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Abstract

A study was conducted to investigate the impact of α-Mangostin on the 
pharmacodynamics and pharmacokinetics of gliclazide, a widely used 
drug for type II diabetes. The study was performed on normal rats, diabet-
ic rats, and normal rabbits, with the administration of selected doses of gli-
clazide, α-Mangostin, and their combination. Appropriate washout periods 
were included between treatments. Blood samples were collected from 
rats and rabbits at regular intervals through retro-orbital and marginal ear 
vein punctures, respectively. All blood samples were analyzed for glucose 
using GOD/POD method, for serum insulin using ELISA method, and 
for gliclazide using HPLC. The results showed that gliclazide produced 
significant hypoglycemic and antihyperglycemic responses in normal/
diabetic rats and rabbits. The administration of a selected dose of α-Man-
gostin alone reduced blood glucose levels and improved the hypoglycemic 
response produced by gliclazide in combination, both in normal and dia-
betic rats. Similar effects were observed in normal rabbits, along with an 
enhancement of serum insulin levels. The pharmacokinetic parameters of 
gliclazide, such as AUC, AUMC, t1/2, Ke, Vdss clearance, and MRT, were 
significantly altered in normal rabbits when given in combination with 
α-Mangostin. This indicated changes in the metabolism and distribution 
pattern of gliclazide in the presence of α-Mangostin, potentially due to 
plasma protein displacement and inhibition of the CYP450 2C9 enzyme 
by α-Mangostin, leading to an increase in the plasma concentration of gli-
clazide. The study suggests that both single and multiple dose treatments 
may enhance the activity of gliclazide, and therefore, the therapy with the 
combination requires adjustment of dosing intervals between treatments.
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Introduction

Herbal drug interactions are a crucial consideration for 
healthcare providers and patients alike. While many peo-
ple utilize herbal supplements for various health benefits, 
they may not be aware of the potential interactions between 
these supplements and prescription or over-the-counter 
medications they may also be taking. These interactions 
can have severe consequences, including reduced medica-
tion efficacy, increased risk of side effects, and even toxic-
ity [1]. It is therefore essential for healthcare providers to 

be knowledgeable about the possible interactions between 
herbal supplements and medications, and to educate their 
patients about the associated risks. Patients should also in-
form their healthcare provider of any herbal supplements 
they are using and should never mix supplements and med-
ications without first consulting their healthcare provider. 
As herbal supplements gain popularity, it is important to 
research how they interact with other drugs. This research 
can inform healthcare providers in their treatment deci-
sions, leading to better patient outcomes and safer health-
care [2]. Herbal medicines have several advantages, includ-
ing antioxidant, cytoprotective, antidiabetic, anti-aging, 
and anti-inflammatory properties, making them a helpful 
addition to allopathic medicines for diabetics [3].

Diabetes mellitus is a condition where there is a long-term 
increase in blood glucose levels due to problems with insu-
lin production or insulin resistance. It affects people world-
wide and can lead to various complications. Antioxidants 
can help reduce the severity of these complications by com-
bating oxidative stress [4,5]. Diabetes is becoming a sig-
nificant problem worldwide, with an estimated 9.3% (463 
million) of people affected in 2019. This number is expect-
ed to increase to 10.2% (578 million) by 2030 and 10.9% 
(700 million) by 2045 [6]. In India, the prevalence of dia-
betes has risen significantly in both rural and urban areas, 
from 2.4% and 3.3% in 1972 to 15.0% and 19.0%, respec-
tively, between 2015 and 2019 [7]. Herbal supplements are 
often used as a complementary or alternative treatment for 
diabetes and other health conditions. However, they can 
interact with diabetes medications and affect blood sugar 
levels, leading to adverse effects such as low or high blood 
sugar. This is important to consider as many people with 
diabetes use herbal supplements, and the condition affects 
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millions worldwide [8]. Many herbal supplements used for 
diabetes are not well-studied for safety or effectiveness, 
making it hard for healthcare providers to predict poten-
tial interactions with diabetes medication [9]. In summa-
ry, it’s important for diabetics to manage their herbal drug 
interactions properly to avoid negative effects. Healthcare 
providers need to know about potential interactions, inform 
patients about the risks, and advise patients to talk to them 
before using any herbal supplements.

Α-mangostin is a natural compound found in the pericarps, 
bark, and sap of the mangosteen tree, known for its di-
verse range of beneficial properties. Research has shown 
that Α-mangostin exhibits antioxidant, anti-obesity, an-
ti-parasitic, anti-allergic, antiviral, antibacterial, anti-in-
flammatory, and anticancer effects [10]. It is commercial-
ly available in various herbal products such as capsules, 
juice concentrates, and supplements, including brands like 
Xango Reserve and Dynamic Health Mangosteen Gold. 
These products are recognized for their potent antioxidant 
and anti-inflammatory properties, as well as their potential 
to aid in diabetes management. Notably, α-Mangostin has 
been found to stimulate insulin production and safeguard 
pancreatic beta cells from oxidative damage caused by free 
radicals. Moreover, studies in diabetic rats have demon-
strated a dose-dependent reduction in blood glucose levels, 
along with alterations in the activity of key enzymes in-
volved in glucose metabolism [11]. With the global mango-
steen market projected to experience substantial growth, as 
reported by DataM Intelligence in 2022 it becomes crucial 
to understand the anti-diabetic and hypoglycemic effects of 
α-Mangostin, as they may potentially influence the phar-
macodynamics of the anti-diabetic medication, Gliclazide 
[12].

Established activities such as plasma protein displacement, 
P-glycoprotein (Pgp) inhibition, and CYP enzyme inhibi-
tion can potentially impact the pharmacokinetic proper-
ties of gliclazide. An in vitro study has demonstrated that 
α-Mangostin inhibits multiple cytochrome P450 isoforms, 
including CYP2C9, which plays a crucial role in the me-
tabolism of gliclazide [13]. Furthermore, α-Mangostin 
exhibits additional properties, including the potential to 
inhibit Pgp, modify Pgp expression, and display α-gluco-
sidase inhibitory activity [14,15]. Studies have indicated 
that α-Mangostin has a high protein binding capacity, with 
binding values ranging from 58.5% to 96.66% in plasma 
[16]. Given that gliclazide is also a plasma protein-bound 
drug, there is a possibility of interaction between the two. 
The combination of herbal products containing α-Mangos-
tin and the commonly used drug gliclazide may result in a 
drug-herbal interaction. Therefore, this study aimed to in-
vestigate this interaction.

Materials and Methods

Drugs and chemicals

Gliclazide was acquired as a gift sample from Wockhardt 
Pharmaceuticals, Aurangabad, while α-Mangostin was gift-
ed by Laila Impex, Vijayawada, Andhra Pradesh. Strepto-

zotocin was procured from Sigma Aldrich. All reagents and 
chemicals utilized in the study were of analytical grade.

Animals: The study utilized inbred adult male Albino Wis-
tar rats, aged 8 weeks to 9 weeks and weighing between 170 
g to 250 g, as well as Albino rabbits that were 3 months old 
and weighed between 1 kg to 1.5 kg, of either sex. These 
animals were obtained from Mahaveer Enterprises, Hyder-
abad, India and were maintained under standard laboratory 
conditions with an ambient temperature of 25°C ± 2°C and 
50% ± 15% relative humidity, with a 12-hour light/12-hour 
dark cycle. They were provided with a commercial pellet 
diet (Rayan’s Biotechnologies Pvt. Ltd., Hyderabad, India) 
and water ad libitum. The experimental protocol was ap-
proved by the Institutional Animal Ethics Committee and 
the regulatory body of the government, with registration 
number 516/01/A/CPCSEA. Prior to the experiment, the 
animals were fasted for 18 hours, with access to water, and 
during the experiment, both food and water were with-
drawn.

Experimental design

In this study, it was found that a dose of 50 mg/kg of 
α-Mangostin resulted in an optimal oral hypoglycemic ef-
fect, and was therefore chosen as the study dose for both 
rats and rabbits. To investigate the relationship between gli-
clazide dose and effect, normal rats and rabbits were used. 
Based on the results, doses of 1 mg/kg and 5.6 mg/kg body 
weight were selected for administration to rats and rabbits, 
respectively. The α-Mangostin was administered orally in 
a formulation prepared by suspending it with 0.5% car-
boxymethyl cellulose Na. On the other hand, the gliclazide 
was administered as a solution that was made by dissolv-
ing it in a small amount of 0.1 N NaOH and then adding 
water to achieve the desired volume. The study design is 
described below.

Stage 1: Pharmacodynamic interaction in normal rats [17]
Stage 2: Pharmacodynamic interaction in diabetic rats [17]
Stage 3: Pharmacodynamic and pharmacokinetic interac-
tion in normal rabbits [18]

Stage 1-pharmacodynamic interaction in normal rats: In the 
stage 1 experiment, 6 rats were utilized and subjected to 
periodic treatments with a 1-week washout period. The rats 
were initially administered with 1 mg/kg gliclazide orally, 
followed by blood sample collection at predetermined time 
intervals. Subsequently, a 1 week washout period was giv-
en. Similar treatments were administered with either orally 
administered α-Mangostin or a combination treatment with 
both α-Mangostin and gliclazide at the aforementioned 
doses. Blood samples were collected at predetermined time 
intervals subsequent to each treatment.

Stage 2-pharmacodynamic interaction in diabetic: In the 
stage 2 experiment, diabetes was induced in rats through 
the intraperitoneal injection of a single dose of streptozo-
tocin (65 mg/kg) [19]. Rats exhibiting blood glucose lev-
els exceeding 250 mg/dl were selected for inclusion in the 
study. The identical treatment protocols outlined in stage 1 
were administered to the diabetic rats.
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Stage 3-pharmacodynamic and pharmacokinetic interac-
tion in normal rabbits: In the stage 3 experiment, 6 rabbits 
were utilized. The rabbits were administered gliclazide via 
the oral route at a dose of 5.6 mg/kg body weight, and blood 
samples were collected at predetermined time points. Fol-
lowing a 1 week washout period between experiments, the 
same procedure was conducted with either orally admin-
istered α-Mangostin or a combination treatment with both 
α-Mangostin and gliclazide at the same previously stated 
doses. After the single-dose interaction study, the same rab-
bits received daily treatments with α-Mangostin for 7 con-
secutive days with regular feeding. On day 8, the rabbits 
fasted for 12 hours before being given α-Mangostin. After 
30 minutes, the rabbits were administered gliclazide at a 
dose of 5.6 mg/kg body weight. Blood samples were col-
lected at predetermined intervals following each treatment 
of gliclazide, α-Mangostin, or combination treatments for 
both single and multiple treatments.

Blood sampling

Blood samples were collected from the retro-orbital plex-
us of rats at 0 hours, 1 hours, 2 hours, 4 hours, 6 hours, 8 
hours, 12 hours, 18 hours, and 24 hours. For rabbits, blood 
samples were withdrawn from the marginal ear vein at 0 

hours, 1 hours, 2 hours, 4 hours, 6 hours, 8 hours, 12 hours, 
16 hours, 20 hours and 24 hours. The rat and rabbit blood 
samples were tested for blood glucose using the GOD/POD 
method in a semi-auto analyser [20]. Additionally, the rab-
bit blood samples were analyzed for serum gliclazide us-
ing the HPLC method [18]. For the estimation of serum 
insulin, rabbit blood samples at 0 hours, 1 hours, 4 hours, 
8 hours, 16 hours, and 24 hours were used, and the ELISA 
method was employed [21].

Data and Statistical Analysis

Pharmacokinetic parameters were calculated using Ramkin 
software. Data are expressed as mean ± standard error of 
mean values. Student’s paired t-test was used as statistical 
tool and p<0.05 is considered as statistically significant.

Results 

Gliclazide demonstrated hypoglycemic activity in normal 
rats, with a maximum biphasic reduction of 34.87% ± 
0.92% and 36.70% ± 0.82% observed at 2-hour and 8-hour 
intervals, respectively (Table 1). In diabetic rats, gliclazide 
exhibited antihyperglycemic activity, with a peak bipha-
sic reduction of 44.48% ± 0.41% and 44.56% ± 0.69% at 
2-hour and 12-hour intervals, respectively (Table 2). Ad-
ditionally, in rabbits, the peak hypoglycemic activity was 

Table 1: Mean percent blood glucose reduction of gliclazide in presence and absence of α Mangostin in normal rats (n=6)

Time (h) α Mangostin Gliclazide Gliclazide + α Mangostin
1 18.16 ± 0.99 25.09 ± 1.38 26.21 ± 1.35ns
2 25.13 ± 0.64 34.87 ± 0.92 37.85 ± 2.56ns
4 31.45 ± 0.67 32.27 ± 0.58 47.73 ± 1.42*
6 26.32 ± 1.01 30.77 ± 0.69 43.28 ± 0.57*
8 20.42 ± 0.76 36.70 ± 0.82 39.96 ± 0.95*
12 15.83 ± 0.62 26.67 ± 1.48 35.36 ± 0.62*
18 12.06 ± 0.69 19.47 ± 1.58 31.73 ± 0.45*
24 8.99 ± 0.50 11.31 ± 1.14 21.65 ± 1.25*

Notes: Data expressed as mean ± standard deviation
*Statistically significant when compared with gliclazide control

Time (h) α-Mangostin Gliclazide Gliclazide+α-Mangostin
1 27.24 ± 1.07 34.70 ± 1.03 43.80 ± 0.79*
2 30.78 ± 0.98 44.48 ± 0.41 54.26 ± 0.93*
4 34.94 ± 1.26 40.56 ± 0.84 55.45 ± 0.98*
6 36.57 ± 1.48 36.87 ± 0.98 56.16 ± 0.80*
8 32.23 ± 1.12 40.36 ± 0.35 54.17 ± 0.65*
12 28.63 ± 1.11 44.56 ± 0.69 49.09 ± 0.93*
18 25.18 ± 1.25 38.86 ± 0.78 45.88 ± 0.70*
24 22.37 ± 1.27 32.14 ± 0.85 42.13 ± 0.96*

Notes: Data expressed as mean ± standard deviation
*Statistically significant when compared with gliclazide control

Time (h) α-Mangostin Gliclazide Gliclazide+α-Mangostin 
SDT Gliclazide+α-Mangostin MDT

1 20.66 ± 0.47 26.26 ± 0.92 35.52 ± 1.07* 37.33 ± 0.97*
2 27.01 ± 0.90 35.06 ± 0.71 47.29 ± 1.15* 46.25 ± 1.50*
4 33.34 ± 1.11 39.27 ± 0.50 51.55 ± 1.62* 49.95 ± 0.81*
6 28.70 ± 1.10 35.23 ± 0.29 51.41 ± 0.82* 52.10 ± 0.91*
8 22.55 ± 1.40 29.99 ± 0.78 49.14 ± 1.33* 53.28 ± 0.86*

12 17.51 ± 1.36 25.95 ± 1.18 44.86 ± 1.46* 49.94 ± 1.10*

Table 2: Mean percent blood glucose reduction of gliclazide in presence and absence of α-Mangostin in diabetic rats (n=6)

Table 3: Mean percent blood glucose reduction of gliclazide in presence and absence of α-Mangostin in rabbits (n=6)
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16 13.66 ± 1.33 20.88 ± 1.29 40.44 ± 1.34* 45.94 ± 1.24*
20 9.17 ± 1.35 15.48 ± 1.69 37.00 ± 1.32* 38.13 ± 2.02*
24 5.32 ± 0.93 9.42 ± 1.47 31.43 ± 1.56* 33.80 ± 2.16*

Notes: Data expressed as mean ± standard deviation
*Statistically significant when compared with gliclazide control

Table 4: Mean change in serum insulin levels (μIU/mL) of gliclazide in presence and absence of α Mangostin in rabbits (n=6)

Time (h) α-Mangostin Gliclazide Gliclazide+α Mangostin 
SDT Gliclazide+α Mangostin MDT

0 9.35 ± 0.16 9.25 ± 0.28 9.58 ± 0.16 ns 9.63 ± 0.21 ns
1 10.58 ± 0.19 10.95 ± 0.26 12.09 ± 0.08ns 11.98 ± 0.12ns
4 11.87 ± 0.13 12.84 ± 0.12 14.61 ± 0.24* 15.22 ± 0.19*
8 10.75 ± 0.09 11.40 ± 0.13 14.12 ± 0.22* 15.91 ± 0.16*

16 10.30 ± 0.16 10.52 ± 0.11 12.25 ± 0.13* 14.93 ± 0.27*
24 9.44 ± 0.19 9.92 ± 0.15 11.04 ± 0.12* 13.54 ± 0.28*

Notes: Data expressed as mean ± standard deviation
*Statistically significant when compared with gliclazide control

Table 5: Mean pharmacokinetic parameters of gliclazide before and after administration of α-Mangostin in rabbits (n=6)

Time (h) Gliclazide Gliclazide+α-Mangostin SDT Gliclazide+α-Mangostin MDT
AUC0-24 (µg/ml/hr) 4823.70 ± 295.394 7822.26 ± 584.765 * 9298.74 ± 387.123*

AUC0-24 (µg/ml/hr*h) 52329.70 ± 11294.470 126280.50 ± 13540.310* 158081.90 ± 9732.209*
Kel (h-1) 6.69 ± 0.431 4.39 ± 0.462 ns 3.46 ± 0.782ns

AUC 0- α (µg/ml/hr) 6265.76 ± 524.211 12450.54 ± 1292.791* 16034.67 ± 1241.383*
AUMC 0- α (µg/ml/hr*h) 118598.90 ± 18365.780 355916.00 ± 59312.390* 511071.20 ± 81444.250*

t ½ (h) 10.60 ± 0.715 16.58 ± 1.535 ns 17.94 ± 2.065ns
Ka (h-1) 1.15 ± 0.000 1.15 ± 0.000 1.15 ± 0.000

Clearance (ml/hr) 1393.32 ± 116.292 706.57 ± 85.935 * 545.35 ± 51.822*
Clearance(ml/hr/kg) 924.42 ± 74.077 476.47 ± 52.591 * 359.49 ± 31.337*

Vd SS (ml) 23871.22 ± 1211.749 18072.13 ± 947.333 ns 15826.60 ± 761.815*
Vd SS (ml/kg) 15875.70 ± 848.239 12275.43 ± 800.487 ns 10447.48 ± 431.076*
Vd area (ml) 20811.70 ± 1036.709 16092.35 ± 892.852 ns 13747.75 ± 741.969*

Vd area (ml/kg) 13839.07 ± 723.945 10952.95 ± 824.508 ns 9076.59 ± 451.349*
MRT (h) 18.46 ± 1.371 27.66 ± 2.327 ns 30.93 ± 2.762*

C max (µg/ml) 384.95 ± 16.400 497.25 ± 27.550 * 615.76 ± 26.320*
T max (h) 4.00 ± 0 4.00 ± 0.000ns 4.00 ± 0.000ns

Note: Data expressed as mean ± standard deviation.
Abbreviations: AUC, Area Under the Concentration Time Curve; AUMC, Area Under First Moment Curve; CL, Clearance; Cmax, Peak serum 

concentration; Kel: Elimination Rate Constant; MDT, Multiple-Dose Treatment; MRT, Mean Residence Time; SD, Standard Deviation; SDT, Sin-
gle-Dose Treatment; Tmax, Peak time; T1/2, Terminal Half-Life.

observed with a maximum reduction of 39.27% ± 0.50% at 
the 4-hour time interval (Tables 3-5).

α-Mangostin alone significantly reduced the blood glucose 
levels of normal rats, diabetic rats, and rabbits between 4 
hours and 6 hours. In the single-dose combination study, a 
significant decrease in blood glucose levels was observed 
in normal rats (47.73% ± 1.42%) and diabetic rats (56.16% 
± 0.80%). Moreover, in rabbits, a peak decrease in blood 
glucose (51.55% ± 1.62%) was accompanied by a simulta-
neous increase in both insulin (14.61 μIU/mL ± 0.24 μIU/
mL) and serum gliclazide levels (497.25 ng/ml ± 27.55 ng/
ml) at the 4th hour. In the multiple-dose study, a similar 
pattern was observed at the 8th hour, with corresponding 
increases in blood glucose (53.28% ± 0.86%), serum insu-
lin (15.91 μIU/mL ± 0.16 μIU/mL), and serum gliclazide 
levels (457.10 ng/ml ± 21.90 ng/ml) at 4th hour.

Discussion

Drug interactions are commonly observed in clinical 
practice and animal experiments, and the mechanisms of 

these interactions are often assessed using animal models 
[22,23]. In this study, The impact of α-Mangostin on the 
pharmacodynamics of gliclazide was examined in both 
normal and diabetic rats, as well as in normal rabbits. Addi-
tionally, the pharmacokinetics of gliclazide was specifical-
ly investigated in normal rabbits. The use of the normal rat 
model helped validate the observed response of the drug, 
which is relevant to its actual usage in type II diabetes [18]. 
Rabbit model represents a different species and validates 
the results.

Commercially, α-Mangostin is marketed in various forms 
as an immune enhancer and nutritional supplement. It of-
fers numerous health benefits, particularly for diabetics. It 
may reduce blood glucose levels by enhancing insulin sen-
sitivity in both normal and diabetic rats [11]. Single-dose 
administrations of α-Mangostin alone and in combination 
with gliclazide alter blood glucose levels in both normal 
and diabetic rats, indicating the presence of an interac-
tion. The findings in diabetic and normal rats demonstrate 
that there is a chance of interaction among rats (a rodent 
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species). Moreover, normal rabbits treated with gliclazide 
experienced changes in their hypoglycemic effects due to 
α-Mangostin, proving that non-rodent animals can also be 
affected by this drug-drug interaction. Significant changes 
were also observed in pharmacokinetic parameters such as 
AUC, AUMC, Clearance, Vdss, Vdarea, and Cmax of gli-
clazide with both single and multiple dose treatments of 
α-Mangostin. The increase in AUMC suggests an improved 
availability of gliclazide in the presence of α-Mangostin. 
However, this increased bioavailability cannot be attribut-
ed to improved absorption since the absorption rate and ab-
sorption half-life of gliclazide remained unaltered (Figure 
1).

Figure 1: Mean gliclazide concentration in serum (ng/mL) before and 
after treatment with α Mangostin in rabbits (n=6)

Gliclazide is a drug that exhibits high protein binding (85%-
97%) [24]. α-Mangostin also demonstrates a mean plas-
ma protein binding of 91.8% ± 13.5% in humans [16,25]. 
Consequently, there is a greater possibility of α-Mangostin 
displacing gliclazide from its protein-bound sites. In the 
experiment results, the increase in gliclazide blood levels 
in the presence of α-Mangostin is due to plasma protein 
displacement or metabolism inhibition but not due to an 
increase in absorption, as Ka and Tmax (4 hours) have not 
been altered. Moreover, Gliclazide is primarily metabo-
lized by hepatic CYP450 2C9 and CYP450 3A4. An in vitro 
study has proven that the herbal isolate α-Mangostin inhib-
its hepatic CYP450 2C9 [13]. Hence, there is a possibility 
of interaction at the hepatic metabolism of drugs, resulting 
in reduced gliclazide metabolism and raised serum levels 
in the presence of α-Mangostin, leading to an increased gli-
clazide effect. Therefore, the study results showing the rise 
in blood levels of gliclazide in the presence of α-Mangostin 
may be because of the combined influence of competitive 
inhibition of metabolism and plasma protein displacement.

Conclusion 

The enhancement in gliclazide activity in the presence of 
selected herbal isolates was statistically significant but not 
pharmacologically significant, as there was only a marginal 
increase in gliclazide response and no hypoglycemic con-
vulsions were observed. The aforementioned phenomenon 
indicates the safety of their combinations. Since the combi-
nations were found to be safe in 2 different species, they are 
likely to be safe clinically. In fact, no adverse cases have 
been reported clinically.
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