Systematic Review Article
Exploring Dyslipidaemia, Lipid Peroxidation, Oxidative Stress, and Reproductive Endocrine Disruption in Tartrazine and Carmoisine Azo Dyes-Exposed Rats: A Systematic Review


Abstract
Background: The study is a systematic review focusing on the tartrazine and carmoisine azo dyes-induced lipid, oxidative stress, and reproductive endocrine disruption s in rats.
Method: We systematically reviewed studies published using keywords and short phrases between 1972–2026 from Google Scholar, PubMed, Cochrane Library, Global Health, and BIOSIS. No restrictions were placed on language or study type. 
Results: The studies revealed that 54%, 28%, and 18% of the papers reviewed where done on tartrazine, carmoisine, and mixture of tartrazine and carmoisine respectively. It was also indicated that 31%, 30%, and 39% of the studies were on lipids, endocrine disruption, oxidative stress respectively while 61%, 40%, 31% of these studies were on acute, sub-acute and chronic studies. Exposure duration of less or up to 30 days had the highest proportion of studies indicating 35% and 26% for ADI and high dosage exposures respectively.  The period of exposure ranges between 48 hours to 200 days while the dose of exposure ranges between 2mg/kg to 22.5g/kg. 
Conclusion: The review showed that tartrazine, carmoisine or their mixtures are not associated reproductive endocrine disruption at ADI doses within 30 days of exposure. However, allergic reactions were revealed. More so, it was revealed that at ADI above 60 days, dyslipidaemia, depletion of anti-oxidant enzymes, and lipid peroxidation were observed particularly in studies were doses higher than ADI were used between 21 to 200 days.  Therefore, the study reveals the urgent need for an enforcement of the laws and regulations regarding the use these dyes as prescribed in food and drinks as well as effective educational campaign against use, abuse, and excessive consumption of these azo dyes.  
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1. INTRODUCTION
The quality edible food and food products are judged initially based on appearance (Joshi & Mittal, 2014). Colours play significant role in the appearance and acceptance of food and drink (Joshi and Mittal, 2014; Patel, 2025). The appearances of food are greatly impacted by food dyes. These dyes are either natural or synthetic (Xu et al., 2010; Kola-Ajibade et al., 2024). However, due to their quick oxidative state, arability, stability under heat, and expensiveness of natural food dyes, synthetic food dyes are commonly used (Marathe et al., 1993, Abernoumand, 2011; Zand et al., 2025). Tartrazine and carmoisine are examples of synthetic food dyes and are both soluble in water and is derived from coal tar (Li et al., 2022). The Acceptable Daily Intake (ADI) for tartrazine is 0-7.5mg/kg/bodyweight/day while that of carmoisine is 0-4mg/kg/bodyweight/day (Amchova et al., 2024; Saran et al., 2025). It was also stated that the toxicological effects of these azo dyes stem directly or indirectly from the reductive biotransformation of the azo bond during their metabolism (Umbuzeiro et al., 2005). The process leads to the formation of aryl amines, aromatic amines, and other free radical derivatives such as N-hydroxyl derivatives, superoxides, and so on that are disastrous (Umbuzeiro et al., 2005).

These synthetic food dyes are chemically manufactured from coal tar (Kiziltan et al., 2022, Alsulami, 2023; Zand et al., 2025). Despite the importance of food dyes in the food industry, adverse effects and associated health risks have been reported in several scientific studies over the years, including lipid metabolism, reproductive endocrine disruption, and oxidative-induced damages on cells and tissues (Amchova et al., 2024). The European Food Safety Authority (EFSA) in 2009 in her scientific opinion, stated that carmoisine or tartrazine did not induce adverse or toxicological effects. However, allergic reactions were documented. Wopara et al. (2021) documented endocrine disruptions in rats exposed to tartrazine and erythrosine, causing an elevation of follicle stimulating hormones and luteinizing hormone. Also, Mindang et al. (2022) recorded tartrazine-induced reproductive toxicity in female rats distorting puberty through oxidative stress-induced mechanisms. Therefore, the aim of the review is to explore the dyslipidaemic, lipid peroxidation, oxidative stress, and reproductive endocrine disruptive capabilities of tartrazine, carmoisine or their mixture in exposed rats. 
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Figure 1:  Structure of tartrazine and carmoisine azo dyes.






2. METHODS 
2.1 Systematic Review and Literature Search
We systematically reviewed studies using keywords and short medical terms/phrases such as “effect of tartrazine and carmoisine on hormones”, “effect of tratrazine and carmoisine on lipid indices and oxidative markers”, and “lipid peroxidation in rats exposed to azo dyes”  for the literature search. These searches were done for specifically for animal studies following a careful selection criteria, search strategy, and data extraction. A systematic search was conducted from studies published in Google Scholar, PubMed, Global Health, Cochrane library, and BIOSIS between 1972 and 2026. No restrictions were placed on language or study type. 
2.3 Inclusion and Exclusion Criteria
Studies involving fishes, worms, rabbits, humans, microorganisms, tissue culture, as well as water bodies, review papers, and the use of other azo dyes instead of carmoisine or tartrazine or their combination were also excluded. However, studies conducted in Swiss, Albino, Sprague-Dawley, and Wistar rats exposed to tartrazine or carmoisine or mixture of these azo dyes with established dosage and duration were included. Also included were studies that titles and abstracts that tallies or identified with our keywords and phrases. The full texts of each of the relevant articles were then reviewed and studies were excluded if they did not provide relevant data. Finally, only studies conducted or presented in English language were included.
2.4 Data Extraction
Data were extracted from each study using a standard protocol. Data extracted included information on the experimental design, type of rats used, techniques of exposure, duration and dosage of exposure, and parameter of interest. Published data were extracted from Google Scholar, PubMed, BIOSIS, Cochrane Library, and Global Health from 1972 to 2026. 
3. RESULTS 
The review showed that studies were acute, sub-acute or chronic studies with exposure period between 48 hours to 200 days. Doses administered ranged between 2mg/kg to 22.5g/kg. Specimens used were serum, plasma or homogenate of brain, testes, or epididymis. We estimated the proportion of tartarzine and carmiosine dyes used, duration of the studies, and dosages applied. We further explored the impact of tartrazine, carmoisine, and their mixture on the lipid metabolism and peroxidation, oxidative stress, endocrine disruption over well-defined periods and dosage of exposure. Analyses were performed with GraphPad Prism (version 9.02, California, USA). 

3.1 Literature Search 
The initial search identified 2,098 unique publications from Google Scholar, PubMed, Cochrane Library, BIOSIS, and Global Health. Of the 2,098 articles, 2030 were excluded due to duplication, review articles, usage of multi-mixture of dyes, experiments on fishes, tissue culture, etc (Figure 2). Finally, a total of 73 full text articles were reviewed for eligibility and 54 full texts articles were selected for the study. See Figure 2 for the search flowchart for studies screening. 
3.2 Estimated Frequencies  
Based on the systematic reviews, 54%, 28%, and 18% of the papers reviewed where done tartrazine, carmoisine, and combination of tartrazine and carmoisine respectively. The review indicated that 31%, 30%, and 39% of the studies were on lipids, endocrine disruption, oxidative stress respectively while 61, 40, 31% of these studies were on acute, sub-acute and chronic studies.  Exposure duration of less or up to 30 days had the highest proportion of studies indicating 35% and 26% for ADI and high dosage exposures respectively (Table 1). Other proportionality analysis on the duration and dosage of exposure for lipid metabolism, reproductive endocrine changes, and oxidative stress markers are indicated in Table, 2, Table 3, and Table 4 respectively.
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Figure 2. Flowchart showing the diagram of the number of studies screened for 
                 Eligibility and included in the study 

Table 1. Frequency from Studies
	Parameters of Study Design
	No of Studies
	Frequency (n, %)

	Dye Type
	
	

	Tartrazine 
	29
	0.54,54

	Carmoisine
	15
	0.28, 28

	Mixture of Tartrazine and carmoisine
	10
	0.18, 18 

	
	
	

	Prevalence of Studies on Different Indices
	
	

	Lipid Parameters
	17
	0.31, 31

	Reproductive Hormonal Markers
	16
	0.30, 30

	Oxidative stress markers
	21
	0.39, 39

	
	
	

	Type of Study
	
	

	Acute
	33
	0.61, 61

	Sub-acute 
	22
	0.41, 41

	Chronic
	16
	0.30, 30

	
	
	

	Dosage and Duration from Studies
	
	

	ADI Dosage
	
	

	≤ 30 days
	19
	0.35, 35

	≥ 30 days, ≤60 days
	7
	0.18, 18

	≥ 60 days, ≤90 days
	4
	0.23, 23

	High Dosage
	
	

	≤ 30 days
	22
	0.26, 26

	≥ 30 days, ≤60 days
	14
	0.13, 13

	≥ 60 days, ≤90 days
	1
	0.02, 2

	≥ 90 days, ≤120 days
	11
	0.20, 20




Table 2: Frequencies of significant elevation, fall or no difference based on exposure 
              dosage and duration on Lipid Parameters
	Dosage and Duration
	Increased
	No difference
	Decreased 

	Cholesterol, TG, LDL and vLDL
	
	
	

	ADI Dosage
	n, fraction, %
	n, fraction, %
	n, fraction, %

	≤ 30 days
	-
	1, 0.018, 1.8
	2, 2, 0.037, 3.7

	≥ 30 days, ≤60 days
	2, 0.037, 3.7
	-
	2, 2, 0.037, 3.7

	≥ 60 days, ≤90 days
	1, 0.018, 1.8
	1, 0.018, 1.8
	-

	High Dosage
	
	
	

	≤ 30 days
	5, 0.093, 9.3
	-
	-

	≥ 30 days, ≤60 days
	7, 0.129, 12.9
	-
	-

	≥ 60 days, ≤90 days
	2, 0.037, 3.7
	-
	-

	≥ 90 days, ≤120 days
	2, 0.037, 3.7
	-
	-

	
	
	
	

	HDL
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	3, 0.056, 5.6
	-

	≥ 30 days, ≤60 days
	-
	2, 2, 0.037, 3.7
	2, 2, 0.037, 3.7

	≥ 60 days, ≤90 days
	-
	1, 0.018, 1.8
	1, 0.018, 1.8

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	5, 0.093, 9.3

	≥ 30 days, ≤60 days
	-
	-
	7, 0.129, 12.9

	≥ 60 days, ≤90 days
	-
	-
	2, 2, 0.037, 3.7

	≥ 90 days, ≤120 days
	-
	-
	2, 2, 0.037, 3.7





Table 3: Frequency of Significant Elevation, Fall or No Difference based on Exposure 
            Dosage and Duration on Hormones from the Studies
	Dosage and Duration
	Increased
	No difference
	Decreased 

	Estrogen & Progesterone 
	
	
	

	ADI Dosage
	n, fraction, %
	n, fraction, %
	n, fraction, %

	≤ 30 days
	-
	3, 0.056, 5.6
	-

	≥ 30 days, ≤60 days
	-
	2
	-

	≥ 60 days, ≤90 days
	-
	2
	-

	High Dosage
	
	
	

	≤ 30 days	
	3, 0.056, 5.6
	-
	-

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤200 days
	-
	5, 0.093, 9.3
	-

	
	
	
	

	Testosterone
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	3, 0.056, 5.6
	-

	≥ 30 days, ≤60 days
	-
	3, 0.056, 5.6
	-

	≥ 60 days, ≤90 days
	-
	3, 0.056, 5.6
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	3, 0.056, 5.6

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤200 days
	-
	5, 0.093, 9.3
	-

	
	
	
	

	FSH, LH, & Prol
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	2, 0.037, 3.7
	-

	≥ 30 days, ≤60 days
	-
	2, 0.037, 3.7
	-

	≥ 60 days, ≤90 days
	-
	2, 0.037, 3.7
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	3, 0.056, 5.6

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤120 days
	-
	-
	-




Table 4: Frequency of Significant Elevation, Fall or No Difference based on Exposure 
               Dosage and Duration on Oxidative Stress and Lipid Peroxidation Markers 
               from the Studies
	Dosage and Duration
	Increased
	No difference
	Decreased 

	MDA, LPO, OSI, & RNS 
	
	
	

	ADI Dosage
	n, fraction, %
	n, fraction, %
	n, fraction, %

	≤ 30 days
	1, 0.018, 1.8
	-
	-

	≥ 30 days, ≤60 days
	1, 0.018, 1.8
	-
	-

	≥ 60 days, ≤90 days
	1, 0.018, 1.8
	-
	-

	High Dosage
	
	
	

	≤ 30 days	
	6, 0.111, 11.1
	-
	-

	≥ 30 days, ≤60 days
	4, 0.074, 7.4
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days
	-
	5, 0.093, 9.3
	-

	
	
	
	

	SOD, CAT, GSH, GPX, TAS
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	3, 0.056, 5.6
	-

	≥ 30 days, ≤60 days
	-
	2, 0.037, 3.7
	-

	≥ 60 days, ≤90 days
	-
	2, 0.037, 3.7
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	7, 0.129, 12.9

	≥ 30 days, ≤60 days
	-
	-
	5, 0.093, 9.3

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days
	-
	5, 0.093, 9.3
	-



4. DISCUSSION 
4.1 Effect on Lipid Metabolism
Lipids are biomolecules that are soluble in organic solvent but are insoluble in water and somehow consist of contain charged groups such as phosphoryl, hydroxyl, salic acids, amino group, and sulfuryl group which enhance their solubility surroundings in aqueous biological fluid (Chatterjea & Shinde 2007). Lipids have important role precursor of hormones synthesis, generation of ATPs, aiding in digestion and as structural components of functional biological cells (Elekima et al., 2016). For lipids to function effectively, they must be transported in the plasma binding to specific carrier proteins called lipoproteins (Warnick et al., 1996). These lipoproteins include chylomicrons, very low density lipoprotein (VLDL), low density lipoprotein-cholesterol (LDL-C) and high density lipoprotein-cholesterol (HDL C). 

Several substances such as drugs and chemical have been reported to affects lipid metabolism. From the study reviewed, 31% were on lipid metabolism. Aboel‐Zahab et al., (1997) documented that oral administration of carmoisine affected the lipid metabolism with a resultant increase in cholesterol level. Most of the studies reported increased atherogenic lipid fractions such as total cholesterol, triglyceride, low-density lipoproteins, and very low lipoproteins while significantly decreased values were observed in HDL-C. However, Ahmad et al., (2019) documented significantly lower values of HDL and TG in rats exposed to 2mg/kg of tartrazine for 40 and 60 days. Adele et al., (2020) documented no significant difference in the values of total cholesterol, triglyceride, LDL, and HDL-C in rats exposed orally to tartrazine for 60 and 90 days at ADI doses of 7.5mg/kg. Details of studies reviewed are shown in Table 5. 

Abnormalities in lipids and lipoproteins metabolism are closely associated cardiovascular, cerebrovascular, and peripheral vascular diseases.  Therefore, determination of lipids levels such as cholesterol and triglyceride as well as their lipoprotein levels is vital in establishing the degree of risk for cardiovascular diseases. The study indicated that 3.7% of the study should that at ADI doses and exposure within 30 days lowered LDL_C, vLDL, TG, and TC while higher doses exposures within 30 to 60 days indicated 12.7% of increased LDL_C, vLDL, TG, and TC. The reverse was seen in HDL-C when higher doses above ADI between 30 and 60 days causing 12.7% significant reduction. The increased atherogenic lipid fractions are highly linked with atherosclerosis. Atherosclerosis is a major etiology for cardiovascular diseases such as coronary heart disease, peripheral vascular disease, high blood pressure, et cetera. The fall in HDL-C could also be linked to the hepatocellular derangements associated with azo dye toxicity. The liver is responsible for the synthesis and regulation of HDL-C required in maintaining vascular integrity. Dyslipidaemia characterized by significantly increased total cholesterol, triglyceride, low-density lipoproteins, and very low lipoproteins while significantly decreased values of HDL-C is also associated with metabolic syndrome linked to poor glucose metabolism, insulin resistance, diabetes mellitus, and other systematic chronic diseases. 


  


	




Table 5 
Markers of Dyslipidaemia  induced by tartrazine or carmoisine in Rats
	Animals
	Dye Type
	Dye dose
	Length of treatment
	Sample
	Results
	Author

	Albino Rat
	Mixture of carmiosine

	200, 400, and 600mg/kg
	40 weeks
	Serum
	↑TG, TC, LDL-C
	Islam et al., 2024 

	Albino Rat
	Tartrazine 
	2mg/kg
	40 & 60 Days
	Serum
	↓HDL, TG 
	Ahmad et al., 2019 


	Albino Rat
	Tartrazine 
	4, 6, & 8mg/kg
	20, 40, & 60 Days
	Serum 
	↓TC, LDL-C, HDL, ↓TG
	Ahmad et al., 2019 

	Albino Rat
	Carmiosine 
	200 & 400mg/kg
	120 days
	Serum
	↑TC, ↔TG
	Reza et al., 2019


	Swiss Rat
	Tartrazine
	30mg/kg
	8 weeks
	Serum 
	↑TG, TC, LDL-C, ↓HDL
	El-Arab et al., 2025
 

	Albino Rat
	Tartrazine
	7.5 & 75mg/kg
	7 weeks
	Serum 
	↑TG, TC, LDL-C, ↓HDL
	Jiddah & Gadanya ,2022
 

	Albino Rat
	Tartrazine
	7.5mg/kg
	60 days
	
	↑TG, TC, LDL-C, ↓HDL
	Adele et al., (2020)
 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30 days
	
	↔TG, TC, LDL-C, HDL
	Adele et al., (2020) 


	Albino Rat
	Tartrazine
	10mg/kg
	8 weeks
	Serum
	↑TG, TC, LDL-C, vLDL
↓HDL

	Madeha et al., 2018 

	Albino Rat
	Tartrazine
	96mg/kg 
	15, 30 & 45 days

	Serum
	↑TG, TC
	Shakoor et al., 2022 

	Albino Rat
	Tartrazine
	9.6mg/kg,
	15, 30 & 45 days

	Serum
	↓TG, TC
	Shakoor et al., 2022

	Albino Rat
	Tartrazine
	0.005% 
	90 days
	Serum
	↔TG, TC, LDL-C,HDL
	Alioui et al., 2017


	Albino Rat
	Tartrazine
	0.05% 
	90 days
	Serum
	↑TG, TC, LDL-C, ↓HDL
	Alioui et al., 2017


	Albino Rat
	Tartrazine
	7.5mg/kg
	50 days
	Serum
	↑TG, TC, LDL-C, vLDL
↓HDL

	El-Desoky et al., 2022 

	Albino Rat
	Tartrazine
	200 & 400mg/kg
	25 days
	Serum 
	↑TG, ↔TC
	Arefin et al., 2017


	Albino Rat
	Carmiosine
	0.11g/kg
	48 hours
	Plasma
	↑ LDL-C, ↓HDL
	Elekima 2016


	Albino Rat
	Carmiosine
	0.14 and 0.18g/kg
	4 weeks
	Plasma
	↑TG, TC, LDL-C, ↓HDL
	Elekima 2016


	Albino Rat
	Tartrazine
	0.07. 0.11, 0.14, and 0.18g/kg

	4 weeks
	Serum 
	↑TG, TC, LDL-C, ↓HDL
	Elekima et al., 2017 

	Albino Rat
	Tartrazine
	15mg/kg and 500mg/kg
	30 days
	Serum
	↑TG, TC, LDL-C, ↓HDL
	Amin et al., 2010


Keys: ↓=decreased, ↑=Increased, ↔ =No difference, TG=Triglyceride, TC=Total cholesterol, LDL-C=low density lipoprotein cholesterol, vLDL-C= very low density lipoprotein cholesterol, HDL-C=High density lipoprotein cholesterol.
4.3 Effect on Oxidative Stress and Lipid Peroxidation

The balance between reactive oxygen species (ROS), reactive nitrogen species (RNS), and anti-oxidant enzymes is very crucial to prevent macromolecule and cellular damages due to oxidative stress especially when there is overproduction of ROS/RNS and free radicals that does not match the amount of anti oxidants generated by the body (Elekima et al., 2025). These anti-oxidant enzymes work by enhancing or facilitating the detoxifying of ROS/RNS thereby halting or mitigating the effect oxidation on cellular and macromolecules.  It has been documented that tartrazine and carmoisine azo dyes produces reactive oxygen species (ROS), reactive nitrogen species (RNS) and free radicals during its metabolism. Glutathione peroxidase (GPX), Glutathione reducatase (GSH), catalase, and superoxide dismutase (SOD) are anti-oxidative enzymes produced by the body to mitigate or remove ROS/RNS, and free radical and their disastrous impact from the body.

Reports on the effect of tartrazine and carmoisine on oxidative stress in rats vary from one study to another. However, the reviewed studies revealed that an ADI dose does not induce exacerbating effect on the antioxidant enzymes and lipid peroxidation markers. It was observed at ADI doses, 1,8% of the studies indicated increase in malondialdehyde (MDA), lipid peroxides (LPO), oxidative stress index (OSI), total peroxide, and carbonyl protein, Total oxidation capacity (TOC), and reactive nitrogen species like nitrogen oxide (NO). However, antioxidant enzymes where not reported to be affected rather 5.7% of the studies revealed no significant difference over 30 days exposure and 3.7% over 90 days exposure. However, the review further revealed that 11.4% of studies retrieved indicated exacerbating increment in lipid peroxidation markers such as MDA, LPO, total peroxide, and carbonyl protein, TOC, and reactive nitrogen species like nitrogen oxide (NO) when rats were exposed to tarttrazine and carmoisine at high doses while a corresponding 12.9% decrease in antioxidant enzymes such as catalase, GPX, GSH, total antioxidant status (TAS), and SOD were observed in the studies retrieved over a period of 30 days. Values of 9,3% significant fall in anrtioxidant enzymes and 7.4% significant increases were observed in lipid peroxidation markers over a period of 60 to 90 days.  
 
From the some of the retrieved studies, Adele et al., (2020) reported no significant reduction in SOD and GPX in rats exposed to tartrazine at ADI doses of 7.5mg/kg for 30 and 60 days. However, MDA indicated significant increase in rats exposed to tartrazine at ADI dose for 30 and 60 days indicating lipid peroxidation. Also, Amin et al., (2010) documented significant decreases in antioxidant enzymes such as catalase, SOD, GSH as well as significantly increased MDA levels in rats treated with low and high doses of tartrazine and carmoisine over a period of 30 days. In another related study, Khayyat et al., (2017) also documented significantly decreased total antioxidants activity, increased lipid peroxidation markers such as MDA and increased nitrogenous reactive species such as nitric oxide in animals orally given tartrazine 7.5 mg/kg (dissolved in 1 ml of distilled water) daily for 30 days. Madeha et al., (2018) documented increased decrease in GSH, SOD, and catalase as well as increased MDA in rats exposed to 10mgkg of tartrazine for 8 weeks. Table 6 shows reports of several other studies documenting significant depletion in anti-oxidant enzymes such as catalase and Superoxide dismutase (SOD), GSH, GPX, and an increase in MDA levels in the blood specimen and tissue homogenates exposed to tartrazine and carmoisne.

The reductions of anti-oxidant enzymes are indicative of increased oxidative stress induced by tartrazine and carmoisine azo dyes. However, it was observed in the several studies reviewed that, administration of tartrazine or carmoisine at ADI doses did not affect anti-oxidant enzymes for a period of 30 days except in very few studies were anti-oxidant enzymes were depleted. However, several of the studies conducted on tartrazine and carmoisine were on high doses 5-10 above the ADI doses. These studies indicated depletion in these enzymes while corresponding increases in lipid peroxidation markers such as MDA, LPO, total peroxide, and carbonyl protein were observed. The review unravels that the unregulated and excess use of food dyes present in food products that are consumed on daily above the recommended ADI dosages are very detrimental affecting oxidative homeostasis. These free radicals have the capacity to cause cell disruption, perforation, leakage, and eventually cell death. The mechanism of most azo dye toxicities has been linked oxidative stress. 



Table 6. Markers of Oxidative Stress induced by tartrazine or carmoisine in Rats
	Animals
	Dye Type
	Dye dose
	Length of treatment
	Sample
	Results
	Author

	Albino Rat
	Tartrazine
	7.5mg/kg
	30, 60, 90 days
	Serum
	↑MDA
↔SOD, GPX

	Adele et al., 2020 

	Albino Rat
	Tartrazine
	10mg/kg
	8 weeks
	Serum
	↓SOD, GPX, CAT
↑MDA

	Madeha et al., 2018 

	Albino Rat
	Tartrazine
	0.05% 
	90 days
	Homogenates of liver and kidhey tissues
	↓TAC 
↑SOD

	Alioui et al., 2017  

	Albino Rat
	Tartrazine & Carmiosine 
	15 & 500mg/kg
	30 days
	Serum
	↓Catalase, SOD, GSH
↑MDA

	Amin et al., 2010 

	Albino Rat
	Tartrazine
	7.5 mg/kg 
	30 days
	Blood
	↓TAC
↑ MDA, RNS, NO

	Khayyat et al., 2017 

	Albino Rat
	Tartrazine
	10 & 100mg/kg
	21 days 
	Blood
	↓SOD

	Varlı et al., 2025 

	Albino Rat
	Tartrazine
	30mg/kg
	8 weeks
	Homogenates of liver tissues
	↓TAC, SOD, GSH
↑ LPO, ↑Total Peroxide 
↑Carbonyl protein, MDA 

	El-Arab et al., 2025 

	Albino Rat
	Tartrazine
	20mg/kg 
	60 days.
	Homogenates of RBC, spleen, renal tissues, and bone marrow

	↓GSH
↑MDA
	Ramez et al., 2019 

	Albino Rat
	Tartrazine
	400mg/kg 

	30 days
	Plasma
	↓CAT, SOD, GSH, GPX
↑MDA

	Aldaamy et al., 2021 

	Albino Rat
	carmoisine
	20mg/kg 
	30 days.
	hippocampal area of the brain homogenate
	↓CAT, SOD, GSH, GPX
↑MDA
	Subramaniyan et al., 2023 

	Albino Rat
	Tartrazine
	8mg/kg
	60 days
	Plasma
	↑MDA

	Ahmad et al., 2019

	Albino Rat
	Carmoisine
	4mg/kg
	28 days
	Plasma
	↓TAC, GPX, GSH
↓Catalase

	Moen ET AL., 2020 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30 and 60 days
	Plasma
	↔SOD, GPX
	Elekima et al., 2020


	Wistar Rats
	Tarrazine
	10mg/kg
	3 weeks
	Serum 
	↓CAT, SOD, GSH, TAS
↑MDA, TOS, OSI

	Erdemli et al., 2020


	Albino Rat
	Tartrazine
	100, 300, & 500mg/kg
	60 days
	Testes & Epidydimis homogenate
	↓CAT, GSH, GPX
↑MDA

	Meghapriya  & Kishori, 2019

	Wistar Rat
	Tartrazine
	300mg/kg
	30 days
	Serum
	↓CAT, GSH,
↑MDA 
	Boussada et al., 2017


Key:↓=decrease,↑=increased, MDA=Malondialdehyde, LPO=Lipid peroxide, TAC=Total Antioxidant activity, TOS=Total oxidant activity, CAT=catalase SOD=Superoxide dismutase, GSH=Glutathione, GPX=Glutathione peroxidase, RNS=Reactive Nitrogen Species, NO=Nitrogen oxide
4.2      Effect on Reproductive Endocrine Disruption 
The reproductive organs are responsible in the production of hormones that enhances the development and maturation of germ cells in the gonads. It has been documented that in the absence of injury or toxicity of the testicular cells, there is no sharp reduction or fall in testosterone production (Goodman, 2009; Foster and Gray Jr., 2010). Testosterone is an important steroid hormone that play vital role in the production and maturation of spermatozoa, development, growth, and differentiation of male sex organs, sexual drive, and secondary sexual characteristics that make sexual reproduction feasible in males (Griffin and Wilson, 2003). Ostrogen is the one of the principal hormone produced by the ovaries. It play major role in the proliferation of the endometrium in the early phase of the menstrual cycle and the initiation of mid cycle surge of luteinizing hormone which is needed in the release of mature graffian ovarian follicle into the fallopian tube (Goodman, 2009). Progesterone is another vital ovarian steroid hormones required in pregnancy or gestation and it is involved in the transformation of the proliferative endometrium to the secretary phase, which is necessary for implantation of fertilized egg to occur (Laing and Thornton, 2011). More so, progesterone enhances the viscosity of the cervical mucus transforming it into a more viscous and less permeable form. Therefore, progesterone play vital role in allowing establishing pregnancy after implantation of fertilized egg(s) (Laing and Thornton, 2011). 

[bookmark: _GoBack]Regarding reproductive protein hormones, the progressive secretion of LH and FSH in childhood initiates the onset of monthly cycle and changes in female called puberty (Guyton and Hall, 2006).  LH and FSH are primarily involved in the stimulation and secretion of sex hormones such as progesterone, testosterone and estrogen by the sex gonads.  It also play vital role in the release of mature oocyte (ovulation) from the graffian ovarian follicle into the fallopian tube (Guyton and Hall, 2006; Crook, 2007). Therefore, low blood level of concentration LH as well as FSH prevents ovulation and loss of those hormones eventually leads to degeneration of corpus Luteum (Guyton and Hall, 2006; Crook, 2007).  Prolactin is secreted by the anterior pituitary glands (adenohypophysis) through nervous signals (Iles and Butler, 2012). Hyperprolactinaemia (abnormal increased plasma prolactin) in men can lead to low sexual arousal (libido). In women, hyperprolactinaemia interferes with ovulation (possibly causing anovulation), and infertility (Bulum and Adashi, 2003; Iles and Butler, 2012). Disruptive effects of food dyes on testosterone, progesterone, estrogen, prolactin, follicle stimulating hormone (FSH), and luteinizing hormone (LH) have been reported. However, the effect of azo dyes such as tartrazine and carmoisine on reproductive hormones is still controversial. From the review, 30% of the studies represent work on reproductive hormones. For example, from the data retrieved from the studies, it was indicated that 9.3% indicated no significant difference in the testosterone concentration of rats exposed to high carmoisine to azo dyes while 5.6% indicated a decrease and no significant difference in testosterone concentration in rats exposed to high dose for over 90 days. However, 5.6% of the studies documented no significant difference over the period of 90 days in rats exposed to tartrazine and carmoisine at ADI doses. 

Exposure to food dyes has been reported to adversely affect testes and they are implicated in the decline of normal fertility and reproduction while other studies contradict such reports. The Australian Government in 2014 through her Department of health, alongside the European Food and Safety Authority (EFSA), reported that tartrazine and other food dyes does not have any adverse effect on reproductive parameters. More so, Takana (2006) and Elhkim et al., (2007) in their separate work, also reported that when 2% of tartrazine and carmoisine food dyes fed to rats in diet, no adverse effect on reproductive organs or parameters were seen. However, allergic reactions were reported, particularly in mixture of tartrazine or carmoisine. Furthermore, Elekima et al., (2020), recorded no significant difference in the values of LH, FSH, and prolactin when rats were exposed to tartrazine at ADI doses of 7.5mg/kg for 30 and 60 days. However, Mehedi et al., (2013), reported that 2.5% and 5% of tartrazine and carmoisine for 13 weeks induced significant reduction in weight of the testes and ovaries inducing decreased sperm production, sperm motility as well poor ovarian response in rats thereby adversely affecting FSH, LH, and testosterone levels. Elekima & Nwachuku (2019) documented dose-dependent significant fall in the plasma concentration of testosterone and significant increase in progesterone and estrogen in rats treated with high doses of tartrazine at 2.5, 5.0, 10.0, 15.00 and 20.00g/kg. However, exposure at ADI doses of 7.5mg/kg for 30, 60, and 90 days did not cause any change in testosterone, estrogen, and progesterone levels. In addition, Mehedi et al., (2009), Gautam et al., (2010) separately reported decreased sperm production and sperm motility in rats exposed to tartrazine. In addition, as observed by Mehedi et al., (2013) the reduced testosterone concentration concurred with the histopathological findings indicating distortions in the testes, epididymis, and seminal vesicles, exfoliation of testicular cells in the lumen, cytoplasmic vacuolation, and pycnosis were also seen when rats were treated with 2.5% tartrazine. Montaser et al., (2018) documented down regulation of testosterone and derangement of FSH and LH hormonal genes in Sprague-Dawley rats exposed to 5xADI and 10xADI of carmoisine for 45 days.  The review showed that the use of tartrazine and carmoisine at high doses over a small timeframe of up to 30 days could induce endocrine disruption through oxidation and lipid peroxidation mechanisms. Tartrazine has also been identified as xenoestrogen substance further causing organ and hormonal disruption aside the oxidation-induced damages. 









Table 7 Markers of Reproductive toxicity  induced by tartrazine or carmoisine in Rats
	Animals
	Dye Type
	Dye dose
	Length of Treatment
	Sample
	Results
	Author

	Albino Rat
	Tartrazine
	2% (1g/kg)
	200 days
	Serum
	No adverse effect on reproductive parameters
	Australian government in 2014 through her Department of health
 

	Albino Rat
	Tartrazine
	2% (1g/kg)
	200 days
	Serum
	No adverse effect on reproductive parameters
	European Food and Safety Authority (EFSA)- 2009a


	Albino Rat
	Carmoisine
	1% (500mg/kg)
	200 days
	Serum
	No adverse effect on reproductive parameters
	European Food and Safety Authority (EFSA) – 2009b


	Albino Rat
	Tartrazine
	2.5, 5.0, 10.0, 15.00 & 20.00g/kg
	48 hours
	Serum
	↑Estrogen, Progesterone
↓Testosterone
	Elekima & Nwachuku, 2019


	Albino Rat
	Tartrazine
	7.5mg/kg
	30, 60, 90 days
	Serum
	↔Estrogen, Progesterone, Testosterone
	Elekima & Nwachuku, 2019


	Albino Rat
	Tartrazine
	7.5mg/kg
	30 and 60 days
	Serum
	↔FSH, LH, Prol
	Elekima et al., 2020 


	Albino Rat
	Tartrazine
	2%
	200 days
	Serum
	No Gonadal & Endocrine Disruption

	Takana, 2006 

	Albino Rat
	Tartrazine
	2%
	200 days
	Serum
	No Gonadal & Endocrine Disruption

	Elhkim et al., 2007 

	Albino Rat
	Carmoisine
	5, 10, 12.5, 17.5 & 22.5 g/kg
	48 hours
	Serum
	↓FSH, LH, Prol, Testosterone
↑E2, Prog

	Elekima et al., 2025

	Albino Rat
	Tartrazine
	100, 250 &  500mg/kg
	28 days
	Serum
	↓FSH, Prol, Testosterone
↑LH, 

	Shok et al., 2024

	Albino Rat
	Carmoisine
	250 and 500mg/kg
	28 days
	Serum
	↑LH
	Shok et al., 2024


	Sprague-Dawley Rat
	Carmoisine
	5mg/kg
	28 days
	Serum
	↓FSH
↔LH

	Sattar & Amin, 2018 

	Sprague-Dawley Rat

	Carmoisine
	5, 10, & 20mg/kg
	28 days
	Serum
	↓E2, Prog
	Sattar & Amin, 2018

	Sprague-Dawley Rat
	Carmoisine
	10 & 20mg/kg
	28 days
	Serum
	↓LH, 
↑FSH

	Sattar & Amin, 2018

	Albino Rat
	Tartrazine
	100, 300, & 500mg/kg
	60 days
	Serum
	↓Testosterone
↑FSH, LH

	Meghapriya & Kishori 2019

	Wistar Rat
	Tartrazine
	300mg/kg
	30 days
	Serum
	↓Testosterone

	Boussada et al., 2017


Keys: ↓=decreased, ↑=Increased, ↔ =No difference, FSH=Folllicle Stimulating Hormone,  LH=Luteinizing hormone, Prol=Prolactin. 
5. CONCLUSION 
The review showed that tartrazine and carmoisine or their mixtures are not associated reproductive endocrine disruption at ADI doses within 30 days of exposure. However, allergic reactions were revealed. More so, it was revealed that at ADI above 60 days included dyslipiadeamia showing significant increases in atherogenic lipid fractions such as LDL-C, vLDL-C, Triglycerides while a significantly lower values of HDL-C were encountered.  In addition, depletion of anti-oxidant enzymes like catalase, glutathione, superoxide dismutase, glutathione peroxidase were observed particularly in studies were doses higher than ADI doses were used between 21 to 200 days.  The presence of azo dye-induced oxidative stress was buttress by the increased concentrations of MDA, LPO, ↑Total Peroxide, Carbonyl protein and reactive nitrogen species like nitric oxide (NO) which are markers of lipid peroxidation. More so, the review further fortify the report of World Health Organization's (WHO) warnings regarding excessive consumption of azo dyes, particularly tartrazine and carmoisine due to their continuous use in food and drinks extensively and unsupervised. The uncontrolled usage in humans mimics the high doses and prolongs exposure in these animal studies. Therefore, the study reveals the urgent need for an enforcement of the laws and regulation regarding the use and application of these dyes in food as well as effective educational campaign against use, abuse, and excessive consumption of these azo dyes.  
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