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Diabetic nephropathy (DN) is a serious kidney illness characterized by proteinuria, glomerular enlargement,

reduced glomerular filtration, and renal fibrosis. DN is the most common cause of end-stage kidney disease,

accounting for nearly one-third of all cases of diabetes worldwide.

diabetic nephropathy  streptozotocin  antioxidant  medicinal plants

1. Introduction

Diabetes mellitus is a set of metabolic disorders marked by hyperglycemia due toa defect in insulin secretion or

insulin action or both. In 2021, as per the International Diabetic Federation, approximately 10.5% (537 million

people) of adults aged between 20 to 79 years were affected with diabetes . By 2030, it is expected that this

number will rise to over 643 million people. The incidence rate of diabetic nephropathy (DN) is high in the first 10 to

20 years after the onset of diabetes (three% per year) .

2. Pathogenesis of Diabetic Nephropathy

Hyperglycemia is a major risk factor for DN . The pathophysiology of DN also involves the increased production

of lipid peroxides, active carbonyl compounds and free radicals leading to oxidative stress and no enzymatic

protein glycosylation. Antioxidant enzymes play a role in protecting cells and tissues from causing damage. The

variation in the generation of free radicals and antioxidants is found to be the main reason for the development of

disease.

Nephropathy is caused primarily by the interaction of hemodynamic and metabolic systems. Metabolic pathways

are also activated within the diabetic kidney, resulting in advanced glycosylated end products (AGEs) deposition,

protein kinase C (PKC) activation, renal polyol synthesis, and enhanced oxidative stress. As a result, several

cytokines and growth factors are activated. These processes eventually lead to changes in the renal histology of

glomeruli, that is, mesangial expansion, glomerular basement membrane (GBM) thickening and glomerular

sclerosis  (Figure 1).

[1][2]
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Figure 1. Pathophysiology of diabetes

nephropathy. Abbreviations: Advanced glycosylated end products (AGEs), glomerular basement membrane (GBM),

protein kinase C (PKC), transforming growth factor beta(TGF-β).

3. Medicinal Plants and Diabetic Nephropathy

Natural remedies have received much interest in terms of medical research in recent years due to their capacity to

heal a variety of ailments. Despite huge improvements in the pharmaceutical drug industry over the last two

decades, the number of medications that can slow the progression of diabetes nephropathy is still restricted.

Herbal treatments are popular because of their accessibility, cost effectiveness, lesser side effects, and high

tolerance. Table 1 represents the list of a few medicinal plants and their action on DN.

Table 1. List of medicinal plants and their action on diabetic nephropathy.
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Botanical Name Family Common
Name

Parts
Used Mechanism of Action References

Zingiber officinale Zingiberacae Ginger Rhizomes

Lowers lipid
peroxidation and
enhances plasma

antioxidant capacity

Allium sativum Amaryllidaceae Garlic Bulb

The anti-glycation and
hypolipidemic

properties of aged
garlic extract may be

responsible for its
protection against DN.

Cinnamon cassia Lauraceae Cinnamon Bark

Prevents AGE
accumulation in vivo

and reduced alteration
in the renal function of

diabetic rats.

Syzygiumaromaticum Myrtaceae Clove Roots
Decreases lipid

peroxidation and
cytokine release.

Curcuma longa Zingiberaceae Turmeric Seeds

Curcumin’s protective
impact in DN may be

due to the suppression
of NLRP3

inflammasome
activation.

Camellia sinensis Theaceae, Green tea Leaves

Green tea protects the
kidneys from DN by

preventing glomerular
hyperfiltration,
hypertrophic

alterations, and protein
loss in the urine.

Psidium guajava Myrtaceae Guava Fruits
Anti-inflammatory,

antioxidant and anti-
gylcative properties.

Trigonella
foenumgraecum Myrtaceae Fenugreek Seeds

By reducing renal
oxidative stress and
inhibiting the TGF-
β1/CTGF signaling

pathway.

Phyllanthus emblica Grossulariaceae Gooseberry Fruits Gallotanin, an
important ingredient of
gooseberry, was found
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3.1. Ginger

Often known as Zingiber officinale, Zingiberacea is the most commonly used herbal supplement in the world.

Patients seek therapy from it for a variety of ailments, though it is commonly utilized for culinary purposes. Many

analytical methods identify approximately 115 components in fresh and dried ginger. Fresh ginger contains a large

amount of gingerol. Some of the terpene components present in ginger includes β-bisabolene, zingiberene, α-

farnesene, β-sesquiphellandrene and α-curcumene, which are also identified to be the main active components of

ginger essential oil . Plants possess many medicinal uses including anti-diabetic, nephroprotective, hepato-

protective, anti-cancer, antioxidant, analgesic, immunomodulatory, and anti-inflammatory properties .

In ayurveda, ginger is recommended for its traditional properties such as cardio protection, appetite stimulant, anti-

asthmatic, for constipation, pain reduction, for normalization of blood circulation etc. .

3.2. Garlic

Garlic, also known as Allium sativum, belongs to the family of Amaryllidaceae. Due to its vast range of uses as a

traditional spice and a key element in folk medicine prescriptions, garlic is considered an essential herb. A large

amount has been learned regarding the various photochemical characteristics of garlic . Many recent

studieshave established garlic’s functional activity in cardiovascular disease  and cancer. It possesses anti-

inflammatory, cardio-protective, anti-diabetic, antioxidant, reno-protective, anti-hypertensive, anti-microbial,

immunomodulation, and antiviral effects .

According to a recent study by Arellano et al. , allicin’s anti-inflammatory mechanism is thought to be based on

the reduction of NF-κB activation, which is involved in the synthesis of pro-inflammatory cytokines. Furthermore,

allicin inhibits the activity of the NF-κB regulatory unit, which is essential for pro-inflammatory cytokine transcription

activation and activation of TGF-β1 receptors. These inflammatory markers were found to be elevated in the

diabetic group but controlled by treatment with allicin.

3.3. Cinnamon

Botanical Name Family Common
Name

Parts
Used Mechanism of Action References

to be efficient in
lowering plasma

creatinine levels and
reducing apoptosis by

blocking poly ADP-
ribose polymerase

cleavage.

Piper nigrum Piperaceae Pepper Fruit
Inhibited NF-κB and
NLRP3 activation.

Coriandrum sativum Apiaceae Coriander Seed
Delayed progression of
DN, by inhibiting AGE.

Ocimum sanctum Labiatae Tulasi Leaves
Antioxidant and anti-
inflammatory activity.

Pterocarpus
santalinus Fabaceae

Red
sandalwood

Bark Antioxidant activity.
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Cinnamon Cassia has been a popular spice in several cultures around the world for many years. Other than its use

for culinary purposes, it is recommended as a therapy for treatment of digestive, respiratory, and gynecological

disorders. Various parts of the cinnamon tree, such as leaves, flowers, fruits, bark, and roots, have culinary and

medicinal properties. The volatile oils extracted from the bark, leaves, and roots have a wide range of chemical

compositions, implying that their pharmacological effects may vary as well. Active constituents of this plant include

cinnamaldehyde, eugenol, and camphor. Cinnamon is mainly used in the treatment of cancer, inflammation, for its

cardio-protective effects, as an antioxidant, to prevent migraines, as a treatment for Alzheimer’s disease, and for its

anti-microbial activities .

Cinnamon and its procyanidin-B2 (PCB2) enriched fraction have good inhibitory effects in vitro, inhibiting the

generation of AGE in diabetic nephropathic rats. Streptozotocin induced diabetic rats were given 3 percent

cinnamon or 0.002 percent PCB-fraction for 12 weeks. At the end of the experiment, biochemical analysis of urine

and blood had been performed. The renal biomarkers were evaluated using immunohistochemistry,

immunoblotting, and reverse transcription polymerase chain reaction (RT-PCR) as measures of renal function.

Suppression of glycation-mediated red blood cells-immunoglobulin G (RBC-IgG) cross-links and HbA1c

augmentation in cinnamon and PCB2 treated diabetic mice was observed. It also reduced the significantly

advanced glycated end product, N-carboxylmethyl lysine (CML), from accumulating in diabetic kidneys. Treatment

with cinnamon inhibited the advanced glycation end product mediated decrease of the expression of glomerular

podocyte proteins, including nephrin and podocin.

3.4. Clove

Commonly known as (Syzygiumaromaticum) clove, this precious spice belongs to the family of Mirtaceae which

has been used for centuries as medicine and as a food preservative because of its antimicrobial and antioxidant

properties. It contains a variety of volatile oil in it. Caffeic, ferulic, salicylic, and ellagic acids are some of the

phenolic acids present in clove. It also contains some flavonoids, including quercetin and kaempferol. The

antioxidant activities of ethanol and water extracts of a different spices, including pepper, onion, cinnamon, garlic,

mint, ginger, and clove, were investigated, and it was discovered that clove has the most antioxidant properties of

all the spices tested .

3.5. Turmeric

Turmeric is a spice that has grabbed scientific and culinary attention, and it is a ginger related rhizomatous

herbaceous perennial plant . Most research concludes that the medicinal property of turmeric is mainly due to

the active constituent named curcumin. It is basically grown in tropical and subtropical areas of the world and is

mainly cultivated in countries such as India and China. Turmeric, also called curcumin, is the main natural

polyphenol which is found in the rhizome of Curcuma longa (turmeric) and is called diferuloyl methane. It has a

variety of medicinal properties, including treatment for diabetic wounds, rheumatism, anti-cancer, anti-

hyperlipidemia, inflammation treatment, antimicrobial, anti-fertility, anti-venom, liver toxicity, renal injury, skin

disease, and anti-platelets, among others. Due to the antioxidant, anti-mutagenic, anti-inflammatory, antibacterial,

[31][32]

[33][34][35]
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and anticancer characteristics, Curcuma longa has been used as a medicinal herb in Asian countries for centuries

.

3.6. Green Tea

Commonly known as Camellia sinensis and belonging to the Theaceae family, green tea is an ancient beverage

with many therapeutic properties. It has anti-cancer, anti-inflammatory, anti-arthritic, anti-bacterial, anti-viral, anti-

angiogenic, anti-oxidative, neuroprotective and anti-hyperlipidemic properties .

Green tea flavonoids have anti-inflammatory and anti-oxidative properties. This is due to the presence of

polyphenols and flavonoids which protect the kidney from diabetes and hypertension-related renal oxidative stress.

In diabetic patients who had been receiving the highest recommended dose of renin-angiotensin system inhibitor,

there had been a reduction in albuminuria after treatment with green tea polyphenol. This activity may be due to

the inhibition of podocyte apoptosis via activation of the wingless-related integration site (WNT) pathway. The result

of the research confirms in a clinical context that activating the WNT pathway and lowering podocyte apoptosis

with green tea could reduce albuminuria in DN .

3.7. Guava

The guava tree (Psidium guajava Linn.), of the Myrtaceae family, primarily grows in tropical and subtropical

regions. Its fruits and leaves have medicinal purposes, the fruit being used as a food source and processed into

juice as well as jam . Aside from these applications, Gutiérrez et al.  described the medicinal properties of

guava, such as its use in liver disorders, allergy, its free radical scavenging property, its toxicity to normal cells, and

its use for diabetes, cough, inflammation, cardiac disorders, pain, etc.

Lin C.Y., et al.  assessed the renal protective effects of guava aqueous extract (GAE) and ethanol extract (GEE)

in diabetic mice by analyzing the concentration of phenolic acid and flavonoids in extracts of guava fruits. Myricetin,

caffeic acid, and quercetin were present in higher quantities in GAE, and the results indicated that GAE reduced

interleukin (IL)-6, reactive oxygen species, tumor necrosis factor, and IL-1 levels in the kidney. Fructose, N-

(carboxymethyl) lysine, and pentosidine levels in the kidneys were reduced by 2% GAE and GEE treatments.

These findings demonstrate that it has renal protective action through its anti-oxidative properties.

3.8. Fenugreek

It is commonly known as Trigonella foenumgraecum L., belonging to the family Fabaceae, and is one of the oldest

plants found in India and Northern Africa. Powders and extracts are prepared from its leaves and seeds, which

have medicinal value. It has been used for bread production, as a supplement to wheat and maize flour, and as

part of the general population’s daily diet . Many pre-clinical and clinical studies have reported that extracts of

fenugreek seed have been used to remedy anti-diabetic, hypo-cholesterolemic, and antioxidant properties. The

ability of fenugreek seed powder (FSP) to reverse oxidative damage induced by oxygen-free radicals has been

[37][38][39][40]
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demonstrated as an indication of antioxidant enzymes, implying that it may have antioxidant properties. Because of

diminished ROS generation and antioxidant enzyme stimulation, AGE production has been reduced and NF-kB has

been activated. There is a significant reduction in IL-6 and inflammation in FSP treated diabetic rats, which could

be associated with an elevation in antioxidant enzymes .

3.9. Gooseberry

Indian gooseberry or Amla is familiarly known as Phyllanthus emblica andbelongs to the family of Grossulariaceae.

It is mainly grown in tropical parts of Southeast Asia. The fruit and its extract have been used for the treatment of

diabetes, pain, cancer, obesity, constipation, and tumor treatment . It is also commonly used as a gentle

laxative.

Amla powder has a lot of phenolic antioxidants in it. According to the high performance liquid chromatography

(HPLC) study, the ethanol extract of Amla contains a large amount of gallic acid, ellagic acid, and catechin hydrate.

These natural antioxidants have the potential to effectively scavenge free radicals and reactive oxygen species

(ROS). In sodium arsenate induced rats with renal disease, the 2K1C rats had considerably higher uric acid and

creatinine levels than the control group in this investigation. After the treatment with amla powder, creatinine and

uric acid in the plasma of 2K1C rats were normalized .

3.10. Oats

A high intake of whole-grain foods, such as oats, is mainly associated with a lower risk of cardiovascular

complications and type-2 diabetes. Al Maliki et al. conducted an anti-diabetic study on oats. In this research,

streptozotocin (STZ) induced diabetic rats developed DN as determined by elevated serum blood urea nitrogen

(BUN), creatinine, creatinine clearance, and 24-h urine albumin. Oats supplementation for 21 weeks considerably

improved renal function and had a hypoglycemic impact, which contributed to the reversal of DN .

3.11. Pepper

Piper nigrum belongs to the family Piperaceae and is the most prominent species of this genus. Piperine is also

called the "father of spices.” It has beneficial health and disease-inhibiting properties and possesses antiviral,

immunomodulatory, anti-inflammatory, anti-pyretic, and bioavailability enhancement .

The main alkaloidal phenolic component of black pepper is piperine, which possesses different medicinal uses,

including antioxidant properties, and it activates digestive enzymes in pancreas and reduces lipid peroxidation.

Samra Y.A., et al.  described the study on the combination of cepharanthine and piperine on the progression of

diabetes and concluded that animal groups after treatment showed a significant decrease in kidney weight. Serum

creatinine was increased in the animal group treated with streptozotocin, which was significantly reduced after

treating with piperine and cepharanthin and their combination. Piperine is an antioxidant that prevents lipid

peroxidation and quenches free radicals and ROS, thus protecting against oxidative damage.

[53]
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3.12. Coriander

Commonly known as coriandrum sativum L., coriander belongs to the family of Apiaceae. The main

phytoconstituents of coriander are alkaloids, flavones, tannins, resins, sugars, alkaloids, anthraquinones, and fixed

oil sterols, . The chief components of coriander fruit are essential oil and fatty oil. Fatty acids present in

coriander include petroselinic acid (cis-6-octadecenoic acid, 18:1), linoleic acid (18:2), oleic acid (18:1), and

palmitic acid (16:0). Like other green leafy vegetables, coriander is also a good source of vitamins, minerals, and

iron, with the least saturated fat and cholesterol, in addition to zinc, thiamine, and dietary fiber .

3.13. Silymarin

Silymarin increases protein synthesis and cellular regeneration in the kidney epithelium via stimulating ribonucleic

acid (RNA) polymerase I. These effects are thought to be mostly caused by silybin, Lysiuk, and silichristin, while

silidianin has little effect. According to the research, silymarin may be especially beneficial in cases when the renal

epithelium is necrotic .

Silymarin bioflavonoid has antioxidant and anti-inflammatory properties, and it induces protein synthesis,

suppresses lipid peroxidation, leukotriene and prostaglandin formation, and neutrophil migration .

Silymarin may have beneficial effects in the treatment of patients with renal insufficiency. Recent studies show that

treating hemodialysis patients with silymarin alone or in combination with vitamin-E lowers plasma MDA levels

while increasing blood glutathione peroxidase and haemoglobin levels . In alloxan-induced diabetes rats,

treatment with silymarin lowered the damage to the kidney and restored superoxide dismutase, catalase enzyme

activity and glutathione peroxidase. Extract of milk thistle inhibits diabetic renal damage in streptozotocin induced

diabetes rats, most possibly via elevating glutathione peroxidase and catalase activity and lowering lipid

peroxidation in renal tissue .

3.14. Tulasi

The scientific name of tulasi is Ocimum sanctum (family of Labiatae). This plant is also known for its medicinal

properties. The medicinal herb is employed in indigenous medicine. Eugenol, carvacrol, urosolic acid, rosmarinic

acid, linalool, β-caryophyllene, eugenic acid, geraneol, and ocimene are among the principal chemical elements in

the aqueous extract of the leaves .

This plant possesses anti-stress, anti-asthmatic, anti-fungal, anti-bacterial, anti-oxidant, anti-viral, anti-tumor,

gastric anti-ulcer activity, immunostimulant and anti-mutagenic activities. Additionally, these plants have been used

to treat diabetes, cataracts, hypertension, diarrhea, cardiac toxicity, allergic hypercholesterolemia, depression,

thyroid, neurotoxicity, and rheumatoid arthritis. Other medicinal properties include the chemo-preventive, anti-

microbial, anti-inflammatory, radio protective, anti-carcinogenic, analgesic, anti-pyretic, memory enhancement, anti-

tussive, anti-fertility, anti-emetic, anti-spasmodic, anti-stress, and the anti-coagulant .

3.15. Red Sandal Wood

[60][61]
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Belonging to the family Fabaceae, treatment with Pterocarpus santalinus resulted in a considerable reduction in

blood sugar levels as well as an improvement in glucose tolerance tests. The extract of red sandalwood showed an

antioxidant effect, as it reduced MDA levels. The extract also increased antioxidants, catalase superoxide

dismutase and lowered lipid peroxidase synthesis, as determined by a thiobarbituric acid reactive substance.

Serum creatinine and urine albumin were reduced after the treatment. The result was supported by histological

report of the kidney for DN, and it indicated that combination therapy for 16 weeks indicated a reduction in levels of

lipid profiles and an increase in the high density lipoprotein cholesterol of diabetes treated rats .
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