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Abstract 

Diabetic nephropathy is an end stage renal disease that has potent involvement of oxidative 

stress, pro-inflammatory cytokines and many other pathways in its pathogenesis. We 

hypothesized the Eriodictyol, a bio flavanone could protect from ensuing renal impairment in 

diabetes by altering the oxidative stress and inflammatory pathways in renal cells. The aim of 

study is to investigate the nephro-protective effect of Eriodictyol in STZ induced diabetic 

experimental rats. Eriodictyol treatment for four weeks in two doses (1mg/kg and 10mg /kg) 

post induction of diabetic nephropathy, highly significantly ameliorates the renal functions 

impairment, inflammatory cascades and impaired oxidative stress. Eriodictyol also restores the 

kidney weight, kidney index, feed/water intake and body weight. Eriodictyol significantly 

attenuates the lipid profile by restoring the LDL, VLDL, HDL, TC and TGs level in serum. 

Eriodictyol 10 mg /kg treatment also provides a remarkable effect on Advanced Glycation End 

Products generation in renal tissue. Moreover, Eriodictyol also provides diminution of the pro 

inflammatory cytokines like IL-6, TNF-α, TGF-β1 synthesis in kidney homogenate. These 

results illustrate that Eriodictyol exhibits the kidney protective effect in experimental rats by 

playing the antihyperglycemic role by increasing the insulin level in blood which was 

accompanied by diminution of oxidative and inflammatory cascades. 

Keywords: Diabetic Nephropathy, Eriodictyol, STZ etc. 

Introduction 

The prevalence of diabetes and its complications among all metabolic disorders is gradually 

increased during 21th century throughout the world (1). Over a long period of practice, there is 

not any remarkable treatment for diabetic nephropathy and other complications (2). According 

to International Diabetic Federation (IDF), diabetes plays a considerable burden on public 

health and their economic status. According to IDF diabetes atlas 10th edition 2021, 537 million 

adults (20-79) years are living with diabetes. Diabetes is responsible for 6.7 million deaths in 

2021 that is 1 every 5 seconds and this figure is anticipated to increase 783 million till 2045. 

541 million adults have impaired glucose tolerance (IGT), which place them at high risk of 

type 2 diabetes. The overall prevalence of diabetes and its complication is above 10% of all 

diseases (3). In 2019, India has reported to have diabetic patients about 77.0 million. It has also 

been estimated that India will have 134.2 million diabetic patients with complication by 2045 

(4, 5). Hyperglycemia plays a crucial role in development of diabetic nephropathy. Prolonged 

and uncontrolled hyperglycemic level in blood leads to chronic kidney diseases and then 
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mediates diabetic nephropathy. Hyperlipidemia is an initial step for nephropathy. Elevated 

level of Cholesterol, triglyceride and fatty acid starts to deposit in non-adipose tissue like 

muscles, liver kidney (6). This hyperlipidemia gradually decreases the glomerular filtration 

rate (GFR) accompanied albumin urea by activating various biochemical and intracellular 

pathways. The activation of these pathways leads to glomerulosclerosis, endothelial 

dysfunction, oxidative stress, mesangial expansion, podocyte loss and albuminuria, and 

tubulointerstitial damage (7). 

Albumin is also a potent biomarker for detection of nephropathy. The presence of albumin in 

urine is also associated with decreasing glomerular filtration rate. Level of microalbumin urea 

and macroalbuminuria with time shows the degree of progressions of nephropathy (8). 

Advanced glycation end products also play an important role in pathogenesis of diabetic 

nephropathy. Excessive reduced sugar combines to lipid, protein, fats non enzymatically 

through glycation reaction. AGEs have capability to promote inflammation, oxidative stress 

and apoptosis (9,10). These AGEs products bind to receptors of advanced glycation end 

products (RAGEs) and initiate the inflammatory reactions. AGEs activate inflammatory 

cytokines (IL-6, TNF-α, TGF-β1) and increase their production, which leads to inflammatory 

reactions in body. These AGEs also give rise to reactive oxygen species (ROS) which leads to 

hypertrophy and apoptosis of glomerulus and podocytes respectively (11). 

Eriodictyol ((2S)-2-(3, 4-dihydroxyphenyl)-5,7-dihydroxy-2,3-dihydrochromen-4-one) is a 

bioflavonoid of flavanone subclass abundantly found in citrus fruits, vegetables, and medicinal 

plants (12). Its molecular weight is 288.25 g/mol and molecular formula is C15H12O6. 

Commercially, it is extracted from Yerba Santa (Eriodictyon californicum) plant (13). 

Flavanones are a subgroup of flavonoids characterized by two aromatic rings (A and B) linked 

by a dihydropyrone ring C. Eriodictyol is a polyphenolic tetrahydroxy flavanone compound. 

The structural variations of citrus flavonoids such as hydroxyl forms of A and B rings and the 

presence of 2, 3-unsaturation infused with a 4-oxo group in the C-ring have an impact on their 

beneficial biological properties (14). 

 

Figure 1: Eriodictyol Structure 
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Eriodictyol shows its antioxidant activity because the presence of high number of hydroxyl 

groups (15). It has been reported that flavonoids which inhibit tyrosine kinase and protein 

kinase C, have 3′, 4′-OH groups on the B ring, and 5, 7-OH groups on the A ring (16, 17). In 

C ring, presence of 4-oxo group also contributes in suppression of COX-2 transcriptional 

activity by which it shows the anti-inflammatory activity (18). In B ring, the presence of a 

double bond between C-2 and C-3 may be very important for Phosphodiestrase 2 (PDE2) 

inhibition which is responsible for insulin secretion (19, 20). Due to its potent anti-

inflammatory (21) and antioxidant (22) activity, it is also reported for anti-diabetic activity by 

inhibiting AGE products invitro (23). It shows protective role of diabetic retinopathy by 

restoring TNF-α, ICAM-1, VEGF, and eNOS level in ganglial cells (24). It also reveals the 

insulinotropic impact on glucose via cAMP/PKA pathway in-vitro (25). It reports the protective 

effect on mesangial cell in high blood glucose level by inhibiting Akt/NF-κB pathway through 

TNF-α, IL-1β, and IL-6 cytokines in-vitro studies (26). Eriodictyol also have potent anticancer 

(27), hepatoprotective activity (28), neuroprotective (29), cardioprotective activity (30). This 

study explored the in vivo protective effect of Eriodictyol against diabetic nephropathy. 

Material and Methods 

Drugs and Chemicals: Eriodictyol (purity>98%, CAS-552-58-9) was procured from Biosynth 

Carbosynth Limited, UK. Streptozotocin was procured from Sigma Aldrich (USA), Metformin 

from Abbott India Limited. Creatinine (Cr), triglyceride (TG), total cholesterol (TC), high-

density lipoprotein (HDL), low-density lipoprotein (LDL), very low-density lipoprotein 

(VLDL-C) and blood urea nitrogen (BUN) colorimetric detection kit procured from 

Elabscience. Advanced Glycation End Products (AGEs) ELISA kit from Cusabio. HBA1c 

procured from Creative Diagnostic Kit. Tumor necrosis factor - α (TNF-α), interleukin-6 (IL-

6), rat albumin ELISA kit (Bethyl Laboratories), rat TGF-β1 (transforming growth factor beta 

1) ELISA kit (Elabscience) was procured. All other reagents used in study, were of analytical 

grade and purchased from Himedia Labs, Mumbai (India). 

Drug Preparations: Eriodictyol dissolved in 5% Tween 80, 20% PEG and 75% Saline (24). 

STZ was freshly prepared in 0.1 M cold Citrate buffer pH 4.5 (31). Metformin solution was 

prepared with distilled water. 

Experimental Animals: Adult male Wistar rats (6 weeks of age) weighing 200-250 gm were 

purchased from CPCSEA approved registered breeder Central Animal Facility, AIIMS, Delhi. 

The protocol for antidiabetic activity was approved by Institution Animal Ethics Committee 

(IAEC) of Swift College of Pharmacy, Ghaggar Sarai, Rajpura, Patiala, Punjab (Reg No. 
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724/PO/a/02/CPCSEA) with protocol No SSP/IAEC/2022/06 on dated 9/06/2022. The animals 

were housed under standard laboratory conditions with temperature (23 ± 1°C), relative 

humidity (55 ± 10%), 12/12 h light /dark cycles and fed with standard pellet diet from Ashirwad 

Industry and purified water ad libitum. All rats were free to drink clean water and normal pallet 

diet during the experimental period. 

Induction of Diabetic Nephropathy: After acclimatization of two weeks, adult, albino wistar 

rats kept fasted overnight. Next morning, freshly prepared STZ 55mg/kg was injected 

intraperitoneally to animals (31, 32). After 72 hours, blood glucose level was checked with 

glucometer by collecting the blood sample from tail vein and diabetes was confirmed (33). The 

rats with more than 250mg/dl were considered diabetic. The sustained level of glucose for 8 

weeks induced diabetic nephropathy (31, 32). 

Experimental Design  

Forty rats were divided in to two groups randomly i.e., vehicle treated group (8 rats) and 

streptozotocin (STZ) treated group (remaining animals). 

Non diabetic 

animals 

Group 1 (Control Group) - Rats received single injection of cold citrate buffer 

Diabetic 

animals 

Group 2 (Diabetic Nephropathy Group) - Streptozotocin (STZ) 55 mg/kg i.p. 

at the 1st day 

Group 3 (ED1 Group) - STZ injected rats received Eriodictyol (1 mg/kg, 

orally) for 28 days after 8 weeks 

Group 4 (ED10 Group) - STZ injected rats received Eriodictyol (10 mg/kg, 

orally) for 28 days after 8 weeks 

Group 5 (Metformin group) - STZ injected rats received metformin (200 

mg/kg, orally) for 28 days after 8 weeks 

 

Metformin dose was used 200mg/kg (34). Eriodictyol was given in 2 doses i.e. 1 mg and 10 

mg/kg orally to different groups. STZ mediates various pathways in the renal tissue and causes 

diabetic nephropathy (35). Feed intake, water intake and body weight were noted every week 

during experimental period. 

Scarification and Specimen Collection: After twelve weeks of diabetic nephropathy study, 

the rats were sacrificed by an overdose of thiopental sodium (40 mg/kg). Blood samples were 

collected from orbital sinus and centrifuged to separate serum which was used immediately for 

assessment of biochemical parameters, inflammatory biomarkers and lipid level or store the 

serum for later analysis at 80°C. The animals’ body weights were recorded. Both kidneys were 

harvested, rinsed in cold saline and weighed them for calculation of kidney index= (kidney 

weight/body weight) x 1000 to check the rate of hypertrophy in kidney. Kidney specimens 
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were frozen at −80 °C for preparation of kidney homogenate, for oxidative stress level 

estimation. 

Estimation of Biochemical Parameters: Blood sample was kept for 2 hours at room 

temperature or at 2-8°C for overnight. Then the sample was centrifuged for 20 min. at 1000 

rpm at 4°C. Supernatant was collected and different procedures forserum albumin, serum 

creatinine, HbA1C and insulin before and after treatment were carried out. These all were 

calculated, according as per given manufacturer instructions on kits. Blood urea nitrogen 

(BUN) and glycated hemoglobin (HbA1C) was assayed by ELISA test kit and optical density 

(OD) of sample was noted at 550 nm and 450 nm respectively. Serum creatinine (SCr) content 

in sample was checked by Sarcosine Oxidase Method. OD of sample for serum creatinine was 

measured by biochemical analyzer at 515 nm. 

Lipid Profile Estimation: The centrifuged blood (for 20 min. at 1000 rpm at 4°C) was used 

to carry out assay by collecting the supernatant fluid. Lipid profile was estimated by 

colorimetric method with help of biochemical analyser and spectrophotometer. Assessment of 

Total-cholesterol (TC), triglycerides (TGs), LDL cholesterol (LDL-C), VLDL cholesterol 

(VLDL-C), and HDL cholesterol (HDL-C) was done as per instructions given by manufacturer 

on kits. 

Advanced Glycation End Products Estimation: AGEs estimation was done with ELISA test 

kit. 100 mg of harvested kidney was rinsed with 1X phosphate buffer saline (PBS), 

homogenized in 1 ml of 1X PBS and stored overnight at -20°C. After two freeze-thaw cycles 

were performed to break the cell membranes, the homogenates were centrifuged for 5 minutes 

at 5000 rpm, 2 - 8°C. The supernatant was removed and assayed immediately. Alternatively, 

aliquot and store the samples at -20°C or -80°C, centrifuge the sample again after thawing 

before the assay. Incubate the sample at 37 °C. Protect it from light. Check the reading at 450 

nm within 5 minutes. 

Estimation of Antioxidants and Lipid Peroxidation: The excised kidney, rinsed in ice cold 

normal saline followed by 0.15 M Tris-HCl (pH 7.4) blotted dry and weighed. A 10% w/v of 

homogenate was prepared in 0.15 M Tris-HCl buffer and processed for the estimation of lipid 

peroxidation (TBARS) by the method of Ohkawa H et al (36). A part of homogenate after 

precipitating proteins with Trichloric acetic acid (TCA) was used for estimation of glutathione 

(GSH) by the method of Ellman GL et al (37).  The rest of the homogenate was centrifuged at 

15000 rpm for 15 min at 4°C. The supernatant thus obtained was used for the estimation of 

Catalase activities was measured by the method of Claiborne et al (38). Nitrites level assessed 
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by using copper Cadmium alloy to reduce nitrate to nitrite in an hour followed by Griess reagent 

by colour development in acidic medium (39).  100µL supernatant from the kidney homogenate 

is thoroughly mixed 100µL Griess reagent. Check the absorbance at 540 nm and compared 

from the standard curve of sodium nitrite (0-100 µL). Super Oxide Dismutase assessment 

(SOD) was based on its ability to inhibit the reduction of nitro blue tetrazolium (NBT) by using 

sodium carbonate buffer having 0.1 mM xanthine, 0.1 mM EDTA, xanthine oxidase, 0.025 

Mm NBT (40). 

Estimation of Inflammatory Cytokines: Samples was allowed to clot for 2 hours at room 

temperature or overnight at 4°C before centrifugation for 20 min at 1000 rpm at 2~8°C. The 

supernatant was collected to carry out the assay. Blood collection tubes should be disposable 

and be non-endotoxin. Remove serum layer and assayed immediately or store serum samples 

at temperature < -20°C. Repeated freeze/thaw cycles were avoided. IL-6 was estimated by 

using the Sandwich-ELISA principle. The reaction was terminated by showing the yellow 

colour after adding stop solution. The optical density (OD) was measured 

spectrophotometrically at a wavelength of 450 nm ± 2 nm. The OD value is proportional to the 

concentration of Rat IL-6. IL-6 concentration was calculated by comparing the OD of the 

samples to the standard curve. TGF-β1 was estimate by Pre-Coated ELISA (Enzyme-Linked 

Immunosorbent Assay) kit. Inactive TGF-β1 in sample was first turned to activate. The reaction 

was terminated by showing yellow colour. The O.D. absorbance read with a microplate reader 

at 450nm, within 30 minutes of stopping the reaction. TNF-α was estimated by using ELISA 

kit, by noted the absorbance at 450 nm within 30 minutes of stopping reaction. 

Statistical Analysis: Statistical analysis was done by using Graph Pad 6. Means of normally 

dispersed variables were examined and followed by one or repeated measures two -way 

analysis of variance (ANOVA). If ANOVA conclusions were significant (p < 0.05) in F-

statistics, multiple comparison tests viz. then Tukey's HSD (Honest Significant Difference) test 

or Bonferroni test were used. Statistical significance was estimated at p<0.05 and results were 

stated as mean standard deviation. 

Results 

Effects of Eriodyctiol on Physical Parameters: Body weight of rats usually increased with 

age because of increased body mass. STZ treated animals (DNP group) showed a significant 

decrease in body weight when compared with control group animals. Treatment with Met 

(Metformin) and ED (Eriodictyol) restored the body weight in comparison to DNP (Diabetic 

Nephropathy) group animals (Fig.2C) . ED10 (Eriodictyol 10 mg/kg) showed a better weight 
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restoration in comparison to ED1 (Eriodictyol1 mg/kg). Feed intake of rats of control group 

was observed constant during the study period. STZ treated animals showed gradually increase 

in food intake when treatment was given to diabetic rats, a decline was observed in food intake 

(Fig. 2B). ED10 and Met highly significantly decreased the food intake capacity of rats in 

comparison to DNP group animals. Diabetes also affects the water intake in rats. A gradually 

increase in water intake was observed in STZ treated rats (Fig. 2A). Met treated diabetic rats 

showed a significant decrease in thrust in comparison to DNP group rats. ED10 also showed a 

significant decrease in water intake when compared with DNP group and ED1 treated group 

rats. 

Kidney index is the ratio of kidney weight by body weight. Kidney weight was also increased 

with kidney index when rats were injected with STZ. So, there was a significant increase in 

kidney index was found in STZ treated rats. Metformin and Eriodictyol treatment restored the 

kidney weight (Fig.2 D) as well as kidney index (Fig.2 E). ED10 showed a highly significant 

decrease in kidney index when compared with DNP group and ED1 treated group. 

 

Fig.2. Effect of ED on (A) mean water intake, (B) mean feed intake, (C) mean body weight, 

(D) Kidney weight, (E) Kidney index. Data of water/feed intake and body weight were 

analyzed using a repeated measure two-way ANOVA and Bonferroni post hoc test. One way 

ANOVA followed by Tukey’s test HSD was used to analyze kidney weight and kidney index. 
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Data explored as mean ± S.E.M, (n=8) symbols represent statistical significance.*** Vs 

Control,### Vs DNP, @@@ Vs ED1, p***= <0.001, p###=<0.001, p##=<0.01, p#=<0.05, 

p@@@=<0.001. DNP- Diabetic Nephropathy, ED1- Eriodictyol 1 mg/kg, ED10- Eriodictyol 10 

mg/kg, Met- 200mg/kg. 

Effect of Eriodictyol on Serum Parameters: Serum creatinine, HbA1C and BUN measured 

during the study and showed a highly significant increase in their level in diabetic nephropathy 

group when compared with control group (Table-1). Standard drug metformin showed 

significant decrease in the level of Serum creatinine, HbA1C and BUN in comparison with 

diabetic nephropathy group. Eriodictyol treatment in both doses (ED1mg/kg and ED10 mg/kg) 

revealed a significant increase in their level when compared with diabetic nephropathy group. 

ED 10 group also showed a highly significant increase in the level as compared to ED1 group. 

Whereas the serum albumin level and insulin level were observed highly decreased when 

compare of diabetic nephropathy with normal control group (Table-1).ED 10 treated animals 

showed a significant increase in insulin and albumin level as compared to ED 1 and Metformin 

treated animals. 

Table 1 Effect of Eriodictyol on Biochemical Parameters 

GROUPS Serum 

Albumin 

(ng/mL) 

Serum 

Creatinine 

(µmol/L) 

 

BUN 

(mmol/L) 

 

HbA1C 

(ng/mL) 

Insulin 

(BT) 

(µIU/mL) 

Insulin 

(AT) 

(µIU/mL) 

CONTROL 

GROUP 

294.4±20.7 96.6±8.2 5.1±2.2 13.6±3.3 18.3±1.4 18.2±1.1 

DNP GROUP 88.2±32.9*** 353±47.9*** 20.1±2.7**

* 

68.5±9.5*

** 

9.1±1.8*** 8.6±2*** 

ED 1 141.2±25.1## 289±36.5# 15.1±4.4# 51.3±4.6#

## 

10.5±1.6*** 12.4±2.5## 

ED 10 282.5±16.7###

@@@ 

160.1±58.5##

#@@@ 

9.1±2.8###

@@ 

25.5±7.2#

##@@@ 

9.3±1.2*** 17.1±1.3###

@@ 

MET 260.1±27.7### 157.8±20.8##

# 

10.3±3.4##

# 

33.2±6.2#

## 

9.1±1.2*** 17.2±1.1### 

 

Value Mean ± S.E.M, (n=8) symbols represent statistical significance.*** Vs Control,### Vs 

DNP,@@@ Vs ED1, p***= <0.001, p###=<0.001, p##=<0.01, p#=<0.05, p@@@=<0.001. One way 

ANOVA followed by Tukey’s HSD Multiple Comparison test. DNP= Diabetic Nephropathy, 

ED1= Eriodictyol 1 mg/kg, ED10=Eriodictyol 10 mg/kg, BUN= Blood Urea Nitrogen, BT= 

Before Treatment, AT= After Treatment, HbA1C= Glycated Hemoglobin, AGEs= Advanced 

Glycation End Products. 
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Effect of Eriodictyol on Lipid Profile: A highly significant increase in the TC, TGs, VLDL 

and LDL-C levels in DNP group animals compared with control group animals whereas HDL-

C level was observed decreased (Table-2). ED 10 and Metformin treated groups showed a 

highly significant decrease in their value except HDL-C level. HDL-C level was restored in 

ED 10 and Metformin treated group. ED 10 showed a highly significant hike in HDL-C level 

when compared with ED 10 and Metformin. 

Table 2 Effect of Eriodictyol on Lipid Profile 

GROUPS TC (mg/dL) TGs (mg/dL) 

 

VLDL (mg/dL) 

 

HDL-C 

(mg/dL) 

 

LDL-C 

(mg/dL) 

CONTROL 

GROUP 

5.1±2.4 2.1±1.2 291.3±60.7 2.5±0.6 1.2±0.4 

DNP 

GROUP 

18.1±2.2*** 9.2±1*** 912.1±162.8*** 0.9±0.1*** 9.1±0.7*** 

ED 1 14.2±2.7# 7.3±1# 746.1±140.6# 1.3±0.4# 7.3±1# 

ED 10 5.2±1.6###@@@ 3.1±1.1###@@@ 334.6±51.7###@@@ 2.3±0.6###@@@ 2.1±0.6###@@@ 

MET 7.3±1.6### 6.1±0.6### 506.3±83.4### 1.5±0.4### 5.3±1### 

 

Value Mean ± S.E.M, (n=8) symbols represent statistical significance.*** Vs Control,### Vs 

DNP, @@@ Vs ED1, p***= <0.001, p###=<0.001, p##=<0.01, p#=<0.05, p@@@=<0.001. One 

way ANOVA followed by Tukey’s HSD Multiple Comparison test. DNP- Diabetic 

Nephropathy, ED1- Eriodictyol 1 mg/kg, ED10- Eriodictyol 10 mg/kg, VLDL= Very Low-

Density Lipoprotein. HDL-C= High Density Lipoprotein- Cholesterol, LDL-C= Low Density 

Lipoprotein-Cholesterol, TC=Total cholesterol, TGs= Triglycerides. 

Effect of Eriodictyol on Antioxidants and TBARS 

Catalase, GSH and SOD are the enzymes that possess the antioxidant activity against various 

reactive oxygen species. In DNP group, there was a remarkable increase in these enzymes level 

(Table-3). ED1 group animals showed a less significant increase in their level on comparison 

with DNP group animals. Met group animals also showed a highly significant increase in the 

level on comparison with DNP group. ED10 revealed a potent antioxidant activity and 

significantly improvement in their level when compared with DNP group and ED1 group 

animals. Lipid peroxidation and nitrites level were comparatively increased in DNP group 

animals as compared to control group animals (Table-3). ED1 showed a less significant 

whereas ED10 and Metformin group animals showed highly significant restoration of LPO and 

nitrites level in animals.  
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Table 3 Effect of Eriodictyol on Antioxidants and TBARS 

GROUPS CATALASE 

(units /mg 

tissue) 

TBARS/LPO 

(nmol/mg) 

SOD (U/mg) GSH 

(µmol/mg) 

NITRITES 

(µmol/mg) 

CONTROL 

GROUP 

66.2±11.6 14.2±5.4 37.2±5.9 102.1±9.7 16.1±5.2 

DNP 

GROUP 

22.4±3.2*** 60.4±9.9*** 17.1±4.1*** 30.2±9.6*** 75.2±6.7*** 

ED 1 33.1±9.1# 48.1±7.6# 25.1±3.3# 45.2±9.2# 65.3±9.1# 

ED 10 65.2±4.6###@@

@ 

21.3±6.1###@@

@ 

37.2±7.5###@

@@ 

95.3±8.2###@

@@ 

27.2±4.1###

@@@ 

MET 56.4±3.9### 29.1±5.3### 31.3±6.7### 85.2±11.3### 30.1±5.7### 

 

Value Mean ± S.E.M, (n=8) symbols represent statistical significance.*** Vs Control,### Vs 

DNP, @@@ Vs ED1, p***= <0.001, p###=<0.001, p##=<0.01, p#=<0.05, p@@@=<0.001. One 

way ANOVA followed by Tukey’s HSD Multiple Comparison test. DNP= Diabetic 

Nephropathy, ED1= Eriodictyol 1 mg/kg, ED10= Eriodictyol 10 mg/kg, SOD- Superoxide 

Dismutase, TBARS/LPO= Thiobarbituric acid reactive substances/Lipid Peroxidation, GSH= 

Glutathione.  

Effect of Eriodictyol on Inflammatory Cytokines 

 IL-6, TGF-β1, TNF-α are some inflammatory cytokines which were measured in all group’s 

animals. Diabetic nephropathy (DNP) group showed a significant increase in their value on 

STZ administration when compared with control group animals. ED1 and treated animals 

showed a less significant and high significant improvement (Table-4) respectively in their 

levels on comparison to DNP group animals. ED10 treated animal group showed a high 

significant improvement in inflammatory cytokines level when comparison was done with 

DNP group and ED1 group. 

Effect of Eriodictyol on AGEs 

 Advanced Glycation End products are the results of reduced sugar glycation reaction in body 

in hyperglycemic state. The level of AGEs was high significantly increased in diabetic rats 

STZ injected rats as compared to control group (Table-4). Metformin, showed a highly 

significant decrease in the level of AGEs when compared with DNP group rats. ED10 treated 

animals was observed with a highly significant decrease in AGEs level when comparison was 

done with ED1 and DNP group animals. 
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Table 4 Effect of Eriodictyol on Inflammatory Cytokines and AGEs. 

GROUPS  IL-6 (pg/ml) TGF-β1 (pg/ml) TNF-α (pg/ml) AGE (µg/ml) 

CONTROL 

GROUP 

58.1±14 61.03±27.6 67.2±10.6 28.14±6.2 

DNP GROUP 275.2±35.7*** 280.7±25.9*** 188.6±35.6*** 147.8±30.2*** 

ED 1 226.9±33.3# 221±23.3## 147.1±21.4## 110.5±28.2## 

ED 10 85.2±16.3###@@@ 90.2±29.6###@@@ 86.4±19###@@@ 53.4±16.3###@@ 

MET 134.8±27### 121.3±20.7### 97.7±11.1### 80.7±15.4### 

 

Value Mean ± S.E.M, (n=8) symbols represent statistical significance.*** Vs Control,### Vs 

DNP, @@@ Vs ED1, p***= <0.001, p###=<0.001, p##=<0.01, p#=<0.05, p@@@=<0.001. One 

way ANOVA followed by Tukey’s HSD Multiple Comparison test. DNP= Diabetic 

Nephropathy, ED1=Eriodictyol 1 mg/kg, ED10=Eriodictyol 10 mg/kg, IL-6= Interlukin-6, 

TNF-α= Tumor Necrosis Factor- alpha, TGF-β1=Transforming Growth Factor-beta. 

Discussion  

Uncontrolled and long-term exposure to high glucose changes the systematic functioning of 

kidney and leads to podocyte damage, endothelial-mesangial transition, glomarosclerosis, 

GFR, kidney sclerosis and fibrosis (7). STZ induced diabetic nephropathy is the well-

established and known model of diabetes mellitus in experimental rats. STZ selectively destroy 

the pancreatic β cells by entering through GLUT -2 receptors. It mediates β cell necrosis by 

stimulating the DNA damage via various pathways like PARP-1, by depletion of NAD+and 

ATP intracellularly (41, 42). After administration, STZ itself breakdown into glucose and 

methylnitrosourea which is responsible for molecular changes in cell by fragmenting DNA, 

alter biological reactions in β cells of pancreas (41).  

In current study, STZ model is used to induce diabetes from one time dose of STZ (55 mg/kg 

i.p.) and sustained hyperglycaemic condition for 8 weeks, responsible for induction of diabetic 

nephropathy. Along with hyperglycaemia, STZ also causes catabolic effect on protein and fat 

and responsible for increased body weight, by causing polyphagia, polyuria, polydipsia 

(43,44). Here in this study, Eriodictyol is used to treat diabetic nephropathy. After 4 weeks 

treatment with Eriodictyol, the glucose utilization was improved in blood and body weight, 

water/feed intake gradually decreased. Eriodictyol restore the renal electrolyte balance by 

improving Na-K-ATPase pump and provide significant improvement in polydipsia and 

polyphagia. Kidney index (kidney weight/body weight) is increased in DN, because of 
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hypertrophy and hyperplasia of renal cells (45). Eriodictyol also showed a regression of kidney 

index in experimental animals. 

Albuminuria is the potent biomarker of diabetic nephropathy. Macro and microalbumin are 

present in urine hypoalbuminemia (46). Production of non-nitrogenous base compound from 

the protein catabolism and nitrogen imbalance in body, leads to formation of BUN and 

creatinine. The increase in level of BUN, creatinine and albumin in blood indicates the diabetic 

nephropathy by altering the glomerular filtration rate .  In current study, diabetic nephropathy 

is assured by measuring the level of all these parameters. Eriodictyol shows a significant role 

in restoring the level of BUN, creatinine and by increasing albumin level in blood against 

diabetic nephropathy. Diabetic nephropathy is characterized by not only dysfunction of glucose 

metabolism but also dyslipidaemia . Dyslipidaemia occurs due to increase breakdown of lipid 

and free fatty acids . Insulin is responsible for lipogenesis and inhibits lipolysis, removal of 

LDL. In DN, insulin secretion is decreased, resulting decreased lipogenesis and promote 

lipolysis and increase the deposition of LDL, VLDL . Lipid metabolism is also altered by 

impairment of lipoprotein lipase enzyme in endothelial cell and responsible to increase level 

of TGs, TC, VLDL-C, LDL-C and decrease HDL-C level (50). Eriodictyol improves lipid 

metabolism, resulting in decreased TGs, TC, VLDL-C, and LDL-C and increased HDL-C 

level. 

Oxidative stress plays the key role in pathogenesis of diabetes mellitus by the excess production 

of reactive oxygen species in hyperglycemic state. Nicotinamide adenosine dinucleotide 

phosphate (NAPDH) oxidase and mitochondrial dysfunctioning are two major sources of ROS 

in diabetic kidney. The excessive production of ROS causes DNA damage, cell damage and 

other pathological changes in tissue. The sustained ROS (H2O2, HO*) resulting damage of 

renal tissue and leads to lipid peroxidation . In present study, decrease of SOD, GSH, catalase 

enzymes by Eriodictyol are observed which are responsible for removal of redox ions in DN.  

There are two pathways which are responsible for reactive oxygen species (ROS) formation 

from glucose i.e. enzymatic and non-enzymatic. Glucose is oxidised to reactive superoxide 

ions. SOD and Catalase are the defence system of cells against reactive ion species and 

scavenge by converting them into non-reactive species. GSH provides enzymatic protection 

against ROS by absorbing HO* from H2O2 and neutralises by convert it into water. 

Hyperglycaemic condition impaired these reactions by increasing the amount of ROS. TBARS 

(Thiobarbituric Acid Reactive Species) are the potent compound to measure the level of lipid 

peroxidation in cell or tissue. The reactive oxygen species which are generated from lipid 
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peroxidation, are main cause of cell damage. TBARS level in blood is increased in 

hyperglycaemic condition in diabetes mellitus . Due to the inappropriate antioxidant defence 

system, in DN condition, SOD, GSH and catalase activity start to decline and lipid peroxidation 

starts to increase. Eriodictyol showed a proper scavenging activity against reactive oxygen 

species and provide a significant protection from oxidative stress. Eriodictyol improve the 

SOD, GSH and catalase activity reduced the TBARS level by reducing lipid peroxidation on 4 

weeks treatment. 

AGEs are the products of glycation of reduced sugar in hyperglycemic condition. Excessive 

formation of AGEs mediates the progression of diabetes to diabetic nephropathy. Detection of 

AGEs in blood stream is the major sign of renal impairment . Increased AGEs level is also 

found in other types of diabetic complications, but it is more prominent in diabetic 

nephropathy. Kidneys are more sensitive in formation of AGEs. Irreversible AGEs formation 

leads to blood vessels damage and play an important role in pathogenesis of nephropathy.On 

STZ administration, a hike of AGEs level is found in rat blood. After 4 weeks treatment with 

Eriodictyol, it showed a remarkable decline in level of AGEs. It improves the hyperglycemic 

condition and reduces the availability of sugar for glycation process and avoids the excess 

formation of AGEs. 

Oxidative stress is also connected to inflammatory response of cell in kidney. Anti-

inflammatory and antioxidant activity of cell are very important to prevent the cell and tissue 

from the diseases. These activities of cell helps in restore the kidney structure and functions. 

In this study, pro inflammatory cytokines are measured in blood. These proinflammatory 

cytokines are the mediators to active the cell inflammatory response. If the level of 

proinflammatory cells found high then cells are prone to activate inflammatory reaction.  

IL-6, TNF-α, TGF-β1 is some proinflammatory cytokines, which are considered to activate the 

inflammatory activity in kidney cells. Glomerulus of kidney are very sensitive to wards TNF- 

α, it plays a cytotoxic role for glomerulus cells. It decreases the filtration rate of mesangial cells 

by impairing glomerular filtration and damages the epithelial cells in kidney tubules and 

glomerulus. IL-6 is responsible for glomerulosclerosis and acute and chronic nephritis, in 

diabetic nephropathy. Over expression of TNF-α can lead to over production of IL-6. TGF-β1 

is the cause of synthesis and accumulation of extracellular matrix protein (fibronectin, 

collagen) in glomerular cells, resulting glomerular basement membrane thickening. Sustained 

hyperglycemic condition leads to over expression of these inflammatory cytokines and leads 

to hypertrophy and fibrogenesis of kidney resulting impaired filtration rate. STZ induces the 



PROTECTIVE ROLE OF ERIODICTYOL IN STZ INDUCED DIABETIC NEPHROPATHY IN 

EXPERIMENTAL RATS 

Section: Research Paper 

 
 

580 
Eur. Chem. Bull. 2023, 12(Special Issue 4), 567-583 

 

inflammatory response of cell by depressing its anti-inflammatory activity and leads to diabetic 

nephropathy. Eriodyctiol showed a marked improvement in anti-inflammatory activity by 

decreasing the blood level of IL-6, TNF-α and TGF-β1. 

Conclusion 

Eriodictyol reduced the pathological characters of diabetic nephropathy in dose dependent 

manner. Its high dose (10mg/kg) showed a remarkable diabetes nephroprotective effect which 

was induced by single dose of STZ. Eriodictyol ameliorates the nephroprotective pathways like 

antioxidant, anti-inflammatory in DN rats. It showed highly significant results when 

comparison was done with pre-existing drug Metformin. There is further scope of Eriodictyol, 

to provide a promising alternative treatment to diabetes nephropathy. 
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