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Abstract: Obesity is a major public health concern that is associated with endocrine 
and metabolic disorders. Morus nigra L. is traditionally used in folk medicine owing to 
its anti-obesity and anti-diabetic effects. The effect of the lyophilized aqueous extract 
of the leaves of M. nigra L. (MN) on body weight gain and adipose tissue deposition in 
mice fed a hypercaloric diet was analyzed. A total of 46 male mice were divided into four 
groups: standard diet (SD), standard diet and extract (SD+MN), hypercaloric diet (HFD), 
and hypercaloric diet and extract (HFD+MN) for 12 weeks. The macroscopic, physiological, 
and biochemical parameters were evaluated. Use of M. nigra leaves extract in mice into 
hypercaloric diet (HFD+MN) reduced the blood glucose levels (mg/dl) and body weight 
gain (Δ%), what reflected in a lowest weight of adipose cushions (g) and gastrocnemius 
muscles (g) in comparison with control group (HFD) (p < 0.05). Other obesity-related 
biomarkers, including plasma lipid profiles and hepatic and renal functions, also showed 
improvement. Morus nigra leaf extract has the potential to be an alternative therapy 
for obesity-related metabolic disorders, primarily by improving glucose regulation and 
reducing fat mass in mice.

Key words: Morus nigra L, Hipercaloric diet, Anti-obesity effect, Anti-diabetic effect.

INTRODUCTION
Obesity is a universal condition that is increasingly prevalent in the modern society (Malik et al. 2020), 
it affects approximately two billion adults, and is a concerning public health issue worldwide (Kerr 
et al. 2025, WHO 2025, Swinburn et al. 2019). A recent global forecasting study suggests obesity linked 
diabetes, may affect 1.31 billion people globally by the year 2050 (Kerr et al. 2025).

Obesity is a chronic, endocrine-metabolic, and inflammatory disease characterized by abnormal/
excess accumulation of adipose tissue in the body (Fitch & Bays 2022, WHO 2025, Gulati & Murphy 
2025). It has multifactorial etiology related to both genetic and environmental factors (Allum & 
Grundberg 2020, Tirthani et al. 2023). It can be triggered by metabolic errors, dietary deficiency, or 
positive energy balance. Thus, promoting increased energy and body weight storage (Ritze et al. 2015, 
Liu et al. 2025). In adults, the incidence and persistence of obesity are linked to the development 
of chronic diseases that may result in an elevated risk of premature mortality (Kerr et al. 2025, WHO 
2025, Conde & Borges 2011). Individuals with progressive accumulation of body fat have morbidity 
and mortality rates up to 12 folds higher than eutrophic individuals, with poor nutrition being an 
attributable factor to obesity (Malik et al. 2020).
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The most commonly used method to assess overweight and obesity is the relationship between 
weight (kg) and height (m2), known as BMI (kg/m ²) or the Quetelet index (Muscogiuri et al. 2023, WHO 
2025). Although BMI is routinely used in research and clinical practice to assess body composition; it 
does not reflect skeletal muscle mass or adipose tissue distribution (Rios-Olais et al. 2025). The BMI 
may overestimate adiposity in overweight individuals and underestimate adiposity in individuals 
with reduced muscle mass (Sizoo et al. 2023, Liu et al. 2022). In such cases, different standards should 
be used to assess the body composition with greater accuracy (Rios-Olais et al. 2025).

Diet and exercise are proven cornerstones in the treatment of obesity. The development of 
alternative newer therapies is also necessary in view of the high morbidity rates associated with the 
increase in obesity (Pickett-Blakely & Newberry 2016). Phytotherapy is a complementary strategy to 
the treatment of obesity, aiming not only to reduce weight, but also to reduce the risks associated 
with being overweight (Almeida et al. 2007, Keith 2016). Among the herbal medicines used for the 
control of endocrine and metabolic diseases, blackberry (Morus nigra L.), belonging to the Moraceae 
family stands out, it is often used by the population of northeast Brazil for its therapeutic properties 
such as anti-inflammatory, diuretic, antitussive, analgesic, and antipyretic properties (Oliveira et 
al. 2013, James et al. 2024). Their medicinal properties are related to the production of bioactive 
compounds, such as alkaloids, terpenoids, and triterpenes, and phenolic compounds, such as tannins 
and flavonoids (James et al. 2024, Yao et al. 2024, Vukmirović et al. 2023). Most research concentrates 
on the edible parts, such as fruits, roots, and bark, whereas leaves are rarely used. The fruit is used 
to treat liver, kidney, and hypoglycemic diseases (James et al. 2024, Liu et al. 2025, He et al. 2019). The 
roots are used in the treatment of hypertension, whereas the leaves are used as anti-inflammatory 
and hypercholesterolemic agents (Awad et al. 2012, James et al. 2024). However, there are few studies 
reporting the benefits of M. nigra leaf extract for the reduction of metabolic disorders associated 
with obesity.

Currently, plants are grown in the San Francisco Valley, where no commercial insecticides, 
fungicides, or herbicides are used (Oliveira et al. 2013, Volpato et al. 2011). In recent years there has 
been an increasing use of leaf tea (decoction) of Morus nigra by the northeastern population. It is 
employed for the treatment of diabetes, cholesterol, cardiovascular disorders, and obesity (Oliveira 
et al. 2013, Souza et al. 2015). Despite its deliberate use in the general population, no studies have 
been conducted to prove this effect. In this context, the present study investigated the effects of 
prolonged administration of a freeze-dried aqueous extract of Morus nigra on weight control of mice, 
fed a hypercaloric diet.

MATERIALS AND METHODS
Extract preparation
The leaves of Morus nigra were picked in the morning from Petrolina city, Pernambuco State, 
Brazil, during March and August 2017. The plant was identified and authenticated by experts from 
the Reference Center for the Recovery of Degraded Areas (CRAD). The specimen was compared to 
exsiccate #1764 deposited at the San Francisco Valley Herbarium (HVASF) of the Federal University of 
São Francisco Valley (UNIVASF).
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The leaves of the plant were dried at 45°C for a period of 36 h in an aerated stove, ground and 
a powder were prepared, similarly to the folk-medicine preparation method.  Samples of crushed 
leaves were used for mineral composition analysis, according to the methodology described by 
Malavolta et al. (1997). The Morus nigra aqueous extract was prepared by boiling 12 g of leaf powder 
in a kettle containing 1 L of water for 10 min  (Oliveira et al. 2013). The extract was chilled to room 
temperature. The residue was removed by filtration (UNIFIL® 125 mm) and the extract was stored at 
−80°C and then lyophilized in UPLC Waters Xevo G2-S QTof (Waters Micromass®, USA), obtaining the 
dry lyophilized extract of M. nigra (MN).

Feed preparation and weight gain induction
Two types of diets were used: 1) Control groups were fed a commercial diet (Labina®), called the 
Standard Diet (SD) [approximately 53 g of carbohydrates, 22 g  of protein, 5 g of fat, and 5 g of fiber in 
100 g of diet] and 2) a junction of the standard diet with other high-fat ingredients called the High Fat 
Diet (HFD) [approximately 49 g of carbohydrates, 17 g protein, 22 g fat, and 3 g fiber in 100 g of diet]. 
The HFD consisted of a standard diet supplemented with peanuts, milk chocolate, sweet cookies in a 
ratio of 3:2:2:1, and lard (9 g: 1000 g of feed). All ingredients were ground using a food processor (C.A.F, 
model PA190, Brazil) to form granules ~2 mm in diameter. The grains were mixed until a homogeneous 
mass was formed. Subsequently, they were shaped into pellets with a diameter of 21 mm, allowing 
for rapid and uniform drying. Thus, eliminating the possibility of mold growth during storage. The 
pellets were dried at 45°C for a period of 48 h in an aerated oven (Ethik Technology, model 420-6TD), 
thus avoiding saturation of lipid chains and conversion of amino acids. The proximate analysis was 
realized according to procedures of the Instituto Adolfo Lutz and AOAC International, which includes 
quantitative determinations of the following parameters: carbohydrates, proteins, fiber, fat, ash, and 
moisture. The amount the crude protein was realized by kjeldahl digestion method, total lipids by 
Soxhlet extraction, crude fiber by acid/base digestion method, moisture by oven drying, and ash 
by incineration. Total carbohydrates were calculated by subtracting amount of crude protein, crude 
fibre, ash and lipid from the total amount of dry matter. All analyses were performed in triplicate 
(AOAC International 2012, Instituto Adolfo Lutz 2008). The caloric density was determined using the 
adiabatic method (IKA-C400). The hypercaloric diet obtained a density of 4.6 kcal/g, with 42.4% of the 
caloric content coming from carbohydrates and 43% from lipids (Estadella et al. 2004, Bueno et al. 
2011, Santos et al. 2013).

Animal and experimental conditions
Adult male Mus musculus albine Swiss mice (5- to 8-week-old; weighing 25-40 g) were obtained from 
the Central Bioterium of the UNIVASF. The mice were housed (one animal per cage) and maintained at 
22±3°C, 55-60% humidity with food and water available ad libitum on a 12h light/dark cycle (lights on 
at 6 a.m. and off at 6 p.m.). All animal procedures followed the guidelines of the National Council for 
the Control of Animal Experimentation (CONCEA). All experimental protocols involving animals were 
approved by the Ethics Committee on the Use of Animals (CEUA-UNIVASF; protocol #0006/180817).

After one week of adaptation, the mice were randomly divided into four groups (n=10- 13/group) 
as follows: SD, SD+MN (246 mg/kg), HFD, and HFD+MN (246 mg/kg). The lyophilized extract of Morus 
nigra (MN) was administered daily by gavage according to the weight of the animal. The concentration 
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used was based on popular use and was converted to mice using dose variation (Nair & Jacob 2016). 
The adaptation of human reference doses to mice was performed using allometric correction based 
on body surface area, calculated according to standardized Km factors. The strategy adopted follows 
the methodology described by Reagan-Shaw et al. (2008). The body surface area (BSA) normalization 
method is more appropriate for conversion of drug doses from animal studies to human studies. A 
simple conversion based on body weight is not appropriate (Reagan-Shaw et al. 2008).

The animals were weighed daily and the extracts were diluted in distilled water. The experiment 
lasted for 12 weeks; weekly water and food intake along with weight gain was analyzed. At the 
end of the experiment, the lipid and glycemic profiles, total calorie intake, food efficiency, organ 
weight, relative weight of the gastrocnemius muscle, Lee’s index, fat tissue, and adiposity index were 
determined.

Food and water intake
Food and water intake were determined as the difference between the quantity offered and leftovers, 
according to the following equation:

	 Food Intake (g) = offered food - food leftover.

	 Water Intake (ml) = offered water - water leftover.

Caloric ingestion and food efficiency analysis
Caloric intake was calculated by multiplying the amount of ration consumed (g) by the caloric density 
(kcal/g) of the respective ratios. Feed efficiency was determined using the Food Efficiency Ratio (FER) 
and calorific efficiency (CE) (Nery et al. 2011). The first was the relationship between body weight gain 
and the amount of food consumed. The second was the relationship between weight gain and the 
number of calories consumed.

Being calculated using the following equations:

where: 	​ FER = ​Final weight ​(g)​ − Staring weight​(g)​  _________________   Total food intake ​(g)​ ​​ 	​  CE = ​Final weight ​(g)​ − Starting weight ​(​​g​)​​  __________________  Caloric  intake ​(​​ kcal​)​​  ​​

Increased feed efficiency indicates that the animal makes better use of the food consumed, 
reflecting greater weight gain.

Body mass and Lee index analysis
To calculate the evolution or reduction in body mass, the in vivo delta weight formula was used 
(Zambon et al. 2009):

	 Delta (Δ%) = [(Final weight – Start weight / Start weight) X 100]

The Lee Index was determined at the end of the experiment. This index was calculated by 
dividing the cube root of body weight (g) by the nasoanal length (cm) and multiplying the result by 
1000 (Araujo et al. 2009).
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Measurements of blood parameters
Serum concentrations of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and 
blood glucose levels were determined using enzymatic methods. All were obtained from commercial 
kits (Labtest Diagnostics S.A, Brazil). Values were expressed in milligrams (mg) per deciliter (dL). 
Serum levels of low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) were calculated 
from triglyceride concentrations (Friedewald et al. 1972).

Macroscopic analysis and relative body weight
After euthanasia and blood collection, the hearts, livers, and kidneys of all the animals were removed, 
immersed in saline solution, and immediately weighed. After macroscopic analysis, the relative 
weights of the organs were determined. The following formula was used:

​Relative weight of organs = ​ Absolute organ weight ​(​​g​)​​  ___________________  Weight of the animal  ​(​​g​)​​ ​ x 100​

Determination of fat tissue, adiposity index and gastrocnemius muscle
The total body fat was determined by removing the epididymal, perirenal, and retroperitoneal fat 
pads. In addition to the gastrocnemius muscle. Consequently, dipped in saline solution. Following 
which the excess solution was removed with gauze and immediately weighed. Adiposity index was 
determined by dividing the weight of the three cushions by the final weight of the animal (White et 
al. 2013).

Statistical analysis
All data in this study were expressed as mean ± SEM. To test the hypothesis of a difference between 
the means of parametric data from two independent samples, the unpaired Student’s t-test was 
used. To test the hypothesis of a difference between the means of parametric data grouped in pairs 
of experimental conditions, a two-way analysis of variance (two-way ANOVA) was used, followed by 
the Sidak post-hoc test. The established level of statistical significance was p<0.05.

RESULTS 
Mineral element determination
Chemical analyses of the plant tissues from the dry samples were performed as per the Malavolta et 
al. (1997) reported methodology. Samples of M. nigra leaves contained an abundance of macro-and 
micronutrients that are important for normal cell metabolism. Table I shows the mineral composition 
of blackberry leaves. The most abundant macroelements were N, Ca, and K, followed by P and Mg. 
Microelements (B, Cu, Fe, Mn, Zn, and Na) had the highest iron concentration (591 mg/kg), followed 
by sodium (200 mg/kg) and boron (101 mg/kg).

Effect of extract on water intake
The groups fed with a hypercaloric food diet (HFD) and extract treatment (HFD + MN) showed a 
significantly higher difference in water intake from the first week (Figure 1b), whereas this behavior 
was not observed in the animals that received the standard diet or extract added to this treatment 
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(Figure 1a). M. nigra extract significantly improved the total average water intake of animals fed with 
the hypercaloric diet (Figure 1c). During the trial period, the HFD+MN group consumed an average of 
68.98 ± 4.70 mL of water per week, compared to 32.9 ± 1.7 mL per week in the HFD group (Figure 1c), 
representing a 109.6% increase in water intake relative to the HFD control. In contrast, the results 
showed that there was no statistical difference in water consumption between the animals that 
received standard food (SD) and those that received standard food plus were treated with M. nigra 
(SD+MN) (Figure 1c). However, overall, there was a significant reduction in water intake in animals 
fed with a hypercaloric food diet compared to those with the standard diet (Figure 1c). Moreover, the 
two-way ANOVA revealed a significant interaction between diet and treatment, which accounted for 
12.21% of the total variance in water intake. Individually, the treatment accounted for 25.4% of the 
total variance and the diet accounted for 49.15% of the total variance in water intake.

Effect of extract on food and calorie intake
In relation to food intake, it was observed that from eighth week, a significantly higher difference 
in food consumption of the SD group compared to the SD+MN group (Figure 2a) with the SD+MN 
group obtaining better nutrient absorption performances during this period. Overall, the SD group 
consumed an average of 46.81±18.80 g of food per week while the SD+MN food group consumed 
57.14±3.07 g of food per week, a significant increase of 22.06% in food consumption (Figure 2c).

The HFD and HFD+MN groups also showed a significantly higher difference in feed consumption 
from nine week (Figure 2b) with HFD+MN group obtaining better nutrient absorption performances 
during this period. The group fed HFD consumed an average of 34.10±5.45 g of feed per week, while 

Table I. Mineral composition of Morus nigra L. leaves.

Macroelements Dry matter content (g/kg)

Nitrogen (N) 35.9  

Phosphorus (P) 5.30

Potassium (K) 19.50

Calcium (Ca) 33.55

Magnesium (Mg) 4.55

Microelements Dry matter content (mg/kg)

Boron (B) 101

Copper (Cu) 38

Iron (Fe) 591

Manganese (Mn) 26

Zinc (Zn) 34

Sodium (Na) 200
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the HFD+MN group ingested an average of 32.72±1.64 g of food per week. There was no significant 
difference in total feed consumption between the groups (Figure 2c).

With regard to food intake, the two-way ANOVA revealed a significant interaction between diet 
and treatment, which accounted for 7.15% of the total variance in food consumption. Individually, the 
treatment accounted for only 4.19% of the total variance and the diet accounted for 71.93% of the total 
variance in water intake.

However, regarding caloric intake, the results show that total calorie intake was significantly 
increased in both SD and HFD groups of animals at the end of the experiments (Figure 2d). In 
general, during the 12 weeks, the SD group consumed an average of 64.90±7.4 kcal/week against 
78.85±4.14 for the SD+MN group, a significant increase of 21.49%. The HFD group consumed on average 
128.45±14.4 kcal/week against 151.0±7.6 kcal/week consumed by the HFD+MN group, a significant 
increase of 17.76%. Besides that, the two-way ANOVA revealed no significant interaction between diet 
and treatment, which accounted for only 0.31% of the total variance in caloric intake. Individually, the 
treatment accounted for only 5.62% of the total variance and, as expected, the diet accounted for 
77.73% of the total variance in caloric intake.

Figure 1. Effects of Morus nigra extract (MN) on water intake of mice: (a) fed with standard diet (□, n=10) and 
standard diet + MN (○, n=10) for 10 days of treatment; (b) fed with high fat diet (■, n=13) and high fat diet + MN (●, 
n=13) for 10 days of treatment; (c) Overall water consumption by experimental group. All values are expressed as 
mean ± standard error of the mean (SEM). *p<0.05 (Two-way ANOVA followed by Sidak post-hoc test).
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As demonstrated (Figure 2c, d), the groups fed standard diet (SD and SD+MN) and hyper calorie 
diet (HFD and HFD+MN) had an average feed intake inversely proportional to caloric intake. Fact 
attributed to the caloric density of the feed, which makes the animals reach their nutritional and 
metabolic needs with less amount feed. In a general way, M. nigra extract does alter food and caloric 
intake in mice, regardless of the type of diet used.

Effect of extract on weight gain and Δ weight loss (PPD)
The treatment of M. nigra reduced the weight of the animals with the use of a hypercaloric diet (Figure 
3b) but not in animals fed with the standard diet (Figure 3a). As shown in Figure 3c, the HFD+MN 
group had an average weight gain percentage lower than the HFD group, displaying an average of 
15.71±4.63% of the HFD+MN group against 24.40±4.93% HFD, a significant decrease of 35.61%. Analysing 
the percentage of weight gain week by week (Figure 3b) through the two-way ANOVA, it was possible 
to verify that the HFD+MN group presented a significant weight percentage reduction in the weeks 
(3rd, 4th, 7th, 8th, 9th and 11th) when compared to the HFD group (Figure 3b). In addition, the monitoring 
of the percentage of weight gain showed that the HFD group presented an average weight gain 
significantly higher than SD (Figure 3c). The HFD group presented an average percentage 24.40±4.93% 

Figure 2. Effects of mulberry leaf extract on food intake of mice: (a) fed with standard diet (□, n=10) and standard 
diet + MN (○, n=10); (b) fed with high fat diet (■, n=13) and high fat diet + MN (●, n=13); (c) Total food consumption 
by experimental group and (d) total caloric intake by experimental group. All values are expressed as mean ± 
standard error of the mean (SEM). *p<0.05 (Two-way ANOVA followed by Sidak post-hoc test).
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of body weight gain per week against 12.11±3.18% of the SD group, representing an increase of 101.48%. 
Moreover, the two-way ANOVA revealed a significant interaction between diet and treatment, which 
accounted for 7.51% of the total variance in weight gain. Individually, the treatment accounted for 
18.47% of the total variance and the diet accounted for 52.07% of the total variance in weight gain.

Effect of extract on food and calorie efficiency
As shown in Figure 4, the groups treated with MN extract showed a reduction in food and caloric 
efficiency when compared to their respective controls and consequently, lower weight gain in 
relation to the amount of food and calories consumed. As shown in the Figure 4a, the SD+MN group 
presented an average of 0.0098±0.0009 g/g (weight gain by weight of feed consumed) against SD 
group 0.02115±0.0072 g/g for food efficiency, which represents a significant reduction of 53.66%. 
Moreover, the HFD+MN group showed an average of 0.0382±0.0017 g/g against 0.0499±0.0056 g/g 
for HFD, a significant reduction of 22.45%. There was no significant interaction between diet and 
treatment in the total variance in food efficiency. However, individually, the treatment accounted 
for 9.86% of the total variance and the diet accounted for 60.23% of the total variance, both being 
significant in food efficiency.

Figure 3. Effects of mulberry leaf extract on average weight gain of mice: (a) fed with standard diet (□, n=10) and 
standard diet + MN (○, n=10); (b) fed with high fat diet (■, n=13) and high fat diet + MN (●, n=13); (c) Total weight 
gain by experimental group. All values are expressed as mean ± standard error of the mean (SEM). *p<0.05 (Two-
way ANOVA followed by Sidak post-hoc test).
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Regarding to caloric efficiency, which is the relationship between weight gain and caloric intake 
(g of weight by kcal consumed), it can be observed that the SD+MN group presented an average 
of 0.0070±0.0006 g/kcal and SD group of 0.0084±0.0030 g/kcal (Figure 4b), a significant reduction 
of 16.66% on the caloric efficiency in animals treated with the plant extract. The HFD+MN group 
presented more expressive results, with an average of 0.0082±0.0004 g/kcal against 0.0499±0.0056 
g/kcal of HFD group, which represents a massive and significant reduction of 83.56% in the caloric 
efficiency in HFD group. Moreover, the treatment had a significant impact on this effect, accounting 
for 35.04% of the total variance in caloric efficiency, whereas the diet accounted for only 7.18%.

Effect of extract on Lee’s Index
Final body weight of the HFD group was significantly higher compared to the SD group, represented 
by higher Lee’s index (Figure 5). After the 12 weeks period of treatment, the HFD group showed an 
average of 336.5±4.40 g/cm3 of body weight compared to 306.8±4.242 g/cm3 of body weight of the SD 
group, an increase of 9.68%. On the other hand, the Lee’s index in the HFD+MN group decreased 
significantly compared to the HFD group. In contrast, the SD+MN group showed a significant 6.73% 
increase in the Lee’s index, rising from 306.79±4.40 g/cm³ in the SD group to 327.50±5.46 g/cm³ in the 
SD+MN group. In this context, the treatment alone had a minor impact on changes in Lee’s index, with 
the diet accounting for 14.24% of the total variance, while the interaction between treatment and diet 
accounted for the majority of the effect, 26.33%.

However, despite being a widely used index, it cannot be used as an isolated parameter to 
determine overweight or obese status. Similarly, among humans, Lee’s index does not discriminate 
between fat and lean body masses.

Effect of the extract on adipose tissue, adiposity index and gastrocnemius muscle
Comparing the animals fed with SD and those fed with HFD, we observed a significant increase in 
adipose tissue weight (from 1.011±0.255 g to 4.926±0.459 g) and in the adiposity index (from 0.023±0.045 

Figure 4. Food efficiency (a) and caloric efficiency (b) by experimental group fed with standard diet (SD, n=8), 
standard diet + M. nigra (DP+MN, n=13), hight fat diet (HFD, n=10) and hight fat diet + M. nigra (HFD+MN, n= 13). All 
values are expressed as mean ± standard error of the mean (SEM). *p<0.05 (Two-way ANOVA followed by Sidak 
post-hoc test).
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g/g to 0.091±0.009 g/g), but not in gastrocnemius muscle weight (from 0.406±0.072 g to 0.496±0.066 
g) (Figure 6).

At the end of the experimental period, the HFD+MN group exhibited an average fat pad weight of 
2.645±0.173 g compared to 4.926±0.459 g in the HFD group, representing a significant 46.31% reduction 
in adipose tissue. In contrast, the SD+MN group showed an average adipose tissue weight of 1.397±0.173 
g versus 1.011±0.255 g in the SD group, an increase with no statistical significance (Figure 6a). There 
was a significant interaction between diet and treatment, which accounted for 14.94% of the total 
variance in adipose tissue weight. Individually, the treatment accounted for only 7.54% of the total 
variance, while the diet accounted for 55.98% of the total variance in weight gain.

Regarding the adiposity index, it was also observed that the group HFD+MN had the average 
of 0.051±0.006 g/g versus 0.091±0.009 g/g of the HFD group, representing a significant reduction of 
43.95%, while the SD+MN group averaged 0.030±0.003 g/g versus 0.024±0.005 g/g for the SD group, an 
increase with no statistical significance (Figure 6b). There was a significant interaction between diet 
and treatment, which accounted for 17.93% of the total variance in adiposity index. Individually, the 
treatment accounted for only 9.98% of the total variance, while the diet accounted for 46.83% of the 
total variance in adiposity index.

At last, the gastrocnemius muscle weight was also measured, serving in this study as a 
representative indicator of the animal’s overall musculature. As shown in Figure 6c, at the end of 
12 weeks, the SD+MN group presented a gastrocnemius average weight of 0.179±0.021 g compared 
to 0.406±0.072 g in the SD group, a significant decrease of 55.91%. The HFD+MN group presented 
a gastrocnemius average weight of 0.273±0.043 g compared to 0.496±0.066 g in the HFD group, a 
significant decrease of 44.95%. Unlike the previous results, there was no significant interaction 
between diet and treatment on the average gastrocnemius weight change. The diet accounted for only 
5.71% of the total variance in gastrocnemius weight, and this influence was not significant. However, 
the treatment had a significant effect on the average gastrocnemius weight change, accounting for 
34.40% of the total variance.

Figure 5. Effects of 
mulberry leaf extract on 
the Lee’s index (g/cm3) by 
experimental group fed 
with standard diet (SD, n=8), 
standard diet + M. nigra 
(DP+MN, n=10), hight fat diet 
(HFD, n=10) and hight fat 
diet + M. nigra (HFD+MN, n= 
10). All values are expressed 
as mean ± standard error 
of the mean (SEM). *p<0.05 
(Two-way ANOVA followed by 
Sidak post-hoc test).
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Effect of extract on relative weight and morphology of organs
In relation to the relative organ weight, the group of animals treated with MN extract showed a 
significantly higher (p<0.05) difference in kidney weight than the respective controls (Table II). The 
HFD+MN group presented a mean relative weight of the kidneys in grams of 1.468±0.1000 g compared 
to 1.090±0.0249 g for the HFD group, an increase of 34.67%. This difference was also observed in 
groups fed the standard diet. The SD+MN group presented statistical difference (p<0.05), with mean 
kidney weight of 1.670±0.0644 g compared to 1.413±0.0754 g in the SD group, representing an 18% 
increase. In relation to the other organs analyzed, no significant difference was found in the relative 
weights of the organs of the groups analyzed (Table II).

Effect of extract on biochemical parameters
As shown in Table III, administration of the MN extract significantly reduced blood glucose levels 
in all groups. The HFD+MN group obtained an average of 139.3±3.38 mg/dl of blood glucose against 
362.3±31.56 mg/dl of the HFD group with reduction of 61.56% when compared to the HFD group, this 
difference being statistically significant (p<0.05).  

Figure 6. Adipose tissue (a), adiposity index (b) and gastrocnemius muscle (c), by experimental group fed with 
standard diet (SD, n=8), standard diet + M. nigra (DP+MN, n=10), hight fat diet (HFD, n=10) and hight fat diet + M. 
nigra (HFD+MN, n= 10). All values are expressed as mean ± standard error of the mean (SEM). *p<0.05 (Unpaired t 
test: SD vs. SD+MN or HFD vs. HFD+MN).
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The SD+MN group also showed a reduction in this parameter, presented values of 121.4±13.44 
mg/dl compared to 162.8±21.27 mg/dl in the SD group, although this difference represents a 25 % 
reduction in glycemic levels, that difference was not statistically significant. Based on the data 
obtained, we inferred that the extract has a hypoglycemic effect.    

The evaluation of the lipid profile (Table III) showed that the HFD+MN group had not statistically 
significant values of total cholesterol, triglycerides, HDL-c, VLDL-c, non-HDL-c and LDL-c when 
compared to the HFD group. In relation to animals fed a standard diet, the SD+MN group presented 
statistically significant high values of total cholesterol, LDL-c and non-HDL-c (p<0.05) when compared 
to the SD group. The SD+MN group presented mean values of total cholesterol, LDL-c and not HDL-c, of 
172.0±4.46, 83.23±2.06 and 108.0±1.52 mg/dl, respectively, against 122.8±5.52, 30.24±8.66 and 53.29±9.93 
mg/dl from the SD group, statistically significant difference (p<0.05).

Regarding the triglycerides, although the SD+MN group showed reduced triglyceride values of 
124.0±17.27 mg/dl compared to 181.0±35.44 mg/dl in the SD group, representing a reduction of 31%, this 
difference was not considered statistically significant.

Table II. Effects of mulberry leaf extract on the relative weight of organs. Standard diet (SD, n=8), standard diet + 
M. nigra (SD+MN, n= 8), Hight fat diet (HFD, n=8) and Hight fat diet + M. nigra (HFD+MN, n=8).

Group SD SD+MN HFD HFD+MN

Liver 4.163±0.1801 3.973±0.147 3.631±0.2017 3.752±0.1826

Heart 0.417±0.0317 0.372±0.0291 0.416±0.0290 0.385±0.0362

Kidney 1.413±0.0754 #1.670±0.0644 1.090±0.0249 *1.468±0.1000

Date are represented as mean ± SEM. *significant change at p<0.05 in comparison with HFD group; # significant change at p<0.05 
in comparison with SD group, as determined by unpaired t test.   

Table III. Effects of mulberry leaf extract on serum biochemical parameters. Standard diet (SD, n=7), Hight fat diet 
(HFD, n= 8), (SD+MN, n=8) and (HFD+MN, n=8).

Grupo SD SD+MN p HFD HFD+MN p

Glucose (mg/dl) 162.8±21.27 121.4±13.44 0.1145 362.3±31.56 *139.3±3.38 <0.0001

Total cholesterol (mg/dl) 122.8±5.52 #172.0±4.46 <0.0001 171.3±5.04 197.70±9.80 0.1567

Trygliceride (mg/dl) 181.0±35.44 124.0±17.27 0.1561 190.2±9.98 218.0±34.94 0.6575

HDL-c (mg/dl) 69.47±9.63 63.95±9.35 0.6935 88.46±6.273 104.0±6.56 0.2349

LDL-c (mg/dl) 30.24±8.66 #83.23±2.06 0.0027 55.18±7.79 50.06±9.12 0.6905

VLDL-c (mg/dl) 36.19±7.09 24.80±3.45 0.1561 34.74±9.26 43.59±6.99 0.4581

Non-HDL-c (mg/dl) 53.29±9.93 #108.0±1.52 0.0036 79.55±2.21 93.65±9.44 0.3714

Date are represented as mean ±SEM. *significant change at p < 0.05 in comparison with HFD group; # significant change at p < 0.05 
in comparison with SD group, as determined by unpaired t test.   
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DISCUSSION
Treatment with M. nigra extract in mice on a hypercaloric diet led to increased water consumption, 
reductions in total body weight, adipose tissue, and gastrocnemius muscle mass, along with lower 
blood glucose levels and improved lipid profiles.

Water intake is regulated by the thirst mechanism, which, in conjunction with the osmoreceptor 
ADH hormone (anti-diuretic hormone) mechanism, maintains the control of osmolarity and sodium 
concentration of the extracellular volume. Thus, factors that stimulate the secretion of ADH hormones 
synthesized in the supraoptic nucleus of the hypothalamus and released by the pituitary gland also 
stimulate thirst. This, in turn, leads to increased water intake (Mckinley et al. 2004, Inenaga et al. 2017). 
Another important area for this control is the anteroventral region of the third ventricle, called the 
AV3V region. This leads to deficits in ADH secretory control and the control of thirst, hunger, and blood 
pressure (Augustine et al. 2018, Gizowski & Bourque 2018). Studies indicate that one day of exposure 
to a hyperlipidemic diet causes systemic and hypothalamic inflammation, with consequent 
deregulation in the mechanisms of hunger and thirst, and consequently, their intake (Millington 
2007, Gao et al. 2017). Thus, we can infer that M. nigra extract possibly exerts a protective action 
against injuries to the hypothalamus, with consequent effects on the headquarters’ mechanism. 
This effect is probably attributed to phenolic compounds. Especially the quercetin present in that 
species is able to promote lipophagy by reducing the level of perillipine 2 (PLIN 2) and increasing 
AMPK’s activity (Zeng et al. 2019). The M. nigra extract used in this study was characterized using 
HPLC (Sampaio et al. 2018), and some important flavonoids (rutin and isoquercetin) were identified, 
corroborating this hypothesis. However, these data were not made available here. In any case, it 
is necessary a more complete characterization by HPLC or LC-MS the leaf extract of M. nigra, to 
determine the metabolites with possible activity against diabetes and obesity.

Two other factors may have influenced this outcome: the levels of glucose and sodium in the feed 
and leaves of M. nigra (Table I). Elevated sodium and high concentrations of blood glucose levels 
increase plasma osmolarity as detected by osmoreceptors in the hypothalamus, thereby activating 
the thirst mechanism (Popkin et al. 2010). In this study, M. nigra leaves presented interesting 
nutritional values, revealing an abundance of macro and micronutrients, with an emphasis on N, P, 
Ca, Fe, Na, and B. The latter influences the activity of many metabolic enzymes and the metabolism 
of nutrients such as calcium, magnesium, and vitamin D (Shireen et al. 2018). Although, sodium is 
an essential element, only small quantities are needed. High intake of this mineral is often related 
to increased blood pressure, the development of cardiovascular disease, and renal complications. 
The Fe and Na values observed in this study were higher than those reported by Sánchez-Salcedo 
et al. (2017), who documented iron levels of 119.3 mg/kg and sodium levels of 0.01 mg/100 g. Thus, 
sodium may initially have potentiated water intake in the HFD-MN treatment (Figure 1) and the 
phenolic compounds may have exerted a protective effect on the hypothalamus, which was not 
observed in the HFD group. However, further studies are needed to understand the protective role 
of these compounds.

Although no significant changes were observed in average of the total food consumption for 
HFD group, M. nigra extract reduced body weight gain in mice subjected to hypercaloric diets, as 
evidenced by decreased feed efficiency and caloric efficiency (Figure 4). These results suggest that M. 
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nigra extract may limit the intestinal absorption of carbohydrates and lipids, thereby contributing to 
the observed reduction in body weight. Specifically, the reduction in body weight was associated with 
lower values of fat tissue and gastrocnemius muscle, as well as a lower adiposity index (Figure 6). It is 
known that a reduction in body mass involves the loss of proteins and fats in certain amounts. Such 
losses are usually associated with muscle protein metabolism and mobilization of reserve lipids 
under hypoglycemic conditions (Kim et al. 2010). Recent studies have suggested that polyphenols 
derived from different Morus species, including Morus alba and Morus nigra, may modulate the gene 
expression of key adipokines such as leptin, resistin, and adiponectin (Metwally et al. 2019, Fan et 
al. 2020). Furthermore, phytochemicals, such as quercetin, caffeic acid, hydroxiflavin, and hesperetin, 
inhibit the differentiation of pre-adipocytes (Chang et al. 2016).

In the gastrocnemius muscle, prolonged fasting resulted in reduced muscle mass (Mendonça et 
al. 2020, Laurens et al. 2021). During prolonged fasting, hunger, or malnutrition, there is loss of fat and 
muscle mass. Fats are mobilized to support the body’s energy requirements and gluconeogenesis. 
Muscle proteins are degraded into amino acids that serve as substrates for gluconeogenesis, which 
is the primary source of blood glucose during fasting and starvation. This catabolic process is 
accompanied by increased urinary nitrogen excretion, mainly in the form of urea (Dimitriadis et al. 
2021).

Therefore, the polyphenols present in M. nigra extract may have contributed to reducing body 
weight in mice by stimulating the mobilization of reserve lipids in adipocytes and the breakdown of 
muscle proteins for glucose production. This premise is reinforced by the higher water consumption 
observed in the group treated with M. nigra extract (Figure 1). The oxidation of amino acids derived 
from diet or body proteins can result in the formation of ammonia, which is toxic to animals. It 
is then converted to urea by the liver and excreted in urine by the kidneys (Weiner & Verlander 
2013). However, not all urea is excreted in the urine because of resorption in the renal tubules 
(Rondon-Berrios & Berl 2019). Diuresis reduces tubular resorption of urea and increases its excretion. 
However, dehydration had the opposite effect. Thus, the amount of fluid and urinary flow influences 
the excretion of urea and blood urea nitrogen, increasing and decreasing, respectively. Therefore, 
accelerated water consumption is associated with the catabolism of proteins and lipids and the 
presence of sodium in the leaves of M. nigra. In addition, the liver and kidneys are important organs 
for the catabolism of glycogenic amino acids and urea excretion, respectively. Loss of muscle mass 
can be considered a negative effect of the extract used, especially for the treatment of important 
metabolic disorders such as obesity and diabetes. The extent or attenuation of this negative effect 
can be better observed with future experiments testing different doses of the extract.

Strengthening the hypothesis set out above, the use of a hypercaloric diet only (HFD) reduced the 
weight of the kidneys compared with the other treatments (Table III). This possibly resulted in kidney 
damage from oxidative stress (Rosas-Villegas et al. 2017). Dyslipidemia and hyperinsulinemia are 
usually accompanied by obesity and affect kidney structure, contributing to vasodilation, hypertension, 
and kidney injury (Koppe et al. 2014, Yoon et al. 2024). Obesity promotes an inflammatory state and 
intestinal dysbiosis, increasing the production of lipopolysaccharide (LPS), which in turn activates 
the transcription factor NF-κB (nuclear factor-κB), that mediates the induction of pro-inflammatory 
cytokine, such tumor necrosis factor-α (TNF-α), interleukin -1β (IL-1β) and interleukin -6 (IL-6). The 
production of these cytokines produces a redox imbalance and an increase in reactive oxygen 
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species (ROS). This establishes a continuous cycle of inflammation and oxidative stress (Small et al. 
2012, Pedruzzi et al. 2012, Han 2016, Rosas-Villegas et al. 2017), compromising insulin signalling, and 
affecting kidney function.

The kidneys play an important role in glucose homeostasis and urea excretion. Together with the 
liver, it responds to a common neurohormonal control system by mobilizing and storing nutrients in 
the body to maintain normal blood glucose levels. The kidney contributes to 15-20% of total glucose 
production, while the liver is largely responsible for the rest (Wilding 2014, Gerich 2000, Rosen 
& Spiegelman 2014). The kidneys and liver also play important role in the post-absorption state. 
They released approximately equal amounts of glucose via gluconeogenesis (Kaneko et al. 2018, 
Wilding 2014, Kaneko 2008). Thus, a hypercaloric diet may cause possible kidney damage and reduce 
metabolic activity. In addition, it can be said that the extract of M. nigra had a possible protective 
effect on the liver and kidneys, stimulating the correct action in the excretion of urea and restoring 
glucose to basal levels.

The hepatic and renal protective effects against oxidative stress may be related to the anti-
inflammatory and antioxidant activities attributed to the presence of flavonoids, mainly quercetin-3- 
O-glucoside present in M. nigra (Yoon et al. 2024, Tang et al. 2023). Studies have indicated that a high-
fat diet (HFD) in mice cause systemic metabolic abnormalities and subsequent kidney damage (Deji et 
al. 2009, Carmo et al. 2009, Gelber et al. 2005).  A similar result was found by Deji et al. (2009), in which 
a high-fat diet in mice caused systemic changes such as obesity, hyperglycemia, and kidney damage. 
Although studies in humans and animals have demonstrated the relationship between obesity and 
kidney damage, the underlying mechanisms have not yet been fully elucidated (Fox 2004, Hsu et 
al. 2006, Carmo et al. 2009). Studies have shown that the active components of blackberry leaves 
modulate blood glucose and lipid levels, reducing damage to the liver and kidneys by inhibiting the 
expression of spinal tissue growth factors (CTGF) and related genes (Zhang et al. 2019).  On the other 
hand, some studies have also shown that the weight change of organs such as the kidney may be 
associated with stress or an adaptive effect (Nwogueze et al. 2023, Oh et al. 2025). In this sense, the M. 
nigra extract may have triggered a toxic effect and caused kidney damage (Manu et al. 2022). However, 
these discussions about protective effects, toxic effect, and other mechanisms mentioned are merely 
hypothetical, requiring more data and additional experiments to prove such reports.

The hypoglycemic effect of the extract (Table III) has been confirmed in other studies (Zhang et 
al. 2019, He et al. 2019, Hago et al. 2021, Tang et al. 2023). The extract is proposed to exert its effects 
by inhibiting the absorption of dietary carbohydrates and lipids, thereby reducing the availability of 
simple sugars. This mechanism may decrease caloric utilization efficiency, ultimately favoring weight 
reduction and contributing to improved glycemic control (Tang et al. 2023, Jan et al. 2022, Júnior et 
al. 2017). The low blood glucose levels probably activated the breakdown of muscle proteins and the 
catabolism of glycogenic amino acids to generate glucose, thereby restoring basal levels. They also 
stimulated the mobilization of reserve lipids in adipocytes for ATP production through β-oxidation of 
fatty acids. This premise is supported by the low weights of the gastrocnemius muscle and adipose 
tissue in this study. Thus, activation of the catabolic routes may have been a direct effect of low 
carbohydrate and lipid absorption in the intestine, influenced by the active principles present in the 
M. nigra extract.
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In fact, the presence of bioactive compounds in plant extract, such as: flavonoids, alkaloids, 
terpenoids, anthocyanins, glycosides, phenolic compounds among others (Chen et al. 2023, 
Abudurexiti et al. 2023), reduces carbohydrate uptake and consequently hyperglycemia by inhibiting 
α-glucosidase (Júnior et al. 2017, James et al. 2024, Tang et al. 2023). In addition, phenolic compounds 
such as flavonoids and terpenoids, which are abundant in M. nigra extract, may be related to 
reduced carbohydrate absorption in the intestine and the mobilization of reserve lipids (Volpato 
et al. 2011, He et al. 2019). However, other regulatory functions of the active principles in reducing 
body weight and blood glucose are not disregarded, such as attenuation of insulin resistance by 
modulating the expression of genes and proteins involved in glucose homeostasis in liver cells (Liu 
et al. 2018, Rodrigues et al. 2019, Zhang et al. 2019).

Slightly elevated concentrations of total cholesterol, LDL and non-HDL in the blood of SD+MN 
group, as well as no changes in other biochemical parameters of lipids in both groups (Table III), 
showed that the use of M. nigra extract can alter lipid metabolism, which may be important for 
understanding its role in the treatment or prevention atherosclerosis and other obesity-related 
diseases. Divergent results were reported by Jiao et al. (2017), who observed reductions in high-
density lipoprotein (HDL), total cholesterol, and triglyceride levels. However, most research has 
focused on the fruit of this species. Some studies have shown that mice tend to have high cholesterol 
levels, whereas triglyceride levels and the main cholesterol esters remain unchanged (Eisinger et al. 
2014, Roza et al. 2016).

According to the data obtained in this study, it is possible to validate an overweight induction 
model using a hypercaloric diet in Swiss mice for 12 weeks, efficiently studying the pathophysiology 
of overweight/obesity and associated complications, as it is the closest model to the genesis of 
obesity in humans. It can also be said that the extract had a positive effect on glycemic and weight 
control, especially in the first 4 weeks. However, this effect is limited by the continued long-term use 
of a high-fat, glucose diet in the long term.

In addition, the data possibly suggests that the extract exerted a protective effect on renal and 
hepatic function, as well as a positive effect on body fat reduction, as evidenced by the % weight 
gain, fat pads, and adiposity index. In general, the extract influences the absorption of carbohydrates 
and lipids, resulting in several changes in cell metabolism.  However, further studies are needed to 
elucidate the possible mechanisms of action of extract of M. nigra in the metabolism of lipids and 
carbohydrates. Furthermore, another important limitation of this study was the use of only one dose 
(246 mg/kg). Therefore, future studies should propose different doses and biochemical mechanisms 
of the reported benefits.

CONCLUSIONS
The findings of this study demonstrate that Morus nigra leaf extract exhibits promising biological 
activity against obesity, particularly under hypercaloric dietary conditions. The extract significantly 
increased water intake in animals fed a high-fat diet and affect food or caloric intake across groups. 
Furthermore, significant reduction in total weight gain and reduced food and caloric efficiency were 
observed, especially in the HFD+MN group, indicating metabolic modulation.
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Moreover, M. nigra extract significantly reduced adipose tissue accumulation, adiposity index, 
and gastrocnemius muscle mass in animals fed a hypercaloric diet, suggesting a favorable influence 
on body composition. Biochemically, the extract induced a substantial hypoglycemic effect in both 
diet models and altered some lipid parameters.

Collectively, these results suggest that Morus nigra extract has potential as an alternative therapy 
for obesity-related metabolic disorders, primarily by improving glucose regulation and reducing fat 
mass. However, further studies are required to clarify the mechanisms of action and determine its 
long-term safety and efficacy in clinical settings. Finally, it is also important to highlight that this 
study has some significant limitations, such as a lack of phytochemical characterization, use of a 
single dose, and muscle mass loss. Future studies should address these issues.
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