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To isolate the anti-diabetic principle of the leaves of Aspilia africana through bioassay guided
phytochemical investigation. The methanol extract previously screened for anti-diabetic activity was
partitioned successively with n-Hexane, CH:Cl;, EtOAc and n-BuOH. The butanol fraction, the only
fraction that responded positively to in-vitro anti-diabetic tests (like the crude methanol extract) was
treated with diethyl ether to precipitate the saponins. The crude saponin was hydrolyzed with 4M HCI
and the organic part subjected to silica gel chromatography which on further purification through gel
filtration and prep TLC afforded a compound which was identified using melting point determination,
extensive nuclear magnetic resonance spectroscopy (1D, 2D, COSY, HMBC, HQMC), Fourier Transform-
Infra-red (FT-IR) spectroscopy and basic chemical reactions. The isolated compound was identified as
2-hydroxyolean-12-en-28-oic acid or oleanolic acid. The in vitro anti-diabetic assays showed inhibition
of a-amylase and a-glucosidase with the following ICso: in a-amylase assay: crude methanol 96.40+0.2
mg/mL, butanol fraction 72.50+0.65 mg/mL, isolated compound 25.45+0.45 pg/mL, compared to the
reference drug (acarbose) 46.31+0.58 pug/mL; in the a-glucosidase assay crude methanol 95.10+0.20
mg/mL, butanol fraction 72.65+3.20 mg/mL, isolated compound 47.57+0.40 pg/mL, compared to the
reference drug (acarbose), 48.10+0.13 pg/mL. Based on these findings the compound responsible for
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the anti-diabetic activity of Aspilia africana is 2-hydroxyolean-12-en-28-oic acid.

1. Introduction

Aspilia africana (Pers) C.D. Adams (Asteraceae) is an herb which can
grow up to 2 m high and occurs throughout the savannah and forested
zones of tropical Africa. It is found in all parts of Nigeria [1]. Aspilia
africana is commonly known as wild sunflower or haemorrhage plant due
to its ability to stop bleeding even from severed artery [2].

The previous phytochemical studies of the plant [3-5], (which were
confirmed in this study) show that it contains saponins, tannins, terpenes
and flavonoids. The detection of a number of terpenoids like cubebene,
copaene, caryophyllene, germacrene B, patchoulene, elemene, cedrene,
isocaryophyllene, guaiene and germacrene D from the leaves of A. africana
has been reported [6]. Page et al. [3] has reported the isolation of
diterpenes - kaurenoic and grandiflorenic acids from the leaves of the
plant. Triterpeoids such as 3f-acetoxyolean-12-ene and 3-0-(a-
rhamnopyransyl)-(1-6)glucopyranosyl(1—3)ursan-12-ene have also
been isolated from the leaves of the plant [7]. Biological studies of the
extract of the leaves have highlighted anti-diabetic, hypolipidemic,
antimicrobial, anti-coagulant, antiulcer and anti-plasmodial activities [5, 8
- 10]. Antibacterial activity of root extracts has also been reported [11].
The plant A. africana naturally grows luxuriantly without any pastoral care
in all parts of Nigeria almost all-year-round and can be cheaply harnessed
as a rich source of supply of drug materials to tackle the emerging
problems of terminal ailments like diabetes (especially the Type 2) which
has become a worrisome disease condition affecting over 422 million
people worldwide [12]. Diabetes Mellitus is a metabolic disorder
characterized by hyperglycemia caused by deficit or malfunction in insulin
secretion and/or insulin action both of which cause the impaired
metabolism of glucose, lipids and proteins [13].

Diabetes prevalence has been increased by the aging of population,
socioeconomic disadvantages and lifestyles that trend toward physical
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inactivity and overweight/obesity [14]. Although many drugs with
different modes of action are available, natural anti-diabetic agents with
insulin-sensitizing effects and preventive actions are highly desirable [12].
It is on this basis that this study was carried out to isolate and characterize
a compound with anti-diabetic potential from the leaf of A. africana. No
previous study has linked any of the numerously reported biological
activities to the isolated compounds from this plant. This is the first report
of isolation of 3-hydroxyolean-12-en-28-oic acid (oleanolic acid) from A.
africana as far our search can reach.

2. Experimental Methods

2.1 Reagents and Analytical Equipment

Melting point of the isolate was determined using Electrothermal
melting point apparatus (IA9100, USA). UV was run on Spectro UV-Vis
2700 Dual beam (200 - 1100 nm) Labomed, Inc. USA. The silica gel for
column chromatography, sephadex LH-20 and the analytical grade
reagents used were obtained from Sigma Aldrich. Alpha amylase (from
Aspergillus oryzae; CAS No 9001-19-8, Enz No 3-2-1.1) and alpha
glucosidase (from Baker’s yeast; CAS No 9001-42-47), 4-Nitrophenyl-a-D-
glucopyranoside (CAS No 3767-28-0) were obtained from Sigma-Aldrich
(USA). The preparative thin layer chromatography (TLC) plates were
obtained from Merck, Germany. The Proton NMR (*H NMR) and Carbon-
13 NMR (*3C NMR) spectra were run on a JEOL AS 400 (400 MHz)
spectrometer (Japan) using DMSO-d¢ and CDClIs as solvents and TMS as
internal standard. Solvent peaks were at 7.26 ppm for CDCls and 2.50 ppm
for DMSO-de. The chemical shifts were reported as § ppm relative to TMS.
The samples were all run at temperature of 25 °C. FTIR (KBr) was
recorded using 8400 S Shimadzu, Japan.

2.2 Collection and Identification of Plant Materials

The fresh leaf plant material was collected at Wusasa in Zaria L.G.A. of
Kaduna State, Nigeria. The plant was identified and authenticated by
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Herbarium unit of the department of Biological Science, Faculty of Science,
Ahmadu Bello University, Zaria, as Aspilia africana (pers.) C.D. Adams
(Asteraceae). A specimen with voucher No. 1146 was deposited at the
herbarium. The plant material was dried under the shed for several weeks
then ground, sieved into fine powder and extracted with H.O0-MEOH
(30:70).

2.3 Extraction and Purification Procedures

The powdered leaf of Aspilia africana (1 kg) was cold-macerated in H,0-
MEOH (30:70) for 72 h and then filtered. The filtrate was concentrated in
vacuo to give the extract (150.8 g). The extract was partitioned
successively with n-Hexane, CH:Clz, EtOAc and n-BuOH. The fractions
were concentrated to dryness in vacuo. The extracts and fractions were
subjected to phytochemical screening using standard protocols. Crude
saponin was precipitated from the n-BuOH fraction (6 g) by means of
diethyl ether. The crude saponin was subjected to acid hydrolysis with 4M
HCI. The resulting mixture was extracted with CHCls to obtain the organic
portion. The dried CHCIz extract was subjected to column chromatography
(silica gel, CHCI3: MEOH in order of increasing polarity). 100 eluates of 10
mL aliquot each were collected. Eluates with same Rr on TLC were pooled
together to afford 12 fractions (HYD1 -12). Fraction HYD4 (eluates 17-26)
on gel filtration with sephadex LH.zo, eluted with CHCl3 and methanol
afforded compound 1, when re-crystallized in methanol. The aqueous part
was analyzed for the presence of sugars through TLC comparison with
standard sugars [15] and chemical tests (Fehling’s and Benedict’s) for
simple for sugars.

2.4 Determination of Anti-diabetic Activities
2.4.1 Determination of In-vitro a-Amylase Inhibition

This experimental procedure was carried out as reported by Sindhu et
al. [16]. The assay mixture comprising of 200 pL of 0.02 M sodium
phosphate buffer, 20 pL of enzyme and the crude methanol extract,
prepared in the concentrations of 20, 40, 60, 80 and 100 pg/mL was
incubated for 10 minutes at room temperature followed by addition of 200
uL of 1% starch (1.0 g of starch in 100 mL of sodium phosphate buffer (20
mM), pH, 6.8) in all the test tubes. The reaction was terminated with
addition of 400 pL of 3, 5-dinitrosalicylic acid and placed in boiling water
for 5 minutes, cooled and diluted with 15 mL of distilled water. The
absorbance was measured at 540 nm. This procedure was repeated for the
butanol fraction, the isolated compound and the reference drug.

2.4.2 Determination of In-vitro a-Glucosidase Inhibition

The assay was carried out using the method of Sindhu et al. [16] and
Adefegha and Oboh [17]. The a-glucosidase was dissolved in 100 mM
phosphate buffer (pH 6.8) and used as the enzyme extract. p-Nitrophenyl-
a-D-glucopyranoside was used as the enzyme substrate. Different
concentrations of test samples (as in 2.4.1 above) were mixed with 320 pL
of 100 mM phosphate buffer pH 6.8 at 30 °C for 5 minutes. 3 mL of 50 mM
sodium hydroxide was added to the mixture and the absorbance was read
at 410 nm. The control samples were prepared without the plant
materials. The % inhibition was calculated using the formula [18].

Abs(w/l)Control - Abs(w/l)plant extract X100

% Inhibition =
7 Inhibition Abs(W/l)ControI

The concentration of the compound required to inhibit 50% of the
enzymes activities was defined by the ICso value determined from the plot
of percentage inhibition versus log of inhibitor concentration and were
calculated by non-linear regression analysis from the mean of inhibitory
values. Acarbose was used as the reference a-amylase and a-glucosidase
inhibitor. All the tests were performed in triplicate.

3. Results and Discussion

The result of the phytochemical screening showed that the leaf
methanol extract of the plant contained much of saponins, tannins,
terpenes and poly phenols than alkaloids and flavonoids and the same
result was replicated in butanol fraction. Compound 1 was obtained as a
white amorphous solid (225 mg), m. p. 299-302 °C (Litt 301- 302 °C; [19]),
mixed melting point 299-302 °C. TLC R¢value was 0.75 (CHClz-MeOH, 9:1).
It was soluble in n-hexane, chloroform and methanol, and insoluble in
water. It responded positively to the Liebermann-Burchard’s test for
pentacyclic triterpene and produced CO; with NaHCOs. The 3C-NMR and
1H-NMR results are shown in Table 3. FTIR (VmaxKBr): showed absorption

at 3436 cm, 2931 cm'?, 2404 cm?, 1728 cm?, 1389 cml, 1152 cm'?, 103
cm?, 1016 cm, 769 cm, 695 cm! (Fig. 3).The analysis of the aqueous
hydroxylate indicated that glucose was the major constituent.

3.1 Result of Anti-Diabetic Test

The results of the in-vitro anti-diabetic tests are shown on Tables 1 and
2.In a-amylase inhibition assay: the ICso for crude methanol was 96.40+0.2
pug/mL, butanol fraction 72.50+0.65 pg/mL, isolated compound
25.45+0.45 pg/mL, compared to the reference drug (acarbose) 46.31+0.58
ug/mkL; in the alpha glucosidase inhibition assay crude methanol ICso was
95.10£0.20 pg/mL, butanol fraction 72.65+0.32 pg/mL, isolated
compound 47.57+0.40 ug/mL, compared to the reference drug (acarbose),
48.10+0.13 pg/mL. The result showed that the compound inhibited the
actions of alpha amylase and alpha glucosidase.

Table 1 % Inhibition of a-Amylase by products from A. africana and Acabose

Conc. MeOH MeOH BuOH BuOH Compdl Compd1l Acarb Acarb

extract extract extract FR (%) 1C50 (%) 1C50
(%) IC50 (%) IC50
20 30 96.40+ 30 72,50 47 25.45+0. 32 46.31
40 38 0.20* 35 0.65* 58 45* 44 +0.58
60 40 43 72 63 u
80 44 47 73 69
100 52 52 85 74

Conc. in mg/mL for MeOH and BuOH; ug/mL for ECJ17-26HYD and Acarbose;
Data are given as mean #SD (n=3; * p<0.05)

Table 2 % Inhibition of a-Glucosidase by products from A. africana and Acabose

Conc. MeOH MeOH BuOH BuOH Compdl Compdl Acarb Acarb

extract extract extract FR (%) IC50 (%) IC50
(%) IC50 (%) IC50
20 33 95.10+ 30 72.65+ 34 47.57+0. 33 48.10
40 36 0.20* 42 3.20% 45 40* 44 +0.13
60 43 46 63 60 &
80 45 52 66 67
100 49 56 74 71

Conc. in mg/mL for MeOH and BuOH; ug/mL for ECJ17-26HYD and Acarbose;
Data are given as mean #SD (n=3; * p<0.05)

Table 3 1H and 13C NMR chemical shifts of compound ECJ17-26HYD compared with
ref compound

Position of Compd1 DEPT Compd Coupling HMBC * Ref.
Carbon 8C (ppm) 18H constant correlations  compd 8§C
ppm (Hz) (ppm)

1 39.35 CH2 1.53 25 39.0
2 27.89 CHz 1.10 28.1
3 77.78 CH 3.38 dd, 3.5,13.5 23,24 78.2
4 38.51 C - 39.4
5 55.39 CH 0.77 3,5,23,24 55.9
6 18.33 CH2 1.33 18.8
7 32.55 CH2 1.57 33.4
8 38.69 C - 39.8
9 47.71 CH 1.61 48.2
10 37.01 C - 37.4
11 22.95 CH: 1.86 23.8
12 122.24 CH 5.39 brs 122
13 14412 C - 144
14 41.70 C - 422
15 27.29 CH2 1.38 284
16 23.07 CHz 1.54 23.8
17 46.05 C - 46.7
18 41.43 CH 2.27 q, 14 42.1
19 45.99 CH: 1.14 20, 21,30 46.6
20 32.55 C - 19, 29,30 31.0
21 33.64 CH2 1.21 34.3
22 25.45 CH2 1.30 33.2
23 30.51 CH3 0.99 s 3,4,5,24 28.8
24 16.80 CH3 0.99 s 16.5
25 15.50 CH3 0.76 s 1,5,9,10 15.6
26 14.98 CHs 0.79 S 7,8,9,14 17.5
27 27.63 CH3 1.13 s 26.2
28 178.03 C - 180
29 32.84 CH3 091 s 19,20,21,30 334
30 23.32 CH3 0.89 s 19,20,21,29 238

400MHz H, 100MHz 13C CDCl3; *Ref Compound [20]
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3.2 Structural Elucidation of Compound 1

The 13C-NMR and 'H-NMR spectroscopic data in combination with
analysis of DEPT and HMQC (Fig. 1b) showed the presence of thirty carbon
atoms consisting of 8 quaternary, 5 tertiary, 10 secondary carbons and
seven methyl groups. tH-NMR spectrum (Fig. 2) showed a downfield broad
singlet signal at §5.39 assigned to the olefinic proton on C-12. 1H-NMR
spectral data also revealed seven methyl singlets at = 0.76, 0.79, 0.89,
0.91, 0.99, 0.99, and 1.13. The '3C NMR chemical shifts at §178.03, 144.12
and 122.24 were typical characteristics peaks of oleanane type of
triterpene skeleton assigned to C-28, C-13 and C-12 respectively. The de-
shielding chemical shift at §77.78 was assigned to C-3. In the HMBC
experiment the following correlations were observed: Me-25—-C-1 = C-5
- C-9 - C-10; Me-26 -»C-7— C-8— C-9- C-14; Me-23—C-3— C-4— C-5—
C-24; Me-29-C-19- C-20- C-21- C-30; Me-30—C-19 - C-20—- C-21- C-
29. The 1H-NMR signals at & 0.99 (s, 3H, Me-23), § 0.99 (s, 3H, Me-24),
0.76 (s, 3H, Me-25), § 0.79(s, 3H, Me-26), 1.13 (s, 3H, Me-27), § 0.91 (s,
3H, Me-29), § 0.89 (s, 3H, Me-30), and a broad signal at § 5.39 (H-12)
together with the 13C-NMR suggests the presence of olean-12-ene
skeleton [21]. The HQMC has also helped in assigning the proton
resonances to the respective carbon atoms. The signals at §C 77.78 ppm
(C-3) corresponds to 6H 3.38 (H-3); 6C 55.39 ppm (C-5)/ 6H 0.77 ppm (H-
5); 6C18.33 ppm (C-6)/ 6H 1.33 ppm (H-6); 6C 47.7 ppm (C-9)/ 6H 1.41
ppm; (H-9); 6C 122.20 ppm (C-12)/ 6H 5.39 ppm (H-12); 6C 41.7 ppm (C-
18)/ 8H 2.27 ppm (H-18); 6C 15.50 ppm (C-25)/ 6H 0.76 ppm (3H, H-25)
ppm.

The COSY experiment (Fig. 1b) has shown the following couplings:
8H1.53 ppm (H-1)/ 8H 3.38 (H-3); 8H 2.27 ppm (H-18)/ 8H 1.14 ppm (H-
19); 6H 0.99 (H-23)/ 8H 0.99 (H-24); 6H 0.79 ppm (H-26)/ 6H 1.13 ppm
(H-27). A triplet observed at 2.27 ppm with a ] value of 14.0 Hz indicated
coupling between a single proton at C-18 and two protons at C-19. This
triplet only appears if the compound is of the 3-type triterpene (oleanane)
(where only two protons are attached to C-19) [22].

The FTIR spectrum (Fig. 3) confirmed the presence of hydroxyl group
(3436 cm?), C-H str (2931cm!), carbonyl group (1728 cm-?), olefinic
group, C=C (695, 769 cm) and C-O (acid) functional group (1152, 1039
and 1016 cm). The FTIR spectrum also showed absorption peaks at 1458
cm? (CHz and CHs), 1389 cm (gem-dimethyl - at C-4), 1218 cm! (two
methyls on qua-ternary carbon atom- indicating the 2 methyl groups on C-
20 which distinguishes it from the isomer (ursolic acid), which has one
methyl group at this position [23].

On the basis of above spectral and chemical evidences compound 1 was
identified as 3B-hydroxyolean-12-en-28-oic acid also known as oleanolic
acid (Fig. 1a).The identity of the compound was finally determined by CO-
TLC and MMP with an authentic sample and by comparison of 13C-chemical
shifts with the reported data [20].

T :
v COSY cross peak armows HMBC long range correlations

(b)

Fig. 1 (a) Structure of compound 1 (b) 2D NMR Correlations of compound 1

(a) (b)

Fig. 2 NMR spectra of the isolated compound (a) 'H NMR, (b) 13C NMR
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Fig. 3 FTIR Spectrum of the isolated compound

3.3 Anti-Diabetic Activity

The bioassay guided phytochemical investigation of Aspilia africana has
led to the isolation of an anti-diabetic agent that has dose-dependently
inhibited the actions of two important enzymes, a-amylase and a-
glucosidase implicated in the metabolism of carbohydrate in human body.
Alpha amylase catalyses the breaking down of starch to disaccharides and
oligosaccharides and the intestinal a-glucosidase catalyses the breakdown
of disaccharides to release glucose which is later absorbed from small
intestine into the blood circulation [24].This inhibition in digestion and
absorption of carbohydrate which in turn decreases rise in postprandial
hyperglycemia is a very simple but highly effective therapeutic approach
to check the prevalence of hyperglycemia [25].The isolated compound has
been identified as oleanolic acid, a very well-known anti-hyperglycemic
agent employing this therapeutic approach [12]. Isolation of oleanolic acid
from a very common and abundantly available herb like Aspilia africana is
a great gain to the fight against diabetes mellitus.

4. Conclusion

The results showed that the methanol extract, the butanol fraction and
the isolated compound inhibited the actions of alpha amylase and o-
glucosidase in a dose dependent and uncompetitive manner. The results
also confirmed the anti-diabetic activity of Aspilia africana and established
the fact that oleanolic acid is probably the bioactive agent responsible for
the activity in the extract of the leaves of plant previously reported. It is
however suggested that further studies are undertaken to establish the in-
vivo activity.

Acknowledgement

The authors would like to acknowledge the contributions of Mr. Umar
Gallah of the herbarium unit of the department of biological sciences,
Ahmadu Bello University Zaria who identified the plant, Emem Thomas
who collected the plant materials and Ole John who ran the NMR
spectroscopy.

We declare that this work was done by the authors named in this article
and all liabilities pertaining to claims relating to the content of this article
will be borne by the authors. E. Johnson conceived and designed the
research work as well carried out phytochemical studies and analyzed the
results. M. Ilyas supervised the phytochemical studies and interpreted the
spectroscopic data. O. Eseyin, E. Etim, A. Udobre, A. Udoh and E. Edem
conducted the anti-diabetic studies.

References

[1]  H.M. Burkill, The useful plants of West Tropical Africa, Royal botanic garden,
Kew.1, 2nd Ed,, UK, 1985, pp. 446-447.

[2] C.0. Okoli, P.A. Akah, A.S. Okoli, Potentials of leaves of Aspilia africana
(Compositae) in wound care: an experimental evaluation, BMC Compl.
Alternat. Med. 7 (2007) 24-24.

Cite this Article as: E.C. Johnson, M. Ilyas, 0.A. Eseyin, E.I. Etim, A.S. Udobre, A.E. Udoh, E.O. Edem, Isolation, characterization and anti-diabetic potentials of oleanolic acid from the leaves of Aspilia africana

(Pers) C.D Adams (Asteraceae), J. Pharm. Med. Res. 2(2) (2016) 62-65.



B3]

[4]
[5]

[6]

[7]
[8]

[9]
[10]
[11]

[12]

[13]

[14]

E.C. Johnson et al / Journal of Pharmaceutical and Medicinal Research 2(2) (2016) 62-65 65

J.E. Page, G.M. Rinkunga, F. Chege, C.N. Kiare, J. Muthaura, et al., Biologically
active diterpenes from Aspilia mossambicensis - chimpanzee medicinal plant,
Phytochem. 31 (1972) 3437-3439.

B.A. Adeniyi, R.O. Odufowora, In-vitro antimicrobial properties of Aspilia
africana (Compositae), Afr. J. Biomed. Res. 3 (2000) 167-170.

T.B. Nguelefack, P. Watcho, P. Wansi, M.N. Mboruh, D. Ngamga, et al, Antiulcer
effects of the methanol extract of the leaves of Aspilia Africana (Asteraceae),
Afr.]. Trad. Comp. Alt. Med. 2 (2005) 233-237.

A.L.Usman, A.L. Oladosu, N.O. Olawore, C.0. Fakunle, A.A. Hamid, et al., Chemical
composition of leaf oil of Nigerian grown Aspilia africana C.D. Adams, ]. Med.
Plant. Res. 4 (2010) 346-348.

F.J. Faleye, Terpenoid constituents of Aspilia africana (Pers.) C.D. Adams,
Leaves, Int. ]. Pharm. Sci. Rev. Res. 13 (2012) 138-142.

J.E. Okokon, J. Obot, 1. Ikpatt, Antidiabetic and hypolipdemic effects of Aspilia
africana (Asteraceae) in alloxan induced diabetic rats, Nig. ]. Nat. Prod. Med. 10
(2006) 41-44.

M.M. Hanna, J. Niemetz, Studies on the anti-coagulant action of Aspilia africana,
Thromb. Res. 47 (1987) 401-407.

J.E. Okokon, L.I. Nwidu, G.A. Essiet, Evaluation of in-vivo anti-plasmodial
activity of Aspilia africana, Inter. ]. Pharm. 2 (2006) 348-351.

E.C. Johnson, O.A. Eseyin, A.S. Udobre, P. Ike, Antibacterial effect of Methanolic
extract of the roots of Aspilia africana, Nig. ]. Pharm. App. Res. 1 (2011) 44-50.
J.M. Castellano, A. Guinda, T. Delgado, M. Rada, ].A. Cayuela, Biochemical basis
of the anti-diabetic activity of oleanolic acid and related pentacyclic
triterpenes, Diabetes 62 (2013) 1791-1799.

D. Gao, Q. Li, Y. Fan, Hypoglycemic effects and mechanisms of Portulaca
oleracea L. in alloxan-induced diabetic rats, . Med. Plant Res. 4 (2010) 1996~
2003.

WHO, Media Centre, Diabetes fact sheet, World Health Organization, Geneva,
2013.

[15]

[16]

(17]

(18]

[19]

(20]
[21]
[22]

(23]

[24]

(25]

S. Farag, Separation and analysis of some sugars by using thin layer
chromatography, Jour. Am. Soc. Sugar Beet Technol. 20 (1979) 251-254.

S.N. Sindhu, K. Vaibhavi, M. Anshu, In vitro studies on alpha amylase and alpha
glucosidase and inhibitory activities of selected plant extracts, Euro. ]. Exp. Bio.
3(2013) 128-132.

S.A. Adefegha, G. Oboh, In vitro inhibition activity of polyphenol-rich extracts
from Syzygium aromaticum (L) Merr & Perry (Clove) buds against
carbohydrate hydrolyzing enzymes linked to type 2 diabetes and Fe2*induced
lipid peroxidation in rat pancrease, Asian Pacific]. Trop. Biomed. 2 (2012) 774-
781.

M. Jung, M. Park, H.L. Chul, Y. Kang, E. Seok-Kang, et al, Antibiotic agents from
medicinal plants, Curr. Med. Chem. 13 (2006) 111-114.

A.R. Gohari. S. Saeidnia, A. Hadjiakhoondi, M. Abdoullahi, M. Nezafati, Isolation
and quantificative analysis of oleanolic acid from Satureja Mutica Fisch and CA
Mey, ]. Med. Plants. 8 (2009) 65-69.

W. Seebacher, N. Simic. R. Weis, R. Sai, O. Kernart, Spectral assignments and
reference, Magn. Reson. Chem. 41 (2003) 636-638.

S.B. Mahato, A.P. Kundu, 13C NMR spectra of pentacyclic triterpenoids - a
compliation and some salient features, Phytochem. 37 (1994) 1517-1575.

B. Bhatt, Chemical constituents of Solanum xanthocarpum, J. Chem. Pharm. Res.
3(2013) 176-181.

A. Mann, K. Ibrahim, A.0. Oyewale, ].0. Amupitan, M.O. Fatope, J.I. Okogun,
Isolation and elucidation of three triterpenoids and its antimycobacterial
activity of Terminalia avicennioides, Am. J. Org. Chem. 2 (2012) 14-20.

D.M. Nagmoti. A.R. Juvekar, In-vitro inhibitory effects of Pithecell obiumdulce
(Roxb.) Benth seeds on intestinal alpha glucosidase and pancreatic alpha
amylase, J. Biochem. Technol. 4 (2013) 616-621.

Y.I. Kwon, E. Apostolidis, Y.C. Kim, K. Shetty, Health benefits of traditional corn,
beans and pumpkin: In-vitro studies for hyperglycemia and hypertension
management, ]. Med. Food 10 (2007) 266-275.

Cite this Article as: E.C. Johnson, M. Ilyas, 0.A. Eseyin, E.I. Etim, A.S. Udobre, A.E. Udoh, E.O. Edem, Isolation, characterization and anti-diabetic potentials of oleanolic acid from the leaves of Aspilia africana

(Pers) C.D Adams (Asteraceae), J. Pharm. Med. Res. 2(2) (2016) 62-65.



