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ABSTRACT  

 
The control of dyslipidemia by using herbal products is an important subject for studies. In this study, we evaluated 

the effects of dry Passiflora incarnata L. extract over dyslipidemia, left ventricular hypertrophy, and hepatic 

oxidative stress of LDL receptor knockout mice (LDLr-/-). Forty 4-month old male LDLr-/- mice were distributed 

into four groups: Group standard diet; Group standard diet and 200 mg/kg of body weight of Passiflora incarnata 

L. leaf dry extract; Group high-fat diet; Group high-fat diet and 200 mg/kg of body weight of Passiflora incarnata 

L. leaf dry extract. After 30 days, Passiflora incarnata L. dry extract reduced the effects of the high-fat diet, with a 

decrease of total cholesterol, triglycerides, and increase of high-density lipoprotein (HDL), as well as a reduction of 

C-reactive protein, alkaline phosphatase and insulin. There was no effect on glucose, Homa index and enzymes 

aspartate aminotransferase and alanine aminotransferase. However, the prevention of left ventricular hypertrophy 

occurred, as well as lipid peroxidation and the production of carbonyl proteins, which are both oxidative stress 

markers. In conclusion, Passiflora incarnata L. dry extract acts in the prevention of dyslipidemia, consequently, 

hindering the occurrence of hepatic oxidative stress and the development of left ventricular hypertrophy by the 

increase of serum HDL, in mice that had the effects of a high-fat diet.  
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INTRODUCTION  
 

Dyslipidemia is one of the risk factors for the development of cardiovascular diseases1. 

The appearance of dyslipidemia derives from an abnormal lipid profile, composed of 

total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL) 

and triglycerides (TG)2.   

Dyslipidemia is also one of the biochemical factors for the development of left 

ventricular hypertrophy (LVH), as well as oxidative stress, hyperinsulinemia, and 

inflammatory process3,4. LVH is considered a highly relevant indicator of morbidity 

and mortality by cardiovascular diseases3.  

Alterations on the serum concentration of cholesterol and triglycerides negatively act 

over the biomarkers of oxidative stress and cause the production of oxygen-reactive 

species by various mechanisms, leading to the increase of lipid peroxidation, related 

with dyslipidemia. Furthermore, the oxidative stress associated to dyslipidemia affects 

many organs, with prominence the over heart, liver, and kidneys5,6. Many hepatic 

diseases with structural and functional abnormalities have oxidative stress as a crucial 

factor for its development7.  

Therefore, treating dyslipidemia is indispensable, preventing the emergence of LVH 

and hepatic diseases caused by oxidative stress. The change in habits is the primary 

strategy proposed for the treatment of dyslipidemia, but the use of medication is 

indicated for some cases8. Herbal medicines have been tested over changes of the lipid 

profile in the search for new treatments9,10, and have conquered the market due to its 

price and considering the collateral effects caused by medications9,11.  

Passiflora incarnata L., also known as passion fruit, has been used as anxiolytic and 

sedative herbal medication. Many studies highlight its antispasmodic, analgesic, 

anticonvulsive and antidiabetic effect, as well as for a cough, bronchitis, and 

asthma12,13. Flavonoids are the most representative phytocomponents of Passiflora 

incarnata L., represented by apigenin, luteolin, quercetin, kaempferol, C-glycosylated 

flavonoids, vitexin, isovitexin, orientin, isorientin, schaftoside, isoschaftoside, 

swertisin and isovitexin-2”-O-glycosylated14-16.   

Therefore, considering the increase in research and the applicability of Passiflora 

incarnata L., the objective of this study was to evaluate the action of the dry 

Passiflora incarnata L. leaf extract over dyslipidemia, left ventricular hypertrophy and 

hepatic oxidative stress of LDLr-/- mice.  

  

MATERIALS AND METHODS  
 

Animal protocol  
 

The experiments were conducted using 40 male mice, homozygote for the LDL 

receptor gene (LDLr-/-), with four months of age and weighing 25 ± 3 g, divided into 

groups of ten animals each (Table 1). The animals were maintained under controlled 

temperature (25 ± 1oC) and light/dark cycle of 12 hours.  
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Table 1. Experimental groups and respective protocols.  
Group  Experimental protocol  Denomination  

1  LDLr-/- mice that received a standard diet for rodents (NuvitalTM, Nuvilab, Colombo, 

Brazil), for 30 days.  
C  

2    
LDLr-/- mice that received a standard diet for rodents (NuvitalTM, Nuvilab, 

Colombo, Brazil) and 200 mg/kg of body weight of dry Passiflora incarnata L. 

leaf extract per gavage, for 30 days.  

CP  

3    
LDLr-/- mice that received high-fat diet with 20% total fat, 1.25% cholesterol and 

0.5% colic acid; a total of 2.89 kcal/g (Instituto Tecnológico de Alimentos, 

Campinas, Brazil), for 30 days.  
  

HL  

4  
LDLr-/- mice that received high-fat diet with 20% total fat, 1.25% cholesterol and 

0.5% colic acid; a total of 2.89 kcal/g (Instituto Tecnológico de Alimentos, 

Campinas, Brazil) and treatment with 200 mg/kg of body weight of dry Passiflora 

incarnata L. leaf extract per gavage, for 30 days.   

HLP  

  

All animals received water and food ad libitum. The administration of water (vehicle) 

and dry Passiflora incarnata L. leaf extract was performed daily by gavage. The 

extract was commercially obtained, containing 0.06% of total flavonoids calculated as 

vitexin (Gemini, Anapolis, Brazil). The experimental procedures were conducted 

according to directives established by the Concelho Nacional de Controle de 

Experiencias Animal (CONCEA – National Council for Animal Experience Control) 

and approved by the Animal Ethics Committee of the Universidade José do Rosário 

Vellano (UNIFENAS, Alfenas, MG, Brazil) (no 12A/2012).  

After 30 days of experimentation, mice were fasted for 12 hours and, subsequently 

anesthetized via intraperitoneal using xylazine (BayerTM) and Ketamine (Parke-

DavisTM), in the concentrations of 6 and 40 mg/kg, respectively. Blood samples were 

collected by retro-orbital venous plexus puncture, using heparinized capillary tubes for 

serum analyses of triglycerides (TG), total cholesterol (TC), high-density lipoprotein 

(HDL), C-reactive protein (CRP), glucose, insulin and hepatic enzymes alkaline 

phosphatase (AP), aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT). The heart was removed for following morphometric and histological analyses. 

The liver was removed and homogenized (at 4oC) in buffer saline solution with 0.1 M 

(PBS, pH 7.2) in the proportion of 5 mL/g of the organ. The homogenized solution 

was centrifuged at 3000 g for 10 minutes at 4oC. The supernatant was posteriorly used.  

  

Serum analyses  
 

Serum was obtained by centrifuging the blood (1200 g, 4oC, 10 minutes). TG, TC, and 

HDLc were measured using the colorimetric enzymatic methods, described by 

Hedrick et al.17.AP, AST, and ALT were dosed using spectrophotometry. The level of 

CRP was determined by turbidimetry and photometry (Humastar 300-, Human 

Diagnostics, Germany). Glucose was measured by the colorimetric enzymatic method. 

Insulin was determined using the ELISA specific commercial kit (DAKO Ltd., UK). 

The Homa index (Homa-ir) was calculated using the formula: {Homa-ir = [fast 

insulinemia (mU/L) x fast glycemia (mmol/L)]/22.5} to determine resistance to 

insulin.  
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Morphometric and histological analyses  
 

The left ventricle was isolated from the heart and weighed (mg). The index of left 

ventricular hypertrophy was calculated using the proportion of ventricle weight (mg) 

by body weight (g). The left ventricle was fixed in 10% formalin for 24 hours before 

inclusion into paraffin for histological cuts of four micrometers, according to 

Junqueira et al.18. The histological cuts were stained with picrosirius red and 

hematoxylin/eosin for quantitative analysis of collagen and for cardiomyocyte 

morphometry, respectively. The cuts stained with picrosirius red were analyzed with 

polarized light. Each micrography was analyzed using the LGMC-image software, 

version 1.0, by which the fractional percentages of collagen related to the areas 

marked in red were acquired19. Four photomicrographs (200x) were obtained from the 

histological cuts stained with hematoxylin/eosin, using the same pre-fixed point on the 

transversal cuts of the ventricle of each mouse, using a digital camera coupled to the 

Leica IM50 program (version 1.20). The diameters of eight to 12 cardiomyocytes of 

each histological cut were measured, totalizing 12 cuts for each animal20. All 

histological analyses were conducted by a single examiner using the double-blind 

method.  

  

Hepatic lipid peroxidation evaluation  
 

The lipid peroxidation evaluation was performed by measuring the peroxidation 

products that react to the thiobarbituric acid (TBA) by testing the reactive species 

(TBARS), according to the methodology described by Winterbourn et al.21. Aliquots 

(150 µL) of the homogenized liver were mixed with 1.22 M of phosphoric acid (750 

µL), deionized water (1350 µL) and TBA (0.67%, 750 µL) and incubated. 

Subsequently, the mixture was boiled in water for one hour at 95oC and taken to 

cooling in an ice bath (4oC). The solution was mixed with methanol (1800 µL) and 

NaOH 1 M (200 µL) and transferred to a cuvette. The estimated TBARS concentration 

was obtained using the standard curve of malonic dialdehyde (MDA, 1,1,3,3 

tetraethoxypropane). To quantify the MDA/TBARS, a spectrofluorometric detector 

Varian Cary Eclipse (λ excitation = 532 nm; emission λ = 563 nm) was used. The 

results were expressed in µmol MDA/mol of protein. Total protein concentration was 

determined using the Bradford method22.  

  

Determination of carbonyl proteins  

 

Carbonyl of oxidized proteins was estimated using 2,4-dinitrofenylhydrazin 

spectrophotometric assay, by reacting 2,4-dinitrofenylhydrazin with carbonyl proteins. 

The aliquots (500 µL) of homogenized solution (liver) and a 10 µM 2,4-

dinitrofenylhydrazin solution (500 µL) were incubated during one hour with dripping 

trichloroacetic acid (TCA, 20%) until complete precipitation. Subsequently, a solution 

of ethanol/ethyl acetate (500 µL) was added to the resulting mixture and centrifuged 

(600 g per 10 minutes). Finally, the sediment was dissolved in 1000 µL of Guanidine 

6 M, and absorbance was measured at 370 nm23. The results were expressed in 

carbonyl nmol/mg of total protein. Total protein concentration was determined using 

the Bradford method22.  

  

Statistical analyses  
 

The data were expressed as a mean ± mean standard error (MSE). The analysis of 

variance (ANOVA) was followed by the Tukey test to compare the means between the 
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different groups. The differences were considered significant at p<0.05. All statistical 

treatments were performed using the Graphpad Instat statistical software, version 3.05, 

for Windows (Graphpad InstatTM, San Diego, CA, USA).  

  

RESULTS  
 

The mice from the HL group presented increased serum levels of TC and TG when 

compared to the mice receiving a standard diet (group C). Serum levels of HDLc 

decreased. The administration of dry Passiflora incarnata L. extract prevented the 

increase of TC and TG in group HLP when compared to group HL (Table 2). The dry 

extract also partially inhibited the decrease in the HDLc levels of HLP mice, when 

compared to group HL (Table 2).  

Severe dyslipidemia observed in mice from the HL group generated an increase in 

lipid peroxidation and hepatic protein oxidation concerning the other studied groups 

(Table 3). The dry Passiflora incarnata L. extract prevented the rise in lipid 

peroxidation and, more prominently, hepatic protein oxidation for HLP mice, with 

distinguished results when compared to mice from groups C and CP (Table 3). When 

analyzing the enzymes AP, AST and ALT, an increase in the serum levels of all three 

enzymes was observed in HL mice when compared to the mice from group C. The use 

of dry extract partially prevented the serum increase of AP in HLP mice. However, the 

dry extract presented no effect over AP serum levels of CP mice. The dry extract also 

presented no interference over serum levels of AST and ALT of CP and HLP animals 

when compared to C and HL groups, respectively (Table 2).  

  
Table 2. Serum levels of total cholesterol (TC), triglycerides (TG) and HDL cholesterol (HDLc); alkaline 

phosphatase (AP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT); C-reactive protein (CRP), 

glucose and insulin; HOMA index (Homa-ir).  

Groups  C  CP  HL  HLP  

TC (mg/dL)  254±8b  132±4c  758±17a  229±12b  
TG (mg/dL)  138±5b  103±6b  246±13a  118±13b  
HDLc (mg/dL)  64±3a  72±4a  26±2c  45±2b  
AP (U/L)  116±6c  116±3c  178±10a  146±7b  
AST (U/L)  139±5b  161±6b  249±12a  262±15a  
ALT (U/L)  64±6b  66±4b  181±17a  170±17a  
CRP (mg/dL)  6±0.4c  5±0.6c  14.8±0.8a  9.8±1b  
Glucose (mMol/L)  5.6±0.2a  5.7±0.1a  5.8±0.3a  5.6±0.1a  
Insulin (mU/L)  2.8±0.2c  2.7±0.2c  6.1±0.8a  4.0±0.3b  
Homa-ir  0.7±0.06b  0.7±0.05b  1.6±0.08a  1.0±0.6a,b  
The values were expressed as mean ± MSE. Distinct letters indicate significant difference between groups (p<0.05 – Tukey Test). 

C – standard diet; CP – standard diet and dry Passiflora incarnata L. leaf extract; HL – high-fat diet; HLP – high-fat diet and dry 

Passiflora incarnata L. leaf extract.  

  

The mice from group HL presented resistance to insulin, which was demonstrated by 

the increase of Homa index and serum levels of insulin, without altering serum 

glucose levels (Table 2). The dry Passiflora incarnata L. extract partially prevented 

resistance to insulin in HLP animals, avoiding the increase of serum insulin levels and, 

consequently, the rise of the Homa index (Table 2). The partial effect of the dry 

extract over insulin resistance observed in HLP mice was demonstrated by the 

difference in the insulin serum levels and Homa index regarding mice from groups C 

and CP (Table 2).  
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Table 3. Effect of dry Passiflora incarnata L. extract over lipid peroxidation and liver protein oxidation in 

dyslipidemic mice.  

Groups  C  CP  HL  HLP  

Lipid peroxidation  

(μmol MDA/mol of protein)  
0.08±0.008b 0.06±0.0004b 0.11±0.012a 0.03±0.002c 

Protein oxidation  
(nmol carbonyl/mg of total protein)  

2.84±0.67b 2.63±0.37b 5.47±0.67a 2.44±0.79b 

The values were expressed as mean ± MSE. Distinct letters indicate significant difference between groups (p<0.05 – Tukey Test). 

C – standard diet; CP – standard diet and dry Passiflora incarnata L. leaf extract; HL – high-fat diet; HLP – high-fat diet and dry 

Passiflora incarnata L. leaf extract.  

    

 

Severe dyslipidemia associated with the increase in hepatic oxidative stress and 

resistance to insulin of mice from group HL was followed by left ventricular 

hypertrophy, observed in the rise in the proportion of left ventricle weight (mg)/animal 

weight (g) due to the increase in the diameter of the cardiomyocytes and collagen 

deposits in the left ventricular myocardium (Table 3, Table 4 and Fig. 1). The serum 

levels of CRP also increased for mice from the HLP group when compared to the 

other groups (Table 2). The dry extract prevented left ventricular hypertrophy and the 

increase of CRP for HLP mice (Table 4, Fig. 1 and Table 2).  

 

  
Table 4. Morphometric parameters of the heart of dyslipidemic mice.  

Groups  C  CP  HL  HLP  

Proportion ventricular weight (mg)/animal weight (g)  3.6±0.08b  3.6±0.11b  4.2±0.12a  3.4±0.14b  
Cardiomyocyte diameter (mm)  18±0.8b  18±0.5b  25±1.6a  19±1.0b  
Collagen deposits (%)  4.9 ±0.2b  5.1±1b  11.2±0.8a  4.6±0.9b  
The values were expressed as mean ± MSE. Distinct letters indicate significant difference between groups (p<0.05 – Tukey Test). 

C – standard diet; CP – standard diet and dry Passiflora incarnata L. leaf extract; HL – high-fat diet; HLP – high-fat diet and dry 

Passiflora incarnata L. leaf extract.  

 

 
Figure 1. A – Photomicrography stained with hematoxylin/eosin representative of the left ventricle showing the 

diameter of the cardiomyocytes. B – Photomicrography stained with picrosirius red showing the distribution of 

interstitial collagen (marked in red by the stain) in the left ventricular myocardium of the mice. C – standard diet; CP 

- standard diet and dry Passiflora incarnata L. leaf extract; HL – high-fat diet; HLP – high-fat diet and dry 

Passiflora incarnata L. leaf extract.  
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DISCUSSION  
 

In the present study, we verified that the administration of Passiflora incarnata L. 

extract influenced the lipid profile of mice from the HLP group, preventing the 

decrease of HDLc and the increase of TG and TC. The last can be attributed to the 

presence of flavonoids in the extract. These flavonoids inhibit the enzyme responsible 

for the biosynthesis of cholesterol by Hydroxymethylglutaryl CoA reductase, as well 
as the lipogenic enzyme glucose-6-phosphate dehydrogenase and malic enzyme24,25.  

The mice from group HL presented LVH similar to those of studies developed in our 

laboratory, demonstrating that LDL-/- mice fed high-fat diet developed LVH and 

atherosclerosis due to the inflammatory process caused by severe dyslipidemia, 

associated to the decrease of the bioavailability of nitric oxide and of the serum levels 

of HDL and its antioxidant and anti-inflammatory functions3,26-29. Furthermore, HL 

mice presented resistance to insulin, with hyperinsulinemia associated with the 

increase in serum levels of enzymes AP, AST, and ALT.  

Dyslipidemia and insulin are essential factors for the development of left ventricular 

hypertrophy30. Hypercholesterolemia can act in KATP channels of the myocardium, 

altering its function and expression, presenting as a trigger for cardiac hypertrophy31,32. 

Insulin can cause the biosynthesis of myocardiac proteins and, directly or indirectly, 

cardiac hypertrophy33. Therefore, the decrease of total cholesterol and triglycerides, 

associated with the decline in insulin levels, contribute to the prevention of LVH in 

mice from group HLP. Passiflora incarnata L. prevented LVH, resistance to insulin, 

an increase of CRP and oxidative stress. However, the lower occurrence of oxidative 

stress has prevented the decrease of liver HDL with a consequent increase in the levels 

of HDLc, hindering the development of LVH in the animals used for this study, due to 
its antioxidant and anti-inflammatory functions34,35.  

The mice that received high-fat diet and dry Passiflora incarnata L. extract (HLP), 

when compared to the HL group, presented an increase in the levels of HDLc and a 

decrease in TG and insulin, which are predicting factors for the metabolic 

syndrome36,37. A reduction in CRP, inflammation biomarker commonly found in high 

levels in the metabolic syndrome, was also observed38, contributing with a reduction 

of the risk of cardiovascular diseases such as LVH.  

Notably, the mice that received a high-fat diet with Passiflora incarnata L. 

demonstrated a significant reduction in carbonyl proteins and lipid peroxidation, both 

considered oxidative stress markers21;23. The flavonoids present in Passiflora 

incarnata L., such as vitexin and isovitexin39, present antioxidant activity40, which 

may have contributed to the reduction of the oxidative stress markers for group HLP. 

Flavonoids present antioxidant activity by eliminating free radicals, employing the 

metal-chelating property, suppressing the enzymes involved in the synthesis of free 

radicals and by stimulating the antioxidant enzymes41. The use of antioxidants is a 

strategy to prevent hepatic oxidative stress and, consequently, the hepatic diseases 

originated from oxidative stress42.  

  

CONCLUSIONS  
 

The dry Passiflora incarnata L. extract presented antioxidant effect, preventing 

cardiac and hepatic diseases related to oxidative stress, and can be indicated as an aid 

for the treatment of diseases caused by oxidative stress derived of disturbances in lipid 

metabolism.  
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