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ABSTRACT

Objectives: Malachra capitata (family: Malvaceae) is known to contain various bioactive phytochemicals with potential therapeutic properties. The 
present study aimed to evaluate M. capitata as a potential source of hypoglycemic bioactive compounds using in vitro enzyme inhibition assays and 
in vivo experimental models.

Methods: Extracts of M. capitata were prepared using 70% ethanol, 100% ethanol, and water and subjected to phytochemical screening. In vitro 
antidiabetic potential was evaluated through α-amylase and α-glucosidase inhibitory assays. Acute oral toxicity of the 70% ethanol extract was 
assessed in Wistar rats according to standard guidelines. The hypoglycemic effect was further evaluated using an oral glucose tolerance test (OGTT) 
and a 28-day treatment study in Wistar rats. Antioxidant parameters, including superoxide dismutase (SOD), catalase (CAT), reduced glutathione 
(GSH), and malondialdehyde (MDA), were also analyzed.

Results: Phytochemical analysis revealed the presence of alkaloids, flavonoids, saponins, phenolics, and tannins in all extracts. Among them, the 70% 
ethanol extract demonstrated the strongest enzyme inhibitory activity with α-amylase (IC50=79.1µg/mL) and α-glucosidase (IC50=54.61µg/mL) 
inhibition compared to other extracts. Acute oral toxicity testing showed no mortality up to 2000mg/kg. In vivo studies revealed that the extract 
significantly improved glucose tolerance in OGTT and reduced fasting blood glucose levels from 245.0±15.82mg/dL to 146.0±11.40mg/dL after 
28days. Serum insulin levels increased to 627.5±142.78pg/mL, while antioxidant defense improved through increased SOD, CAT, and GSH levels and 
decreased MDA levels.

Conclusion: The findings indicate that M. capitata possesses significant hypoglycemic and antioxidant activities, supporting its potential as a promising 
natural source for antidiabetic drug development. Further studies are required to isolate and characterize the active compounds responsible for these 
effects.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic condition that induces 
sustained hyperglycemia owing to impaired insulin secretion, insulin 
action, or a combination of both. It is a major health concern worldwide 
and is defined by a rapidly rising incidence and associated morbidity 
and mortality. Diabetes is a primary contributor to cardiovascular 
disease, renal failure, visual impairment, and lower limb amputations 
worldwide [1]. Thus, a key element of type 2 diabetes treatment is 
effective management of postprandial hyperglycemia.

Inhibiting enzymes that hydrolyze carbohydrates, such as α-amylase 
and α-glucosidase, is a well-established therapeutic approach for 
managing postprandial blood glucose. When these enzymes are 
inhibited, glucose absorption is delayed, which lowers postprandial 
glucose spikes. These enzymes break down complex carbons into 
absorbable monosaccharides [2]. Although a number of synthetic 
enzyme inhibitors are clinically available, their long-term use is 
frequently linked to gastrointestinal adverse effects, which has led to 
the search for safer, plant-derived substitutes [3].

It has long been known that medicinal plants constitute a substantial 
reservoir of bioactive compounds substances as well as the potential 
to treat diabetes. A variety of methods, including enzyme inhibition, 
antioxidant action, enhanced insulin sensitivity, or modification of 
glucose metabolism, phytochemicals such as flavonoids, phenolic acids, 

alkaloids, and terpenoids have shown hypoglycemic benefits [4,5]. 
Therefore, by combining biological screening with sophisticated 
separation techniques, bioactivity-guided fractionation has become 
a logical and methodical method to discover and isolate such active 
ingredients.

In traditional medicine, Malachra capitata (L.), a member of the 
Malvaceae family, is used to treat pain, inflammation, and several 
metabolic conditions. According to phytochemical research, the 
genus Malachra contains phenolic compounds, flavonoids, and other 
secondary metabolites with antioxidant and enzyme-inhibiting 
properties [6,7]. Despite these observations, little research has been 
conducted on the hypoglycemic potential of M. capitata stems and the 
isolation of its active ingredients.

Phytoconstituent isolation from complicated plant matrices is now 
much more efficient and purer because of recent developments 
in chromatographic techniques, particularly preparative high-
performance liquid chromatography (HPLC). Simultaneously, in 
silico methods such as molecular docking and interaction analysis 
have been developed into useful instruments for forecasting 
enzyme–ligand interactions, clarifying potential modes of action, and 
bolstering experimental results [8]. A thorough foundation for lead 
compound identification in natural product research is provided by 
the amalgamation of in vitro enzyme inhibition experiments as well as 
in silico investigations.
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In this regard, the current study used a bioactivity-guided extraction 
and fractionation method to examine the hypoglycemic potential of 
M. capitata stems. To identify and validate the possible antidiabetic 
phytoconstituents, we used α-amylase inhibition as the main screening 
approach, followed by liquid–liquid partitioning, preparative HPLC-
based isolation, chromatographic characterization, and supported 
in silico analysis.

METHODS

Drug chemicals and materials
Chemicals of AR grade used, such as ethanol (99%), starch, 
acarbose, α-amylase, α-glucosidase, (3,5-Dinitrosalicylic acid 
[DNSA]), (p-nitrophenyl-b-d-glucopyranoside), and 2,2-diphenyl-
1-picrylhydrazine, were obtained from SRL PVT LTD Mumbai, and 
metformin was a gift from Sun Pharmaceutical Industries Ltd. Mumbai. 
All supplementary chemicals, as well as reagents required, were of AR 
quality from a local manufacturer.

Instruments and equipment
Ultrasonicator was used for the extraction of plant material. Absorbance 
for enzyme inhibition assays was measured using an Epoch Gen5 
microplate reader. An analytical balance was used for weighing plant 
extracts. A water bath was used during the DNSA reaction step of the 
α-amylase assay. Blood glucose levels were measured using a digital 
glucometer. Serum separation was carried out using a laboratory 
centrifuge. Micropipettes were used for accurate measurement of 
reagents during in vitro assays. Experimental animals were housed in 
polypropylene cages, and oral dosing was performed using a gastric 
gavage needle.

Plant material
The Malachra Capitata (L.) area was selected for evaluation. Plant 
material was collected from a local area near the campus of B.P. Arts 
College, Dhule Road, Chalisgaon. The plant was Authenticated by Botany 
Department of Dr.  Bababasaheb Aambedkar Marathwada University, 
Aurangabad (accession number 0791).

Experimental animals
Healthy Wistar rats, weighing 150–200  g and aged 6–8  weeks, 
were selected for this study. Animals were procured from LACSMI 
Biofarms, Alephata, and Pune. Before the initiation of the experimental 
procedures, the rats were adapted to the animal house conditions for 
5–7 days to reduce stress related to environmental changes. The animals 
were housed in polypropylene cages in accordance with conventional 
laboratory setups and provided with a standard laboratory diet (VRK 
Nutritional Solutions, Sangli, India) and tap water ad libitum. All 
experimental protocols were performed in strict compliance with the 
guidelines of the Committee for the Purpose of Control and Supervision 
on Experiments on Animals and approved by the Institutional Animal 
Ethics Committee (Approval No.: 2166/PO/RcBI/S/22/CPCSEA).

Extraction of M. capitata
The Aerial material of M. capitata was extracted using several solvents and 
extraction methods, as outlined in conventional phytochemical protocols, 
the Aerial material of M. capitata was extracted [9,10]. Water, 70% ethanol, 
and 100% ethanol were used for extraction. The extraction procedures 
were reflux, maceration, and ultrasonication. According to previous 
research, ultrasonication-assisted extraction was used to improve the 
recovery of bioactive components [10]. To calculate the extractive yield, 
expressed as a percentage yield (% w/w), the extracted materials were 
concentrated and weighed. Compared to the maceration and reflux 
methods, the ultrasonication method produced the maximum yield, 
according to the extraction data. Thus, extracts obtained by ultrasonication 
that were aqueous (MCA), 70% ethanolic (MCHA), and 100% ethanolic 
(MCE) were chosen for additional bioactivity assessments.

Preliminary qualitative phytochemical analysis
Preliminary phytochemical evaluation was performed on the 
ultrasonicated extracts of M. capetita (L), namely the aqueous extract 

(MCA), 70% ethanolic extract (MCHA), and 100% ethanolic extract 
(MCE). Standard qualitative chemical tests were employed to ascertain 
the presence or absence of the principal categories of secondary 
metabolites. The extracts were screened for alkaloids, steroidal 
constituents, phenolic compounds, flavonoids, saponins, and tannins, 
using established phytochemical reagents and conventional test 
procedures [11,12].

In vitro antidiabetic activity
α-Amylase inhibition assay
The inhibitory effect against porcine pancreatic α-amylase 
was evaluated using the DNSA colorimetric method with slight 
modifications from established procedures [13,14]. The Porcine 
α-amylase was selected because it closely resembles human 
pancreatic α-amylase in catalytic properties and is widely used as a 
standard enzyme model for preliminary screening of carbohydrate-
digesting enzyme inhibitors. Stock solutions of the acarbose, MCA, 
MCHA, and MCE extracts were prepared in distilled water. For the 
assay, 200 µL sodium phosphate buffer (20 mM, pH 6.9) and 100 µL 
α-amylase solution (1 U/mL) were mixed with varying concentrations 
of the test extracts or acarbose (10–100 µg/mL). The mixture was pre-
incubated at 25°C for 10 min, followed by the addition of 200 µL of 1% 
soluble starch to initiate the reaction. After incubation, the reaction 
was terminated with DNSA reagent, and absorbance was measured 
at 540 nm. Acarbose served as the positive control, while a negative 
control containing buffer and solvent without inhibitor was included 
in each experimental run. All assays were performed in triplicate 
(three technical replicates) and repeated in three independent 
experiments, and IC₅₀ values were calculated from dose–response 
curves using linear regression analysis.

α-Glucosidase inhibition assay
The inhibitory potential of several excerpts against α-glucosidase 
was ascertained using yeast α-glucosidase and p-nitrophenyl-α-
D-glucopyranoside (pNPG) as the substrates, following a modified 
standard protocol [14,15]. Yeast α-glucosidase was selected because 
it is a commonly used model enzyme for preliminary screening of 
α-glucosidase inhibitors and provides reproducible results comparable 
to mammalian systems. The enzyme was prepared in 0.1 M phosphate 
buffer (pH 6.9). The reaction mixture contained buffer, enzyme solution, 
and different concentrations of plant extracts (10–100 µg/mL). After 
pre-incubation at 37°C, pNPG was added to initiate the reaction, and the 
mixture was incubated for 30 min. The reaction was terminated with 
sodium carbonate, and absorbance was recorded at 405 nm. Acarbose 
was used as the positive control, and a negative control containing 
buffer with solvent only was included in every experimental run. All 
experiments were conducted in triplicate with three independent 
repetitions, and IC₅₀ values were determined from concentration–
response curves.

Acute oral toxicity study
Acute oral poisoning by 70% ethanolic extract of M. capitata (MCHA) was 
assessed in female Wistar rats using OECD Guideline 423 (Acute Oral 
Toxicity  - Acute Toxic Class Method) under Good Laboratory Practice 
settings [16,17]. Healthy, young, non-pregnant female Wistar rats 
weighing approximately 150–250 g were chosen for the investigation. 
The extract was dissolved in distilled water and delivered as a single 
oral dose using a gastric feeding needle at doses of 300, 1000, and 
2000 mg/kg body weight (BW) (dose volume: 1 mL per animal). After 
treatment, each animal was individually watched during the first 30 min, 
frequently followed over the first 24 h, with a specific focus during the 
first 4 h, and then assessed daily for 14 days. Observations concentrated 
on detecting any indications of toxicity, including modifications in the 
skin and fur, ocular conditions, and mucous membrane alterations, 
along with variations in respiratory, circulatory, autonomic, and central 
nervous system functioning. Behavioral patterns and clinical symptoms 
were meticulously documented during the study period.
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Oral glucose tolerance test (OGTT)
An OGTT was conducted to assess the glucose handling capacity. Before 
the experiment, the rats were starved overnight. Blood specimens were 
also collected via the tail vein at 0, 30, 60, 120, and 240 min after an oral 
glucose load of 2 g/kg BW was administered. A glucometer was used to 
measure the blood glucose levels [18,19].

In vivo hypoglycemic activity
Grouping and dosing of animals
To evaluate the in vivo hypoglycemic activity, Wistar rats of both 
sexes were randomly allocated into four groups, each including six 
individuals. Group  I: Normal control (non-diabetic rats receiving 
vehicle only) and Group  II: Diabetic control (streptozotocin [STZ]-
induced diabetic rats receiving vehicle). Group  III received the 
Standard group (diabetic rats treated with metformin), whereas 
Group  IV received the Test group (diabetic rats treated with 
M.  capitata extract, MCHA). Experimental diabetes was induced in 
the designated groups by a single intraperitoneal injection of STZ at 
a dose of 40 mg/kg BW, freshly prepared in cold citrate buffer (0.1 
M, pH 4.5), while the normal control group received only the vehicle. 
Before STZ administration, rats were fasted overnight (12 h) with free 
access to water to enhance the diabetogenic effect of STZ. After 72 h 
of STZ injection, fasting blood glucose levels were measured using 
a glucometer. Rats with fasting blood glucose levels ≥250  mg/dL 
were considered diabetic and included in the study, and only these 
confirmed diabetic animals were selected for the 28-day treatment 
protocol. The diabetic rats received oral treatment with either 
conventional medication or the test extract for 28 days. During the 
trial, BW and fasting blood glucose levels were recorded weekly. On 
completion of the treatment period, blood samples were obtained for 
the assessment of serum insulin and antioxidant metrics, including 
superoxide dismutase (SOD), catalase (CAT), reduced GSH, and 
malondialdehyde (MDA). After blood collection, the animals were 
euthanized, and the pancreas was removed, fixed in 10% formalin, 
and prepared for histological analysis to assess treatment-induced 
morphological alterations [20,21].

Dose administration
The dose of 100 mg/kg of the 70% ethanolic extract (MCHA) was selected 
based on the results of the acute toxicity study, where no mortality 
was observed up to 2000  mg/kg (OECD 423). Therefore, 100  mg/kg 
represents a safe pharmacological screening dose (approximately 
1/20th  of the maximum tested dose). Metformin was administered 
orally at a dose of 125 mg/kg BW, which is a commonly used standard 
dose in experimental diabetic rat models. STZ was prepared at a dose of 
10 mg in 0.2 mL of saline.

Blood withdrawal
On last day of treatment, blood samples were withdrawn in 1.5  mL 
Eppendorf tubes (0.4–0.6  mL), serum were separated and used for 
estimation of Bio-chemical Studies and Hematology.

Statistical analysis
All experimental data are expressed as mean±standard error of the 
mean (SEM). Statistical analysis was performed using two-way repeated 
measures analysis of variance (ANOVA) followed by Bonferroni post hoc 
test for multiple comparisons to evaluate the effects of treatment and 
time on blood glucose levels and BW during the OGTT and 28-day 
study. For parameters measured at a single time point (such as serum 
insulin and antioxidant enzyme levels), one-way ANOVA followed by 
Bonferroni post hoc test was used. A  value of p<0.05 was considered 
statistically significant.

RESULTS AND DISCUSSION

Extraction yield of M. capitata arial part
Extraction of M. capitata using different solvents and techniques 
showed that ultrasonication produced the highest extractive yield 
compared to the maceration and reflux methods (Table  1). Among 

the ultrasonication extracts, the 70% ethanolic extract (7.77%) 
yielded more than the aqueous extract (6.41%) and ethanolic extracts 
(3.45%) [22].

Preliminary phytochemical screening
The initial phytochemical analysis of water, 70% ethanol, and 100% 
ethanolic extracts of M. capitata revealed the existence of secondary 
metabolites (Table 2) [23].

In vitro hypoglycemic activity
Alpha amylase inhibition
In this experiment, the extracts from M. capitata were tested against 
the positive control acarbose to determine their α-amylase inhibitory 
activity (Table  3 and Fig.  1). Among the extracts, MCHA showed the 
highest inhibition, followed by MCE, whereas MCA showed the lowest 
activity. At 100 µg/mL, MCHA showed inhibition comparable to that of 
the standard drug, acarbose.

MCHA had a lower IC5₀ value compared to MCA and MCE, which means 
a smaller amount of MCHA was needed to inhibit the enzyme. However, 
acarbose was slightly more effective than other extracts. Overall, the 
results suggest that MCHA has good α-amylase inhibitory activity and 
may help in controlling postprandial blood glucose levels by slowing 
down carbohydrate digestion [24,25].

Alpha glucosidase inhibition
All extracts showed a gradual increase in α-glucosidase inhibition with 
increasing concentrations (Table  4 and Fig.  2). Among these, MCHA 
showed the highest inhibitory activity, followed by MCE and MCA. 
At the highest concentration tested, inhibition by MCHA was close 
to that of acarbose. The IC5₀ values showed that MCHA required a 
lower concentration to inhibit α-glucosidase than MCA and MCE. This 
indicates that MCHA has a stronger inhibitory activity. The extracts 
displayed better inhibition of α-glucosidase than of α-amylase, which is 
beneficial because strong α-glucosidase inhibition helps control blood 
sugar with fewer digestive side effects [24,25].

Table 1: Extractive % yield of Malachra capitata extracts with 
different extraction technique

Extracting 
solvent

Raw material: 
Solvent

Method of 
extraction

Yield 
(g)

% 
Yield

Water 1:30 Ultrasonication 0.0641 6.41
70% Ethanol 1:30 Ultrasonication 0.077 7.77
100% Ethanol 1:30 Ultrasonication 0.0345 3.45
Water 1:30 Maceration 0.0549 5.49
70% Ethanol 1:30 Maceration 0.0597 5.97
100% Ethanol 1:30 Maceration 0.0330 3.30
Water 1:30 Reflux 0.0591 5.91
70% Ethanol 1:30 Reflux 0.070 7.0
100% Ethanol 1:30 Reflux 0.0435 4.35

Table 2: Phytochemical screening test for MCA, MCHA, 
and MCE extracts

Phytochemical active constituents test MCA MCHA MCE
Carbohydrate Fehling’s test + + +
Alkaloids Wagner’s test + + +
Flavonoid Shinoda test + + +
Phenol Lead acetate test + + +
Steroid Liebermann‑test − − −
Terpenoid Burchard test − − +
Glycosides Keller‑Killani test − + +
Fats and oil Spot test − − +
Saponins Foam Test + + +
Where (+) indicates the presence of phytochemicals and (−) indicates the 
absence of phytochemicals
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Table 3: Mean percentage inhibition of α‑amylase by Malachra 
capitata extracts (MCA, MCHA, MCE) and acarbose (n=3)

Conc. 
µg/mL

MCA% 
inhibition

MCHA % 
inhibition

MCE % 
inhibition

Acarbose % 
inhibition

0 0 0 0 0
10 15.23 25.6 18.6 24.31
20 18.56 30.27 25.9 32.16
40 23.3 36.9 31.56 39.89
60 27.97 42.58 36.16 45.12
80 32.23 50.1 43.01 52.36
100 34.23 57.62 51.23 59.674
IC50 166.88 79.1 98.32 72.64
Data are presented as mean±SD (n=3). IC₅₀ values were calculated from the 
dose–response curve using non‑linear regression analysis

Table 4: Mean percentage inhibition of α‑glucosidase 
by Malachra capitata extracts (MCA, MCHA, MCE) and 

acarbose (n=3)

Conc.
ug/mL

MCA% 
inhibition

MCHA % 
inhibition

MCE % 
inhibition

Acarbose % 
inhibition

0 0 0 0 0
10 17.6 26.24 25.26 22.12
20 23.9 33.31 29.58 33.04
40 30.5 42.96 35.98 46.46
60 34.96 53.31 41.23 58.06
80 40.01 64.66 48.23 67.06
100 45.73 70.66 56.36 74.99
IC50 112.46 54.6195 83.89 49.6363
Data are presented as mean±SD (n=3). IC₅₀ values were calculated 
using non‑linear regression analysis from the dose–response curve. 
SD: Standard deviation

From the in vitro hypoglycemic assay, the MCHA extract showed 
promising inhibition compared to MCA and MCE.

Acute toxicity
No harmful effects were detected at 2000  mg/kg, categorizing 
M. capitata70% ethanolic extract (MCHA) as safe under GSH Category 5.

Although no mortality was observed across all dose groups, two animals 
(Animals 7 and 9) showed clinical signs of toxicity at the 2000 mg/kg 
dose level. BWs increased progressively in all animals, indicating that 
overall health was maintained [26].

The acute oral toxicity assessment of MCHA in female rats demonstrated 
a favorable safety profile, aligned with its categorization under GSH 
Category 5. As summarized in Table 5, no mortality was observed across 
any of the tested dose groups (up to 2000 mg/kg). Animals treated with 
300  mg/kg and 1000  mg/kg showed no discernible signs of toxicity 
throughout the 14-day observation period. While two animals (Animal 
7 and Animal 9) at the highest dose of 2000  mg/kg exhibited some 
clinical indicators of toxicity, these were not severe enough to cause 
mortality. Furthermore, the progressive increase in BW in all animals 
across all dose groups, from day 0 to day 14, indicated that the extract 

Table 5: Summary of acute oral toxicity study of Malachra 
capitata 70% ethanolic extract in female rats

Animal 
No.

Dose 
(mg/kg)

BW (g) Day 0/
Day 7/Day 14

Clinical 
observations

Dose volume 
(mL)

Animal 1 300 179/185/191 No toxic signs 0.7
Animal 2 300 180/186/191 No toxic signs 0.7
Animal 3 300 184/190/195 No toxic signs 0.7
Animal 4 1000 237/248/256 No toxic signs 0.9
Animal 5 1000 235/240/248 No toxic signs 0.9
Animal 6 1000 230/245/256 No toxic signs 0.9
Animal 7 2000 230/238/245 Showed toxic 

signs
0.9

Animal 8 2000 250/263/274 No toxic signs 0.9
Animal 9 2000 237/250/264 Showed toxic 

signs
0.9

BW: Body weight. In the OGTT study, a higher dose (400 mg/kg) was used to 
evaluate the acute antihyperglycemic effect of the extract after glucose loading, 
while a lower dose (100 mg/kg) was selected for the 28-day chronic study 
based on safety findings from the acute toxicity study, and to evaluate the long-
term antidiabetic efficacy.

did not negatively impact the general health and growth of the rats. 
This collective evidence suggests that M. capitata extract has relatively 
low acute toxicity, confirming its safety for potential therapeutic 
applications within this dose range.

Oral glucose tolerance test
A higher dose (400  mg/kg) was used in the OGTT experiment to 
evaluate the acute antihyperglycemic response, whereas a lower dose 
(100  mg/kg) was selected for the 28-day chronic study to assess 
sustained antidiabetic activity while ensuring safety. The extract 
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significantly reduced glucose levels after glucose loading at 60, 90, and 
120 min, although it was slightly less effective than metformin [27].

Data are expressed as Mean±SEM (n=6). Statistical analysis was 
performed using two-way repeated measures ANOVA followed by 
Bonferroni’s post hoc test. *p<0.001 and *p<0.05 compared to the 
glucose-loaded control group at the corresponding time point. Group1: 
Normal control (non-diabetic rats receiving vehicle). Group 2: Glucose-
loaded group (2  g/kg glucose).Group3: Standard group (metformin 
125 mg/kg+glucose). Group 4: Test group (MCHA 400 mg/kg+glucose).

The OGTT findings, as presented in Table  6 and Fig. 3, demonstrated 
the significant hypoglycemic potential of the M. capitata70% ethanolic 
extract of M. capitata. Following glucose loading, the extract notably 
decreased blood glucose levels at 60, 90, and 120  min, indicating its 
efficacy in improving glucose metabolism. While the extract showed 
a significant disparity in contrast with the glucose-loaded group 
(indicated by ***p<0.001 and *p<0.05), its effect was slightly less 
pronounced than that of the usual medication, metformin (500 mg/kg). 
Metformin consistently brought blood glucose levels closer to those of 
the standard test group at every post-load time point. Nonetheless, the 
ability of M. capitata 70% ethanolic extract to significantly mitigate the 
post-glucose surge suggests its potential as an antidiabetic agent, likely 
by enhancing glucose utilization or inhibiting glucose absorption, albeit 
with a slightly lower potency than the established drug. The data are 
expressed as mean±SEM and analyzed by One-Way ANOVA followed by 
Bonferroni Post hoc analysis, which robustly supports these findings.

In vivo hypoglycemic study
Over 28  days, the extract-treated group showed a significant 
decrease in fasting blood glucose levels (from 245.0±15.82  mg/dL 

to 146.0±11.40  mg/dL). Serum insulin levels increased significantly 
(627.5±142.78 pg/mL) in comparison to the diabetes control [28,29].

The 28-day in vivo hypoglycemic study of M. capitata extract in 
Wistar rats provided compelling evidence of its antidiabetic potential, 
as detailed in Tables  7-9 and visually represented in Figs.  4-6. As 
shown in Table  9 and Fig.  6, the test extract markedly reduced the 
fasting blood sugar levels in diabetic rats over the 28-day period. 
The initial blood glucose concentration in the extract-treated group 
on Day 7 was 245.0±15.82  mg/dL, which progressively decreased to 
146.0±11.40 mg/dL by Day 28. This substantial decrease (***p<0.0001 
in comparison to prevention of illness) indicates a robust long-term 
hypoglycemic effect, effectively bringing glucose levels closer to the 
normal range, though the standard group (Metformin) demonstrated 
an even more pronounced reduction (109.7±3.83 mg/dL on Day 28). 
In contrast, the disease control group exhibited a consistent rise in 
blood glucose concentrations from 271.7±3.44  mg/dL on Day 7 to 
310.5±13.10 mg/dL on Day 28 (###p<0.0001 opposite to normal control 
group).

Furthermore, as seen in Table  9 and Fig.  7, M. capitata extract 
significantly increased serum insulin levels (627.5±142.78  pg/mL, 
*p<0.05) compared to that in the diabetes group (286.5±52.88 pg/mL). 
This indicates that the hypoglycemic effect of the substance might, at 
least in part, be mediated through enhanced insulin secretion from the 
pancreas. The general group showed a greater increase in insulin levels 
(879.83±218.85 pg/mL, ***p<0.0001), and the ability of the extract to 
boost insulin levels is a promising indicator [30].

Regarding BW, Table  6 and Fig.  4 illustrate that while the illness 
management group experienced a gradual reduction in BW over 

Table 6: Effect of Malachra capitata extract (MCHA) on blood glucose levels during an oral glucose tolerance test in rats

Sr 
No.

Treatment and Dose Blood Glucose Levels (mg/dL)

0 min
Base Line

15 min 30 min 60 min 90 min 120 min

1 Normal control, Normal saline solution 87.00±3.61 96.67±11.59 90.67±4.73 87.33±1.15 84.33±1.53 82.33±1.53
2 Glucose loaded 90.00±2.65 163.00±12.77 171.00±15.72 157.33±16.50 142.00±14.53 124.33±6.81
3 Standard metformin (125 mg/kg) 89.67±4.04 145.33±12.50 125.67±7.77 104.00±8.89 97.33±5.51 90.33±1.53
4 Test MCHA (400 mg/kg) 89.33±5.86 164.67±5.51 145.67±6.11 128.33±6.66 112.67±6.03 95.33±1.53

Table 7: Effect of Malachra capitata extract on hypoglycemic activity and BW in Wistar rats

S. No Treatment and Dose Day 0 Day 7 Day 14 Day 21 Day 28
BW g (Mean±SEM)

1 Normal control 188.3±5.32 192.2±5.46 197.3±5.16 202.3±4.97 208.2±5.95
2 Disease control 190.3±4.63 179.2±4.40 172.0±4.69 166.5±3.27 160.8±5.98
3 Standard group 189.3±3.78 183.3±3.67 180.2±3.82 186.5±4.1 200.5±4.14
4 Test extract Malachra Capetita 191.8±5.64 186.7±6.02 181.8±5.98 184.0±3.69 188.2±4.36
Data are expressed as mean±SD (n=6). Statistical analysis was performed using two‑way repeated measures ANOVA followed by Bonferroni’s post hoc test. 
###p<0.0001 compared to the normal control group.*p<0.0001 compared to the disease control group. ANOVA: Analysis of variance, SD: Standard deviation, BW: Body 
weight, SEM: Standard error of the mean

Table 8: Effect of Malachra capitata extracts on blood glucose levels in Wistar rats

S. No. Treatment and dose Day 0 Day 7 Day 14 Day 21 Day 28
Blood Glucose Levels (mg/dL) (Mean±SEM)

1 Normal control 89.5±1.87 91.3±2.07 89.5±1.87 90.2±1.33 89.8±1.47
2 Disease control 90.5±1.87 271.7±3.44### 282.8±4.96### 293.0±6.45### 310.5±13.10###

3 Standard group 89.8±1.72 227.3±9.58*** 172.3±5.75*** 133.8±6.24*** 109.7±3.83***
4 Test extract Malachra Capetita 90.0±1.41 245.0±15.82*** 216.8±9.41*** 163.2±14.11*** 146.0±11.40***
Data are expressed as mean±SEM (n=6), ###p<0.0001 versus normal control group, *p<0.001 versus disease control group, statistical analysis was performed using 
two‑way repeated measures ANOVA followed by Bonferroni post hoc test. ANOVA: Analysis of variance, SD: Standard deviation, BW: Body weight, SEM: Standard error of 
the mean
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Table 9: Effect of Malachra capitata extract on serum insulin 
levels in Wistar rats

Sr. 
No

Treatment and dose Serum insulin levels 
(pg/mL) (Mean±SEM)

1 Normal control 1650.16±267.21
2 Disease control 286.5±52.88###

3 Standard group 879.83±218.85***
4 Test Extract 1 Malachra Capetita 627.5±142.78*
Data are expressed as mean±SD (n=6). Statistical analysis was performed using 
one‑way ANOVA followed by Bonferroni’s post hoc test. ###p<0.0001 compared 
to the normal control group. *p<0.0001 and *p<0.05 compared to disease 
control group. ANOVA: Analysis of variance, SD: Standard deviation, BW: Body 
weight, SEM: Standard error of the mean

the antidiabetic effect of the extract does not occur at the expense of 
general well-being or body mass, which is often a concern in diabetes 
management. The results, analyzed by Two-way ANOVA followed by 
Bonferroni post hoc analysis, highlight the significant beneficial effects 
of M. capitata extract on managing diabetes in vivo.

Antioxidant enzyme activity
SOD, CAT, and glutathione (GSH) levels improved significantly, while 
MDA levels decreased in the extract-treated groups, confirming 
antioxidant protection [31].

The evaluation of antioxidant enzyme activities demonstrated the 
protective effect of M. capitata extract against oxidative stress in STZ-
induced diabetic rats. As shown in Table 10 and Fig. 7, the disease control 
group exhibited a significant decrease in endogenous antioxidant 
enzymes, including SOD, CAT, and reduced GSH, along with a marked 
increase in MDA, a biomarker of lipid peroxidation, compared with the 
normal control group. Specifically, SOD (4.17±1.04 U/mg protein), CAT 
(29.17±2.08 U/mg protein), and GSH (18.82±0.83 µmol/mg protein) 
levels were significantly reduced, while MDA levels (5.70±1.43 nmol/
mg protein) were significantly elevated in the disease control group 
(###p<0.0001 vs. normal control).

Treatment with M. capitata extract (MCHA) partially restored the 
antioxidant defense system. The extract-treated group showed an 
increase in SOD, CAT, and GSH levels compared with the disease control 
group. However, the increase in SOD activity was moderate and did not 

the 28  days (from 190.3±4.63  g to 160.8±5.98  g), both the standard 
and test extract groups showed maintained or improved BWs. The 
M. capitata extract-treated group maintained a relatively stable BW, 
starting at 191.8±5.64 g and ending at 188.2±4.36 g. This suggests that 

Fig. 4: Effect of Malachra capitata extract (MCHA) on body weight 
in streptozotocin-induced diabetic Wistar rats during the 28-
day treatment period. Data are presented as mean±SD (n=6). 
Statistical symbols and formatting of captions are correct and 

compatible with the paper.

Fig. 3: Data are expressed as mean±standard error of the mean 
(n=6). Statistical analysis information and significance notations 

have been consistently formatted throughout the paper.

Fig. 6: Effect of Malachra capitata extract (MCHA) on serum 
insulin levels in streptozotocin-induced diabetic Wistar rats 
after 28 days of treatment. Data are presented as mean±SD 

(n=6). Statistical analysis was performed using One-way analysis 
of variance followed by Bonferroni’s post hoc test. ###p<0.0001 

compared to normal control group; *p<0.0001 and *p<0.05 
compared to disease control group

Fig. 5: Effect of Malachra capitata extract (MCHA) on fasting blood 
glucose levels in streptozotocin-induced diabetic Wistar rats over 
a 28-day treatment period. Data are presented as mean±SD (n=6). 
Statistical significance was determined using two-way repeated 
measures analysis of variance followed by Bonferroni’s post hoc 
test. ###p<0.0001 compared to normal control group; *p<0.0001 

compared to disease control group



227

Asian J Pharm Clin Res, Vol 19, Issue 6, 2026, 221-228
	 Mijgar and Deokate

Table 10: Effect of Malachra capitata extracts on antioxidant enzyme activity SOD, CAT, GSH and MDA in Wistar rats

S. No. Treatment and dose SOD (U/mg protein) CAT (U/mg protein) GSH (µmol/Mg protein) MDA (nmol/mg protein) 
(Mean±SEM)

1 Normal control 7.67±1.26 60.02±6.93 36.82±6.23 2.00±0.58
2 Disease control 4.17±1.04### 29.17±2.08### 18.82±0.83### 5.70±1.43###

3 Standard group 6.92±0.86*** 49.73±6.80** 30.87±6.30** 2.63±0.68***
4 Test extract 1 Malachra Capetita 5.35±1.04* 46.30±9.16* 27.42±4.36 3.15±0.83***
Data are expressed as mean±SD (n=6). Statistical analysis was performed using one‑way ANOVA followed by Bonferroni’s post hoc test. ###p<0.0001 compared to normal 
control group. *p<0.0001 and *p<0.05 compared to disease control group. SOD: Superoxide dismutase, CAT: Catalase, GSH: Glutathione, MDA: Malondialdehyde

reach statistical significance, whereas CAT levels showed a statistically 
significant improvement (46.30±9.16 U/mg protein, *p<0.05 vs. disease 
control). In addition, MDA levels were significantly reduced (3.15±0.83 
nmol/mg protein, ***p<0.0001 vs. disease control), indicating reduced 
lipid peroxidation and oxidative damage.

The standard treatment group (metformin) showed a more pronounced 
restoration of antioxidant enzyme activities, with significant increases 
in SOD, CAT, and GSH levels and a marked reduction in MDA levels 
compared with the disease control group. These findings suggest that 
the antidiabetic effect of M. capitata may be partly mediated through its 
antioxidant properties, which help mitigate oxidative stress associated 
with diabetes.

CONCLUSION

The present investigation clearly demonstrated that M. capitata 
possesses significant hypoglycemic and antioxidant potential, 
particularly when extracted with 70% ethanol. The bioactivity-guided 
approach revealed that this extract contains abundant pharmacologically 
important phytoconstituents, such as flavonoids, phenolics, alkaloids, 
and saponins, which are likely responsible for its biological effects. The 
strong inhibition of α-amylase and α-glucosidase indicates an effective 
mechanism for controlling postprandial hyperglycemia. In vivo studies 
further confirmed its antidiabetic efficacy, as evidenced by improved 
oral glucose tolerance, marked decrease in fasting blood glucose levels, 
and notable increase in serum insulin levels in diabetic rats. In addition, 
the extract mitigated oxidative stress by restoring endogenous 
antioxidant enzymes and reducing lipid peroxidation, thereby 
highlighting its protective role against diabetes-associated oxidative 
damage. An acute toxicity study established a favorable safety profile at 

therapeutically relevant doses. Collectively, these findings validate the 
traditional use of M. capitata and suggest that it is a promising natural 
source of anti-diabetic compounds. Further studies focusing on the 
isolation, structural characterization, and mechanistic evaluation of 
its active constituents are warranted to bolster its potential as a plant-
based antidiabetic therapeutic agent.
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