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Abstract 

____________________________________________________________________________________________________ 
 
Background: In Mexican traditional medicine, Cecropia obtusifolia is extensively 
used, from central to southeast regions, to treat diabetes and some inflammation-

related disorders, including renal illness and obesity.  
Objective: To evaluate the effect of the hydroalcoholic and methanolic extracts 
standardized in chlorogenic acid, on some metabolic syndrome-related signs 
induced by hypercaloric diet in mice.  
Methods: C57BL/6 mice were administered the hydroalcoholic or the methanolic 
extract for 8 weeks. The data were analyzed with a one-way ANOVA followed by 
Tukey post hoc test. 
Results: Methanolic extract was able to reduce insulin resistance, clotting time, 

adipose tissue content, food consumption, weight gain, and hypertension. It also 
decreased renal inflammation, as assessed by the quantification of TNF-α, IL-6, 
and IL-10. On the other hand, the hydroalcoholic extract, vs negative control, 
decreased IL-6 (-60.4%) and TNF-α (-82.1%) and increased IL-10 (39.1%).    
Conclusion: Overall, the methanolic extract had higher efficacy, since it reduced 
insulin resistance and visceral fat and showed a tendency to reduce clotting time, 
which may be related to improve liver function.  
Keywords: Cecropia obtusifolia, chlorogenic acid, IL-6, IL-10, metabolic 

syndrome, TNF-α. 
 

 

INTRODUCTION 

 

Metabolic syndrome (MS) is a cluster of conditions 

associated to insulin resistance (IR), like obesity, 

glucose intolerance, atherogenic dyslipidemia, and 

arterial hypertension. All the above disorders generates 

a chronic pro-inflammatory environment and increases 

the risk of myocardial infarction, cerebrovascular 

accident, and renal insufficiency1,2, which are among 
the leading causes of death in Mexico3,4. In Mexico, 

based on WHO criteria5, MS has a prevalence of 31%, 

similar to the 36% nationwide obesity rate6. The 

multifactorial origin of MS has been well established 

and is closely related to obesity, sedentary lifestyle, 

and unbalanced diet, in addition to genetic factors2,7.  

In Mexican traditional medicine, the leaves, bark, 

flowers, stems and roots from C. obtusifolia Bertol. 

(Cecropiaceae) have been used to treat a variety of 

disorders, some of which are related to inflammation, 

such as type 2 diabetes mellitus (DM2) and for weight 

loss8-10. Pharmacological studies of the species have 

reported hypotensive activity in rats11(50 mg kg-1 i.v.), 

vasorelaxation12, and inhibition of type AT1 Angio-

tensin II receptors and endothelin ETA receptors 

(ET1)
13. The antihyperglycemic effect in animals was 

proved after alloxan/streptozotocin induced diabetes14-

16. It has also been shown to have anti-inflammatory 

effects when used topically and systemically17 and a 

diuretic effect, without increasing electrolyte excretion 

and weight reduction18. It has been proposed that 

phenolic compounds such as chlorogenic acid (CAc) 

and iso-orientin are responsible for this biological 

activity19, although additional compounds may improve 

or strengthen the individual activity of these or other 
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compounds. Indeed, Andrade-Cetto and Wiedenfeld19 

found stigmasterol and β-sitosterol in the butanolic 

fraction, which had the strongest hypoglycemic effect. 

Furthermore, β-sitosterol showed, among other 

activities, significant anti-hyperglycemic, anti-
hypercholesterolemic and antioxidant capacities in 

obesity and DM2 under different experimental 

approaches20. CAc has antioxidant and hypolipidemic 

activity and is a specific inhibitor of glucose-6-

phosphate translocase in hepatic microsomes in rats21, 

which explains the decrease in hepatic gluconeogenesis 

and glycogenolysis8. Iso-orientin has similar 

antioxidant and hypolipemic effects22. 

Clinical studies with aqueous (Aq) extracts of C. 

obtusifolia have shown a hypoglycemic effect in 

patients with DM223,24. In addition, a hypolipemic 

effect was reported, with a 14.6% decrease in total 
cholesterol and a 42% reduction in plasma free fatty 

acids23. Using 3T3-F442A preadipocytes of murine 

origin, it was found that an Aq extract of C. obtusifolia 

and CAc stimulated the entrance of glucose into 

insulin-sensitive and insulin-resistant cells without 

significantly promoting adipogenesis25. Regarding 

toxicity evaluations of the species: In 2001 Pérez-

Guerrero et al.,17 reported a LD50=1.4±0.70 mg kg-1 of 

an Aq extract administered i.p. in a rodent model. 

Further, the single administration of 3 mg kg-1 p.o. in 

mice did not cause any visible symptom of 
intoxication, behavior modification or histologic 

changes in kidney nor leaver26. In the afore mentioned 

clinical study of Herrera-Arellano et al.,23 there was no 

evidence of toxic effects on kidney or liver, also 

Martínez et al.,27 reported no cytotoxic or genotoxic 

outcome in the lymphocytes of patients diagnosed with 

DM2 and treated for a period of 32-85 days with 13.5 g 

day-1 of the Aq extract of C. obtusifolia, equivalent to 

an extract dose of 192 mg kg-1 in subjects with an 

average weight of 70 kg.  

The objective of this work was the evaluation of two 

different extracts from Cecropia obtusifolia, 
standardized on CAc, in a murine model of MS 

induced by feeding with hypercaloric diet (HF). Major 

variables associated with MS were assessed, including 

insulin resistance, visceral adipose tissue content, 

plasmatic cholesterol and triglyceride concentrations, 

and some markers of vascular alterations such as 

systolic and diastolic blood pressure (BP); clotting time 

(CT) and kidney vascular damage through the 

quantification of pro-inflammatory cytokines. The 

current investigation about C. obtusifolia evaluates in 

an animal model of MS the systemic pro-inflammatory 
stress developed with an hypercaloric diet which 

allows to quantify metabolic items related to vascular 

function one of the most concerning alteration in the 

MS .  

 

MATERIALS AND METHODS 

 

Losartan® (Sigma-Aldrich Corporate, St. Louis, MO, 

USA). Pentobarbital (Pisa Agropecuaria, Atitalaquia, 

Hgo., Mexico). Human Insulin (Pisa, Guadalajara, 

Jalisco, México). 

Leaves of C. obtusifolia were collected at 

Tuxpanguillo, Ixtaczoquitlán municipality, Veracruz de 

Ignacio de la Llave, Mexico, located at 97°00’44’’ east 

longitude and 18°46’52’’ north latitude (September, 

2018). Vegetal material was identified by Prof. Abigail 
Aguilar, Director of the IMSSM Herbarium, where 

voucher specimen, with accession number 13601, was 

deposited for reference. Six kg of the collected plant 

material was dried under controlled light and 

temperature conditions, then ground and divided into 

two equal lots. The first one (CoM) was exhaustively 

macerated with methanol (MeOH, Merck) for 24 hours 

(3 times). The second portion (CoHA) was extracted 

for 3 hours with a solution of MeOH: H2O (6:4) at 

60°C. Vegetal material was filtered and vacuum-

concentrated in a Heidolph rotary evaporator (Hei-

VAP Value “The Collegiate”) at 55°C for later 
lyophilization (Heto Drywinner DW3). 

HPLC analysis of chlorogenic acid content 

After characterization with by TLC in both extracts an 

authentic sample, CAc was analyzed and quantified as 

reported in the literature, using a Waters 2695 

Separation Module System conected to a Waters 996 

PDA detector and Empower Pro software (Waters 

Corporation, USA). The method was developed in a 

Supelcosil LC-F column (4.6mm×250mm i.d., 5-μm 

particle size) (Sigma-Aldrich, Bellefonte, PA, USA). 

The mobile phase consisted of solvent A (0.5% 
trifluoroacetic acid aqueous solution) and B 

(acetonitrile) using a gradient elution of: 0-1 min, 

100% A; 2-3 min, 95% A; 4-20 min, 70% A; 21–23 

min, 50% A; 24-25 min, 20% A; 26-27 0% A and 28-

30 min, 100% A. The flow rate was maintained at 0.9 

mL/min and a sample injection volume of 10 μL. 

Absorbance was set at 325 nm28. The retention time of 

CAc in the extracts was compared with sample 

standard (C3878 Sigma Chemical), and the amount 

was estimated by interpolation of peak areas. 

Correlation with a calibration curve constructed with 

6.25, 12.5, 25, 50, 100 and 200 µg/mL of pure CAc 
(R2=0.996). The results are expressed as mg/g of dry 

extract.  

Animal model of MS and treatments 

All procedures were conducted in accordance with 

Official Mexican Norm entitled Technical 

specifications for the production, care and use of 

laboratory animals (NOM-062-ZOO-1999), and The 

international ethical guidelines for the care and use of 

laboratory animals. This research study was approved 

by the ethical committee of the IMSS (Mexican Social 

Security Institute) (R-2011-1701-64). The minimum 
number of animals and minimum duration of 

observation required to obtain consistent data were 

employed. Male C57BL/6 mice weighing between 17–

19 g (ENVIGO RMS Co., Mexico City), were fed a 

hypercaloric diet (HF) containing 24% saturated fat, 

24% soluble protein, and 41% complex carbohydrates, 

of which 22% was fructose. This treatment lasted for 8 

weeks; from the ninth week on, in addition to the HF, 

the different treatments were administered for an 

additional 8-week period. Control groups were fed with 

the standard diet (StD) containing 18% crude protein, 
5% crude fat, and 5% crude fiber (2018S Harland 
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Tekland) through 16 weeks. The selected experimental 

dose of the extracts of C. obtusifolia was on the base of 

a previous report about the hypoglycemic effect of an 

aqueous extract of the species at 90 and 150 mg kg-1 in 

Wistar rats19. All animals were randomly assigned to 
treatment groups, housed eight per cage, and 

maintained under regular laboratory conditions with 

free access to food and water. The treatments were as 

follows: G0) Fed with StD; G1) fed HF; G2) positive 

control group, received the HF+Losartan® (Los) (10 mg 

kg-1/day v.o.); G3) HF+C. obtusifolia hydro-alcoholic 

extract (CoHA) (100 mg kg-1), and G4) HF + C. 

obtusifolia methanolic extract (CoM) (100 mg kg-1). 

The content of CAc in both C. obtusifolia products was 

quantified.  

Evaluation of metabolic and vascular alterations 

associated with MS 
Body weight and food consumption were recorded 

weekly. Insulin resistance (IR) was recorded at week 

15, measured as the area under the curve (AUC) of 

plasma glucose concentration with the administration 

of a dose of insulin (0.5 UI kg-1, Human Insulin Rapid-

Regular). During week 16, BP measurements were 

recorded under surgical anesthesia (sodium pentobar-

bital 50 mg kg-1, i.p.) using a non-invasive BP detector, 

LETICA (LE 5002 Biopac-Panlab). One day before the 

BP measurement, bleeding time was obtained as 

follows: The tail of the mouse was warmed in water at 
37°C for one min., and then a cut was made with a tail-

guillotine 4 mm from the tip of the tail. Bleeding time 

started when the first drop touched a Whatman paper 

and was checked at 10 s intervals until bleeding 

stopped. After 16 weeks of treatment, the mice were 

placed under surgical anesthesia and blood samples 

(500 µL) were obtained through cardiac puncture to 

obtain serum. The left kidney was preserved in 0.01 

mM of phenyl methyl sulfonyl fluoride (PMSF) in 

phosphate-buffered saline (PBS) solution and frozen at 

-20°C until use for the quantification of cytokines 

using the enzyme-linked immunosorbent assay 
(ELISA) method. 

Serum Triglycerides determination 

Triglycerides were quantified from the blood samples 

obtained from each individual using a commercial kit 

for the enzymatic determination of triglycerides (TG 

Color GPO/PAP AA from Wiener lab.), following the 

manufacturer’s instructions. The positive standard was 

a 2.26 mmol/L glycerol solution (equivalent to 2 g/L 

triolein). The samples were read in an ELISA 

microplate reader (Stat Fax-2100), at λ=492 nm.  

Serum cholesterol determination 

Cholesterol was quantified for each specimen using a 

commercial kit for the enzymatic determination of 

cholesterol (Colestat Enzimático AA from Wiener 

lab.), following the manufacturer’s instructions. The 

positive standard consisted of a 2gL-1 cholesterol 

solution. The assays were done in a 96-well microplate, 

and the sample absorbances were recorded on an 

ELISA microplate reader (Stat Fax-2100), at λ=492 

nm. 

Determination by ELISA of cytokines IL-6, IL-10 

and TNF-α 
Cytokine concentrations were determined by the 

ELISA method using a commercial kit (BD OptEIATM 

kit, USA). All samples were washed with a solution of 

PBS with Tween 20 at 0.05% following the 

manufacturer’s instructions. The antibodies were 

incubated at 4°C overnight and thoroughly washed. 

Later, the samples were incubated again in PBS plus 

fetal bovine serum (FBS) at room temperature for one 

hour, finally washed. Calibration curves were 

constructed with standard solutions at concentrations of 

15.6, 31.2, 62.5, 125, 250, 500 and 1000 pg/mL in the 
case of IL-6 and TNF-α and at 31.2, 62.5, 125, 250, 

500, 1000 and 2000 pg/mL for IL-10. Fifty µL of the 

samples were used for IL-10 and TNF-α quantification 

and 75 µL for IL-6.The samples were incubated for one 

hour, after, 40 µL of detection antibody plus 40 µL of 

quantification enzyme for IL-6 and IL-10; in the case 

of TNF-α, this was 20 µL and 40 µL of the 

quantification enzyme. The samples were washed and 

finally incubated in the dark for 30 min, with 200 µL of 

O- phenylenediamine (OPD); the reaction was stopped 

by adding hydrofluoric acid. The plate was read on an 

ELISA reader (Stat fax-2100) at 37°C.  

Statistical analyses  

The data were analyzed with a one-way ANOVA 

followed by Tukey post hoc test, with a significance 

level of  *p< 0.05. The statistical software SPSS (11.0) 

was used for the analysis. 

 

 
Figure 1: a. HPLC chromatogram, b. the UV light spectrum of chlorogenic acid standard; c. and d. HPLC 

chromatogram of CoHA=hydroalcoholic extract and CoM=methanolic extract, respectively. 
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RESULTS 

 

High performance liquid chromatography (HPLC) 

analysis  

The yield of CoM, and CoHA from dry leaf extracts 
were 5.3%, and 6.6%, respectively.  Analysis by HPLC 

of the CoM and CoHA extracts (Figure 1) allowed the 

identification of a majority compound in both extracts 

that presented a retention time of 8.63 min, nearly 

identical to the CAc standard’s retention time of 8.64 

min. In the UV light spectrum, the CAc showed the 

two bands (λ1=244 and λ2=328 nm) previously reported 

for this compound (Belay and Gholap, 2009). 

Interpolating the calibration curve of the peak areas, 

the CAc concentration was 16.27 mg/g in CoHA and 

8.65 mg/g in CoM. 

Insulin resistance 
Figure 2 shows the results of the area under the curve 

(AUC) of plasma glucose concentration after the 

administration of a dose of insulin (0.8 UI/kg) in all 

treatment groups. Group HF had the highest AUC 

(2952.2±704.7 mg/dL·min), which was statistically 

different from StD basal group (AUC=1799±192.3 

mg/dL·min). Treatment with HF+Los, led to a decrease 

in AUC (1855.7±553.0 mg/dL·min), which was not 

significantly different from the negative control group 

(HF) or the StD group. The two experimental 

treatments with C. obtusifolia differed in their IR out-
comes; CoHA had no effect (AUC 2649.5±248.7 

mg/dL·min), while CoM led to a significant reduction 

(*p<0.05), with an AUC value of 1780.3±429.6 

mg/dL·min. Body density 

The StD group exhibited a density of ρ=1.27±0.05 

g/mL, which not significantly different (p>0.05) from 

the other treatment groups (HF: 1.21±0.11; Los: 

1.25±0.09; CoHA: 1.21±0.16; CoM: 1.20±0.12 g/mL). 

Clotting time  

Figure 3 shows the results of the test of CT between the 

HF and StD groups (104.75±58.0 s and 42.2±2.9 s, 

respectively), which differed significantly from each 
other (p<0.05). The Los (63.7±17.57 s) and CoM 

(55.5±9.33 s) groups had a tendency to decrease in CT 

compared to the HF group, though this trend did not 

reach statistical significance (p>0.05). CoHA (92.77± 

29.79 s) did not induce a difference in this variable 

compared to the HF group. The three treatment groups 

differed significantly from the StD group (p<0.05). 

Food consumption 

Figure 4 shows the results for food consumption, in 

g/100 g of mouse body mass. The StD group had a 

consumption of 29.3±2.00 g, which was significantly 

lower than that of the HF group (*p<0.05), which 

consumed 68% more food than the StD group.  

 

                          
Figure 2: Area under the curve (AUC) of glucose in 

response to the administration of 0.8 UI/Kg of 

insulin in mice with MS induced by hypercaloric 

diet. 
 

The Los group consumed 9% more food than the StD 

group and was significantly different from the HF 

group (p<0.05). In the groups treated with C. 

obtusifolia, CoHA consumed 28% and CoM 20.6% 

more food than the StD group. Only CoM differed 

significantly from the HF group (p<0.05).  

Adipose tissue content 

Figure 5 shows the outcome of the relative amount of 

perigonadal and mesenteric adipose tissue. The basal 

group, StD, had a relative ratio of visceral adipose 

tissue of 1.75±0.34%. 
 

         
Figure 3: Clotting time in mice with                        Figure 4: Food consumption in mice 

MS induced by hypercaloric diet.                         with MS induced by hypercaloric diet. 

 

The HF group had a value of 3.15±0.39%, which was 

significantly higher than the StD group (p<0.05). The 

Los treatment group had a relative adipose tissue 

percentage of 1.84±0.32%, while CoM had a value of 

1.95±0.33%, both of which were significantly lower 

than the HF group. Meanwhile, CoHA had an adipose 

accumulation of 3.75±0.46%, which was significantly 

higher than StD (p<0.05) and did not differ 

significantly from HF.  
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Figure 5: Relative amount of adipose tissue                     Figure 6: Growth rates in mice with 

in mice with MS induced by hypercaloric diet.                   MS induced by hypercaloric diet. 

 

Growth rate 

Figure 6 shows that animals receiving only StD 

presented a growth rate of 0.0095±0.0016 day-1, which 
was significantly lower than those that received HF, 

which had a value of 0.0244±0.005 day-1. Thus, the 

rate in HF was 155% higher than in healthy animals, 

and the two groups differed significantly (p<0.05). 

Treatment with Los at 10 mg kg-1 (0.019±0.001 day-1) 

or with CoHA at 100 mg kg-1 (0.015±0.002 day-1) 

caused a numerical decrease in growth rate, but this 
value was not significantly different from the HF group 

(p>0.05). The CoHA group (100 mg kg-1) did induce a 

significant decrease in growth rate with respect to the 

HF group (p<0.05) with a value of 0.011±0.003 day-1. 

 

            
Figure 7: Systolic blood pressure in mice                 Figure 8:  Diastolic blood pressure in mice 

with MS induced by hypercaloric diet.                     with MS induced by hypercaloric diet. 
 

Systolic blood pressure  

Figure 7 shows the behavior of the systolic blood 

pressure (SBP). During the last week of treatments, 

animals that received only StD had a SBP of 103.4±7.9 

mmHg; this was significantly lower than the HF group, 

which had an average SBP of 171.9±11.5 mmHg 

(p<0.05). Treatment with Los at 10 mg kg-1 (SBP= 

120.0±10.3 mmHg), CoHA (SBP=137.8±13.0 mmHg) 

and CoM (SBP=126.0±11.1 mmHg) all significantly 

decreased SBP relative to the HF group (p<0.05).  

                    
             Figure 9: Plasma triglyceride concentration        Figure 10: Plasma concentration of IL-6 in renal tissue 

           in mice with MS induced by hypercaloric diet.               of mice with MS induced by hypercaloric diet. 

 

Diastolic blood pressure 

With respect to diastolic blood pressure (DBP), Figure 

8 shows that the basal group with the StD diet had a 

DBP of 75.7±4.8 mmHg. This was significantly lower 

than the HF group, with an average DBP of 114.7±7.9 

mmHg (p<0.05). Individuals treated with Los 
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(DBP=78.7±7.14 mmHg) or with CoM (DBP=83.6 

±13.5 mmgH) showed significantly decreased DBP 

compared to HF, to the point that they were statistically 

similar to the StD group (p<0.05). The administration 

of CoHA tended to decrease DBP, but this trend was 
not statistically significant compared to the HF group 

(p>0.05). 

 

 

Triglycerides and cholesterol 

Average plasma concentration of triglycerides in the 

healthy group (StD) and HF were 1.06 and 1.50 g/L 

(p<0.05) respectively, (Figure 9). The groups that 

received Los, CoHA and CoM showed a decrease in 
triglyceride concentration but did not differ signify-

cantly from the HF group (p>0.05). Regarding total 

cholesterol concentrations, there were no significant 

differences between groups (p>0.05), data not shown. 

 

                  
Figure 11: Plasma concentration of TNF-α in renal         Figure 12: Plasma concentration of IL-10 in renal 

  tissue of mice with MS induced by hypercaloric diet.       tissue of mice with MS induced by hypercaloric diet. 

 

Renal Inflammation  

Figure 10 shows the concentration of IL-6 in kidney 

homogenate; in the healthy group, StD, the mean value 

was 1032.02±12.0 pg/mg of protein, which was 
significantly lower than in HF mice (6243.43±71.3 

pg/mg of protein; p<0.05). Treatment with Los (10 

mg/kg), CoHA (100 mg/kg), or CoM (100 mg/kg), 

caused a decrease in this inflammation variable with 

values of 4056.6±93.3, 2553±75.9, and 4524.9±64.4 

pg/mg of protein, respectively. Each of these groups 

differed significantly from both the StD and HF groups 

(p<0.05). Figure 11 shows renal tissue concentration of 

TNF-α. Mice in the HF group presented a significant 

elevation in this cytokine (7467.8±1325.1 pg/mg of 

protein) relative to the StD group (1588.9±367.4 pg/mg 
of protein; p<0.05). The Los, CoHA, and CoM 

treatments induced a decrease in the concentration of 

this pro-inflammatory molecule, with 943.2±388.7, 

1340.0±251.8 and 1518.8±357.7 pg/mg of protein, 

respectively. All were statistically different from the 

HF group (p<0.05). Figure 12 shows the renal tissue 

concentration of IL-10, where the StD group had a 

concentration of 7757.4±1600 pg/mg of protein, while 

in the HF group the level of IL-10 reached was 

12174.6±1781.0 pg/mg of protein. The Los and CoM 

groups had values of 12763.5±9435 and 13188.6± 

1543.2 pg/mg of protein, respectively, which did not 
differ significantly from the HF group. The CoHA 

group had a significantly higher concentration of IL-10 

than the HF group (17033.5±1933.6, p<0.05). 

 

DISCUSSION 

 

In the present work the effect of two extracts of C. 

obtusifolia, both standardized in CAc, were evaluated 

using a model of MS induced with a hypercaloric diet 

in mice. The study is based on the medicinal uses of 

the plant, which include obesity, hypertension, 

diabetes, hepatic illness and edema8, conditions that are 

strongly associated with obesity and MS. One link 

among these conditions is the installation of a 
persistent pro-inflammatory response, resulting in 

systemic degenerative damage. 

The pharmacological studies described so far indicate 

that the high-polarity extracts of C. obtusifolia possess 

anti-inflammatory, antihypertensive and antidiabetic 

activity in pre-clinical trials. Intravenous administra-

tion of the Aq extract of the leaves of this plant 

produced an antihypertensive effect in spontan-eously 

hypertensive rats29. Later, Pérez-Guerrero et al.,17  

reported that oral administration of the aqueous extract 

of leaves of the plant at doses of 125, 250 and 500 mg 
kg-1 decreased plantar edema induced by carrageenan 

in rats, and that topical administration inhibited 

auricular edema induced with 12-O-Tetradecanoyl-

phorbol-13-acetate (TPA). The hypoglycemic effect of 

the Aq extract in mice with streptozotocin induced 

diabetes was also recently published31.  

The present work evaluates the effect of two extracts of 

high and medium polarity from the leaves of C. 

obtusifolia, CoM and CoHA, which were standardized 

in their CAc content. Some of the effects of this 

medicinal species have been attributed to CAc, 

together with isoorientin. In this study, the 
administration of a hypercaloric diet (HF group) led to 

an increase in IR, in the percentage of adipose tissue, in 

the growth rate (obesity), in systolic and diastolic BP, 

in CT and in triglycerides; all of these alterations were 

counteracted by the administration of CoM at 100 mg 

kg-1, which is equivalent to a dose of 865 µg kg-1 of 

CAc. Meanwhile, CoHA (100 mg kg-1), with a higher 

CAc dose equivalence (1627 µg kg-1), was not able to 

reduce these variables, all associated with metabolic 

syndrome and endothelial dysfunction.  
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The HF-induced metabolic syndrome was accompanied 

by an increase in the renal concentration of the 

cytokines IL-6 and TNF-α. The administration of CoM 

extract causes a decrease in renal levels of these pro-

inflammatory mediators (-18.7% and -72.7% respecti-
vely). CoM was also able to decrease the insulin 

resistance curve, visceral fat and growth rate relative to 

the HF group. This is consistent with the medicinal use 

of the plant, in which its usefulness to reduce weight is 

mentioned8. The decrease in IR favors the adequate 

capture of glucose by sensitive or IR adipocytes and 

pre-adipocytes (3T3), as reported with an Aq extract of 

C. obtusifolia and with CAc directly25. On the other 

hand, this could be related to the inhibition of 

glucosidase activity. Other studies have reported that 

this inhibition is one of the ways already used to 

control IR and thus, DM2, since their inhibition 
reduces the decomposition of complex carbohydrates 

into absorbable monosaccharides, which reduces 

postprandial glucose and the “need” for insulin within 

the cell32. The positive effect on IR could also be 

related to the decrease in the activity of glucose-6-P 

translocase and gluconeogenesis, as has been observed 

with both the Aq and butanolic extracts of C. peltata 

and C. obtusifolia32. The CoM extract reduced CT, 

which is likely related to better liver function. Liver 

damage due to poor diet, in addition to other factors, 

could cause damage to the liver tissue such as hepatic 
fibrosis and hepatomegaly with or without ascites. This 

liver dysfunction is the cause of the main clotting 

disorders, due mainly to a deficiency in protein C and 

clotting factors V and VII, which are directly related to 

the production of prothrombin. In a healthy liver, the 

clotting cascade functions properly and CT is low33. 

Upon administration of the Aq extract of C. obtusifolia 

for 30 days in mice with streptozotozin, glycogen 

storage and glycogen synthase levels increased, 

without changes in gluconeogenesis, which is 

associated with the hypoglycemic and hepatoprotective 

effects of the plant by reducing collagen fibers, 
reducing inflammation, and increasing the levels of IL-

10 and adiponectin and decreasing IL-6 and TNF-α30.  

In the present work, CoHA and CoM extracts had 

similar effects on the renal concentration of these 

cytokines. Obesity is associated with chronic 

inflammation and is also a risk factor for disorders 

including chronic kidney disease, diabetes, and 

cardiovascular events. Inflammation, and hence the 

molecules that regulate this process, can cause kidney 

damage to worsen. Thus, an increase in the release of 

IL-10 as a regulator of inflammation or the decrease in 
the pro-inflammatory cytokines such as IL-6 and TNF-

α induced by some treatments can significantly 

improve the condition of this organ and of the 

organism in general.  

IL-10 is one of the main modulatory cytokines of the 

inflammatory response produced by M2 macrophages 

and T-regulatory cells, and its administration results in 

the suppression of inflammation and improvement of 

kidney damage in obese animals and those with 

diabetes34,35. Increased IL-10 concentration can 

counteract increased TNF-α concentration36. The 
CoHA and CoM extracts showed a decrease in the 

concentration of TNF-α (-82.1% and -72.7% respecti-

vely). This cytokine is released by the immune system 

and contributes to inflammatory processes. It is 

generated by macrophages in adipose tissue at elevated 

levels in MS. It is also one of the mediators of IR, since 
it deactivates insulin receptors and reduces adiponectin 

concentration. Additionally, the concentrations of IL-6 

were lower in both extract treatment groups in 

comparison with animals fed with HF that received no 

treatment. This molecule is another cytokine that is 

implicated in the inflammatory process and is produced 

by visceral adipose cells that in high levels in plasma is 

positively associated with obesity and IR. High IL-6 

concentrations are predictive of the development of 

DM2 and future coronary events, since it increases the 

expression of adhesion molecules in the endothelium 

and vascular smooth muscle cells. Therefore, IL-6 
levels and the expression of its IL-6R receptor have 

been positively correlated with an increase in body 

mass index and adiposity, suggesting that obesity is a 

positive modulator of IL-6 in adipose tissue37. TNF-α 

and IL-6 have been shown to mediate inflammation in 

several models of kidney damage, such as 

glomerulonephritis, acute renal failure, and damage to 

the interstitial tubule38. The elevation in IL-6 and TNF-

α11 levels in kidney homogenate following the 

administration of hypercaloric diet in this study were 

counteracted by CoM extract (though the trend of 
increased IL-10 did not reach statistical significance), 

thus it consistently improved all of the parameters that 

were recorded in association with the HF diet. While 

CoHA positively counteracts associated inflammation, 

it is even the only treatment that significantly elevates 

IL-10, (however, that activity apparently had no 

influence on the other parameters measured.  

A probable explanation for the differences observed 

between the two C. obtusifolia extract treatments is the 

difference in the CAc content of each standardized 

product, together with the presence of other unknown 

compounds. CAc has various positive biological effects 
on the damage variables associated with hypercaloric 

diet. For example, in 2019 was published that in rats 

fed a diet high in fat and carbohydrates supplemented 

with approximately 100 mg kg-1/day of CAc for eight 

weeks, showed a reduction in visceral fat and both 

diastolic and systolic blood pressure, counteracting 

inflammation and liver fat deposition, although it did 

not modify the lipid profile39. In addition, Fortis-

Barrera et al.,30 found that an Aq extract of C. 

obtusifolia containing 0.0052 mg/g of CAc improved 

lipid metabolism in an animal model of DM. As 
mentioned above, the concentration of CAc in CoHA 

extract is almost twice that of the CoM extract, which 

could indicate that a lower dose of CAc may be even 

better. However, it should also be taken into account 

that the evaluated extracts of C. obtusifolia contained 

other metabolites in addition to CAc that may 

participate in their actions. 

Limitations of the study 

The selection of a unique dose and integrate extracts. 

This dose was established between the rates regularly 

reported in scientific literature (50-250 mg kg-1) and 
based in the expertise of the research group. In ongoing 
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research a flavonoid enriched extract and a dose 

response curve will be constructed, plus a seasonal and 

ecological research about metabolite variation in the 

species. 

 

CONCLUSIONS 

 

The methanolic extract (CoM) of C. obtusifolia leaves 

had high efficacy; it reduced IR (a triggering factor for 

diabetes) and had a tendency to reduce CT, which may 

be related to better liver function. It also reduced 

visceral fat and increased the presence of the anti-

inflammatory IL-10, while decreasing IL-6 and TNF-α 

levels. The CoHA extract content of CAc was higher 

than that of CoM, and notably decreased the renal 

levels of the quantified pro-inflammatory cytokines, 

without modifying other variables in mice fed with HF.  
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