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ABSTRACT 

Globally, diabetic nephropathy (DN) is now the leading cause of end-stage renal disease and chronic renal impairment. 

Prolonged hyperglycemia-induced oxidative stress is thought to be a key factor in the development of diabetic neuropathy 

(DN). The purpose of this study was to determine whether giving the DN rats supplements of natural antioxidants such 

lycopene and Co-enzyme Q10 (CoQ10) will have any preventative effects. A diabetic model was created with a subcutaneous 

injection of streptozotocin (55 mg/kg) in male wistar strain rats weighing 200-250 gm. Biochemical measures in serum and 

urine (blood glucose, total protein, albumin, urea, uric acid, creatinine clearance, total bilirubin), as well as the concentration 

of urinary ions such Na+ and K+ in urine, were evaluated to determine the development of nephropathy. Kidney homogenate 

was tested for the presence of oxidative stress markers (NO, SOD, and CAT) as well as the activity of membrane-bound 

ATPases (Na+/K+, Ca2+, and Mg2+). Because of their ongoing hyperglycemia, DN rats' levels of biochemical and oxidative 

stress markers were significantly altered. The levels of total protein, albumin, urea, uric acid, creatinine, and total bilirubin 

were significantly reduced after four weeks of treatment with natural antioxidants like lycopene (5 mg/kg/p.o.) and CoQ10 

(10 mg/kg, p.o.) alone or in combination. Additionally, the levels of oxidative stress markers like NO were significantly 

reduced, and the levels of SOD and CAT were significantly raised. ATPase activity was markedly increased. 

According to the current research, lycopene and CoQ10, two antioxidants, demonstrated complementary benefits in renal 

damage by reducing markers of oxidative stress and hyperglycemia as well as histological changes. 
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INTRODUCTION 

Patients with diabetes mellitus (DM) have trouble 

controlling their blood sugar levels and may develop 

diabetic nephropathy (DN), among other microvascular 

complications [1]. Abnormalities in kidney anatomy and 

physiology define diabetic kidney [2]. 

Extracellular matrix accumulation, basal membrane 

stiffness, glomerulus scarring, misplaced podocytes, 

mesangial cell expansion, and tubular abnormalities are the 

characteristics of diabetic nephropathy [3,4]. It is believed 

that autophagy by podocytes is an essential step in 

preserving kidney cells, and that impairment of this process 

exacerbates damage to kidney cells. Uremia, creatinine 

clearance rate, glomerular filtration rate (GFR), urine 

albumin excretion, and other parameters are altered as a 

result of these adjustments. End-Stage Renal Disease 

(ESRD) is the result of the pathophysiological changes listed 

above taken together [5,6]. 

The main causes of renal damage in diabetic kidney disease 

(DN) are proteinuria and hyperglycemia. Many renal cells 

are stimulated to release cytokines and humoral mediators in 

response to hyperglycemia. These drugs cause the kidney to  
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undergo numerous alterations, including increased ECM 

deposition, the accumulation of AGEs, and modifications to 

the basal membrane's permeability, all of which exacerbate 

DN and encourage glomerular fibrosis [7]. 

According to numerous studies, oxidative stress (OS) caused 

by hyperglycemia plays a significant role in the development 

of diabetic neuropathy (DN) [8,9]. Increased OS in a 

hyperglycemic state activates several pathways, including 

the P38-MAPK, AKT, and Rheb pathways, which encourage 

kidney tissue fibrosis and inflammation that is related to 

diabetes [10,11]. Furthermore, ROS promotes TGF-β 

synthesis through the p38-MAPK pathway, which in turn 

promotes extracellular matrix (ECM) proliferation. These 

changes could promote inflammation and renal fibrosis, 

which would ultimately lead to the development of DN. 

Antioxidants are chemicals that postpone or prevent cellular 

harm and stifle free radical processes. The antioxidant 

enzymes, when present with cofactors like copper, 

manganese, zinc, and iron, convert harmful oxidative 

products to hydrogen peroxide (H2O2) and finally to water 

[12]. According to reports, anti-oxidative therapy has 

demonstrated encouraging outcomes in lowering and 

postponing the symptoms and indicators connected to animal 

models of streptozotocin-induced diabetic neuropathic pain 

in rats [13,14]. 

A bioactive carotenoid called lycopene is typically present in 

tomatoes. The strongest antioxidant is lycopene, which is 

followed by lutein, α-tocopherol, α-carotene, β-crypto-

xanthin, zeaxanthin-β-carotene, and β-crypto-xanthin [15]. 

Among other carotenoids, it is a potent oxygen quencher that 

may successfully reduce the production of reactive oxygen 

species (ROS) [16]. 

The only antioxidant that occurs naturally and that the body 

can regenerate into its active form is coenzyme Q10 

(CoQ10) [17]. It is a hydrophobic material that is created 

internally, frequently present in mitochondria, and necessary 

for the oxidative phosphorylation process to produce ATP 

[18]. It protects tissue from oxidative damage by scavenging 

free radicals and inhibiting the peroxidation of protein and 

lipid [19]. 

Numerous studies have shown that, despite their disparate 

properties, antioxidants function more effectively and 

synergistically when taken together. In the cases of 

myocardial infarction and hepatorenal toxicity, lycopene had 

a synergistic benefit when combined with vitamin E and N-

acetylcysteine [20,21]. When taken simultaneously, CoQ10 

and curcumin had a greater migraine-causing impact [22]. 

The purpose of the current study was to evaluate the impact 

of lycopene and CoQ10 combination on DN in laboratory 

rats. 

MATERIAL AND METHODS 

Drugs and Chemicals 

Zydus Cadila, India and Universal Industries, Nashik, India 

provided the lycopene and CoQ10, respectively. Sigma 

Aldrich (USA) provided STZ for purchase. The required 

diagnostic kits and all chemicals were standard class. 

Experimental Animals 

Five groups, each with six rats, were created from healthy 

male Wistar strain rats. The source of the rats was 

Wockhardt Ltd. in Aurangabad, India. The CPCSEA 

housing guidelines were followed. The organization's IAEC 

approved the study's methodology (SSDJ/IAEC/2021-

22/03). 

Induction of DN Using STZ 

A single dose of STZ (55 mg/kg) produced in 0.2 ml of 

citrate buffer (0.1 M, pH 4.5) was used to create DN. A 

digital glucose meter (ACCU-CHEK, Roche Diabetes Care, 

Germany) was used to assess the blood glucose level (BGL) 

and confirm the diagnosis of diabetes 72 h after the STZ 

dosage. Rats were then observed for four weeks to see how 

their nephropathy was progressing. 

Experimental Design 

Five groups of rats were formed, with each group 

comprising six rats. The descriptions of the groups are as 

follows: 

Group I: Control rat treated with vehicle alone (0.2 

ml/kg/s.c.) 

Group II: Rats administered with STZ (55mg/kg/s.c.) [18] 

Group III: Rats treated with lycopene (5mg/kg/p.o./day) 

dissolved in distilled water [23] 

Group IV: Rats treated with CoQ10 (10 mg/kg/p.o./day) 

[18] 

Group V: Rats treated with lycopene (5mg/kg/p.o./day) 

along with CoQ10 (10mg/kg/p.o./day) simultaneously in 

combination. All drug treatment was given for 4 weeks. 

Estimation of Biochemical Parameters in Serum and 

Urine 

During the fourth week of the trial, rats were housed in 

metabolic cages individually for a single day, during which 

time urine samples were collected. A micro-capillary was 

used to draw blood from the retro-orbital nerve under ether 

anesthesia, and high-speed centrifugation was used to 

separate the serum. Samples of serum and urine were stored 

at -20°C and utilized for a variety of biochemical 

calculations. The glucometer was used to measure blood 

glucose. Using commercial diagnostic kits, the levels of total 

protein, total bilirubin, and uric acid were ascertained in 

urine samples, while the levels of albumin, creatinine, and 

urea were assessed in serum. Using the provided formula, 

creatinine clearance was computed [24]. 
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Creatinine clearance (ml/min) = Urinary creatinine × (Urine 

volume/Serum creatinine) 

Tissue homogenization 

After the course of treatment, the rats were killed by 

beheading, the kidney was removed, and the body was 

cleaned with cold physiological saline. While the other 

kidney was utilized to estimate the antioxidant enzyme, the 

first kidney was preserved in 10% formalin solution for 

histological analysis. The kidney was thinly sliced into tiny 

pieces and placed in a cold 0.25M sucrose solution. Tris 

hydrochloride buffer (10 mM, pH -7.4), 10% w/v, was used 

to homogenize the renal tissues. A cooling centrifuge was 

used to centrifuge the homogenate for 15 min at 0°C at 

10000 rpm [25]. The concentrations of nitric oxide (NO), 

sodium dismutase (SOD), and catalase (CAT) were 

measured in the supernatant, and a sediment-based technique 

was employed to evaluate the Na+/K+, Ca+ +, and Mg+ + 

ATPases. 

Estimation of Oxidative Stress markers 

Determination of Tissue Nitrite Level (NO) [26] 

Mix 1 milliliter of homogenate with 1 milliliter of Griess 

reagent, then incubate at 37°C for 15 min. Measured at 40 

nm against a blank for Griess reagent. Sodium nitrite was 

employed as the reference. Using a standard curve, the 

amount of nitrite in the samples was determined. 

Determination of Superoxide dismutase (SOD) [27] 

Chloroform was introduced after 0.5 ml of tissue 

homogenate had been diluted with 0.5 ml of water and 0.25 

ml of cooled ethanol. After thoroughly mixing the mixture, 

centrifuge it. Next, 1.5 milliliters of carbonate buffer, 0.5 

milliliters of EDTA solution, and 0.5 milliliters of 

supernatant were combined. 0.4 milliliters of epinephrine 

were added to start the reaction, and absorbance was 

measured at 480 nm in comparison to a blank. Units/mL 

tissue were used to express the SOD concentration. created 

the calibration curve using 10-125 SOD units. 

Determination of Catalase (CAT) [28] 

To start the reaction, combine 1 milliliter of hydrogen 

peroxide with 2 milliliters of diluted sample. Added 2 

milliliters of the diluted sample to one milliliter of phosphate 

buffer (50 mM, pH 7.0) to prepare the blank. measured the 

absorbance at 240 nm that had dropped. The amount of 

catalase present in the tissue was reported as µ/ml. 

Estimation of ATPase activity 

Determination of Na+/K+ ATPase 

One milliliter of trishydro chloride buffer, two milliliters of 

sodium chloride, magnesium sulfate, EDTA, potassium 

chloride, and ATP were added to 0.2 milliliters of 

homogenate. The mixture was incubated at 36°C for 15 min. 

After 1.0 ml of 10% TCA stopped the process, the mixture 

was centrifuged [29]. In order to represent the enzymatic 

activity, the phosphorus content of the solution was 

determined and expressed as nM of IP liberated/gm 

protein/min [30]. 

Determination of Ca++ ATPase 

Fill a test tube with 0.1 milliliters of tris hydrochloride 

buffer, calcium chloride, ATP, and homogenate. For 15 min, 

incubate the mixture at 36°C. Add 1.0 milliliter of 10% TCA 

to the reaction, thoroughly mix, and centrifuge. An estimate 

of the supernatant's phosphorus content was made. As nM of 

inorganic phosphorus liberated/gm tissue /min, the enzyme 

activity was reported [31]. 

Determination of Mg++ ATPase 

Fill a test tube with 0.1 milliliters of tris HCl buffer, 

magnesium chloride, ATP, and homogenate. For 15 min, the 

mixture was incubated at 36°C. A volume of 1.0 milliliter of 

10% TCA was added, well mixed, and centrifuged to stop 

the reaction. An estimate of the supernatant's phosphorus 

concentration was made [32]. 

Estimation of Urinary Ion (Na+ & K+) In Urine by Using 

Flame Photometer 

Sample Preparation 

To assess salt and potassium, 1 to 3 milliliters of urine were 

diluted to 100 milliliters with distilled water. The resulting 

solution was then utilized directly. 

Preparation of Stock Solution of Sodium and Potassium 

To create a 1000 ppm solution, 2.54 g of sodium chloride 

and 1.9 g of potassium chloride were separately diluted in 

100 ml of distilled water. Make a 100ppm solution using the 

above solution. In order to create 20, 40, 60, 80, and 100, 

prepare various concentrations of a 100ppm solution [33]. 

Statistical Analysis 

Graph Pad Prism (version 5.0) was used to examine all 

variables following the implementation of ANOVA using 

Dunnett's multiple comparison test. The information was 

provided as mean ± standard error (SE) for n = 6. A 

statistical difference at the level of P< 0.05 was deemed 

statistically significant across all tested groups. 

RESULTS 

Effect of Lycopene, Coq10 and Their Combination on 

Fasting Blood Glucose Level (BGL) in STZ Induced DN 

Rats 

Following a 72-h injection of STZ, Figure 1 illustrates a 

noteworthy (p<0.001) increase in blood glucose levels in all 

animals as compared to the control rats. Compared to control 

rats, the hyperglycemia in the diabetic rats persisted until the 

end of the fourth week. When compared to DN animals, rats 

treated with lycopene (5 mg/kg p.o.) had a significant 

(p<0.01) drop in blood glucose. Rats receiving 10 mg/kg of 
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CoQ10 p.o. showed a substantial (p<0.05) difference in 

blood glucose levels. When lycopene and CoQ10 were 

combined, BGL was reduced more significantly (p<0.01) in 

rats as opposed to DN rats. 

Figure 1. Effect of lycopene, CoQ10 and their combination on Blood glucose level. 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett ‘t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

Effect of Lycopene, Coq10 and Their Combination on 

Biomarkers of Kidney 

All groups serum levels of urea and albumin were observed. 

By the end of the fourth week, there were noticeable changes 

in the levels of renal biomarkers including albumin and urea 

(Table 1). DN rats had significantly (p<0.001) higher levels 

of albumin and urea than normal rats because of 

abnormalities in the kidney's excretory function. When 

compared to DN rats, rats given lycopene (5 mg/kg p.o.), 

CoQ10 (10 mg/kg p.o.), or both (lycopene+CoQ10) 

exhibited a significant (p<0.01) decrease in the level of 

raised albumin and urea. 

Table 1. Effect of lycopene, CoQ10 and their combination on biomarkers of kidney. 

Group Albumin (gm/dl) Urea (mg/dl) 
Total Protein 

(gm/dl) 
Uric acid (mg/dl) 

Total Bilirubin 

(mg/dl) 

I 2.34±0.32 25.10±6.39 3.30±0.41 3.29±0.65 0.94±0.10 

II 5.42±0.82** 58.19±6.52** 9.24±1.17*** 8.15±0.73*** 3.48±0.43*** 

III 3.42±0.30# 37.04±3.96## 5.28±0.56## 4.56±0.74## 1.66±0.25## 

IV 3.27±0.57# 40.06±3.81# 5.42±0.61## 4.93±0.71## 2.08±0.30# 

V 2.60±0.33## 32.58±1.94## 4.01±0.46### 3.57±0.49### 1.35±0.28### 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

In DN rats, there were notable alterations noted in the levels 

of total protein, uric acid, and total bilirubin (Table 1). 

When DN rats were compared to normal, it was shown that 

their levels of total protein, uric acid, and total bilirubin were 

significantly (p<0.001) higher. When comparing treatment 

with lycopene, CoQ10, and their combination 

(lycopene+CoQ10) to DN rats, there was a substantial 

(p<0.001) drop in the level of renal biomarker. 

Effect of Lycopene, Coq10 and their Combination on 

Creatinine Clearance 

The level of creatinine clearance rate was found to have 

changed significantly as seen in Figure 2. When compared 

to normal groups, diabetic rats showed a significant 

(p<0.001) drop in creatinine clearance, indicating renal 

tissue injury. When DN rats were treated with lycopene, 
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CoQ10, and its combination, their lowered creatinine 

clearance was dramatically (p<0.001) raised in comparison 

to normal rats. 

Figure 2. Effect of lycopene, CoQ10 and their combination on creatinine clearance. 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett ‘t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

Effect of lycopene, CoQ10 and their combination on 

Nitric Oxide (NO) in kidney tissue 

Every group's nitric oxide level was observed. Comparing 

the homogenate of kidney tissue from DN rats to control 

rats, it was found that the concentration of NO (Figure 3A) 

was considerably (p<0.001) higher. After a 4-week 

treatment, lycopene, CoQ10, and the combination of both 

antioxidants were given to DN rats, and the results showed a 

significant (p<0.001) drop in NO levels. 

Effect of lycopene, CoQ10 and their combination on 

Superoxide Dismutase (SOD), and Catalase (CAT) level 

in kidney tissue 

The levels of catalase and superoxide dismutase in the 

homogenate of renal tissue were measured in each group 

(Figures 3B & C). The results showed that, in comparison 

to the control groups, DN rats had a significant (p<0.001) 

decrease in SOD and CAT levels because of changes in 

oxidative stress markers. Rats treated with lycopene alone 

showed significantly (p<0.001) higher concentrations of 

SOD and CAT, while rats treated with CoQ10 showed 

slightly higher levels of the oxidative stress biomarker. On 

the other hand, as compared to DN groups, combined 

therapy of both antioxidants (lycopene + CoQ10) for 4 

weeks showed a more substantial (p<0.001) rise in the level 

of SOD and CAT than individual medication. 

Effect of lycopene, CoQ10 and their combination on 

Na+/K+, Ca2+ and Mg2+ ATPases 

The levels of ATPases for Na+/K+, Ca2+, and Mg2+ in the 

kidney homogenate were observed in each group. According 

to Table 2 it was observed that the concentrations of 

Na+/K+, Ca2+, and Mg2+ in DN rats were significantly 

(p<0.001) lower than in the control group. When compared 

to DN rats, lycopene and CoQ10-treated DN rats exhibited a 

significant (p<0.05) elevation in their Na+/K+ and Ca2+ 

levels, but a less significant increase in their Mg2+ levels. 

Rats given a mixture of both antioxidants for four weeks 

showed significantly (p<0.01) higher levels of Na+/K+, 

Ca2+, and Mg2+ than the DN group. 
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Figure 3. Effect of lycopene, CoQ10 and their combination on A) Nitric Oxide (NO), B) Superoxide Dismutase (SOD), C) 

Catalase (CAT) level in kidney tissue. 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett ‘t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

Table 2. Effect of lycopene, CoQ10 and their combination on membrane bound phosphatases (Na+/K+, Ca2+, Mg2+ ATPases). 

Groups 
Na+/K+ ATPase (nm of IP 

liberated/ gm of tissue/min) 

Ca2+ ATPase (nm of IP 

liberated/ gm of tissue/min) 

Mg2+ ATPase (nm of IP 

liberated/ gm of tissue/min) 

G-I 184.7±5.78 346.4±10.61 368.0±5.24 

G-II 111.4±3.86*** 182.1±14.57*** 240.9±16.21*** 

G-III 158.2±4.90### 265.3±18.80## 313.7±18.54# 

G-IV 137.9±5.40## 258.3±19.35# 306.5±16.02# 

G-V 176.3±4.60### 296.9±11.76### 332.0±20.56## 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett ‘t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

Estimation of urinary ion (Na+/ K+) in urine by Flame 

Photometer 

The amount of urinary ion (Na+/K+) in the urine was 

measured using a flame photometer. Using absorbance as a 

guide, the unknown concentration was computed in mEq/L 

units. When DN groups were compared to the normal 

control group, there was a substantial (p<0.001) increase in 

the amount of urinary ions (Na+/K+) in urine. When 

compared to the DN rats, all treatment groups treated with 

lycopene, CoQ10, or a combination of the two (lycopene + 

CoQ10) showed a substantial (p<0.001) decrease in the 

amount of urinary ions (Na+/K+) in urine (Figures 4A & 

B). 
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Figure 4. The conc. of Na+ & K+ ion in urine of Control & Treatment groups. 

Values are expressed as Mean ± SEM (n=6). Analysis was performed by applying ANOVA followed by Dunnett ‘t’ test. 
*p<0.05, **p<0.01, ***p<0.001 compared to control and #p<0.05, ##p<0.01, ###p<0.001 compared to DN group

DISCUSSION 

While excessive hyperglycemia is the main cause of ROS 

synthesis, which is linked to the creation of oxidative 

damage, oxidative stress has been found to have a key role 

in the development and progression of DN [2,34]. Thus, the 

death of renal tissue, including tubular epithelial cells and 

podocytes in glomeruli, is caused by these free oxygen 

radicals produced during DN [35]. 

Because STZ is cytotoxic to the pancreatic beta cells that 

create insulin in Langerhans, injecting it subcutaneously into 

the experimental rats in this investigation resulted in 

persistent diabetes. The loss of beta cells resulted in 

hyperglycemia, which in turn caused oxidative stress in the 

renal tissue [36,37]. 

Antioxidants are widely used in the management of diabetes 

and related complications, such as diabetic foot. According 

to numerous assessments, lycopene is the carotenoids' most 

powerful antioxidant. It lowers the risk of numerous chronic 

diseases and is typically present in tomatoes [20,23,38,39]. 

Coenzyme Q10, a lipophilic substance that is frequently 

found in mitochondria and is crucial to the electron transport 

chain (ETC) during oxidative phosphorylation, is another 

significant antioxidant [18,40]. Because both antioxidants 

may scavenge free radicals, they protect cells from the 

oxidative damage brought on by an excess of these radicals 

[19,41]. 

A crucial baseline technique for tracking the advancement of 

DN is hyperglycemia [42]. In this study, elevated blood 

glucose levels were seen in STZ rats, which suggested 

significant beta cell loss. By encouraging glucose 

consumption by peripheral tissues or boosting insulin 

production by the pancreas from regenerated beta cells, the 

administration of lycopene and CoQ10, both alone and in 

combination, considerably lowers the blood glucose level 

[43]. They also prevent a number of hemodynamic pathways 

from being activated. The outcome agreed with the research 

that had been previously published [23]. 

The main symptoms of diabetic nephropathy include 

proteinuria, polyuria, and decreased renal function, which is 

indicated by an abnormal creatinine level. The increased 

concentration of renal biomarkers in the urine and serum of 

diabetic rats indicates that renal impairment is gradual and 

results from the kidney's decreased excretory function and 

regulatory role in maintaining the parameters' constant 

homeostasis. In the current study, the renal biomarkers total 

albumin and urea in serum and total protein, uric acid, and 

total bilirubin in urine significantly increased in the STZ-

induced diabetic rats. These biomarkers indicated 

abnormalities in the kidney's excretory and regulatory 

function, which resulted in interstitial atrophy and epithelial 

cell necrosis from oxidative damage [44]. The last 

byproducts of the breakdown of proteins and purine, 

respectively, are urea and uric acid. Elevated urea and uric 

acid are caused by increased oxidative damage. Renal failure 

is mostly indicated by microalbuminuria and creatinine. The 

buildup of glucose in blood and urine, which results in the 

presence of protein in urine and the production of free 

radicals, is what caused these changes in biochemical 

markers in serum and urine [45]. 

Following the administration of lycopene and CoQ10, the 

biochemical parameters in the urine and serum of the DN 

rats showed notable alterations. These increased biomarker 

levels were dramatically reduced in the group treated with 

lycopene and CoQ10, however due to their synergistic 

impact, the group treated with the combination of both 

antioxidants reduces this level more significantly than the 
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individual medication therapy. Because the tubular cells 

were damaged, the creatinine clearance was lower in DN 

rats. The administration of CoQ10 and lycopene as 

antioxidants to DN rats dramatically raises their creatinine 

clearance. On the other hand, their concurrent dosing 

increased creatinine clearance more favorably. 

The delivery of STZ results in the production of free radicals 

and consequent oxidative damage in DN, potentially 

impacting the functions of endogenous antioxidant 

indicators. By generating free radicals, it upsets the balance 

between oxidants and antioxidants. The current study looked 

at the oxidative stress markers, NO, SOD, and CAT. 

Antioxidants should be present close to the site of radical 

generation, competing with free radicals for the biological 

substrate, in order to prevent the interaction of radicals with 

biological molecules [46]. Oxidation of biomolecules, such 

as lipid peroxidation, protein damage, oxidation of single 

DNA and RNA nucleotides, enzyme inhibition, and 

apoptosis activation, will happen if an antioxidant is not 

present in adequate quantity to neutralize ROS [47]. 

Increased serum glucose levels and inos stimulation may be 

the cause of elevated NO levels, which are caused by 

endothelial cell activation. DN rats were shown to have 

higher NO levels in a recent investigation [48]. It was 

discovered that the STZ rats showed a significant decrease in 

LPO and NO level as compared to the DN groups following 

a 4-week treatment of lycopene, CoQ10, and their 

simultaneous dose. 

The main enzyme in the antioxidant defense mechanism is 

SOD. By utilizing metal-catalyzed processes to convert 

superoxide radical anion (O2−) into H2O2, SOD performs a 

crucial role in safeguarding cells against ROS [49]. Cellular 

resistance to oxidative stress generation depends on the 

availability of SOD [50]. In the current investigation, OS 

caused by hyperglycemia resulted in a significant drop in 

SOD levels in DN rats. SOD levels were considerably raised 

by lycopene alone, while CoQ10 also raised SOD levels, 

though not to the same extent. However, compared to the 

medication alone, their combination demonstrated a more 

noticeable increase in SOD levels. The body spontaneously 

produces the heme-containing protein catalase (CAT) when 

it is exposed to oxygen. With the special capacity to use Fe 

as a cofactor to transform two H2O2 molecules into water 

and molecular oxygen, catalases are incredibly effective at 

removing H2O2 [51]. By detoxifying the produced H2O2, 

CAT shields cells from harm and is crucial in helping cells 

develop a tolerance to oxidative stress as an adaptive 

response [52]. DN rats were found to have significantly 

lower levels of GSH and catalase than control rats in the 

current study. Lycopene was more effective than CoQ10 at 

increasing GSH and CAT activity, but the combination of 

the two antioxidants increased the amount of reduced GSH 

and CAT more advantageously than either treatment alone. 

The structural modification of the cell membrane in STZ 

diabetic rats resulted in a considerable decrease in the 

activities of the membrane-bound ATPases (Na+/K+ 

ATPase, Ca²+ATPase, and Mg2+ ATPase) as compared to 

control rats [53]. Greater catalytic activity of the related 

enzymatic reaction is frequently made possible by 

membrane-binding. It was observed that by preserving ionic 

homeostasis in the kidney, therapy with lycopene, CoQ10, 

and their combination enhanced the activity of membrane-

bound enzymes (Na+/K+ ATPase, Ca²+ATPase, and Mg2+ 

ATPase). The combined effect of both antioxidants was 

higher than that of either medication alone. 

Na+ and K+ urinary ions were estimated in urine samples 

from the treated and control groups in the current 

investigation. The primary extracellular cation, sodium 

(Na+), affects how bodily fluids are distributed. Potassium 

(K+), which is essential for healthy cell activity, is another 

significant ion found in urine. The body's sodium-potassium 

pump, or Na+-K+ Pump, depends on the ions Na+ and K+. 

In this study, the DN group's urine had considerably higher 

levels of urinary ions (Na+ & K+) than the normal control 

group. Renal damage brought on by ongoing hyperglycemia 

may be the cause of this [54]. Elevated potassium and 

sodium excretion in the urine is linked to a higher chance of 

CKD progression [55]. Urine salt and potassium excretion 

levels were significantly lower in the CoQ10 and lycopene 

therapy groups. 

CONCLUSION 

The current study indicates that lycopene and CoQ10, two 

naturally occurring antioxidants, may be able to control 

hyperglycemia and oxidative stress brought on by diabetes 

mellitus. When administered concurrently, lycopene and 

CoQ10 showed a notable reno protective impact by 

enhancing the renal antioxidant system's performance and 

modifying morphological alterations. Both antioxidants 

together proved to be more beneficial than either medication 

alone. The results of this study showed that the combined 

action of CoQ10 and lycopene was caused by their potent 

antioxidant properties, which inhibit the progression of DN. 
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