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ABSTRACT

Diabetic nephropathy (DN) is a progressive microvascular complication of
diabetes mellitus and a leading cause of end-stage renal disease (ESRD).
The pathogenesis is multifactorial, involving oxidative stress, chronic
inflammation, mitochondrial dysfunction, and activation of profibrotic
pathways such as transforming growth factor-beta (TGF-B). Current
pharmacotherapies offer only partial renoprotection, necessitating
exploration of multi-target phytotherapeutics. Trichosanthes species,
particularly  Trichosanthes dioica, have demonstrated significant
antihyperglycemic, antioxidant, anti-infllmmatory, and nephroprotective
properties in preclinical models. This review critically evaluates the
pharmacological mechanisms and experimental evidence supporting the use
of Trichosanthes species in DN, integrating molecular insights with
translational relevance in a Scopus-indexed scholarly format.

KEYWORDS: Diabetic nephropathy, Trichosanthes dioica, Phytotherapy,
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1. INTRODUCTION

Diabetic nephropathy affects approximately 30-40% of
patients with diabetes mellitus and remains a major
contributor to chronic kidney disease globally (Forbes
and Cooper, 2013). It is clinically characterized by
persistent albuminuria, progressive decline in glomerular
filtration rate (GFR), and increased cardiovascular risk
(Tuttle et al., 2014). The complex pathophysiology
involves hyperglycemia-induced metabolic disturbances,
oxidative stress, and inflammatory signaling pathways
(Reidy et al., 2014).

Despite advances in renin—angiotensin—aldosterone
system (RAAS) inhibitors and sodium-glucose
cotransporter-2 (SGLT2) inhibitors, residual risk persists
(Heerspink et al., 2020). Consequently, phytotherapeutic

agents with multi-target pharmacological actions have
gained attention. Among these, Trichosanthes species
have emerged as promising candidates due to their
diverse bioactive constituents.
2. Botanical and Phytochemical Profile of
Trichosanthes Species
Trichosanthes dioica Roxb. (family: Cucurbitaceae),
commonly known as pointed gourd, is widely cultivated
in India and utilized in traditional medicine for metabolic
disorders (Kirtikar and Basu, 2006). Phytochemical
investigations reveal the presence of flavonoids,
saponins, alkaloids, triterpenoids, and phenolic
compounds, which contribute to its pharmacological
properties (Rai et al., 2008).

© 2026 Author(s) | Published by 1JCPI | Open Access under CC BY 4.0 License | 62



https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en

WWW.ijcpi.com

Volume 1 | Issue 2 | 2026

Flavonoids and phenolic compounds are particularly
relevant due to their antioxidant capacity, while saponins
and triterpenoids contribute to anti-inflammatory and
metabolic regulatory effects (Harborne, 1998).

3. Pathophysiology of Diabetic Nephropathy

3.1 Hyperglycemia-Induced Metabolic Pathways
Chronic hyperglycemia activates several metabolic
pathways, including the polyol pathway, protein kinase C
(PKC) activation, and advanced glycation end-product
(AGE) formation, leading to cellular dysfunction and
vascular damage (Brownlee, 2001).

3.2 Oxidative Stress

Oxidative stress is a central mechanism in DN,
characterized by excessive production of reactive oxygen
species (ROS) and impaired antioxidant defenses (Forbes
et al., 2008). ROS-mediated damage leads to lipid
peroxidation, DNA damage, and mitochondrial
dysfunction (Coughlan et al., 2009).

3.3 Inflammatory Pathways

Activation of nuclear factor-kappa B (NF-kB) results in
increased expression of pro-inflammatory cytokines such
as TNF-a, IL-6, and IL-1B, contributing to renal
inflammation (Navarro-Gonzélez and Mora-Fernandez,
2008).

3.3 Fibrosis and ECM Accumulation

Transforming growth factor-beta (TGF-B) signaling

promotes extracellular matrix (ECM) deposition, leading

to glomerulosclerosis and tubulointerstitial ~fibrosis

(Ziyadeh, 2004).

4. Pharmacological Activities of Trichosanthes
Species

4.1 Antihyperglycemic Activity

Experimental studies demonstrate that T. dioica extracts

significantly  reduce blood glucose levels in

streptozotocin-induced diabetic rats (Rai et al., 2008).

The mechanism is attributed to enhanced insulin

sensitivity, stimulation of glucose uptake, and inhibition

of hepatic gluconeogenesis (Adiga et al., 2010).

4.2 Antioxidant Activity

Trichosanthes exhibits potent antioxidant activity by
increasing levels of superoxide dismutase (SOD),
catalase, and glutathione peroxidase while reducing lipid
peroxidation markers such as malondialdehyde (MDA)
(Rai et al., 2011). These effects mitigate oxidative
damage in renal tissues.

4.3 Anti-inflammatory Effects

The anti-inflammatory activity is mediated through
inhibition of NF-xB signaling and reduction of pro-
inflammatory cytokines (Bhattacharya and Haldar,
2011). This contributes to attenuation of renal
inflammation in DN.

4.3 Antihyperlipidemic Effects

Dyslipidemia plays a significant role in DN progression.
T. dioica has been shown to reduce total cholesterol,
triglycerides, and LDL levels while increasing HDL
levels (Rai et al., 2013).

4.5 Renoprotective Effects

Administration of T. dioica extracts results in significant
improvements in renal function markers, including
decreased serum creatinine, urea, and proteinuria (Rai et
al, 2008). These findings indicate  direct
nephroprotective activity.

5. Molecular Mechanisms of Action

5.1 Modulation of Oxidative Stress

Trichosanthes species enhance endogenous antioxidant
defense systems, reducing ROS generation and
protecting renal cells from oxidative injury (Rai et al.,
2011).

5.2 Regulation of Cytochrome P450 Enzymes

Studies indicate downregulation of CYP450 enzymes in
diabetic models following treatment with T. dioica,
suggesting modulation of metabolic stress pathways (Rai
etal., 2011).

5.3 Anti-apoptotic Mechanisms

By reducing oxidative stress and mitochondrial
dysfunction, Trichosanthes indirectly inhibits apoptosis
pathways involving caspases and Bax/Bcl-2 signaling
(Coughlan et al., 2009).

5.3 Anti-fibrotic Effects

Although direct evidence is limited, antioxidant and anti-
inflammatory effects may suppress TGF-B-mediated
fibrosis, thereby preventing ECM accumulation
(Ziyadeh, 2004).

6. Experimental Evidence in Diabetic Models
Streptozotocin-induced diabetic rat models consistently
demonstrate the efficacy of Trichosanthes species in:
Reducing hyperglycemia

Improving renal biomarkers

Enhancing antioxidant enzyme activity

Reducing proteinuria

(Rai et al., 2008; Adiga et al., 2010)

Additionally, studies on arsenic-induced nephrotoxicity
show protective effects via reduction of oxidative stress
and DNA damage (Bhattacharya and Haldar, 2012).

7. Comparative Pharmacological Insights

Compared to conventional antidiabetic  drugs,
Trichosanthes  exhibits moderate  glucose-lowering
effects but superior antioxidant and anti-inflammatory
properties (Rai et al., 2013). This multi-target profile
makes it a valuable adjunct therapy in DN.

8. Translational and Clinical Implications
The pharmacological profile of Trichosanthes suggests
significant potential in DN management, particularly in
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resource-limited settings. However, clinical translation is
hindered by:

Lack of standardized formulations

Insufficient clinical trials

Limited pharmacokinetic data

Future research should focus on controlled clinical
studies and formulation standardization (Heerspink et al.,
2020).

9. Limitations and Research Gaps

Predominance of preclinical studies

Limited molecular-level investigations

Absence of large-scale human trials

Variability in extract composition

Addressing these gaps is essential for clinical adoption.

10. CONCLUSION

Trichosanthes species, particularly Trichosanthes dioica,
demonstrate significant pharmacological potential in the
management of diabetic nephropathy. Their multi-target
mechanisms—including antihyperglycemic, antioxidant,
anti-inflammatory, and renoprotective effects—align
with the complex pathophysiology of DN. While
preclinical evidence is compelling, rigorous clinical
validation is required to establish their therapeutic role in
modern nephrology.
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