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Purpose: Diabetes mellitus is a chronic metabolic disorder linked to sedentary lifestyles, which reduces insulin sensitivity and
increases hyperglycemia risk. Standard treatments include lifestyle changes and medications. Recently, herbal remedies like Moringa
oleifera leaves have gained attention due to bioactive compounds—polyphenols and flavonoids—believed to have antihyperglycemic
effects. However, research on their impact on prediabetic conditions remains limited. This study aimed to investigate the effect of
Moringa leaf extract on blood glucose levels in sedentary male Wistar rats to explore its potential as a natural antihyperglycemic agent.
Patients and Methods: Thirty sedentary male Wistar rats, representing a lifestyle-induced prediabetic model, were acclimatized for
two weeks and randomized into five groups: Control (K), Metformin (M), and three treatment groups receiving Moringa oleifera leaf
extract at doses of 200 mg/kgBW (D200), 400 mg/kgBW (D400), and 800 mg/kgBW (D800). The intervention lasted for 12 weeks.
Blood glucose levels—including fasting, postprandial, and time-based measurements—were assessed using an Accutrend Plus device.
Data were analyzed with the Shapiro—Wilk, Levene, Kruskal-Wallis, and Mann—Whitney tests (p < 0.05).

Results: Moringa leaf extract demonstrated a dose-dependent reduction in blood glucose levels. In the FBG test, all treatment groups
showed significantly lower glucose levels compared to the control (K: 122.8 mg/dL; D200: 85.6 mg/dL; D400: 82.6 mg/dL; D800:
95.4 mg/dL; P=0.015). Similarly, TBG levels were lower in D200 (197.8 mg/dL) and D400 (186.8 mg/dL) compared to K (231 mg/dL;
P=0.022). Although the PPBG decreased over time, especially in D200, the differences were not statistically significant (P>0.05).
Conclusion: Administration of Moringa leaf powder has been shown to significantly reduce fasting blood glucose levels, but not
postprandial or intermittent blood glucose levels.
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Introduction

Diabetes, a chronic metabolic disorder characterized by increased blood glucose levels, was included in the top 10 causes
of death globally in 2019." In 2021, the death toll from diabetes reached 6.7 million, with 537 million cases in adults
aged 20—79 years which is equivalent to one in ten people in the world.? The prevalence of diabetes mellitus in Indonesia
increased from 1.5% in 2013 to 2% in 2018, affecting all provinces including West Java, where the percentage reached
1.7.% The increase in the incidence of diabetes is influenced by two types of risk factors, namely those that can be
modified and those that cannot be modified.’

One risk factor that can be modified is physical activity which refers to the condition of not doing enough physical
activity for 150 minutes per week or not doing high-intensity physical activity for 75 minutes or a combination thereof
per week.® On the other hand, there is the term sedentary lifestyle which describes awake behavior with energy
expenditure <1.5 metabolic equivalents (METs).” These two terms are thought to be related, although the sedentary
lifestyle is independent and perhaps even more so than physical inactivity.® The results of the meta-analysis show that
there is no significant difference between people who are very physically active (>35.5 METs-d/week) and individuals
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who spend less than 4 hours/day sedentary or even do no physical activity for more than 8 hours/day. However, watching
television for more than 3 hours/day, even >5 hours/day can increase the risk of death, including diabetes mellitus.®*'°

Diabetes mellitus is caused by metabolic dysfunction, such as increased plasma triglycerides, high-density lipoprotein
(HDL) cholesterol, and insulin resistance.®*!"*' Insulin, an important hormone in metabolism and glucose regulation, is
disrupted in cases of diabetes mellitus increasing blood glucose levels.'*'*

High blood glucose levels can be overcome with a healthy lifestyle such as a balanced diet and physical activity.
However, to achieve adequate glycemia in the long term, pharmacological modifications are necessary, including the use
of metformin as first-line therapy.'>'® Metformin reduces glucose production in the liver by inhibiting the mitochondrial
respiratory chain which causes AMPK to be activated, insulin sensitivity to increase, and cAMP to decrease so that the
expression of gluconeogenic enzymes decreases.'’

In addition, insulin sensitivity in type 2 diabetes sufferers can also be increased by using herbal medicine.'®'? About
a quarter of modern medicines are thought to originate from natural products.”* One of them is the Moringa plant
(Moringa oleifera), a herbal plant that grows in subtropical and tropical areas such as Indonesia. This herbal plant is
known as Miracle’s Tree and Mother’s Best Friend because of its rich nutrition and pharmacological effects, such as
antidiabetic.'®'*?! The antidiabetic content in Moringa leaves, such as polyphenols and flavonoids, affects glucose
intake in the small intestinal mucosa so that absorption of blood glucose takes more time and reduces increases in blood
glucose levels.** Previous research also showed that mice given Moringa oleifera leaf extract had lower fasting blood
glucose levels than the control group, namely 5.78 + 0.74 mmol/L (Moringa leaf extract treatment group) and 7.91 £
0.52 mmol /L (control group).*

However, research regarding the nutritional potential and antihyperglycemic properties of Moringa leaf extract in
prediabetic mice is still limited and has not reached definite conclusions. Apart from that, the optimal dose of Moringa
leaf extract in treating diabetes has not been identified. Therefore, this prompted the author to research the effect of
administering Moringa oleifera leaf extract on blood sugar levels in male Wistar rats. This study offers a novel approach
by evaluating the antihyperglycemic effects of Moringa oleifera in a lifestyle-induced prediabetic model rather than
a chemically induced diabetic model. This provides new insights into its potential preventive role in early glucose
dysregulation.

Materials and Methods

Study Design

This research used data obtained from laboratory experiments with blood samples from male Wistar rats. This research
used semi-quantitative analytical methods and was conducted from December 2023 to January 2024 at the Faculty of
Medicine, Padjadjaran University. The prediabetic state was developed through a sedentary lifestyle model without using
chemical induction agents such as Alloxan or Streptozotocin (STZ). This approach was chosen to model early-stage
glucose dysregulation associated with physical inactivity, rather than chemically induced diabetes.

Study Samples

A total of 30 male Wistar rats were used as research samples with the following inclusion criteria: male, 9—10 weeks old,
body weight 250-275 grams, and healthy. Meanwhile, the exclusion criteria were mice that had been treated, mice with
changes in behavior, injuries, or illness, changes in hair structure, loose feces, and mice that experienced >10% weight
loss during the adaptation period. Mice that die either during the adaptation period or the treatment period are criteria for
mice that will be removed or dropped out. After going through the adaptation process, the mice were then randomized
into 5 groups — control, metformin, and three treatment groups, and the experimental period was 12 weeks. Rats in the
control group were rats that were given standard food and drink, while rats in the metformin group were given 200 mg/
kgBW/day of metformin and standard feed. Both groups did not receive Moringa oleifera leaf extract at all during the
treatment period. This is different from the three other treatment groups which were given Moringa oleifera extract for
12 weeks, namely at a dose of 200 mg/kgBW/day, 400 mg/kgBW/day, or 800 mg/kgBW/day. Determination of the dose
of Moringa leaf water extract in this study refers to previous research conducted by Adedapo et al, (2009) which
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concluded that the safety of Moringa leaf water extract given orally for 21 days (subacute) to mice was at a dose of 400,
800 mg/kg body weight, and toxicity test studies conducted by Awodele et al (2012) which stated that the safety of
Moringa leaf water extract for 60 days (subchronic) given at a dose of 200—1500 mg/KgBW.?**! So research was carried
out using Moringa leaf powder suspended with water compounds at doses of 200, 400, and 800 mg/KgBW for 90 days
(sub-chronic) to determine the optimum dose of giving Moringa leaves to rats for long-term use long.***

The independent variable in this research is the fine form of Moringa leaf extract obtained from PT. Indonesian
Organic Moringa (MOI) has been certified by the Indonesian Food and Drug Supervisory Agency with distribution
permit number: BPOM RI MD 619111001777. First, the Moringa leaf extract is dissolved in a water solvent. After that,
the extract solution was given orally using a gastric probe once/day every 08.00 WIB during the treatment period with
the number of doses mentioned previously. The author chose to use Moringa leaf powder from PT. The MOI for this
research is because the company applies strict standards in the production of Moringa leaf extract and guarantees that all
production stages are carried out in a structured manner. These products are the best representation of the quality of
Moringa leaves in Indonesia.

The dependent variable observed in this study was blood glucose levels, which consisted of fasting blood glucose,
postprandial blood glucose, and random blood glucose. Blood glucose levels were measured by taking blood samples
through the rat’s tail vein and using the Accutrend Plus device. The three blood glucose levels are differentiated based on
the time of blood sampling. Before termination, Time Blood Glucose sampling (TBG) is carried out. The normal value
for TBG levels is 3.95 + 1.31 mmol/L to 7.5 mmol/L or the equivalent of 71 to 135 mg/dl. Fasting Blood Glucose (FBG)
was measured after the mice had been fasted for + 10 hours, followed by sampling at 08.00 WIB. After that, the mice will
receive treatment according to their group and continue with taking Postprandial Blood Glucose (PPBG) samples at the
15th, 30th, 60th, and 120th minutes. Normal rat PPBG levels are 5.65 = 1.63 mmol/L to 10 mmol/L or the same as 102 to
80 mg/dl.*¢

Data Collection and Analysis

After undergoing an adaptation period of 2 weeks, the mice were ready to enter the experimental period for 12 weeks.
First, the animal is anesthetized to reduce nerve activity to eliminate pain during the surgical process.25 After anesthesia,
blood samples were taken via the rat’s tail vein and then dripped onto a glucose strip on the Accutrend Plus to measure
the rat’s blood glucose levels. The blood glucose levels obtained were the variables observed in this study.

Analysis of research results was carried out by presenting data using the IBM SPSS Statistics version 28.0.1.1
program. All data was tested using the Shapiro—Wilk normality test and Levene’s homogeneity test. Because one of the
basic requirements for using One Way ANNOVA is not met, namely the normality test, a nonparametric test needs to be
carried out, namely Kruskall Wallis. After that, if there are significant differences, further tests are carried out to see
significant differences between treatment groups using Mann—Whitney. Statistical analysis showed significant differences
if the P value <0.05 was met. These findings will be described and discussed further in the following chapters.

Ethical Consideration

All laboratory procedures involving animals were conducted in strict accordance with internationally recognized ethical
standards for animal research, particularly the 3Rs principles (Replacement, Reduction, and Refinement) and the Five
Freedoms (freedom from hunger and thirst; discomfort; pain, injury, or disease; freedom to express normal behavior; and
freedom from fear and distress). These guidelines were rigorously applied throughout all experimental stages involving
mice to ensure humane handling and welfare of the animals. The ethical framework of this study was based on The
Principles of Humane Experimental Technique (Russell and Burch, 1959). Ethical clearance for the study was granted by
the Padjadjaran University Research Ethics Committee (Approval No. 1390/UN6.KEP/EC/2023).

Results
Of the 30 mice involved, the final sample size in the study was 25 mice. This happened because mice in the negative
group (K4) and the treatment group (M16 and M35) died during the treatment. Therefore, each treatment group uses 5
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data to calculate the same mean. Rat death can be caused by several factors, such as environmental factors, stress, or
infection. However, this event did not affect the research results because it was included in the dropout criteria.

After receiving the experimental data, an analysis of blood glucose levels in the five types of treatment groups was
carried out. Based on the normality, homogeneity and mean difference tests carried out, all dependent variables were
proven to have significant differences, except for postprandial blood glucose as seen in Table 1.

Fasting blood glucose levels in the group of mice given Moringa leaf extract were lower compared to the control
group. A comparison of the average fasting blood glucose levels in each treatment group can be seen in Figure 1.

Based on Figure 1, the FBG levels obtained in group K were 122.8 mg/dl, group M was 77 mg/dl, group D200 was
85.6 mg/dl, group D400 was 82.6 mg/dl, and group D800 amounting to 95.4 mg/dl. In general, all doses were able to
reduce fasting blood glucose levels because they gave lower results compared to the negative control. Then, compared to
the positive control group (M), FBG levels were higher in mice given Moringa leaf extract.

Next, to see which groups experienced statistically significant differences, a pairwise comparisons test was carried
out, namely, the Mann—Whitney test on the FBG variable as seen in Table 2.

Based on Table 2 above, the results of the Mann—Whitney test show that there are significant differences regarding the
FBG variable profile between groups of experimental animals. Real differences were seen in group M and group K,
group K and group D400, and group K with administration of D200.

Along with that, the blood glucose in the group of mice given Moringa leaf extract also showed lower results than the
control group (Figure 2). From these results, it can be seen that each dose of Moringa leaf powder shows varying changes
in blood glucose levels over time. A decrease in blood glucose levels occurred in the D200 (197.8 mg/dl) and D400
(186.8 mg/dl) groups. In addition, TBG levels were higher in the D800 group (242 mg/dl) compared to the K group
(231 mg/dl).

Furthermore, to determine statistically significant differences between groups, the Mann—Whitney test was also
carried out on the FBG variable, which can be observed in Table 3.

Based on Table 3, significant differences occurred between group M and group K, group M and group D800, and
group D400 and group D800.

Table | Kruskall-Wallis Mean Difference Test Results

Blood Glucose Treatment Group
K M D200 D400 D800

FBG (mg/dl) Average + SD | 122.80 +£30.21 77 £12.79 85.60 +6.88 82.60 +4.56 | 95.40 £14.89
p value 0.015*

PPBG (mg/dl) 15m | Average + SD 145 +17.88 143.60 £7.47 | 1302 £10.9 | 146.80+50.23 | 140.60+17.52
p value 0.356

PPBG (mg/dl) 30 m | Average * SD 120£10 120 £3.16 116.40£13.45 131 £15.64 128.80£12.17
p value 0.322

PPBG (mg/dl) 60m | Average + SD 11540 17 110.60 £5.73 | 97.60 £13.28 | 125.20%21.57 | 127.20%17.91
p value 0.130

PPBG (mg/dl) 120m | Average = SD | 113.60 £6.97 109 £21.89 9440 £134 | 111.40+16.33 | 116.60+9.61
p value 0.138

TBG (mg/dl) Average * SD 231 £26.67 178 1851 197.80£15.77 | 186.80+49.49 | 242 +34.10
p value 0.022*

Notes: *p-value <0.05 (data has significant differences). K: Control group, given standard food and drink. M: Metformin group dose 200 mg/
kgBW/day. D200: Treatment group, dose 200 mg/kgBWV/day. D400: Treatment group, dose 400 mg/kgBWV/day. D800: Treatment group, dose
800 mg/kgBW/day.
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Figure | Graph of Average Fasting Blood Glucose. *p-value <0.05 (data has significant differences). **p-value <0.005 (data has very significant differences).

Meanwhile, although not statistically significant, in Figures 3—6 there is a tendency that postprandial blood glucose
levels in the control group tended to be higher than in the group of mice given Moringa leaf extract. This pattern was
only observed in the D200 group, while D400 and D800 showed higher levels compared to the control group.

If observed from the other side, postprandial blood glucose levels decreased over time in all treatment groups. This
can be observed in Figures 7-11.

Discussion

Based on the results of research that has been carried out, the FBG variables D200, D400, and D800 show lower glucose
levels compared to the control group. Group K showed a value of 122.8 mg/dl, while group D200 reached 85.6 mg/dl,
group D400 82.6 mg/dl, and group D800 reached 95.4 mg/dl. Meanwhile, the D400 group provided an effect that was
quite equivalent to the M group which resulted in a reduction in blood glucose of 77 mg/dl. Based on the Mann—Whitney
test, the D200 and D400 groups were also proven to have significant differences when compared with the K group.
However, D800 did not show any real differences when compared with group K. This research is in line with Marisa et al
2018 in Mexico which evaluated the preventive effect of Moringa oleifera on metabolic syndrome in male Wistar rats.

Table 2 Mann—Whitney Test Results for FBG

Variables
Treatment Group | Sig. Conclusion
M vs D400 0.667 | Not really significant
M vs D200 0.355 | Not really significant
M vs D800 0.081 | Not really significant
M vs K- 0.002 Very significant
D400 vs D200 0.621 | Not really significant
D400 vs D800 0.190 | Not really significant
D400 vs K- 0.007 Significant
D200 vs D800 0.414 | Not really significant
D200 vs K- 0.027 Significant
D800 vs K- 0.162 | Not really significant

Notes: K: Control group, given standard food and drink. M:
Metformin group dose 200 mg/kgBW/day. D200: Treatment
group, dose 200 mg/kgBW/day. D400: Treatment group, dose
400 mg/kgBW/day. D800: Treatment group, dose 800 mg/
kgBW/day.
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Figure 2 Graph of Average Time Blood Glucose. *p-value <0.05 (data has significant differences). **p-value <0.005 (data has very significant differences).

After induction of metabolic syndrome, rat FBG levels were higher in the control group (103 £ 3.8 mg/dl) compared to
the prevention group that received Moringa oleifera before induction. (80.09 + 5.5 mg/dl). At the end of the experiment,
FBG levels also showed higher results in the control group compared to the treatment group, but the difference was not
significant.?” Other findings were also confirmed by Shidiq et al 2019 which used doses of Moringa leaf flour of 125 mg/
kgBW/day, 250 mg/kgBW/day, and 500 mg/kgBW/day on alloxan-induced male rats. The study showed a decrease in
fasting blood glucose levels in the Moringa leaf flour group with 500 mg/kgBW/day, an effect equivalent to
glibenclamide.”® The results of this study provide differences in the number of doses, dosage form, and duration of
administration of Moringa oliefera.

Meanwhile, in the timeblood glucose variable, it was also seen that there was a decrease in the treatment group, but
the D800 was higher than the control (243 mg/dl > 231 mg/dl). This shows that there is a toxic effect from administering
Moringa leaf extract at a dose of 800 mg/kgBW on timeblood glucose. In addition, previous research by Yasaroh et al
2021 stated that giving Moringa leaf extract treatment with dose variants of 200 mg/KgBW, 400 mg/KgBW and 600 mg/

KgBW was able to reduce blood glucose levels compared to the control treatment induced by alloxan.?” However, based

Table 3 Mann-Whitney Test Results for TBG

Variables
Treatment Group | Sig. Conclusion
Metformin vs D400 | 0.492 | Not really significant
Metformin vs D200 | 0.220 | Not really significant
Metformin vs K- 0.017 Significant
Metformin vs D800 | 0.004 Very significant
D400 vs D200 0.591 | Not really significant
D400 vs K- 0.089 | Not really significant
D400 vs D800 0.027 Significant
D200 vs K- 0.246 | Not really significant
D200 vs D800 0.094 | Not really significant
D800 vs K- 0.606 | Not really significant

Notes: K: Control group, given standard food and drink. M:
Metformin group dose 200 mg/kgBW/day. D200: Treatment
group, dose 200 mg/kgBW/day. D400: Treatment group, dose
400 mg/kgBW/day. D800: Treatment group, dose 800 mg/
kgBW/day.

866 htps: Journal of Experimental Pharmacology 2025:17



Nurhayati et al

PPBG 15’

180
160
140
120
100
80
60
40
20

Post- prandial glucose (mg/dl)

Control Metformin D200 D400 D600
Treatment Group

Figure 3 Graph of Average Postprandial Blood Glucose at 15 minutes.
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Figure 4 Graph of Average Postprandial Blood Glucose at 30 minutes.

on the Mann—Whitney test, the real difference between the control group and the Moringa leaf powder treatment was not
proven to be real.

Changes in the average PPBG profile 15°, 30°, 60°, and 120’ have not provided statistically significant results. The
results obtained are in line with previous research by Leone et al 2018 in his research which reported the results of
evaluating postprandial glucose responses in 2 criteria for mice, namely healthy mice and diabetic mice. In healthy
subjects, male Wistar rats did not show significant results after being observed at several postprandial time points.
Meanwhile, diabetic mice gave a lower average glycemic response after being given Moringa leaf powder compared to
controls, with results that were statistically significant.’® Differences in results may arise due to variations in dose used,
duration of treatment, methods and examination parameters used.

In general, Moringa leaves have been reported to have benefits for several chronic diseases including cardiovascular
conditions, liver disease, cancer, insulin resistance, and diabetes. For example, cardioprotective effects have been
attributed to the presence of quercetin, chlorogenic acid, alkaloids, tannins, ITC, and B-sitosterol.>' Meanwhile.
Anudeep et al 2016 in his research reported that Moringa oleifera contains soluble fiber which improves glucose levels,
lymphocyte proliferation and induces nitric oxide from macrophages.
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Figure 6 Graph of Average Postprandial Blood Glucose at 120 minutes.

In DM, the capacity of the small intestine to absorb glucose is increased, due to increased expression of GLUT2
and SGLT1. This creates an additional burden on patients suffering from DM, which is further complicated by the
fact that most antidiabetic drugs, such as sulfonylureas, biguanides, or thiazolidinediones, have their primary targets
in organs other than the intestine.*> One proposed mechanism involves quercetin, as this substance may act as an
apical inhibitor of GLUT2, although it does not affect GLUTS or SGLT1. Quercetin has also been shown to activate
adenosine monophosphate-activated protein kinase (AMPK), increase glucose absorption through stimulation of
GLUT4 in skeletal muscle, and decrease glucose production through downregulation of phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6. -phosphatase (G6Pase) in the liver.

The mechanism for reducing blood glucose levels can be influenced by the content of bioactive compounds contained
in Moringa leaves. The antidiabetic content in Moringa leaves includes various polyphenols and flavonoids which can
influence glucose intake in the small intestinal mucosa so that glucose absorption in the blood takes longer and ultimately

lowers blood sugar levels. Apart from that, Moringa leaf extract also provides anti-hyperglycemic effects by inhibiting
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the a-glucosidase enzyme in the brush border of the small intestine. By inhibiting the a-glucosidase enzyme, the rate of
carbohydrate digestion becomes slower and ultimately reduces postprandial hyperglycemia.?

In DM, the capacity of the small intestine to absorb glucose is increased, due to increased expression of GLUT2 and
SGLT1. This creates an additional burden on patients suffering from DM, which is further complicated by the fact that
most antidiabetic drugs, such as sulfonylureas, biguanides, or thiazolidinediones, have their primary targets in organs
other than the intestine.*> One proposed mechanism involves quercetin, as this substance may act as an apical inhibitor of
GLUT?2, although it does not affect GLUTS or SGLTI1. Quercetin has also been shown to activate adenosine
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monophosphate-activated protein kinase (AMPK), increase glucose absorption through stimulation of GLUT4 in skeletal
muscle, and decrease glucose production through downregulation of phosphoenolpyruvate carboxykinase (PEPCK) and
glucose-6. -phosphatase (G6Pase) in the liver.*?

Inhibitory activity of a-glucosidase, pancreatic a-amylase, and intestinal sucrose, contributes to antihyperglycemic
properties. The inhibitory effect is believed to be due to the action of phenolic compounds, flavonoids, and tannins found
in Moringa. Slow carbohydrate digestibility, also caused by inhibition of these enzymes, causes a decrease in post-
prandial hyperglycemia and hemoglobin A1C (HbAIC). In addition, this compound has protective and regenerative
properties on pancreatic beta cells and can increase insulin production and release. These findings suggest that Moringa
oleifera may serve as a potential complementary approach for early intervention in prediabetic conditions. Further studies
are needed to determine the optimal dosage and to evaluate potential side effects at higher doses. This study demonstrates
the preventive potential of Moringa oleifera in a lifestyle-induced prediabetic model, though limited by its animal-based
design.**

Conclusion

In conclusion, Moringa oleifera leaf powder demonstrated a significant reduction in fasting blood glucose levels in
a lifestyle-induced prediabetic model, suggesting its potential as a complementary natural agent for early glycemic
control in prediabetic conditions. However, further studies are warranted to isolate its active components, verify dose-
dependent effects, and confirm long-term safety.
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