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The present study was designed to evaluate the antidiabetic potential of the aqueous leaves extract of
Zanthoxylum armatum DC. leaves using in vivo and in vitro approaches. For in vivo studies, blood glucose
level was monitored at different intervals after administration of varying doses of the extract for its
hypoglycemic (100e6000 mg/kg b.w.) and antihyperglycemic (250 mg/kg b.w.) effect in normoglycemic
and diabetic mice. In vitro enzymatic inhibition activity was tested against a-amylase, a- and b-gluco-
sidase and lipase. Additionally hydroxyl radical, hydrogen peroxide scavenging assay and phytochemical
screening were also performed. Element analysis of the plant was studied by Atomic Absorption Spec-
trometry (AAS) and Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES). The plant
extract showed significant hypoglycemic and antihyperglycemic effect in normoglycemic and diabetic
mice. The IC50 values of extract for a-amylase, b-glucosidase, lipase, hydroxyl radical scavenging activity,
hydrogen peroxide scavenging activity were 7.40 mg/ml, 0.30 mg/ml, 8.35 mg/ml, 3.25 mg/ml, 9.62 mg/
ml respectively and the percentage of inhibition for a-glucosidase was 79.82% at 0.8 mg/ml. In vitro
studies were compared with their respective standards. Elemental analysis revealed the presence of
essential elements such as Mg, V, Fe, Cr, Zn, Cu, Mo, Mn, K, Ca, P and Sr which are all known to play a role
in regulating blood glucose. The results demonstrate that Z. armatum aqueous leaves extract possess
antidiabetic property in both in vivo and in vitro condition.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a group of commonly known meta-
bolic diseases characterized by chronic hyperglycemia due to de-
fects in insulin secretion, insulin action or both.1 Many different
therapeutic approaches are available for treating diabetes and one
of the treatment includes retarding absorption of glucose by
inhibiting the carbohydrate hydrolysing enzymes like amylase and
glucosidases.2e4 The human a-amylase (EC 3.2.1.1), is commonly
found in the pancreatic juice and saliva which breaks down large
insoluble starch molecules into simple and absorbable sugars.2 On
the other hand, a-glucosidase (EC 3.2.1.20) and b-glucosidase (EC
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3.2.1.21) are key enzymes that are located at the border brush of
the small intestine which catalyses the cleavage of glycosidic
bonds releasing glucose from the non-reducing end of an oligo- or
polysaccharide chains.4 Hence, inhibition of a-amylase and
glucosidase enzymes will result in delaying the breakdown of
carbohydrates in the small intestine thus diminishing the post-
prandial blood glucose level. Further, hyperlipidaemia which is
known to be associated with disturbances in the lipid metabolism
have been linked to the development of obesity and diseases
including diabetes. The important strategy in the prevention and
treatment of hyperlipidaemia includes delaying fat digestion and
absorption through gastrointestinal mechanisms such as the in-
hibition of pancreatic lipase (EC 3.1.1.3).5 Therefore, the use of
lipase inhibitors will result in reduced absorption of glycerides and
fatty acids from the gut and consequently, less fat will be syn-
thesised in the body.6 Further, it has also been shown in a number
of studies that DM is associated with oxidative stress, leading to an
ction and hosting by Elsevier Taiwan LLC. This is an open access article under the
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increased production of reactive oxygen species (ROS), including
superoxide radical (O2

�), hydrogen peroxide (H2O2), and hydroxyl
radical (OH�) or reduction of antioxidant defence system.7 Anti-
oxidants play an important role in scavenging the free radicals and
protect the human body from oxidative stress.8 Therefore, a drug
with both antioxidant and antidiabetic property would be useful
for the treatment of DM. Although various types of antidiabetic
drugs are easily available for controlling blood glucose level
however, these medications are known to be associated with un-
desirable effects. Thus, managing diabetes using currently avail-
able drugs devoid from side effects is still a challenge.9 Hence, the
search for more effective and safer therapeutic agents of natural
origin is continuing as it is considered valuable.9 WHO has sug-
gested the evaluation of traditional plant therapies for DM as they
are effective, nontoxic, with less or no side effects and are
considered to be excellent candidates for oral therapy.10 There are
various mechanisms by which plants show antihyperglycemic
activity by acting either insulinomimetic or secretagogues prop-
erties, some resemble the effect of metformin, others inhibit en-
zymes such as a-amylase, a-/b-glucosidase, lipase and some are
due to their antioxidant potential.11e15 Therefore, documenting
and validating the efficacy of medicinal plants having antidiabetic
property has increased and characterization of chemical constit-
uents is focused in drug discovery programmes to bring a better
lead molecule for diabetes treatment.16

Zanthoxylum armatum DC. (Rutaceae) is a small tree or large
spiny shrub. It is widely distributed in India from Kashmir to
Bhutan at altitudes up to 2500 m and occurs through North East
India.17 The parts of the plant such as the leaves, bark, stem, fruits
and seeds are extensively used in indigenous system of medicine as
a tonic, carminative, stomachic and anthelmintic.18,19 Z. armatum is
also commonly used in traditional practices by the Khasi tribe of
Meghalaya in North-Eastern India and in neighbouring regions
including South-East Asia.20 People of Meghalaya used the aromatic
fruits (local name: Jaiur) and leaves as spices for preparing tradi-
tional foods.21 Z. armatum extract has shown to possessed anti-
fungal activity, hepatoprotective activity, anti-inflammatory
activity, antioxidant and antimicrobial activities.22e25 Other genus
of Zanthoxylum are also known to possessed potent antidiabetic
property.26,27 Previous studies has shown that the hydro-
methanolic bark extract of Z. armatum is also known to possessed
antidiabetic property.28 Currently, there is no scientific validation
displaying the antidiabetic potential of Z. armatum aqueous leaves
extract using in vivo and in vitro approaches. Hence, the present
study was aimed to investigate the antidiabetic activity of aqueous
leaves extract of Z. armatum in diabetic mice using the above
mentioned approaches.

2. Material and methods

2.1. Chemicals

Alloxan was procured from Sigma Co., USA; Insulin from Knoll
Pharmaceutical Ltd., India; Metformin from USV Ltd., India; Acar-
bose from Bayer Zydus Pharma, India; Orlistat fromMeyer Organics
Pvt. Ltd., India. Other chemicals used were of analytical grade ob-
tained from Sisco Research Laboratories (SRL), India and Himedia,
India.

2.2. Collection of plant material

Leaves of Z. armatum (ZA) were collected from Diengpasoh, East
Khasi Hills, Shillong, Meghalaya, India. The plant was authenticated
by a Herbarium curator, Dr. P. Gurung, Department of Botany,
NEHU, Shillong, Meghalaya, India, with a voucher No. 11963.
Please cite this article in press as: Rynjah CV, et al., Evaluation of the antidi
using in vivo and in vitro approaches, Journal of Traditional and Complem
2.3. Preparation of the plant extract

The leaves were properly washed, dried in oven at 40 �C and
grounded. 40 g of powdered leaves dissolved in 200 ml of
distilled water was filtered using Whatmann filter paper No.1. The
filtrate was then evaporated using rotary evaporator and then
lyophilized to dryness.29 The lyophilized powder was stored at
4 �C for further use. The yield percentage of Z. armatum extract
(ZAE) was 6.31%.

2.4. In vivo studies

2.4.1. Experimental animals
Female swiss albino mice, weighing about 25e30 g were ob-

tained from Pasteur Institute, Shillong, India, and used for
the study. Mice were housed in a room kept under control con-
ditions with temperature maintained at 22 �C on a 12-h dark cycle
and fed with standard mice feed. Mice were fasted overnight
before performing the following experiment but given water ad
libitum. Food was again fed after 6 h to mice during the hypo-
glycemic and antihyperglycemic study and after 120 min during
glucose tolerance test. The experiments were conducted after the
approval by the Institutional Ethics Committee (IEC) (Dated:
01.09.2014) of North-Eastern Hill University, Shillong, Meghalaya,
India.

2.4.2. Lethal dose investigation
Single dose of ZAE (100e6000 mg/kg b.w.) was administered

intraperitoneally (i.p.). The mice were kept under observation for
24 h. The LD50 was calculated using Karber30 method with modi-
fication by Aliu, Nwude.31 The calculation is given below:

LD50 ¼ c� fða� bÞg
n

(1)

n ¼ total number of animal in a group.
a ¼ the difference between two successive doses of adminis-
tered extract/substance.
b ¼ the average number of dead animals in two successive
doses.
c ¼ maximum dose.
2.4.3. Hypoglycemic activity in normoglycemic mice
The extract in varying doses ranging from 100 to 6000 mg/kg

b.w. were administered to the normoglycemic mice by i.p. injection
and glucose level was monitored at 2, 4, 6 and 24 h. SD check
glucometer was used for measuring the blood glucose level. The
control mice were given only distilled water.

2.4.4. Induction of diabetes
Alloxan monohydrate dissolved in sodium acetate buffer 0.15 M

pH 4.5 at 80 mg/kg b.w. were intravenously administered to over-
night fasted mice.32 After 48 h mice showing blood glucose level
above 200 mg/dl were used for the study. The control group
received only the buffer.

2.4.5. Antihyperglycemic activity in diabetic mice
The extract at the dose of 250 mg/kg b.w. were administered

through i.p. injection to the diabetic mice. Metformin at 250 mg/kg
b.w. (MET) and insulin at 0.1 IU/kg b.w. (INS) were used as reference
drugs. The blood glucose level was determined after extract/stan-
dard drugs administration at 2, 4, 6 and 24 h.33
abetic property of aqueous leaves extract of Zanthoxylum armatumDC.
entary Medicine (2017), http://dx.doi.org/10.1016/j.jtcme.2017.04.007
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Fig. 1. Effect of varying doses (represented as mg/kg b.w.) of ZAE in normoglycemic
mice (n ¼ 6) where NC is normoglycemic control. Values are expressed in mean ± SEM
(p < 0.05*, p < 0.01**, p < 0.001***).
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2.4.6. Glucose tolerance test in normoglycemic and diabetic mice
Normoglycemic or diabetic mice were administered with ZAE/

standard drugs one and a half hour prior to the glucose load
(2000 mg/kg b.w.).33 Glucose concentration was measured at 0, 30,
60, 120 and 1440 min after the glucose load. The control group
received only the glucose load.

2.5. In vitro studies

2.5.1. Inhibition assay of a-amylase, lipase, a- and b-glucosidase
The enzymes inhibition procedure of a-amylase, a-glucosidase,

b-glucosidase and lipase was according to the method of Hansa-
wasdi et al34; Kim et al35; Sanchez-Medina et al14; Kumar et al36

respectively. Acarbose was used as a standard drug for a-amylase,
a- and b-glucosidase while orlistat for lipase inhibition assay. The
percentage (%) of inhibition for all the enzymes except for a-
glucosidase was also expressed as the half maximal inhibitory
concentration (IC50). The formula for % of inhibition is given below:

% of inhibition ¼ Abscontrol � Absextract
Abscontrol

� 100 (2)

where Abscontrol is the absorbance read without the extract, Abs-
sample is the absorbance read in the presence of the extract.

2.5.2. Antioxidant assay

(i) Hydroxyl radical scavenging activity of ZAE/ascorbic acid
(standard) was performed according to the method of Hal-
liwell et al.37 The formula for % of hydroxyl radical scav-
enging activity is given below:

% of hydroxyl radical scavenging activity

¼ Abscontrol � Absextract
Abscontrol

� 100 (3)

where Abscontrol was the absorbance read without the extract,
Absextract was the absorbance read in the presence of extract. The %
of hydroxyl radical scavenging activity of the extract was also
expressed in IC50.

(ii) The titration method using sodium thiosulphate was per-
formed for hydrogen peroxide scavenging activity of ZAE/
ascorbic acid (standard) according to Zhao et al.38 The
hydrogen peroxide scavenging activity was calculated as:

% of hydrogen peroxide scavenging activity

¼ Vcontrol � Vextract

Vcontrol
� 100 (4)

where Vcontrol: volume of sodium thiosulfate used for titration in
the presence of H2O2 (without extract), Vextract: volume of sodium
thiosulfate solution used for titration in the presence of H2O2

(presence of extract). The % of hydrogen peroxide scavenging ac-
tivity of the extract was expressed in IC50.

2.6. Phytochemical screening

Preliminary qualitative phytochemical analysis was carried out
to identify the secondary metabolites present in the ZAE.39e46

2.7. Elemental analysis

The elements such as Magnesium (Mg), Vanadium (V), Iron (Fe),
Chromium (Cr), Lead (Pb), Zinc (Zn), Copper (Cu), Molybdenum
Please cite this article in press as: Rynjah CV, et al., Evaluation of the antidi
using in vivo and in vitro approaches, Journal of Traditional and Complem
(Mo), Manganese (Mn) was determined by Graphite furnace-AAS
analysis (AAS Perkin Elmer 3110) at Sophisticated Analytical
Instrumental Facility Centre (SAIF), North-Eastern Hill University,
Shillong, India. Potassium (K), Calcium (Ca), Strontium (Sr), Phos-
phorus (P), Selenium (Se), Titanium (Ti) and Arsenic (As) were
analysed using ICP-AES (Arcos from M/S. Spectro, Germany), at
SAIF, Indian Institute of Technology, Mumbai, India.

2.8. Statistical analysis

For in vivo study, data were expressed as mean ± standard error
of the mean (SEM). To determine the level of significance, the data
were analysed by student's t-tests. The values p < 0.05*, p < 0.01**,
p < 0.001*** were considered as statistically significant.

For in vitro enzyme inhibitory activity and antioxidant activity,
the data were expressed as means ± SEM of the % of inhibition. The
concentration of ZAE required to inhibit 50% (IC50) were deter-
mined by linear regression analysis between the % of inhibition
versus the extract concentration by using the excel program.

3. Results

3.1. In vivo studies

3.1.1. Lethal dose investigation
Administration of ZAE did not show mortality in mice treated

with doses of 100e4000 mg/kg b.w. whereas at the dose of
6000 mg/kg b.w. 100% mortality was observed within 24 h. The
calculated LD50 was found to be 5000 mg/kg b.w.

3.1.2. Hypoglycemic activity and glucose tolerance in
normoglycemic mice

The effect of different doses (100e6000 mg/kg b.w.) of the ZAE
on the normoglycemic mice is illustrated in Fig. 1. Among the lower
doses, 250 mg/kg b.w. was found to be more effective in reducing
the blood glucose level and it showed maximum reduction at 4 h
by 73.75% (p < 0.001) when compared to the control. The result of
the glucose tolerance test performed in normoglycemic mice is
given in Fig. 2. Half an hour after the administration of the glucose
load, there was a marked increase in the blood glucose level of the
control and treated mice. The mice treated with ZAE suppressed
the glucose peak significantly at 120 min by 31.86% (p < 0.05)
compared to 0 min. The mice treated with MET and INS was able to
significantly suppressed the glucose peak at 120 min by 30.25%
(p < 0.05) and 49.72% (p < 0.01) respectively. The effect of ZAE on
the pattern of reduction of blood glucose level at 30, 60 and
abetic property of aqueous leaves extract of Zanthoxylum armatumDC.
entary Medicine (2017), http://dx.doi.org/10.1016/j.jtcme.2017.04.007
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Fig. 2. Glucose tolerance test in normoglycemic mice (n ¼ 6) administered with ZAE
(250 mg/kg b.w.)/metformin (MET; 250 mg/kg b.w.) and insulin (INS; 0.1 IU/kg b.w.)
where NC is normoglycemic control. Values are expressed in mean ± SEM (p < 0.05*,
p < 0.01**, p < 0.001***).
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Fig. 4. Glucose tolerance test in diabetic mice (n ¼ 6) administered with ZAE (250 mg/
kg b.w.)/metformin (MET; 250 mg/kg b.w.) and insulin (INS; 0.1 IU/kg b.w.) where DC is
diabetic control. Values are expressed in mean ± SEM (p < 0.05*, p < 0.01**,
p < 0.001***).
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120 min was more pronounced than MET but showed lower effect
than INS.

3.1.3. Antihyperglycemic activity and glucose tolerance test in
diabetic mice

The effect of single i.p. administration of ZAE (250 mg/kg b.w.)
on blood glucose level of diabetic mice is represented in Fig. 3. ZAE
displayed its antihyperglycemic effect starting from 2 h as seen in
the hypoglycemic study and maximum reduction in the blood
glucose level was observed at 6 h (57.23%; p < 0.01) when
compared to the diabetic control. MET showed antihyperglycemic
effect at 4 h by 84.00% (p < 0.001) and at 6 h by 73.66% (p < 0.001)
respectively while INS showed antihyperglycemic effect at 2 h by
63.93% (p < 0.01), at 4 h by 62.57% (p < 0.01) and at 6 h by 65.69%
(p < 0.001) respectively when compared to the diabetic control.
Glucose tolerance test was also performed in diabetic mice and the
result is given in Fig. 4. As seen in the graph, at 30 min after the
glucose load therewas amarked increase on the blood glucose level
of the diabetic control and a slight increase in the mice treated with
ZAE/standard drug. The blood glucose level of the diabetic mice
treated with ZAE (250 mg/kg b.w.) was able to improve the blood
glucose pattern by 54.24% (p < 0.05) at 120 min. MET was able to
reduce the elevated blood glucose level by 55.61% (p < 0.001)
whereas, insulin showed the highest percentage reduction (70.30%,
p < 0.001) at 120 min when compared to its respective 0 min. In
both antihyperglycemic activity and glucose tolerance test, ZAE
improved the blood glucose level in diabetic mice, however, its
magnitude of effect on the blood glucose level was lower than MET
including INS at all-time point.
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Fig. 3. Effect of ZAE (250 mg/kg b.w.)/metformin (MET; 250 mg/kg b.w.) and insulin
(INS; 0.1 IU/kg b.w.) on blood glucose level of diabetic mice (n ¼ 6) where DC is dia-
betic control. Values are expressed in mean ± SEM (p < 0.05*, p < 0.01**, p < 0.001***).
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3.2. In vitro studies

3.2.1. Inhibition assay of a-amylase, lipase, a- and b-glucosidase
The IC50 of extract against a-amylase was 7.40 mg/ml while

acarbose was 4.42 mg/ml (Table 1), b-glucosidase was 0.30 mg/ml
for extract while acarbose showed IC50 of 0.07 mg/ml (Table 1) and
lipase showed IC50 value of 8.33 mg/ml for extract while orlistat
was 3.97 mg/ml (Table 1). The ZAE extract was found to inhibit a-
glucosidase by 79.82% (0.8 mg/ml) whereas acarbose was able to
inhibit 23.83% (0.8 mg/ml) (Table 2).

3.2.2. Antioxidant assay
The IC50 of hydroxyl radical assay was found to be 8.46 mg/ml

and 1.10 mg/ml for ZAE and ascorbic acid respectively (Table 1). The
IC50 of hydrogen scavenging assay was found to be 9.62 mg/ml and
3.25 mg/ml for ZAE and ascorbic acid respectively (Table 1).

3.3. Phytochemical screening

The preliminary phytochemical screening tests for ZAE revealed
the presence of carbohydrates, steroids, saponins, alkaloids, ter-
penoids, phenols, tannins and proteins (Table 3).

3.4. Elemental analysis

The presence of the essential elements such as Mg, V, Fe, Cr, Zn,
Cu, Mo, Mn, K, Ca, P and Sr in the plant sample is depicted in
Tables 4 and 5.

4. Discussion

The ZAE was found to have a good safety profile with calculated
LD50 of 5000 mg/kg b.w. The effects of the higher doses
(1000e3000mg/kg b.w.) were found to be similar as in lower doses
(100e500 mg/kg b.w.). The lower doses of extract would be more
preferred over higher doses since lower doses are considered to be
less toxic and safe.47 The reduction in blood glucose level was
observed from 2 h in all the doses that was used in the study. The
hypoglycemic result indicates that ZAE has compound(s) that can
attenuate the blood glucose level of the normoglycemic mice when
compared to the control. Alloxan, a beta cytotoxin chemical, used
for inducing diabetes, works by destroying the pancreatic beta-cells
resulting in decreased level of insulin production and ultimately
leading to increase in the blood glucose level.48 In the present
study, the mice administered with alloxan were seen to have
elevated blood glucose level whereas administration of ZAE caused
abetic property of aqueous leaves extract of Zanthoxylum armatumDC.
entary Medicine (2017), http://dx.doi.org/10.1016/j.jtcme.2017.04.007



Table 1
In vitro inhibitory effects of ZAE on b-glucosidase, a-amylase, lipase and hydroxyl radical and hydrogen peroxide scavenging activity.

b-glucosidase (% of inhibition) a-amylase (% of inhibition) Lipase (% of inhibition) % of hydroxyl radical
activity

% of hydrogen peroxide
activity

mg/ml ZAE STD mg/ml ZAE STD ZAE STD ZAE STD ZAE STD

0.02 05.40 ± 00.57 34.91 ± 2.88 0.2 15.92 ± 01.66 18.20 ± 0.95 13.58 ± 1.62 19.58 ± 4.87 31.86 ± 1.74 15.05 ± 1.38 18.92 ± 1.74 12.58 ± 0.71
0.04 08.36 ± 01.35 39.27 ± 1.75 0.4 20.17 ± 01.25 22.75 ± 1.51 18.15 ± 1.78 24.07 ± 4.33 34.09 ± 4.31 18.16 ± 1.33 25.18 ± 0.51 15.88 ± 0.80
0.06 18.04 ± 04.49 47.64 ± 2.92 0.6 24.82 ± 01.75 30.69 ± 1.76 25.03 ± 4.25 39.66 ± 3.99 39.05 ± 3.05 25.30 ± 2.46 30.89 ± 1.23 26.65 ± 2.44
0.08 11.01 ± 03.34 59.76 ± 2.28 0.8 30.77 ± 01.77 38.97 ± 1.68 23.48 ± 4.08 41.64 ± 3.83 40.01 ± 1.96 29.20 ± 1.95 37.82 ± 1.74 34.99 ± 1.81
0.1 21.14 ± 04.39 68.09 ± 0.89 1.0 29.46 ± 0.84 38.72 ± 1.65 29.97 ± 2.66 44.95 ± 5.77 46.07 ± 2.19 32.05 ± 2.65 47.54 ± 3.30 39.82 ± 1.96
0.2 47.17 ± 02.26 72.78 ± 1.20 2.0 36.11 ± 4.43 45.42 ± 1.57 31.45 ± 2.55 51.34 ± 3.74 48.89 ± 1.96 35.22 ± 1.28 54.30 ± 4.13 40.39 ± 2.65
0.4 53.85 ± 05.59 75.19 ± 0.96 4.0 46.75 ± 2.28 51.87 ± 1.51 39.82 ± 4.88 57.80 ± 4.54 54.47 ± 1.99 39.06 ± 2.82 60.98 ± 2.44 44.91 ± 1.93
0.6 54.59 ± 08.61 76.94 ± 1.47 6.0 49.80 ± 1.02 58.88 ± 1.28 41.27 ± 2.74 61.26 ± 5.78 58.04 ± 2.31 44.84 ± 1.87 66.98 ± 2.48 47.65 ± 0.96
0.8 57.18 ± 04.77 79.61 ± 2.31 8.0 51.66 ± 0.70 67.88 ± 1.57 47.51 ± 2.56 63.91 ± 5.08 63.50 ± 1.74 47.47 ± 1.67 70.63 ± 0.96 50.60 ± 0.83
1.0 67.79 ± 10.10 83.59 ± 1.97 10 52.21 ± 1.16 72.31 ± 2.74 54.20 ± 1.27 68.67 ± 5.23 68.54 ± 1.63 50.30 ± 1.13 74.99 ± 1.01 53.16 ± 1.25

Values are represented as mean± SEM of % of inhibition (n ¼ 5). Results are also expressed in IC50.The IC50 values are as follows: For b-glucosidase: 0.30 mg/ml ZAE and
0.07mg/ml acarbose as standard (STD); a-amylase: 7.40 mg/ml ZAE and 4.42 mg/ml acarbose (STD): lipase: 8.33 mg/ml ZAE, 3.97 mg/ml orlistat (STD); hydroxyl radical
activity: ZAE 8.46mg/ml and 1.10 mg/ml ascorbic acid (STD); hydrogen peroxide activity 9.62 mg/ml ZAE and 3.25 mg/ml ascorbic acid (STD).

Table 2
In vitro inhibitory effect of ZAE on a-glucosidase.

Concentration % of inhibition

mg/ml ZAE Acarbose

0.2 74.46 ± 2.40 25.85 ± 4.37
0.4 69.48 ± 0.66 24.61 ± 1.29
0.6 79.21 ± 1.81 24.19 ± 0.16
0.8 79.82 ± 0.96 23.83 ± 0.45

Values are represented as mean ± SEM (n ¼ 3). Results are expressed in % of
inhibition.

Table 3
Phytochemical test for the presence of different constituents in ZAE.

Plant constituents Test Present (þ)/Absent (�)

Carbohydrates Molisch's tests þ
Fehling's tests þ

Proteins þ
Fatty acids �
Steroids þ
Saponins þ
Alkaloids Wagner's test �

Dragendorff's test þ
Terpenoids þ
Phenols þ
Tannins þ
Flavonoids Pew's test �

Alkaline reagent test �

Table 5
Elemental analysis of Z. armatum leaves using ICP-AES.

Elements K Ca P Sr Se Ti As

Values % 2.089 1.424 0.274 0.0039 ND ND ND

Results are expressed in percentage (%). ND (Not detectable).
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a decline in the rise of the blood glucose level in the diabetic mice.
During glucose tolerance test, ZAE was observed to be more
effective than MET in reducing the blood glucose level in normo-
glycemic mice while in diabetic mice, MET was more effective than
ZAE. The pattern of blood glucose reduction at all-time point shown
by the plant extract in normoglycemic and diabetic mice suggested
that the extract contain principle(s) that work differently fromMET.
MET, a biguanide, an antihyperglycemic drug do not cause hypo-
glycemia in normal subjects evenwhen taken in excessive dose49,50

and this is because it lowers blood glucose without increasing in-
sulin secretion.51 Therefore in our study, MET administration
showedmore pronounced blood glucose lowering effect in diabetic
mice than in normoglycemic mice. Plant extract producing
Table 4
Elemental analysis of Z. armatum leaves using AAS.

Elements Mg V Fe Cr P

Values ppm 0.41 ± 0.003 0.39 ± 0.001 0.30 ± 0.001 0.13 ± 0.003 0

Result are expressed in parts per million (ppm).
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hypoglycemic effects can act by various mode and mechanisms.
Some of the plant extract have been shown to have glibenclamide
like activity.52 Glibenclamide is a sulfonylurea derivative, causes
hypoglycemia by stimulating pancreatic beta-cells to release more
insulin and inhibiting glucagon secretion.53 Other plant extracts
have either insulin-like effect, increase insulin secretion from beta-
cells of pancreas, regenerate gamma-cell from islets of langerhans,
reduce absorption of glucose from gastrointestinal tract, increase
glucose utilization, etc.54 Therefore, ZAE may possibly exert mul-
tiple actions involving different mechanisms in exerting hypogly-
cemic and, antihyperglycemic effects.

Inhibition of a-amylase, a- and b-glucosidase activities by the
extract could have contributed to its antidiabetic effect, thereby
slowing down the degradation of starch to disaccharide and ulti-
mately reducing the elevated blood glucose level which has been
noted in diabetic mice treated with the extract. Pancreatic lipase
inhibition is also a valuable target for the treatment of diet-induced
hyperglycemia. Hence, ZAE simultaneously inhibited both the car-
bohydrates and lipid hydrolyzing enzymes. Previous report has
already discussed the beneficial effect of other plants having en-
zymes inhibitory effects against amylase, glucosidases and
lipase.12e15 During hyperglycemia, scavenging ROS such as
hydrogen peroxide (H2O2) and hydroxyl radical (OH) are consid-
ered to be crucial as they can lead to oxidative stress.16 The ability of
the extract to scavenge the H2O2 and OH radicals can be beneficial
for reducing the risk for developing diabetes and its complication.

The presence of one or more compounds in the plant extract
may involve in decreasing the blood glucose suggesting that the
natural constituents could have act separately or synergistically to
induce the hypoglycemic effect.55 The antidiabetic property of
somemedicinal plants have also assumed to be due to the presence
of the phytochemical compounds.56,57 Therefore, the antidiabetic
property display by ZAE might have been attributed by the
b Zn Cu Mo Mn

.13 ± 0.001 0.13 ± 0.002 0.11 ± 0.003 0.06 ± 0.003 0.053 ± 0.002
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presence of various chemical constituent(s) such as alkaloids, fla-
vonoids, saponins, and tannins.

A number of studies have also link diabetes with deficiency of
some important elements viz. Mg V, Fe, Cr, Zn, Cu, Mo,Mn, K, Ca and
P. Plants with antidiabetic property are widely known to contain
these essential elements through which they can be a good alter-
native as a supplement. Mg is known to be present in various en-
zymes involved in glucose oxidation pathways and also play a role
in glucose transport mechanism.58 V affects carbohydrate meta-
bolism including glucose transport, glycolysis, glucose oxidation
and glycogen synthesis.59 Insulinomimetic property is a possible
mechanism of action of V in glycemic control by up regulation of
insulin receptors.60 Glucose metabolism and insulin action can be
influenced by the presence of Fe.61 Cr is a crucial trace element
which is important in glucose homeostasis.62 Zn play an important
role in maintaining the structural integrity of insulin. In which,
deficiency of Zn causes a large number of metabolic disturbances
such as impaired glucose tolerance, insulin degradation and
reduced pancreatic insulin content.63 Cu is known to possess an
insulin-like activity and promotes lipogenesis.64 Studies has shown
that Mn has the ability to decrease glucose intolerance.65 Mo can
increase receptor autophosphorylation and phosphorylation of its
substrate and augment glucose transport.66 K is a well proven in-
sulin secretagogue in the intact organism and the isolated
pancreas.67 Increased in cytosolic Ca ions is important for medi-
ating the effect of glucose by stimulating the insulin from beta cells
in which alteration in Ca flux can leads to adverse effect of the in-
sulin producing cells.68 P has a property of maintaining normal
blood glucose.69 The biological role of Ti and Sr is not much known.
Therefore, the aforementioned elements that were found in the
leavesmight have played a direct or indirect role inmaintaining the
glucose level. The level of the element is in accordance with other
plants and is within the permissible limit.70

5. Conclusion

In conclusion, both the in vivo and in vitro approaches give
insight understanding about the antidiabetic potential of Z. arma-
tum aqueous leaves extract. Inhibition of a-amylase, glucosidases,
lipase and its antioxidant activities studied under in vitro condition
including the presence of phytochemical compounds in ZAE could
be associated with its hypoglycemic and antihyperglycemic activ-
ity. This study has also established that ZAE have appreciable
quantities of some of the trace elements associated with glucose
lowering effects and the antidiabetic property of Z. armatum
aqueous leaves extract reported in this study can be attributed to,
among others, some of these trace elements present in ZAE.

Further studies can be undertaken at the cellular and molecular
levels, which may further elucidate its mechanism in detail. Addi-
tionally, toxicity tests involving long duration administration of the
extract to animal model are needed to comprehensively evaluate
the safety of ZAE. Therefore, the present investigation has opened
avenue for further research especially with reference to the
development of method for isolating, identifying and character-
izing the active constituent (s) that are responsible for the antidi-
abetic property of Z. armatum aqueous leaves extract.
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