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ABSTRACT

Background: Lead (Pb) exposure causes substantial hepatic and renal toxicity, while conventional chelating agents may

produce adverse effects. Eichhornia crassipes (Mart.) Solms is a polyphenol-rich aquatic macrophyte with reported

antioxidant and metal-chelating properties. This study aimed to investigate its phytochemical profile, quantify marker

compounds, develop Jalparni Arishta, and evaluate its hepatoprotective and nephroprotective effects against lead-induced

toxicity.

Methods: Successive solvent extraction of E. crassipes was performed using petroleum ether, chloroform, methanol, and

water. Gallic acid, rutin, and quercetin were quantified in the methanol extract and Jalparni Arishta by HPTLC

densitometry. Wistar rats were divided into five groups (n = 4/group): normal control, lead acetate (50 mg/kg), standard

control (hesperidin), and Jalparni Arishta-treated groups (200 and 400 mg/kg). Liver and kidney function, oxidative stress

markers, and histopathology were evaluated.

Results: HPTLC confirmed gallic acid, rutin, and quercetin in the methanol extract at 18.4 ± 0.31, 24.7 ± 0.52, and 12.9

± 0.28 mg/g, respectively, with their retention in the Arishta formulation. Lead exposure significantly altered liver and

kidney biochemical parameters and increased oxidative stress (p < 0.001). Jalparni Arishta, particularly at 400 mg/kg,

significantly restored these parameters toward normal values (p < 0.001), with histopathological findings supporting the

biochemical results. Conclusion: E. crassipes-derived Jalparni Arishta exhibited dose-dependent hepatoprotective,

nephroprotective, and antioxidant effects against lead-induced toxicity, supporting its potential for further investigation as

a plant-based intervention for heavy-metal toxicity.

Keywords: Eichhornia crassipes; lead acetate; Jalparni Arishta; hepatoprotective; nephroprotective; HPTLC; quercetin;

phytoantidote; oxidative stress

How to cite this article

This is an open access journal and articles are distributed Kalekar S, Pandya D. Bioactivity-Guided Phytochemical


	under the terms of the Creative Commons Attribution	Investigation, Isolation of Marker Compounds, and

	License (Attribution, Non-Commercial, ShareAlike ” 4.0) -	Development of an Ayurvedic Formulation (Jalparni



(CC BY-NC-SA 4.0) that allows others to share the work Arishta) from Eichhornia crassipes with Evaluation of

with an acknowledgement of the work's authorship and Hepatoprotective and Nephroprotective Potential

initial publication in this journal. Against Lead Acetate–Induced Toxicity in Wistar Rats.

The Nigerian Health Journal 2026; 26(3): 1380 – 1391.

https://doi.org/10.71637/tnhj.v26i3.1474

The Nigerian Health Journal, Volume 26, Issue 3

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch.

Downloaded from www.tnhjph.com

Print ISSN: 0189-9287 Online ISSN: 2992-345X 1380


The Nigerian Health Journal; Volume 26, Issue 3 – September, 2026

Formulation from Eichhornia crassipes and its Potential Against Lead Acetate

Kalekar and Pandya

INTRODUCTION

Toxic effects of lead (Pb) are a major concern for people parenterally, and the adverse-effect profiles of synthetic

all over the world. With a burden that is chelators.

disproportionately high in low- and middle-income Marsh Eichhornia crassipes Water hyacinth, or Solms

countries, a comprehensive review of the 2019 Global (Family: Pontederiaceae), is one of the ten most

Burden of Disease (GBD) data from 204 countries problematic aquatic weeds in the world and one of the


	found	that lead exposure caused	901,720 deaths	and	100 most aggressive invasive species according			to the

	21,680,000	disability-adjusted	life-years (DALYs)		International Union	for	the Conservation of	Nature

	annually	1 . The leading causes of lead-related illness and			(IUCN). Despite	its	negative reputation	in the

	death,	according to another burden	analysis	that	environmental community,		E. crassipes has a wealth of	



included thirteen distinct types of lead-related illnesses, secondary metabolites with known antioxidant, anti-

are cardiovascular disease, chronic kidney disease, and inflammatory, antimicrobial, hepatoprotective, and

idiopathic developmental intellectual disability2. The wound-healing properties, according to a 2022 study

growing industrialism, mining, vehicle emissions, old that examined the plant's phytochemical makeup,

paint, and polluted water sources are still the primary traditional uses, and pharmacological activity7. A GC-

sources of exposure despite the international regulatory MS analysis of an ethanolic E. crassipes leaf extract

action, making primary prevention a global health revealed phytol, which was emphasized in a 2022 trial as

priority. a component crucial for Hepatoprotection8.

Major target organs of lead toxicity are liver and kidney. The pharmacological significance of the polyphenolic

Mechanistically, toxic actions of lead are effected marker compounds identified in E. crassipes is well

through mitochondrial dysfunction, and mitochondrial established. By modulating inflammation, oxidative

oxidative stress has been found to be the universal stress, apoptosis, and Nrf2/HO-1 pathway activation,

pathway that underlies apoptosis that is caused by lead rutin and quercetin—the most abundant flavonoids in

and other heavy metals3. Lead is accumulated in various E. crassipes accessions—were shown in a 2022

hepatocytes and proximal renal tubular cells, disrupting controlled trial to mitigate doxorubicin-induced liver

the mitochondrial respiratory chain, depleting ATP, toxicity in Wistar rats9. Quercetin (3,3',4',5,7-

increasing reactive oxygen species generation and pentahydroxyflavone) reduced lipid peroxidation

triggering the release of cytochrome c and the markers and restored antioxidant enzyme activities in

development of apoptosis dependent on caspase4. lead-intoxicated Wistar rats, thereby alleviating oxidative

Hepatotoxicity occurs as a rise in serum aspartate stress10. A 2022 mechanistic review confirmed

aminotransferase, (AST), alanine aminotransferase quercetin's antioxidant mechanisms against heavy metal

(ALT), total bilirubin and alkaline phosphatase (ALP). toxipathy, encompassing ROS scavenging, glutathione

Nephrotoxicity is characterised by proximal tubular (GSH) restoration, and modulation of antioxidant

damage, increased blood urea nitrogen (BUN), serum signalling pathways11. Red onion-derived phenolic

creatinine, and urinary excretion of tubular injury compounds including quercetin were shown to protect

biomarkers; a 2024 systematic review and meta-analysis against heavy metal toxicity in 2024, further supporting

confirmed significantly high serum creatinine [0.03 (95% the metal-chelating role of polyphenols12. Quercetin's

CI: 0.00-0.05) mg/dL] in chronic lead-exposed persons nephroprotective activity was confirmed in a 2022

compared to unexposed controls 5. systematic review demonstrating protection against

The standard chelation therapy that is currently used is heavy metal and chemical-induced renal toxicity through

dimercaptosuccinic acid, dimercaprol and calcium free radical clearance and lipid peroxidation reduction13.

disodium EDTA. But these agents have one critical Gallic acid, the third phytochemical marker of interest,

limitation: redistribution toxicity, in which chelation demonstrated significant hepatoprotective and

mobilises lead in peripheral tissues and redistributes it to nephroprotective activity in a 2022 preclinical study in

the central nervous system, lungs and other organs rats challenged with cisplatin-induced organ toxicity14.

potentially exacerbating end-organ damage6. The Further studies have demonstrated the mechanism of

scientific rationale behind the development of plant- hepatoprotective and nephroprotective properties of

derived phytoantidotes with both antioxidant and metal- gallic acid in different disease models15,16.

chelating properties is suggested by the narrow Arishta preparations, self-prepared alcohol preparations,

therapeutic index, the requirement to administer drugs formed by fermentation of herbal decoctions in the
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presence of Dhataki flowers and jaggery are a recognised biotransformation flavonoid glycosides into more

oral dosage form, in use in Ayurvedic medicine, used to permeable aglycone forms, significantly enhancing

treat systemic conditions. A 2022 review confirmed that systemic absorption and bioactivity24. One of the main

Arishta and Asava formulations have been used for over markers in E. crassipes, gallic acid was shown in a 2024

3000 years, offering advantages including enhanced study to alleviate nephropathy via the miR-709-NFE2L2

extraction of phytoconstituents, improved pathway in diabetic mice, providing a mechanistic

bioavailability, extended shelf-life, and endogenous underpinning of its renoprotective effect beyond mere

alcohol as a self-preservative17. A 2023 network antioxidant effects25.

pharmacology and GC-MS analysis of Chandanasava, an

Ayurvedic fermented formulation, confirmed that the MATERIALS AND METHODS

fermentation process significantly enhances the Plant Collection and Authentication: Eichhornia

pharmacological activities relative to simple aqueous crassipes (Mart.) whole plants are freshly cut off and then

preparations18. These considerations provided the used. Freshwater bodies in the Rajkot area, Gujarat,

scientific rationale for developing E. crassipes as a Jalparni India yielded solms. Identification and authentication of

Arishta formulation in the present study. botanical identities was done by a qualified taxonomist.

Despite escalating global recognition of lead toxicity as The sample of voucher was deposited in departmental

a public health emergency—with a 2024 GBD-based herbarium of the School of Pharmacy, RK University,

analysis confirming the substantial and growing Rajkot. To eliminate surface contaminants, shade-dried

cardiovascular and renal disease burden attributable to at ambient temperature (14 days), and mechanically


	chronic lead exposure			19	and established phytochemical					powdered	to	coarse	mesh (sieve		40),	the	collected	

	richness	of E.	crassipes		, no	prior	study	has	reported	material	was	carefully	washed	by	tap	water	then	by

	bioactivity-guided			phytochemical			investigation		of this	distilled	water	and then	mechanically			powdered		to

	plant	leading to	Ayurvedic			formulation		development		coarse mesh (sieve 40).								

	with	validated		in	vivo	hepatorenal		protective		Chemicals,		Reagents,	and	Reference		Standards:		



assessment. The diagnostic and mechanistic dimensions Gallocic acid, rutin and quercetin (purity 98 and above)

of lead-induced hepatotoxicity and part of bioactive reference standards were purchased at Sigma-Aldrich

compounds in reversing these changes have been (USA). Lead acetate (analytical grade) and hesperidine

reviewed20, and the broader context of pollution- (standard hepatoprotective drug) were purchased at

attributable health burdens has been established Merck India Pvt. Ltd. Diagnostic kits of ALT, ALP, total

globally21. Recent evidence specifically documents lead- bilirubin, AST, total protein, BUN and serum creatinine

induced hepatotoxicity and nephrotoxicity with were purchased at Erba Mannheim Diagnostics. Most of

mechanistic insight in experimental models22. The the bio-chemical analyses were done on a Bio Auto

present study was therefore designed to bridge this gap, Analyser (Evolution 3000) and ELISA plate reader (Lab

conducting comprehensive bioactivity-guided India Microelisa Plus), calibrated as per the institutional

phytochemical characterisation of E. crassipes, HPTLC- records. All the solvents used in HPTLC were of

based simultaneous quantification of gallic acid, rutin, spectroscopic purity.

and quercetin, Ayurvedic Jalparni Arishta development Successive Solvent Extraction: Successive extraction

and characterisation, and preclinical hepatoprotective of accurately weighed plant powder (200 g) by Soxhlet

and nephroprotective evaluation in a validated lead apparatus in ascending polarity: petroleum ether (6080

acetate Wistar rat model, in full compliance with C), chloroform, methanol and water. Percentage yield

CPCSEA guidelines and IAEC approval. (w/w) was determined with respect to the weight of

The Ayurvedic system has been reviewed systematically dried plant powder. Initial antioxidant activity (DPPH

and has validated the role of the flavonoid-rich plants in radical scavenging) of each extract identified the

the Ayurvedic system in defensive renal parenchyma methanol extract (ME) as the most bioactive fraction

counter to the toxic invectives23. Recent evidence has which was therefore chosen as downstream

shown that fermentation-enhanced bioavailability of phytochemical characterisation and marker

polyphenols in standard preparations is mediated by quantification.

microbial enzymatic activities during fermentation, such HPTLC Densitometric Standardisation: A CAMAG

as glycoside hydrolysis by glycosidases and esterases, and system (Linomat 5 applicator, TLC Scanner 3, twin-
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trough development chamber,) was used to analyze pre- Five groups (n = 4/group) of animals were randomly

coated plates (silica gel 60 F254 aluminium plates, assigned 30 days:

Merck, Germany;10×10 cm) using a CAMAG system Group I (Normal Control): vehicle (0.5% CMC, oral),

(Linomat 5 applicator, twin- trough development daily.

chamber, TLC Scanner 3). Sample application: to Group II (Lead Acetate Control): lead acetate 50 mg/kg,

achieve simultaneous separation of gallic acid, rutin and orally, daily.

quercetin: toluene:ethyl acetate:formic acid: methanol Group III (Standard Control): lead acetate 50 mg/kg +

(3:6:1.5:0.5, v/v/v/v). Growth in a chamber that is pre- hesperidine (standard drug), oral, daily.

saturated (20 min saturation). After deriving the plates, Group IV (T1): lead acetate 50 mg/kg + Jalparni Arishta

they were scanned at 254 nm (UV) and 366 nm after 200mg/kg oral daily.

deriving the plate with the natural product reagent. Rf Group V (T2): lead acetate 50mg/kg + Jalparni Arishta

values, and peak areas were noted. Five concentration 400mg/kg, oral, daily.

levels of the calibration curves were constructed in The body weight and food intake were measured at 2-

triplicate (r2≥0.998). Regression equations were used to day intervals. All animals were killed on day 31 under

determine the concentration of the markers in ME and ether anaesthesia after a one night fast. Serum

Arishta 26, 27. biochemistry was done by collecting blood through

Preparation of Jalparni Arishta: Jalparni Arishta was cardiac puncture. Liver & kidney were removed, cut and

made according to the Arishta formula of the Ayurvedic subjected to biochemical then histopathological studies.


	Formulary		of	India	(AFI).		A	standardised		aqueous		Biochemical			and	Oxidative			Stress		Assessments:	

	decoction		of	E. crassipes		ME		residue	was	prepared,		Hepatic	functional				assessment			was	provided	by

	cooled	to	30	– 35°C	and		transferred		to	a	clean	measuring		serum		ALT,		AST,		ALP	(IU/L),	total

	fermentation		vessel		and	supplemented			with	Dhataki		bilirubin,	and		total	protein		using		commercial		Erba

	flowers	(Woodfordia			fruticosa,			5 percent	w/v)		as a	Mannheim		diagnostic			kits	on	the	Bio	Auto Analyser	



fermentation initiator and jaggery (40 percent w/v) as (Evolution 3000). The renal function was assessed with

fermentable substrate. The ship was closed with wax and serum BUN (urease-GLDH method) and serum

clay covered with clay and stored at room temperature creatinine (alkaline picrate/Jaffe method). The liver and

(27 ± 2°C) period of 30 days. The completion of kidney were subjected to centrifugation at 10,000 × g for

fermentation was determined by using organoleptic 15 minutes at 4°C after preparing tissue homogenates

analysis, pH measurements (daily), and Brix (10% w/v in PBS, pH 7.4). The NAD(P)H oxidation

measurements (5-day intervals). The resultant Arishta method was used to measure SOD. According to the

was filtered through muslin cloth, characterised (pH, Ellman colorimetric method28,29, GSH content was

specific gravity, total solids, self-generated alcohol ascertained. As TBARS, MDA was quantified using the

content by GC), and standardised by HPTLC for marker method of Ohkawa et al. A blinded pathologist used

content prior to in vivo administration. Olympus BX53 microscopes at ×100 and ×400

Experimental Animals and Ethics: The adult Wistar magnification to conduct histopathological

albino rats, which weigh between 170 and 220 grams and examinations on liver and kidney sections (5 µm) stained

are 8 to 10 weeks old, were kept in a typical laboratory with H&E30.

setting with exacting standards such as a temperature of Statistical Analysis: Mean ± SEM (n = 4). That is how

25 ± 2°C, a 12-hour light/dark cycle, and a humidity all the data are presented. Our statistical analysis was

level of 50 ± 10%. The rats were given free access to a conducted using GraphPad Prism 9.0 and included a

standard pellet diet and clean water to drink. one-way ANOVA followed by Dunnett's multiple

Institutional Animal Ethics Committee (IAEC) approval comparisons test. Comparison to the lead acetate group:

was obtained for all experimental procedures by **p < 0.01, ***p < 0.001 at the significance levels. A

PreClinBio Solutions LLP, Pune. (Project Approval No. statistically significant result was defined as ###p <

CCSEA/PCBS/2025-26/P-01, sanctioned 14 February 0.001 compared to the normal control; p < 0.05.

2026; 15 female + 30 male Wistar rats sanctioned). The

study was conducted in strict compliance with CPCSEA RESULTS

guidelines. HPTLC Standardisation and Marker

Experimental Design Lead Acetate Toxicity Model Quantification
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The simultaneous resolution and quantification of gallic the concentration ranges evaluated showing that the

acid, rutin and quercetin in ME and Jalparni Arishta method was precise and accurate. Marker identity was

formulation were achieved through HPTLC confirmed by Rf correspondence and UV spectral

densitometric analysis. Optimised mobile phase matching with reference standards; isobastic points

produced small, sharp bands with typical Rf values. could be recognized in an overlay spectrum confirming

Calibration curves had good linearity (r2 = 0.998) within the identity of a compound.

Table 1: HPTLC Quantification of Marker Compounds in Methanol Extract (ME) and Jalparni Arishta

Content in Arishta

Marker Compound Rf Value λmax (nm) Content in ME (mg/g)

(mg/mL)


	Gallic acid	0.27 ± 0.01	271	18.4 ± 0.31	2.1 ± 0.08

	Rutin	0.52 ± 0.01	358	24.7 ± 0.52	3.4 ± 0.12

	Quercetin	0.71 ± 0.01	368	12.9 ± 0.28	1.8 ± 0.07



Values represent Mean ± SEM (n = 3). ME = methanol extract.

Rutin was present in the highest concentration in ME (24.7 ± 0.52 mg/g), followed by gallic acid (18.4 ± 0.31 mg/g) and

quercetin (12.9 ± 0.28 mg/g). The three markers were maintained in the Jalparni Arishta formulation in quantifiable

concentrations confirming the successful transfer of bioactive phytoconstituents through the fermentation and processing

processes.

Figure 1: 3D Spectra of Gallic Acid, Rutin, Quercetin, Formulation, ISO and Extract

Figure 2: Densitogram of a) mixed standards b) Formulation c) ISO sample
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Figure 3: Mixed Standard UV Spectra

Effect on Body Weight and Organ Weight

Administration of lead acetate led to in a progressive reduction in body weight gain since Day 6 onwards and led to severe

organomegaly compared to normal control. Dose-dependent attenuation of the increase in organ weight was observed

with both doses of Arishta (Jalparni, Arishta) with T2 (400 mg/kg) showing the greatest restoration (Table 2).

Table 2: The outcome of Jalparni Arishta on Organ Weights in Lead Acetate-Intoxicated Wistar Rats (Mean ± SEM,

n=4)


		Normal	Lead Acetate (50	Standard		

	Parameter				T1 (200 mg/kg)	T2 (400 mg/kg)

		Control	mg/kg)	Control		

	Liver weight (g)	8.02 ± 0.32	12.70 ± 1.23###	7.26 ± 0.53***	8.04 ± 0.70***	7.14 ± 0.36***

	Kidney weight (g)	2.18 ± 0.15	3.94 ± 0.41###	2.30 ± 0.19***	2.71 ± 0.23**	2.40 ± 0.18***



###p < 0.001 vs. normal control; **p < 0.01, ***p < 0.001 vs. lead acetate group.

Figure 4: Effect of Jalparni Arishta on Organ Weights in Lead Acetate–Intoxicated Wistar Rats

Lead acetate had significant effects on liver weight, increasing it to 12.70 ± 1.23 g (normal: 8.02 ± 0.32 g, p < 0.001), as

hepatomegaly, which is consistent with hepatic congestion and oedema. T2 (400 mg/kg) decreased liver weight to 7.14 ±

0.36 g approaching normal and standard control values, which indicates near-complete attenuation of the hepatomegaly

caused by lead.

Liver Function Tests

All of the measured parameters of hepatic functions were significantly increased by Lead acetate as compared to normal

control (Table 3). Jalparni Arishta at T2 (400 mg/kg) gave the strongest statistically significant restoration of all liver

functions markers with values approaching normal control group.
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Table 3: Effect of Jalparni Arishta on Liver Function Tests in Lead Acetate–Intoxicated Wistar Rats (Mean ± SEM, n=4)


	Parameter	Normal	Lead Acetate (50	Standard	T1 (200 mg/kg)	T2 (400 mg/kg)

		Control	mg/kg)	Control		

	ALT (IU/L)	16.72 ± 0.98	33.25 ± 1.38###	18.59 ± 0.83***	23.28 ± 2.31***	19.15 ± 1.31***

	AST (IU/L)	71.75 ± 9.62	135.3 ± 6.08###	91.43 ± 3.75***	98.83 ± 2.11***	83.40 ± 5.58***

	Total Bilirubin	0.158 ± 0.011	0.467 ± 0.016###	0.193 ±	0.236 ± 0.023***	0.203 ± 0.020***

	(mg/dL)			0.015***		

	ALP (IU/L)	52.30 ± 3.14	98.70 ± 4.21###	58.40 ± 3.82***	74.60 ± 5.11***	62.10 ± 3.90***

	Total Protein (g/dL)	7.24 ± 0.31	4.10 ± 0.28###	6.85 ± 0.34***	5.60 ± 0.42***	6.70 ± 0.38***



###p < 0.001 vs. normal control; ***p < 0.001 vs. lead acetate group.

Lead acetate elevated serum ALT from 16.72 ± 0.98 to 33.25 ± 1.38 IU/L and AST from 71.75 ± 9.62 to 135.3 ± 6.08

IU/L (both p < 0.001), indicating significant hepatocellular damage. The total bilirubin increased (0.158 + 0.011 mg/dL)

to 0.467 + 0.016 mg/dL and total protein decreased, indicating the disrupted synthesis of the liver. Jalparni Arishta at T2

reduced ALT to 19.15 ± 1.31 IU/L, AST to 83.40 ± 5.58 IU/L, and bilirubin to 0.203 ± 0.020 mg/dL, all meaningfully

altered from lead acetate group (p < 0.001).

Renal Function Tests

Lead acetate induced marked nephrotoxicity as shown by significant (p < 0.001) elevations in BUN and serum creatinine

(Table 4). Such results are in line with published evidence that establishes that serum creatinine significantly increases in

lead-exposed individuals as compared to unexposed controls [5].

Table 4: Effect of Jalparni Arishta on Renal Function Tests in Lead Acetate–Intoxicated Wistar Rats (Mean ± SEM, n=4)

Normal Lead Acetate (50 Standard

1 T1 (200 mg/kg) T2 (400 mg/kg)

Control mg/kg) Control

BUN (mg/dL) 19.45 ± 1.21 47.80 ± 2.64### 21.30 ± 1.45*** 31.50 ± 2.18*** 24.70 ± 1.93***

Serum Creatinine 0.645 ±

0.333 ± 0.059 2.140 ± 0.237### 1.248 ± 0.430*** 0.735 ± 0.079***

(mg/dL) 0.122***

###p < 0.001 vs. normal control; ***p < 0.001 vs. lead acetate group.

Lead acetate elevated serum creatinine to 2.140 ± 0.237 mg/dL (normal: 0.333 ± 0.059 mg/dL) and BUN to 47.80 ± 2.64

mg/dL (normal: 19.45 ± 1.21 mg/dL), both p < 0.001. T2 (400 mg/kg) substantially reduced serum creatinine to 0.735 ±

0.079 mg/dL and BUN to 24.70 ± 1.93 mg/dL (p < 0.001 vs. lead acetate group), approaching standard control values.

Oxidative Stress Parameters

Lead acetate resulted in a uniform pattern of oxidative stress in both hepatic and renal tissues: depletion of antioxidant

enzymes and GSH, with significant increase in MDA (Table 5). The greatest restoration of the antioxidant defence was

found in Jalparni Arishta at T2 (400 mg/kg) with values approaching normal and standard controls.

Table 5: The effect of Jalparni Arishta on the parameters of Oxidative Stress in the liver and kidney of the lead acetate-

intoxicated Wistar rats (Mean ± SEM, n = 4)

Parameter (Organ) Normal Lead Acetate (50 Standard T1 (200 mg/kg) T2 (400 mg/kg)

Control mg/kg) Control

SOD – Liver (U/mg 0.0616 ± 0.013 0.0230 ± 0.002### 0.0423 ± 0.003*** 0.0300 ± 0.003** 0.0486 ± 0.003***

protein)

SOD – Kidney (U/mg 0.0550 ± 0.009 0.0185 ± 0.002### 0.0390 ± 0.004*** 0.0280 ± 0.004** 0.0420 ± 0.003***

protein)

Catalase – Liver (U/mg 14.80 ± 1.22 5.40 ± 0.61### 12.30 ± 0.95*** 8.70 ± 0.88*** 13.10 ± 1.05***

protein)

GSH – Liver (µmol/mg 4.82 ± 0.29 1.65 ± 0.18### 4.20 ± 0.31*** 2.90 ± 0.27*** 3.95 ± 0.24***

protein)

MDA – Liver (µmol/mg 2.40 ± 0.26 8.04 ± 1.15### 2.88 ± 0.21*** 5.01 ± 0.41*** 3.40 ± 0.57***

protein)
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MDA – Kidney 4.58 ± 0.10 11.96 ± 0.98### 4.12 ± 0.08*** 5.87 ± 1.45*** 4.80 ± 0.25***

(µmol/mg protein)

###p < 0.001 vs. normal control; **p < 0.01, ***p < 0.001 vs. lead acetate group.

Oxidative stress data — derived using the validated methods of the SOD, GSH, and MDA methods used by Paoletti et

al. [28], Ellman [29], and Ohkawa et al. [30] - revealed extensive oxidative damage caused by lead in both organs. Lead

acetate increased MDA by 235.0% in the liver and 161.1% in the kidney compared to normal control and decreased hepatic

SOD by 62.7% and catalase by 63.5% and GSH by 65.8% relative to normal control. Jalparni Arishta at T2 (400 mg/kg)

restored SOD to 0.0486 U/mg protein (78.9% of normal), catalase to 13.10 U/mg protein (88.5% of normal), and GSH

to 3.95 -mol/mg protein (81.9% of normal) in liver, and reduced hepatic and renal MDA by 57.7% and 59.9% respectively

relative to the lead acetate group

Histopathological Observations

Morphological corroboration of the biochemical data (Table 6) was given through histopathological examination of H&E-

stained liver and kidney sections.

Table 6: Histopathological Findings in Liver and Kidney of Lead Acetate–Intoxicated Wistar Rats Treated with Jalparni

Arishta

Group Hepatic Histopathological Findings Renal Histopathological Findings

Normal Control Normal hepatic architecture; well-delineated Normal glomerular and tubular


	(Group I) hepatocyte cords; intact central vein and portal	architecture; no congestion,

	triad; no cellular abnormality	degeneration, or cast formation



Lead Acetate 50 Severe centrilobular necrosis; marked hepatocyte Glomerular congestion; proximal tubular

mg/kg (Group II) vacuolation; diffuse sinusoidal congestion; degeneration; interstitial oedema; hyaline

significant inflammatory infiltration in portal areas cast formation in tubular lumina

Standard Control – Near-normal hepatic architecture; minimal residual Improved glomerular appearance;

Hesperidine (Group inflammation; hepatocyte cord alignment minimal tubular degeneration; significant

III) preserved; sinusoidal congestion markedly reduced reduction in congestion and cast

formation

T1 – Arishta 200 Moderate hepatocyte vacuolation; mild Moderate tubular degeneration; residual

mg/kg (Group IV) inflammatory infiltration; sinusoidal congestion glomerular congestion; some cast

partially resolved; no necrosis formation persists

T2 – Arishta 400 Near-normal hepatic architecture; hepatocyte Marked reduction in tubular

mg/kg (Group V) vacuolation and necrosis markedly reduced; degeneration and glomerular congestion;

minimal inflammatory infiltration; hepatocyte cords tissue architecture near-normal; casts

well-defined absent or minimal

Normal control sections displayed well-preserved hepatic architecture with clearly delineated hepatocyte cords, central

veins, and portal triads, and normal glomerular and tubular renal architecture Group II (animals treated with lead acetate)

showed severe centrilobular necrosis, extensive hepatocyte vacuolation, sinusoidal congestion and portal inflammatory

infiltration in the liver and glomerular congestion, proximal tubular necrosis, interstitial oedema and hyaline cast formation

in the kidney. Jalparni Arishta at T2 (Group V, 400 mg/kg) caused near-normalisation of both hepatic and renal tissue

architecture, which is closely similar to the standard control (hesperidine) group, which provides histological confirmation

of the dose-dependent organ-protective action of the formulation.
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DISCUSSION previously reported antioxidant activity of rutin,

The present study is a systematic, comprehensive, quercetin and gallic acid and their possible role in the


	bioactivity	guided phytochemical investigation	of	antioxidant defense pathway regulated	by	the	Nrf2

	Eichhornia	crassipes, marker standardization	by	pathway [9,12,13,25]. Protection may	be	by	metal



HPTLC, formulation of traditional Ayurvedic chelation, but this was not investigated directly in the

preparation and systematic in vivo evaluation of its present study so this mechanism could be considered a

hepatorenal protective activity against lead acetate plausible protection mechanism but not a proven one.

induced toxicity. It has been shown that the The arishta approach of Ayurvedic formulation could

hepatoprotective, nephroprotective and antioxidant offer alternative formulation benefits over the aqueous

effects of Jalparni Arishta were significant and dose or hydroalcoholic extracts. The phytoconstituents'

dependent in Wistar rats intoxicated with lead acetate extraction and biotransformation could be easier and

and the effects of Jalparni Arishta at 400 mg/kg dose there may be some effect on their bioavailability during

were comparable in wide range with standard. the fermentation process in the preparation of Arishta

Gallic acid, rutin, and quercetin were selected as [17,18]. One suggestion is that microbial metabolism of

phytochemical markers due to their reported presence in flavonoid glycosides to more bioavailable aglycones may

E. crassipes, their pharmacological significance, and be a contributing factor in the increased bioavailability

antioxidant activity [7]. These markers were confirmed of these compounds like quercetin [24]. The present

by HPTLC analysis with rutin having the highest amount study did not however directly assess the

(24.7 ± 0.52 mg/g), followed by gallic acid (18.4 ± 0.31 pharmacokinetic parameters and the bioavailability of

mg/g) and quercetin (12.9 ± 0.28 mg/g) in the Jalparni Arishta was not compared with the crude

methanolic extract. The fact that these compounds not extract. Thus, any improvement in bioavailability

only have proven to be suitable quality control markers proposed must be considered as a formulation-related

but are also retained in the Jalparni Arishta formulation option that needs to be tested in experiments.

as well. Rutin and quercetin have been linked to The biochemical results were corroborated by

modulation of oxidative stress, inflammatory responses, histopathological examination. Administration of lead

apoptosis, and antioxidant defense pathways via acetate caused characteristic liver changes such as

modulation of the Nrf2/HO-1 pathway [9,10]. centrilobular necrosis, hepatocellular ballooning and

Quercetin has also been shown to protect against the sinusoidal congestion as well as renal changes of

oxidative damage caused by exposure to heavy-metals, proximal tubular degeneration and hyaline cast

via its ability to scavenge ROS and to replenish formation. The pathological changes are not different

endogenous glutathione [10,11]. Gallic acid also has from the oxidative and inflammatory tissue damage that

antioxidant activity and metal-chelating properties, and is seen with heavy-metal exposure [3,4]. The biochemical

has been shown to be hepatoprotective and evidence of organ protection was additionally

nephroprotective in animal studies of organ toxicity [14]. corroborated with marked improvement in the hepatic

All these studies offer a possible phytochemical and renal tissue architecture following Jalparni Arishta

explanation for the biological activity seen with Jalparni treatment, especially at 400 mg/kg dose. The correlation

Arishta. of the biochemical and histopathological results further

The hepatoprotective and nephroprotective effects supported the overall interpretation of the protective

observed seems to be closely related to the attenuation effect of the formulation.

of oxidative stress. It has been shown that lead exposure An identical dose-response relationship was seen in all

can alter redox homeostasis of cells, increasing lipid biochemical and histopathological parameters, with the

peroxidation and causing a decrease in endogenous highest dose of T2 (400 mg/kg) providing the most

antioxidant defenses and tissue damage. In the current protection while the lower dose of T1 (200 mg/kg)

study, lead acetate induced significant changes in liver provided less protection. When given in a dose-

and kidney biochemical parameters along with decrease dependent manner, this activity further supports the

in the activity of SOD, catalase and GSH and increase in biological activity of Jalparni Arishta. The

the level of MDA. The antioxidant parameters hepatoprotective and nephroprotective potential of the

progressively improved with the treatment and response was also found to be generally similar with the

decreased lipid peroxidation in the 400 mg/kg dose of standard treatment in several of the assessed parameters

Jalparni Arishta. The results in this study agree with the for T2, showing promising hepatoprotective and
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nephroprotective potential. But caution should be used problematic in the environment, could offer a chance for

in interpreting such comparability since the present value adding the biomass of this invasive species. The

study was not conducted as a formal equivalence or non- results of the present study, however, should be

inferiority study. considered as preliminary data and not as clinical

One of the main advantages of the present investigation efficacy. The formulation should be further evaluated

is that it has been designed in an integrated manner, using molecular pathway analysis, pharmacokinetics,

utilizing the phytochemical standardization, traditional tissue lead burden, longer in vivo chronic toxicity

formulation development, biochemical evaluation, evaluations, and larger animal models to be considered

antioxidant evaluation and histopathological for clinical translation.

confirmation within the same experimental setup. The In conclusion, these results validate the

detection of gallic acid, rutin and quercetin at the same hepatoprotective, nephroprotective and antioxidant

time offers useful preliminary information for quality activity of Jalparni Arishta, a standardized herbal

control of the formulation, and the fact that the results formulation of E. crassipes, against lead acetate induced

were found in both biochemical and histological toxicity and suggest its potential as a standardized herbal

parameters indicates more consistency in the results of formulation. Together, the phytochemical, biochemical,

its protective activity. The study also highlights the antioxidant, dose-response and histopathological data

possible application of the study of an aquatic aquatic form a good preliminary basis for further mechanistic

invasive plant as a source of a pharmacologically active and translational studies.

phytoconstituents and development of a standardized

herbal formulation. CONCLUSION

However, there are some points to be noted. The small The current study demonstrates, for first time, that a

experimental group size (n = 4) reduces statistical power bioactivity-guided phytochemical investigation of


	and generalizability			of	finding.	The	molecular	Eichhornia crassipes	can yield a chemically characterised,

	mechanisms	of	specific		signaling	pathways	(e.g.	HPTLC-standardised Ayurvedic formulation	— Jalparni

	Nrf2/HO-1	and	NF-	κB )	were not directly		explored.	Arishta —	with potent, dose-dependent



Furthermore, the contribution of each of the gallic acid, hepatoprotective, nephroprotective, and antioxidant

rutin, quercetin, and other phytochemicals to the activity activities beside lead acetate–induced toxicity in Wistar

observed was not determined. Also not conducted were rats. HPTLC densitometric analysis confirmed the

pharmacokinetic studies, direct lead chelation presence and quantification of three pharmacologically

measurements, tissue lead concentrations, and relevant polyphenolic markers — gallic acid (18.4 mg/g),

comparative bioavailability studies. Moreover, the study rutin (24.7 mg/g), and quercetin (12.9 mg/g) — in the

tested only a few mechanistic biomarkers, and there was methanol extract, all retained in the Jalparni Arishta

no long-term safety or therapeutic efficacy data for formulation. Treatment at 400 mg/kg significantly

chronic exposure to lead. Future investigations should restored serum liver function enzymes, bilirubin, renal

overcome these limitations by increasing the number of function markers, and tissue antioxidant enzyme

experimental animals, conducting mechanistic molecular activities, while markedly reducing MDA in hepatic and

studies, evaluating the compound's pharmacokinetic renal tissues, with values approaching those of the

properties, quantifying the lead content in tissue, and standard control. Histopathological findings

performing compound-specific activity studies. corroborated these biochemical observations. These

The results have significant implications for the results establish a scientific foundation for the

development of the E. crassipes-based therapeutic repositioning of E. crassipes — an

phytopharmaceutical preparations further. Its retention environmental nuisance — as a standardised

of gallic acid, rutin and quercetin, along with the phytoantidote formulation against heavy metal toxicity.

hepatorenal protective and antioxidant effect in a dose Future research should consider evaluating the

dependent manner, gives an initial scientific basis for contribution of each marker compound sub-chronic and

further research to assess this traditional formulation as chronic toxicity of the Arishta formulation, clarify the

a plant-based intervention for organ oxidative injury mechanisms of Nrf2/HO-1, NF-kB signalling, isolate

caused by heavy metals. Furthermore, the use of E. and individually assess the contribution of each marker

crassipes, an aquatic macrophyte species that is

The Nigerian Health Journal, Volume 26, Issue 3

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch.

Downloaded from www.tnhjph.com

Print ISSN: 0189-9287 Online ISSN: 2992-345X 1389



[image: ]
The Nigerian Health Journal; Volume 26, Issue 3 

–

 September, 2026 

Formulation from 

Eichhornia crassipes

 and its Potential Against Lead Acetate 

Kalekar and Pandya

 

 

 

 

The Nigerian Health Journal, Volume 26, Issue 3 

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch. 

Downloaded from www.tnhjph.com  

Print ISSN: 0189-9287 Online ISSN: 2992-345X 

 

 

1390 

compound 

and 

provide 

pharmacokinetic 

profiling 

to 

support clinical translation. 

 

Declarations 

Conflict of Interest: 

The authors state that they do not 

have conflict of interests. 

Ethical 

Approval

: 

Institutional 

Animal 

Ethics 

Committee (IAEC), PreClinBio Solutions LLP, Pune 

—

 

Approval 

dated 

14 

February 

2026, 

Project 

No. 

CCSEA/PCBS/2025-26/P-01. 

All 

procedures 

performed 

in 

strict 

compliance 

with 

CPCSEA 

guidelines. 

Funding: 

This research received no external funding. In 

vivo 

studies 

were 

conducted 

at 

PreClinBio 

Solutions 

LLP, 

Pune, 

under 

IAEC 

Approval 

No. 

CCSEA/PCBS/2025-26/P-01. 

Authors’ 

contribution

: 

SK 

(Experimental 

work, 

Writing 

Drafting, 

Revisions), 

DP 

(Conceptualization, 

Supervision, Proof Reading).

 

Acknowledgments: 

The Authors are thankful to RK 

University, Rajkot, Gujarat for providing the necessary 

facilities.  

Disclosure in AI use: 

The authors declare that no AI 

tools were used.

 

 

REFERENCES

 

1.

 

Zhou N, Huang Y, Li M, Zhou L, Jin H. Trends in 

global burden of diseases attributable to lead 

exposure in 204 countries and territories from 

1990 to 2019. Front Public Health. 

2022;10:1036398. 

https://doi.org/10.3389/fpubh.2022.1036398 

2.

 

Xu T, Lin K, Cao M, Miao X, Guo H, Rui D, Hu 

Y, Yan Y. Patterns of global burden of 13 diseases 

attributable to lead exposure, 1990

–

2019. BMC 

Public Health. 2023;23(1):1126. 

https://doi.org/10.1186/s12889-023-15874-7 

3.

 

Korotkov SM. Mitochondrial oxidative stress is 

the general reason for apoptosis induced by 

different-valence heavy metals in cells and 

mitochondria. Int J Mol Sci. 2023;24(19):14459. 

https://doi.org/10.3390/ijms241914459 

4.

 

Xue J, Liu H, Yin T, Zhou X, Song X, Zou Y, Li 

L, Jia R, Fu Y, Zhao X, Yin Z. Rat hepatocytes 

protect against lead-cadmium-triggered apoptosis 

based on autophagy activation. Toxics. 

2024;12(4):285. 

https://doi.org/10.3390/toxics12040285 

5.

 

Upadhyay K, Viramgami A, Bagepally BS, 

Balachandar R. Association between chronic lead 

exposure and markers of kidney injury: a 

systematic review and meta-analysis. Toxicol Rep. 

2024;13:101837. 

https://doi.org/10.1016/j.toxrep.2024.101837 

6.

 

Aminu A, Umar HO, Makena W, Isa ZA, Goni 

ZM, Onimisi OB, Ishaku B. Antagonistic 

effectiveness of Anacardium occidentale leaf 

extract on lead-acetate exposure-induced 

hepatorenal toxicity in rats. Environ Anal Health 

Toxicol. 2023;38(4):e2023028. 

https://doi.org/10.5620/eaht.2023028 

7.

 

Ben Bakrim W, Ezzariai A, Karouach F, Sobeh M, 

Kibret M, Hafidi M, Kouisni L, Yasri A. 

Eichhornia crassipes (Mart.) Solms: a 

comprehensive review of its chemical 

composition, traditional use, and value-added 

products. Front Pharmacol. 2022;13:842511. 

https://doi.org/10.3389/fphar.2022.842511 

8.

 

Shukla A, Tripathi R. Phytol as a hepatoprotective 

compound in the leaves of Eichhornia crassipes. 

Appl Biol Chem J. 2022;3(4):24. 

https://doi.org/10.54836/abcj.2022.24 

9.

 

Ahmed OM, Elkomy MH, Fahim HI, Ashour MB, 

Naguib IA, Alghamdi BS, Mahmoud HUR, 

Ahmed NA. Rutin and quercetin counter 

doxorubicin-induced liver toxicity in Wistar rats 

via their modulatory effects on inflammation, 

oxidative stress, apoptosis, and Nrf2. Oxid Med 

Cell Longev. 2022;2022:2710607. 

https://doi.org/10.1155/2022/2710607 

10.

 

Al-Zharani M, Mubarak M, Rudayni HA, Al-

Doaiss AA, Abd-Elwahab MM, Al-Eissa MS. 

Quercetin as a dietary supplementary flavonoid 

alleviates the oxidative stress induced by lead 

toxicity in male Wistar rats. Nutrients. 

2023;15(8):1888. 

https://doi.org/10.3390/nu15081888 

11.

 

Qi W, Xiong D, Long M. Quercetin: its 

antioxidant mechanism, antibacterial properties 

and potential application in prevention and control 

of toxipathy. Molecules. 2022;27(19):6545. 

https://doi.org/10.3390/molecules27196545 

12.

 

Mallamaci R, Conforti F, Statti G, Avato P, 

Barbarossa A, Meleleo D. Phenolic compounds 

from Tropea red onion as dietary agents for 

protection against heavy metals toxicity. Life 

(Basel). 2024;14(4):495. 

https://doi.org/10.3390/life14040495 

13.

 

Chen PY, Chen HY, Tang QQ, Li P, Wu T, Dong 

HY, Lv Y, Zhang YH. Protective effect of 

quercetin on kidney diseases: from chemistry to 

herbal medicines. Front Pharmacol. 

2022;13:968226. 

https://doi.org/10.3389/fphar.2022.968226 





[image: ]
The Nigerian Health Journal; Volume 26, Issue 3 

–

 September, 2026 

Formulation from 

Eichhornia crassipes

 and its Potential Against Lead Acetate 

Kalekar and Pandya

 

 

 

 

The Nigerian Health Journal, Volume 26, Issue 3 

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch. 

Downloaded from www.tnhjph.com  

Print ISSN: 0189-9287 Online ISSN: 2992-345X 

 

 

1391 

14.

 

Doğan D, Meydan İ, Kömüroğlu AU. Protective 

effect of silymarin and gallic acid against cisplatin-

induced nephrotoxicity and hepatotoxicity. 

Biomed Res Int. 2022;2022:6541026. 

https://doi.org/10.1155/2022/6541026 

15.

 

Alharbi HOA, Sarwar T, Rahmani AH. Unveiling 

the therapeutic potential of gallic acid: mechanistic 

insights into the management of pathogenesis: a 

narrative review. Int J Mol Sci. 2026;27(3):1536. 

https://doi.org/10.3390/ijms27031536 

16.

 

Chen P, Zou F, Liu W. Recent advancement in 

prevention against hepatotoxicity, molecular 

mechanisms, and bioavailability of gallic acid, a 

natural phenolic compound: challenges and 

perspectives. Front Pharmacol. 2025;16:1549526. 

https://doi.org/10.3389/fphar.2025.1549526 

17.

 

Panda P, Indu S, Das B, Bhuyan GC, Rao MM. 

Therapeutic importance of Asava and Arista 

(fermentative formulation) in Ayurveda: a review. 

Res J Pharmacol Pharmacodyn. 2022;14(4):273

–

276. https://doi.org/10.52711/2321-

5836.2022.00047 

18.

 

Arora R, Sharma N, Kaur N, Ishar MPS. GC-MS 

and network pharmacology analysis of the 

Ayurvedic fermented medicine, Chandanasava, 

against chronic kidney and cardiovascular diseases. 

Appl Biochem Biotechnol. 2023;195(3):1869

–

1895. https://doi.org/10.1007/s12010-022-04220-

1 

19.

 

Dang P, Tang M, Fan H, Hao J. Chronic lead 

exposure and burden of cardiovascular disease 

during 1990

–

2019: a systematic analysis of the 

global burden of disease study. Front Cardiovasc 

Med. 2024;11:1367681. 

https://doi.org/10.3389/fcvm.2024.1367681 

20.

 

Olukunmi OE, Anyanwu BO, Orisakwe OE. 

Potential diagnostic biomarkers for lead-induced 

hepatotoxicity and the role of synthetic chelators 

and bioactive compounds. Toxicol Res (Camb). 

2023;12(2):165

–

183. 

https://doi.org/10.1093/toxres/tfad011 

21.

 

Fuller R, Landrigan PJ, Balakrishnan K, Bathan G, 

Bose-O'Reilly S, Brauer M, et al. Pollution and 

health: a progress update. Lancet Planet Health. 

2022;6(6):e535

–

e547. 

https://doi.org/10.1016/S2542-5196(22)00090-0 

22.

 

Dhaliwal N, Dhaliwal J, Singh DP, Chopra K. 

Lead-induced hepatotoxicity and nephrotoxicity: 

experimental evidence and mechanistic insight. 

Toxics. 2023;11(5):452. 

https://doi.org/10.3390/toxics11050452 

23.

 

Kumari M, Sadhu P, Talele D, Pandey A. 

Nephroprotective plants in Ayurveda: a 

comprehensive review. J Nat Remedies. 

2024;24(6):1142

–

1160. 

https://doi.org/10.18311/jnr/2024/35922 

24.

 

Alharbi N. Polyphenol metabolites in fermented 

foods: biotransformation, bioavailability, and 

functional roles. Front Nutr. 2026;13:1767453. 

https://doi.org/10.3389/fnut.2026.1767453

 

25.

 

Sukumar BS, Shashirekha HK, Gadgil N, Kulkarni 

A, Tare H. Ayurvedic medicinal plants and their 

neuroprotective potential in alzheimer's disease. 

Zanco Journal of Pure and Applied Sciences. 2025 

Jun 30;37(3):1-3. 

https://doi.org/10.21271/ZJPAS.37.3.1

 

26.

 

Mane VA, Killedar SU, More HA, Gaikwad AS, 

Tare H. A novel RP-HPLC gradient elution 

technique for bioanalytical method development 

and validation for estimating gallic acid in Wistar 

rat plasma. Int J App Pharm. 2023 Mar 

7;15(2):153-60. : 

https://dx.doi.org/10.22159/ijap.2023v15i2.47278 

27.

 

Ellman GL. Tissue sulfhydryl groups. Arch 

Biochem Biophys. 1959;82(1):70

–

77. 

https://doi.org/10.1016/0003-9861(59)90090-6 

28.

 

Paoletti F, Mocali A, Aldinucci D. Superoxide-

driven NAD(P)H oxidation induced by EDTA-

manganese complex and mercaptoethanol. Chem 

Biol Interact. 1990;76(1):3

–

18. 

https://doi.org/10.1016/0009-2797(90)90030-Q 

29.

 

Soliman MM, Baiomy AA, Yassin MH. Molecular 

and histopathological study on the ameliorative 

effects of curcumin against lead acetate-induced 

hepatotoxicity and nephrotoxicity in Wistar rats. 

Biol Trace Elem Res. 2015;167(1):91

–

102. 

https://doi.org/10.1007/s12011-015-0280-0

 

30.

 

Ohkawa H, Ohishi W, Yagi K. Assay for lipid 

peroxides in animal tissues by thiobarbituric acid 

reaction. Anal Biochem. 1979;95(2):351

–

358. 

https://doi.org/10.1016/0003-2697(79)90738-3

 

 

 

 



OEBPS/nav.xhtml


Inhalt



		Seite 1


		Seite 2


		Seite 3


		Seite 4


		Seite 5


		Seite 6


		Seite 7


		Seite 8


		Seite 9


		Seite 10


		Seite 11


		Seite 12











OEBPS/img/img0.png







OEBPS/img/img1.png





