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Abstract
The search for novel alpha-glucosidase inhibitory agents is currently an important scientific endeavour to the biopharmaceutical
companies due to their potentials to reduce postprandial hyperglycaemia in type 2 diabetic patients. The present research
attempted to investigate the alpha-glucosidase inhibitory effects of the leaf extract of Carica papaya. Aqueous, methanol, ethyl
acetate and n-hexane extracts of C. papaya leaf were subjected to in vitro alpha-glucosidase inhibitory studies, and methanol
extract was the most potent (IC50 = 171.83 ± 26.89 μg/mL). Consequently, the methanol extract was further fractionated by
column chromatography which yielded six pooled fractions (A–F) and fraction A (FA) showed the lowest IC50 (78.62 ±
25.23 μg/mL). Subsequently, the FA was subjected to in vivo oral maltose and sucrose tolerance tests which revealed that FA
had potent inhibitory effects on maltose and sucrose tolerance in rats. The computed area under the curves (AUC(0–120)) further
indicates that FA (200mg/kg bw) have better inhibitory activity onmaltase than sucrase. The GC-MS analysis of FA indicates the
presence of phenolics, various fatty acids and their derivatives. This research suggests that the leaf extract ofC. papaya possesses
alpha-glucosidase inhibitory effects and might be exploited in retarding postprandial hyperglycaemia.
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Introduction

Diabetes mellitus (DM) is a common metabolic abnormality
associated with marked increase in blood glucose levels
(hyperglycaemia) because of inadequacies in pancreatic insu-
lin action and/or secretion. The prevalence of type 2 diabetes
(T2D), representing > 90–95% of all DM cases, is rapidly
increasing throughout the world. If no urgent action is taken,
people affected with the disease are estimated to shoot up to
642 million by 2040 from the recorded 415 million in 2015
(IDF 2015). The hyperglycaemia associated with DM is a
known leading cause of cardiovascular diseases, neurological
complications, kidney and eye defects as well as premature
death (Lopez-Candales 2001). Thus, the management of this
postprandial hyperglycaemia is an extremely important

therapeutic strategy against DM as well as lowering the asso-
ciated chronic macro- and micro-complications (Shim et al.
2003).

The common therapeutic approach applied in lowering
postprandial hyperglycaemia for people affected with DM in-
volves reducing the digestion and absorption of carbohydrates
after food intake (Gholamhoseinian et al. 2008). Simple
sugars, such as fructose and glucose, are the major constitu-
ents of dietary carbohydrates allowed to cross from the intes-
tinal epithelium into the blood stream. Therefore, dietary di-
saccharides, oligosaccharides and polysaccharides are usually
catabolised into these simple sugars before their absorption
into the bloodstream. The intestinal enzymes such as alpha-
glucosidase attached to the intestinal epithelium facilitate this
digestion and absorption processes. Hence, the inhibition of
these enzymes would lower the postprandial blood glucose
excursions.

Alpha-glucosidase inhibitors (acarbose and miglitol) have
been exploited as oral antidiabetic drugs for the management
of T2D. This is because they prevent the digestion and absorp-
tion of dietary polysaccharides (Sindhu et al. 2013) and fall
under the third class of oral hypoglycemic agents (Du et al.
2005). In fact, alpha-glucosidase inhibitors obtained from
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natural sources have been effective in the control of postpran-
dial hyperglycaemia as well as clinical treatment of DM
(Playford et al. 2013). However, only a few of such inhibitors
are available for commercial purposes in addition to their sug-
ar mimetic structures which makes their synthesis slow be-
cause of the complex procedures involved (Yin et al. 2014).
Furthermore, these currently available alpha-glucosidase in-
hibitors are linked with serious side effects in the gastrointes-
tinal tract. Thus, it is worthwhile to explore for novel and safer
alpha-glucosidase inhibitory agents, especially from medici-
nal plants.

Carica papaya Linn (Caricaceae) commonly called paw-
paw tree is generally distributed throughout the world (Khalid
et al. 2013). The different parts of the tree are presently utilised
to manage several ailments such as diabetes, inflammation
and diarrhoea (Chavez-Quintal et al. 2011; Juarez-Rojop
et al. 2012). Indeed, the aqueous extract of the leaf has been
reported to exert antioxidant and hypoglycemic effects as well
as mitigated the upsurge in lipid profile of diabetic rats
(Maniyar and Bhixavatimath 2012). Also, the leaf extract cat-
egorically affects the probity and function of both liver and
pancreas (Juarez-Rojop et al. 2012). However, a detailed in-
vestigation of the alpha-glucosidase inhibitory activity of the
leaf extract, which may pave way for deciphering novel alpha-
glucosidase inhibitors, was not reported in the literature.

In this study, the in vitro and in vivo studies on the alpha-
glucosidase inhibitory effects of the leaf extract of C. papaya
were investigated along with the identification of the possible
bioactive compounds.

Materials and methods

Chemicals and reagents

Yeast (Saccharomyces cerevisiae) alpha-glucosidase, p-
nitrophenyl-α-D-glucopyranoside (pNPG), acarbose and di-
methyl sulfoxide (DMSO) were purchased from Sigma-
Aldrich, Germany. Other solvents and chemicals were of an-
alytical grade purchased from Haddis International, Samaru,
Zaria, Nigeria.

Plant materials

The fresh leaf of C. papayawas collected from a local farm at
Samaru village, Sabongari Local Government area, Kaduna
State, Nigeria. The service of the herbarium unit of Biological
Sciences Department, Ahmadu Bello University, Zaria,
Nigeria, was employed in the authentication of the plant ma-
terial and a sample with voucher number of 1708 was
deposited.

Preparation of plant extract

The collected plant leaf was rinsed with clean water and left to
dry at room temperature. Subsequently, laboratorymill was used
to pulverised the dried leaf and the obtained powder was used to
prepare the extracts. The dried powdered leaf of C. papaya was
extracted for 48 h using four different solvents (n-hexane, ethyl-
acetate, methanol andwater), respectively. This was achieved by
transferring 50 g of the powdered leaf in 500 mL of each of the
solvents for 48 h at room temperature. Thereafter, it was filtered
using muslin cloth and Whatmann filter paper No. 1 to obtain
the respective crude extracts. The hexane (2.8%), ethyl-acetate
(6.08%) and methanol (10.24%) extracts were concentrated
using a rotary evaporator while the aqueous (14.30%) extract
was concentrated to dryness at 40 °C using water bath for 72 h.

Determination of alpha-glucosidase inhibition
of the extracts

A protocol described Kim et al. (2005), with slight modifica-
tions, was employed in investigating the alpha-glucosidase in-
hibitory activity of the prepared crude extracts. Briefly, 100 μL
of alpha-glucosidase (1 U/mL) was added to tubes containing
40 μL of different concentrations (50–200 μg/mL) of each ex-
tract or acarbose. In order to initiate the enzymatic reaction,
60 μL of 5.0 mM pNPG was transferred to the tubes and mix-
ture was incubated at 37 °C for 1 h before the addition of 2 mL
of 0.1 M Na2CO3 to quench the reaction. Thereafter, the absor-
bance of the released p-nitrophenol was monitored at 400 nm
while the enzyme inhibitory activity was computed as percent-
age of a control sample lacking the inhibitors. The following
formula was used:

Enzyme inhibitory activity %ð Þ ¼ 1−
As

Ac

� �
� 100

where As and Ac are the absorbance values of the reaction
with and without the sample, respectively.

Bioassay-guided fractionation

The methanol extract that showed the best inhibitory activity
against alpha-glucosidase was fractionated using a column chro-
matography (size; 3 cm diameter 50 cm long) on a silica gel
column with a solvent system of hexane (100%), chloroform
(100%), chloroform/methanol (9:1, 8:2, 7:3) and methanol
(100%). Thin-layer chromatography (TLC)with precoated silica
gel TLC plates was used in monitoring the elution of the frac-
tions. A total of 154 fractions (20 mL each) was collected, and
fractions with similar Rf values were pooled together which
resulted into six pooled fractions labelled A–F. Subsequently,
all the six fractions were subjected to alpha-glucosidase inhibi-
tory activity assay as previously described.
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Experimental animals

A total of 20 healthy Wistar rats with a weigh range of 150–
200 g were procured and kept in a well-aerated laboratory
cages at the animal house of Biochemistry Department,
Ahmadu Bello University, Zaria. The animals were given a
period of 2 weeks to adjust to the laboratory environment
before the commencement of experiment. During the
stabilisation period, they were provided with growers mash
(Vital Feeds Company, Nigeria) and water ad libitum.
Furthermore, the rules and regulations of experimental animal
ethics committee of Ahmadu Bello University, Zaria, were
duly followed in maintaining the animals.

Animal grouping

After the 2-week acclimatisation period, the animals were ran-
domly distributed into four groups of rats each, namely, NC,
rats administered with distilled water; CPF100, rats adminis-
tered with 100 mg/kg bw of fraction A; CPF 200, rats admin-
istered with 200 mg/kg bw of fraction A; Acarbose, adminis-
tered with 100 mg/kg bw of a standard drug, acarbose.

The effects of fraction A on the in vivo maltose
and sucrose tolerance in rats

The rats in all the experimental groups were fasted overnight
for 12 h and after which, the animals were orally
coadministered with maltose or sucrose (2 g/kg bw) and the
respective dose of the fraction A in the treatment groups
whereas distilled water and acarbose were administered in-
stead of the fraction in the NC and acarbose groups, respec-
tively. The concentrations of blood glucose in all animals were
measured from the tail vein blood with a glucometer
(Glucoplus Inc., Saint-Laurent, Quebec, Canada) at 0 (prior
to maltose or sucrose administration), 30, 60, 90 and 120 min
after the maltose or sucrose ingestion. A 3-day washout period
was given between the maltose and sucrose tolerance experi-
ments in the animals. The following formula was used for the
computation of the area under the curve (AUC) for all the
experimental groups:

AUCtk ¼ ∑
k

i¼1

Ci−1 þ Cið Þ
2

ti−ti−1ð Þ

where Ci is the concentration of blood glucose at time ti.

Gas chromatography–mass spectrometry analysis

For the identification of the phytochemical components, the
fraction Awas further analysed by gas chromatography-mass
spectrometry (GC-MS) using a GC-MS system (Shimadzu
QP 2010, Tokyo, Japan) containing a fused silica capillary

column (VF-5MS; 30-m length, 0.25-mm diameter and
0.25 -mm film thickness). Ultra-pure helium served as the
carrier gas at linear velocity and flow rate of 37 cm/s and
0.7 mL/min, respectively. The temperature of the injector
was 250 °C whilst the initial oven temperature was 60 °C.
At the rate of 10 °C/min, this temperature was set to reach
280 °C with a hold time of 3 min. The fraction A (2 μL) was
injected with a manual split ratio of 20:1 while the mass spec-
trometer was set to operate in the electron multiplier voltage
and electron ionisation mode of 1859 Vand 70 eV, respective-
ly. Additionally, the mass spectrometer was programmed to
work under the following conditions: ion source temperature
(230 °C), solvent delay (4 min), quadrupole temperature
(150 °C) and scan range of 50–700 amu. The compounds
were identified by comparison of the retention times and the
interpretation of mass spectrumwas carried out in conjunction
with the database of National Institute of Standard and
Technology (NIST) library.

Statistical analysis

Results were presented as mean ± standard deviation (SD) of
three replicate determinations for in vitro assays and five an-
imals in the case of in vivo experiment. Data were analysed
using Tukey’s-HSD multiple range post hoc test with SPSS
for Windows (version 18, IBM Corporation, NY, USA).
Values with P < 0.05 were considered significantly different.

Result

Methanol and ethyl acetate extracts as well as the acarbose had
a dose-dependent inhibitory effect on alpha-glucosidase, and
upon the computation of the IC50 values, the methanol extract
with an IC50 value of 171.83 ± 26.89 μg/mL was found to be
the most potent extract against the enzyme (Table 1). Thus, the
methanol extract was selected for the subsequent bioassay-
guided fraction using column chromatography.

A total of 154 fractions were recovered after the column
chromatography which pooled based on the Rf values to yield

Table 1 IC50 values for the inhibition of alpha-glucosidase activity by
the extracts of the leaves of C. papaya

Extract IC50 of extract on alpha-glucosidase (μg/mL)

Aqueous 572.08 ± 71.06b

Methanol 171.83 ± 26.89a

Ethylacetate 292.15 ± 199.29a

Hexane 518.80 ± 67.07b

Acarbose 161.08 ± 41.01a

Results are presented asmean ± SD. Values with different letters down the
column are significantly different from each other at
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six fractions (A–F). Table 2 presents the effect of the different
fractions (A–F) on alpha-glucosidase activity. All the fractions
had inhibitory activity against the enzyme but fraction Awith
the least IC50 value of 78.62 ± 25.23 μg/mL was the most
potent. Hence, it was selected for the maltose and sucrose
tolerance tests in rats as well as the GC-MS analysis.

In the maltose tolerance test, the fraction A–treated groups
had reduced blood glucose levels in a dose-dependent pattern
in comparison to the NC group, though the difference was
insignificant (P < 0.05) in some cases (Fig. 1). However, in
the sucrose tolerance test, the fraction A–treated groups had a
non-dose-dependent reduced blood glucose levels for most
times during the 120-min experimental period (Fig. 2). It
was noteworthy that the fraction A–treated groups had a pro-
found decreased blood glucose levels from the 60 min.
Moreover, the data for the computed area under the maltose
tolerance curves revealed that, in comparison to the NC group,
the fraction A–treated groups had lower, but insignificant
(P > 0.05), AUC values (Table 3). Similarly, the AUC values

for sucrose tolerance test revealed that the groups adminis-
tered with fraction A also had lower but insignificant
(P > 0.05) AUC values compared to the NC. However, the
CPFL had lower AUC value compared to CPFH further
supporting the non-dose-dependent effect of the fraction A
in the sucrose tolerance test (Table 3).

The GC-MS analysis of the fraction A revealed 34
distinct peaks (Fig. 3), but only 13 different phytochem-
icals (Table 4) with high similarity index (> 90%) as
revealed by the NIST database were considered and
identified. Generally, these compounds were mainly phe-
nolics as well as fatty acids, namely, 2,4-di-tert-
butylphenol, cetene, cetyl alcohol, hexahydrofarnesyl ac-
etone, palmitic acid, z-(13,14-epoxy)tetradec-11-en-1-ol
acetate, linolelaidic acid, phytol, 1-eicosene, 5-methyl-
5-(4,8,12-trimethyltridecyl)dihydrofuran-2(3H)-one, 1-
heptatriacotanol, 17-pentatriacontene and squalene.

Discussion

Alpha-glucosidase inhibitors are used in the control of post-
prandial hyperglycaemia due to their suitability as non-
surgical strategy for controlling the hyperglycaemia. In fact,
the STOPNIDDM study of 2002 has clearly demonstrated the
merits of these drugs in the delay of progression of impaired
glucose tolerance into complete type 2 diabetic conditions in
addition to mitigating the risk of macrovascular complications
associated with DM (Abesundara et al. 2004). This article
reported a thorough study on the potentials of C. papaya leaf
as possible source of alpha-glucosidase inhibitors for subse-
quent appl icat ion in the control of postprandial
hyperglycaemia.

Table 2 IC50 values for the inhibition of alpha-glucosidase activity by
the fractions of the methanolic extract of the leaves of C. papaya

Fractions IC50 of fractions on alpha-glucosidase (μg/mL)

A 78.62 ± 25.23a

B 182.63 ± 57.29bcd

C 287.70 ± 8.87e

D 261.07 ± 73.05de

E 229.92 ± 31.07cde

F 121.25 ± 43.61ab

Acarbose 161.08 ± 41.01bc

Results are presented asmean ± SD. Values with different letters down the
column are significantly different from each other at
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Report from previous research has demonstrated that
the aqueous leaf extract of C. papaya possesses antioxi-
dant and hypoglycemic effects (Juarez-Rojop et al. 2012)
in addition to the improvement of the lipid profile for
diabetic rats (Maniyar and Bhixavatimath 2012).
However, the result of our findings revealed that the aque-
ous, methanol, ethylacetate and hexane extracts of the leaf
could all inhibit alpha-glucosidase and consequently
might reduce postprandial hyperglycemic shoot up.
Among all the extracts, the methanolic extract had the
best alpha-glucosidase inhibitory activity which could be
as a result of the presence of phenolics, flavonoids, cou-
marins, alkaloids, tannins and organic acids that were re-
ported in the methanol extract of the leaf of C. papaya
(Khuzhaev and Aripova 2000; Canini et al. 2007).
Subsequently, the methanol extract was subjected to col-
umn chromatography using different solvents of varying
polarity to separate the compounds in the extract based on
their polarity in the solvents which led to six pooled frac-
tions (A, B, C, D, E and F) as earlier described. Fraction
A had the lowest IC50 than the other fractions and even
lower than the standard drug, acarbose, which makes it
the most potent among the fractions and thereby, it was

selected for further in vivo maltose and sucrose tolerance
tests in rats.

Diabetic patients generally undergo a hyperglycaemic
shoot up after consumption of dietary carbohydrates, and this
takes approximately 4–5 h to revert back. The postprandial
hyperglycaemic shoot up is associated with increase in the
activity of disaccharidases by 1.5-fold (Tormo et al. 2002) as
well as the activities of GLUT2 and SGLT1 by almost 3–4-
fold (Kwon et al. 2007). In fact, in normoglycaemic individ-
uals, the increase in the levels of blood glucose levels after
dietary intake of carbohydrate begins at about 10 min and
reaches maximum in ∼ 60 min (ADA 2001). Interestingly,
the peak in the blood glucose level for the animals used in this
study was also observed within the first 60 min of maltose but
30 min of sucrose doses. Thereafter, a decrease was observed
until the blood level returns to near normal. However, the
fraction A–treated groups showed reduced blood glucose
levels in both maltose and sucrose tolerance tests. The ob-
served effects of the fraction A within the initial 30 min on
maltose tolerance curve and 60min on sucrose tolerance curve
might suggest a faster inhibitory activity against intestinal
maltase than sucrose which are the two common disacchari-
dases known to be present at brush border of the intestine.
Similarly, it was also evident from the computed AUC data
that fraction A (200 mg/kg bw) have better inhibitory activity
on maltase than sucrase which corroborates with the report of
Ibrahim et al. (2016). This could possibly be due to the
availability of some additional bioactive agents in the ex-
tract that specifically target maltase in addition to non-
specific inhibitors of other dissaccharidases. Hence, the
present in vivo sugar tolerance tests suggest that fraction
A could exert an anti-diabetic effect via the mitigation of
postprandial hyperglycaemia because for both in vitro and
in vivo studies, the fraction showed similar inhibitory pat-
terns with acarbose. Based on the results, it is plausible to
hypothes i s e tha t f r ac t ion A med ia t ed an an t i -
hyperglycaemic activity via possible inhibition of the in-
testinal disaccharidases.
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Table 3 Computed area under the curve (AUC) values for the maltose
and sucrose tolerance tests over the 2-h period

Groups AUC0–120 min (min mmol/L)

Maltose Sucrose

NC 843.5 ± 127.73b 924 ± 265.42b

CPFL 707.5 ± 62.17ab 674 ± 60.69ab

CPFH 680.5 ± 125.20ab 729 ± 143.03ab

Acarbose 648.5 ± 25.15a 612 ± 100.37a

All values are presented as mean ± SD. Values with different letters are
significantly different from each other at

NC normal control, CPFL Carica papaya fraction low, CPFH Carica
papaya fraction high
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The GC-MS analysis was conducted to identify the possi-
ble bioactive compounds in fraction Awhich revealed that the
fraction contains phenolics which include 2,4-di-tert-
butylphenol and phytol as well as fatty acids (palmitic acid)
and their derivatives (squalene). Interestingly, previous studies
indicated that the alpha-glucosidase inhibitory effects of
Ocimum basilicum, Citrus maxima, cinnamon and tea extracts
are mediated by phenolics (El-Beshbishy and Bahashwan

2012; Oboh and Ademosun 2011) which was proposed to be
through hydrogen bond formation between the hydroxyl
groups of the phenolics and the carboxyl acid groups of
D197 and E233 at the active site of the enzyme (Piparo et al.
2008). Moreover, the identified phytol (Jananie et al. 2011),
palmitic acid and squalene (Widyawati et al. 2015) have been
reported to possess antidiabetic activity via the stimulation of
insulin secretion and inhibition of alpha-glucosidase in diabet-
ic rats. Thus, while not discounting the possible contribution
of other components, it is plausible to connote that the pheno-
lics along with the palmitic acid and squalene act individually
or synergistically to bring about the observed inhibitory
effects.

In conclusion, our data suggest that the leaf extract of
C. papaya contains alpha-glucosidase inhibitors which might
be exploited for the development of new agents for the control
of postprandial hyperglycaemia. The findings also validate, in
part, the application of the leaves of C. papaya in folk medi-
cine for the treatment of DM.
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Fig. 3 Chromatogram of the GC-MS analysis for the fraction A of Carica papaya leaf methanolic extract

Table 4 Identified components of the fraction A of the methanolic
extract of the leaves of C. papaya by GC-MS

S/
no.

Retention
time

Compound Similarity
index

1 28.731 2,4-Di-tert-butylphenol 95

2 30.994 Cetene 94

3 36.634 Cetyl alcohol 91

4 37.427 Hexahydrofarnesyl acetone 90

5 38.323 Palmitic acid 96

6 39.501 Z-(13,14-Epoxy)tetradec-11-en-1-ol
acetate

90

7 38.556 Linolelaidic acid, methyl ester 99

8 39.682 Phytol 91

9 40.129 1-Eicosene 91

10 40.923 5-Methyl-5-(4,8,12-trimethyltridecyl)
dihydrofuran-2(3H)-one

91

11 41.072 1-Heptatriacotanol 90

12 41.111 17-Pentatriacontene 91

13 44.607 Squalene 93
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