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Abstract: Passiflora cincinnata Mast is a plant popularly used in traditional medicine 
in northeastern Brazil. The present study aimed to evaluate the anti-lipoperoxidative and 
anti-α-amylase properties, and cytotoxicity of an extract and fraction of passion fruit 
leaves (P. cincinnata Mast), as well as the antihyperglecemiant activity of the fraction 
rich in glycosylated flavonoids and showing low cytotoxicity in rats with a postprandial 
hyperglycaemia condition. The ethyl acetate fraction (F.ACT) of the P. cincinnata 
leaves presented the best anti-lipoperoxide properties with TBARs 81.49%, 95.48% and 
75.62% lower than AAPH, FeSO4 and H2O2 induced controls, respectively, at 200 
μg.mL-1. In addition, it presented an anti-α-amylase potential, with a better ability to 
inhibit the α-amylase enzyme in comparison to the acarbose control (IC50 6.49 ± 0.11 
and 12.01 ± 0.4 μg.mL-1, respectively). The hydroalcoholic extract of P. cincinnata 
(ExEt) presented high content of total tannins, flavonoids and flavonols. However, 
F.ACT had the highest concentration of flavonoids among the fractions studied. HPLC 
analysis of this fraction revealed the presence of the flavonoids isovitexin, orientin and 
isoorientin. F.ACT showed low to no cytotoxicity below 150 μg.mL-1. Regarding the 
post-prandial antihyperglycaemic activity of F.ACT, it was observed at 50 and 100 
mg.kg-1.  

Keywords: Passiflora cincinnata Mast; redox activity; cell cytotoxicity; α-amylase 
inhibition; antihyperglycaemic 

1. Introduction 

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by a high 

concentration of glucose in the blood (hyperglycemia) due to insulin deficiency and or 
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resistance to it. Recurrent hyperglycemia can cause various damages to the body in the 

long term, particularly to the eyes, kidneys, nerves, heart and blood vessels [1]. It is 

estimated that there are over 250 million people worldwide with diabetes and that every 

5 seconds a new case [2] emerges. As a result, [3] reported that the greatest challenge of 

Nutrition Science is to contain the rapid advance of morbidity and mortality from 

chronic noncommunicable diseases (NCDs) such as diabetes. It should be noted that 

epidemiological data show that it, along with hypertension, diabetes is the disease that 

kills most in Brazil [3]. 

The use of medicinal plants for the treatment, cure and prevention of pathologies is 

a habit that has accompanied humanity since its beginnings. According to estimates by 

the World Health Organization (WHO), 80% of the population in developing countries 

use medicinal plants for basic health care and 85% of traditional medicine involves the 

use of plant extracts [4]. [1] argue that medicinal plants are particularly interesting 

because they can not only be used as complementary and alternative remedies to 

prevent metabolic diseases, but are also a source of compounds with the potential to 

originate new antidiabetic drugs. They are capable of controlling glucose homeostasis in 

Diabetic subjects, meaning a lot for the patient's health. 

Species of the genus Passiflora (passion fruit) are strongly used in folk medicine, 

mainly because of their recognized sedative and anxiolytic properties [5, 6, 7, 8, 9]. 

However, other properties are also attributed to passion fruit, whereas P. mollissiva is 

reported with a hypoglycemic effect [10], P. alata, P. edulis and P. encarnata are 

reported to have anti-inflammatory, anti-inflammatory, anti-spasmodic, antimicrobial, 

antidiabetic, antioxidant and hypotensive effects [11, 10, 12, 13]. Passiflora cincinnata 

Mast is a native species of semi-arid regions, widely used in folk medicine, mainly in 

northeastern Brazil, in the states of Alagoas, Bahia, Pernambuco and Sergipe, which is 

popularly known as maracujá-do-mato [14]. Its leaves are commonly used for their 

soothing, hypotensive, hypoglycemic and anti-inflammatory activities [15]. However, 

its phytochemical, pharmacological and toxicity characteristics are not well established. 

[16], when quantifying the content of some phenolic compounds in the pulp of P. 

cincinnata, found a moderate content of β-carotene and traces of anthocyanins. 

Whereas, [15] observed the presence of flabenamic tannins, flavonoids, catechins, 
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steroids, alkaloids and saponinic heterosides in the ethanolic extract of the leaves this 

plant, using qualitative techniques. 

Although the Passiflora genus is widely used and accepted in traditional medicine 

because of its pharmacological properties, the phytochemical constituents responsible 

for these properties are not yet elucidated, although [17] suggested that some of the 

medicinal properties of Passiflora are associated with the presence of C-glycosylated 

flavonoids. [11] reported that the major constituents in Passiflora leaves are flavonoids 

derived from apigenin and luteolin (vitexin, isovitexin, orientin, isoorientin). However, 

the levels of these flavonoids differ between species [18]. 

It is important to note that studies determining toxicity and cytotoxicity in 

Passiflora species are rare [19], and dosages and effective concentrations for glycemic 

index control are not known. In order to justify the medicinal properties and popular use 

of P. cincinnata in glucose homeostasis, the present study aimed to evaluate the anti-

lipoperoxidative and anti-α-amylase effects and cytotoxicity of the extract and leaf 

fractions of passion fruit (P. cincinnata Mast), as well as the antihyperglecemiant 

activity of the flavonoid rich fraction with low cytotoxicity in rats in postprandial 

hyperglycemia. 

2. Experimental 

2.1. Materials 

Vitexin, isoorientin, rutin, tannic acid, α-amylase from porcine pancreatic (EC 

3.2.1.1, type VI) and 3,5-dinitrosalicyclic acid were purchased from Sigma-Aldrich 

Corporation (St. Louis, MO, USA). Metformin hydrochloride was purchased from 

Vitapan Indústria Farmacêutica Ltda (Anápolis, GO, Brazil). Acarbose was purchased 

from Bayer S.A (São Paulo, Brazil). Glucose was purchased from Vetec® AG (Rio de 

Janeiro, Brazil). All reagents were of analytical grade. Salts and solvents were 

purchased from Merck AG (Darmstadt, Germany). 

2.2. Plant Material 

P. cincinnata Mast leaves were collected in the morning of March 2008, in the city 

of Moita Bonita (latitude 10º34'00.4" S and longitude 37º20'51.8"W), in the state of 

Sergipe, Brazil, and taken to the Federal University of Sergipe UFS). The voucher of 

the species was deposited in the Herbarium of the institution, with the identification 
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number ASE 11.112. The identification was made by Drª. Ana Paula do Nascimento 

Silva of the Department of Biology.  

2.3. Preparation of Extract and Fractions of P. cincinnata 

After drying in an oven (MARCONI, model 037/18) with air circulation and 

constant temperature of 40 °C, P. cincinnata leaves were reduced to powder using a 

knife mill, and then subjected to extraction with 95% ethanol by thorough maceration 

during 5 days. After this period, the material was filtered and concentrated in a rotary 

evaporator under reduced pressure (BUCHI, model 461) at 55 ± 2 °C to give the 

hydroalcoholic extract (ExEt). 

Part of the ExEt (50 g) was diluted in a methanol/water solution (2:3) and subjected 

to liquid-liquid extraction with hexane, dichloromethane, chloroform, ethyl acetate and 

methanol. Chlorophyll removal and cleaning of the extract and fractions were 

performed by filtration in active charcoal and silica gel chromatographic column under 

the flow of the corresponding solvents. At the end, ExEt, F.MET and F.ACT samples 

were stored in freezer at -20 °C for further studies. 

2.4 Chromatographic Profile by HPLC-UV-DAD 

A Shimadzu high performance liquid chromatographic system (Prominencemodel, 

Kyoto, Japan) was used consisting of a model DGU-20A3 vacuum cleaner, LC-6A high 

pressure pumps and photodiode arrangement (DAD-marking) detection system coupled 

with Interface CBM 20A. Data collection was performed using LC Solution software. 

Analyzes were performed using a Phenomenex LUNAs analytical C18 column (250 x 

4.6 mm i.d., 5 μm particle diameter, Torrance, CA, USA), while the component 

separations were performed through a reverse phase elution gradient. To that end, 20 μL 

of ExEt, F.MET and F.ACT (1 mg.mL-1), previously filtered using a membrane with 

0.20 μm in diameter, were injected into the mobile phase consisting of 2% formic acid 

(A) and acetonitrile (B) [53]. The established flux was 0.8 mL.min-1 under 0-10 min 

gradient, 15% B; 11-50 min 30% B, and 51-60 min 15% B. The UV spectra were 

obtained at the range of 240-400 nm. 

2.5. Quantification of Phenolic Constituents 

2.5.1. Total Tannins (TT) 
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The total tannins content was determined according to [54] with minor 

modifications. Briefly, 1 mL of the ExEt, F.MET and F.ACT at 100 µg.mL-1 was mixed 

with 1.6 mL of Follin-ciocalteu and 1 mL 1 mmol.L-1 Na2CO3. After 40 min, the 

absorption of each sample was measured at 760 nm. The results were expressed as 

milligrams of tannic acid equivalents per grams of dry weight (TA mg .g-1 DW). All 

analyses were performed in triplicate. 

2.5.2. Total Flavonoids (FvT) 

The total flavonoids content was determined according to [55] with minor 

modifications. Briefly, 1 mL of the ExEt, F.MET and F.ACT at 100 μg.mL-1 was mixed 

with 1 mL of 2% aluminum trichloride. After 40 min, the absorption of each sample 

was measured at 427 nm. The results were expressed as milligrams of rutin equivalents 

per grams of dry weight (RU mg.g-1 DW). All analyzes were performed in triplicate. 

2.5.3. Total Flavonols (FnT) 

The total flavonois content was determined according to [55] with minor 

modifications. Briefly, 1 mL of the ExEt, F.MET and F.ACT at 100 μg.mL-1 was mixed 

with 1 mL of 2% aluminum trichloride and 2 mL of 0.5% sodium acetate. After 150 

min, the absorption of each sample was measured at 440 nm. The results were 

expressed as milligrams of rutin equivalents per grams of dry weight (RU mg.g-1 DW). 

All analyzes were performed in triplicate. 

2.6. Inhibitory Activity of Lipoperoxidation in Vitro 

The degree of lipid peroxidation prevented by the hydroethanol extract and 

fractions was monitored by measuring the production of thiobarbituric acid-reactive 

substances (TBARS) [56, 57, 58]. Briefly, 100 µL oleic acid (2.51 mol.L-1) was mixed 

with freshly prepared solutions of ExEt, F.MET, F.ACT and positive controls (200 μg 

mL-1). Lipid peroxidation was induced by adding either 2′-azobis(2-amidinopropane) 

dihydrochloride (AAPH, 0.17 mol.L-1, 0.1 mL), ferrous sulfate (FeSO4, 0.17 mol.L-1, 

0.1 mL) or hydrogen peroxide (H2O2, 0.4 mol.L-1, 0.1 mL). Trolox was used as positive 

control, while the negative control was the vehicle (PBS). The mixture was incubated 

for 30 min at 37 °C. Upon cooling, samples (0.5 mL) were mixed with trichloroacetic 

acid (TCA, 15%, 0.5 mL) and centrifuged at 1200×g for 10 min. Supernatant was taken 

(0.5 mL), mixed with thiobarbituric acid (0.67%, 0.5 mL), incubated for 30 min at 95 
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°C, and the formation of TBARS was measured by reading the supernatant absorbance 

at 532 nm after cooling. The molar extinguish coefficient used was 1.54 x 105 M-1.cm-1 

and the results were expressed as nmol of malondialdehyde equivalent per gram of 

sample (Eq MDA nmol.g-1). 

2.7. Determination of α-Amylase Inhibitory Activity 

The α-amylase inhibition assay was performed using a literature method with 

modifications [59]. Porcine pancreatic α-amylase was dissolved in 20 mmol.L-1 sodium 

phosphate buffer (pH 6.9, containing 6.7 mmol.L-1 sodium chloride) to provide a 40 

unit.mL-1 solution. A total of 20 μL of ExEt, F.MET, F.ACT (1, 10 and 20 μg.mL-1) and 

50 μL of the enzyme were preincubated at 25°C for 30 min. The samples were dissolved 

in methanol. After preincubation, 250 μL of the preincubated solution was mixed with 

500 μL of 1% starch solution in 20 mmol.L-1 sodium phosphate buffer (pH 6.9, 

containing 6.7 mmol.L-1 sodium chloride). The reaction mixtures were then incubated at 

40 °C for 20 min. The reaction was stopped by adding 500 μL of 3,5-dinitrosalicylic 

acid (DNS) color reagent solution (96 mmol.L-1 of DNS, 5.31 mol.L-1 sodium 

potassium tartrate in 2 mol.L-1 NaOH). After that, the test tubes were incubated in a 

boiling water bath for 5 min and later cooled to room temperature. The reaction was 

diluted by adding 4.5 mL of distilled water. -Amylase activity was determined by 

measuring the release of maltose from starch at 540 nm. The amount of maltose formed 

was determined using a standard curve. Control incubations represented 100% of 

enzyme activity and were conducted in a similar way by replacing extracts with buffer. 

For blank incubation to measure the absorbance produced by the extract, the enzyme 

solution was replaced with buffer. The inhibitory activity was determined by comparing 

the enzyme activity in the absence and presence of the evaluated inhibitor. Acarbose 

was used as a positive control.  

The enzyme inhibitory activity was calculated using the following formula: 

% Inhibition = [(C − A)/C] × 100 

Where C represents the absorbance of the enzyme activity and contains enzyme and 

substrate; and A represents the absorbance of the test and contains enzyme, plant 

extract, and substrate. Any increase in absorbance due to the spontaneous hydrolysis of 

substrate or unspecific enzyme inhibition was corrected by subtracting the absorbances 
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between the samples and the blank incubation. The IC50 values were estimated by 

nonlinear regression analysis [1]. 

2.8. Cytotoxicity Assessment by MTT 

L929 fibroblast lineage was seeded in 96-well culture plates (2x10⁴ cells per well) 

and cultured in DMEM medium [NaHCO3 (1.2 g.L-1), ampicillin (0.025 g.L-1), 

streptomycin (0.1 g.L-1)] supplemented with 10% fetal bovine serum. Fibroblasts were 

submitted to different treatments with ExEt, F.MET and F.ACT (10, 20, 50, 100 and 

150 μg.mL-1) or vehicle (dimethylsulfoxide - DMSO) during 24 h at 37 °C and 5% CO2 

atmosphere. Cell viability was assessed by the colorimetric method using Methyl-

thiazolyl-tetrazolium (MTT) according to ISO 10993-5/2009. MTT is a yellow dye, 

which is reduced by mitochondrial and cytoplasmic enzymes to a blue compound called 

formazan that is insoluble in aqueous solution. The reduction of MTT tetrazolium salt, 

mainly by the mitochondrial succinate dehydrogenase enzyme [60], is widely used in 

cell survival and proliferation evaluation trials, since only viable cells reduce MTT to 

formazan, which can be spectroscopically quantified [61, 62]. A solution of MTT 

(0.025 g in 50 ml of PBS) was placed in contact with the cells, which were then 

incubated at 37 °C for 3h. After MTT removal, DMSO was placed for 10 min to 

solubilize the crystals of the tetrazolic salt, and then the optical density (OD) reading 

was performed using an automated plate reader at 570 nm. The assays were performed 

in quadruplicate and then normalized according to the following equation: 

%Viabilidade cellular =  Abs (treated cells) – Abs (blank) 
Abs (positive control)-Abs (blank) 

2.9. Animals 
The male Wistar rats (180–200 g) used in this study were bred in the animal facility 

of the Laboratory of Biochemistry and Natural Product Chemistry, in the Department of 

Physiology of the Federal University of Sergipe, and housed in an air-conditioned room 

(22 ± 1 °C) with controlled lighting on a 12:12 h light/dark cycle (lights on from 06:00 

to 18:00 h). The animals were fed pelleted food (Nuvital, Nuvilab CR1, Curitiba, PR, 

Brazil), while tap water was available ad libitum. Fasted animals were deprived of food 

for at least 16 h, but allowed free access to water. All the animals were monitored and 

maintained in accordance with the ethical recommendations of the Brazilian Veterinary 

Medicine Council (CMV) and the Brazilian College of Animal Experimentation 
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(COBEA). The study was approved by the Ethic Committee of the Federal University 

of Sergipe under the protocol number 58/09 - CEPA/UFS. 

2.10. Oral Glucose Tolerance Curve (OGTC) 

The analysis of F.ACT anti-diabetic activity was performed by the oral glucose 

tolerance test (OGTT) in normoglycemic rats according to the protocol described by 

[63, 64] with modifications. Briefly, rats were fasted and fed with water at 8 h and 

randomly divided into 4 groups consisting of 6 animals each: Group I, hyperglycemic 

mice receiving glucose at 3 g.kg-1; Group II and III, hyperglycemic rats receiving 

F.ACT at 50 and 100 mg.kg-1, respectively; and Group IV, hyperglycemic mice 

receiving metformin at 500 mg.kg-1. Blood glucose was measured before the mice 

received the treatment (time zero). Rats were treated with F.ACT and loaded with 

glucose after 30 min and after measuring the blood glucose at 30, 60, 90 and 120 min. 

All treatments were administered by oral gavage.  

Blood glucose levels were obtained through reagent tapes (ACCU-CHECK 

Advantage II, Roche) coupled to a portable digital glycosimeter from blood samples 

collected from the tail. 

2.11. Data and Statistical Analysis 

Data were expressed as means ± S.E.M. After observing the homogeneity of the 

data through the Shapiro-Wilk test, the significant differences between the dependent 

variables (p < 0.05) were evaluated through ANOVA with Bonferroni’s, Kruskal-

Wallis’s and Dunn's post hoc tests when appropriate, using the GraphPad Prism 7.0 

statistical program (San Diego, California, EUA). 

3. Results and Discussion 

3.1. Phytochemical Characterization 

In our study, spectrophotometric analyzes of ExET and fractions of P. cincinnata 

Mast showed a high content of phenolic compounds in the form of tannins, flavonoids 

and flavonols in relation to other species of the genus [11, 20, 21, 22, 23], strengthening 

the evidence that flavonoids are the major components in several species of the genus 

Passiflora (table 1). To corroborate with these observations, it was previously shown 

that ExEt had a high amount of phenolic compounds and flavonoids using the HPLC 

analyzis [24]. 
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Table 1. Content of total tannins (TT), total flavonoids (FvT) and total flavonols (FnT) of the extract and 
fractions of P. cincinnata Mast leaves. 

Samples TT* FvT** FnT** 

ExEt – PAS 9.16 ± 0.11ª 177.06 ± 2.09ª 6.38 ± 0.28ª 

F. MET – PAS 4.72 ± 0.22b 42.73 ± 4.23b 3.62 ± 0.10b 

F. ACT – PAS 5.96 ± 0.25c 74.06 ± 9.53c 5.79 ± 0.27c 
*Data are mean ± S.E.M. values, expressed as tannic acid equivalents mg.g-1 of dry weight (n = 6); **Data are mean 

± S.E.M. values, expressed as rutin equivalents mg.g-1 of dry weight (n = 6). Values in the columns with different 

letters indicate significant differences (p < 0.05). 

[23] Reported that most of the biological activities of Passiflora species, such as 

antioxidant, anticancer, anti-inflammatory, cardioprotective, antithrombotic, 

hypoglycemic and antihyperglycemic effects, as well as their role in preventing cellular 

lipoperoxidation and improving the endothelial function [25, 26], are attributed to the 

presence of phenolic and flavonoid compounds. On the other hand, [17] emphasize that 

these activities are associated more precisely to the C-glycosylated flavonoids. When 

analyzing F.MET and F.ACT fractions, the presence of 5 and 8 characteristic peaks of 

glycosylated flavonoids, respectively, were observed when comparing the UV 

absorption spectra of the chromatographic peaks of the fractions studied with flavonoid 

pattern spectra described by [27, 28, 29, 30, 31], suggesting to be the flavonoids vitexin 

(peak 4 - F.MET) and isovitexin, orientin and isoorientin (peaks 2, 5 and 7 - F.ACT, 

respectively) (figure 1). Corroborating our findings, [21, 22] demonstrated that the 

highest prevalence of flavonoids found in Passiflora species is C-glycosylated type 

derived from apiginine and luteolin. 
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Figure 1. HPLC chromatogram from the methanol (A) and ethyl acetate (B) fractions of the leaves of 
Passiflora cincinnata Mast. Mobile phase consisted of 2% formic acid (a) and acetonitrile (b); 0 - 10 
minutes 15% (b), 11 - 16 minutes 30% (b), 17-25 minutes 45% (b). An aliquot of 20 μL was injected in 
the chromatograph and detection was done at 337 nm.  

3.2. Redox Property 

When evaluating the redox capacity of the extract and fractions of P. cincinnata to 

prevent lipoperoxidation through the estimation of inhibition of thiobarbituric acid 

reactive species (TBARs) formation induced by three free radical chemical generators, a 

significant (p < 0.05) increase of TBAR levels in the induced control groups over 

untreated controls (unpublished data) was observed. In addition, it was found that 

F.ACT-PAS presented better redox activity, with TBARs 81.49%, 95.48% and 75.62% 

lower than observed for AAPH, FeSO4 and H2O2 induced controls, respectively, at 200 

mg.mL-1 (figure 2). The redox response of F.ACT-PAS was similar to the synthetic 

antioxidant Trolox regarding the lipoperoxidation inhibition when induced by AAPH 

and FeSO4. 
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Figure 2. Effect of the hydroethanol extract (ExEt) and methanol (F.MET) and ethyl acetate (F.ACT) 
fractions of Passiflora cincinnata Mast on the formation of TBARs induced by AAPH (A), FeSO4 (B) 
and H2O2 (C). Values expressed as Eq MDA nmol.mL-1. *Significant differences (p < 0.0001) 
compared to inducer. **Significant differences (p < 0.0002) compared to inducer. ***Significant 
differences (p < 0.05) compared to conrrol Trolox.  

A substantial amount of studies shows that diabetes is a unique condition in 

reducing enzymatic and non-enzymatic antioxidant defense systems, favoring reactions 

of lipoperoxidation and cellular damage [31, 33, 34]. In parallel, clinical and laboratory 

studies report that some species of the genus Passiflora are able to improve the 

antioxidant system of the organism and reduce the levels of lipoperoxidation in 

diabetically induced experimental animals, as well as diabetic subjects [31, 35, 36, 37]. 

For [38, 39], these protective effects are attributed to flavonoids that in biological 

systems transfer electrons to free radicals, chelate metals, activate antioxidant enzymes 

and inhibit oxidases, thus preventing diseases associated with oxidative stress. 

Considering the studies that indicate the presence of flavonoids in Passiflora 

extracts and their relationship with pharmacological properties, it was shown that 

different total flavonoid contents can be found for the different Passiflora species [11, 

40, 41, 42, 43]. However, [44, 45, 46] stated that the higher the content of these 

compounds, the greater the redox activity and the greater the ability of the plant product 

to prevent the organism from injury associated with free radicals. Data corroborating 

these findings are present in the present study. 
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3.3. α-Amylase Inhibitory Activity of P. cincinnata Fractions 

Diabetes is characterized by a rapid increase in blood glucose levels due to the 

hydrolysis of the starch by pancreatic α-amylase. Several α-amylase inhibitors, 

including acarbose, voglibose and miglitol, are clinically used in the treatment of 

diabetes, but their prices are high and clinical side effects are also observed. As a result, 

[46] suggested the use of natural glycoside inhibitors in the control of postprandial 

glycemia. [47] reported that due to the presence of phenols and flavonoids, several 

medicinal plants are still the most promising sources for the discovery of α-amylase 

inhibitor, receiving considerable attention from the pharmaceutical industry. The fact is 

that these medicines are quite relevant for those people who have just been diagnosed 

with type 2 diabetes and who have blood glucose levels only slightly above the level 

considered serious for diabetes. 

When the ability of ExEt, F.MET and F.ACT to inhibit the α-amylase enzyme in 

vitro was evaluated, ExEt showed no inhibitory activity at the concentrations tested. On 

the other hand, F.MET and F.ACT presented significant (p < 0.05) inhibitory potential 

for α-amylase, whereas F.ACT showed its best activity in relation to the other samples 

at 20 μg.mL-1, with 89.16% of inhibition (table 2) and the lowest IC50, which was half 

of the value observed for control acarbose. A study conducted by [47] demonstrated that 

ethanol and aqueous extracts from other Passiflora species have α-amylase inhibitory 

activity at a dose-dependent concentration. In that study, the highest concentration of 

the ethanol and aqueous root extracts (100 μg.mL-1) showed inhibitions of 80.3% and 

83.3%, respectively, which were lower than observed for P. cincinnata F.ACT in the 

present study. This shows a better potential for inhibiting α-amylase than other species 

of the genus studied. 

Table 2. Inhibition of α-amylase by fractions of P. cincinnata. 

Samples  Concentration (µg.mL-1) Inhibition (%) IC50  (µg.mL-1) 

 
F.MET 

1 13.74 ± 2.04ª  

26.29 ± 1.29 a 10 32.82 ± 0.26 b 

20 38.17 ± 1.26 c 

 
F.ACT 

1 6.02 ± 0.75 a  

6.49 ± 0.11b 10 60.24 ± 4.11 d 

20 89.16 ± 3.36 e 

 1 24.14 ± 3.73 f  
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Acarbose 10 51.72 ± 5.38 g 12.01 ± 0.40c 

20 76.44 ± 4.14 h 
Results are represented by mean ± S.E.M. All assays were carried out in three replicates. The values in the column 

with the same letters do not indicate significant differences (p < 0.05).  

3.4. MTT Cytotoxicity Assessment 

Usually several plant-derived compounds exert serious cytotoxic or mutagenic 

effects when applied to animal tissues and cells [48]. Because of this, it is important to 

evaluate the cytotoxicity of plant extracts and fractions commonly used in traditional 

medicine to give security to the population that uses them frequently. In this sense, the 

cytotoxicity of P. cincinnata extract and fractions against the L929 fibroblast lineage 

was observed at concentrations higher than 100 μg.mL-1 for ExEt and 150 μg.mL-1 for 

F.ACT, while F.MET was not cytotoxic at any of the concentrations evaluated (figure 
3). Results for the minimum efficient concentration for viable cells at 50% (EC50), 

showed that ExEt is significantly (p < 0.05) more cytotoxic than F.ACT, with values of

of 54.41 ± 4.17 and 74.37 ± 13.92 μg.mL-1, respectively. 

[19] evaluated the acute toxicity of the lyophilized aqueous extract of P. alata, 

which had a low toxicity; however, they affirmed that toxicity studies of Passiflora 

species are rare. As far as our knowledge is concerned, only one study has evaluated the 

cytotoxicity of P. cincinnata Mast [49], showing high cytotoxicity for the 

hydroalcoholic extract of leaves at 1000 μg.mL-1, which caused a mortality of 68.63% 

of NCTC929 fibroblasts. On the other hand, the hydroalcoholic extracts of stem, bark 

and seeds in concentrations between 200 and 500 μg.mL-1 had low cytotoxicity. In that 

study, samples were considered to have no cytotoxicity when the concentrations were 

125 μg.mL-1 or higher. 
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Figure 3. Effects of ExEt (A), F.MET-PAS (B) and F.ACT-PAS (C) from P. cincinnata on the L929 
fibroblast cell lineage. L929 cells were treated with samples for 24 hours at 37 ° C in humid atmosphere 
and with 5% CO2 and had cell viability determined by the MTT assay. Each bar represents the mean ± 
SEM for metabolically active cells compared to the control normalized in 100% and were obtained from 
2 independent experiments, each performed in quadruplicate. ***(p < 0.001) relative to the control 
(untreated cells). 

3.5. Effect of the Ethyl Acetate Fraction of P. cincinnata on the Oral Glucose 
Tolerance Curve 

To verify the effects of drugs on glucose metabolism, the TOTG method is used 

because it is low cost and fast way to perform. In normoglycemic rats, post-pradial 

glycemia increases after a glucose overload, while its normalization to basal levels 

occur after about 2 h, characterizing a normal function of glucose metabolism. As the 

F.ACT fraction of P. cincinnata showed positive redox activity in preventing 

liperoxidation, excellent potential to inhibit glycosidases (α-amylase) and low cellular 

cytotoxicity, it was evaluated as a natural product candidate to maintain glycemic 

homeostasis in rats normoglycemic after glucose overload. 

Thus, as expected for the TOTG, after 30 min of glucose overload, blood glucose 

levels significantly (p < 0.05) increased when compared with time zero in the 

hyperglycemic control group. However, when the positive control Metformin (500 

mg.kg-1), an oral hypoglycemic standard of the biguanide class, was used a decrease in 
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blood glucose at all evaluation periods (30 to 120 min) was observed compared to the 

hyperglycemic group (table 3). Metformin mechanism of action involves the inhibition 

of glucose uptake by the gastrointestinal tract, reduction of hepatic glucose production 

and increase of the sensitivity of peripheral tissues to insulin, enabling alterations of the 

glucose metabolism by inhibiting postprandial glucose elevation in approximately 25 to 

30% [50], as verified in the present study. 

Table 3. Acute effect of ethyl acetate fraction (F.ACT) of P. cincinnata leaves on blood glucose levels 
(mg.dL-1) in oral glucose tolerance curve. 

Time 
(min) 

Group I Hyper 
(3 g/kg) 

Hyper + F.ACT Group IV 
Hyper + Metformina 

(500 mg.kg-1) 
Group II 

50 mg.kg-1 
Group III 

100 mg.kg-1 
0 98.00 ± 6.95# 85.50 ± 6.48 87.10 ± 17.05 88.60 ± 8.37 

30 177.60 ± 15.54 146.30 ± 19.62* 122.60 ± 29.13*** 127.30 ± 21.22*** 

60 156.80 ± 11.29 137.10 ± 7.99 148.60 ± 39.45 102.00 ± 10.72** 

90 142.80 ± 6.11 131.60 ± 7.01 143.90 ± 26.73 110.10 ± 11.91*** 

120 127.00 ± 8.88 127.40 ± 8.99 121.40 ± 5.25 111.70 ± 4.99** 

Values are expressed as mean ± S.E.M. N= 8 in triplicate for each treatment. Statistically significant differences by 

comparison with Group I.  #Statistically significant at (p < 0.001) in relation to 30 min; * p < 0.05; ** p < 0.01; *** p 

< 0.001. 

With a similar response to the positive control, F.ACT of P. cincinnata leaves was 

effective in reducing postprandial glycemia after 30 minutes for both doses tested (50 

and 100 mg.kg-1) compared to the hyperglycemic control. However, the dose of 100 

mg.kg-1 produced the best antihyperglycemic profile after 30 min, with a reduction of 

30.96% of the hyperglicemy compared to control. After 2 h of treatment, the glycemic 

levels of the groups treated with F.ACT was  improved  in a similar manner to the 

hyperglycemic control. [36] showed that 200 mg.kg-1 of Passiflora incarnata methanol 

extract generated a significant improvement in oral glucose tolerance in normal rats 

after acute ingestion of 3 g.kg-1 of glucose. 

We believe that such effects can be explained in part by a decrease in the rate of 

intestinal glucose uptake achieved by an inhibitory action of glycolytic enzymes [51] 

generated by the biological action of flavonoids and phenolic compounds present in the 

F.ACT sample [36]. [52] demonstrated that purified phenolic compounds from P. edules 

(purple passion fruit) seeds extract at doses of 10 and 50 mg.kg-1 are effective in 

reducing hyperglycemia in mice. 
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4. Conclusions 

The results of the present study indicate that the ethyl acetate fraction of (F.ACT) 

of P. cincinnata leaves is rich in glycosylated flavonoids and phenolic derivatives and is 

able to inhibit the α-amylase glycolytic enzyme, improving postprandial glucose 

homeostasis in normoglycemic rats without significant cytotoxicity. In addition, leaf 

hydroalcoholic extract and methanol fraction were sources of tannins, flavonoids and 

flavonols, besides showing anti-lipoperoxidative activity against lipid oxidation induced 

by AAPH, FeSO4 and H2O2. Further studies are needed to identify the molecule(s) 

responsible for the postprandial antihyperglycemic activity and exact mechanism of 

action on glucose homeostasis. 
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