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Abstract

Background and Objective: Hedera helix L. (lvy) has been utilized as an alternative medicine for cough however, through
extensive literature search; we found no reported activity of ivy on a-glucosidase inhibition, HbA1c levels and its protective effect on
vital organs. Therefore, the present study aimed to evaluate the antidiabetic and protective effect of ivy in alloxan induced rat model.
Materials and Methods: The hypoglycemicactivity of ivy was examined in normoglycemic, glucose overloaded and alloxan-induced rats.
The antidiabetic potential was also confirmed by estimation of HbA1cand a-glucosidase inhibitory activity. Results: Results of acute and
chronic study revealed that ivy produced highly significant decline (p<0.01) in fasting and post-prandial blood sugar levels as compared
to diabetic control and standard group respectively. Furthermore, highly significant decline (p<0.01) in HbA1c levels were seen after
chronic administration of ivy indicating its therapeutic effect in lowering HbA1c levels during long term use. It was found that ivy
produced stronger and highly significant (p<0.05) inhibition of a-glucosidase activity than the standard agent acarbose at 500 ug mL™".
Conclusion: The histopathological studies of vital organs revealed protective effect of ivy via maintaining the normal architecture as
compared to alloxan model. Hence, our findings support the potential use of ivy for diabetes management.
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INTRODUCTION

Hedera helix L. also known as English ivy or ivy is a
perennial climbing plant of Araliaceae family, with lustrous,
deep green, coriaceous leaves. lvy is a famous herbal plant
that has been utilized for the management of conditions
associated with diabetes amongst the native populations of
Asia, East Africa, India, South America and the Caribbean’. The
active biological compounds accountable for the beneficial
therapeutic use of Hedera helixL. are triterpene saponins
(2.5-6%): the bidesmosidic glycosides of hederagenin:
hederacoside C (1.7-4.8%), hederacoside D (0.4-0.8%),
hederacoside B (0.1-0.2%) and monodesmoside a-hederin
(0.1-0.3%)2. Several previous studies have demonstrated the
medicinal value of this plant such as antibacterial®,
anthelmintic?, antileishmanial®, in vitro antispasmodic’,
hemolytic®, anticarcinogenic/antitumor® and antifungal
properties of H. helix L. extract'®. Extract of H. helix L. also
expressed anti-elastase, anti-hyaluronase, secretolytic,
spasmolytic, antimicrobial and hepatoprotective activities™.

Beside all these medicinal uses only few researchers
explored its antidiabetic potential'>'3, Although several parts
of Hedera helix L. such as fruit, leaf and stem, have been
utilized as alternative medicines for the management of
diabetes. However, there is narrow pharmacological basis for
itsapplication as a therapeuticagent. Researcher did extensive
literature search but could not find any reported a-
glucosidase inhibitory effect of ivy leaf extract. Moreover, the
effect of ivy leaf extract on HbA,c levels and its protective
effect on vital organs such as Liver and Kidney have not been
reported. Therefore, the present study was carried out to
evaluate the antidiabetic and protective effect of ivy leaf
extractin rat model. In addition to the effects of ivy leaf extract
on RBG, FBG, HbAc, /n vitro a-glucosidase activity were also
examined as one of the possible mechanisms underlying
antidiabetic activity of the leaf extract.

MATERIALS AND METHODS

Study area: The study was carried out from the month of
March to July 2019 in the Department of Pharmacology,
Faculty of Pharmacy and Pharmaceutical Sciences, University
of Karachi Pakistan.

Chemicals and plant material: The standard hypoglycemic
drug gliclazide was purchased from market manufactured by
local pharmaceutical company and given in the dose of
10 mg kg~". Other reagents used in the study such as alloxan

monohydrate, glucose and DMSO (3%) were purchased from
Sigma Aldrich Pvt. Ltd, NaCl (0.9%) and distilled water were
obtained from Otsuka Pakistan Ltd. Dry powdered leaf extract
of Hedera helix L. (Filzenberg, Germany) was obtained from
Medics Laboratories Pvt. Ltd, Karachi, Pakistan.

Test sample preparation: The aqueous extract was
prepared by dissolving the powdered leaf extract of Hedera
helix L. in distilled water, stirred well until dissolved. The
standard hypoglycemic drug gliclazide was suspended in
isotonic saline solution with DMSO (3%) and was given orally,
after an overnight fast, maintaining the volume of the vehicle
constant at 1 mL. The dose for each animal was calculated
according to their body weights and extract was then
administered orally by gavage technique.

Animals: Adult male Sprague-Dawley (SD) rats (200-250 g)
were purchased from the animal house of the HEJ, University
of Karachi. The design of the experiment was endorsed by the
BASR Committee under the reference number BASR/No.
/00368/Pharm. and the animals were handled as per the
guidelines provided by National research council, 1996. Rats
were accommodated in standard cages where rat chow and
water were provided ad libitum.

Measurement of a-glucosidase activity: The a-glucosidase
activity of the sample was measured by reference to the
method of Kim et a/%. The enzyme a-glucosidase was
dissolved in 100 mM sodium phosphate buffer (pH 7.0) at
0.2 unit mL~" concentration. A total of 2 pL of the sample and
100 pL of the enzyme solution were mixed well. Mixed
samples were transferred to 96-well plate and absorbance at
405 nm was measured. Then, 2 mM p-nitrophenyl «-D-
glucopyranoside (100 uL) was rapidly added into 96-well plate
and the absorbance at 405 nm was further measured.
Acarbose (100 ug mL~") which was used to proven the
a-glucosidase inhibitory activity was used as a positive control
and the a-glucosidase activity was calculated according to the
following formula':

Absorbance,,,,-Absorbance

Inhibitory activity (%) = ke 100

Absorbance,,, .,

Normoglycemicrats: Normoglycemic blood glucose test was
conducted to evaluate the effect of H. helixL. leaf extract on
normal blood glucose level. Forty non-diabetic male SD rats
were separated into 4 groups (n = 10). Control Group only
received distilled water (10 ml kg='). Standard Group was
givengliclazide (10 mg kg~"). Two groups were given aqueous
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leaf extract of Hedera helix L. in the doses equivalent to
3and 4 g kg™ of dried leave powder'. The dose of extract
was calculated from simple unitary method. The yield of
extract was 1 kg per 6 kg of dried powder leave. Therefore the
dose of extract was approximately 500 mg kg~ for 3
and 650 mg kg~ for 4 g kg~! of dried powder respectively. All
drugs and distilled water were given orally by using gavage
technique'.

The alteration in normal blood glucose level were
determined at 0, 30, 60 and 120 min interval after
administration of drugs using Accu Chek Glucometer, Roche,
Switzerland.

Rats subjected to Oral Glucose Tolerance Test (OGTT): The
oral glucose tolerance test was performed as modified by Du
Vigneaud and Karr'’ to assess the effect of Hedera helix L.
aqueous leaf extract on raised serum glucose levels stimulated
by glucose challenge. The same SD rats used to assess
normoglycemic effect were reused for OGTT after a washout
period of fifteen days. Forty non-diabetic male Sprague
Dawley rats were separated into four groups (n = 10). Control
group received only distilled water (10 mL kg~"), standard
group received gliclazide (10 mg kg='), while remaining two
groups received aqueous leaf extract of Hedera helixL.in the
doses'? of 500 and 650 mg kg~". All drugs and distilled water
were given orally using gavage technique.

The baseline blood sugar levels (BGLs) were measured by
Accu-Check Active glucometer Roche, Switzerland. After
30 min of administration of drugs, the rats in each group were
orally administered with 200 mg kg™ glucose in the form of
solution. The blood glucose levels were determined by
collecting blood sample from tail vein at the time interval of 0,
30, 60 and 120 min after drug administration.

Alloxan induced diabetic rats: Rats were made diabetic by
intraperitoneal administration of alloxan monohydrate in
sterile normal saline at a dose of 150 mg kg~' body weight.
Priorto administration of alloxan, the animals were kept fasted
for 12 h with free access to water. The animals were kept
under observation. After 48 h, the animals were tested for BGL
using Accu-Chek strips Roche, Switzerland. The blood glucose
level was checked before and 72 h after alloxan injection to
ensure the development of diabetes. The diabetic animals
were stabilized for one week and the experiment was
commenced on the next day (day 0). Animals having blood
glucose >250 mg dL~' were only considered diabetic and
used for the study'®.

Acute hypoglycemic effect of Hedera helixleaf extract
Fasting blood sugar level: After two weeks of acclimation,
forty diabetic SD rats were randomly separated into four
groups each group having 10 animals.

The animals in diabetic control group were given only
distilled water (10 mL kg="), while animals in standard group,
received gliclazide in the dose of 10 mg kg™'. The animals in
treatment group received H. helix L. aqueous leaf extract in
two different doses'? i.e. 500 and 650 mg kg~'.

All the rats were fasted over a period of 12 hours, then
drugs were administered and fasting blood glucose level were
determined at 0, 30, 60 and 120 min time interval using Accu
Check Glucometer, Roche, Switzerland.

Post-prandial blood sugar level: The same protocol and
grouping pattern were followed for testing post-prandial
blood sugar level. The rats were fed in the morning and then
after 2 hours the drugs were administered and random blood
glucose level were checked at 0, 30, 60 and 120 min time
interval using Accu Check Glucometer, Roche, Switzerland.

Chronic hypoglycemic effect of Hedera helix leaf extract:
After two weeks of acclimation, forty diabetic SD rats were
randomly separated into four groups each group having
10 animals.

The animals in diabetic control group were given only
vehicle, while animalsin standard group, received gliclazide in
the dose of 10 mg kg~" and animals in the treatment groups
received Hedera helix L. aqueous leaf extract in two different
doses i.e. 500 and 650 mg kg~ daily for sixty days'.

After sixty days blood samples from all rats were collected
and centrifuged to estimate HbA,c in serum. However both
fasting and post-prandial blood sugar level in all animals used
in the study were determined at various time intervals i.e. at
day 15, 30, 45 and 60. Fasting Blood Sugar (FBS) was
determined after 12 h of fasting, the rats were then fed and
drug was administered and then post-prandial blood sugar
level was estimated 2 h after meal.

After estimation of HbA,c, fasting and post prandial
glucose level animals were randomly sacrificed. The liver and
kidney were removed and were preserved in 10% formalin
solution for histopathological examination. Sections of 5 p
thickness were cut and paraffin embedded blocks was
prepared. Hematoxylin and eosin staining was performed and
all slides were examined under light microscopy using scanner
(4X), low power (10X) and high power (40X) lenses by a
histopathologist.
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Statistical analysis: All the values were shown as Mean +=SEM
(standard error of mean). Statistical analysis were performed
by one way ANOVA (analysis of variance) followed by Post-Hoc
Tukey’'s Multiple Comparison Test. Statistically significant
differences were considered in relation to control and
standard at the value of probability less than 5% (p<0.05).
However the values less than 1% (p< 0.01) were considered as
highly significant.

RESULTS

Determination of a-glucosidase inhibitory effect: Table 1
show that the higher the concentration Hedera helix L. leaf
extract, the greater the inhibitory activity of a-glucosidase.
The inhibitory activity of ivy leaf extract at 100 pug mL™
concentration was insignificant as compared to the standard
acarbose. However, at 250 ug mL™" concentration ivy leaf
extract produced a significant (p<0.05) inhibition of o-
glucosidase enzyme than the standard group. At the
concentration of 500 ug mL™", ivy leaf extract exhibited highly
significant inhibition (p<0.01) of a-glucosidase enzyme than
the standard Acarbose group. lvy aqueous leaf extract showed
better inhibition of a-glucosidase enzyme than acarbose
which is commercially used antidiabetic drug to manage type
2 diabetes mellitus. Based on our results, ivy leaf extract may
improve antidiabetic effects by upregulating a-glycosidase
activity.

Effect in normoglycemic rats: The effects of two doses of
Hedera helix L. aqueous leaf extract were assessed in
normoglycemic animals on FBS at different time intervals.

Table 2: Effect of Hedera helixL. on normal blood glucose level

Table 2 revealed the effect of 500 and 650 mg kg™ of
Hedera helix L. aqueous leaf extract in normoglycemic
animals. The effects were almost similar to control after 60 and
120 min administration of Hedera helix L. leaf extract. The
agueous extract at both doses showed significant
increase in FBS after 30 min as compared to control. However,
500 mg kg™ dose showed significant increase at 30 min as
compared to standard.

Effects after oral glucose tolerance test: Table 3 showed the
levels of blood glucose in normal, standard and treated groups
after oral glucose tolerance test (200 mg kg~' b.wt). Standard
drug gliclazide and H. helix L. aqueous leaf extract at
500 mg kg~! dose showed significant increase in blood
glucose level at 30 min. Whereas, at 120 min there was
significant and highly significant decline in blood glucose at
500 and at 650 mg kg™ dose of Hedera helixL. aqueous
leaf extract as compared to normal control respectively.
However at the same time interval, Hedera helix L.
500 mg kg~' produced a comparable decline in blood
glucose level as compared to the standard group. Overall in
both the standard and experimental groups (500 and
650 mg kg™), there is a gradual decline in blood glucose level

Table 1: Effect of Hedera helix L. on a-glucosidase enzyme activity
Ivy leaf extract

Concentration (ug mL™) Standard acarbose

100 22.66£3.67 16.25£2.62
250 2791521 13.28+1.72¢
500 35.71£2.79 18.59£3.22#

Values are in Mean®SEM, n = 5, #¥p<0.01 highly significant as compared to
standard, p<0.05 significant as compared to standard

Blood glucose (mg dL™")

H. helix L. H. helix L.
Time (min) Normal control Standard (500 mg kg™") (650 mg kg™")
0 80.50£1.59 89.00+3.05 89.90+3.59 83.90+2.14
30 78.40+2.06 82.80£3.11 94.60+3.69* 89.00+2.27%
60 87.78£1.79 76.8+£3.37 85.00+3.46 83.11%2.25
120 87.20£1.49 69.10+2.82 79.00+3.34 73.00+2.67
Values are in Mean=SEM, n = 10, *p<0.05 significant as compared to normal control, #p<0.05 significant as compared to standard drug
Table 3: Effect of Hedera helixL. on glucose level after oral glucose tolerance test

Blood glucose (mg dL™")
H. helix L. H. helix L.

Time (min) Normal control Standard (500 mg kg™) (650 mg kg™)
0 79.60+1.57 85.60£3.91 89.20+3.67 89.60+4.67
30 117.50£2.26 131.50+3.76% 131.20+3.51* 128.40+4.29
60 118.30£1.98 111.00£3.86 106.20%3.29 111.20£4.47
120 126.90*1.59 97.70+3.59 98.69+2.75* 103.721£4.59%*

Values are in Mean=®SEM, n = 10, *p<0.05 significant as compared to normal control, **p<0.01 highly significant as compared to normal control
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Table 4: Acute Hypoglycemic effect of Hedera helix L. on fasting blood sugar

Blood glucose (mg dL—")

H. helix L. H. helix L.
Time (min) Diabetic control Standard (500 mg kg™") (650 mg kg™")
0 449.10+17.28 388.20+18.55 356.401+23.66** 372.10£20.67*
30 455.10%£17.52 292.00+18.76** 346.601+23.8** 363.70+20.43**
60 464.10£17.45 249.30+17.45%* 329.90+23.93** 360.60+19.86**
120 473.90£16.97 22430+18.75%* 309.40+23.56** 325.90+22.93**
Values are in Mean£SEM, n = 10, *p<0.05 significant as compared to diabetic control, **p<0.01 highly significant as compared to diabetic control
Table 5: Acute hypoglycemic effect of Hedera helix L. on post-prandial blood glucose level

Blood glucose (mg dL—")

H. helix L. H. helix L.
Time (min) Diabetic control Standard (500 mg kg™") (650 mg kg™")
0 449.10£17.28 388.20+18.55 356.401+23.66%* 372.10£20.67*
30 467.70£17.02 336.401+12.58** 310.60+21.03** 325.60+17.92%*
60 489.40£18.16 280.00+12.41 ** 269.40+21.16%* 280.10+£17.67**
120 505.80£17.90 223.10+12.98** 223.50+17.16%* 216.30+26.92**

Values are in Mean=SEM, n = 10, *p<0.05 significant as compared to normal control, **p<0.01 highly significant as compared to normal control, #p<0.05 significant

as compared to standard drug

Table 6: Chronic hypoglycemic effect of Hedera helix L. on fasting blood sugar

Blood glucose (mg dL—")

H. helix L. H. helix L.
Time (min) Diabetic control Standard (500 mg kg™") (650 mg kg™")
15 395.40%3.24 296.50£13.42% 148.00E5.50**# 346.10%£17.29%*#
30 385.50%2.70 244.80£15.03** 134.005.44%* # 313.40%£16.79*
45 386.30%3.21 192.90+13.10** 119.60E5.50%*# 278.70%£15.92*%*
60 393.80+2.47 79.30+2.73*%* 78.50+3.87*%* 176.30£12.00%*

Values are in Mean=£SEM n = 10, *p<0.05 significant as compared to normal control, **p<0.01 highly significant as compared to normal control, #p<0.05 significant

as compared to standard drug, #p<0.01 highly significant as compared to standard drug

with increasing time interval which is in contrast with the
normal control group where the blood sugar level elevated
with increased time interval.

Effects in alloxan induced diabetic rats
Acute effect on FBS: Table 4 shows the acute effect of Hedera
helix L. agueous leaf extract and animals received standard
drug in alloxan induced diabetic rats on FBS.

Aqueous extract of Hedlera helixL. at both doses (500 and
650 mg kg™") exhibited highly significant decline in blood
glucose level at 30, 60 and 120 min as compared to diabetic
control group, these effects were equivalent to standard drug
gliclazide.

Acute effect on post-prandial glucose: Table 5 shows the
acute effect of Hedera helix L. aqueous leaves extract in
alloxan induced diabetic rats on the post-prandial blood
glucose level.
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Aqueous extract of Hedera helix L. at both doses (500
and 650 mg kg™") exhibited highly significant decline in post-
prandial blood sugar level at 30, 60 and 120 min time interval
as compared to diabetic control group. These effects were
similar to standard drug gliclazide. However, the effect of
Hedera helix L. at 500 mg kg~ was significant than gliclazide
at 60 min.

Chronic effect on FBS: Table 6 reveals the chronic effect of
H. helixL. aqueous leaf extract and animals received standard
drug in alloxan induced diabetic rats on FBS.

Following the administration for 15, 30, 45 and 60 days of
Hedera helixaqueous leaf extract at the dose of 500 mg kg™'
exhibited highly significant decline in FBS as compared to
both diabetic control and standard drug gliclazide however,
Hedera helix L. at 650 mg kg~' showed highly significant
decline in FBS after 15, 45 and 60 days but the response after
30 days was only significant.
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Fig. 1: Renal parenchyma with normal architecture (20 X)

Table 7: Chronic hypoglycemic effect of H. helix L. on post-prandial blood sugar level

Blood glucose (mg dL™")

H. helixL. H. helixL.
Time (min) Diabetic control Standard (500 mg kg™") (650 mg kg™")
15 422.10+4.23 173.50+12.94%* 308.70£15.99%* 364.10%£13.70**
30 441.40+5.01 159.90+11.07** 26440+ 14.64%* 339.5+12.00%
45 460.80+4.76 148.40+8.52*%* 222.80£12.50%* 317.30%£12.98 **
60 491.80+2.85 120.201+5.36%* 148.90£3.86** 224.10+19.20%*

Values are in Mean£SEM, n = 10, *p<0.05 significant as compared to normal control, **p<0.01 highly significant as compared to normal control

Table 8: Effect of Hedera helix L. extract on HbA,c

Blood glucose (mg dL—")

H. helixL. H. helixL.
Time (min) Diabetic control Standard (500 mg kg™) (650 mg kg™)
60 8.6810.16 5.651+0.38** 44410.27%*4 5.70£0.41%*

Values are expressed as Mean=SEM, n = 10, **p<0.01 highly significant as compared to diabetic control, #p<0.05 significant as compared to standard

Chronic effect on post-prandial blood glucose: Table 7
shows the chronic effect of Hedera helix L. aqueous leaf
extract on post-prandial blood glucose level of diabetic
control, standard and treated groups in alloxan induced
diabetic rats.

Aqueous leave extract of Hedera helixL. at 500 mg kg™’
following administration for 15, 30, 45 and 60 days exhibited
highly significant fall in post-prandial blood glucose level
which was similar to the effect of standard drug gliclazide on
the same days. The fall in postprandial blood glucose level by
Hedera helix L. at 650 mg kg~' was also highly significant on
all days except after 30 days which was significant.

Effect on HbA,c: Table 8 shows the HbA,c levels of diabetic
control, standard and treated groups on 60th day of study.
Animals of treated and standard groups both revealed highly
significant reductionin HbA,cas compared to diabetic control
group however, the effect at 500 mg kg™ was even better
than standard drug gliclazide.

Histopathological examination: The histopathological
examination of renal tissue in normal control group showed
normal parenchyma with intact cortex and medullary
architecture (Fig. 1).

In the diabetic control group which received only alloxan
the renal tissue revealed parenchyma with focal edematous
renal tubules. Foci of tubular degeneration were also noted
with congested capillary loops in a few glomeruli (Fig. 2). The
examination of renal tissue in animals received gliclazide was
found to be intact with cortex and medullary architecture
(Fig. 1). However, animals received Hedera Helix L. aqueous
leave extract at both doses 500 and 650 mg kg~' showed a
few foci of tubular degeneration and congested glomeruli
(Fig. 3).

Histological examination of hepatic tissue in normal
control group revealed normal parenchyma with intact
hepatic architecture, central vein and portal tracts (Fig. 4).
Hepatic tissue in the diabetic control group which received
only alloxan showed hepatic degeneration and focal necrosis.
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Fig. 2: Renal tubules showing foci of tubular degeneration (40 X)

Fig. 5: Hepatic tissue showing ballooning degeneration and focal necrosis (40 X)
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Fig. 7: Hepatic tissue with intact architecture but single focus of mild inflammation (20 X)

Chronic inflammatory infiltrate was also seen in portal areas
(Fig. 5). Hepatic tissue of animals received standard drug
gliclazide revealed normal parenchyma with intact
architecture (Fig. 4).

The hepatic tissue of animals received H. Helix L.aqueous
leave extract at the doses of 500 and 650 mg kg~' showed
intact architecture with single foci of mild chronic
inflammation. No evidence of degenerative changes, edema
or necrosis was noted in Fig. 6 and 7.

DISCUSSION

Diabetes Mellitus (DM) is an endocrinological disorder
manifested by chronic elevated blood sugar levels with altered
carbohydrate, protein and fat metabolism either due to
defected insulin action and/or secretion™. Alloxan-induced
diabetesinrats represents well-studied animal models of Type
| Insulin dependent diabetes mellitus. It is well known that
reactive oxygen species are engaged in the diabetogenic
action of alloxan?® and antioxidants have been shown to be
effective in preventing the pancreatic islets against the
cytotoxic effect of alloxan thus producing beneficial effects in
the management of diabetes?'. Elevated oxidative stress has

strong potential in the development of DM and its related
micro and macro vascular complications???3, The DM is a
metabolic syndrome which is usually manifested by marked
generation of ROS that contributes to cellular and tissue
deterioration provoked by glucolipotoxicity in diabetes® or by
altered antioxidant defense mechanisms. Elevated blood
glucose levels in insulin secreting pancreatic beta cells
increase mitochondrial ROS, which in turn suppresses the
initial step of glucose-induced insulin secretion?.

Traditional herbal remedies have been employed for
centuries in the management of diabetes?® but only a few
have been precisely evaluated. A ten year literature review of
herbal medicinal plants reveals that nine plant families
including 5 species of Araliaceae had potential antidiabetic
activity. This review also established that there are several
merits of using medicinal plants in the management of
diabetes mellitus?’. Therefore, Hedera helix L. was chosen to
evaluate its antidiabetic activity.

The enzyme a-Glucosidase, which is distributed in small
intestinal epithelial cells, play a role in liberating glucose
molecules by decomposing 1,4-a-glucopyranoside bonds in
carbohydrate?. Thus, a-glucosidase plays animportant rolein
regulating blood glucose levels after meals and keeping blood

1364



Pak. J. Biol. 5ci, 23 (17): 1357-1368, 2020

glucose levels within normal ranges. Reducing postprandial
glucose level by delay glucose absorption after meal is the
prominent benefit from a-glucosidase inhibitor. In small
intestine, the inhibition of a-glucosidase may delay the
hydrolysis of carbohydrates and induce glucose uptake.
Therefore, the inhibition of a-glucosidase is one of the
important approaches in oral antidiabetic medication. In
general, carbohydrates are converted to simple sugars and
absorbed from the intestine. Thus, a-glucosidase inhibitors
reduce blood sugar by inhibiting the conversion of
carbohydrates to simple sugar®. As shown in Table 1, at
500 pug mL=" concentration, ivy leaf extract exhibited highly
significant inhibition of a-glucosidase enzyme than the
standard Acarbose group. lvy aqueous leaf extract showed
better inhibition of a-glucosidase enzyme than acarbose
which is commercially used antidiabetic drug to manage type
2 diabetes mellitus.

In the present study antidiabetic potential have been
investigated in normoglycemic rats, OGTT in normal rats as
well as acute and chronic effects in alloxan induced diabetic
rats. Results showed that Hedera helix L. leaves extract after
acute administration exert response similar to control animals
on blood glucose levels of normoglycemic rats. This finding
indicated that Hedera helixL.leave extract does not have any
effecton normal blood glucose levels. However the significant
rise in blood glucose levelsin normoglycemic rats after 30 min
time interval may be attributed to the presence of
carbohydrates, glycosides and reducing sugars in Hedera helix
L. extract?.

Highly significant decline in blood glucose levels of
animals were seen subjected to OGTT test after 120 min at
500 and 650 mg kg~' dose of Hedera helix L. leave extract
respectively and confirmed that the aqueous extract of Hedera
helixL. has a remarkable hypoglycemic effect at 500 mg kg™
and 650 mg kg™ as indicated by improvement of the glucose
tolerance test. This effect could be due to the presence of
trace elements (Cr, Mn and Zn) in Hedera helix L. leaves as
revealed by Atomic Absorption Spectrophotometer analysis
by Ibrar et a/’?. Chromium is a vital component of an organo-
chromium complex, known as Glucose Tolerance Factor (GTF),
which potentiatesinsulin action by facilitating the attachment
of insulin to cell membranes and ultimately enhances the
uptake of glucose by the cells. Ranasinghe et a/* have
reported that Zinc depletion leads to abnormalities in glucose
utilization. Manganese also plays a crucial role in glucose
metabolism.Barbagallo and Dominguez®' have demonstrated
that in absence of adequate manganese in diet the body is

unable to utilize glucose and precipitates diabetes mellitus.
Therefore, the hypoglycemic activity of Hedera helix L. might
be attributed due to the presence of these trace elements in
sufficient amount.

The results of acute hypoglycemic effect of Hedera helix
L. indicates that both doses of Hedera helix L. leaves extract
i.e. 500 and 650 mg kg~ produced highly significant decline
in FBSin alloxaninduced diabeticrats as compared to diabetic
control. These results were almost comparable to standard
drug gliclazide. The reduction in Post prandial glucose level
was highly significantat all dosing intervals with both doses of
Hedera helix L. as compared to diabetic control while these
results were comparable to standard drug gliclazide. The leaf
of Hedera helix L. contains numerous antioxidants such as
triterpene, saponins (a-Hederin, Hederagenin and oleanolic
acid), flavonoids (quercetin, isoquercetin), vitamins E, C and
A%, Alpha-Hederin and vitamins (E and C) has protective
effects against H,0, mediated DNA degradation either by
capturing free radicals or by augmenting the catalase
activity®*. Oleanolic acid, a potent antioxidant has been
described to retain structure related hypoglycemic action3*.
Furthermore, Kim et a/'* also reported that hederagenin
markedly dropped the blood glucose levels in streptozotocin
induced diabetic animals. Quercetin, aflavonoid presentin the
leaves of Hedera helix L. has been reported to inhibit the
enzyme glycogen phosphorylase which in turn reduces
glycogen degradation, thus producing hypoglycemia3

Furthermore, the results of chronic administration of
H. helixL. aqueous leave extract showed a consistent highly
significant hypoglycemic effect throughout the study period
on FBS levels, post prandial and better results of glycosylated
hemoglobin (HbA,c) levels were attained by both doses i.e.
500 and 650 mg k=" as compared to diabetic control group.
The results were also comparable to standard drug gliclazide
at both doses in both FBS and post prandial levels and
particularly (HbA,c) levels were significantly reduced at
500 mg kg~ dose. This significant results could be due to its
antioxidant potential as Slleyman et a/* reported Hedera
Helix L. leaves possess Alpha-hederin and hederagenin
compounds which exert antioxidant effect. Oxidative stress is
a potential contributor to chronic hyperglycemia in diabetes.
Diabetes is usually accompanied by increased production of
free radicals or impaired antioxidant defenses which
ultimately worsen the diabetes and results in diabetic
complication®.

The histopathological studies of vital organs liver and
kidney show that Hedera helixL. has protective effect at both
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doses. Results obtained from the present study are very much
promising and comparable with gliclazide, a standard
hypoglycemic drug used to treat DM. These results further
confirmed that Hedera helix L. is safe when used for the
management of diabetes mellitus.

The data revealed that Hedlera helixL.is not only effective
in DM but is also been extensively used throughout the world
for its therapeutic effects to manage a number of diseases.
This may be due to the fact that the plant possesses over a
number of various medicinal constituents®2. Marked
production of Reactive Oxygen Species (ROS) have been
linked to the onset of diabetes and its associated
complications. Thus consistent hypoglycemic effect of this
herb may be partly due to its antioxidant or free radical
scavenging properties as Hedera helix L. leaf extract has been
reported to possess potent antioxidant properties for treating
bronchial and other inflammatory disorders''. Hence Hedera
helix L. may serve as a potent nutraceutical in future for
treating diabetes and its associated complications.

Itis widely accepted that the rapidly increasing incidence
of diabetes mellitus has become a major health problem
worldwide. The modern oral hypoglycemic agents such as
sulphonylureas, biguanides, thiazolidinediones and a-
glucosidase inhibitors are commonly used for the treatment
of type 2 diabetes. However, it is well known that they can
produce side effects associated with their applications®.
Moreover, a progressive decline in their effectiveness, termed
secondary failure has been reported3. During the past decade,
there is a growing interest in alternative herbal medicine due
to their efficacy, less side effects in clinical practice and
relatively low costs. It has been estimated that about 800
plants have antidiabetic potentials*°. Most of them have been
used as folk medicines in many countries around the world.
Hedera helix L, commonly called ivy in English, is one of
medicinal plants which have long been prescribed by local
practitioners for traditional treatment of diabetes mellitus.
However, thereis a paucity of scientific evidence that confirms
its antidiabetic activity. Herein, we first evaluated the
antidiabetic effect of the aqueous extract from Hedera helixL.
leaf to confirm its benefits according to the use of this plant as
an antidiabetic herb.

CONCLUSION

In conclusion, this research study discovered the
effectiveness of Hedera helix L. leave extract at the doses of
both 500 and 650 mg kg™' that can be beneficial in
diminishing the abnormally raised blood glucose level of

alloxan-induced diabetic rats. The 500 mg kg™ dose has
shown even more promising results as compared to
normal control and gliclazide. However, there is still a need for
further studies to explore and isolate the active principle(s)
from the extracts and to establish exact molecular mechanism
of action.
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