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Abstract

Objective: There has been a global surge in the number of diabetic cases.
Many of the agents used as antidiabetic are either expensive or have side ef-
fects. Researchers are now turning their attention to phytotherapy as a viable
alternative in the treatment of hyperglycemia. The aim of this study was to
examine the inhibition of a-glucosidase as a possible mechanism of antidia-
betic action of garlic. Method: The inhibitory effect of different concentra-
tions of garlic was examined for alpha-glucosidase inhibitory activity in a
96-well micro plate. Saccharomyces cerevisiae was used as the source of al-
pha-glucosidase and the assay was analyzed with a Thermo Scientific® Mul-
tiskan Spectropho-meter at an absorbance of 400 nm. Result: The extracts of
garlic exhibited a dose-dependent inhibition of alpha-glucosidase in compar-
ison to acarbose. The IC50 of acarbose was 3.19 + 0.42 mg/ml, for garlic, the
IC50 was 16.93 mg/ml. Conclusion: In this study, garlic oil showed some
promise as an antidiabetic agent with a mechanism of action similar to acar-
bose and miglitol that are currently used as antidiabetics. It is hoped that car-
rying out further research on garlic will elucidate other mechanisms of action.
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1. Introduction

Diabetes is a chronic metabolic disease characterized by hyperglycemia due to
decreased insulin secretion from pancreas, decreased insulin sensitivity, primar-

ily in muscles cells or both. According to World Health Organization, 422 mil-
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lion people are diagnosed with diabetes worldwide [1]. From the National
Diabetes statistics report, more than 100 million U.S. adults are now living with
diabetes [2] [3]. Several drugs have been introduced to the market to treat di-
abetes. These include Insulin, other injectable and oral hypoglycemic medica-
tions. Examples of antidiabetic agents already in the market include sulfonylu-
reas (glyburide), meglitinide analogs (repaglinide), D-Phenylalanine derivative
(nateglinide), biguanide (metformin), thiazolidinediones (pioglitazone), al-
pha-glucosidase inhibitors (acarbose), (glucagone-like peptide-1 receptor agon-
ist (exenatide), dipeptidy peptidase 4 (DPP-4) inhibitors (sitapliptin), and so-
dium-glucose co-transporter 2 (SGLT) inhibitor (canagliflozin) [4]. Despite all
these drugs, diabetes continues to increase at an alarming rate. Despite the progress
made with synthetic drugs, the search continues for newer drugs because the ex-
isting ones have limitations. Many of these drugs are expensive, produce many
side effects and may precipitate noncompliance by the patients. Researchers are
intensifying their efforts in drug discovery especially in natural products. Several
medicinal plants such as curcumin have been shown to be effective in different
stages of diabetes. It has been proposed to be used as one of the interventions in
pre-diabetes therapy to prevent the progression of type 2 diabetes mellitus,
(T2DM) due to its proven benefits and safety profile [5]. Plants are available and
offer a wide field to search for natural effective oral hypoglycemic agents that
have few or no side effects. More than 1200 plant species have been recorded to
be used worldwide for their alleged hypoglycemic activity [6]. Acarbose, miglitol
and viglibose have been introduced as alpha-amylase and alpha-glucosidase in-
hibitors and acarbose is derived from plant. The inhibition of intestinal a-gluco-
sidases delays the digestion and absorption of carbohydrates and consequently
suppresses postprandial hyperglycemia [7] [8]. Some researchers now focus their
studies on alpha-glucosidase inhibitors from plant origin. For instance, a study
in Mexico screened the inhibitory effect of hydroethanolic extracts from 23 me-
dicinal plants used in Mexico as antidiabetics on glucosidase obtained from rat
intestinal mucosa [9]. Other workers also searched for plants that are more po-
tent and with less side effect that can inhibit alpha-glucosidase [10] [11]. Inhibi-
tion of a-amylase by phytotherapy is a possible method for treating T2DM.
Amylase inhibitors also slow the liberation of glucose from carbohydrates, de-
laying its intestinal absorption and consequently postprandial hyperglycemia
[12]. The possible use of alpha-amylase inhibitors from medicinal plant such as
blueberry leaves, tamarind, lemon balm, rosemary, white kidney beans (hulls),
and green tea as antidiabetics was demonstrated [13]. Two herbal products, Ur-
tica dioica, (Urticaceae) and Juglans regia L. (Juglandaceae), were also tested for
their alpha-amylase inhibitory activity. Both were found to be active inhibitors
of amylase [14].

Antidiabetic agents produce their actions by various mechanisms. Apart from
inhibition of amylase and alpha-glucosidase, other mechanisms exist. Examples
are: 1) Effects on glucose uptake and glucose transporters; 2) Enhancers of insu-
lin secretion and pancreatic S cell proliferation; and 3) Inhibition of protein ty-
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rosine phosphatase 1B activity [11]. Due to the rise in incidence and the finan-
cial burden associated with diabetes, it is important to search for pharmacologic
and natural compounds that are cost-effective and able to reduce glycemic level
in patients. So far, there is no antidiabetic drug in the market that has no side ef-
fects. Prominent adverse effects of a-glucosidase inhibitors like acarbose include
flatulence, diarrhea, and abdominal pain. For these reasons, various traditional
plants like Garlic (A/lium savitum) have become popular in the world owing to
their safer therapeutic benefits. Garlic is well known to contain an array of bio-
active extracts that can be beneficial in reducing the risk of cardiovascular dis-
eases, possess antitumor and antimicrobial activities [15]. The beneficial effects
of garlic are mainly attributed to the presence of volatile sulfur compounds like
alliin, allicin, diallyl disulfide, diallyl trisulfide, diallyl sulfide, S-allyl cysteine,
ajoene and allyl mercaptan [15]. These garlic extracts have been shown to be ef-
fective in reducing insulin resistance [16]. Despite the wide use of garlic, not
much is known about its mechanism of action in reducing hyperglycemia. Garlic
is an excellent plant and needs to be researched more. The aim of this study was
to examine if garlic produces its antidiabetic activity by inhibiting alpha-gluco-
sidase. We proposed that inhibition of alpha-glucosidase is the mechanism by

which garlic produces its antidiabetic effect.

2. Materials and Methods
2.1. Materials

Garlic oil was purchased from Sigma Aldrich USA, Alpha-glucosidase Saccha-
romyces cerevisiae (Sigma-Aldrich USA), 4-Para-nitrophenyl-a-D-glucopyr-
anoside (PNPG) and acarbose, were purchased from Sigma-Aldrich, 0.2 buffer
pH 6.8 was purchased from Alfa Aesar (USA).

2.2. Garlic Extract

Garlic extract (diallyl trisulfide) from Sigma-Aldrich was prepared by dissolving
100 mg of garlic oil in a mixture of DMSO and 0.2 M buffer pH 6.8. to make a
concentration of 25 mg/ml. The experiment was carried out in assays prepared
in 96 micro-well plates. The absorbance was measured on Thermo Scientific

Multiskan spectrophotometer at 400 nm.

2.3. The Alpha-Glucosidase Protocol

Alpha-Glucosidase inhibition assay was done according to the method of
Remirez et al [17] with modification. A total of 2.7 mg of Saccharomyces cerevi-
siae (Sigma-Aldrich USA) was dissolved in 2.7 mL of 0.2 M Phosphate buffer.
From this solution, 1 mL was added to 200 mg of Bovine Serum Albumin (BSA)
in 99 mL of 0.2 M Phosphate buffer. Each test well consisted of 2.5 uL of various
dilutions of garlic extract, 122.5 pl of 0.2 M phosphate buffer and 62.5 pL of 5
mM para-nitrophenyl-a-D-glucopyranoside (PNPG) USA. This was incubated
at 37°C for 5 min before adding alpha-glucosidase. After incubating for 5 mi-

nutes, 62.5 uL of a-glucosidase solution was added to the mixture. The mixture
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was incubated again for 5 mins. Alpha-glucosidase activity was determined on a

Thermo Scientific Multiscan Spectrophotometer at an absorbance of 400 nm.

Acarbose was used as a positive control of a-glucosidase inhibition and was

measured similarly. The alpha-glucosidase inhibitory activity was expressed as

percentage inhibition. The experiments were perfomed in triplicate.

A 410 control —A 410 test .
A 410 control

% Inhibition = 100

The IC50 values of garlic (inhibitor concentration at which 50% inhibition of
the enzyme activity occurs) was determined by performing the assay as above
with varying concentrations of the garlic extracts ranging from 20 to 100 mg/ml.
The IC50 values were determined from plots of percent inhibition versus log in-
hibitor concentration and calculated by non-linear regression analysis from the

mean inhibitory values.

3. Results

Figure 1 shows garlic bulbs. The results of this study are shown in Figure 2 and
Figure 3. The graphs show a dose-dependent inhibition of alpha-glucosidase by
acarbose and garlic using Saccharomyces cerevisiae as the source of alpha-glu-
cosidase. The results are expressed as mean + standard deviation. The IC50 was
2.19 mg/ml for acarbose and 16.93 mg/ml for garlic oil. In comparison, acarbose
produced a greater inhibition of alpha-glucosidase than garlic. The active ingre-
dient in garlic oil from sigma is Diallyl trisulfide. The refined form of acarbose
was used in this study.

s
=

— _’A —_—
Figure 1. Garlic bulbs.
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Figure 2. Dose-response curve of Inhibition of alpha-glucosidase from Saccharomyces
cerevisiae by acarbose. The results are expressed in mean + standard deviation.
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Figure 3. Dose-response curve of Inhibition of alpha-glucosidase from Saccharomyces
cerevisiae by garlic (Allium sativum). The results are expressed in mean * standard
deviation.

4. Discussion

The results of this study showed that garlic inhibited alpha-glucosidase from
Sachromycetes cerevisiae. Acarbose is in the market and used currently as an an-
tidiabetic agent. It is a carbohydrate analog that acts within the intestine to inhi-
bit alpha-glucosidase, an enzyme necessary for the conversion of complex
starches, oligosaccharides, and disaccharides to the monosaccharides that can be
transported out of the intestine to the blood stream. As a result of slowed ab-
sorption, postprandial hyperglycemia is reduced. It lacks effect on fasting blood
sugar. It can be used as monotherapy or in combination with other antidiabetic
drugs. Garlic oil or Diallyl trisulfide (DATS) is a garlic-derived organosulfur
compound, which has demonstrated many beneficial effects. Behavioral assess-
ment showed that DATS could inhibit n-hexane induced neurotoxicity, demon-
strated by the improvement of the grip strength and decline of gait scores [18].
Many animal models have reported of sugar lowering effect of garlic [19] [20]
[21] [22]. A study was designed to systematically evaluate the clinical efficacy
and safety of garlic supplement in the management of type 2 diabetes mellitus
(T2DM). The study confirmed that garlic supplement plays positive and sus-
tained roles in blood glucose, total cholesterol, and high/low density lipoprotein
regulation in the management of T2DM [23].

In humans, it has been demonstrated that garlic supplementation with
standard antidiabetic agent provides better diabetic control in type 2 diabetes
[23]. The beneficial effects of garlic are mainly attributed to the presence of vola-
tile sulfur compounds like alliin, allicin, diallyl disulfide, diallyl trisulfide, diallyl
sulfide, S-allyl cysteine, ajoene and allyl mercaptan [12]. Garlic and garlic ex-
tracts have also gone through clinical trials have been shown to be effective in
reducing insulin resistance [24] [25] [26] [27]. The use of natural products for
treatment of diseases has increased over the years. The reasons suggested for the

awareness and surge in the use of botanicals include easy availability without
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prescriptions and that natural products or plants may have little or no side ef-
fects. Many food products now contain garlic. People use it in many different
ways in order to experience health benefits [28]. Many studies have found that
garlic has strong antioxidant properties. It has also been found that raw garlic
has more antioxidant activity than cooked garlic [29]. Anti-inflammatory and

immune protection effects of garlic have also been demonstrated [30].

5. Conclusion

We have evaluated the mechanism of action of garlic with respect to al-
pha-glucosidase inhibition. Garlic has demonstrated a dose-dependent inhibi-
tion of alpha-glucosidase in our studies. The rapid increase in diabetes in the
world places a huge demand for alternative means of treating diabetes. Due to
limitations in many existing conventional antidiabetic dugs, it is crucial to
search for alternative remedies for the management of diabetes mellitus. This
has led many researchers to investigate traditional remedies as alternatives. Sub-
stantial studies have shown that garlic and its bioactive constituents exhibit an-
tioxidant, anti-inflammatory, antibacterial, antifungal, immunomodulatory, car-
diovascular protective, anticancer, hepatoprotective, digestive system protective,
anti-diabetic, anti-obesity, neuroprotective, and renal protective properties. It is
a food substance with many components that are beneficial to man and may
have few or no toxicity. It is hoped that further evaluation of different analogs of
garlic following purification and characterization will elucidate other benefits
and possible mechanisms by which garlic produces an antidiabetic action.
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