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Abstract
Guazuma ulmifolia is traditionally used in folk medicine for its antimicrobial, antioxidant, cardioprotective, and 
anti-obesity properties. This study aimed to evaluate
the effects of aqueous extracts (teas) from the stem bark and fruit of Guazuma ulmifolia on morphometric and serum 
parameters of Wistar rats induced to obesity through a high-fat diet. Additionally, the study quantified phenolic 
compounds and assessed antioxidant activity (via the DPPH assay) in aqueous, hydroethanolic, and hydroacetonic 
extracts to investigate solvent effects on phenolic content and antioxidant potential. Chemical profiling of the 
aqueous extracts using HPLC-DAD-MS identified 29 compounds, including flavonoids, coumarins, and organic 
acids. The stem bark extract exhibited superior antioxidant capacity compared to the fruit extract, likely due to 
its higher phenolic content. Hydroacetonic extracts demonstrated the highest phenolic concentrations and lowest 
IC50 values in the DPPH assay, confirming a positive correlation between phenolic content and antioxidant activity. 
However, the aqueous decoction method was selected for anti-obesity assays to reflect the plant’s traditional use 
as a tea. In vivo, the aqueous extract of stem bark reduced feed consumption and weight gain and improved serum 
levels of total cholesterol, VLDL-c, and triglycerides in obese rats. These findings suggest that the biologically 
active compounds in Guazuma ulmifolia can mitigate metabolic disturbances associated with obesity, supporting 
its traditional use in managing obesity and related conditions.
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Resumo
A Guazuma ulmifolia é tradicionalmente utilizada na medicina popular por suas propriedades antimicrobianas, 
antioxidantes, cardioprotectoras e antiobesidade. Este estudo teve como objetivo avaliar os efeitos dos extratos 
aquosos (chás) da casca do caule e do fruto de Guazuma ulmifolia nos parâmetros morfométricos e séricos de ratos 
Wistar induzidos à obesidade através de uma dieta rica em gordura. Além disso, o estudo quantificou os compostos 
fenólicos e avaliou a atividade antioxidante (através do ensaio DPPH) em extractos aquosos, hidroetanólicos e 
hidroacetónicos para investigar os efeitos do solvente no conteúdo fenólico e no potencial antioxidante. O perfil 
químico dos extratos aquosos utilizando HPLC-DAD-MS identificou 29 compostos, incluindo flavonóides, cumarinas 
e ácidos orgânicos. O extrato da casca do caule apresentou uma capacidade antioxidante superior à do extrato 
do fruto, provavelmente devido ao seu teor fenólico mais elevado. Os extratos hidroacetónicos demonstraram as 
concentrações fenólicas mais elevadas e os valores IC50 mais baixos no ensaio DPPH, confirmando uma correlação 
positiva entre o conteúdo fenólico e a atividade antioxidante. No entanto, o método de decocção aquosa foi 
selecionado para os ensaios antiobesidade para refletir a utilização tradicional da planta como chá. In vivo, o 
extrato aquoso da casca do caule reduziu o consumo de ração e o aumento de peso e melhorou os níveis séricos de 
colesterol total, VLDL-c e triglicerídeos em ratos obesos. Estes resultados sugerem que os compostos biologicamente 
activos da Guazuma ulmifolia podem atenuar as perturbações metabólicas associadas à obesidade.

Palavras-chave: antioxidantes, fruta brasileira, dislipidemia, planta medicinal, compostos fenólicos.
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System for the Administration of Genetic Heritage and 
Associated Traditional Knowledge (SisGen).

The collected fruits were sorted to remove any damaged 
or deteriorated samples. Both the fruits and stem bark were 
dried in an air-circulation oven, ground using a Tecnal 
TE-631 mill, and stored in plastic bags under refrigeration 
until the analyses were performed.

2.2. Preparation of extracts for the chemical profile and 
biological assays

The aqueous extracts were prepared using the 
decoction method, in accordance with traditional use 
in Latin America (Gómez-Estrada et al., 2011). For this, 
7 g of fruit or 5 g of stem bark were boiled separately in 
100 mL of distilled water for 10 minutes on a hot plate. 
After cooling, the extracts were centrifuged at 2,500 rpm 
for 10 minutes, and the supernatants were stored in 
amber vials until administration to animals. For chemical 
profiling, antioxidant activity (DPPH assay), and tannin 
quantification, 20 mL aliquots of each extract were freeze-
dried and stored at -20 °C until further analyses.

The hydroethanolic extracts were prepared by mixing 
7 g of fruit or 5 g of stem bark with 100 mL of an ethanol: 
water solution (80:20, v/v) and extracting the mixture 
using an ultrasonic bath for 30 minutes (Pan et al., 2003). 
The ethanol: water solution is widely employed in the 
preparation of herbal medicinal formulations (Brasil, 
2021). Hydroacetonic extracts were similarly prepared, 
substituting the ethanol: water solution with acetone: water 
(3:1, v/v), a solvent known for its efficiency in extracting 
tannins from plant material (Agostini-Costa et al., 2003). 
Both hydroethanolic and hydroacetonic extracts were 
freeze-dried and stored at -20 °C until analyses.

2.3. Chemical profile of aqueous extracts of G. ulmifolia 
fruits and stem bark

Five microliters of the stem bark and fruits aqueous 
extracts (1 mg/mL) were injected into an LC-20AD ultra-fast 
liquid chromatograph (UFLC) (Shimadzu), equipped with 
a diode array detector (DAD) and a micrOTOF-Q III mass 
spectrometer (Bruker Daltonics) featuring an electrospray 
ionization (ESI) source and quadrupole time-of-flight (QTOF) 
analyzers. Chromatographic separation was performed using 
a Kinetex C-18 column (150 mm × 2.2 mm inner diameter, 
2.6 μm particle size), maintained at 40 °C throughout the 
analysis. The mobile phase consisted of deionized water 
(A) and acetonitrile (B), both containing 0.1% formic acid, 
with the following gradient elution profile: 0–2 min, 3% B; 
2–25 min, 3–25% B; 25–40 min, 25–80% B; and 40–43 min, 
80% B, followed by a 5-minute reconditioning of the column. 
The flow rate was set at 0.3 mL/min. Samples were analyzed 
in both positive and negative ionization modes (m/z 
120–1300). Nitrogen gas was employed as the nebulizing 
(4 bar), drying (9 L/min), and collision gas, and the capillary 
voltage was maintained at 4500 V.

2.4. Determination of phenolic compounds and 
antioxidant activity

The phenolic content and antioxidant activity of 
aqueous, hydroethanolic, and hydroacetonic extracts from 

1. Introduction

The use of plants has been practiced by humanity for 
thousands of years, and it is common to use them for 
treatments with fewer adverse effects and at a reduced 
cost among patients suffering from diseases such as obesity 
(Thaipitakwong et al., 2018, Magalhães et al., 2022).

Obesity increases the risk of premature death associated 
with metabolic changes that contribute to the development 
of chronic noncommunicable diseases (NCDs), such as 
diabetes mellitus, high blood pressure and elevated blood 
lipids, including high cholesterol, which directly affect the 
individual’s quality of life. According to the World Health 
Organization, NCDs are one of the most important clinical 
and epidemiological phenomena today (WHO, 2024).

One species that is popularly used in the alternative 
treatment of obesity is Guazuma ulmifolia Lam. 
(Malvaceae), also known as “mutamba” or “chico-magro” 
(Lopes et al., 2012). It is a plant with a wide geographical 
distribution, occurring especially in Cerrado formations 
(Calixto-Júnior et al., 2016) and the botanical parts generally 
used in folk medicine are the stem bark and leaves (Gómez-
Estrada et al., 2011). Ethnopharmacological studies show 
that Guazuma ulmifolia is also used for a wide range of 
symptoms and illnesses, such as diarrhea, cough and 
fever, and gastrointestinal and cardiometabolic disorders 
(Navarro et al., 1996; Tene et al., 2007; Al Muqarrabun 
and Ahmat, 2015).

The aqueous extracts obtained by decoction of the stem 
bark and leaves of Guazuma ulmifolia have proven to be 
efficient antimicrobial, antioxidant, antiprotozoal, and 
cardio-protective agents (Santos et al., 2018). In addition, a 
recent study with aqueous bark extract showed an increase 
in leptin levels in mice fed a high-fat diet, which may 
contribute to satiety (Rodrigues et al., 2024).

The bioactivity of these parts of the plant has been 
correlated with their phytochemical composition, in 
which phenolic compounds, namely proanthocyanidins 
(condensed tannins), glycosylated flavonoids and aglycones, 
have been reported as the main bioactive molecules 
(Hör et al., 1996; Lopes et al., 2009; Magos et al., 2008).

The aim of this study was to determine the chemical 
profile and antioxidant potential of the extracts of the fruit 
and stem bark of the Guazuma ulmifolia species, as well as 
to evaluate the effect of the extracts on animals induced 
to obesity by a high-fat diet, thus providing a scientific 
basis for its popular use in weight loss.

2. Materials and Methods

2.1. Materials

The fruits and stem bark of Guazuma ulmifolia were 
collected in Campo Grande, Mato Grosso do Sul, Brazil 
(coordinates: -20.4557, -54.5783). The ripe fruits were 
collected between August and October 2009, and the 
bark was collected in August 2010. A voucher specimen 
(No. 29217) was deposited in the CGMS Herbarium at the 
Federal University of Mato Grosso do Sul (UFMS). The plant 
was registered under the number A26D547 in the National 
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Guazuma ulmifolia fruits and stem bark were assessed. 
Rosemary (Rosmarinus officinalis) leaf extracts, known for 
their high polyphenol content, were prepared using the 
same method and served as a reference. Total phenolic 
content (TPC) was measured using the Folin-Ciocalteu 
method with gallic acid as a standard. Methanolic solutions 
(0.625–10 mg.mL−1) of each extract were mixed with Folin-
Ciocalteu reagent and sodium carbonate solution, incubated 
at 50 °C for 5 minutes, and analyzed spectrophotometrically 
at 760 nm. TPC was expressed as gallic acid equivalents 
(GAE, mg.g−1 dry extract) using a calibration curve 
(Roesler et al., 2007; Miliauskas et al., 2004).

Antioxidant activity was evaluated using the DPPH 
free radical scavenging method. Sample solutions 
(3.125–200 µg.mL−1) were reacted with DPPH and incubated 
for 30 minutes in the dark. Absorbance was measured at 
517 nm, with ethanol as the control and caffeic acid as 
the positive standard. The percentage of inhibition was 
calculated, and IC50 values (concentration required for 50% 
inhibition) were determined through linear regression. All 
tests were conducted in triplicate (Yamaguchi et al., 1998).

2.5. Diet preparation

The diets were formulated based on the American 
Institute of Nutrition (AIN-93) guidelines (Reeves et al., 
1993) with modifications to create a high-fat diet by 
incorporating lard (19.5%) as a replacement for part of 
the carbohydrate and soybean oil (Arçari  et  al., 2009; 
Pang  et  al., 2008). The centesimal composition of the 
diets was analyzed to ensure their suitability for the study 
(Brasil, 2005).

2.6. The biological assay

The study was approved by the Ethics Committee on 
Animal Use of the Universidade Federal de Mato Grosso do 
Sul (protocol no. 225/2009) and followed the guidelines of 
the Brazilian College for Animal Experimentation.

Forty male Wistar rats (Rattus norvegicus var. albinus), 
weaned with an initial weight of 62.08 ± 21.26 g, were 
acclimatized with a commercial diet and water ad libitum 
for 5 days. The animals were then assigned to four groups 
(n=10 each). During the first phase (10 weeks), one group 

was fed a standard diet (AIN-93G, SD), while the remaining 
groups received a hyperlipidic diet (HD) to induce obesity. 
In the second

phase (8 weeks), the groups were subjected to 
interventions as follows: G1: SD + water;

G2: HD + water; G3: HD + aqueous fruit extract; G4: 
HD + aqueous stem bark extract.

The teas (aqueous extracts), prepared using the 
traditional decoction method

(Gómez-Estrada et al., 2011) outlined in Section 2.2, 
were administered via oral gavage at a dose of 1 mL per 
100 g of body weight three times per week. The dosages 
were determined by freeze-drying 6 mL aliquots of the 
teas administered to the animals, which were weighed, 
followed by the calculation of the mean concentration. 
This process resulted in final concentrations of 47.67 ± 
8.78 mg·mL−1 for the fruit extract and

22.00 ± 8.95 mg·mL−1 for the stem bark extract. Weekly 
weight gain and mean daily

food intake (g/day) were monitored throughout the 
intervention period (Figure 1).

2.7. Serum parameters

The serum parameters total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein (HDL-c), low 
lipoprotein (LDL-c), very-low-density lipoprotein (VLDL-c), 
and glucose were determined after the period of induction 
of obesity and at the end of the experimental period, 
12 h after fasting. Blood was drawn from the retro-orbital 
sinus (Hrapkiewicz et al., 1997) after the animals were 
anesthetized with Zoletil™ 50 (Virbac™), using a dose of 
40 mg/kg, applied intraperitoneally.

At the end of the experiments, the animals were 
euthanized using a lethal dose (120 mg/kg) of Zoletil™ 
50 (Virbac™), and the animals were monitored until cardio-
respiratory arrest occurred.

2.8. Statistical analysis

The mean, standard deviation, and variance for 
descriptive analysis were calculated for all results. The data 
from the experimental design were subjected to analysis 
of variance (ANOVA), followed by Tukey’s test (p ≤ 0.05).

Figure 1. Experimental model design using a high-fat diet.
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3. Results

3.1. Chemical profile by UFLC-DAD-MS of fruit and stem 
bark extracts used for the biological assays of food intake 
and weight gain

The constituent annotation of the stem bark and fruit 
teas (aqueous extracts) was performed based on the UFLC 
retention times of the peaks, accurate mass spectrometry 
(MS) for putative molecular formula determination, 
fragmentation data (MS/MS), ultraviolet (UV) spectra, and 
comparisons with literature data and authentic standards. 
Authentic standards of protocatechuic acid (6), catechin (7), 
and epicatechin (9) (Cordeiro et al., 2016; Costa Junior et al., 
2020) were utilized to interpret the chromatograms and 
high-resolution mass spectra of the secondary metabolites 
present in the extracts. A total of 29 peaks were identified 
in the Guazuma ulmifolia extracts, comprising flavonoids, 
coumarins, and organic acids (Figure 2, Table 1).

Peaks 2-4 did not show absorption in the UV region, 
revealing deprotonated ions at m/z 341.1092, 195.0504, and 
191.0215, which were compatible to molecular formulas 
C12H22O11, C6H12O7, and C6H8O7, respectively (Table 1). Then, 
di-O-hexoside (2), hexonic acid (3), and citric acid (4) were 
putatively identified (Machado et al., 2021). Peak 6 was 
confirmed as being protocatechuic acid by analysis and 
comparison of its RT, UV, and MS data with those obtained 
by coinjection of an authentic sample and by the literature 
data (Costa Junior et al., 2020).

Flavonoids annotated in Guazuma ulmifolia extracts 
were flavanols (λmax 280-283; 7-9 and 11) and a flavonol 
(λmax 271 and 342 nm; 15), as determined by the

compatible UV spectra. The flavonols 7 and 9 were 
confirmed by coinjection of standards, and the data were 
also in accordance with the above-reported literature 
(Costa Junior  et  al., 2020; Cordeiro  et  al., 2016). Peaks 
8 and 11 were tentatively annotated as the di- and trimeric 

forms of procyanidin already reported in previous studies 
with this plant species (Santos et al., 2018; Pereira et al., 
2020). Peak 15 exhibited UV and fragmentation pathway 
characteristics to C-glycosylated flavonoids, showing 
consecutive losses of water molecules and parts of 
glycoside. Thus, C-hexoside was suggested by the losses 
of 120 and 90u, respectively, and aglycone was suggested 
as luteolin (Karar and Kuhnert, 2015).

Peaks 17-20 were tentatively annotated as belonging 
to the lignan class based on their MF and UV spectra 
(Mirowski  et  al., 2022). Coumarins were annotated for 
peaks 10, 12, 14, 21, 22, and 25. Generally, in the mass 
spectrum, coumarins display successive losses of CH3 (15u) 
and CO (28u) groups, which were the characteristic 
product ions for methoxylated coumarins. Scopoletin (12) 
and Scoparone (22), which differ only by the presence of 
a methyl group, and Fraxetin (10), which differs by the 
addition of oxygenation, were easily identified by their 
UV data and characteristic fragmentation (Herz  et  al., 
1970; Goulart et al., 1993). Fraxidin (21) and isofraxidin

(14) isomers were tentatively differentiated by their 
characteristic UV, as reported by Li  et  al. (2011). Peak 
25 was annotated as 6,7,8-trimethoxycoumarin based 
on its characteristic fragmentation (losses of 3xCH3, CO) 
and also on its UV data, which are compatible with the 
literature (Preat et al., 2005) (Figure 2).

3.2. Levels of phenolic compounds and antioxidant activity

The concentrations of phenolic compounds, expressed 
in mg of gallic acid equivalents per gram of dry extract 
(mg GAE.g−1), are summarized in Table 2. In

Guazuma ulmifolia fruit extracts, phenolic content 
ranged from 6.12 to 13.00 mg GAE·g−1, whereas stem bark 
extracts exhibited significantly higher values, ranging from

98.63 to 108.32 mg GAE·g−1. These values were 
comparable to those of Rosmarinus

Figure 2.  Base Peak Chromatogram in positive ionization mode of the aqueous extracts of Guazuma ulmifolia stem bark (purple) and 
fruits (red).
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Table 1. Compounds annotated from stem bark (A) and fruit (B) ethanol extracts of Guazuma ulmifolia by LC-DAD-MS.

Peak
RT  

(min)

UV 

(nm)
MF

Positive  

(m/z)

Negative 

(m/z) Compound A B

[M+H]+ MS/MS [M-H]-

1 1.1 264 C17H16O10 381.0813 261; 203; 189; 171 - NI + +

2 1.1 - C12H22O11 343.1230 265; 236; 205; 203; 183 

169; 156

341.1092 di-O-hexoside + +

3 1.1 - C6H12O7 - - 195.0504 Hexonic acid + +

4 1.6 - C6H8O7 - - 191.0215 Citric acid + +

5 1.6 256; 

290

C18H23O4 303.1576 190; 188; 176 - NI + -

6 4.2 259; 

293

C7H6O4 155.0358 - 153.0199 Protocatechuic acidst + -

7 9.2 282 C15H14O6 291.0829 224; 203; 159 289.0683 Catechinst + +

8 12.2 280 C30H26O12 579.1497 409; 287; 224; 203; 149 577.1360 Procyanidin dimer + +

9 12.5 280 C15H14O6 291.0863 203; 159 289.0698 Epicatechinst + +

10 13.2 220; 

262; 

333

C10H8O5 209.0452 194; 181; 166; 159; 149 207.0302 Fraxetin + -

11 14.7 283 C45H38O18 867.2130 595; 563; 433; 387; 193 - Procyanidin trimer + -

12 15.7 260; 

290; 

343

C10H8O4 193.0499 178; 161; 150 191.0337 Scopoletin + +

13 16.4 214; 305 C22H26O10 451.1639 433; 229; 319; 297; 

233; 158

449.1458 NI + -

14 17.0 230; 

306; 

341

C11H10O5 223.0611 208; 207; 193; 190; 180; 

179; 162; 150

221.0460 Isofraxidin + +

15 18.8 271; 

342

C21H20O11 449.1098 431; 401; 359; 369; 338; 

329; 299; 249; 235; 207

447.1087 C-hexosyl luteolin + -

16 18.9 280 C14H18O5 267.1235 249; 234; 204; 203; 

201187; 180; 175; 170; 

159; 152

- NI + -

17 19.2 278 C22H24O7 401.1571 386; 361; 331; 240; 159 - Lignan - +

18 19.3 276 C22H24O9 433.1496 - 431.1345 Lignan + -

19 19.5 278 C20H18O8 387.1074 - 385.0941 Lignan + -

20 19.8 278 C22H24O7 401.1560 386; 361; 356; 331; 

219; 159

- Lignan - +

21 20.3 240; 

290; 

320

C11H10O5 223.0608 207; 190; 180; 179; 162 221.0450 Fraxidin + -

22 20.8 222; 

292; 

341

C11H10O4 207.0663 191; 163 - Scoparone + -

23 22.2 299 C21H24O9 421.1481 403; 221; 193; 181; 153 419.1339 NI + -

24 23.1 299 C22H26O9 435.1666 356; 233; 181; 167 433.1505 NI + -

25 24.1 219; 

295; 

340

C12H12O5 237.0768 221; 207; 193; 179; 

163 147

- 6,7,8-Trimethoxycoumarin + -

26 24.4 305 C22H24O9 433.1510 415; 233; 201; 191; 181; 

177; 167

431.1352 NI + -

27 26.7 290; 

340

C20H18O8 387.1073 339; 233; 191; 176 385.0938 NI + -

28 27.4 265; 

280sh

C22H29NO8 436.1970 337; 315; 280; 217; 205; 

190; 173; 167

- NI + -

29 27.7 317 C22H24O9 433.1499 226; 208; 193; 191; 181; 

177; 165; 151

431.1345 NI + -

RT: retention time; MF: molecular formula; st: confirmed by authentic standard; + : present, -: absent; A: stem bark extract; B: fruit extract.
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officinalis (rosemary) leaf extract, included as a 
polyphenol-rich reference, with concentrations between 
79.55 and 115.44 mg GAE·g−1. Ultrasound-assisted extraction 
using hydroethanol and hydroacetone solvents was more 
efficient than aqueous decoction, as evidenced by higher 
GAE concentrations in the resulting extracts (Table 2).

The antioxidant activity of the extracts was evaluated 
using the DPPH radical scavenging method, and results 
were expressed as IC50 values (concentration required to 
reduce 50% of DPPH). Lower IC50 values indicate higher 
antioxidant capacity. The IC50

values for Guazuma ulmifolia fruits extracts ranged 
from 17.89 to 28.06 μg·mL−1, while

for the stem bark extracts, they ranged from 
3.97 to 7.45 μg·mL−1 (Table 3). Among extraction methods, 
hydroacetone extracts exhibited the highest antioxidant 
activity. Stem bark extracts showed superior antioxidant 
performance compared to rosemary, with IC50 values 
between 5.24 and 8.13 μg·mL−1.

3.3. Centesimal composition of the prepared diets

The centesimal composition of the diets prepared 
indicated a higher energy content in the high-fat diet 
due to the addition of 195g/kg of lard, with the aiming to 
induce obesity in the animals. The values for the standard 
diet and high-fat diet are described in Table 4.

3.4. Biological assay

3.4.1. Food intake and weight gain

At the end of the 10 weeks for obesity induction, it was 
noted that the body weight of the animals that received 
a high-fat diet differed statistically from the animals 
that received a standard diet (p<0.01), validating the 
diet-induced obesity model. When starting treatments 

with the different extracts, it was observed that among 
the groups that received a high-fat diet throughout the 
study (G2, G3 and G4), the group that received Guazuma 
ulmifolia stem bark extract (G4) obtained less weight 
gain than the other groups. Furthermore, at the end of 
the experimental period, G1 maintained a difference in 
weight gain only in relation to G2 and G3 and presented 
a weight variation close to that of G4, reaffirming that 
the stem bark extract contributed to the lower weight 
gain (Table 5).

Table 2. Contents of total phenolic compounds (expressed in gallic acid equivalents-GAE) of various extracts.

Sample
Total phenolic compounds (mg GAE.g-1DE)

Aqueous extract Ethanol extract Acetone extract

G. ulmifolia fruit 6.12±0.07 8.09±0.18 13.00±0.16

G. ulmifolia bark 98.63±0.97 105.45±0.66 108.32±0.48

R. officinalis Leaves 79.55±0.24 115.44±1.49 96.64±1.56

Values are mean ± standard deviation of assays in triplicate; GAE = gallic acid equivalent; DE = dry extract.

Table 3. Antioxidant activity (expressed in µg.mL-1 of extract) of various extracts capable of causing 50% inhibition (IC50).

Sample
IC50*

Aqueous extration Ethanol extration Acetone extration

G. ulmifolia fruit 22.17±0.08 28.06±0.06 17.89±0.10

G. ulmifolia bark 7.45±0.26 4.34±0.52 3.97±0.53

R. officinalis Leaves 8.13±0.24 5.24±0.46 6.07±0.43

Caffeic acid (standard) n.d. 2.71±0.48 n.d.

*IC50 Values were obtained using the equation (mean ± standard deviation of assays in triplicate). n.d.= not determined.

Table 4. Proximate composition of the standard and high-fat 
experimental diets, expressed in g.100g-1 of full sample.

Determinations
Diet

Standard High-fat

Moisture* 7.93 ± 0.63 6.72 ± 0.33

Fixed mineral residue* 2.50 ± 0.04 2.50 ± 0.07

Lipids* 6.69 ± 0.35 20.58 ± 1.14

Proteins* 18.31 ± 2.38 16.59 ± 0.30

Carbohydrates* 55.92 ± 1.76 49.73 ± 0.32

Fibers* 4.80 ± 0.05 5.52 ± 0.54

Carbohydrates (%) 62.6% 44.15%

Proteins (%) 20.5% 14.7%

Lipids (%) 16.86% 41.1%

Total caloric value 
kcal/100g

357.16 450.54

*Values obtained through the mean ± standard deviation of at least 
three replicates. TCV = Total caloric value, expressed as Kcal/100g of full 
sample (protein = 4 Kcal/g; lipid = 9 Kcal/g; carbohydrate = 4 Kcal/g).
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Regarding feed consumption, there was no statistically 
significant difference between the different groups in the 
first experimental period since the animals in the SD group 
ate an average of 14.68±3.56 g/day, while the animals in the 
HD group ate 14.03±2.64 g/day (data not shown). During 
the second experimental period, the difference in weight 
gain between the groups can be explained by the amount 
of feed ingested (Table 5).

The animals that received the standard diet kept 
their average consumption close to the previous period 
(14.76 g/day per animal or 52.71 kcal/day). In contrast, G4, 
which received an aqueous extract of Guazuma ulmifolia 
stem bark, consumed the least amount of feed compared to 
the other animals given the high-fat diet, with an average 
of 13.96 g/day or 62.90 kcal/day per animal (Table 5).

3.4.2. Serum parameters

At the end of the first experimental period, significant 
differences were observed in the serum parameters of 
total cholesterol, HDL-c, and LDL-c, when comparing the 
group submitted with the standard diet with the groups 
submitted to the hyperlipid diet, as shown in Table 6.

The results obtained at the end of the second period 
are described in Table 7. The serum glucose concentration 
exhibited no significant difference between the groups of 
animals. As for the lipid profile at the end of the study, the 
average total cholesterol concentration of the animals in 
group G4 did not differ statistically from groups G1 and G2. In 
contrast, the G3 group presented a significantly higher value 
(p< 0.05) than groups G1 and G4. With regard to triglyceride 
levels, the lowest value was found for the G4 group, which 
differed statistically (p< 0.01) when compared to the G2 
control group, indicating that the intervention with the 
stem bark extract had a positive effect on the lipid profile 
of the obese animals. Ther was no statistically significant 
difference between the groups for the mean fractions of 
HDL-c and LDL-c, differing only in the levels of VLDL-c.

4. Discussion

In Guazuma ulmifolia fruit extracts, concentrations 
ranged from 6.12 to 13.00 mg GAE·g−1, while stem bark 

extracts exhibited significantly higher levels, ranging from 
98.63 to 108.32 mg GAE·g−1. These values were comparable 
to those of Rosmarinus officinalis (rosemary) leaf extract 
(79.55 to 115.44 mg GAE·g−1), used as a polyphenol-rich 
reference. The antioxidant activity, evaluated using the 
DPPH radical scavenging assay, revealed IC50 values of 
17.89 to 28.06 μg·mL−1 for Guazuma ulmifolia fruit extracts 
and 3.97 to 7.45 μg·mL−1 for stem bark extracts, with 
acetone-based extractions being the most efficient for 
both parts of the plant. Stem bark extracts outperformed 
rosemary in antioxidant capacity (IC50: 5.24 to 8.13 μg·mL−1).

A positive correlation was observed between phenolic 
content and antioxidant activity, as extracts with higher 
phenolic concentrations exhibited lower IC50 values, 
except for the hydroethanolic fruit extract. However, 
this correlation is not absolute, as antioxidant efficacy 
is influenced by other phytochemicals and the chemical 
structure of active compounds, particularly the number 
and position of hydroxyl groups on polyphenol molecules. 
The solvent system also plays a critical role, with genetic, 
environmental, and plant maturation factors further 
affecting phytochemical content (Asolini  et  al., 2006; 
Melo et al., 2008). While ultrasound-assisted extraction 
with organic solvents was more efficient in phenolic 

Table 5. Mean initial and final body weight, weight gain and daily food consumption of the groups given the standard diet (SD) and 
the high-fat diet (HD) during the 2nd experimental period.

Weight (g)
G1 G2 G3 G4

(SD+water) (HD+Water) (HD+fruit) (HD+Bark)

Initial body weight 364.36±17.55a 425.00±30.04b 429.64±30.93b 429.82±29.10b

Final body weight 413.81±43.58a 526.51±47.13b 538.53±56.83b 469.66±42.04a

Weight gain (g) 49.45±37.74a 101.51±22.70b 108.89±30.27b 47.22±16.63a

Weight gain/week 5.45±6.22a 12.82±5.79b 14.65±4.33b 5.39±5.08a

Daily food intake (g) 14.76±2.95ac 16.50±2.59ab 16.98±2.45b 13.96±2.38c

Energy intake (kcal/day) 52.71±10.74a 74.35±11.92b 76.48±11.26b 62.90±10.93c

Values are mean ± standard deviation; Values with different letters in the same row indicate a statistically significant difference at the 5% 
level (p<0.05).

Table 6. Serum parameters of the groups subjected to standard diet (SD) 
and hyperlipid diet (HD) at the end of the 1nd experimental period.

Parameter 
(mg.dL-1)

SD  
(n=9)

HD  
(n=18)

Glucose total 110.11±15.34ª 124.50±22.09ª

Total Cholesterol 66.22±10.08a 45.67±5.48b

Triglycerides 80.00±21.48a 82.61±13.16a

HDL-c 54.67±7.87ª 40.94±5.17b

LDL-c 10.78±2.04ª 7.22±2.26b

VLDL-c 15.56±3.64a 16.16±2.69ª

Glucose total, total cholesterol, fractions and triglycerides (mg/dL) of 
animals (SD - standard diet) and (HD - high-fat diet). Values are mean 
± standard deviation. Values with different letters in the same row 
indicate a statistically significant difference at the 5% level (p < 0.05).
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recovery, the aqueous decoction method was chosen for 
anti-obesity assays due to its alignment with the traditional 
use of the plant, commonly consumed as a tea for this 
purpose (Gómez-Estrada et al., 2011).

With regard to the phytochemical constituents in 
this study, several compounds previously described in 
the literature were found in the extracts of the fruit and 
stem bark of Guazuma ulmifolia, including procyanidin, 
rutin, epicatechin, and gallic acid (Pereira  et  al., 2019) 
(see Table 1). These compounds are mainly recognized 
for their antioxidant activity, reducing oxidative stress 
through direct or indirect action, such as eliminating 
free radicals, chelating metal ions, improving the activity 
of antioxidant enzymes (Patanè et al., 2023), inhibiting 
oxidases (such as xanthine oxidase (XO), cyclooxygenase 
(COX), lipoxygenase, and phosphoinositide 3-kinase (PI3K)), 
and reducing α-tocopherol radicals (Shen et al., 2022).

The strong antioxidant activity of Guazuma ulmifolia stem 
bark may be attributed to polymeric proanthocyanidins, 
consisting of epicatechin and catechin units, as previously 
described in the literature. Beyond their antioxidant 
properties, these compounds, particularly procyanidin 
B2, offer pharmacological benefits, including anti-tumor 
activity, LDL-c oxidation reduction, and hair growth 
promotion, though their detailed mechanisms remain 
to be clarified.

Diseases and symptoms that are correlated with 
obesity, including diabetes (Aouacheri  et  al., 2015), 
inflammation (Biswas, 2016) and cardiovascular diseases 
(Csányi and Miller Junior, 2014), are often associated 
with oxidative stress, which is a condition of imbalance 
between the amount of reactive species and the inefficient 
activity of an organism’s antioxidant protection system 
(Maurya et al., 2016). Therefore, the amount of phenolic 
compounds can directly influence the biological potential 
of natural products used for therapeutic purposes, as 
these compounds have antioxidant properties capable 
of maintaining the balance of oxidation and reduction 
(REDOX) and protecting cells against damage caused by 
excess reactive oxygen species (ROS) (Santos et al., 2018).

In this study, we exposed the rats to a high-fat diet 
for 10 weeks to induce obesity. After this period, the 
results indicated a significant increase in the weight of 
the animals on the high-fat diet (HD) compared to the 

group on the standard diet (SD). The weight gain in the 
group occurred without altering the consumption pattern 
since, in the first period, the animals in the SD group ate 
an average of 14.68 g (± 3.56) of feed per day, while the 
HD group consumed 14.03 g (± 2.64). These results are in 
agreement with Duarte et al. (2006), who found that even 
without altering the pattern of consumption, the high-
lipid diet significantly increased body weight gain in rats, 
promoting obesity, a fact possibly due to the greater energy 
efficiency of the high-lipid diet. In the second period, group 
G4 showed the lowest average weight gain due to lower 
feed consumption than the other high-fat groups, with an 
average of 13.96 g/day, which is statistically comparable 
to G1, who received a standard diet. This dietary

pattern contrasts with that observed pared to those 
given a standard diet and is described in literature (Hariri 
and Thibault, 2010; Uecker et al., 2019).

In relation to the serum lipid profile, there were no 
significant effects of the aqueous extract of the fruit, but 
a decrease in the levels of total cholesterol, triglycerides, 
and VLDL-c was observed in the group that received 
the aqueous extract of the stem bark, with the result 
remaining similar to that for the control group fed a 
standard diet. Eating a high-fat diet leads to changes in 
particle size, numbers, and plasma levels of VLDL-c, LDL-c 
and HDL-c (ALNohair, 2014), resulting in conditions for 
the development of atherosclerosis, which is considered 
one of the main causes of cardiovascular disease as its 
development and progression is linked to abnormal 
lipid metabolism and inflammatory infiltration of the 
arterial wall (Frostegard, 2013). In this sense, Patenè and 
collaborators (2023) indicate that the use of flavonoids, 
such as catechins, increased HDL-c values, and improved 
cardiovascular flow by modulating endothelial nitric oxide 
synthesis (eNOS), which leads to increased nitric oxide 
production. In turn, this improves vascular relaxation by 
reducing LDL-c, cholesterol, and triglyceride values, which 
contribute to the accumulation of plaques in the arteries.

The glycemia of obese animals treated with the aqueous 
extract of the stem bark of Guazuma ulmifolia was lower 
when compared to those given the aqueous extract of 
the fruit of the same plant species, although there was no 
statistical difference. As Guazuma ulmifolia is widely used 
in Mexico to treat DM2, the anti-diabetic mechanisms of 

Table 7. Serum parameters of the groups subjected to standard diet (SD) and hyperlipid diet (HD) at the end of the 2nd experimental period.

Parameter  
(mg.dL-1)

G1 G2 G3 G4

(SD+water) (HD+Water) (HD+fruit) (HD+Bark)

Glucose total 149.90±29.30 149.86±14.05 191.14±61.51 174.50±39.18

Total Cholesterol 71.00±7.39a 81.43±5.50ab 88.43±16.32b 70.00±9.59a

Triglycerides 111.20±54.27a 181.14±69.34b 134.29±39.33ab 79.67±18.67a

HDL-c 58.60±6.50 61.57±5.74 68.86±13.23 59.50±8.02

LDL-c 8.49±3.44 6.24±4.97 8.74±4.96 7.50±1.02

VLDL-c 22.10±10.86a 36.14±13.69b 27.14±7.73ab 16.00±3.69ac

Total cholesterol, fractions and triglycerides (mg/dL) of control animals (G1 - standard diet with water / G2 - high-fat diet with water) and 
experimental group (G3 - high-fat diet with fruit extract / G4 - high-fat diet with bark extract). Values are mean ± standard deviation. Values 
with different letters in the same row indicate a statistically significant difference at the 5% level (p < 0.05).



Braz. J. Biol., 2025, vol. 85, e296969 9/11

Guazuma ulmifolia and the metabolic profile of Wistar rats

the aqueous stem bark extract (EAC) were studied, and 
it was found that it exerts its anti-diabetic properties by 
stimulating the influx of glucose into adipocytes, both 
those responsive and resistant to the effects of insulin, 
without affecting the development of adipose tissue. The 
ability of EAC to induce glucose influx in insulin-resistant 
adipocytes, in addition to its absence of pro-adipogenic or

antiadipogenic effects, suggests that EAC could be likely 
to be beneficial useful in the treatment of DM2 (Alonso-
Castro and Salazar-Olivo, 2008), although our study did 
not find such a benefit, which may be related to the dose 
of the extract or the time of administration.

Flavonoids have a beneficial antidiabetic effect and help 
offset the negative effects caused by insulin resistance 
(Patanè  et  al., 2023). Catechins reduce plasma glucose 
levels by improving the signal transduction pathway 
that promotes glucose transport in cells via the glucose 
transporter-4 (GLUT4) (Snoussi et al., 2014). In particular, 
epigallocatechin-gallate promotes the externalization of 
GLUT4 via the PI3K/AKT pathway (De Los Santos et al., 
2017; Xu  et  al., 2019). In addition, proanthocyanidins 
(PCAs) have been shown to contribute to the regulation 
of glucose homeostasis by inhibiting intestinal glucose 
absorption through a direct action on GLUT 1 and 2, the 
main glucose transporters in enterocytes (Zhong et al., 
2018). Overall, all these actions contribute to improving 
insulin resistance and limiting the risk of hyperglycemia 
related to diabetic disease (Patanè et al., 2023).

5. Conclusions

The chemical study of the extracts of the fruit and stem 
bark of Guazuma ulmifolia revealed a total of 29 compounds, 
including flavonoids, coumarins, and organic acids, with 
recognized antioxidant and anti-inflammatory activity. 
In addition, the results showed high concentrations of 
phenolic compounds in the aqueous extract of the stem 
bark, justifying the greater antioxidant capacity of this 
extract. In our in vivo experimental design with a high-
fat diet, the aqueous extract of the stem bark promoted 
a reduction in food intake as well as lower body weight 
gain in the animals and a partial improvement in serum 
parameters related to obesity, such as better serum levels of 
total cholesterol, VLDL-c, and triglycerides. However, more 
studies are needed to elucidate the mechanisms of action 
of the pharmacological activities evidenced, relating to the 
compounds found from the chemical study, as well as to 
compare them with other experimental models of obesity.
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