
hyperglycemia, insulin resistance, dyslipidemia, 
and oxidative stress. This model posits 1,2. 
oxidative stress as a key mediator of  hepato-renal 
impairment in diabetes. An overproduction of  
reactive oxygen species (ROS) depletes 
endogenous antioxidant capacity, triggering lipid 

3,4peroxidation and resulting in organ dysfunction . 

INTRODUCTION
Metabolic diseases, such as diabetes, represent a 
major public health challenge. The combination 
of  a high-fat diet (HFD) and low-dose 
streptozotocin (STZ) in rodents serves as a 
validated model for type 2 diabetes, effectively 
mimicking key clinical features including 
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Abstract
Introduction: Diabetes mellitus is a major global health concern often associated with oxidative 
stress–induced organ complications, particularly in the liver and kidneys. D-ribose-L-cysteine (DRLC), a 
cysteine prodrug and glutathione precursor, has been suggested as a potential antioxidant therapy. This 
study investigated the ameliorative effects of  DRLC on hepato-renal dysfunction in HFD-fed, and 
Streptozotocin (STZ)-induced diabetic rats. 

Materials and Methods: Male Wistar rats were randomly assigned to five groups. For 28 days, the 
experimental groups were treated orally with either HFD+STZ, metformin (100 mg/kg), or DRLC at 
doses of  150 mg/kg and 300 mg/kg. Biochemical parameters, including oxidative stress biomarkers, liver 
function indices like Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), Aspartate 
Aminotransferase (AST), and Gamma-Glutamyl Transferase (GGT), renal markers, proteins (albumin, 
total protein, globulin), and electrolytes were evaluated. 

Results: HFD+STZ significantly increased MDA, MPO, NO, liver enzymes, creatinine, urea, and 
bilirubin, while markedly reducing SOD, CAT, GSH, GST, GPx, albumin, globulin, total protein, and 
electrolytes (p < 0.05), indicating hepato-renal dysfunction. These alterations were significantly mitigated 
(p<0.05) following DRLC treatment, with effects comparable to metformin. DRLC decreased pro- 
oxidant biomarkers, enhanced antioxidant defense, normalized serum proteins, and restored electrolyte 
balance. 

Conclusion: DRLC effectively attenuated oxidative stress and improved liver and kidney function in 
HFD+STZ-induced diabetic rats, suggesting its therapeutic potential as an antioxidant-based 
intervention against diabetes-associated organ complications. 
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Despite this evidence, limited data exists on the 
integrated effect of  DRLC on hepato-renal 
parameters in a combined STZ and HFD model 
of  type 2 diabetes, particularly encompassing liver 
oxidative indices, renal oxidative markers, liver 
function tests, and electrolyte profiles. Addressing 
this gap is crucial for understanding whether 
glutathione restoration translates into measurable 
biochemical  and functional  protect ion. 
Therefore, this study investigates the effect of  D-
ribose-L-cysteine on a comprehensive panel of  
hepato-renal biomarkers including oxidative 
parameters, functional indices, and electrolyte 
balance in male Wistar rats exposed to STZ and 
HFD.

MATERIALS AND METHODS

Drugs and Chemicals 
DRLC and STZ (Sigma-Aldrich, St. Louis, MO, 
USA), Antioxidant enzyme assays were 
conducted using the following kits: Superoxide 
Dismutase (SOD) Activity Assay Kit from Sigma-
Aldrich (catalog no. 19160; St. Louis, MO, USA), 
Catalase (CAT) Activity Assay Kit from Abcam 
(catalog no. ab83464; Cambridge, UK), 
Glutathione (GSH) Assay Kit from Sigma-
Aldrich (catalog no. CS0260; St. Louis, MO, 
USA), Glutathione S-Transferase (GST) Activity 
Assay Kit from Abcam (catalog no. ab65326; 
Cambridge, UK), and Glutathione Peroxidase 
(GPx) Activity Assay Kit from Sigma-Aldrich 
(catalog no. CGP1; St. Louis, MO, USA). 
Malondialdehyde (MDA) assay reagents, 
including thiobarbituric acid (TBA) and 
trichloroacetic acid (TCA), were sourced from 
Sigma-Aldrich (St. Louis, MO, USA; catalog no. 
MAK085). Myeloperoxidase (MPO) activity was 
measured using a Myeloperoxidase Activity Assay 
Kit from Abcam (Cambridge, UK; catalog no. 
ab105136).

The liver, central to metabolic regulation and the 
kidneys which both manifest and exacerbate 
metabolic disturbances via glycosuria, oxidative 
stress, and advanced glycation end-product 
(AGE) formation are critically impacted5,6. In 
diabetes, both the liver and kidneys undergo 
profound metabol ic disturbances that 
contribute to disease progression and 

7-12complications . 

The sustained metabolic and hydraulic stress of  
diabetes inflicts severe structural damage to the 
glomerulus. This includes thickening of  the 
glomerular basement membrane (GBM), 
podocyte injury and loss, and mesangial matrix 
expansion,  which col lect ive ly  lead to 
glomerulosclerosis and capillary loss. This 
structural decline manifests clinically as 
progressive diabetic nephropathy, beginning 
with microalbuminuria and advancing through 
proteinuria to a falling glomerular filtration rate 
(GFR), culminating in end-stage renal disease 

13-19(ESRD) .

D-Ribose-L-cysteine (DRLC), a cysteine 
prodrug and glutathione precursor, has recently 
garnered attention as a potent antioxidant 
intervention. Unlike N-acetylcysteine, DRLC 
provides cysteine in a stable, bioavailable form 
while simultaneously supplying ribose to 

20support cellular metabolism . Preclinical studies 
demonstrate that DRLC elevates intracellular 
GSH levels, enhances antioxidant enzyme 
activities, and reduces oxidative stress in models 
of  heavy metal toxicity, high-fat feeding, and 

21,22,23neurotoxicity . Moreover, DRLC admini--
stration has been shown to improve liver 
histology, mitigate renal oxidative injury, and 
normalize serum markers of  hepatic and renal 

22,24function . These findings underscore its 
therapeutic potential in metabolic disease– 
related organ dysfunction.
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Sapele, Nigeria.

Identification
Groundnut  s eeds  were  iden t ified  and 
authenticated in the Department of  Botany, 
Faculty of  Science, Delta State University, 
Abraka, Nigeria, by Mr. Michael O.E 

Preparation of  High-Fat Diet
The groundnut diet was prepared according to 

25the method of  Ossai et al. (2024) . Seeds were 
cleaned, air-dried, and milled using a manual 
grinder. The feed was stored under hygienic 
cond i t ions  to  p reven t  pes t  and  mo ld 
contamination. To preserve nutrient integrity, 
fresh diets were prepared weekly.
Composition of  High-Fat Diet
Eighty grams (80 g) of  the milled Groundnut 
were added to 20 g of  the normal commercial 
animal pellet to make a High Fat Diet.

Nutritional composition
Eighty grams (80 g) of  the milled Groundnut 
were added to 20 g of  the normal commercial 
animal pellet to make a high-fat diet of  nutrient 
composition below

Animal care
Experimental animals were obtained from the 
Laboratory Animal Centre, College of  Health 
Science, Delta State University, Abraka, Nigeria. 
The animals were maintained under standard 
laboratory conditions and acclimatized for a 
period of  ten days before experimentation. 
Throughout the study, they were provided with 
unrestricted access to standard feed and clean 
water. Ethical approval (RBC/FBMC/ DELSU 
/25/655) for the study was granted by the 
Animal Care and Use Research Ethics 
Committee of  the Faculty of  Basic Medical 
Sciences, Delta State University, in accordance 
with the National Institutes of  Health (NIH) 
Guide for the Care and Use of  Laboratory 
Animals.

Experimental Diet
Purchase of  Animal Feeds
Groundnut seeds were obtained from a local 
market in Abraka Latitude: 5.7917° N 
Longitude: 6.1043° E Delta State, while 
commercial pelleted feed was sourced from 
Rainbow Top Feed Company, Amukpe, 
Latitude: 5.5099° N Longitude: 5.7508° E 

Nutrients   Composition  of  groundnut  
in  80  g  

Composition  of groundnut
in  20  g  

Fat
  Carbohydrate

 Protein
 

39.1
 19.0
 21.9
 

15.9
 2.1

 2.0
 

Experimental Design 
Animals were maintained on a high-fat diet 
(HFD) for four weeks. On the 14th day of  the 
protocol, they received an intraperitoneal 
injection (i.p) of  streptozotocin (STZ) at 40 
mg/kg, followed by a second dose on day 28. 
The onset of  DM was confirmed by measuring 
fasting blood glucose, with rats classified as 
diabetic when postprandial glucose levels were 

≥288 mg/dL. Male Wistar rats (200–250 g) were 
randomly assigned to five groups (n = 6). The 
control group received a standard rodent diet, 
while the second group was maintained on HFD-
STZ only. Groups 3 and 4 were given HFD-STZ, 
along with oral doses of  D-ribose-L-cysteine 
(DRLC) at 150 mg/kg and 300 mg/kg, 
respectively. Group five was treated with HFD-
STZ and the standard drug, metformin (100 
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for 10 min at 4°C in a phosphate buffer, PBS), and 
supernatants were stored at -20 °C for analysis of  
biochemical levels as previously described by 

27Akpovwre et al. (2024) .

Liver oxidative parameters (GSH, SOD, CAT, 
GPx, GST, MDA, MPO, NO ), liver function test 
parameters (ALT, ALP, AST, and GGT), renal 
oxidative stress parameters (GSH, SOD, CAT, 
GPx, GST, MDA, MPO, NO ) renal function 
markers (creatinine, urea, bilirubin, albumin, and 

+ + -globulin) and serum electrolyte (Na , K , Cl , 
3-HCO ) were all assayed for. 

26
mg/kg body weight) . DRLC was prepared by 
dissolving 125 mg in 12.5 mL of  distilled water 
to yield a stock solution of  10 mg/mL. The 
doses of  STZ and HFD composition were 

25adapted from an earlier study . Treatments were 
continued for four weeks, and DRLC was 
administered orally.

Sample Collection
At the end of  the experimental protocol, 
animals were euthanasia under ketamine 
anesthesia. Blood and serum were collected and 
stored. Liver and kidney were also isolated on an 
ice trail, homogenized, centrifuged (10000 rpm 

Determination of  reduced glutathione 
(GSH), glutathione-s-transferase (GST), 
glutathione peroxidase (GPx) 
concentration
Aliquots of  liver and kidney supernatants of  rat 
in the respective treatment groups were taken, 
and reduced glutathione (GSH), glutathione-s-

transferase (GST), and glutathione peroxidase 
(GPx) concentration was determined using the 

28Moron' method . 

Determination of  superoxide dismutase 
(SOD) activity
The level of  SOD activity was determined liver 

Scheme 1: experimental design of  the study
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activity is proportional to the rate of  color 
35formation .

Determination of  Gamma-Glutamyl 
Transferase (GGT)
GGT activity is determined by its transfer of  the 
γ-glutamyl group from the substrate γ-glutamyl-
p-nitroanilide to glycylglycine, releasing p-
nitroaniline. The formation of  p-nitroaniline is 
monitored spectrophotometrically at 405 nm, 
with activity expressed in IU/L. This assay is 

36highly sensitive for hepatobiliary dysfunction .

Determination of  Creatinine, Urea, 
Bilirubin, Albumin, Total protein, And 
Globulin
The biochemical parameters were determined 
using standard spectrophotometric and 
enzymatic methods. Serum creatinine was assayed 

37based on the Jaffe reaction .  Urea concentration 
was determined by the urease–Berthelot 

38method . Serum bilirubin was estimated by the 
39diazo method . Albumin concentration was 

measured by the bromocresol green (BCG) dye-
binding method, and globulin concentration was 
calculated as the difference between total serum 

40protein and albumin levels .

+Determination of  serum electrolyte (Na , 
+ - 3-K , Cl , HCO )

Electrolyte estimation was performed using an 
ion-selective electrode method. Sodium, 
potassium, and chloride ions were measured 
directly by their respective electrodes and 

3-reported in mmol/L. Serum bicarbonate (HCO ) 
2was estimated as total CO  by enzymatic methods, 

with values reflecting the principal buffer base in 
41plasma .

and kidney supernatants of  rat in the respective 
treatment groups by the method of  Misra and 

29Fridovich . 

Estimation of  catalase activity
Catalase activity in liver and kidney tissues was 
determined according to the method previously 

30described by Sinha  .

Estimation of  brain level of  
malondialdehyde (MDA)
The liver and kidney levels of  MDA, a 
biomarker of  lipid peroxidation, was estimated 
according to the method of  Adam-Vizi and 

31Seregi  .

Determination of  brain myeloperoxidase 
(MPO) activity
The myeloperoxidase activity in liver and kidney 
tissues of  rat in the respective treatment groups 
was determined according to the method 

32previously described by Bradley . 

Estimation of  brain nitrite level
Liver and kidney nitrite concentration was 
estimated using Greiss reagent, which serves as 
an indicator of  nitric oxide production. 

Determination of  Alanine 
Aminotransferase (ALT) and Aspartate 
Aminotransferase (AST)
ALT and AST activities are commonly 
determined using the Reitman and Frankel 

34colorimetric method .

Determination of  Alkaline Phosphatase 
(ALP)
ALP was assayed using a colorimetric method 
based on its ability to hydrolyze p-nitrophenyl 
phosphate into p-nitrophenol and phosphate in 
an alkal ine medium. The l iberated p-
nitrophenol produces a yellow color, measured 
spectrophotometrically at 405 nm. Enzyme 
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100mg/kg, given daily for 28 days produced a 
significant (p<0.05) decrease in prooxidant 
biomarkers (MDA, MPO and NO) when 
compared with the (HFD+ STZ) group only. 

Post hoc analysis using Tukey's post hoc test from 
figure 1D-H revealed that the high fat diet and 
streptozotocin (HFD + STZ) group showed a 
significant (p<0.05) decrease in antioxidant 
biomarkers (SOD, CAT, GSH, GST, GPx) when 
compared to the control group, while DRLC 
(150, 300 mg/kg), metformin 100mg/kg, given 
daily for 28 days produced a significant (p<0.05) 
increase in prooxidant biomarkers (SOD, CAT, 
GSH, GST, GPx) when compared with the 
(HFD+ STZ) group only. 

RESULTS

Effect of  D-ribose-L-cysteine on Liver 
oxidative biomarkers in rats exposed to STZ 
and HFD
The effect of  D-Ribose-L-Cysteine given daily 
for 28 days on liver oxidative biomarkers is 
shown in Figures 1(A-H), respectively. One-
way ANOVA from figures 1A-C showed that 
there was significant difference between 
treatment groups. Post hoc analysis using 
Tukey's post hoc test revealed that the high fat 
diet and streptozotocin (HFD + STZ) group 
showed a significant (p<0.05) increase in 
prooxidant biomarkers (MDA, MPO and NO) 
when compared to the control group, while 
DRLC (150 ,  300  mg/kg) ,  metfor min 
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Figure 1: Effect of  D-ribose-L-cysteine on liver (A) malondialdehyde (MDA), (B) 
myeloperoxidase (MPO), (C) nitric oxide (NO), (D) superoxide dismutase (SOD), (E) catalase 
(CAT), (F) reduced glutathione (GSH), (G) glutathione peroxidase (GPx), (H) glutathione-S-
transferase (GST) in rats exposed to STZ and HFD

Values represent the mean ± S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

Effect of  D-ribose-L-cysteine on Renal 
oxidative biomarkers in rats exposed to STZ 
and HFD
The effect of  D-Ribose-L-Cysteine given daily 
for 28 days on renal oxidative biomarkers is 

shown in Figures 2A-H, respectively. One-way 
ANOVA from figures 2A-C showed that there 
was significant difference between treatment 
groups. Post hoc analysis using Tukey's post hoc 
test revealed that the high fat diet and 
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streptozotocin (HFD + STZ) group showed a 
significant (p<0.05) increase in prooxidant 
biomarkers (MDA, MPO and NO) when 
compared to the control group, while DRLC 
(150, 300 mg/kg), metformin 100mg/kg, given 
daily for 28 days produced a significant (p<0.05) 
decrease in prooxidant biomarkers (MDA, MPO 
and NO) when compared with the (HFD+ 
STZ) group only. 

Post hoc analysis using Tukey's post hoc test from 
figure 2D-H revealed that the high fat diet and 
streptozotocin (HFD + STZ) group showed a 
significant (p<0.05) decrease in antioxidant 
biomarkers (SOD, CAT, GSH, GST, GPx) when 
compared to the control group, while DRLC 
(150, 300 mg/kg), metformin 100mg/kg, given 
daily for 28 days produced a significant (p<0.05) 
increase in prooxidant biomarkers (SOD, CAT, 
GSH, GST, GPx) when compared with the 
(HFD+ STZ) group only. 

121D-Ribose-L-Cysteine Mitigates Hepato-Renal Dysfunction in a STZ + HFD Rat Model of  Diabetes.

African Journal of  Tropical Medicine and Biomedical Research  Vol. 9 No. 1 July 2026



Figure 2: Effect of  D-ribose-L-cysteine on kidney (A) malondialdehyde (MDA), (B) 
myeloperoxidase (MPO), (C) nitric oxide (NO), (D) superoxide dismutase (SOD), (E) catalase 
(CAT), (F) reduced glutathione (GSH), (G) glutathione peroxidase (GPx), (H) glutathione-S-
transferase (GST) in rats exposed to STZ and HFD
Values represent the mean ± S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

Effect of  D-ribose-L-cysteine on liver 
function test in rats exposed to STZ and 
HFD
The effect of  D-Ribose-L-Cysteine given daily 
for 28 days liver function test parameters was 

shown in Figure 3A-D respectively. One-way 
ANOVA from figure 3A-D showed that there was 
significant difference between treatment groups. 
Post hoc analysis using Tukey's post hoc test 
revealed that the high fat diet and streptozotocin 
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(HFD + STZ) group showed a significant 
(p<0.05) increase in liver function parameters 
(ALT, ALP, GGT, and AST) when compared to 
the control group, while DRLC (150, 300 
mg/kg), metformin 100mg/kg, given daily for 

28 days produced a significant (p<0.05) decrease 
in liver function parameters ALT, ALP, GGT, and 
AST) when compared with the (HFD+ STZ) 
group only.

Figure 3: Effect of  D-ribose-L-cysteine on (A) Alanine Aminotransferase, (B) Alkaline 
Phosphatase, (C) Gamma-Glutamyl Transferase, (D) Aspartate Aminotransferase in rats 
exposed to STZ and HFD
Values represent the mean ± S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).
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Effect of  D-ribose-L-cysteine on 
Creatinine, Urea, Bilirubin, Albumin, Total 
protein And Globulin in rats exposed to 
STZ and HFD
The effect of  D-Ribose-L-Cysteine given daily 
for 28 days on liver function test parameters was 
shown in Figures 4A-F, respectively. One-way 
ANOVA from figures 4A-C showed that there 
was significant difference between treatment 
groups. Post hoc analysis using Tukey's post hoc 
test revealed that the high fat diet and 
streptozotocin (HFD + STZ) group showed a 
significant (p<0.05) increase in Creatinine, Urea, 
Bilirubin when compared to the control group, 
while DRLC (150, 300 mg/kg), metformin 

100mg/kg, given daily for 28 days produced a 
significant (p<0.05) decrease in Creatinine, Urea, 
Bilirubin when compared with the (HFD+ STZ) 
group only.

Post hoc analysis using Tukey's post hoc test from 
4D-F revealed that the high fat diet and 
streptozotocin (HFD + STZ) group showed a 
significant (p<0.05) decrease in Albumin, Total 
protein And Globulin when compared to the 
control group, while DRLC (150, 300 mg/kg), 
metformin 100mg/kg, given daily for 28 days 
produced a significant (p<0.05) increase in 
Albumin, Total protein And Globulin when 
compared with the (HFD+ STZ) group only. 
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Figure 4: Effect of  D-ribose-L-cysteine on (A) creatinine, (B) urea, (C) bilirubin, (D) 
Albumin, (E) globulin, (F) total protein in rats exposed to STZ and HFD
Values represent the mean ± S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

Effect of  D-ribose-L-cysteine on Serum 
Electrolytes in rats exposed to STZ and 
HFD
The effect of  D-Ribose-L-Cysteine given daily 
for 28 days on liver function test parameters is 
shown in Figures 5A-D, respectively. One-
way ANOVA from figures 5 A-D showed that 
there was significant difference between 
treatment groups. Post hoc analysis using 

Tukey's post hoc test revealed that the high fat 
diet and streptozotocin (HFD + STZ) group 
showed a significant (p<0.05) decrease in serum 
electrolyte when compared to the control group, 
while DRLC (150, 300 mg/kg), metformin 
100mg/kg, given daily for 28 days produced a 
s ignificant (p<0.05) increase in serum 
electrolytes when compared with the (HFD+ 
STZ) group only.
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Figure 5: Effect of  D-ribose-L-cysteine on (A) potassium ion, (B) sodium ion, (C) chloride 
ion, (D) biocarbonate ion in rats exposed to STZ and HFD
Values represent the mean ± S.E.M for 5 animals per group
# p<0.05 compared to the control group (ANOVA followed by Tukey's post hoc test).  
* p<0.05 compared to the pathologic group (ANOVA followed by Tukey's post hoc test).

DISCUSSIONS
The present findings show that combined High-
Fat Diet (HFD) and Streptozotocin (STZ) 
produced a clear hepato–renal oxidative and 
functional derangement characterized by 
increased lipid peroxidation and pro-oxidant 
activity (MDA, MPO, NO), suppression of  
enzymatic and non-enzymatic antioxidants 
(SOD, CAT, GSH, GST, GPx), and concurrent 
impairment of  liver and kidney function 
(elevated ALT, AST, ALP, GGT, creatinine, urea, 
bilirubin; reduced albumin, total protein, and 
globulin, and disturbed electrolytes). These 
changes are consistent with an imbalance 
between reactive oxygen/nitrogen species 
generation and endogenous antioxidant 
defenses induced by metabolic stress and β-cell 
toxin exposure, and they mirror what has been 
reported in a diet- and toxin-induced model of  

24metabolic and oxidative injury . Administration 
of  D-ribose-L-cysteine (DRLC) at both 150 and 

300 mg/kg for 28 days, and metformin (100 
mg/kg), substantially reversed these pathological 
alterations: DRLC lowered pro-oxidant markers, 
restored antioxidant enzyme activities in liver and 
kidney, reduced markers of  hepatocellular and 
renal injury, and improved serum protein and 
electrolyte profiles. The effect of  DRLC on pro-
oxidant and antioxidant markers is similar to the 

21
effect seen in Ejiro et al. (2025) , where 
coadministration of  lead with DRLC led to 
significantly (p<0.05) reduced MDA levels when 
compared to the negative control group, and 
significantly (p<0.05) improved antioxidant 
defense in the kidneys of  the mice exposed to lead 
for a period of  21 days. Taken together, these data 
indicate that DRLC exerts a multifaceted 
protective effect on hepato-renal systems in the 
HFD+STZ model.

Mechanistically, the protective profile observed 
here is biologically plausible because DRLC is a 
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cysteine-donor pro-drug that supports 
22intracellular glutathione (GSH) synthesis , 

thereby replenishing the major cellular thiol 
buffer and enabling recovery of  downstream 
antioxidant enzyme activities and redox-
sensitive pathways. Several recent preclinical 

24,42reports show comparable patterns    DRLC 
or riboceine supplementation increases tissue 
GSH, reduces MDA and nitrosative stress, and 
attenuates pro-inflammatory cytokines in 

22models of  heavy-metal , xenobiotic or diet-
43induced oxidative injury , supporting the fact 

that enhanced GSH biosynthesis underpins the 
observed normalization of  antioxidant indices 
and reduced lipid peroxidation. The parallel 
benefit of  metformin in the current experiment 
provides a useful comparator: metformin's 
protective effects in metabolic disease models 
have been attributed in part to reductions in 
mitochondrial ROS generation and indirect 
enhancement  of  ce l lu l a r  an t iox idant 

44responses , so the similar direction of  effect 
seen with DRLC suggests complementary, 
perhaps synergistic, mechanisms — metformin 
improving metabolic flux and mitochondrial 
redox tone, and DRLC directly increasing the 
glutathione pool  and thiol-dependent 
detoxification. This idea is consistent with 
broader recent hypotheses arguing that 
bolstering glutathione and its precursors is a 
rational strategy to prevent or reduce tissue 
damage in conditions of  metabolic stress and 

45,46early diabetes . Also, restoration of  serum 
proteins and reduction in transaminases after 
DRLC indicate not only reduced oxidative 
injury but also partial recovery of  synthetic and 
metabolic liver function — an important 
translational signal when considering hepato-

4 7rena l  protect ion .  Thi rd ly,  the  rena l 
improvements (electrolyte normalization, lower 
creatinine/urea) suggest DRLC protects not 
just by systemic antioxidant replenishment but 
also by preserving tubular and glomerular 

integrity in the context of  metabolic-toxic stress. 
In summary, the data supports that DRLC 
ameliorates HFD+STZ-induced oxidative stress 
and associated hepato-renal dysfunction, most 
likely through augmentation of  glutathione-
dependent antioxidant defenses and suppression 
of  pro-oxidant and pro-inflammatory cascades. 
These findings align with recent preclinical work 
showing DRLC/riboceine raises tissue GSH, 
lowers lipid peroxidation and inflammatory 
mediators,  and improves organ-specific 
functional endpoints, and they fit within a 
growing conceptual framework that glutathione 
precursors can be protective in early metabolic 
disease. Taken together, DRLC merits further 
mechanistic and translational study as a candidate 
adjunctive strategy to reduce oxidative injury and 
preserve liver and kidney function in metabolic 
and toxin-related disease models.
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