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Abstract. – OBJECTIVE: This research work 
was planned to determine whether Naringin (NG) 
had any protective effects against lopinavir/ri-
tonavir (LR)-induced alterations in blood lipid 
levels, hepatotoxicity, and testicular toxicity. 

MATERIALS AND METHODS: Four groups 
of six rats each were used for the study: Con-
trol (1% ethanol), naringin (80 mg/kg), lopina-
vir (80 mg/kg)/ritonavir (20 mg/kg), and lopina-
vir (80 mg/kg)/ritonavir (20 mg/kg) + naringin (80 
mg/kg). The drug treatment was continued for 30 
days. On the last day, the serum lipid fractions, 
liver biochemical parameters, testicular antiox-
idants (enzymatic and non-enzymatic), and the 
histopathology of the liver and testis tissue were 
assessed for all rats.

RESULTS: Treatment with NG decreased sig-
nificantly (p<0.05), the baseline serum levels of 
triglycerides (TG), total cholesterol (TC), low-den-
sity lipoprotein cholesterol (VLDL-C), low-densi-
ty lipoprotein cholesterol (LDL-C), and increased 
high-density lipoprotein cholesterol (HDL-C). But 
these parameters were significantly (p<0.05) in-
creased in LR-treated animals. Naringin, co-ad-
ministered with LR, restored the liver and testic-
ular biochemical, morphological, and histologi-
cal balance. 

CONCLUSIONS: This study shows that NG 
can be used as a treatment for LR-induced bio-
chemical and histological changes in the liv-
er and testes and changes in serum lipid levels.

Key Words:
Naringin, Lopinavir/ritonavir, Drug-induced hyper-

lipidemia, Protease inhibitors, Anti-retroviral regimens.

Introduction

The standard regimens needed for the treat-
ment of human immunodeficiency virus (HIV) 
infection include protease inhibitors (PIs), which 
are crucial. However, harmful effects such as dys-
lipidemia, hepatotoxicity, and testicular oxidative 
damage have been associated1-3 with the clinical 
usage of PIs containing anti-retroviral regimens. 
Changes in plasma lipid levels are common 
class-related side effects of protease inhibitors, 
which may restrict their usage, particularly in 
patients with a history of cardiovascular risk. 
Lopinavir/ritonavir (LR) treatment may be asso-
ciated with more significant and frequent abnor-
malities in plasma lipids compared to other prote-
ases inhibitors4,5. According to studies6, the two 
main characteristics of modifications in plasma 
lipids with LR therapy are decreased high-den-
sity lipoprotein cholesterol (HDL-C) and raised 
plasma triglycerides (TG). Additionally, with 
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the usage of LR, elevations in total cholester-
ol (TC) and low-density lipoprotein cholester-
ol (LDL-C) were frequently noted. Oxidative 
stress and malondialdehyde serum levels may 
influence lipid levels7.

Additionally, LR-containing treatments 
were found to have an average occurrence of 
10% hepatotoxicity across PI-containing re-
gimes1. A common sign of liver damage caused 
by LR is abnormal hepatic serum clinical 
chemistry, which worsens over time8. Addi-
tionally, abnormalities in hepatic morphology, 
including ballooning of hepatocytes, severe 
necrosis, and distortion in hepatocyte and si-
nusoidal radial patterns, were seen in animals9. 
Additionally, hepatic abnormalities in humans 
have been documented10. These include sinusoi-
dal degeneration, hepatocyte necrosis, steato-
sis, mitochondrial dysfunction, and blockage of 
sinusoidal lumina. According to research done 
on animals, oxidative stress (OS), lipid perox-
idation (LPO), and nitrosative stress (NS) may 
also play a role in the described hepatic change 
caused by LR. Adaramoye et al3 also observed 
that LR might harm the health of the male re-
productive system, particularly in the structural 
integrity of the testes and the quality of sperm.

Citrus fruits, cherries, tomatoes, cocoa, 
and grapefruit contain flavone naringin (NG). 
This substance is a nontoxic natural product 
with numerous benefits, including anti-cancer, 
anti-inflammatory, antioxidant, nephron and 
hepatoprotective, lipid-lowering, testicular, and 
cardiovascular protective qualities11,12. In light 
of the above benefits of NG, the current inves-
tigation aims to evaluate the protective effect 
of NG against dyslipidemia and testicular dys-
function brought on by LR in male Wistar rats. 
It is noteworthy that the research was carried 
out using histology and biochemical techniques.

Materials and Methods

Experimental Animals and Treatment
A total of 24 male albino rats weighing 

210±15 g were obtained from the Central Animal 
House Facility, King Khalid University, King-
dom of Saudi Arabia. The King Khalid Univer-
sity’s Institutional Ethics Committee accepted 
the research, and the animals were kept in reg-
ular laboratory settings with access to standard 
laboratory feed, tap water, and a 12/12-hour 
light cycle (Approval No.: ECM/2022/2903). 

Four groups of six animals each were created 
randomly: Control, Naringin, Lopinavir/Ri-
tonavir, and Lopinavir/Ritonavir + Naringin 
(LRNG). One percent ethanol was given to 
the control group. The 80 mg/kg lopinavir and 
20 mg/kg ritonavir dosage for the lopinavir/
ritonavir (Alltera, Mylan Pharmaceuticals Pvt 
Ltd, Canonsburg, PA, USA) group. An 80 mg/
kg dosage of Naringin (Sisco Research Labo-
ratories Pvt. Ltd., Chennai, India) was given to 
NG group. Identical amounts of each drug were 
administered to the combination group. Rats 
were given LR and NG using the dosage and 
route described in the earlier reports13,14. In 1% 
ethanol, the test material was dissolved. To mi-
nimise changes in metabolism linked to the cir-
cadian rhythm, each drug was given daily as one 
percent ethanol by gavage for 30 days between 8 
and 10 in the morning.

Collection of Samples
Using diethyl ether, rats were sacrificed after 

receiving treatment for 30 days. Through heart 
puncture, blood samples were obtained and put 
into sterile sample containers. The blood sam-
ples were centrifuged at 1,200 rpm for 15 min-
utes after being allowed to clot. The serum was 
collected, and the lipid profile was assessed. Ac-
cording to Afolabi et al15 evaluation of serum TC, 
TG, LDL-C, VLDL-C, and HDL-C levels was 
conducted. The liver and testes of rats were re-
moved, weighed, and examined for histological 
abnormalities.

Preparation of Tissue Homogenate 
The liver tissues were homogenized using a 

buffer containing 0.1 percent Triton X-100 (pH 
7.4). The homogenate was centrifuged for 30 min-
utes at 12,000 rpm and 4°C, and the supernatant 
served as the sample for biochemical research16. 
To produce the post-mitochondrial fraction (PMF) 
of the testes, which was employed for biochemical 
analysis, the testes tissue samples were homoge-
nized in 50 mM phosphate buffer (4 volumes) at 
pH 7.4 and centrifuged for 15 min at 10,000 g3.

Evaluation of Liver Biochemical 
Parameters 

Aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), alanine aminotransferase 
(ALT), lactate dehydrogenase (LDH), and gam-
ma-glutamyl transferase (GGT) were measured in 
the homogenate using standard test kits following 
manufacturer’s instructions after centrifugation17.
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Evaluation of Liver Malondialdehyde 
and Superoxide Dismutase

According to Draper and Hadley18 and Beau-
champ and Fridovic19, the liver’s superoxide dis-
mutase (SOD) and malondialdehyde (MDA) lev-
els, respectively, were determined.

Measurement of Biochemical Parameters 
in the Rat Testicles

The testicular glutathione (GSH), catalase, 
superoxide dismutase (SOD), glutathione perox-
idase (GSH-Px), and glutathione S-transferase 
(GST) levels were measured using the method of 
Ahangarpour et al20, Alboghobeish et al21 , Ahan-
garpour et al22, Lawrence RA23, and Habig et al24 
respectively.

Histology of the Liver 
and Testes

After being sliced into a slab of 0.5 cm thick-
ness and preserved in Bouin’s solution for 24 
hours, the liver was dehydrated using 70% alco-
hol. Liver tissues were embedded in moistened 
paraffin wax after being put through 90% alcohol 
and chloroform at various periods. Five-micron 
serial sections were cut. Wax was removed from 
prepared liver tissue slides using pure alcohol. 
Then, hematoxylin and eosin were used to stain 
the slides. The slides underwent light micros-
copy inspections, and pertinent sections were 
snapped25.

Statistical Analysis
The GraphPad Prism 5 (La Jolla, CA, USA) 

statistical tool was used for the statistical analy-
sis, and the ANOVA test was used to compare the 
means of the different groups. Results are given as 
the mean±the standard error of the mean (SEM). 
The cut-off for statistical significance was p<0.05.

Results

Treatment with NG significantly (p<0.05) de-
creased baseline serum levels of TG, TC, LDL-C, 
and VDL-C and increased HDL-C compared to 
the control. Pronounced and significant (p<0.05) 
decreases in TC, TG, LDL-C, and VLDL-C 
and significant (p<0.05) increases in HDL-C to 
55.46±3.12, 39.27±3.46, 13.2±0.48, 15.38±0.06 
and 29.4±2.6 mg/dl respectively were obtained 
in rats treated with a combination of LR and NG 
when compared to LR (Table I). On the contrary, 
treatment with LR significantly (p<0.05) in-
creased serum levels of TG, TC, LDL-C, VDLC, 
and decreased HDL-C when compared to the 
control (Table I).

AST, ALP, ALT, GGT, and LDH are all in the 
liver. With the introduction of hepatic morpholog-
ical changes brought on by xenobiotics, the hepat-
ic content of the parameters mentioned above can 
be changed. When compared to the control, LR 
treatment in the present study led to substantial 
(p<0.05) increases in the liver’s AST, GGT, ALT, 
ALP, and LDH levels (Table II). The observation 
confirms that LR therapy results in liver damage. 
However, compared to rats treated with LR, the 
parameters mentioned above were considerably 
reduced in rats treated with NG (p<0.05) both 
alone and in combination with LR (p<0.05) (Ta-
ble II).

Compared to the control group, animals ex-
posed to LR also displayed a significant (p<0.05) 
rise in MDA and decreased SOD levels. Compar-
ing the treatment with NG to the control, there 
is no difference in the MDA and SOD levels. In 
comparison to the LR, there was a substantial 
(p<0.05) decrease (28.4±2.18) in MDA and a rise 
(25.2±2.42) in SOD level when the combination 
(NG+LR) was administered (Table III).

Table I. Effects of treatments with lopinavir/ritonavir, Naringin, and co-administered lopinavir/ritonavir + Naringin on baseline 
serum lipid levels of male albino rats.

	                    Lipid Profile (mg/dl)

	 TG	 TC	 LDL-C	 VLDL-C	 HDL-C
	
Control	 44.22±2.24	 65.49±3.56	 17.09 ± 1.54	 12.28 ± 0.32	 27.3±2.4
Naringin	 34.89±1.24*	 46.09±2.81*	 11.12 ± 0.04*	 9.32 ± 0.45*	 28.5±2.6*
Lopinavir/ritonavir	 119.3±5.58*	 135.3±3.66*	 57.49 ± 3.14*	 44.74 ± 3.16*	 25.4±1.7*
Lopinavir/ritonavir 	 39.27±3.46**	 55.46±3.12**	 13.2 ± 0.48**	 15.38 ± 0.06**	 29.4±2.6**
  + Naringin 

Results are expressed as mean ± SEM. *Significant (p<0.05) difference when compared to control. **Significant (p<0.05) 
difference when compared to LPV/r.
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The GSH-Px enzyme was reduced after LR 
treatment (p<0.05), while this factor increased 
in those who had received NG-LR treatment. 
Following the LR treatment, the GSH level de-
creased; however, after NG-LR ingestion, it in-
creased (p<0.05). SOD and CAT levels, on the 
other hand, significantly increased following 

treatment with NG and decreased after treatment 
with LR, respectively (p<0.05) (Table IV). The 
GST level considerably (p<0.05) increased in 
the NG-LR co-treatment group (65.18±1.94) and 
reduced in the LR group (44.21±1.91). However, 
the levels in the NG group (70.24±1.84) were the 
same as the control group (69.12±2.02).

Table II. Effects of treatments with lopinavir/ritonavir, Naringin, and co-administered lopinavir/ritonavir + Naringin on biochemical 
parameters in the liver of male albino rats.

	                                       Biochemical parameters in the liver

	 AST 	 ALT 	 ALP 	 GGT 	 LDH 
	
Control	 249.7±14.9	 226.6±12.4	 246.2±18.6	 27.6±2.84	 237.5±14.7
Naringin	 243.5±12.7	 218.2±14.5	 232.4±18.4	 24.2±3.83	 232.5±12.4
Lopinavir/ritonavir	 548.2±14.4*	 478.9±16.8*	 612.4±36.2*	 474.0±32.22*	 488.2±26.4*
Lopinavir/ritonavir 	 254.4±14.2**	 247.6±16.5**	 274.2±22.4**	 42.3±4.23**	 261.6±14.6**
  + Naringin 

AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; ALP, Alkaline phosphatase; GGT, Gamma-glutamyl 
transferase; LDH, Lactate dehydrogenase; Values are expressed as M±SEM. *Significant (p<0.05) difference when compared to 
the control. **Significant (p<0.05) difference when compared to lopinavir/ritonavir.

Table III. Effect of lopinavir/ritonavir, Naringin, and co-administered lopinavir/ritonavir + Naringin on MDA (nmole/g tissue) and 
SOD (units/mg protein) in rats.

	                                        Biochemical parameters in the liver

	 MDA	 SOD 
	
Control	 22.47±1.42	 29.2±1.32
Naringin	 24.27±0.18	 27.3±2.24
Lopinavir/ritonavir	 39.7±2.86*	 19.4±2.22*
Lopinavir/ritonavir + Naringin 	 28.4±2.18**	 25.2±2.42**

Results are expressed as mean±SEM. *Significant (p<0.05) difference when compared to the control. **Significant (p<0.05) 
difference when compared to lopinavir/ritonavir.

Table IV. Effect of lopinavir/ritonavir, Naringin, and co-administered lopinavir/ritonavir + Naringin on enzymatic and non-enzymatic 
antioxidants in rat testicles.

	                                       Biochemical parameters in the liver

	 GSH-Px	 Catalase	 GSH	 SOD	 GST
	 (µmol/mg 	 (µmol/mg	 (µg/mg	 (U/mg of	 (nmol/min/mg
	 of protein)	  of protein)	 of protein)  	 protein)	 of protein     
	         
Control	 2.5±0.38	 63.16±1.27	 0.74±0.11	 2.33±0.49	 69.12±2.02
Naringin	 2.6±0.76	 64.18±1.64	 0.86±0.06	 2.57±0.21	 70.24±1.84
Lopinavir/ritonavir	 1.08±0.42*	 44.2±3.4*	 0.72±0.06*	 1.42±0.52*	 44.21±1.91
Lopinavir/ritonavir 	 2.12±0.06**	 56.2±2.5**	 0.85±0.05**	 2.29±0.46**	 65.18±1.94**
  + Naringin 

Results are expressed as mean±SEM. *Significant (p<0.05) difference when compared to control. **Significant (p<0.05) 
difference when compared to lopinavir/ritonavir.
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The livers of the control rats in the current 
study’s histological analysis displayed normal 
histology (Figure 1A). Additionally, NG animals 
revealed normal liver histology (Figure 1B). 
However, substantial hepatocyte necrosis was 
seen in the liver of rats treated with LR (Fig-
ure 1C). However, rats co-administered with 
LR+NG had no hepatocyte necroses in their liv-
ers (Figure 1D).

There were no differences between the control 
(A: Group I) and NG (B: Group II) groups when 
H and E stained testis sections were compared. 
They demonstrated that the testis comprises sem-
iniferous tubules surrounded by a basement mem-
brane (BM) and that interstitial tissue is filled 
with many Leydig cells between the tubules. The 
inside of seminiferous tubule is lined by Sertoli 
and Germ Cells. The lumen of the seminiferous 
tubules contains spermatozoa (Figures 2A-B). 
Group III (LR treated) sections showed seminifer-
ous tubules divided into broad gaps with uniform 
acidophilic material and few interstitial cells. The 
tubules were partially or entirely detached from 
the BM (Figure 2C).

Detachment of the seminiferous epithelium 
resulted in the observation of completely distort-
ed, irregularly shaped tubules. In other tubules, 

the seminiferous epithelium was separated by 
vast gaps. Along with diminished interstitial cells 
replaced by homogenous acidophilic substances, 
dilated congested blood vessels were also visi-
ble (Figure 2C). The most notable observation in 
Group III was complete cytoplasm loss, mainly in 
basal cells with tiny, highly black pyknotic nuclei, 
whereas other cells displayed transparent cyto-
plasm around the nucleus.

Many vacuoles were found on the BM, which 
separates the BM from the rest of the seminifer-
ous epithelium. Small acidophilic entities were 
mostly discovered in the tubules’ basal region. 
Most tubules’ lumens are empty or only contain a 
small amount of sperm. Most of these sperm were 
tightly packed between the tubular basal cells. 
A majority of the tubules had two layers of cells 
lining them, and the seminiferous epithelium 
was destroyed (Figure 2C). Interstitial cells also 
showed up with vacuolated cytoplasm. The his-
tological image improved in Group IV (LR+NG) 
specimens, as evidenced by smaller gaps between 
seminiferous tubules that nevertheless, include 
intact interstitial tissue and Leydig cells. With 
spermatogonia at various development stages, the 
seminiferous epithelium virtually recovered its 
usual height (Figure 2D).

Figure 1. The above figures (A-D) are micrographs of the H and E stained sections of the liver of the control rats and the liver 
of rats in the experimental groups. Normal hepatocytes were observed in the liver of control rats (A). In addition, normal hepato-
cytes were observed in the liver of rats treated with Naringin and a combination of lopinavir/ritonavir + Naringin (B-D). On the 
other hand, extensive hepatocyte necrosis was observed in the liver of lopinavir+ritonavir-treated rats (Mag. x400).
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Discussion

Ritonavir’s primary function in the combina-
tion medication of LR is to enhance lopinavir via 
inhibiting CYP3A4. SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus-2) and the re-
lated coronavirus illness (COVID-19) have been 
successfully treated with this combination. On 
ClinicalTrials.gov, as of July 16, 2020, 59 stud-
ies involving people with LR in COVID-19 have 
accrual targets of more than 16,000 patients26. 
Furthermore, the P1060 trials demonstrated that, 
in terms of risk of treatment failure, LR-based 
regimens were superior to nevirapine (NVP)-
based regimens for HIV-infected children under 
three years old. Therefore, both World Health 
Organization (WHO) and United States (US) 
treatment guidelines27 currently propose an LR-
based regimen for HIV-infected children under 
the age of three. However, recognized risk fac-
tors for atherosclerotic cardiovascular disease, 
such as hypercholesterolemia, metabolic syn-
drome, and hypertriglyceridemia27,28, as well as 
testicular toxicity3,29, have all been linked to LR. 
Hyperlipidemia caused by protease inhibitors is 

a growing concern as more patients use protease 
inhibitors (PI) regimens. So, in lopinavir/ritona-
vir (LR) treated rats, we set out to investigate the 
potential protective effects of Naringin against 
hyperlipidemia, hepatotoxicity, and testicular 
toxicity.

An independent risk factor for the emergence 
of atherosclerosis disease is lipoprotein. LDL is 
primarily formed when VLDL is broken down. 
The maximum amount of cholesterol and phos-
pholipids (PL) can be carried by LDL. Addition-
ally, it has been proposed that atherogenesis is 
caused by oxidatively changed LDL instead of 
unmodified LDL. Numerous cytokines, immune 
cell chemoattractant proteins, and growth factors 
are produced more readily when LDL is oxidized. 
Additionally, they cause platelet aggregation to 
rise, aggravating the lesion and thickening the ar-
tery wall. While HDL exhibits a negative correla-
tion, elevated LDL and CAD show a positive cor-
relation. In addition to facilitating the movement 
of cholesterol from peripheral tissues to the liver, 
where it is metabolized and eliminated from the 
body, HDL also inhibits the uptake of LDL from 
the artery wall30.

Figure 2. Effect of lopinavir/ritonavir, Naringin and co-administered Lopinavir/ritonavir + Naringin on testicular histopa-
thology (H&E x400). Figures (A-D) are micrographs of the H and E stained sections of the testicles of the control rats and the 
experimental groups.
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The baseline serum concentrations of TG, TC, 
LDL-C, and VLDL-C were reduced in the cur-
rent study by NG therapy, while HDL-C was el-
evated. This finding is in line with Jutric et al31 

who administered NG to mice for ten days and 
noted drops in serum lipid levels31. The outcome 
is also in line with the findings of Jeon et al32 who 
claimed that Naringin has a potent lipid-lower-
ing effect in hyperlipidemic rabbits. On the other 
hand, therapy with LR increased TG, TC, LDL-C, 
and VLDL-C and lowered HDL-C levels in the 
serum. This finding is consistent with research by 
Pistell et al33 who administered LR to mice and 
noted increases in lipid and glucose levels. Addi-
tionally, Canavaghi et al34 found increases in se-
rum lipid and glucose levels after giving 30 mg/
kg ritonavir, which is consistent with the findings 
of the current investigation.

In the current study, sterol regulatory element 
binding protein (SREBP) 1 and 2 activation-in-
duced increases in cholesterol and fatty acid syn-
thesis in the adipose tissue and liver were likely 
responsible for lipid parameters. Another potential 
mechanism is the suppression of triglyceride-rich 
lipoprotein remnant clearance by LR which in-
hibits two enzymes involved in lipid metabolism, 
namely lipoprotein lipase and lecithin cholesterol 
acyltransferase (LCAT). Additionally, LR can in-
crease the activity of 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase, increasing 
the production of lipoproteins35. The suppression of 
the 20S proteasome, which results in a reduction in 
the degradation of nascent apolipoprotein B, may 
be related to the LR-induced rise in lipid levels, ac-
cording to studies36 in cultured liver cells.

In addition, decreased HMG-CoA reductase 
activity37 and downregulation of the triglyceride 
cell transporters, which is a fatty acid binding pro-
tein (FABP1) and CD36 in hepatocytes38 may be 
responsible for the amelioration of LR-induced el-
evations in lipid levels in rats co-treated with NG.

The enzyme that controls the rate of cholesterol 
biosynthesis is HMG-CoA reductase. An increase 
in HMG-CoA reductase activity causes excessive 
cholesterol production and build-up, which causes 
foam cells to form, which is a necessary precur-
sor to the development of atherosclerosis30. One 
explanation for the lower lipid level in NG-treated 
animals could be that HMG-CoA reductase inhib-
itors are known to reduce the secretion of VLDL 
and LDL levels. Additionally, it has been demon-
strated30 that NG increases the activity of the lipo-
protein lipase (LPL) and lecithin cholesterol acyl 
transferase (LCAT) in rat plasma. LCAT is an 

HDL-associated enzyme and an essential compo-
nent of extracellular cholesterol metabolism. LPL 
hydrolyses circulating TG-rich lipoproteins such 
as VLDL and chylomicrons. The hypocholester-
olemic effect of NG may have resulted from el-
evated LCAT and LPL activity. The Farnesoid X 
receptor (FXR), a ligand-activated transcription 
factor essential for the expression of numerous 
proteins and biosynthetic enzymes necessary for 
the physiological maintenance of cholesterol, was 
also demonstrated31,39 to be upregulated by Nar-
ingin. Additionally, it was shown that naringenin, 
a metabolic by-product of Naringin, modulates 
the 20S proteasome activity, which was previous-
ly found40 to be increased in LR-treated rats. 

According to several published observa-
tions41-44, the elevated levels of ALT, AST, ALP, 
GGT, and LDH found in our investigation for the 
animals given LR are consistent. The observation 
confirms that LR therapy results in liver dam-
age45,46. However, compared to rats treated with 
LR, the parameters mentioned above were sig-
nificantly reduced in rats treated with NG alone 
(p<0.05) and in combination with LR (p<0.05) 
(Table II). Because these enzymes are located 
in the cytoplasmic region of the cell and are lib-
erated into circulation in case of cellular injury, 
the increase in serum levels of hepatic markers 
seen in this study may be related to liver injury47. 
The NG protective effect found in this study is 
comparable to publications37 that revealed consid-
erably higher levels of SOD, CAT, and GSH in 
the liver of LDL receptor knockout mice. How-
ever, Naringin has been shown31 to modify and 
restore key hepatic indicators of lipid metabolism 
and oxidative stress [Acyl-coenzyme A oxidase 
1 (ACOX1), peroxisome proliferators-activated 
receptor alpha PPAR alpha), and peroxisome pro-
liferator-activated receptor gamma coactivator-1 
alpha (PGC-1 alpha)] to levels close to control.

Increased MDA and a decrease in SOD in 
the lopinavir/ritonavir-treated rats are significant 
indicators of induced oxidative stress and lipid 
peroxidation, which can be linked to the produc-
tion of free radicals by this drugs47. The findings 
corroborate sure researchers’ reported observa-
tions29,48. Compared to the LR group, Naringin 
administered to LR resulted in a considerable 
reduction in MDA and an increase in SOD (Ta-
ble III). Rat study findings confirm that Naringin 
inhibits pro-inflammatory cytokines by boosting 
SOD activity, reducing apoptosis, inflammation, 
oxidative DNA damage, and autophagy31,49,50. Ac-
cording to earlier research, HIV PI-induced en-
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doplasmic reticulum (ER) stress response and en-
suing activation of the unfolded protein response 
serve as crucial cellular signaling mechanisms for 
the development of hepatotoxicity and metabolic 
syndromes47. As seen in this study, ER stress has 
been linked to the generation of reactive oxygen 
species, which can increase MDA levels and re-
duce SOD levels. The effect of NG on MDA and 
SOD that has been seen, as well as the normal-
ization of ACOX1 expression that has been re-
ported47 for NG, are likely crucial mechanisms 
for lowering oxidative stress and lipid damage. 
Additionally, NG reverses hepatic structural al-
terations brought on by LR (Figure 1). The study 
of Adil et al51 found that NG-restored liver struc-
ture in rats with acetaminophen intoxication can 
be associated with the protective effect of NG 
seen in our study. Additionally, the results of this 
investigation are consistent with the preventive 
effect of NG against CCL4-induced liver mor-
phological changes in rats52. It is unclear how LR 
affects hepatic morphology. However, it could be 
due to OS, LPO, or the induction of an inflam-
matory cascade. Hepatic OS has been linked to 
LPO in the past in LR-treated rats, according to 
research41. OS is connected to the formation of 
oxidative radicals, which can cause various his-
topathological diseases, from hepatotoxicity to 
hepatocellular cancer, in a planned manner. It 
has been established41 that enhanced free radical 
activity and concentration are frequently seen 
during hepatic cell injury caused by OS and LPO. 
Furthermore, the imbalance in the formation of 
free radicals and the existence of antioxidants 
contribute to oxidative stress. Molecular antiox-
idants, metallic chemical agents, and antioxidant 
enzymes are all components of the antioxidant de-
fense system. SOD, CAT, and GPx are antioxidant 
enzymes that shield biological systems from the 
harmful effects of reactive oxygen species (ROS) 
and lessen their oxidative stress on testicular cell 
membranes11. When SOD activity is decreased, 
superoxide radicals build up and eventually block 
the CAT enzyme, and ROS levels rise when CAT 
activity is reduced.

Due to the production of ROS, LR enhanced 
oxidative stress in the rat testis, increasing lipid 
peroxidation and concurrently decreasing the ac-
tivities of enzymatic (SOD, CAT, GPx, and GST) 
and non-enzymatic (GSH) antioxidant measures 
(Table IV). The antioxidant biomarkers GSH, 
GPx, GST, CAT, and SOD were considerably re-
duced in the testes of LR-treated rats in the cur-
rent investigation, in line with earlier results3. 

However, the group that received NG treatment 
displayed elevated levels of antioxidant biomark-
ers. By conjugating with chemicals, the naturally 
occurring antioxidant GSH promotes detoxifica-
tion, reduces free radical damage, and serves as a 
crucial cofactor for antioxidant enzymes such as 
GR, GPx, and GST3. The study’s findings about 
the reduction of intracellular GSH indicated the 
toxic effects of LR, which could harm the testes. 
Antioxidant and glutathione levels are typically 
abnormally low in HIV-positive people3. There-
fore, the relevance of NG-like therapy is neces-
sary because the combined effects of LR therapy 
and HIV infection may further deplete the pa-
tients’ GSH or antioxidant levels.

Overproduction of ROS causes oxidative stress 
in tissues, especially in cellular parts of phospho-
lipids with polyunsaturated fatty acid residues 
that are vulnerable to oxidation53. Through a cy-
clization reaction, the peroxyl radicals created by 
the assault can be rearranged to create endoperox-
ides, which are intermediates of malondialdehyde 
(MDA)3. An increase in MDA levels was seen 
in LR-treated rats in a prior study3, which was 
attributed to the testicular cells’ diminished an-
tioxidant capacity. Lipid peroxidation can cause 
various cell damage to essential macromolecules 
like DNA, membrane functions, and sperm qual-
ity impairment3. The presence of unsaturated fat-
ty acids in the sperms’ membranes makes them 
more vulnerable to lipid peroxidation54. Accord-
ing to the previously mentioned mechanism, one 
study’s treatment55,56 of LR in rats significantly re-
duced their epididymal sperm motility and count-
ed. LR seriously disrupted the cytoarchitecture of 
the testes (Figure 2), which decreased the number 
of spermatogenic cells in the rats’ seminiferous 
tubules. Our biochemical findings confirmed this 
histology finding.

On the other hand, NG has shielded the testes 
from toxicity brought on by LR. The protective ef-
fect of NG may be accomplished by boosting anti-
oxidant biomarkers, preventing intracellular ROS 
formation by its impact on lipid peroxidation, and 
removing the ROS generated. The protective ac-
tion of NG against ROS-induced cytotoxicity was 
demonstrated in earlier investigations employing 
carbon tetrachloride, arsenic, lead, cisplatin, or 
cadmium11. According to specific theories57, the 
5-hydroxy and 4-carbon groups in the NG’s C ring 
may pair with Cu and Fe ions, lowering the ROS. 
Additionally, it has been noted58 that the NG in-
creases the expression of numerous genes associ-
ated with antioxidants and decreases the activity of 



Beneficial effects of Naringin against lopinavir/ritonavir-induced

4229

ROS-forming enzymes such as nicotinamide ad-
enine dinucleotide phosphate (NADPH) oxidase. 
Additionally, in rats exposed to bisphenol A (BPA), 
NG was demonstrated11 to increase testicular 
weight and volume, decrease testicular total pro-
tein level, increase sperm count, elevate LDH and 
ALP, increase plasma levels of Luteinizing hor-
mone (LH), Follicle stimulating hormone (FSH), 
and testosterone, and normalize estradiol levels. 
This protective effect results from NG’s direct or 
indirect impact on the testicular cells’ oxidative 
damage.

Conclusions

Naringin co-treatment ameliorated LR-in-
duced increases in serum lipid, alterations in he-
patic morphology, and testicular toxicity. Based 
on the observations of this study, NG could be 
used to manage LR-associated alterations in se-
rum lipid, liver, and testicular toxicity.
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