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Abstract
Numerous diseases have been linked to oxidative stress, emphasizing its role in pathogenicity. This study employed an 
ultrasound-assisted extraction process to obtain extracts from the bark of Murraya koenigii (L) Spreng. A thorough analysis 
was conducted on these dry extracts to determine their total phenolic and flavonoid content across four solvent fractions: 
n-hexane, ethyl acetate, n-butanol, and aqueous. Among the solvent fractions, ethyl acetate and n-butanol showed higher 
levels of total flavonoid content (TFC) and total phenolic content (TPC) compared to the others. The ethyl acetate frac-
tion displayed the highest TPC (58.27 ± 4.20 mg GAE/g) and TFC (878.67 ± 40.38 mg QE/g) at 250 µg/mL concentration. 
Furthermore, the in-vitro antioxidant capacity of the ethyl acetate fraction was assessed for its ability to scavenge DPPH 
and hydrogen peroxide, revealing a concentration-dependent effect with IC50 values of 154.6 ± 6.2 and 55.12 ± 4.28 μg/
mL, respectively. In a controlled experiment using streptozocin-induced diabetic rats, administering UMBE-EA at doses 
of 100 and 200 mg/kg notably improved blood glucose levels and body weight. Furthermore, several biochemical indica-
tors, such as total protein levels, serum insulin, and the activities of enzymes like SGOT, SGPT, and ALP, as well as liver 
glycogen, showed significant enhancements. The antioxidant enzyme activities, including SOD, CAT, and GSH, returned 
to more favorable levels, and TABAR levels were normalized. In conclusion, the findings from this study strongly suggest 
that UMBE-EA possesses substantial anti-diabetic efficacy in Wistar rats, primarily attributed to its remarkable antioxidant 
properties and capacity to scavenge free radicals. These results provide valuable insights into the potential therapeutic benefits 
of UMBE-EA in diabetes management.
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1  Introduction

Hyperglycemia and aberrant glucose metabolism are hall-
mark symptoms of diabetes mellitus [1], a condition intri-
cately linked with insufficient insulin secretion, whether 
absolute or relative, often accompanied by peripheral 
resistance to insulin. Diabetes presents a significant pub-
lic health challenge, affecting nations across the globe [2]. 
Notably, approximately 90% of all diabetes cases globally 
are attributed to type 2 diabetes mellitus (T2DM) [3]. The 

prevalence of obesity has surged nearly threefold since 1975, 
contributing to a twofold increase in global diabetes diag-
noses over the past two decades [4]. Obesity arises from 
a chronic energy imbalance marked by excessive caloric 
intake, often from processed foods, reduced physical activ-
ity, and increased sedentary behaviors [5]. In 2021, projec-
tions indicated that diabetes would impact approximately 
11% of individuals aged 20 to 79 worldwide, with expecta-
tions of this figure rising to 12% by 2045 [3, 4]. Notably, 
the most substantial increases in prevalence between 2021 
and 2045 are anticipated in low- and middle-income coun-
tries, with the global epidemiology of T2DM transitioning 
from primarily affecting middle-aged and older individuals 
to becoming increasingly prevalent among younger popula-
tions, particularly young adults, adolescents, and children 
[6, 7].

Diabetes-related chronic kidney disease (CKD) stands as 
a prevalent and severe long-term consequence of diabetes, 
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with T2DM patients accounting for 20–50% of all CKD 
cases. CKD represents 50% of end-stage renal disease occur-
rences and is the most common cause of chronic kidney dis-
ease globally [8, 9]. It not only impairs the quality of life but 
also escalates cardiovascular morbidity and mortality [9]. 
Reactive oxygen species (ROS) are generated at higher rates 
in both types of diabetes, and there is compelling experimen-
tal and clinical evidence linking oxidative stress to diabetes 
development. Elevated ROS and/or reactive nitrogen (RNS) 
species contribute to oxidative stress [10]. For individuals at 
high risk of diabetes, drug therapy may be necessary when 
lifestyle interventions prove ineffective or unsustainable. The 
primary objectives of pharmacological intervention are gly-
cemic control and management of cardiovascular risk factors 
[11]. While insulin replacement therapy and synthetic oral 
hypoglycemics are essential for glycemic control, they are 
not without limitations, often accompanied by undesirable 
side effects. Therefore, addressing diabetes complications 
in clinical practice while minimizing side effects remains 
a formidable challenge. The utilization of medicinal plants 
shows great promise in diabetes treatment due to their cost-
effectiveness and minimal adverse effects.

Numerous herbal remedies have undergone extensive ani-
mal studies and human clinical trials, with some yielding 
significant improvements in diabetes management without 
discernible adverse effects. Murraya koenigii (L) Spreng 
leaves very commonly known as curry leaves, belongs to 
the Rutaceae family, and is distributed widely across tropi-
cal and subtropical regions [12, 13]14]. Although the use 
of M. koenigii in conventional medications and treatments 
has gained attention in recent years, few investigations have 
been conducted to determine its pharmacological and medic-
inal effectiveness in promoting health benefits and treating 
disease.

Currently, there is a lack of research examining the pre-
ventative advantages of M. koenigii bark extracts against 
streptozocin-induced diabetes in rats. In the present study, 
methanolic extracts of M. koenigii bark were evaluated for 
in vitro antioxidant activity and for their protective effects 
against streptozocin-induced diabetes in Wistar rats.

2 � Methodology

2.1 � Extract preparation

Fresh bark from M. koenigii was acquired from a local spice 
market in Delhi, India, and underwent authentication by Dr. 
Md. Irfan Khan, an expert from Integral University in India. 
The Department of Pharmacognosy and Phytochemistry has 
received a voucher specimen (#21,413-MK/IU). The name of 
the plant is M. koenigii (Linn.) Spreng. with the original publi-
cation information: Syst. Veg. 2: 315 1817 has been confirmed 

by the website "World Flora Online" at http://​www.​thepl​antli​
st.​org. To eliminate the dust and dirt, barks were properly 
washed with tap water, then shade-dried and crushed.

2.2 � Ultrasound‑assisted extraction

Four hundred grams (400 g) of M. koenigii coarse powder 
were soaked in methanol–water (1:3 v/v) and subjected to 
ultrasound-assisted extraction using an ultrasonic bath system 
with a 60 kHz/200 W ultrasound frequency/electric power. 
Centrifugation at 3100 g (4000 rpm) for 10 min separated the 
solid–liquid combination from the aqueous phase containing 
the polyphenols. The aqueous solvent was removed via freeze-
drying, resulting in dried crystals known as ultrasonic-assisted 
M. koenigii bark extract (UMBE) [15]. The extract yield was 
estimated using the formula:

2.3 � Solvent–Solvent Partitioning of the Extract

In 500 mL of 25% methanol in water, 10 g of UMBE was dis-
solved, and the resultant mixture was partitioned four times 
each against n-hexane, ethyl acetate, and n-butanol and con-
centrated by vacuum dryer [16].

2.4 � Quantification of phenolics and flavonoids

Total phenolic content (TPC) of UMBE was determined using 
the Folin–Ciocalteau method with gallic acid equivalents 
(GAEs) as the unit of measurement [17]. Gallic acid equivalent 
was employed as a standard reference (y = 0.0059x + 0.0855, 
R2 = 0.996), was used to express phenolic content.

Flavonoid concentrations were determined colorimetric 
method [16]. A reaction mixture was prepared by adding 
1.5 mL of methanol with 100 µL of 10% AlCl3 (aluminium 
chloride), and 100 µL of 1 M potassium acetate with 500 µL of 
the extract. The mixture was left to remain at room temperature 
for 30 min. The absorbance at 425 nm was determined by UV/
Visible spectrophotometer. Quercetin solutions of serial dilu-
tion ranging from 10 to 100 mg/mL in methanol were used to 
prepare the standard curve (y = 0.0061x + 0.0121, R2 = 0.997) 
is used to calculate the total flavonoid concentration, which is 
expressed as mg quercetin equivalent/g of extract (QE).

2.5 � Antioxidant activity in‑vitro

The antioxidant potential of the ethyl acetate fraction derived 
from UMBE (UMBE-EA) was evaluated by assessing its 
capacity to neutralize 1,1-diphenyl-2-picrylhydrazyl radical 
(DPPH•) and hydrogen peroxide.

Extract yield (% of dried powder) =
Weight of UMBE

Weight of dried powder
100
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An extract and standard sample are present in the absorb-
ance curve, with A1 denoting the absorbance with the 
extract present.

2.5.1 � DPPH radical‑scavenging assay

UMBE-EA concentrations were added to a DPPH metha-
nolic solution, and the absorbance was measured at 517 nm 
after incubation. IC50 values were calculated [18].

2.5.2 � Hydrogen peroxide assay

UMBE-EA was tested for its ability to neutralize hydrogen 
peroxide using a phosphate buffer solution. Absorbance was 
measured at 230 nm against a blank solution. Quercetin was 
employed as the standard compound for comparison [18].

2.6 � Animals

In the present study Wistar rats of weight range 175 ± 25 g 
were used. Under conventional laboratory circumstances 
light/dark cycle (12:12 h). Polypropylene cages were used 
for housing the animals with six animals per cage at tem-
perature ranging 23 ± 2 ºC and humidity 50 ± 5%.

2.6.1 � Acute toxicity study

The acute toxicity study meticulously adhered to the 
guidelines outlined by the Organization for Economic 
Co-operation and Development (OECD). Its purpose was 
to evaluate the potential harmful effects of UMBE. Rats 
that had not eaten all night were split into six groups. 
They received higher doses (500, 1000, 1500, 2000, and 
2500 mg/kg) of the medication. A control group was desig-
nated and provided with a vehicle exclusively for their use. 
To detect any signs of toxicity and behavioral changes, 
animals were continuously monitored for an hour. of toxic-
ity and mortality, if any, and signs of lethargy, restlessness, 

% Scavenging =

[

A0 − A1

]

A0

100
writhing, convulsions, and piloerection. Acute toxicity 
symptoms were then monitored for the next six hours at 
regular intervals, and then again after 24 h [19].

2.7 � Experimental design and Induction of diabetes

Rats that had fasted overnight were induced into experi-
mental diabetes by administering a single dose of strep-
tozocin solution (40 mg/kg bw/ 0.1 M citrate buffer, pH 
4.5) intraperitoneally. Following seven days of STZ treat-
ment, plasma glucose levels were measured. The study was 
conducted on diabetic mice (200 mg/dL plasma glucose 
levels) that had been identified by the elevated plasma glu-
cose levels. A complete treatment is mentioned in table 
(Table 1). Upon completion of this study, the animals were 
euthanized through cervical dislocation, and their livers 
were harvested for further analysis (Table 1).

2.8 � Biochemical parameters

Blood glucose levels were evaluated utilizing EasyMax® 
test strips, following the guidelines provided in the user 
manual. Insulin levels were quantified through a rat insu-
lin (INS) ELISA Kit (Cat # MBS2024348) obtained from 
MyBioSource. Tissue markers were examined using 
conventional methods for assessing liver glycogen [20], 
SGOT, SGPT [21], and ALP [22]. Lowry et  al., 1951 
method was used for protein estimation [23]. A liver 
homogenate was prepared by blending an ice-cold solu-
tion of 10% potassium chloride. Subsequently, the mixture 
underwent centrifugation at 4 °C for 30 min to separate the 
post-mitochondrial supernatant (PMS). Subsequently, the 
activities of glutathione (GSH) were evaluated using this 
PMS fraction [24], superoxide dismutase (SOD), catalase 
(CAT) [25], malondialdehyde (MDA), the resultant prod-
uct of lipid peroxidation, reacts with TBA to generate a 
colored substance. MDA measurement by TBA reactiv-
ity is the method most commonly used to measure lipid 
peroxidation. A liver homogenate sample was tested for 
thiobarbituric acid-reactive substances (TBARS) [26].

Table 1   Induction of diabetes and treatment given to animals (21 days)

Group I The control group received 0.5 mL/kg/d of 1% carboxymethylcellulose (CMC) intraperitoneally (i.p.) for 21 days, 
along with 0.5 mL/kg of normal saline on the day of the injection of streptozotocin (S0130-1G, SIGMA)

Group II Diabetic control rats treated with Streptozotocin 40 mg/kg (i.p.)
Group III Rats with diabetes treated orally (p.o.) with UMBE-EA suspended in 1% CMC at a dose of 100 mg/ kg body weight
Group IV Diabetic rats treated p.o. with UMBE-EA (200 mg/ kg b. wt.) suspended in 1% CMC
Group V Glibenclamide (0.6 mg/kg body weight) suspended in 1% CMC was administered orally to diabetic rats
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2.9 � Statistical analysis

Data were analyzed using one-way ANOVA followed by 
Tukey post-tests, with p < 0.05 considered statistically sig-
nificant. Values are expressed as mean ± SD.

3 � Results

3.1 � Extract mass and fraction yield

To determine the percentage yield of extracts, dried plant 
material was used, while drying plant material was used 
to determine the percentage yield of fractions (Table 2).

3.2 � Phenolic and flavonoids quantification

3.2.1 � Total phenol content (TPC)

Total phenol content, determined by the Folin–Ciocalteau 
method, is quantified in Gallic acid equivalents using the 
standard curve as a reference. UMBE ethyl acetate fraction 
had the highest amount of phenolics among all samples, 
demonstrating that TPC increased with increasing extract 
and fraction concentrations (Fig. 1 A-D).

3.2.2 � Total flavonoid content (TFC)

The findings of the present investigation showed that TFC 
increased with UMBE and extract and fraction concentra-
tions. The fraction of ethyl acetate that contains the most 
flavonoids is compared to other fractions (Fig. 2 A-D).

3.3 � In‑vitro antioxidant assay

3.3.1 � DPPH radical‑scavenging activity

An increase in radical-scavenging activities was noted 
with higher concentrations of UMBE-EA. This extract, 
distinguished by elevated phenolic and flavonoid contents, 
exhibited notable efficacy in scavenging free radicals, 

displaying an IC50 value of 154.6 ± 6.2 μg/mL (refer to 
Table 3).

3.3.2 � Hydrogen Peroxide Scavenging

Concentration-dependent scavenging of hydrogen perox-
ide by the extract was observed. The IC50 of UMBE-EA 
and quercetin for scavenging H2O2 were 55.12 ± 4.28 
and 21 ± 0.8 μg/mL, respectively (Table 3).

3.4 � Acute toxicity study

M. koenigii ultrasound-assisted extract ethyl acetate fraction 
named (UMBE-EA) contained the highest level of pheno-
lics and flavonoids selected for the animal study. During an 
acute toxicity assessment, the administration of UMBE-EA 
in escalating doses, reaching up to 1 g/kg, did not induce any 
adverse effects. Additionally, all rats survived throughout 
the experimental period. In comparison to rats treated with 
the vehicle, those given the substance maintained normal 
body weight and food intake levels. Subsequent studies were 
conducted using concentrations set at 100 and 200 mg/kg.

Table 2   Extract fractions yield mass and percentage

a Calculated based on drug powder
b Calculated reference to dry extract

Extract/Fractions Extract n-Hexane Ethyl acetate n-Butanol

Mass yield (g)
(UMBE)

28.44 5.7 5.64 5.43

Percent yield (%) 7.11a 10.80b 10.69b 10.3b

Fig. 1   Total phenolic content (TPC) of extract (aqueous part) and 
other fractions A. Extract (aqueous) B. n-Hexane, C. Ethyl acetate 
and D. n-Butanol. The findings were shown as mg GAE/g of extract. 
Three sets of data were gathered, and the results were reported as 
mean ± SD
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3.5 � Impact of UMBE‑EA treatment on body weight 
and blood sugar

The plasma glucose levels of every experimental rat were 
measured on days 0, 14, and 21 of the treatment. When 
compared to normal rats, the blood glucose levels of dia-
betic rats treated with STZ were significantly higher. On 
days 15 and 21 of therapy, blood glucose levels were con-
siderably (p ≤ 0.005) lower after treatment with UMBE-
EA at 200 mg/kg compared to diabetic rats. Furthermore, 

the blood glucose levels of the rats given glibenclamide 
were significantly (p < 0.005) lower (Fig. 3A). At first, 
body weight was also tracked. Finally, a substantial shift 
in body weight was seen in the treated groups, despite the 
nonsignificant change initially observed (Fig. 3 B-C).

3.6 � Effect of UMBE‑EA on insulin, SGOT, SGPT, ALP, 
and liver glycogen

In diabetic rats, SGOT, SGPT, and ALP activities sig-
nificantly increased in comparison to the normal control 
group, whereas insulin and glycogen levels significantly 
decreased. Significant increases in body weight, insu-
lin level, glycogen content, and SGOT, SGPT, and ALP 
activities were seen over a 21-day course of therapy with 
UMBE-EA at both 100 and 200 mg/kg, as compared to 
controls (p < 0.005) (Table 4).

Fig. 2   Total flavonoid content (TFC) of extract (aqueous part) and 
other fractions A. Extract (aqueous) B. n-Hexane, C. Ethyl acetate 
and D. n-Butanol. The findings were shown as mg QE/g of extract. 
Three sets of data were gathered, and the results were reported as 
mean ± SD

Table 3   In-vitro assay of antioxidant activity of UMBE-EA

Results are expressed in mean ± standard deviation (SD)
a IC50 for Vitamin C 9.27 ± 0.3 μg/mL
b IC50 for Quercetin was 21 ± 0.8 μg/mL (n = 3)

Con. μg/mL DPPH radical scavenginga Hydrogen Peroxide 
Scavengingb

25 60.43 ± 0.31 IC50 μg/mL
154.6 ± 6.2

31.06 ± 1.28 IC50 μg/mL
55.12 ± 4.2850 65.30 ± 0.28 33.69 ± 0.56

100 68.12 ± 0.48 38.44 ± 0.98
200 74.48 ± 0.44 44.12 ± 1.44
250 80.33 ± 0.68 49.42 ± 1.88

Fig. 3   Effect of treatment A. Blood glucose level (mg/dL) at 0, 14, 
and day 21 and B. Initial change in body weight (g) C. Final change 
in body weight of different groups of rats. The data is shown as 
mean ± SD (n = 6). *p ≤ 0.05, ** p ≤ 0.005 in comparison to the dia-
betic control group and ##p ≤ 0.05 in comparison to the normal con-
trol group
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3.7 � Effect of UMBE‑EA on CAT, SOD, GSH and TBARS

Streptozocin administration actively damages various mac-
romolecules in rats resulting in the induction of oxidative 
stress. In diabetic rats, oxidative stress caused a significant 
(p ≤ 0.05) decrease in the activities of CAT, SOD, and GSH 
while significantly increasing the lipid peroxidation product 
malonaldehyde (p ≤ 0.05) in contrast with normal control 
rats. Administration of UMBE-EA at a dose of 100 and 
200 mg/kg and glibenclamide the values were returned to 
normal levels (Table 5).

4 � Discussion

Murraya koenigii (L) Spreng, referred to as "curry leaves," 
belongs to the Rutaceae family. High blood glucose disor-
der has traditionally been treated with M. koenigii. Various 
herbal treatments have been the subject of several animal 
research and human clinical trials. Some of these studies 
found considerable improvements in the control of diabetes 
without discernible negative effects. Using an ultrasonic-
assisted methanol extract from M. koenigii (UMBE) bark, 
male Wistar rats with diabetes induced by streptozocin 
(STZ) were evaluated. In the present study, ultrasonic-
assisted extraction of M. koenigii bark was performed to 
isolate plants' antioxidant compounds. Extract quantification 

for phenolics and flavonoids showed ethyl acetate fractions 
were rich in phenols and flavonoids. Flavonoids and phenolic 
compounds, found abundantly in various natural sources, 
exhibit remarkable antioxidant properties. Owing to their 
abundance in a variety of natural sources, flavonoids and 
phenolic compounds are exceptional antioxidants [16]. The 
inclusion of phenolics and flavonoids in extracts or fractions 
could potentially augment the antioxidant efficacy of plant 
bioactive components. The DPPH assay is a frequently used 
method to evaluate the free radical scavenging capacity of 
various substances [18]. Usually, a higher concentration of 
phenolic compounds and flavonoids performs better DPPH-
scavenging activity. The phenolics in extracts may also be 
responsible for scavenging H2O2 since they can provide elec-
trons, neutralising it into water [17]. While hydrogen per-
oxide (H2O2) is not inherently highly reactive, it has been 
demonstrated to sometimes induce cytotoxicity by produc-
ing hydroxyl radicals within cells. Hence, eliminating H2O2 
throughout the food system is crucial [27]. The antioxidant 
properties of phenolic compounds have been linked to their 
ability to neutralize free radicals and mitigate the oxidative 
stress associated with diabetes [28]. These strong antioxidant 
and anti-diabetic properties could be attributed to the phe-
nolics, and flavonoids found in this plant. In order to cause 
diabetes mellitus in experimental rat models, streptozocin 
(STZ) is commonly used. When 40 mg/kg of STZ is injected 
intraperitoneally, the pancreatic β-cells that secrete insulin 

Table 4   Body weight, plasma 
insulin levels, SGOT, SGPT, 
ALP, and liver glycogen 
changes in normal and diabetic 
rats following a 15-day 
UMBE-EA treatment

The values (n = 6) show the mean ± SD
**p < 0.005 in comparison to diabetes control values
*p ≤ 0.05, and ##p ≤ 0.005 in comparison to normal control values

Treatment Groups Plasma insulin
(µU/mL)

SGOT (U/dL) SGPT (U/dL) ALP (U/dL) Liver glycogen
(mg/g tissue)

Normal control 14.18 ± 3.29 30.25 ± 2.19 62.34 ± 3.29 47.19 ± 6.69 70.39 ± 3.29
Diabetic control 3.89 ± 5.48## 88.38 ± 4.39## 94.18 ± 2.34## 74.36 ± 5.59## 26.28 ± 5.19##

UMBE-EA-100 10.86 ± 6.58** 41.54 ± 5.38** 76.57 ± 6.31** 56.47 ± 7.38** 56.64 ± 6.85**

UMBE-EA-200 11.45 ± 8.67** 38.25 ± 8.47** 71.58 ± 6.65** 52.46 ± 6.48** 59.22 ± 7.67**

Glibenclamide 12.85 ± 3.98** 36.25.29 ± 5.39** 68.37 ± 5.48** 49.39 ± 6.39** 64.39 ± 6.32**

Table 5   SOD, CAT, and 
GSH activities in normal and 
diabetic rats following a 15-day 
UMBE-EA therapy

The values represent mean ± SD (n = 6)
*p < 0.05 and **p ≤ 0.005 in comparison to the diabetes control values, and ##p ≤ 0.005 in comparison to 
the normal control

Treatment Groups SOD
(U/mg protein)

CAT (nM H2O2 
decomposed/min/g)

GSH
(U/mg protein)

TBARS
(nmols MDA/mg protein)

Normal control 8.25 ± 0.06 8.25 ± 0.06 44.37 ± 3.44 3.502 ± 0.0596
Diabetic control 4.15 ± 0.09## 40.16 ± 6.56## 17.46 ± 4.49## 7.33 ± 0.0743##

UMBE-EA-100 7.92 ± 0.03** 63.59 ± 5.42** 38.67 ± 5.45** 5.792 ± 0.0697*

UMBE-EA-200 7.99 ± 0.04** 66.75 ± 6.48** 39.98 ± 6.67** 3.662 ± 0.0321**

Glibenclamide 8.14 ± 0.06** 69.96 ± 3.24** 42.46 ± 6.38** 3.49 ± 0.0781**
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are moderately destroyed. This process involves DNA strand 
breakage, ultimately leading to a decrease in endogenous 
insulin production [29]. A sudden drop in body weight that 
results from increased structural protein breakdown or mus-
cle disruption in STZ-induced diabetes is indicative of the 
condition [30]. When UMBE-EA 200 mg/kg was admin-
istered to diabetic rats caused by streptozocin (STZ), there 
was a notable reduction in plasma glucose levels and a cor-
responding rise in insulin levels. The enhancement of insulin 
secretion from remaining or revived pancreatic β-cells may 
be the likely mechanism by which UMBE-EA lowers plasma 
glucose levels in diabetic mice [30]. A significant increase 
in body weight was observed following UMBE-EA feeding, 
in contrast to the glibenclamide-treated and diabetic control 
groups. This suggests that UMBE-EA has a protective effect 
against gluconeogenesis and muscle wasting.

Furthermore, the capacity to lower high plasma glu-
cose levels appears to be the cause of the capacity to pro-
tect body weight reduction. Diabetes-induced decreases 
in plasma total protein were observed in rats. Exagger-
ated proteolysis reduced protein synthesis, and a negative 
nitrogen balance are all signs of apparent metabolic renal 
changes in experimental diabetes [31]. UMBE-EA treated 
diabetic rats the plasma protein level was improved. Insu-
lin is essential for controlling the amount of glycogen in 
different organs, as glycogen is the primary source of glu-
cose in cells. Insulin stimulates the production of glycogen 
by blocking glycogen phosphorylase and activating glyco-
gen synthase. However, the amount of hepatic glycogen 
was significantly reduced in diabetic rats with low insulin 
levels [28]. Due to increased insulin secretion, liver glyco-
gen levels in diabetic rats receiving UMBE-EA treatment 
show a tendency toward normalization. Alkaline phos-
phatase (ALP), serum glutamate pyruvate transaminase 
(SGPT), and serum glutamate oxaloacetate transaminase 
(SGOT) are all reliable indicators of liver function. Rats 
given streptozotocin (STZ) to produce diabetes showed 
signs of liver necrosis, which resulted in increased plasma 
levels of SGOT, SGPT, and ALP, presumably because the 
liver cytosol released these enzymes into the bloodstream 
[3]. GSH is a potent antioxidant that has been demon-
strated to guard against damage from free radicals [32] 
Almost all mammalian tissue contains it, which is com-
posed of the three amino acids glutamic acid, cysteine, and 
glycine [32]. In the context of diabetes, elevated glucose 
levels can lead to the deactivation of essential antioxidant 
enzymes such as SOD, CAT, and GSH through a process 
called protein glycation. This phenomenon induces oxida-
tive stress, ultimately resulting in an increase in malon-
dialdehyde levels [30]. Catalase, SOD, and GSH levels 
were dramatically raised after taking UMBE-EA. GSH 
functions as a detoxifying molecule and an antioxidant, 

scavenging free radicals [33]. The flavonoid content of M. 
koenigii may contribute to its ability to raise GSH levels 
and display antioxidant properties [34]. The activities of 
glutathione, superoxide dismutase, and catalase were nor-
malized after the administration of UMBE-EA. This signi-
fies the effectiveness of UMBE-EA in alleviating oxidative 
stress in the diabetic liver.

5 � Conclusion

As a result of ultrasonic-assisted extraction, the Murraya 
koenigii bark contains high levels of total phenolics and 
flavonoids. The antioxidant properties of the extract were 
efficient in scavenging DPPH and hydrogen peroxide. The 
extract may have raised insulin levels, which improved 
glucose uptake and metabolism and preserved glycemic 
homeostasis. Increased levels of the antioxidant enzymes 
CAT, SOD, and GSH showed an antioxidant impact 
in vivo. All things considered; these results show that M. 
koenigii bark extract has a potent therapeutic impact that 
aids in the management of diabetes. The use of M. koenigii 
bark extract as a nutraceutical supplement for diabetes has 
to be supported by additional research and clinical studies 
that explore the additional mechanisms needed to show 
its therapeutic efficacy with a strong ethical and medical 
foundation. The traditional usage of M. koenigii is vali-
dated by its anti-diabetic and antioxidant qualities to cure 
diabetes.
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