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Abstract: This study examined the protective effects of Tamarindus indica fruit pulp extract (TIFPE) and 
Chitosan-TPP encapsulated Tamarindus indica fruit pulp extract (Nano-TIFPE) against tartrazine-induced 
toxicity by assessing haematological and serum biochemical parameters in Wistar albino rats. A total of 48 rats 
were randomly assigned to eight groups, each comprising six animals. Groups I, II, III, and IV served as the 
Normal Control, TIFPE Control, Nano-TIFPE Control, and Vitamin E Control, respectively. Group V received 
tartrazine, while Groups VI, VII, and VIII were co-administered tartrazine with TIFPE, Nano-TIFPE, and Vitamin 
E, respectively, over a 28-day period. At the conclusion of the experimental period, blood samples were collected 
for haematological and serum biochemical analysis. In the tartrazine-treated rats, haematological parameters such 
as RDW-CV, RDW-SD, WBC, lymphocytes, granulocytes, PLT, PDW, P-LCC, and P-LCR exhibited a 
significant increase, whereas RBC, Hb, HCT, MCV, MCH, and MCHC showed a significant decrease as 
compared to the control group. Additionally, serum biochemical parameters, including total protein, albumin, and 
HDL, were significantly reduced, while ALT, AST, ALP, urea, creatinine, total cholesterol, triglycerides, LDL, 
and VLDL were significantly elevated in the tartrazine-treated rats compared to the control group. Notably, rats 
treated with Nano-TIFPE demonstrated significant amelioration when co-administered with tartrazine, exhibiting 
a more pronounced protective effect than TIFPE co-administration. The nano-encapsulation of TIFPE with 
chitosan-TPP resulted in enhanced amelioration due to increased bioavailability and biocompatibility, as well as 
reduced biodegradation, thereby sustaining the effect of TIFPE for a longer duration within the animal body. 
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1. Introduction 

Food additives are substances introduced 
into foods during processing to enhance their 
physical and chemical properties, such as color, 
texture, flavor, stability, and shelf life (Codex 
Alimentarius, 1995). Their widespread use is driven 
by increasing consumer demand for attractive, safe, 
and convenient food products, as well as the need for 
efficient food production and distribution. Despite 
these technological benefits, the safety of certain 
food additives, particularly synthetic food 
colourants, remains a subject of concern due to their 
potential adverse health effects, including allergic 
reactions, behavioural changes, carcinogenicity, and 
organ toxicity (Maffini & Vandenberg, 2017; Jain & 
Mathur, 2015). 

 Tartrazine (E102; FD&C Yellow No. 5) is 
a synthetic azo dye widely used as a yellow food 
colorant across the food, pharmaceutical, cosmetic, 
and textile industries due to its intense colour, 
stability, affordability, and minimal flavour impact 
(Anaji et al., 2024; Barciela et al., 2023). Following 
ingestion, the azo bond (-N=N-) undergoes 
reductive cleavage by intestinal microbiota, 
producing aromatic amine metabolites such as 
sulfanilic acid and 4-amino-3-carboxy-5-hydroxy-1-
(4-sulfophenyl) pyrazole (SCAP), which contribute 
to its toxicological effects (Pay et al., 2023). The 
acceptable daily intake (ADI) of tartrazine varies 
internationally, with EFSA setting it at 0-7.5 mg/kg 
body weight per day (2009), JECFA increasing it to 
0-10 mg/kg (2016), and the FDA confirming a lower 
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ADI of 5 mg/kg (2011), reflecting differing 
regulatory assessments worldwide (JECFA, 2002). 

 Numerous experimental studies have 
demonstrated that oral administration of tartrazine in 
experimental animals has been associated with 
elevated liver enzymes (ALT, AST, and ALP), 
increased levels of urea, uric acid, creatinine, lipid 
peroxidation markers, and nitric oxide, along with 
depletion of endogenous antioxidant defences. 
Histopathological alterations in the liver and 
kidneys, together with DNA damage in leukocytes, 
further indicate its hepatotoxic, nephrotoxic, and 
genotoxic potential (Khayya et al., 2017; Acharya et 
al., 2025). In vitro studies with tartrazine have 
confirmed concentration-dependent cytotoxic and 
mutagenic effects on mammalian cell lines, 
supporting concerns regarding its biological safety 
(Santos et al., 2022). Recent evidence also suggests 
that tartrazine may act as an endocrine-disrupting 
chemical, interfering with hormonal regulation and 
contributing to metabolic, developmental, and 
reproductive disorders (Paramasivam et al., 2024). 
Further studies have demonstrated that tartrazine 
induces oxidative stress, inflammation, 
genotoxicity, and organ toxicity, with increased lipid 
peroxidation, reduced activities of antioxidant 
enzymes (CAT, SOD, and GSH-Px), inflammatory 
responses, intestinal barrier dysfunction, and 
alterations in gut microbiota in aquatic models (Wu 
et al., 2021). In mammalian studies, tartrazine 
administration elevated serum liver and kidney 
biomarkers, induced DNA damage, and caused 
histopathological alterations in the liver and 
kidneys, with concentration-dependent cytotoxic 
and mutagenic effects reported in human cell lines 
(Floriano et al., 2018; Baysal et al., 2026; Ameur et 
al., 2019; Gupta et al., 2019).  

Given the growing evidence of tartrazine-
induced toxicity, there is increasing attention on 
natural antioxidants as potential protective agents. 
Tamarindus indica L., a member of the Fabaceae 
family, is a nutritionally and medicinally important 
tropical tree widely cultivated in Asia and Africa. 
The fruit pulp is rich in phenolic compounds, 
flavonoids, vitamins, organic acids, and essential 
minerals, contributing to its antioxidant, 
antimicrobial, anti-inflammatory, and other 
pharmacological activities (Ferreira et al., 2018; 
Singh et al., 2025; Okello et al., 2018). 
Phytochemical studies have identified compounds 
such as 5-hydroxymethylfurfural and other bioactive 
constituents responsible for its antioxidant and 
antimicrobial properties (Fagbemi et al., 2022). 
Tamarind-derived bioactive compounds possess 
antioxidant, antibacterial, anti-inflammatory, and 
anticancer properties, while encapsulation 
approaches have further improved their stability and 
bioavailability (Nagar et al., 2022; Meena et al., 
2022). 

 Nanotechnology has emerged as an 
effective strategy to enhance the stability, 
bioavailability, and therapeutic efficacy of plant-
derived bioactive compounds. The green synthesis 
of nanoparticles using Tamarindus indica fruit pulp 
extract, along with chitosan and tripolyphosphate 
(TPP), represents an environmentally friendly 
approach that eliminates the need for toxic reducing 
agents and harsh chemical conditions. In this 
system, tamarind extract acts as a natural reducing 
and capping agent, while chitosan serves as a 
biocompatible and biodegradable polymer matrix. 
TPP functions as a non-toxic ionic crosslinker that 
interacts with the protonated amino groups of 
chitosan through ionic gelation, producing stable 
nanoparticles with controlled size and morphology 
(Wardani et al., 2017). Chitosan-TPP nanoparticles 
have gained considerable attention as delivery 
systems due to their excellent biocompatibility, 
biodegradability, mucoadhesive properties, and 
controlled release characteristics. Encapsulating 
plant extracts within these nanoparticles enhances 
the stability of phytochemicals, improves 
bioavailability, and promotes sustained biological 
activity, thereby increasing their antioxidant, 
antimicrobial, and anti-inflammatory potential (Kim 
et al., 2022; Ahmad et al., 2023; Gagliardi et al., 
2023; Mariano et al., 2019; Jin et al., 2025; Kravanja 
et al., 2019; Riezk et al., 2020). 

 While the antioxidant properties of 
Tamarindus indica and the advantages of chitosan-
tripolyphosphate (Chitosan-TPP) based nano-
formulations are well-established, there is a paucity 
of research on the protective efficacy of nano-
formulated Tamarindus indica fruit pulp extract 
against tartrazine-induced toxicity. This study, 
therefore, seeks to evaluate the haematological and 
serum biochemical changes induced by tartrazine, as 
well as the ameliorative potential of hydroalcoholic 
Tamarindus indica fruit pulp extract and chitosan-
TPP encapsulated Tamarindus indica fruit pulp 
extract in counteracting tartrazine-induced toxicity. 
2. MATERIALS AND METHODS 
2.1 Experimental Animals: Female Wistar albino 
rats (Rattus norvegicus), weighing [180-220 grams] 
and aged [8-10 weeks], were obtained from 
Laboratory Animal Facility (LAF), College of 
Veterinary and Animal Sciences, Pookode, Kerala 
Veterinary and Animal Sciences University, 
Wayanad, Kerala. Before the experiment, the 
animals were acclimatized for seven days under 
standard laboratory conditions. They were housed in 
polypropylene cages with sterilized paddy husk 
bedding under controlled environmental conditions, 
including a temperature of 22 ± 3°C, relative 
humidity of 50–60%, and a 12 h light/12 h dark 
cycle. The animals were provided with a standard 
pellet diet and filtered drinking water ad libitum 
throughout the study. Their health and general 
behaviour were monitored daily. All experimental 
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procedures were conducted in accordance with the 
guidelines of the Committee for the Purpose of 
Control and Supervision of Experiments on Animals 
(CPCSEA), Government of India, and were 
approved by the Institutional Animal Ethics 
Committee (IAEC) of College of Veterinary and 
Animal Sciences, Pookode, Wayanad, Kerala Vide 
No.  IAEC/COVAS/PKD/25/1/2025. 
2.2 Experimental Design and Treatment 

& Komakech et al., 2019, *Usman et al., 
2022, # El-Rahman et al., 2024, $Dandekar 
et al., 2010 

2.3 Preparation of Hydroalcoholic Tamarind 
Fruit Pulp Extract 

 The fruit pulps of Tamarindus indica were 
collected and meticulously cleaned to eliminate any 
adhering dirt and extraneous materials, followed by 
deseeding. The pulp was then subjected to 
hydroalcoholic extraction using a solvent mixture of 
ethanol and distilled water in a 70:30 volume ratio, 
with a sample-to-solvent ratio of 1:10 (w/v). This 
extraction process was conducted over a period of 
2–3 days, with intermittent agitation to enhance the 
extraction of bioactive constituents. Post-extraction, 
the mixture was filtered through Whatman No. 1 
filter paper, and the filtrate obtained was 
concentrated using a rotary evaporator at 40 °C. The 
concentrated extract was subsequently collected and 
stored in an airtight container under suitable storage 
conditions until further analysis (Iskandar et al., 
2017). 
2.4 Preparation of Tamarindus Indica Fruit Pulp 
extract and its Nano-formulations: Tamarindus 
indica L. fruit pulp hydroalcoholic extracts 

nanoparticles were prepared by the ionic gelation 
method using chitosan as the polymer and sodium 
tripolyphosphate (TPP) as the cross-linking agent. A 
0.1% (w/v) chitosan solution was prepared by 
dissolving chitosan in 3% (v/v) acetic acid under 
continuous magnetic stirring until a clear and 
homogeneous solution was obtained. Separately, a 
0.1% (w/v) TPP solution was prepared in distilled 
water. Tamarind fruit pulp was dissolved in 5% 
dimethyl sulfoxide (DMSO) to obtain a final 
concentration of 0.3% (w/v). The tamarind fruit pulp 
solution was added to the chitosan solution under 
continuous magnetic stirring to obtain a 
homogeneous mixture. Subsequently, the 0.1% TPP 
solution was added dropwise to the chitosan–
tamarind mixture under constant stirring to induce 
ionic cross-linking and facilitate nanoparticle 
formation. The resulting nanoparticle suspension 
was stirred continuously until complete formation of 
the nanoparticles. The nanoparticle suspension was 
centrifuged at 10,000 rpm for 60 min. The 
supernatant was discarded, and the nanoparticle 
pellet was collected and washed with distilled water 
to remove any unreacted chitosan and TPP. The 
purified nanoparticles were dried by freeze-drying 
(or the drying method employed in the study) and 
stored in airtight containers at 4°C until further 
characterization and experimental use (Goswami & 
Chaudhary, 2023) 
2.5 Sample Collection for Haematological and 
Serum Biochemical Analysis: At the end of the 28-
day experimental period, the animals were fasted 
overnight with free access to drinking water. On the 
29th day, the animals were humanely anaesthetized 
using ketamine and xylazine in accordance with the 
guidelines of the Committee for the Purpose of 
Control and Supervision of Experiments on Animals 
(CPCSEA). Blood samples were collected 
immediately from the retro-orbital plexus under 
aseptic conditions. The collected blood was divided 
into two portions for subsequent analysis. One 
portion was transferred into 
ethylenediaminetetraacetic acid (EDTA)-coated 
tubes for haematological analysis of WBC (White 
Blood Cell count), RBC (Red Blood Cell count), Hb 
(Haemoglobin), HCT (Haematocrit), MCV (Mean 
Corpuscular Volume), MCH (Mean Corpuscular 
Haemoglobin), MCHC (Mean Corpuscular 
Haemoglobin Concentration), RDW-CV (Red Cell 
Distribution Width–Coefficient of Variation), RDW-
SD (Red Cell Distribution Width–Standard 
Deviation), PLT (Platelet count), MPV (Mean 
Platelet Volume), PDW (Platelet Distribution 
Width), PCT (Procalcitonin Test), P-LCC (Platelet 
Large Cell Count), P-LCR (Platelet Large Cell 
Ratio), Lymphocyte count, MID (Mid-sized cell 
count), and Granulocyte count. The remaining blood 
was collected into plain tubes without anticoagulant 
for serum separation and were allowed to clot at 
room temperature and subsequently centrifuged at 

Groups  Treatment  
1  Distilled water at 5 ml/kg orally for 28 

days  
2 TIFPE extract at 400 mg/kg& orally in 

distilled water for 28 days 
3 Nano-TIFPE extract equivalent to 400 

mg/kg$ body weight of TIFPE extract 
orally in distilled water for 28 days 

4 Vitamin E at 300 mg/kg* orally in 
0.01% Tween 80 for 28 days  

5 Tartrazine at 15 mg/kg# orally in 
distilled water for 28 days 

6 Tartrazine @ 15 mg/kg  and TIFPE 
extract at 400 mg/kg orally in distilled 
water for 28 days 

7 Tartrazine @ 15 mg/kg and Nano-
TIFPE extract equivalent to 400 mg/kg 
body weight of TIFPE extract orally in 
distilled water for 28 days 

8 Tartrazine @ 15 mg/kg  and Vitamin E 
@ 300 mg/kg in 0.01% Tween 80 and 
in distilled water orally for 28 days  
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3000 rpm for 10-15 minutes to obtain serum. The 
separated serum was aspirated and analyzed for 
serum glucose, TP (Total Protein), TB (Total 
Bilirubin), ALT (Alanine Aminotransferase), AST 
(Aspartate Aminotransferase), Creatinine, BUN 
(Blood Urea Nitrogen), TG (Triglycerides), TC 
(Total Cholesterol), HDL-C (High-Density 
Lipoprotein Cholesterol), LDL-C (Low-Density 
Lipoprotein Cholesterol), CRP (C-Reactive 
Protein), ACP (Acid Phosphatase), ALP (Alkaline 
Phosphatase), CK-MB (Creatine Kinase-MB), Ca 
(Calcium), PCT (Plateletcrit), and P (Phosphorus). 
Statistical Analysis: Data are presented as Mean ± 
SEM (n=6). Superscripts in a single column indicate 
significant differences as determined by one-way 
ANOVA followed by Tukey’s multiple comparison 
test. Comparisons with the control group (Normal 
Control), tartrazine and tartrazine + TIFPE groups 
are denoted by *, #, and $, respectively. The number 
of superscripts corresponds to the level of 
significance, with p < 0.05 and p < 0.01 represented 
by one and two superscripts, respectively. 

3. RESULT AND DISCUSSION 
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TIFPE + TAR - Chitosan-TPP encapsulated aqueous 
extract of Tamarindus indica Fruit Pulp + 
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Values (Mean ± SEM, n=6) bearing superscript in 
single column are significantly different in One way 
ANOVA followed by Tukey’s multiple comparison 
test. Comparison with control group (Normal 
Control), TAR and TIFPE+ TAR groups has shown 
in *, # and $ accordingly. The number of superscripts 
indicates the level of significance p < 0.05, p < 0.01 
are represented by one and two superscripts 
respectively.  

Tartrazine exposure significantly decreased RBC 
count, haemoglobin, haematocrit, MCV, MCH, and 
MCHC (p < 0.01), while increasing RDW-CV and 
RDW-SD, indicating impaired erythropoiesis and 
heightened anisocytosis. This is consistent with 
tartrazine-induced ROS generation compromising 
erythrocyte membrane integrity and shortening cell 
lifespan (El-Desoky et al., 2021), alongside broader 
oxidative damage to haematopoietic tissue 
(Demircigil et al., 2023). Aqueous TIFPE partially 
ameliorated these erythrocyte alterations, consistent 
with its antioxidant bioactives myo-inositol, 
ascorbic acid derivatives, and phytosterols 
(Amaravel et al., 2024) and its reported inhibition of 
NO/iNOS-mediated inflammation (Leya and 
Anitha, 2019), though limited bioavailability likely 
explains the incomplete correction. N-TIFPE 
produced significantly greater restoration of all 
erythrocyte indices than both TAR and TIFPE + 
TAR, with most values approaching normal control 
attributed to chitosan-TPP enhancing phytochemical 
protection, absorption, and sustained release (Fitri et 
al., 2026), alongside chitosan's own antioxidant and 
haematoprotective activity (Mohamed et al., 2024; 
Almukainzi et al., 2024; Songkro et al., 2022). 
Tartrazine similarly elevated total WBC, 
lymphocyte, and granulocyte counts (p < 0.01), 
reflecting its immunomodulatory and genotoxic 
effects on leukocytes (Zand et al., 2023; Savas et al., 
2025). TIFPE ameliorated this leucocytosis, 
consistent with the immunomodulatory phenolics in 
tamarind pulp (Amir et al., 2015), while N-TIFP 
produced a significantly greater reduction in WBC, 
lymphocytes, and granulocytes than both TAR and 
TIFPE groups, attributed to improved solubility and 
cellular uptake (Soliman et al., 2023). Vitamin E 
similarly restored leukocyte parameters, consistent 
with its established antioxidant and antigenotoxic 
protection (Obeid et al., 2020). 
Tartrazine also increased platelet count, PDW, P-
LCC, and P-LCR, indicating enhanced platelet 
activation via ROS-mediated membrane and 
endothelial injury (Tahiroglu and Kara, 2022), while 
MPV and PCT remained unchanged indicating a 
selective effect on platelet activation rather than 
production or biomass (Balta et al., 2019). TIFPE 
alleviated these platelet disturbances, with N-TIFPE 
showing greater efficacy, plausibly due to improved 
phytochemical stability and sustained antioxidant 
release (Hassan et al., 2025). 
Collectively, tartrazine-induced haematotoxicity 
impaired erythropoiesis, leukocyte activation, and 
platelet disturbance is consistent with oxidative 
stress and disrupted antioxidant defence (Golli et al., 
2016). TIFPE co-administration offered partial 
protection, while N-TIFPE co-administration 
showed superior, near-normal restoration across all 
three cell lineages, with efficacy comparable to 
vitamin E, supporting nano-encapsulated tamarind 
extract as a promising hemoprotective strategy 
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against food-additive-induced toxicity (Imam et al., 
2021; Zhang et al., 2026). 
3.2 SERUM BIOCHEMICAL PARAMETERS: 
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Tamarindus indica Fruit Pulp, N-TIFP- Chitosan-
TPP encapsulated aqueous extract of Tamarindus 
indica Fruit Pulp, VitE- Vitamin E, TAR- 
Tartrazine, TIFPE+TAR - Aqueous extract of 
Tamarindus indica Fruit Pulp + Tartrazine, N-
TIFPE + TAR - Chitosan-TPP encapsulated aqueous 
extract of Tamarindus indica Fruit Pulp + 
Tartrazine, VitE + TAR – Vitamin E + Tartrazine. 
Values (Mean ± SEM, n=6) bearing superscript in 
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ANOVA followed by Tukey’s multiple comparison 
test. Comparison with control group (Normal 
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are represented by one and two superscripts 
respectively.  
Tartrazine exposure induced widespread metabolic 
and organ-specific derangement, consistent with 
systemic oxidative stress-mediated toxicity. Serum 
glucose rose significantly, indicating disrupted 
glucose homeostasis, likely through oxidative 
impairment of pancreatic β-cell function and hepatic 
glycogenolysis, while total protein fell sharply, 
reflecting compromised hepatic protein synthetic 
capacity under sustained oxidative burden (Ibrahim 
et al., 2024). 
Hepatic injury was clearly evident: ALT and AST 
rose markedly, alongside elevated total bilirubin, 
indicating hepatocellular membrane damage with 
leakage of cytosolic enzymes and impaired bilirubin 
conjugation/excretion, a hallmark of azo dye-
induced hepatotoxicity driven by ROS-mediated 
lipid peroxidation of hepatocyte membranes. 
Concurrently, elevated creatinine and BUN 
signalled reduced glomerular filtration and renal 
tubular compromise, extending the oxidative insult 
beyond the liver to renal architecture (Abd Elaziz et 
al., 2024). 
The lipid profile shifted toward a distinctly 
atherogenic pattern total cholesterol and LDL-C 
increased substantially, while HDL-C and 
triglycerides declined consistent with oxidative 
modification of circulating lipoproteins and 
disrupted hepatic lipid metabolism under tartrazine 
challenge (Dafallah et al., 2015). This dyslipidemic 
shift was accompanied by a marked rise in CRP, 
confirming a systemic inflammatory component 
underlying the biochemical toxicity rather than 
isolated organ-specific injury. Elevated acid and 
alkaline phosphatase activities further indicated 
hepatobiliary and membrane-turnover disturbance, 
while raised CK-MB pointed to cardiac muscle 
stress, reinforcing that tartrazine's toxic reach 
extends to cardiac tissue. The parallel elevation in 
serum calcium and phosphorus is consistent with 
disrupted mineral homeostasis secondary to renal 
compromise and altered bone/parathyroid 
signalling. 
TIFPE co-administration produced a moderate, but 
incomplete, correction across all these parameters, 
in line with the antioxidant phytoconstituents of 
tamarind pulp partially neutralizing tartrazine-
derived oxidative stress, yet values remained 
significantly different from control, pointing to the 
bioavailability ceiling of the free aqueous extract. N-
TIFPE, by contrast, drove significantly greater 
normalization across every biochemical axis 
metabolic (glucose, protein), hepatic (ALT, AST, 
bilirubin, phosphatases), renal (creatinine, BUN), 
lipid (cholesterol, LDL-C, HDL-C, triglycerides), 
inflammatory (CRP), cardiac (CK-MB), and mineral 
(calcium, phosphorus) with most values converging 
toward those of the Vitamin E-treated group 
(Lawson 2023., Nguyen and Goycoolea., 2017). 
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This markedly superior efficacy is consistent with 
chitosan–TPP encapsulation enhancing the 
solubility, protection, and systemic availability of 
tamarind's antioxidant constituents relative to the 
unencapsulated extract, translating into more 
effective suppression of tartrazine-induced 
oxidative organ injury. 
Conclusion: Tartrazine administration induced 
significant haematological and serum biochemical 
alterations in Wistar rats, indicating adverse effects 
on physiological and metabolic functions. Treatment 
with Tamarindus indica fruit pulp extract attenuated 
these alterations, while nano-encapsulated tamarind 
extract demonstrated higher protective efficacy, 
with several parameters approaching normal control 
values. Overall, nano-encapsulated tamarind extract 
shows promising potential in mitigating tartrazine-
induced haematological and biochemical 
disturbances, highlighting the possible benefits of 
nano-encapsulation in enhancing the protective 
effects of tamarind bioactive compounds. 
Acknowledgement: The authors sincerely 
acknowledge the support and facilities provided by 
M. S. Ramaiah University of Applied Sciences, 
Bengaluru, Karnataka, India for providing Junior 
Research Fellow Support to the first author and 
Kerala Veterinary and Animal Sciences University 
(KVASU), Wayanad, Kerala, India for facilitating 
the successful completion of this research work. 
Conflict of Interest: None Declared 
References: 
1) Abd El-Rahman, H.A., Mohamed, H.A., Omar, 

A.R. and Saber, S.M.2024. Evaluating the 
impact of Tartrazine on female Wistar rats and 
their foetuses during gestation. Egypt. J. Basic 
Appl. Sci. 11(1): 659-684.    

2) Abdel-Aty, A. M., Gad, A. A. M., Barakat, A. 
Z., & Mohamed, S. A. (2025). 
Microencapsulation of antioxidant phenolics 
from tamarind seed peels using chia gum and 
maltodextrin. Scientific Reports, 15(1), 6720. 
https://doi.org/10.1038/s41598-025-89792-6. 

3) Acharya, S., Sampath, M. K., & Bhattacharjee, 
M. (2025). Impact of Tartrazine on Kidney 
Function in Tilapia and the Mitigating Effect of 
Folic Acid: A Biochemical and 
Histopathological Evaluation. Indian Journal 
of Animal Research, Of. 
https://doi.org/10.18805/ijar.b-5669. 

4) Ahmad, N., Khan, M. R., Palanisamy, S., & 
Mohandoss, S. (2023). Anticancer Drug-
Loaded Chitosan Nanoparticles for In Vitro 
Release, Promoting Antibacterial and 
Anticancer Activities. Polymers, 15(19), 3925. 
https://doi.org/10.3390/polym15193925. 

5) Almukainzi, M., El-Masry, T. A., Ibrahim, H. 
A., Saad, H. M., El Zahaby, E. I., Saleh, A., & 
El-Nagar, M. M. F. (2024). Ameliorative Effect 
of Chitosan/Spirulina platensis Ethanolic 
Extract Nanoformulation against 

Cyclophosphamide-Induced Ovarian Toxicity: 
Role of PPAR-γ/Nrf-2/HO-1 and NF-kB/TNF-
α Signaling Pathways. Marine Drugs, 22(9), 
395. https://doi.org/10.3390/md22090395. 

6) Amaravel, M., Thankappan, S., Binodh, A. K., 
Bagath, S. C., Akshayasri, M., Radha, K. G., 
Nagarajan, B., & Mayavel, A. (2024). 
Comprehensive phytochemical exploration of 
red, sweet and sour tamarind genotypes through 
GC-MS analysis. Plant Science Today, 11(sp3). 
https://doi.org/10.14719/pst.4909. 

7) Amchova, P., Siska, F., & Ruda-Kucerova, J. 
(2024). Food Safety and Health Concerns of 
Synthetic Food Colors: An Update. Toxics, 
12(7), 466. 
https://doi.org/10.3390/toxics12070466. 

8) Ameur, F. Z., Mehedi, N., Soler Rivas, C., 
Gonzalez, A., Kheroua, O., & Saidi, D. (2019). 
Effect of tartrazine on digestive enzymatic 
activities: in vivo and in vitro studies. 
Toxicological Research, 36(2), 159–166. 
https://doi.org/10.1007/s43188-019-00023-3. 

9) Amir, M., Khan, M. A., Ahmad, S., Akhtar, M., 
Mujeeb, M., Ahmad, A., Khan, S. A., & Al-
Abbasi, F. A. (2015). Ameliorating effects of 
Tamarindus indica fruit extract on anti-
tubercular drugs induced liver toxicity in 
rats. Natural Product Research, 30(6), 715–
719. 
https://doi.org/10.1080/14786419.2015.103900
1. 

10) Anaji, N., Jayaprakash, G. K., Naik, P., Tigri, 
G., & Reddy, S. (2024). Recent advances in 
developing modified electrode interface for 
sensing tartrazine in real samples: a brief 
review. Journal of Electrochemical Science and 
Engineering. https://doi.org/10.5599/jese.2391. 

11) Balta, I., Sevastre, B., Mireşan, V., Taulescu, 
M., Raducu, C., Longodor, A. L., Marchiş, Z., 
Mariş, C. S., & Coroian, A. (2019). Protective 
effect of blackthorn fruits (Prunus spinosa) 
against tartrazine toxicity development in 
albino Wistar rats. BMC Chemistry, 13(1), 104. 
https://doi.org/10.1186/s13065-019-0610-y. 

12) Barciela, P., Perez-Vazquez, A., & Prieto, M. A. 
(2023). Azo dyes in the food industry: Features, 
classification, toxicity, alternatives, and 
regulation. Food and Chemical Toxicology, 
178, 113935. 
https://doi.org/10.1016/j.fct.2023.113935. 

13) Baysal, M., Karaduman, A. B., Çelikateş, B. K., 
Güven, M., Atlı-Eklioğlu, Ö., & Ilgın, S. 
(2026). Cellular Responses to Tartrazine and 
Sulfanilic Acid Exposure in BEAS-2B Cells: 
Viability, Apoptosis, and DNA 
Damage. Journal of Applied Toxicology : JAT. 
https://doi.org/10.1002/jat.70174. 

14) Dandekar, P., Dhumal, R., Jain, R., Tiwari, D., 
Vanage, G. and Patravale, V. 2010. 
Toxicological evaluation of pH-sensitive 



NANO-ENCAPSULATED TAMARINDUS INDICA FRUIT PULP EXTRACT ATTENUATES 
TARTRAZINE-INDUCED HAEMATOLOGICAL AND BIOCHEMICAL ALTERATIONS IN WISTAR RATS 

 IJDDT Volume 16 Issue 80s 2026 Page: 1759 

nanoparticles of curcumin: acute, sub-acute and 
 genotoxicity studies. Food Chem. Toxicol. 
48(8-9): 2073-2089. 

15) Demircigil, N., Gokturk, N., Kustepe, E. K., 
Bag, H. G., Gul, M., & Erdemli, M. E. (2023). 
Thymoquinone played a protective role against 
tartrazine-induced hepatotoxicity. Iranian 
Journal of Basic Medical Sciences, 26(1), 99–
106. 
https://doi.org/10.22038/ijbms.2022.67341.147
63. 

16) Dos Santos, J. R., De Sousa Soares, L., Soares, 
B. M., De Gomes Farias, M., De Oliveira, V. A., 
De Sousa, N. A. B., Negreiros, H. A., Da Silva, 
F. C. C., Peron, A. P., Pacheco, A. C. L., 
Marques, M. M. M., Gonçalves, J. C. R., 
Montenegro, R. C., Islam, M. T., Sharifi-Rad, J., 
Mubarak, M. S., De Melo Cavalcante, A. A. C., 
& De Castro E Sousa, J. M. (2022). Cytotoxic 
and mutagenic effects of the food additive 
tartrazine on eukaryotic cells. BMC 
Pharmacology and Toxicology, 23(1), 95. 
https://doi.org/10.1186/s40360-022-00638-7. 

17) El Golli, N., 2016. Toxicity induced after 
subchronic administration of the synthetic food 
dye tartrazine in adult rats, role of oxidative 
stress. Recent Adv Biol Med, 2(2016), p.652. 

18) El-Desoky, G. E., Wabaidur, S. M., Habila, M. 
A., & Alothman, Z. A. (2021). Synergistic 
Effects of Curcumin and Nano-Curcumin 
against Toxicity, Carcinogenicity, and 
Oxidative Stress Induced by Tartrazine at 
Normal and Cancer Cell Levels. Catalysts, 
11(10), 1203. 
https://doi.org/10.3390/catal11101203. 

19) Fagbemi, K. O., Aina, D. A., Adeoye-Isijola, M. 
O., Naidoo, K. K., Coopoosamy, R. M., & 
Olajuyigbe, O. O. (2022). Bioactive 
compounds, antibacterial and antioxidant 
activities of methanol extract of Tamarindus 
indica Linn. Scientific Reports, 12(1). 
https://doi.org/10.1038/s41598-022-13716-x. 

20) Ferreira Tomaz, A., Sobral De Carvalho, S. M., 
Cardoso Barbosa, R., L Silva, S. M., Sabino 
Gutierrez, M. A., B De Lima, A. G., & L Fook, 
M. V. (2018). Ionically Crosslinked Chitosan 
Membranes Used as Drug Carriers for Cancer 
Therapy Application. Materials, 11(10), 2051. 
https://doi.org/10.3390/ma11102051. 

21) Fitri, K., Azzubaidi, M. S., & Hassan, N. M. 
(2026). Encapsulation of Nelumbo nucifera 
Leaf Extract in Chitosan for Improved 
Antioxidant and Anti-breast Cancer Activities 
Against MCF-7 Cell Lines Through 
PI3K/mTOR Inhibition. Trends in Sciences, 
23(5), 12000. 
https://doi.org/10.48048/tis.2026.12000. 

22) Floriano, J. M., Rosa, E. D., Do Amaral, Q. D. 
F., Zuravski, L., Chaves, P. E. E., Machado, M. 
M., & De Oliveira, L. F. S. (2018). Is tartrazine 

really safe? In silico and ex vivo toxicological 
studies in human leukocytes: a question of dose. 
Toxicology Research, 7(6), 1128–1134. 
https://doi.org/10.1039/c8tx00034d. 

23) Freitas Mariano, K. C., Monteiro Do 
Nascimento, M. H., Querobino, S. M., Ramos 
Campos, E. V., De Oliveira, J. L., Yokaichiya, 
F., Franco, M. K. K. D., Alberto-Silva, C., De 
Paula, E., Lombello, C. B., De Lima, R., 
Fraceto, L. F., & De Araujo, D. R. (2019). 
Influence of chitosan-tripolyphosphate 
nanoparticles on thermosensitive polymeric 
hydrogels: structural organization, drug release 
mechanisms and cytotoxicity. International 
Journal of Polymeric Materials and Polymeric 
Biomaterials, 69(9), 592–603. 
https://doi.org/10.1080/00914037.2019.159690
9. 

24) Gagliardi, M., Chiarugi, S., De Cesari, C., Di 
Gregorio, G., Diodati, A., Baroncelli, L., 
Cecchini, M., & Tonazzini, I. (2023). 
Crosslinked Chitosan Nanoparticles with 
Muco-Adhesive Potential for Intranasal 
Delivery Applications. International Journal of 
Molecular Sciences, 24(7), 6590. 
https://doi.org/10.3390/ijms24076590. 

25) General Standard for Food additives CXS 192-
1995 (no date) CODEX ALIMENTARIUS. 
Available at: https://www.fao.org/fao-who-
codexalimentarius/sh-
proxy/en/?lnk=1&url=https%3A%2F%2Fwork
space.fao.org%2Fsites%2Fcodex%2FStandard
s%2FCXS+192-1995%2FCXS_192e.pdf 
(Accessed: 23 June 2026).  

26) Goswami, T. and Chaudhary, A., 
2023. Synthesis of Curcumin-Quercetin Loaded 
Chitosan Nanoparticles for Antimicrobial and 
Anticancer Activity (Doctoral dissertation, 
Jaypee University of Information Technology, 
Solan, HP). 

27) Gupta, R., Ranjan, S., Yadav, A., Verma, B., 
Malhotra, K., Madan, M., Chopra, O., Jain, S., 
Gupta, S., Joshi, A., Bhasin, C., & Mudgal, P. 
(2019). Toxic Effects of Food Colorants 
Erythrosine and Tartrazine on Zebrafish 
Embryo Development. Current Research in 
Nutrition and Food Science Journal, 7(3), 876–
885. https://doi.org/10.12944/crnfsj.7.3.26. 

28) Hassan, M., Khamis, G., Zorkany, H. E., & 
Alexeree, S. (2025). Innovative approaches to 
enhancing tamarind seed germination and 
phytochemical production through laser 
irradiation: implications for photodynamic 
therapy. Lasers in Medical Science, 40(1), 290. 
https://doi.org/10.1007/s10103-025-04527-3. 

29) Imam SS, Alshehri S, Ghoneim MM, Zafar A, 
Alsaidan OA, Alruwaili NK, Gilani SJ, 
Rizwanullah M. Recent Advancement in 
Chitosan-Based Nanoparticles for Improved 
Oral Bioavailability and Bioactivity of 



NANO-ENCAPSULATED TAMARINDUS INDICA FRUIT PULP EXTRACT ATTENUATES 
TARTRAZINE-INDUCED HAEMATOLOGICAL AND BIOCHEMICAL ALTERATIONS IN WISTAR RATS 

 IJDDT Volume 16 Issue 80s 2026 Page: 1760 

Phytochemicals: Challenges and Perspectives. 
Polymers (Basel). 2021 Nov 22;13(22):4036. 
doi: 10.3390/polym13224036. PMID: 
34833334; PMCID: PMC8617804. 

30) Jain, A., & Mathur, P. (2015). Evaluating 
Hazards Posed by Additives in Food: A Review 
of Studies Adopting a Risk Assessment 
Approach. Current Research in Nutrition and 
Food Science Journal, 3(3), 243–255. 
https://doi.org/10.12944/crnfsj.3.3.08. 

31) Jin, X., Qian, H., Xie, Y., Liu, C., Cheng, Y., 
Hou, J., & Zheng, J. (2025). Biocompatible and 
Biodegradable Nanocarriers for Targeted Drug 
Delivery in Precision Medicine. Biomimetics 
(Basel, Switzerland), 10(7), 430. 
https://doi.org/10.3390/biomimetics10070430. 

32) Joint, F.A.O. and WHO Expert Committee on 
Food Additives, 2002. Safety evaluation of 
certain food additives and contaminants. World 
Health Organization. 

33) Khayyat, L., Essawy, A., Sorour, J., & Soffar, A. 
(2017). Tartrazine induces structural and 
functional aberrations and genotoxic effects in 
vivo. PeerJ, 5(8), e3041. 
https://doi.org/10.7717/peerj.3041. 

34) Kim, E. S., Baek, Y., Yoo, H.-J., Lee, J.-S., & 
Lee, H. G. (2022). Chitosan-Tripolyphosphate 
Nanoparticles Prepared by Ionic Gelation 
Improve the Antioxidant Activities of 
Astaxanthin in the In Vitro and In Vivo 
Model. Antioxidants, 11(3), 479. 
https://doi.org/10.3390/antiox11030479. 

35) Komakech R, Kim Y.G, Matsabisa G.M, Kang 
Y. 2019. Anti-inflammatory and Analgesic 
potential of Tamarindus indica Linn. 
(Fabaceae): A narrative review. Int. Med. Res. 
8:181-186. 

36) Kravanja, G., Primožič, M., Knez, Ž., & 
Leitgeb, M. (2019). Chitosan-based 
(Nano)materials for Novel Biomedical 
Applications. Molecules (Basel, Switzerland), 
24(10), 1960. 
https://doi.org/10.3390/molecules24101960. 

37) Leya, M. M., & Anitha, R. (2019). Anti-
inflammatory Effect of the Aqueous Fruit Pulp 
Extract of Tamarindus indica Linn in 
Lipopolysaccharide-Stimulated Macrophages. 
Pharmacognosy Journal, 11(4), 669–673. 
https://doi.org/10.5530/pj.2019.11.105. 

38) Maffini, M. V., & Vandenberg, L. N. (2017). 
Closing the gap: Improving additives safety 
evaluation to reflect human health concerns. 
Environmental Risk Assessment and 
Remediation. https://doi.org/10.4066/2529-
8046.100028. 

39) Meena, V. S., Gora, J. S., Singh, A., Ram, C., 
Meena, N. K., Pratibha, P., Rouphael, Y., Basile, 
B., & Kumar, P. (2022). Underutilized Fruit 
Crops of Indian Arid and Semi-Arid Regions: 
Importance, Conservation and Utilization 

Strategies. Horticulturae, 8(2), 171. 
https://doi.org/10.3390/horticulturae8020171. 

40) Mog, S. R., & Zang, Y. J. (2019). Safety 
Assessment of Food Additives: Case Example 
With Myrcene, a Synthetic Flavoring 
Agent. Toxicologic Pathology, 47(8), 1035–
1037. 
https://doi.org/10.1177/0192623319879634. 

41) Mohamed, H. I., Mahmoud, N. M. R., 
Ramadan, A., Al-Subaie, A. M., & Ahmed, S. B. 
(2024). Novel Biological-Based Strategy for 
Synthesis of Green Nanochitosan and Copper-
Chitosan Nanocomposites: Promising 
Antibacterial and Hematological Agents. 
Nanomaterials (Basel, Switzerland), 14(13), 
1111. https://doi.org/10.3390/nano14131111. 

42) Nagar, C. K., Dash, S. K., & Rayaguru, K. 
(2022). Tamarind seed: Composition, 
applications, and value addition: A 
comprehensive review. Journal of Food 
Processing and Preservation, 46(10). 
https://doi.org/10.1111/jfpp.16872. 

43) Obeid, R., Abdelmoneim, H., & Elsharkawy, R. 
(2020). Histological evaluation of the 
ANTIOXIDANT effect of Vitamin E on 
reversing the negative impact of tartrazine on 
extraction socket healing. (Randomized 
controlled trial). Egyptian Dental Journal, 
66(1), 285–292. 
https://doi.org/10.21608/edj.2020.77544. 

44) Okello, J., Okullo, J. B. L., Eilu, G., Nyeko, P., 
& Obua, J. (2018). Physicochemical 
composition of Tamarindus indica L. 
(Tamarind) in the agro-ecological zones of 
Uganda. Food Science &amp; Nutrition, 6(5), 
1179–1189. https://doi.org/10.1002/fsn3.627. 

45) Paramasivam, A., Murugan, R., Jeraud, M., 
Dakkumadugula, A., Periyasamy, R., & 
Arjunan, S. (2024). Additives in Processed 
Foods as a Potential Source of Endocrine-
Disrupting Chemicals: A Review. Journal of 
Xenobiotics, 14(4), 1697–1710. 
https://doi.org/10.3390/jox14040090. 

46) Pay, R., Sharrock, A. V., Elder, R., Maré, A., 
Bracegirdle, J., Torres, D., Malone, N., Vorster, 
J., Kelly, L., Ryan, A., Josephy, P. D., Allen-
Vercoe, E., Ackerley, D. F., Keyzers, R. A., & 
Harvey, J. E. (2023). Preparation, analysis and 
toxicity characterisation of the redox 
metabolites of the azo food dye tartrazine. Food 
and Chemical Toxicology, 182, 114193. 
https://doi.org/10.1016/j.fct.2023.114193. 

47) Riezk, A., Van Bocxlaer, K., Yardley, V., 
Murdan, S., & Croft, S. L. (2020). Activity of 
Amphotericin B-Loaded Chitosan 
Nanoparticles against Experimental Cutaneous 
Leishmaniasis. Molecules, 25(17), 4002. 
https://doi.org/10.3390/molecules25174002. 

48) Sarma, N., Giancaspro, G., & Venema, J. 
(2016). Dietary supplements quality analysis 



NANO-ENCAPSULATED TAMARINDUS INDICA FRUIT PULP EXTRACT ATTENUATES 
TARTRAZINE-INDUCED HAEMATOLOGICAL AND BIOCHEMICAL ALTERATIONS IN WISTAR RATS 

 IJDDT Volume 16 Issue 80s 2026 Page: 1761 

tools from the United States Pharmacopeia. 
Drug Testing and Analysis, 8(3–4), 418–423. 
https://doi.org/10.1002/dta.1940. 

49) Savas, H.B., Sozen, M.E. and Dinc, E., 2025. 
The effect of tartrazine on angiogenesis and 
oxidative stress in the chorioallantoic 
membrane model. Biotech Studies, 34(1), 
pp.18-24. 

50) Singh, A. K., Yadav, V., Rao, V. V. A., Mishra, 
D. S., Yadav, L. P., Gangadhara, K., Rane, J., 
Sahil, A., Ravat, P., Janani, P., Kaushik, P., 
Khadivi, A., & Tunç, Y. (2025). 
Characterization and evaluation of tamarind 
(Tamarindus indica L.) germplasm: 
implications for tree improvement strategies. 
BMC Plant Biology, 25(1), 396. 
https://doi.org/10.1186/s12870-025-06415-y. 

51) Soliman, A.G., Mahmoud, B., Eldin, Z.E., El-
Shahawy, A.A. and Abdel-Gabbar, M., 2023. 
Optimized synthesis characterization and 
protective activity of quercetin and quercetin–
chitosan nanoformula against cardiotoxicity 
that was induced in male Wister rats via 
anticancer agent: doxorubicin. Cancer 
Nanotechnology, 14(1), p.10. 

52) Songkro, S., Isnaini, N., Sungkharak, S., 
Tanmanee, N., Maneenuan, D., & 
Kaewnopparat, N. (2022). Characterization, 
Antioxidant and Antibacterial Potentials of 
Tamarindus indica L. Fruit Pulp Extract Loaded 
O/W Nanoemulsions. Brazilian Journal of 
Pharmaceutical Sciences, 58. 
https://doi.org/10.1590/s2175-
97902022e19373. 

53) Tahiroglu, V., & Kara, F. (2022). Effects of 
acute inflammation on platelet indices: An 
experimental study. Baghdad Journal of 
Biochemistry and Applied Biological Sciences, 
3(03), 210–219. 
https://doi.org/10.47419/bjbabs.v3i03.150 

54) Usman, I.M, Adebisi, S.S, Musa, S.A, Iliya, I.A, 
Archibong, V.B, Lemuel, A. M, Kasozi, K.I. 
2022. Tamarindus indica ameliorates 
behavioral and cytoarchitectural changes in the 
cerebellar cortex following prenatal aluminum 
chloride exposure in Wistar rats. Anat and Cell 
Biol. 55:320-329. 

55) Wandee, R., Sutthanut, K., Songsri, J., Sonsena, 
S., Krongyut, O., Tippayawat, P., Tukummee, 
W., & Rittirod, T. (2022). Tamarind Seed Coat: 
A Catechin-Rich Source with Anti-Oxidation, 
Anti-Melanogenesis, Anti-Adipogenesis and 
Anti-Microbial Activities. Molecules, 27(16), 
5319. 
https://doi.org/10.3390/molecules27165319. 

56) Wardani, G., M, M., & Sudjarwo, S. A. (2017). 
In vitro Antibacterial Activity of Chitosan 
Nanoparticles against Mycobacterium 
tuberculosis. Pharmacognosy Journal, 10(1), 
162–166. https://doi.org/10.5530/pj.2018.1.27. 

57) Wu, L., Xu, Y., Lv, X., Chang, X., Ma, X., Tian, 
X., Shi, X., Li, X., & Kong, X. (2021). Impacts 
of an azo food dye tartrazine uptake on 
intestinal barrier, oxidative stress, inflammatory 
response and intestinal microbiome in crucian 
carp (Carassius auratus). Ecotoxicology and 
Environmental Safety, 223, 112551. 
https://doi.org/10.1016/j.ecoenv.2021.112551. 

58) Zand, A., Enkhbilguun, S., Macharia, J.M., 
Budán, F., Gyöngyi, Z. and Varjas, T., 2023. 
Tartrazine modifies the activity of DNMT and 
HDAC genes—is this a link between cancer and 
neurological disorders?. Nutrients, 15(13), 
p.2946. 

59) Zhang Y, Long R, Li C, Cheng L, Liu R, Liu X, 
Duan B. Exploring Nutritional Properties, 
Bioactive Compounds, and Potential 
Applications of Tamarindus indica L.: An 
Underutilized Food Plant. Foods. 2026 Jun 
1;15(11):1953. doi: 10.3390/foods15111953. 
PMID: 42279742; PMCID: PMC13256315. 

60) Ibrahim LI, Diab MS, Mohamed SH. 
Prophylactic effect of curcumin against long-
term and high-dose tartrazine-induced 
structural, biochemical, and genetic alteration in 
male rats. Egyptian Academic Journal of 
Biological Sciences. C, Physiology and 
Molecular Biology. 2024 May 20;16(1):365-86. 

61) Abd Elaziz MA, Elgallad GM, ELhanboly HM, 
Saleh AR, Maklof M. Effect of blend of metanil 
yellow and tartra-zine on different organs of 
albino rat. International Journal of Medical 
Toxicology and Forensic Medicine. 
2024;14(1):E39775. 

62) Dafallah AA, Abdellah AM, Abdel-Rahim EA, 
Ahmed SH. Physiological effects of some 
artificial and natural food coloring on young 
male albino rats. J Food Technol Res. 
2015;2(2):21-32. 

63) Thanh Nguyen H, Goycoolea FM. 
Chitosan/Cyclodextrin/TPP nanoparticles 
loaded with quercetin as novel bacterial quorum 
sensing inhibitors. Molecules. 2017 Nov 
15;22(11):1975. 

64) Lawson MK. Improvement of therapeutic value 
of quercetin with chitosan nanoparticle delivery 
systems and potential applications. 
International Journal of Molecular Sciences. 
2023 Feb 7;24(4):3293. 

65) Iskandar I, Setiawan F, Sasongko LD, Adnyana 
IK. Six-month chronic toxicity study of 
tamarind pulp (Tamarindus indica L.) water 
extract. Scientia Pharmaceutica. 2017;85(1):10. 

 


