
ISSN: 03875547 

Volume 45, Issue 07, September, 2022 

  

6923 
 

Cardioprotective Effects of Cape Gooseberry (Physalis 

Peruvian) andor Loquat (Eriobotrya Japonica) Juices 

Through Decreasing Serum B-Type Natriuretic 

Peptides (BNPNT-proBNP) in High Fat-High 

Cholesterol Feeding Rats 
 

Yousra Tawfik Mahmoud1, Fatma A. Khalil2, Amira Abd El-Rhman3* 

 

Department of Biochemistry and Nutrition, Faculty of Women for Arts, Science and Education Ain Shams 

University1,2,3 

 

Corresponding author: 3* 

 

Keywords: 
 

 ABSTRACT  
HF-HC, hyperlipidemia, cape 

gooseberry, loquat, BNP, NT- 

proBNP, heart disease 

 High fat-high cholesterol diet changes lipid metabolism, increases body fat 

storage and is considered as a critical epigenetic nutritional factor in several 

human lifestyle diseases; hyperlipidemia, obesity, metabolic syndrome and 

cardiovascular diseases. The present study was designed to evaluate the 

possible cardioprotective effects of cape gooseberry and loquat juices 

against feeding high fat-high cholesterol (HF-HC) diet in rats. Fifty male 

albino rats weighing (180 ±20 g) were divided to 5 groups, 10 rats each. 

Group 1: (Healthy control group): Rats were fed on balanced diet and orally 

administrated (1ml kg-1 b. wt.) distilled water I.G. daily. Group 2: 

(Hyperlipidemic group): Rats were fed on HF-HC diet and orally 

administrated (1ml kg-1 b. wt.) distilled water I.G. daily. Group 3, 4 & 5 

rats were fed on HF-HC diet and orally administrated cape gooseberry, 

loquat and mixture of two juices respectively (1ml kg-1 b. wt.) I.G. daily. 

Biological evaluation, biochemical parameters were tested as well as 

microscopic examination of liver and heart tissues was done. Feeding HF-

HC diet caused marked disruption in lipids metabolism, liver and heart 

functions furthermore pathological changes in liver and heart tissues 

structure along with significant abnormalities in some oxidative stress and 

anti- inflammatory biomarkers. However, treatment with tested juices 

showed remarkable effects by reversing the condition. Consuming cape 

gooseberry and loquat fruits could modulate lipid metabolism and protect 

heart from hyperlipidemic injury. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diets heavy in fat and cholesterol, a sedentary lifestyle, and a lack of exercise all have a role in the 

development and progression of coronary artery disease. Hyperlipidemia occurs when the body creates too 
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much cholesterol and fat, eating a diet high in cholesterol and fat (e.g., meat, cheese, cream, eggs, shellfish, 

etc.) or both. Furthermore, too much LDL-C (bad) cholesterol can build up in the arteries (blood vessels that 

carry blood throughout the body) and lead to heart disease or stroke over time. On the other hand, having too 

much HDL-C, or (good) cholesterol protects the heart by assisting in the removal of LDL-C from the arteries 

[1]. Deregulated redox homeostasis causes oxidative stress and lipid peroxidation, resulting in the 

accumulation of highly reactive molecules and cellular injury, particularly in tissues with high oxygen 

consumption, such as the heart, kidney, and brain, leading to cardiovascular and neurodegenerative diseases. 

Since the liver is both the main source and target of ROS, hyperlipidemia is also a key inducer of non-

alcoholic fatty liver disease (NAFLD) [2]. 

 

A set of functionally and structurally similar peptides known as natriuretic peptides (NPs) includes atrial NP 

(ANP), B-type NP (BNP), and C-type NP (CNP) (CNP). Because BNP is primarily produced by ventricular 

cells and correlates better with a poor lipid profile and the degree of heart failure (HF) than ANP and CNP, it 

has received increased attention as a therapeutically relevant biomarker. BNP and NT- proBNP, two 

molecular forms produced from the B-type natriuretic peptide (BNP) precursor, are now widely used as 

predictive biomarkers for future unfavorable cardiovascular events and as a therapeutic guidance in heart 

failure HF. As a result, tracking circulating neurohormones is critical for understanding the pathogenesis, 

diagnosis, and treatment of HF [3]. 

 

Diet has long been recognized as an important factor in the management of noncommunicable chronic 

illnesses. Specific foods and dietary components appear as prospective adjuvant techniques in the lowering 

of the risk of dyslipidemia in this regard [4]. The numerous metabolic pathways that govern lipid diseases in 

humans have been discovered to be influenced by food components. They're thought to have the potential to 

play a role in the treatment and prevention of dyslipidemia in the future, and hence in the prevention of CVDs 

[1]. 

 

Berry fruits, whether wild or farmed, have been shown to be a reliable and abundant source of bioactive 

components, including flavonoids, minerals, vitamins, and phenolic acids. The majority of goldenberry 

(Physalis peruviana) species have a long history of ethnomedical usage for a variety of diseases, including 

malaria, asthma, hepatitis, liver and kidney disorders, dermatitis, and more, as well as immunomodulators, 

anticancer, antibacterial, and antipyretic compounds [5]. Goldenberry (Physalis peruviana) has recently been 

recognized as one of the most promising members of the "superfruits" family. Typically, the term "superfruit" 

was conceptualized as a marketing strategy to promote the health benefits of exotic fruits that are less well-

known around the world and contain a variety of phytochemicals (such as phenolic acids, flavonoids, 

proanthocyanins, coumarins, hydrolysable tannins, carotenoids, and anthocyanins) as well as antioxidant 

activities. Flavonoids lowered plasma TC by increasing fecal excretion of both neutral and acidic sterols. 

Additionally, flavonoids might block the synthesis of cholesterol by down-regulating the production of 

hepatic 5-hydroxy-3-methylglutaryl- coenzyme A reductase [6]. 

 

Loquat (Eriobotrya japonica) is a subtropical evergreen fruit tree endemic to Southeast Asia. Loquat 

(Eriobotrya japonica) is grown in China, Spain, Japan, India, Pakistan, Turkey, Egypt, Cyprus, Italy, France, 

Australia, Mexico, and Tunisia, among other nations [7]. Loquat is high in a variety of beneficial chemicals; 

however, their concentration varies depending on cultivar. Flavonoids (phenolics), carotenoids, and triterpene 

acids are the primary bioactive substances with increased antioxidant potential. The primary ingredients of 

loquat, according to phytochemical research, are tannin, quercetin, chlorogenic acid, ursolic acid, oleanolic 

acid, and caffeic acid. Eriobotrya japonica has been shown to have a variety of pharmacological properties, 

including antioxidant, antibacterial, hypolipidemic, anti- diabetic, and other properties [8]. 

https://www.teikyomedicaljournal.com/


ISSN: 03875547 

Volume 45, Issue 07, September, 2022 

  

6925 
 

The objective of this study is to determine the bioactive components of cape gooseberry and loquat juices and 

evaluate cardioprotective effects of these bioactive components through decreasing serum B- type natriuretic 

peptides in high fat-high cholesterol feeding rats. 

 

2. MATERIALS AND METHODS 

 

2.1 Preparation of fruits juices 

Cape gooseberry and loquat that were used in this study were purchased from Agriculture Research Center, 

Cairo, Egypt. Fruits were washed, cut into small pieces and freshly prepared juice [500 g juice was added to 

500 ml distilled water, where each 1 ml juice contains 1 g juice]. The juice (1ml kg-1 b. wt.) was shaken well 

just before oral administration by gavage [9]. 

 

2.2 Evaluation of bioactive components of fruits juices by HPLC analysis 

Identification of phytocomponents in Cape gooseberry and loquat was performed by HPLC according to [10]. 

HPLC equipment was (Shimadzu class-VPV 5.03 from Kyoto, Japan) equipped with UV- detector (10A 

Shimadzu), binary pump (LC-16ADVP), degasser (DCou-14A) and C18column (Zorbax 300 

SB,4.5X250mm), and a heater set at 35˚C.The separation of phytocomponents were carried out at 205nm. 

 

2.3 Animal trial 

The study was carried out at Biochemistry and Nutrition Department, Animal House of Faculty of Women 

for Arts, Science and Education Ain Shams University, Egypt, from March 2021 to April 2021.Fifty male 

albino rats weighing (180 ±20g) and aged six months were obtained from the Animal Health Research 

Institute were used in this study. All rats were offered the standard commercial pellet diet with drinking water 

ad libitum for one week before starting the experiment as adaptation period in stainless steel cages with 

constant controlled environments; temperature 25°C ± 5, air humidity 55%±10% and 12/12 hours light/dark 

cycle were held. Rats will be divided to 5 groups, 10 rats each: Group 1: (Healthy control group): Rats were 

fed on balanced diet [11] and orally administrated (1ml kg-1 b. wt.) distilled water I.G. daily. Group 2: 

(Hyperlipidemic group): Rats were fed on HF-HC diet [12] and orally administrated (1ml kg-1 b. wt.) distilled 

water I.G. daily. Group 3: (Cape gooseberry group): Rats were fed on HF-HC diet [12] and orally 

administrated Cape gooseberry juice (1ml kg-1 b. wt.) I.G. daily. Group 4: (Loquat group): Rats were fed on 

HF-HC diet [12] and orally administrated loquat juice (1ml kg-1 b. wt.) I.G. daily. Group 5: (Mixture group): 

Rats were fed on HF-HC diet [12] and orally administrated mix of two juices (1ml kg-1 b. wt.) I.G. daily. 

 

2.4 Biochemical measurements: Determination of lipogenesis factors and atherogenic indices 

Total cholesterol (TC) Triacylglycerols (TAGs) High density lipoproteins (HDL-C) Low density lipoproteins 

(LDL-C) were measured using colorimetric kits [13]. Very low-density lipoproteins (VLDL-C) was 

calculated according to [14] equation. Hepatic lipase and Lecithin cholesterol acyl transferase (LCAT) were 

measured in liver tissue extract by ELIZA3 and RIA7 kits respectively, Apo- Lipoprotein A-1 and B were 

measured using ELIZA kits [15] and atherogenic indices were calculated as described by [16]. 

 

2.5 Determination of oxidative stress and anti-inflammatory biomarkers 

Malondialdehyde (MDA) and Reduced glutathione (GSH) were determined calorimetrically [17]. Interlukin-

4(IL-4) [18] Interlukin-13(IL-13) [19] were determined by ELISA kits. 

 

2.6 Determination of liver function tests 

Serum ALT and AST activities were measured by colorimetric method as described by [20] using Bio 

Diagnostic kits. Serum Collagen 7s level was measured using ELIZA kit as described by [21]. 
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2.7 Determination of heart function tests 

Creatine phosphokinase (CPK-MB), Troponin-I and Myoglobin were measured using a Vet Test TM 

automatic calorimetrically analyzer [22]. Brain Natriuretic Peptide (BNP) Pro Brain Natriuretic Peptide (Pro-

BNP) were measured using a commercial kit and an electrochemiluminescence method with an Elecsys 2010 

Automated Analyzer [23]. 

 

2.8 Microscopic examination 

Liver and heart tissues were collected, washed by sterile saline solution (9gL-1), parts of liver and heart were 

carefully removed and fixed in 10% neutral formalin for routine histological examination by using (H&E) 

stain. 

 

2.9 Statistical analysis 

Statistical Package for Social Science (SPSS) version 16.0 Microsoft Windows; SPSS Inc. was used to 

analyze the data. The mean and standard deviation were used to express the data as mean± SD. According to 

[24], statistical differences between groups were determined using one-way analysis of variance ANOVA; 

the mean difference was significant at the (P˂0.05) level. 

 

3. RESULTS 

 

3.1 Analysis of bioactive components and organic acids contents in concentrated juices of cape gooseberry 

and loquat: 

The results of quantitative analysis of cape gooseberry juice (CGJ) and loquat juice (LJ) by HPLC analysis 

presented in tables (1,2,3 and 4) and illustrated in figures (1,2,3 and4). With respect to cape gooseberry 

analysis, the tested juice sample contained chlorogenic acid as a main component that recorded (98.48×10-3 

mg/ml) followed by rutin (40.46×10-3 mg/ml), gallic acid (39.76×10-3 mg/ml), catechin (19.22×10-3 mg/ml), 

ellagic acid (14.66×10-3 mg/ml) and caffeic acid (9.02×10-3mg/ml) with other components that recorded 

smaller concentrations. Considering the organic acids contents of cape gooseberry juice presented in table 

(2), citric acid was the main organic acid that recorded (66mg/ml) in addition to other organic acids of lower 

concentration as propionic, formic, lactic and acetic acids. Concerning the analysis of loquat concentrated 

juice that presented in table (3 and 4) the main bioactive component was chlorogenic acid that recorded 

(65.88×10-3 mg/ml) followed by gallic acid (21.88×10-3 mg/ml) and some other components of lower 

concentrations. Moreover, the main organic acid of loquat juice was formic acid that recorded (4.70 mg/ml) 

with other traces of organic acids. 

 

Table (1): Bioactive components in concentrated juice of cape gooseberry (mg/ml): 

Bioactive components (mg/ml) 

Chlorogenic acid 98.48 x10-3 

Rutin 40.46 x10-3 

Gallic acid 39.76 x10-3 

Catechin 19.22 x10-3 

Ellagic acid 14.66 x10-3 

Caffeic acid 9.02 x10-3 

Syringic acid 5.96 x10-3 

Naringenin 5.14 x10-3 

Ferulic acid 5.08 x10-3 

Coumaric acid 2.48 x10-3 

Methyl gallate 2.06 x10-3 

E-Vanillin 1.16 x10-3 

Cinnamic acid 0.11 x10-3 
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Table (2): Organic acids in concentrated juice of cape gooseberry (mg/ml): 

Organic acids (mg/ml) 

Citric acid 66.00 

Propionic acid 9.20 

Formic acid 8.68 

Lactic acid 1.20 

Acetic acid 1.06 

 

Table (3): Bioactive components in concentrated juice of loquat (mg/ml): 

Bioactive components (mg/ml) 

Chlorogenic 65.88 x10-3 

Gallic acid 21.88 x10-3 

Rutin 8.50 x10-3 

Pyrocatechol 6.38 x10-3 

Caffeic acid 3.98 x10-3 

Ferulic acid 3.00 x10-3 

Naringenin 2.10 x10-3 

Quercetin 1.02 x10-3 

Coumaric acid 0.82 x10-3 

Vanillin 0.52 x10-3 

Cinnamic acid 0.16 x10-3 

 

Table (4): Organic acids in concentrated juice of loquat (mg/ml): 

Organic acids (mg/ml) 

Formic acid 4.70 

Lactic acid 0.56 

Citric acid 0.40 

Acetic acid 0.26 

Succinic acid 0.20 

 

 
Figure (1): Bioactive components in concentrated juice of cape gooseberry (mg/ml) 
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Figure (2): Organic acids in concentrated juice of cape gooseberry (mg/ml): 

 

 
Figure (3): Bioactive components in concentrated juice of loquat (mg/ml) 

 

 
Figure (4): Organic acids in concentrated juice of loquat (mg/ml) 

 

3.2 The effects of Cape gooseberry and/or Loquat juices on lipogenesis factors and atherogenic indices in 

experimental groups: 

The results presented in tables (5&6) showed the mean ±SD of serum levels of lipogenesis factors and 

atherogenic indices. Considering serum TC and TAGs, it was clear that the induction of hyperlipidemia by 

feeding rats on HF-HC diet caused significant (P˂0.05) higher serum levels of TC and TAGs by about 93.91% 

and 67.91% respectively as compared with healthy control group 1. While, treatment of hyperlipidemia with 

tested juices (CGJ, LJ and Mix) resulted in significant (P˂0.05) decrease serum levels of TC and TAGs as 

compared with hyperlipidemic group 2. The levels of TC were reduced by about 26.17%,30.39% and 36.32% 

while, the levels of TAGs reduced by 17.38%,28.41% and 32.94% respectively in tested groups 3,4 and 5 as 

compared with hyperlipidemic group 2. With respect to serum level of HDL-C, it reduced significantly 

(P˂0.05) by about (42.87%) with induction of hyperlipidemia in rats fed HF-HC diet in comparison with 
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healthy control group 1. However, serum level of HDL-C significantly (P˂0.05) increased in hyperlipidemic 

rats when treated with tested juices (CGJ, LJ and Mix). The percentage of increment reached 18.83% in group 

3, 25.56% in group 4 and 53.37% in group 5 in comparison with hyperlipidemic group 2. 

 

From the tabulated data it was observed that serum levels of bad cholesterol LDL-C and VLDL-C were 

observed to be significantly (P˂0.05) increased in hyperlipidemic rats fed HF-HC diet for induction of 

hyperlipidemia, by about 275.62% for LDL-C and 67.91% for VLDL-C respectively as compared with 

healthy control group 1. While, treatment of hyperlipidemia with tested juices (CGJ, LJ and Mix) caused 

significant (P˂0.05) decrease in serum levels of LDL-C and VLDL-C in comparison with hyperlipidemic 

group 2. The percentages of decrement were 33.53% and 17.35% in group 3 that treated with CGJ, 42.36% 

and in group 4 that treated with LJ and 59.60% and 32.95% in group 5 that treated with mixture of two juices. 

 

Lecithin cholesterol acyl transferase (LCAT) is an important enzyme for removing cholesterol from blood 

and tissues by converting cholesterol into cholesterol esters to facilitate its excretion. From the results of 

(LCAT) it was observed that, there was a significant (P˂0.05) decrease in serum level of (LCAT) in 

hyperlipidemic group 2 by about 79.11% when compared with healthy control group 1. While, by treatment 

of hyperlipidemia with tested juices (CGJ, LJ and Mix) caused significant (P˂0.05) increase in serum levels 

(LCAT) by about 109.72%, 193.06% and 302.43% respectively in comparison with hyperlipidemic group 2. 

With regard to, hepatic lipase (HL) enzyme which is an important enzyme in TAGs and phospholipids 

hydrolysis in blood. Also, it helps in maintaining steady levels of LDL-C and HDL-C. The results presented 

in table (5) showed that feeding HF-HC diet leading to significant (P˂0.05) decrease in HL enzyme level by 

about 51.93% in hyperlipidemic group 2 as compared with healthy control group1. While by treatment of 

hyperlipidemia with tested juices (CGJ, LJ and Mix) caused significant (P˂0.05) increase in serum levels of 

(HL) and the percentage of increment were 39.46%, 42.79% and 93.02% respectively in groups 3, 4 and 5 in 

comparison with hyperlipidemic group 2. 

 

In accordance with blood lipids profile the atherogenic indices were found to be significantly affected by 

induction of hyperlipidemia in rats fed on HF-HC diet (Table: 6). As apolipoprotein A (Apo-A1) is a protein 

carried in good cholesterol HDL-C and it helps starting process of HDL to remove bad type of cholesterol 

from body tissue. Apolipoprotein A1 results followed the same trend as HDL-C, its level significantly 

(P˂0.05) decreased with hyperlipidemia induction in group 2 and by about 58.89% as compared with group1. 

Treatment with tested juices (CGJ, LJ and Mix) caused significant (P˂0.05) increase in serum levels of Apo-

A1 by 38.58%, 61.11% and 80.01%, respectively in comparison with hyperlipidemic group 2. 

 

On the contrary apolipoprotein B (Apo-B) is a key atherogenic lipoprotein including in bad cholesterol 

molecules and considered as a novel marker for cardiovascular diseases. From the results, Apo-B level 

significantly (P˂0.05) increased in rats fed HF-HC diet for hyperlipidemia induction in group 2 by about 

206.73% as compared with group 1. Treatment with tested juices (LJ and Mix) caused significant (P˂0.05) 

decrease in serum levels of Apo-B by about 21.56% and 40.90%, respectively in comparison with 

hyperlipidemic group 2. While CGJ administration showed non-significant decrease in comparison with 

hyperlipidemic group 2. Concerning the mean values of CRF and AI induction of hyperlipidemia by feeding 

on HF-HC diet resulted in a significant (P˂0.05) increase in CRF and AI by about 241.49% and 197.17%, 

respectively when compared with healthy control. However, treatment of hyperlipidemia with tested juices 

(LJ and Mix) caused significant (P˂0.05) decrease in the mean values of CRF and AI as compared with their 

counterparts in hyperlipidemic group 2. The percentages of decrement were 30.22% and 29.70% in group 3, 

45.02% and 43.32% in group 4 and 58.88% and 56.95% in group 5, respectively. From the data we observed 

that mixture of two juices had the more effect in treating hyperlipidemia and decreased atherogenic risk 
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factors and this confirmed the synergistic effect of consuming two fruits together. 

 

Table (5): The effects of Cape gooseberry and/or Loquat juices on lipogenesis factors in experimental 

groups: 

Parameters / Groups TC (mg/dl) TAGs (mg/dl) HDL-C (mg/dl) LDL-C 
(mg/dl) 

VLDL-C 
(mg/dl) 

LCAT (ng/ml) Hepatic 
lipase (ng/ml) 

 a a a a a a a 

G1 Healthy control 64.24±4.68 84.62±3.17 34.31±2.51 16.12±1.52 16.92±0.63 94.48±1.09 138.98±1.50 

 
b b b b b b b 

G2 Hyperlipidemic 124.57±1.83 142.09±3.13 19.60±2.39 60.55±5.45 28.41±0.63 19.74±1.49 66.81±2.71 

 c c c c c c c 

G3 Gape 

gooseberry 

 

91.97±2.08 
 

117.4±3.18 
 

23.29±4.03 
 

40.25±3.12 
 

23.48±0.64 
 

41.40±1.43 
 

93.17±2.45 

 
d d c d d d c 

G4 Loquat 86.71±3.45 101.72±2.02 24.61±2.32 34.90±3.02 20.34±0.40 57.85±1.05 95.40±2.14 

 
e e d e e e d 

G5 Mix 79.33±2.04 95.29±3.25 30.06±1.55 24.46±2.64 19.05±0.65 79.44±1.30 128.96±2.08 

 
LSD P˂0.05 

 
3.09 

 
3.03 

 
2.73 

 
3.37 

 
0.61 

 
1.29 

 
2.23 

-Values are represented as mean ±SD (n=10) rats for each group 

 

-There was no significant difference between means have the same letters in the same column (p˂0.05) 

 

Table (6): The effects of Cape gooseberry and/or Loquat juices on atherogenic indices in experimental 

groups: 

Parameters / Groups Apo A1 (ng/ml) Apo B (ng/ml) CRF AI 

 a a a a 

G1 Healthy control 46.85±4.81 12.33±0.87 1.88±0.24 2.47±0.20 

 
b b b b 

G2 Hyperlipidemic 19.26±1.29 37.82±2.72 6.42±0.77 7.34±0.54 

 
c b c c 

G3 Gape gooseberry 26.69±1.64 35.55±4.82 4.48±0.71 5.16±0.36 

 
d c d cd 

G4 Loquat 31.03±1.21 29.67±2.27 3.53±0.27 4.16±0.16 

 
e d ad ad 

G5 Mix 34.67±3.25 22.35±2.15 2.64±0.19 3.16±0.62 
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LSD P˂0.05 

 
2.88 

 
2.91 

 
0.94 

 
1.2 

-Values are represented as mean ±SD (n=10) rats for each group 

 

-There was no significant difference between means have the same letters in the same column (p˂0.05) 

 

3.3 The effects of Cape gooseberry and/or Loquat juices on oxidative stress status and anti- inflammatory 

markers in experimental groups: 

The results presented in table (7) showed mean ±SD for pro-oxidant; malondialdehyde (MDA) (nmol/ml), 

non-enzymatic antioxidant; reduced glutathione (GSH) (mg/dl), in addition to anti- inflammatory biomarkers; 

interlukin-4 (IL-4) (pg/ml) and interlukin-13 (IL-13) (pg/ml) in all experimental groups. With respect to 

serum level of oxidative marker MDA the induction of hyperlipidemia by feeding rats HF-HC diet showed a 

significant (P˂0.05) increase in serum level of MDA by 281.33% in comparison with healthy control group1. 

However, treatment with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) decrease in serum 

level of MDA as compared with hyperlipidemic group2. The percentage of decrement reached 

21.68%,39.16% and 46.50% respectively as compared with hyperlipidemic group2. In contrast, serum level 

of non-enzymatic antioxidant GSH significantly (P˂0.05) decreased in serum level of GSH and the percent 

of decrement reached 80.98% in comparison with healthy control group1. Whereas treatment of 

hyperlipidemia with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) increase in serum level 

of GSH as compared with hyperlipidemic group2. The percentage of increment were 89.29%, 78.57% and 

158.93% respectively as compared with hyperlipidemic group 2. 

 

Concerning serum levels of anti-inflammatory biomarkers IL-4 and IL-13, it was clear that the induction of 

hyperlipidemia resulted in a significant decrease in their serum levels in comparison with healthy control. 

The percentages of decrement were 41.61% and 79.72%, respectively in comparison with healthy control. 

However, treatment of hyperlipidemia with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) 

increase in serum level of IL-4 and IL-13 as compared with hyperlipidemic group2. The percentage of 

increment were 35.86% and 57.94% in Cape gooseberry G3, 51.33% and 60.32% in Loquat G4 and 59.83% 

and 133.33% in Mix G5 respectively as compared with their counterparts in hyperlipidemic group2. 

Consuming mixture of two juices had more effect to reduce oxidative stress and more anti-inflammatory 

effect. 

 

Table (7): The effects of Cape gooseberry and/or Loquat juices on oxidative stress status and anti-

inflammatory markers in experimental groups: 

Parameters / Groups MDA (nmol/ml) GSH (mg/dl) IL-4 (pg/ml) IL-13 (pg/ml) 

 a a a a 

G1 Healthy control 0.75±0.11 5.89±0.74 191.50±14.42 5.92±1.11 

 b b b b 

G2 Hyperlipidemic 2.86±0.35 1.12±0.26 111.82±8.64 1.26±0.32 

 c c c c 

G3 Gape gooseberry 2.24±0.20 2.12±0.26 151.30±1.91 1.99±0.20 

 d c d c 
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G4 Loquat 1.74±0.17 2.00±0.37 169.22±6.60 2.02±0.28 

 d d e d 

G5 Mix 1.53±0.25 2.90±0.44 178.72±9.95 2.94±0.59 

LSD P˂0.05 0.23 0.46 9.42 0.62 

-Values are represented as mean ±SD (n=10) rats for each group 

 

-There was no significant difference between means have the same letters in the same column (p˂0.05) 

 

3.4 The effects of Cape gooseberry and/or Loquat juices on liver function tests in experimental groups: 

Liver is the key organ that involved in numerous metabolic functions and plays a central role in lipids 

metabolism and excretion of excess cholesterol from the body. The results presented in table (8) showed 

transaminases ALT and AST, they are very common part of a group of liver function tests and elevation in 

their serum levels is associated with liver cells injury. From the results of ALT and AST it was clear that 

feeding HF-HC diet for hyperlipidemia induction resulted in a significant (P˂0.05) increase in serum level of 

ALT and AST by about 240.02% and 183.78% in comparison with healthy control group1. However, 

treatment of hyperlipidemia with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) decrease 

in serum level of ALT and AST as compared with hyperlipidemic group2. The percentage of decrement were 

32.33% and 17.36% in Cape gooseberry G3, 45.59% and 28.42% in Loquat G4 and 52.45% and 40.64% in 

Mix G5 respectively as compared with their counterparts in hyperlipidemic group2. 

 

Collagen IV-7s is a fragment of collagen IV and is a part of extracellular matrix, which forms a basement 

membrane and it is established biomarker for liver fibrosis. The results showed that feeding HF-HC diet for 

hyperlipidemia induction resulted in a significant (P˂0.05) increase in serum level of collagen IV- 7s by about 

439% in comparison with healthy control group1. whereas, treatment of hyperlipidemia with tested juices 

(CGJ, LJ and Mix) resulted in a significant (P˂0.05) decrease in serum level of collagen IV-7S as compared 

with hyperlipidemic group2. The percentage of decrement were 15.86%, 23.38% and 36.92% respectively as 

compared with hyperlipidemic group2. Group 5 that consumed the mixture of two juices was the most 

significant effect in hepatic protection against HF-HC diet induced hepatic disfunction. 

 

Table (8): The effects of Cape gooseberry and/or Loquat juices on liver function tests in experimental 

groups: 

Parameters / Groups ALT (u/l) AST (u/l) Collagen IV- 7s (pg/ml) 

 a a a 

G1 Healthy control 26.09±2.55 36.13±2.24 2.00±0.08 

 b b b 

G2 Hyperlipidemic 88.68±6.43 102.53±8.59 10.78±0.94 

 c c c 

G3 Gape gooseberry 60.01±3.74 84.73±5.67 9.07±0.85 

 d d d 

G4 Loquat 48.25±2.81 73.39±4.40 8.26±0.75 

 e e e 
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G5 Mix 42.17±2.72 60.86±6.72 6.80±0.61 

LSD P˂0.05 3.89 5.92 0.72 

- Values are represented as mean ±SD (n=10) rats for each group 

-There was no significant difference between means have the same letters in the same column (p˂0.05) 

 

3.5 The effects of Cape gooseberry and/or Loquat juices on heart function tests in experimental groups 

Heart function evaluation included determination of creatin kinase (CK-MB) (ng/ml), troponin (pg/ml), 

myoglobin (ng/ml), brain natriuretic peptide (BNP) (pg/ml) and N-terminal pro-brain natriuretic peptide (NT-

proBNP) (pg/ml). The results presented in table (9) showed CK-MB; an enzyme isomer expressed in cardiac 

muscles and used as marker for heart failure. The results of CK-MB showed that there was a significant 

(P˂0.05) increase in hyperlipidemic group by 30.71% when compared with healthy control group. whereas, 

treatment of hyperlipidemia with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) decrease 

in serum level of CK-MB as compared with hyperlipidemic group2. The percentages of decrement were 

5.50%,10.57% and 15.74% respectively as compared with hyperlipidemic group2. 

 

Serum levels of troponin and myoglobin are of diagnostic importance for myocardial injury. Since troponin 

is from regulatory proteins that helps contraction of cardiac muscles and myoglobin is a protein captures 

oxygen that cardiac cells use for energy. As heart failure occurd troponin and myoglobin released into blood 

and considered from the early symptoms of heart disease. From the results presented in table (9) troponin and 

myoglobin levels significancy (P˂0.05) increased after induction of hyperlipidemia by feeding rats HF-HC 

diet by about 196.79% and 161.05% respectively when compared with corresponding healthy control group. 

While, treatment of hyperlipidemia with tested juices (CGJ, LJ and Mix) resulted in a significant (P˂0.05) 

decrease in serum level of troponin and myoglobin as compared with hyperlipidemic group2. The percentage 

of decrement were 20.58%,16.13% and 31.05% respectively for troponin results as compared with 

hyperlipidemic group2. In addition, the percentage of decrement were 16.70%,13.81% and 33.85% 

respectively for myoglobin results as compared with hyperlipidemic group2. 

 

Brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic peptide (NT-proBNP) are hormones that 

produced by cardiomyocytes of ventricles while pro-BNP is non-active prohormone form. There levels 

elevated in response to change in pressure inside the heart. The results showed that feeding rats HF-HC diet 

increased significantly (P˂0.05) BNP and NT-proBNP serum levels by about 116.14% and 93.97% 

respectively when compared with healthy control group. While, treatment of hyperlipidemia with tested juices 

(CGJ, LJ and Mix) resulted in a significant (P˂0.05) decrease in serum level of BNP and NT-proBNP as 

compared with hyperlipidemic group2. The percentages of decrement were 14.60%, 30.43% and 40.33%, 

respectively for BNP results as compared with hyperlipidemic group2. In addition, the percentages of 

decrement were 6.61%, 19.27% and 6.60% respectively for NT- proBNP results as compared with 

hyperlipidemic group2. From the results it was clear that mixture group had the most significant effect in 

cardiac protection and improving heart function biomarkers. 

 

Table (9): The effects of Cape gooseberry and/or Loquat juices on heart function tests 

Parameters / Groups CK-MB (ng/ml) Troponin (pg/ml) Myoglobin 

(ng/ml) 

BNP (pg/ml) NT-ProBNP 

(pg/ml) 

 a a a a a 

G1 Healthy control 154.74±4.29 2.80±0.46 1.72±0.25 27.88±1.57 49.12±1.24 

 b b c b b 
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G2 Hyperlipidemic 202.26±5.28 8.31±1.25 4.49±0.03 60.26±2.89 95.28±1.97 

 c c b c c c 

G3 Gape gooseberry 191.14±5.80 6.60±0.57 3.74±0.07 51.46±3.11 88.98±2.76 

 d c b c d d 

G4 Loquat 180.88±6.52 6.97±0.65 3.87± 0.12 41.92±4.39 76.92±1.83 

 e d b e c 

G5 Mix 170.43±6.19 5.73±0.43 2.97±0.05 35.96±2.04 89.00±2.36 

LSD P˂0.05 5.77 0.72 1.42 3.01 5.05 

- Values are represented as mean ±SD (n=10) rats for each group 

 

-There was no significant difference between means have the same letters in the same column (p˂0.05) 

 

3.6 The effects of Cape gooseberry and/or Loquat juices on microscopic alteration in liver and heart tissue 

in experimental groups: 

3.6.1 Microscopical examination of liver 

The livers of healthy control group covered with a thin connective tissue capsule. It is composed of hexagonal-

shaped lobules separated by connective tissue. Each hepatic lobule formed of hepatic cords radiating from a 

central vein and separated from each other by irregular blood sinusoids. The hepatocytes are polyhedral in 

shape with rounded centrally- located nuclei. Two types of cells line the sinusoidal wall: thin endothelial cells 

and phagocytic Kupffer cells as showed in figures (5: a). The connective tissue around the hepatic lobules is 

condensed at the corners of the lobules to form the portal areas. These areas contain branches of hepatic 

artery, hepatic portal vein, bile ductile and lymph vessels as showed in figures (5: b). The liver of healthy 

control rats showed well-organized histological architecture with no deleterious changes. The HF-HC diet 

administration to rats may causes cellular structure changes, and reduce the oxygen intake rate. Additionally, 

oxidative stress contributes significantly to the pathogenesis of hyperlipidemia induced hepatitis and 

cirrhosis. In hyperlipidemic group, examination of the liver sections revealed fatty change in a wide area of 

the hepatic parenchyma. This associated with focal necrosis and tissue disorganization figure (5: c). Severe 

dilatation and congestion of both the central and portal veins were illustrated in figure (5: d). In addition, 

focal leucocytic inflammatory cell aggregation and diffuse Kupffer cell activation could be detected in- 

between the degenerated cytomegalic hepatocytes figure (5: e). Liver section of Cape gooseberry group (G3) 

showed cytoplasmic vacuolization of some hepatocytes and congestion in central vein figure (5: f). Liver 

section of loquat group (G4) showed macrovesicular steatosis of hepatocytes and congestion in central vein 

figure (5: g). Liver section of mixture group (G5) showed fibrosis surround bile duct and portal area with 

fatty drops figure (5: h). 

 

3.6.2 Microscopical examination of heart 

Heart sections of healthy control group (G1) showed normal histological structure of myocardial bundles with 

normal architecture as in figures (6: a & b). With respect to heart sections of hyperlipidemia group (G2) 

showed focal degradation of myocardium, focal inflammatory cells infiltration and focal hemorrhages in 

between the bundles, edema with congestion of coronary arteries and focal degradation of myocardium 

bundles with leukocytes infiltration, in addition to atherogenic lesions in some coronary arteries as showed 

in figures (6: c, d & e). While rats that were treated with tested juices (CGJ, LJ and Mix) histological 

examination of heart section showed some reversed actions because of antihyperlipidemic effects and 

cardioprotective effects of these juices. Cape gooseberry group (G3) showed decreased congestion of 
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coronary arteries with some leukocyte's infiltration figure (6: f). Heart section of loquat group (G4) showed 

decreased dilatation and congestion of sclerotic blood vessels with inflammatory cells infiltration figure (6: 

g). Heart sections of mixture group (G5) showed inflammatory cells infiltration between myocardium 

bundles, dilatation of blood vessels and congestion of coronary arteries figures (6: h). 

 

 
Figure (5: a-h): a) Liver section of Healthy control group (G1) showing the normal histological structure of 

the central vein (CV) (green arrow) and the portal area (PA) (blue arrow). b): Liver section of Healthy 

control group (G1) showing normal histological structure of hepatic lobule, hepatic cords radiating from the 

central vein (blue arrow). Note the hepatocytes (black arrow), endothelial cells (green arrow) and Kupffer 

cells (white arrow) c): Liver section of Hyperlipidemic group (G2) showing focal leucocytic inflammatory 

cell infiltration (green arrow) with diffuse Kupffer cell proliferation (black arrows) in- between the 

cytomegalic degenerated hepatocytes (blue arrows) d): Liver section of Hyperlipidemic group (G2) 
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showing focal pigmentation (blue arrows), severe dilatation, and congestion of the central vein (green 

arrow). e): Liver section of Hyperlipidemic group (G2) showing macrovesicular steatosis of hepatocytes, 

intracytoplasmic fat droplets (green arrow) as a fatty change. Kupffer cell proliferation (black arrow) and 

leucocytic inflammatory cell infiltration (blue star). f): Liver section of Cape gooseberry group (G3) 

showing cytoplasmic vacuolization of some hepatocytes (blue arrow) and congestion in central vein (green 

arrow). g): Liver section of Loquat group (G4) showing macrovesicular steatosis of hepatocytes (blue 

arrow) and congestion in central vein (green arrow). h): Liver section of Mixture group (G5) showing 

fibrosis surround bile duct and portal area (black arrow) with fatty drops (blue arrow) (H & E × 400). 

 

 
Figure (6: a-h): Heart section of Healthy control group (G1) showing normal architecture. b): Heart section 
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of Healthy control group (G1) showing normal histological structure of myocardial bundles. c): Heart 

section of Hyperlipidemia group (G2) showing focal degradation of myocardium. d): Heart section of 

Hyperlipidemia group (G2) showing focal inflammatory cells infiltration (green arrow) and focal 

hemorrhages (blue arrow) in between the bundles. e): Heart section of Hyperlipidemia group (G2) showing 

edema with congestion of coronary arteries (green arrow) and focal degradation of myocardium bundles 

(black arrow), leukocytes infiltration (blue arrow). f): Heart section of Cape gooseberry group (G3) 

showing congestion of coronary arteries (green arrow) with some leukocyte's infiltration (blue arrow). g): 

Heart section of Loquat group (G4) showing dilatation and congestion of sclerotic blood vessels (green 

arrow) with inflammatory cells infiltration (black arrow). h): Heart section of Mixture group (G5) showing 

small inflammatory cells infiltration between myocardium bundles. (H & E × 400) 

 

4. DISCUSSION 

The present results indicated that cape gooseberry juice (CGJ) contained more bioactive components and 

organic acids contents than loquat juice (LJ). Phytochemicals are bioactive components that function as 

essential antioxidants and have positive impacts on human health, particularly in the prevention of 

cardiovascular, inflammatory, and cancer illnesses. Flavonoids, a large category of phenolic chemicals with 

health-promoting properties, are one of the most essential components of edible wild fruits. Within our study 

the main flavonoid of cape gooseberry was rutin (40.46 x10-3 mg/ml). A high rutin content is particularly 

liable for DPPH activity of fruit extract. Our findings corroborated those of [25] who found that the pulp of 

loquat fruits had the highest amount of chlorogenic acid (46.4 mg/100 g), whereas the peel contained the 

highest quantity of rutin glucoside (21.8 mg/100 g). In addition, epigallocatechin, gallate, epicatechin, and 

catechin levels in loquat fruit were quantified. 

 

In cape gooseberry fresh fruit, [26] found quercetin dihydrate, catechin, rutin, chlorogenic, gallic, caffeic, 

epicatechin, myricetin, and kaempferol. Mulberry fruits were a valuable source of a wide spectrum of 

phytocompounds, with a projected overall antioxidative impact. Rutin, a significant phenolic component, was 

found in considerable concentrations in cape gooseberry extract. The fruits of the cape gooseberry were used 

in medicine because of their high content of variety of active substances such as gallic acid, catechin, 

flavonoids, phenolics, and water-soluble vitamins. Hepatoprotective effect of cape gooseberry fruit was 

mainly due to the presence of flavonoids (rutin, naringenin) and phenolic substances (E-vanllic, chlorogenic, 

and pyrogallol). Our findings corroborated those of [27] who found that chlorogenic acid was the most 

significant component of cape gooseberry, followed by rutin, gallic, and catechin acids. 

 

Furthermore, the current findings mirrored those of [28] who said that there are several active chemicals 

contained in the leaves and fruits of the loquat plant that are vital for diverse biological activities. Vitamins, 

flavonoids, phenols, carotenes, and other active substances were abundant in loquat fruits. Major phenolic 

components were found in ripe loquat fruits included caffeic acid, rutin, neochlorogenic acid, chlorogenic 

acid, protocatechuic acid, pyrocatechol acid, ellagic acid, and ferulic acid. Tannins, carbohydrates, minerals, 

and proteins were abounded in the loquat kernel. E. japonica flowers were high in flavonoids and phenolic 

compounds [29]. The bioactive components of loquats were summarized by [30] who determined that 

chlorogenic acid and neochlorogenic acid were the main phenolic constituents of loquat. Loquat Fruit pulp 

included a wide range of phenolic chemicals, but flavonoids were exclusively present in the skin of the fruit.  

 

The increased flux of FFAs and TAGs to liver increase synthesis of VLDL-C and subsequently LDL-C while 

decreased good cholesterol HDL-C. This disturbance in blood lipids profile increased atherogenic indices and 

risk for cardiovascular diseases development. However, increased intake of food rich in bioactive 

components, phytochemicals and antioxidants might significantly reduce atherogenicity by reducing lipids 
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absorption from gut, increasing bile acids excretion and reducing oxidation of LDL-C. All of those factors 

can cause marked improvement of lipotoxicity condition associated with hyperlipidemia. According to [31] 

HF-HC raised blood LDL-C levels, oxidative stress and resulting in increased atherosclerotic plaque 

formation. The hypo-cholesterolemic and atherosclerotic-protective potentials of dietary consumption of 

goldenberry juice were investigated by measuring plasma lipid profiles in rats fed a regular diet, HF-HC or 

HF-HC supplemented with goldenberry fruit extract. Increased plasma TC and LDL-C with lower HDL-C 

were found in the HF-HC-fed rats and ingestion of the goldenberry significantly controlled the raised TC and 

LDL-C levels while increasing HDL-C levels. Phytosterols from cape gooseberry extract have been shown 

to lower blood lipoprotein cholesterol levels in previous investigations. These chemicals were thought to 

cause a reduction in cholesterol solubility and absorption through the intestinal barrier, resulting in lower 

plasma cholesterol levels. These chemicals had also been shown to prevent or slow the onset of atherosclerotic 

plaques [32]. Cape gooseberry juice's fatty acid composition, which was high in important fatty acids like 

PUFA, may also play a part in the juice's health-promoting abilities. Other bioactive chemicals found in fruit 

extract, such as tocopherols, inhibited lipoprotein structural changes. Minor components, particularly 

flavonoids, which were hypothesized to exert their action by preventing LDL oxidation and platelet 

aggregation, as well as carotenoids, which were assumed to work primarily as antioxidants, might be linked 

to the positive benefits. Furthermore, cape gooseberry contains n-3 fatty acids, which have been shown to 

reduce TAGs levels in the blood. In addition, cape gooseberry had a hepatoprotective action on the liver, 

which helped hepatocytes to play a role in cholesterol production and net excretion, either directly as free 

cholesterol in the bile or after conversion to bile acids [33]. According to [34] rutin, a flavonoid found in cape 

gooseberry extract, inhibited lipogenesis via decreased fatty acid synthase (FAS) enzyme, increased p-ACC 

protein, and stimulated lipid oxidation via increased expression of p- AMPK, PPAR-α, and CPT1. 

Furthermore, modulation of the JAK2/STAT3 and JAK2/AMPK signaling pathways by chlorogenic acid, a 

polyphenol present in cape gooseberry, was reported to alleviate NAFLD in a HF-HC-induced fatty liver 

animal model. 

 

Our findings for loquat juice resembled those of [35] who found that loquat juice treatment had anti- 

hyperlipidemic effects when fed an HF-HC diet generated hyperlipidemia. They linked loquat juice's anti-

hyperlipidemic actions to enhanced AMPK-α protein phosphorylation in both liver and fatty tissue that 

resulted in increased adipose and hepatic PPAR-mRNA levels and ended with reduced expression of fatty 

acid synthesis genes, including acyl-coenzyme A and diacylglycerol acyltransferase-2. Moreover, in the study 

of [36] indicated that, cellular studies in a hypercholesterolemic rat model, loquat leaf extract demonstrated 

anti-atherosclerotic action. The cell suspension culture of ethanol extract of loquat exhibited hypolipidemic 

activity in high-fat diet mice, as it reduced white fatty tissue (WAT) weights (including visceral fat, 

mesenteric, perirenal, and epididymal WAT), weight gain, hepatic triacylglycerol content, and adipocyte size 

within visceral depots. 

 

From the results of oxidative stress evaluation, it was clear that, increased the flux of dietary fat and 

cholesterol from HF-HC diet to liver this resulted in increased oxidative metabolism with generation of more 

ROS. Also, precipitation of fat between tissue cells could be correlated with activation of oxidative enzymes 

activities with increased generation of ROS thus including a condition of oxidative stress with generation of 

pro-oxidants. To counteract the increased free radical flux, obligate cells to utilize more antioxidant which 

resulted in a major reduction in their levels. However consuming foods rich in antioxidants, phytochemicals, 

polyphenols, etc. can reduce stress by their radical scavenging ability and at last reverse oxidative stress 

condition. Administration of cape gooseberry extract have been shown to have antioxidant and anti-

inflammatory properties when taken orally. The antioxidant activity of gooseberry was not due to a single 

photochemical component, but rather to the synergistic action of many antioxidants that worked together to 
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reduce oxidative stress and enhance biological and biochemical markers as well as liver histology in 

hyperlipidemic group. The antioxidant activity of cape gooseberry was attributed to its high levels of 

polyphenols; according to [37] cape gooseberry extract contained significant concentrations of total phenolic 

(71.22±2.75 mg/g) and flavonoid compounds (167.19±4.34 mg/g). 

 

The extract from loquat fruits was rich in polyphenols, had high free-radical scavenging and lipid peroxidation 

inhibitory action. [38] proposed that the antioxidant activity of loquat explained its anti- inflammatory 

benefits. The potential of phenolic components, particularly flavonoids, contained in loquat fruit extract to 

act as antioxidants was determined by the location and quantity of OH groups on the basic flavonoids 

structure; antioxidant activity is directly proportional to the amount of hydroxyl groups. Chlorogenic acid 

from a loquat ethanol cell suspension extract boosted GPx, SOD, GSH, and CAT activity while lowering 

MDA levels in liver tissue. Our findings resembled those of [39] who found that feeding HF-HC to 

hyperlipidemic rats stimulated the production of iNOS, COX2, TNF-, IL- 1, and IL-8 and decreased anti-

inflammatory markers IL-4 and IL-13 in comparison to the positive control, while treatment of hyperlipidemic 

rats with loquat juice decreased hyperlipidemic-induced cytokines and hence inducible enzyme production. 

These anti-inflammatory actions of loquat juice were explained by inhibiting the NF-κB signaling pathway. 

 

According to [40] caffeine and chlorogenic acids polyphenolic compounds activated the Kelch-like ECH-

associated protein 1 (Keap1)/Nrf2/antioxidant response element (ARE) pathway, resulting in the transcription 

and translation of detoxifying and antioxidant phase II clinical trial cytoprotective enzymes. Before 

activation, Nrf2 was attached to Keap1 in the cytoplasm, but after inducers react with Keap1 sulfhydryl 

groups, Nrf2 was released and translocated into the nucleus, where it attached to and activated ARE, which 

functions as an enhancer controlling the genes of the antioxidant enzymes. In addition, [41] found that loquat 

fruits juice suppressed NF-κB activation of alveolar macrophages in animal models, which resulted in dose-

dependent induction of anti-inflammatory markers IL-4 and IL- 13 this ended with reduction of inflammation 

condition. In another study by [42] triterpene acids extract from loquat fruits was found to significantly 

inhibited the expression of iNOS, which was linked to the inhibition of p38 MAPK phosphorylation and 

signal transduction in hyperlipidemic rats' alveolar macrophages. 

 

Transaminases ALT and AST are biomarkers used to assess liver function. They were elevated due to 

systemic damage of hepatic cells caused by ROS generated by disrupted lipid metabolism in hyperlipidemic 

patients. As a result, the high levels of transaminases and ALP in the blood suggested substantial damage to 

the hepatic tissue membranes during liver injury. Collagen 7s is a liver fibrosis diagnostic marker that is used 

to diagnose steatohepatitis and has been described as an indicator for detecting the stage of liver fibrosis. 

Furthermore, our findings revealed that CGJ and LJ juices provide obvious cellular protection by reducing 

inflammation in histological investigations. The presence of flavonoids, phenols, and antioxidant activity 

might all play a role in the hepatoprotective efficacy of the two fruits juices we chose for this study. 

 

Our findings matched those of [43] who found that blood concentrations of ALP, AST, and ALT were 

significantly (p˂0.001) elevated in rats fed the HF-HC diet, resulting in liver damage. Low and high dosages 

of cape gooseberry juice lowered blood AST and ALT levels significantly (p˂0.001) in a dose- dependent 

manner, with percentage inhibition of 30.65% and 44.53% respectively. The hyperlipidemic group's 

AST/ALT ratio was significantly (p˂0.001) lower, indicating that the condition was advancing and that ALT 

was growing faster than AST. 

 

According to [44] investigation the hepatoprotective efficacy of gape gooseberry against CCl4-induced liver 

tissue fibrosis. The liver fibrosis group had a higher hepatic level of collagen-IV-7s, according to histological 
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analysis of liver tissue. Collagen-IV-7s is a fragment of collagen-IV; its presence in the extracellular matrix 

formed by activated hepatic stellate cells helps liver cells maintain their integrity and function. Its 

concentration in liver tissues may be able to accurately predict the rate and development of hepatic 

fibrogenesis. Treatment with the tested extracts, significantly reduced hepatic collagen-IV- 7s deposition, 

indicating their protective effects against collagen deposition and liver fibrosis during this study. 

 

Bioactive components of cape gooseberry exhibited an ameliorative impact on NASH and reduced liver 

fibrosis. The study of [45] used NASH mice in their research, and the findings showed that giving gooseberry 

to rats enhanced liver function by lowering transaminase activities (ALT and AST), lowering collagen IV-7s, 

lowering hepatic fat buildup, and lowering ROS production. Furthermore, the bioactive components of cape 

gooseberry increased the association of Kelch-like ECH-associated protein 1 (KEAP1) with p62 while 

decreasing the contact of KEAP1 with NFE2-related transcription factor 2 (NRF2). This resulted in enhanced 

NRF2 nuclear translocation and activation, as well as increased expression of Nrf2 target genes and decreased 

oxidative stress. The reported hepatic therapeutic benefits of cape gooseberry bioactive components on NASH 

may be achieved by activation of the anti-oxidative signaling system. 

 

Histopathological examination of liver sections from hyperlipidemic rats revealed severe centrilobular 

necrosis, whereas G3, G4, and G5 animals treated with juices (CGJ, LJ, and Mix) exhibited clear evidence of 

hyperlipidemia-induced damage prevention. Taken together, the findings offered strong evidence that cape 

gooseberry and loquat were effective hepatoprotective agents. These were due to the strong antioxidant 

activity of cape gooseberry and loquat. One of the key aspects of oxidative stress was lipid peroxidation, 

which can produce liver lobule necrosis in the event of short-term interaction, as well as biliary channel 

growth, hepatic fibrosis, and cirrhosis. From the histopathology of hyperlipidemic rats' liver a major 

inflammation, liver injury, hepatic macrovesicular steatosis with accumulation of fat especially in hepatocytes 

and cellular infiltration in hepatic lobules were observed. [46] explained the liver injury induced by HF-HC 

diet in two steps: the primary step including production of IR by consuming HF-HC diet. Since IR 

characterized by increased hormone-sensitive lipase activity, which endd in up regulation of lipolysis and 

increased uptake of FFAs by liver cells and this successively induced TAGs biosynthesis and produced 

hepatic steatosis. The second step including increased oxidative stress status in liver tissue by HF-HC diet, 

which resulted in lipids peroxidation in liver. Lipid peroxidation successively ended up in inflammation of 

liver cells appeared as increased levels of proinflammatory cytokines in liver tissue as IL-1β increased by 

(37%); Il-6 increased by (70%) and tended to formation of TNF-α which resulted in hepatic fibrosis. 

 

The finding of [47] confirmed our findings, stated that cape gooseberry fruit extract might stabilized the 

hepatic cell membrane and function as a hepatoprotective agent against the toxic effects of cadmium and 

carbon tetrachloride. The polyphenol content of cape gooseberry was able to protect cells from death by 

maintaining the integrity of cell membranes. However, the potential of cape gooseberry fruit, aqueous or 

ethanolic extracts to scavenged free radicals and boosted antioxidant activity or inhibited cytochrome-P450 

might be another mechanism for their hepatoprotective action. In addition, a reduction in the expression of a 

fibrotic marker matrix collagen-IV-7s might perhaps be the underlying mechanism behind the 

hepatoprotective action. Cape gooseberry fruit juice was shown to diminish collagen-IV-7s expression and 

so prevent fibrosis. The effect was likely due to the presence of chlorogenic acid (a potent antioxidant) in the 

juice [48]. Our findings matched those of [49] who found that hepatic tissue samples from control mice 

showed central vein, bile duct, and hepatocytes arranged within the cords, whereas hepatic tissue samples 

from HF-HC induced hyperlipidemic mice showed disorganized hepatic tissue, fatty changes, and condensed 

nuclei. The effects of bioactive components of cape gooseberry on liver fibrosis in vivo models confirmed 

lower serum transaminases and decreased expression of classical fibrosis markers, such as collagen type IV-
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7s, tissue inhibitor of metalloproteinase 1 (TIMP1), α-smooth muscle actin (α-SMA), and transforming 

growth factor-1β (TGF-1β) [49]. The steatosis and hepatocyte swelling were dramatically reduced by loquat 

extract therapy, especially when given at a high dose of 200 mg/kg, and the morphology of the liver lobular 

structure was restored to almost normal state [36]. Hyperlipidemia is the primary cause of decreased heart 

function and the development of heart disease. Aside from the recognized two molecular forms produced 

from the B-type natriuretic peptide (BNP) precursor, BNP and NT-proBNP, heart function biomarkers are 

still being used as predictive biomarkers for future unfavorable cardiovascular events and as a guide to therapy 

in cardiopathy. As a result, tracking these circulating neurohormones is critical for understanding the 

pathogenesis, diagnosis, and treatment of cardiopathy. [50] reported that the increased serum cardiac troponin 

was a net result of peripheral and central complications might be used as biomarkers for diagnosis of 

myocardial injury. Cardiac troponin level was also powerful prognostic marker in hyperlipidemia confirmed 

a high risk of CVD. On the opposite hand, cape gooseberry was reported to modulate the elevation of troponin 

and approached it near normal levels. It absolutely was suggested that cape gooseberry juice had significant 

hypo-cholesterolemic activities. Hypo-cholesterol effect of cape gooseberry help in lowering BNP serum 

level due to direct association of serum BNP level and elevated level of bad cholesterol in blood. As a result, 

cape gooseberry juice, which had a strong antioxidant capacity, may be beneficial to people with coronary 

artery disease. 

 

According to research by [51] an elevated level of BNP was the ultimate common mechanism in many types 

of cardiovascular disease. Ischemia, cardiovascular fibrosis, and coronary endothelial dysfunction all elevated 

BNP levels, indicating that BNP has prognostic value in cardiovascular disorders. Research had shown that 

loquat juice administration improved both lipids profile and reduced BNP and NT-pro- BNP. These results 

indicated the direct correlation between lipids profile and B-type natriuretic peptides group of 

neurohormones. [51] looked at the relationship between lipid profile and BNP levels in the blood. The amount 

of HDL-C was shown to be inversely linked with BNP (P˂0.0001). While a strong positive relationship was 

observed between Apo-B and BNP levels (P˂0.0001), as well as TAGs levels (P˂0.01). [52] indicated an 

indirect relationship between serum level of BNP and anti-inflammatory cytokines IL-4 and IL-13, along with 

limited oxygen supply to the tissues because of oxidative stress. These results supported our results of 

increased oxidative stress along with decreased anti-inflammatory markers IL-4 and IL-13 that observed in 

hyperlipidemic group related to increased serum level of NT pro-BNP and BNP. Moreover, they observed 

that polyphenols isolated from loquat extract had antioxidant and hypolipidemic effects besides it decreased 

serum BNP level compared with positive control group. It was reported by [52] that BNP can dissolve fat 

tissues resulted in dyslipidemia that caused vascular endothelial cell injury, and increased more and more 

secretion of BNP that worsen heart function and might be result in myocardial infarction. This confirmed the 

direct correlation between hyperlipidemia and serum level BNP. Administration of cape gooseberry juice in 

hyperlipidemic rats group decreased inflammation, oxidative stress, apoptotic factor and fibrotic markers 

along with decrease in B-type natriuretic peptides BNP NT- pro-BNP [53]. 

 

It was noticeable from histological study of cardiac sections that eating the HF-HC diet caused morphological 

alterations. [54] employed a 6-week HF-HC diet model supplemented to generate atherogenic lipid alterations 

(increased TC, LDL-C, TAGs, and decreased HDL-C) and to enhance the occurrence of cardiac 

atherosclerotic stenosis in rats and investigated the antiatherogenic impact of loquat extract. They found that 

under these settings, heart sections and aortas treated with loquat extract improved their blood lipid profile 

while exhibiting no morphological alterations in the heart and aorta. Reduced reactive oxygen species 

generation and biochemical alterations, such as lower levels of inflammatory markers IL-6 and TNF-α, were 

some of the advantages associated with the loquat extract group. Increased production of adiponectin, a 

cytokine that decreases inflammation and lowers the risk of atherosclerosis, was connected to treatment with 
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loquat extract. 

 

HF-HC diet not only affected the lipid profile but also induced the bulk of the histological atherosclerotic 

alterations in the aorta. Increased oxidative stress MDA (αPPAF), reduced SOD, CAT GSH, and anti-

inflammatory markers IL-4, IL-10, and IL-13 were the mechanisms behind these histological alterations [55]. 

The anatomy of control rats' aortas was free of lesions and had normal vascular anatomy and vascular cells 

that were neatly organized. Hyperlipidemia developed widespread bulging within the vascular wall, foam cell 

buildup inside the intima, mineral deposition, and necrotic plaques within the blood vessels [48]. 

 

The mechanism of atherogenic lesions in coronary arteries was elucidated by [55] the synthesis of ox- LDL-

C, triggered by endothelin-1 in endothelial cells, was promoted by feeding HF-HC diet, which then stimulated 

ROS generation via NADPH oxidase. Several mediators, including ROS and ox-LDL molecules, induced 

ICAM-1 and VCAM-1 expression on endothelial cells during atherosclerotic plaque formation. More 

crucially, circulating monocyte recruitment to atherosclerotic lesions was dependent on ICAM-1 and VCAM-

1, which were expressed by defective endothelium in forming atherosclerotic plaques. Furthermore, VCAM-

1 has been found to play a key role in the development of atherosclerosis [48]. Another in vitro [56] and in 

vivo [57] studies reported that mono-flavones such rutin and naringenin from cape gooseberry extract 

inhibited endogenous cholesterol metabolism by influencing hepatic synthesis of Apo-B carrying VLDL-C 

and LDL-C. Catechins from gooseberry extract were shown to improve LDL receptor binding activity in 

HepG2 cell lines by upregulating the sterol regulated element binding protein (SREBP-1) and all of previous 

findings resulted in improving heart tissue morphological and structural changes. 

 

5. CONCLUSION 

Consuming HF-HC diet resulted in disturbed lipid metabolism, dyslipidemia, hyperlipidemia and developing 

cardiovascular diseases. Keen to consume food high in antioxidants contents and contain phytochemicals; 

such as polyphenols, carotenoids and flavonoids seemed to be sufficient in alleviating fat-induced metabolic 

and structural changes in liver and heart tissues. cape gooseberry and loquat fruits can prevent hyperlipidemia 

and fat deposition in liver tissue. in addition to their antioxidant, anti- inflammatory, hepatoprotective and 

cardioprotective effects that appeared as significant reduction of oxidative stress markers MDA and GSH, 

anti-inflammatory cytokines IL-4 and IL-13, liver fibrosis parameters ALT, AST and Collagen IV-7S 

furthermore to cardiopathy biomarkers; B-type natriuretic peptides, BNP NT-proBNP. Each of two fruits had 

its own protective effect while the synergistic effect of two fruits was the most effective for achieve more 

protection. 
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