effects
of plant flavanoids on mammalian cells: Implications for in-
flammation, heart disease and cancer. Pharmacol Rev. 2000;
52(4):673-751. [PMID]

[35] Wacker T, Jahr H, Wein S, Brandhorst D, Lau D. Differ-
ent toxic effect of hydrogen peroxide, nitric oxide and
superoxide on human, pig and rat islet of langerhans.
Exp Clin Endocrinol Diabetes. 1995; 103 Suppl 2:133-35.
[DOI:10.1055/5-0029-1211410] [PMID]

]
E Yakubu J, et al. Antidiabetic Study of Boswellia Dalzielii Column Fractions. PBR. 2023; 9(1):53-62 M



http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.ajol.info/index.php/njnpm/article/view/11864
https://doi.org/10.31254/phyto.2020.9402
https://doi.org/10.31254/phyto.2020.9402
https://www.google.com/books/edition/Trease_and_Evans_Pharmacognosy/l7pkTFyY428C?hl=en
https://iclas.org/cioms-and-iclas/
https://doi.org/10.1155/2018/1314941
https://www.ncbi.nlm.nih.gov/pubmed/30532775
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6250042
https://doi.org/10.1016/j.anres.2016.06.007
https://doi.org/10.1016/j.jep.2020.112898
https://doi.org/10.1016/j.jep.2020.112898
https://www.ncbi.nlm.nih.gov/pubmed/32437835
https://doi.org/10.9734/BJPR/2011/237
https://pubmed.ncbi.nlm.nih.gov/11121513/
https://doi.org/10.1055/s-0029-1211410
https://www.ncbi.nlm.nih.gov/pubmed/8839270

