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Abstract
Background: The study is a systematic review focusing on the tartrazine and carmoisine toxicity on renal, hepatic, pancreatic, and haematological indices in albino rats.	Comment by Darmasu Kulawe: Remove the background, methods, results and conclusion from the abstract. Everything is merged into one paragraph.
Method: We systematically reviewed studies published using keywords and short medical terms/phrases between 1978–2026 from Google Scholar, PubMed, Cochrane Library, Global Health and BIOSIS. No restrictions were placed on language or study type. 	Comment by Darmasu Kulawe: Personal words are not used in report/article writings. 
Results: The initial search identified 3,773 unique publications from Google Scholar, PubMed, Cochrane Library, BIOSIS, and Global Health. Of the 3,773 articles, 2050 were excluded due to duplication while 1628 were further excluded based on review articles, usage of multi-mixture of dyes, experimentation on fishes and other animals instead of rats leaving us a total of 95 full text articles were reviewed for eligibility. Of the 95 full text articles, 39 full articles were included in the study. Based on the systematic reviews, 61%, 26%, and 13% of the papers reviewed where done tartrazine, carmoisine, and combination of tartrazine and carmoisine respectively. Of these papers reviewed, 56% exposure of these azo dyes to rats was on acceptable daily intake with duration between 21 to 90 days while 54% of the treatments were on high doses between the period of 2 days to 300 days. In addition, 54%, 49%, 38% of the studies were on the liver, renal, as well as glucose and pancreatic enzymes respectively. More so, from the studies retrieved for the reviews, 28% were on acute toxicity study, 49% on sub-acute study, and 30% on chronic toxicity study.
Conclusion: The systematic review indicated toxicities of tartrazine and carmoisine in rats are significantly reduced in exposed rats at recommended ADI when used within 30 days. However, toxicological impact on organs and organ markers were observed at ADI doses when the duration of the study is over 90 days. The systematic review further reveals that the use of high doses, particularly above 5-10 times the ADI dose despite the duration of study induces toxicities in the liver, kidneys, pancreas, and haematological parameters. 
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1. INTRODUCTION
The first noticeable quality of food is its appearance and colour (Demirkol et al., 2012; Joshi and Mittal, 2014).  Food dyes are substances that change, maintain, and improve on the colour, quality, and appearance of food when added to food or food products by covalently binding to the food particles (Xu et al., 2010; Kola-Ajibade et al., 2024). Kaur and Gupta, (2014), explained that food dyes are important to maintain and improve on the natural colour of a given food or food products making the food more attractive and appetizing, providing identity, protecting flavours, and vitamin from danger of light and for artistic or decoration purposes as commonly seen in cakes. Food dyes are classified mainly into two main categories namely natural food dyes and synthetic food dyes. Synthetic food dyes also known as artificial food dyes are chemically manufactured from coal tar (Abernoumand, 2011; Alsulami, 2023; Zand et al., 2025).  These dyes are very stable, cost-effective and widely available in urban and rural markets (Marathe et al., 1993; Zand et al., 2025). The synthetic dyes have completely replaced the natural dyes because natural food dyes tend to lose their colour(s) during processing of food (due to heat), storage and other forms of treatment (Chang et al., 2010; Kiziltan et al., 2022).  However, adverse effects and associated health risks due to toxicity of synthetic food dyes have been reported in several scientific studies in both animals and humans (Chang et al., 2010; Amchova et al., 2024). However, the European Food Safety Authority (EFSA) in 2009 in her scientific opinion on the re-evaluation of Azorubine/Carmoisine as a food additive stated that carmoisine or tartrazine did not induce adverse  or toxicological effects. Tartrazine and carmoisine are examples of synthetic food dyes. Tartrazine and carmoisine 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 (Chang et al., 2010; Amchova et al., 2024). 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).	Comment by Darmasu Kulawe: Use the same font throught

Following the reports of toxicity, adverse, and hazardous effects of some azo dyes, laws and regulations were put in place for regulating the use of synthetic food dyes (in food) especially when consumed in excess (Moutinho et al., 2007; Arnold et al., 2012). The safety of food dyes and other food additives is regulated jointly by the Food and Agricultural Organization (FOA) and World Health Organization (Arnold et al., 2012). The European Union uses the “E” prefix for approved food dyes. 
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Figure 1:  Structure of tartrazine and Carmoisine Azo dyes.
2. METHODS 	Comment by Darmasu Kulawe: Give space
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 liver and liver enzymes”, “effect of tratrazine and carmoisine on renal and renal markers” as well as “effect of tartrazine and carmoisine on glucose and pancreatic enzymes” 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 for studies published between 1978–2026, using Google Scholar, between 1996-2026 for PubMed, and between 1978 and 2026 from Global Health. More so, searches were done from Cochrane library and BIOSIS. No restrictions were placed on language or study type. 
2.3 Inclusion and Exclusion Criteria
Studies involving fishes, worms, mouse, rabbits, humans, microorganisms, tissue culture, as well as water bodies were excluded. More so, review papers on tartrazine or carmoisine toxicity were excluded. Furthermore, studies involving the use of other azo dyes instead of carmoisine or tartrazine or their combination were also excluded. However, studies conducted in Swiss rats, Albino rats, Sprague-Dawley rats, and Wistar rats that were exposed orally using gavage method or through rat feds or any other well-defined technique with established dosage and duration of exposure were included. Also included were studies that titles and abstracts that tallies or identified with our keywords and phrases as indicated in outline 2.1. The full text of each of the relevant articles were then reviewed and studies were excluded if they did not provide data on “effect of tartrazine and carmoisine on liver and liver enzymes”, “effect of tratrazine and carmoisine on renal and renal markers” as well as “effect of tartrazine and carmoisine on glucose and pancreatic enzymes” that are relevant to this review work. More so, study designs involving interventions on the toxicities of these dyes were also included, particularly to identify the effect of the azo dye on the parameters of interest prior to the intervention instituted. Finally, only studies conducted or presented in English language were included in this work.
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 1978 to 2026. 
3. RESULTS 
The review showed that studies were either acute, sub-acute or chronic studies lasting between 2- 14 days, 14 days – 35 days, and up to 52 weeks respectively. Doses administered ranged between 2mg/kg to 22.5g/kg. Specimens used were serum, plasma or homogenate of RBCs, liver, kidneys, or bone marrow. 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 liver, renal, and pancreatic tissues 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 3,773 unique publications from Google Scholar, PubMed, Cochrane Library, BIOSIS, and Global Health. Of the 3,773 articles, 2050 were excluded due to duplication while 1628 were further excluded based on review articles, usage of multi-mixture of dyes, experimentation on fishes and other animals instead of rats leaving us a total of 95 full text articles were reviewed for eligibility.  Of the 95 full text articles, 39 full articles were included in the study. Figure 2 provides the search flow diagram of the number of studies screened for eligibility and included in the study. 
3.2 Estimated Frequencies  
Based on the systematic reviews, 61%, 26%, and 13% of the papers reviewed where done tartrazine, carmoisine, and combination of tartrazine and carmoisine respectively. Of these papers reviewed, 56% exposure of these azo dyes to rats was on acceptable daily intake with duration between 21 to 90 days while 54% of the treatments were on high doses between the period of 2 days to 300 days. In addition, 54%, 49%, 38% of the studies were on the liver, renal, as well as glucose and pancreatic enzymes respectively. More so, from the studies retrieved for the reviews, 28% were on acute toxicity study, 49% on sub-acute study, and 30% on chronic toxicity study (Table 1). When the impact of dyes on liver tissues were estimated, exposures at ADI doses that caused increased was 8%, for 30 days, 15.3% between 60-90 days for ADI doses, and 5% between 60-90 days. However, 8% indicated no significant difference at exposure to ADI doses for 30 days. Exposure at high doses 15.3% increase in liver enzymes in rat in less than or up to 30 days while 3% of the study indicated no significant different. In renal markers were estimated, exposure at ADI doses between 30 and 60 had the highest of 17.9% in rats while exposure at 30 days indicated 3%. At high doses, the highest elevated values of renal markers were observed between 90m-120 days exposure with 15.3% followed by 30 days exposure with 10.2%. However, no significant exposure at high doses within 30 days had 10.2%. Meanwhile, when glucose was estimated, between 3% and 5% of the studies indicated elevated glucose between 30 days and 60-90 days at ADI exposure respectively. When high doses were considered, 10.2% indicated increased levels of glucose, while 5% indicated lower levels of glucose after 90 to 120 days exposure. More so, when pancreatic enzymes were estimated, 3% indicated increased lipase and amylase enzymes at ADI and high doses within 30 days exposure period. However, reduced pancreatic enzymes were reported in 3% and 5% in 60-90 as well as 90-120 days exposure respectively while 3% of the papers reviewed did not indicate significant changes (Table 2). Finally, estimates of haematological parameters, RBC, HB, and HCT indicated significant decrease in 5% for 90-120 days and 3% for 30 days studies at high doses while 3% indicated no significant difference. At ADI dose, 3% indicated increase I RBC, HB, and HCT for 30 days studies while 5% showed a decreased value within 90-120 days.  WBC and differential WBCs showed 3% increase values between 30 and 90 days while 8% significantly higher values were observed in studies between 90 and 120 days at ADI doses. At high dose, significantly higher values were seen at 3%. However, no significant difference and significantly decreased values were observed at 3% as well. Platelet and platelet indices were not affected at ADI doses. However, at high doses, 5% of the studies indicated increased platelet count and mean platelet volume (MPV) between 60-90 days of exposure. Likewise, RBC indices indicated 3% increased in MCH and MCV exposed to high doses of tartrazine and carmoisine for 60 to 90 days (Table 3). 
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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 
	24
	0.61, 61

	Carmoisine
	10
	0.26, 26

	Mixture of Tartrazine and carmoisine
	5
	0.13, 13 

	
	
	

	Prevalence of Studies on Different Organ
	
	

	Liver and Liver Enzymes
	21
	0.54, 54

	Kidney and Renal Markers
	19
	0.49, 49

	Glucose, Pancreatic Enzymes
	15
	0.38, 38

	
	
	

	Type of Study
	
	

	Acute
	11
	0.28, 28

	Sub-acute 
	19
	0.49, 49

	Chronic
	12
	0.30, 30

	
	
	

	Dosage and Duration from Studies
	
	

	ADI Dosage
	
	

	≤ 30 days
	6
	0.15, 15

	≥ 30 days, ≤60 days
	7
	0.18, 18

	≥ 60 days, ≤90 days
	9
	0.23, 23

	High Dosage
	
	

	≤ 30 days
	10
	0.26, 26

	≥ 30 days, ≤60 days
	6
	0.15, 15

	≥ 60 days, ≤90 days
	2
	0.05, 5

	≥ 90 days, ≤120 days
	3
	0.08, 8




Table 2: Frequencies of significant elevation, fall or no difference based on exposure 
              dosage and duration on liver, renal, glucose, and pancreatic enzymes from 
              the Studies
	Dosage and Duration
	Increased
	No difference
	Decreased 

	Liver Enzymes & Proteins
	
	
	

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

	≤ 30 days
	3, 0.08, 8
	3, 0.08, 8
	-

	≥ 30 days, ≤60 days
	6, 0.153, 15.3
	1, 0.03, 3
	-

	≥ 60 days, ≤90 days
	2, 0.05, 5
	-
	-

	High Dosage
	
	
	

	≤ 30 days
	6, 0.153, 15.3
	1, 0.03, 3
	-

	≥ 30 days, ≤60 days
	5, 0.128, 12.8
	1, 0.03, 3
	-

	≥ 60 days, ≤90 days
	4, 0.102, 10.2
	-
	-

	≥ 90 days, ≤120 days
	2, 0.05, 5
	-
	-

	
	
	
	

	Renal Parameters
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	1, 0.03, 3
	3, 0.08, 8
	-

	≥ 30 days, ≤60 days
	7, 0.179, 17.9
	2, 0.05, 5
	-

	≥ 60 days, ≤90 days
	2, 0.05, 5
	1, 0.03, 3
	-

	High Dosage
	
	
	

	≤ 30 days
	4, 0.102, 10.2
	4, 0.102, 10.2
	-

	≥ 30 days, ≤60 days
	3, 0.08, 8
	1, 0.03, 3
	-

	≥ 60 days, ≤90 days
	0
	1, 0.03, 3
	-

	≥ 90 days, ≤120 days
	6, 0.153, 15.3
	-
	-

	
	
	
	

	Glucose 
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	2, 0.05, 5
	-
	-

	≥ 30 days, ≤60 days
	1, 0.03, 3
	1, 0.03, 3
	-

	≥ 60 days, ≤90 days
	1, 0.03, 3
	-
	-

	High Dosage
	
	
	

	≤ 30 days
	4, 0.102, 10.2
	-
	2, 0.05, 5

	≥ 30 days, ≤60 days
	4, 0.102, 10.2
	-
	2, 0.05, 5

	≥ 60 days, ≤90 days
	1, 0.03, 3
	-
	-

	≥ 90 days, ≤120 days
	-
	-
	2, 0.05, 5

	
	
	
	

	Pancreatic Enzymes
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	1, 0.03, 3
	-
	-

	≥ 30 days, ≤60 days
	-
	1, 0.03, 3
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	-
	-
	1, 0.03, 3

	≥ 60 days, ≤90 days
	-
	1, 0.03, 3
	-

	≥ 90 days, ≤120 days
	1, 0.03, 3
	1, 0.03, 3
	2, 0.05, 5




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

	RBCs, HB, HCT 
	
	
	

	ADI Dosage
	n, %
	n, %
	n, %

	≤ 30 days
	1, 0.03, 3
	1, 0.03, 3
	2, 0.05, 5

	≥ 30 days, ≤60 days
	1, 0.03, 3
	1, 0.03, 3
	1, 0.03, 3

	≥ 60 days, ≤90 days
	-
	-
	1, 0.03, 3

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	-
	-
	1, 0.03, 3

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤120 days
	1, 0.03, 3
	-
	2, 0.05, 5

	
	
	
	

	WBC & Diff. WBCs
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	1, 0.03, 3
	1, 0.03, 3
	-

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	3, 0.08, 8
	-

	High Dosage
	
	
	

	≤ 30 days
	1, 0.03, 3
	1, 0.03, 3
	1, 0.03, 3

	≥ 30 days, ≤60 days
	1, 0.03, 3
	1, 0.03, 3
	1, 0.03, 3

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤120 days
	1, 0.03, 3
	1, 0.03, 3
	1, 0.03, 3

	
	
	
	

	PLT, PLT Indices
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	2, 0.05, 5
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤120 days
	-
	-
	-

	
	
	
	

	RBC indices
	
	
	

	ADI Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	-
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	High Dosage
	
	
	

	≤ 30 days
	-
	-
	-

	≥ 30 days, ≤60 days
	1, 0.03, 3
	-
	-

	≥ 60 days, ≤90 days
	-
	-
	-

	≥ 90 days, ≤120 days
	-
	-
	-



4. DISCUSSION 
4.1 Tartrazine and Carmoisine on Hepatocellular Toxicity 
The liver detoxifies many substance ingested into the body whether intentionally or accidentally (Jaeschke, 2010). Gluthathione and other conjugating enzymes such as uridyl diphosphate glucoronyl transferase play vital roles in the detoxification of substances in the liver and usually hepatocellular damages occur when this mechanism of conjugating metabolites by glutathione is saturated or where the rate of toxic metabolites produced exceeds the bioavailability of glutathione (Nwanjo, 2005; Crook, 2007). The effect of tartrazine and carmoisine on the liver has been studied extensively. When the impact of dyes on liver tissues were estimated from the studies reviewed, exposures at ADI doses that caused increased was 8%, for 30 days, 15.3% between 60-90 days for ADI doses, and 5% between 60-90 days. However, 8% indicated no significant difference at exposure to ADI doses for 30 days. Exposure at high doses 15.3% increase in liver enzymes in rat in less than or up to 30 days while 3% of the study indicated no significant different.. E.g. Elekima et al., (2019), Adele et al., (2020) in their separate work, documented no significant changes in AST, ALT, and ALP enzymes in rats exposed to tartrazine for 30 days at ADI dose of 7.5mg/kg. Shakoor et al., (2022) also reported similar findings of no significant change in the AST, ALT, ALP levels when 9.6mg/kg  of tartrazine was administered to rats for 15, 30 and 45 days.  In another related study, ELekima et al., (2023) also documented no significant change when rats were exposed to carmoisine for 30, 60, and 90 days at ADI doses of 4mg/kg. However, few studies also pointed out that the use of ADI doses could also cause significantly increased values of liver enzymes. E.g. Khayyat et al., (2017) and El-Desoky et al., (2022) indicated significantly higher values of AST, ALT, and ALP in rats treated with 7.5mg/kg of tartrazine for 50 and 30 days respectively.  Meanwhile, many controversies were not seen in studies using higher doses above ADIs. E.g.  Islam et al., (2024), documented increase in AST, ALT, and ALP when rats were exposed to tartrazine at 200, 400, and 600mg/kg for 40 weeks.  El-Arab et al., 2025, documented similar results in rats exposed to 30mg/kg of atrtrazine for 8 weeks. Further details of the papers reviewed showing how tartrazine or carmoisine affected liver enzymes alongside proteins are indicted in Table 4.	Comment by Darmasu Kulawe: Substances 	Comment by Darmasu Kulawe: Remove full stop	Comment by Darmasu Kulawe: Remove space


	
The significantly higher values of these hepatocellular enzymes in tartrazine and carmoisine exposed rats, generally indicates hepatocullular derangements. The concentration of these enzymes in the plasma is a direct function of the degree of injury or insult on the hepatocytes. Amin et al., (2010) observed that when two synthetic dyes (tartrazine and carmoisine) are administered simultaneously hepatocellular damages are more severe when compared to administration of a single synthetic dye. Histological derangements were further documented in these rats. Elekima et al., 2023 reported vacuolation and loss of parenchymal tissues, inflamed hepatic cells, loss of hepatic plate and hyperpigmentation of hepatocellular cells were also seen in rats fed with 4mg/kg of carmoisine over a period 60 and 90 days. Upadhyay, (1997), Aboel-Zahab et al., (1997), Mehedi et al., (2013), demonstrated the presence of hepatocellular derangements such as mild hydropic degeneration of the centrilobular hepatocytes, sinusoidal and centrilobular vena compressions in rats exposed to higher doses of tartrazine orally. In addition, presence of congested blood vessels and area of haemorrhage in the liver sections were seen in rats given varying doses of tartrazine. Khayyat et al., (2017) also documented hepatocytes appeared with necrotic nuclei and cytoplasmic vacuolization while some cells had irregular-shaped nuclei, others were devoid of nuclei.  The mechanism of tartrazine and carmoisine toxicity is linked to the fact that tartrazine contains butylated hydroxytoluene (BHT), which has been reported to aggravate hepatotoxicity, causing hepatic necrosis, hemorrhagic death, and increased serum transaminase activities in male rats exposed to tartrazine (10 mg/kg bwt). Additionally, tartazrine exposure increased the expression of cyclooxygenase-2 (COX-2), an enzyme involved in tissue inflammation, in both the sinusoidal lining and degenerated cells. 



Table 4
Markers of Hepatocxicity 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
	↑AST, ALT, ALP
	Islam et al., 2024 

	Albino Rat
	Tartrazine 
	4, 6, 8mg/kg
	20, 40, & 60 Days
	Serum
	↑AST, ALT, ALP, CPK, ↑Bilirubin 
↑LDH (8mg/kg/60 days

	Ahmad et al., 2019 

	Albino Rat
	Tartrazine 
	2mg/kg
	20, 40, & 60 Days
	Serum 
	↔AST, ALT, ALP, CPK, ↔Bilirubin, LDH 

	Ahmad et al., 2019 

	Albino Rat
	Carmiosine 
	4.0mg/kg
	60 and 90 days
	Serum 
	↑AST, ALT, ALP 
	Elekima et al., 2023 

	Albino Rat
	Carmiosine 
	4.0mg/kg
	30 days
	Serum
	↔AST, ALT, ALP 
	Elekima et al., 2023 


	Albino Rat
	Carmiosine 
	200mg/kg and 400mg/kg
	120 days
	Serum
	↑AST, ALT, ALP, Total Protein, ↑Globulin, ↔Albumin

	Reza et al., 2019

	Swiss Rat
	Tartrazine
	30mg/kg
	8 weeks
	Serum 
	↑AST, ALT, ALP 
↑Direct Bilirubin
↑Indirect Bilirubin

	El-Arab et al., 2025 

	Albino Rat
	Tartrazine
	7.5mg/kg and 75mg/kg
	7 weeks
	Serum 
	↑AST, ALT, ALP 
	Jiddah & Gadanya ,2022 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30, 60, 90 days
	
	↔AST, ALT, ALP, GGT
↑ALT (60&90 days)
	Adele et al., (2020) 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30 days
	Serum
	↔ AST, ALT, ALP
	Elekima et al., 2019 


	Albino Rat
	Tartrazine
	7.5mg/kg
	60, 90 days
	Serum
	↑AST, ALT, ALP 
	Elekima et al., 2019 


	Albino Rat
	Tartrazine
	10mg/kg
	8 weeks
	Serum
	↑AST, ALT, ALP, Total Protein, ↑Globulin, Albumin
	Madeha et al., 2018 

	Albino Rat
	Tartrazine
	96mg/kg 
	15, 30 and 45 days
	Serum
	↑AST, ALT, ALP, LDH, ↑Bilirubin
	Shakoor et al., 2022 

	Albino Rat
	Tartrazine
	9.6mg/kg,
	15, 30 and 45 days
	Serum
	↔ AST, ALT, ALP,  LDH
↔ Bilirubin
	Shakoor et al., 2022

	Albino Rat
	Tartrazine & Carmiosine mixture
	7.5mg/kg
	
	Serum
	↑AST, ALT, ALP 
	Abdel-Rahim et al.2019

	Albino Rat
	Tartrazine
	0.005% and 0.05%
	90 days
	Serum
	↑AST, ALT, ALP, Total Protein, ↑Globulin, Albumin, Bilirubin

	Alioui et al., 2017..


	Albino Rat
	Tartrazine & Carmiosine 
	15 &500mg/kg
	30 days
	Serum
	↑AST, ALT, ALP, Total Protein, ↑Globulin, Albumin,Bilirubin

	Amin et al., (2010) 

	Albino Rat
	Tartrazine
	10 and 100mg/kg
	21 days
	Serum
	↑AST, ALT, ALP, GGT, AFP, ↑LDH, ↑Bilirubin

	Varlı et al., 2025 

	Albino Rat
	Tartrazine
	7.5mg/kg
	50 days
	Serum
	↑AST, ALT, ALP, GGT
↑Bilirubin

	El-Desoky et al., 2022 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30 days
	Serum
	↑AST, ALT, ALP, GGT
↑ Bilirubin

	Khayyat et al., 2017 

	Albino Rat
	Tartrazine
	2.5%
	13 weeks
	serum
	↑AST, ALT, ALP

	Mehedi et al., 2013 

	Wistar Rats
	Carmoisine
	60 & 100mg/kg
	6 weeks
	blood
	↑AST, ALT, ALP
	Longodor et al., 2023


Keys:↑=increased,↔=No difference, AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, ALP=Alkaline phospahtase, GGT=Glutamyl transferase, LDH=Lactate Dehydrogenase, CPK=Creatine phosphokinase, 
4.2 Tartrazine and Carmoisine on Creatinine and Urea as markers of Nephrotoxicity 
The nephrons are the functional unit of the kidney and they are involved in the formation of urine and maintenance of homeostasis (Newman and Price, 2003). In assessing the renal functional integrity, several biochemical parameters are used.  However, in this review, electrolytes, uric acid, urea, and creatinine were reviewed. Creatinine and urea are routinely used in the assessment of renal integrity (Smith, 1992). Diet and state of hydration or dehydration does not influence plasma or serum creatinine compared to urea. Therefore, measurement of plasma urea alone is not very reliable (Newman and Price, 2003). 

Exposures of tartrazine and carmoisine have been reported to induce renal dysfunction in rats even though there are still contradictory scientific reports, particularly when ADI doses are used. E.g. Khayyat et al. (2017) documented significantly increased levels of uric acid, creatinine, and urea in rats treated orally with tartrazine of 7.5 mg/kg daily for 30 days. In addition, El-Desoky et al., (2022) also documented exposure to tartrazine for 50 days at 7.5mg/kg caused significantly elevated levels of creatinine, urea, and uric acid in rats. Alioui et al., 2017 increased creatinine and urea in rats exposed to 0.05% of tartrazine for 90 days. They further reported hypernatremia, hyperkalamia, hypochloremia, hypocalcaemia, hypomagnesaemia, and hypophosphataemia. However, at higher doses, 5-10 times the ADI, exposure were reported to cause increased levels of uric acid, urea, and creatinine indicating renal impairment. E.g. Reza et al., (2019) documented elevation in creatinine and urea in rats treated with 200mg/kg and 400mg/kg of carmoisine orally exposed to rats for 120 days. Amin et al., (2010), further stated that both low and high doses of tartrazine and carmoisine when fed to rats separately in their diet induced elevated creatinine and urea levels for a period of 30 days. More so, Jiddah and Gadanya (2022) documented increased values of creatinine and urea was observed in rats fed with 75mg/kg of tartrazine for 7 weeks.  Madeha et al., 2018 documented increased creatinine, urea, and uric acid in rats exposed to 10mg/kg of tartrazine for 8 weeks. More details of the impact of the renal markers are shown in Table 2. Analysis of the reviewed papers indicated that, exposure at ADI doses between 30 and 60 had the highest of 17.9% in rats while exposure at 30 days indicated 3%. At high doses, the highest elevated values of renal markers were observed between 90m-120 days exposure with 15.3% followed by 30 days exposure with 10.2%. However, no significant exposure at high doses within 30 days had 10.2%.	Comment by Darmasu Kulawe: Significant increase in levels	Comment by Darmasu Kulawe: Reported that after exposure to tartrazine at 7.5mg/kg for 50 days, there was significant elevation of levels of creatine, urea and uric acid in the rats.

These studies also explained histological features that are indicative of renal toxicity and impairment. Himri et al., (2011), demonstrated the presence of tubular dilation, tubular degeneration, dilation of the glomerular capillaries, intercapillary sclerosis and atrophy of glomerulus when rats received orally tartrazine at doses of 7.5mg and 10mg/kg/day for 90 days. Khayyat et al., (2017) documented degeneration in glomerular structure, loss of renal tubules integrity, vacuolation, membrane injury in apical surfaces of tubular epithelial cells, and degeneration in the basal membrane of cells in rats were exposed to 7.5mg/kg of tartrazine for 30 days. El-Desoky et al., (2022) and Elekima et al., (2023) in their documented clustered glomerular cells, poorly defined mesangial, vacuolated endothelial cells area, and pockets of endothelial distortion in the distal tubule in rats exposed to tartrazine and carmoisine at ADI doses for 50 days and 60 days respectively. In a similar study, Mehedi et al., (2013), documented lumen compression in tubular cells with an interstitial lymphocyte infiltration, edema, and glomerular damages in albino rats treated with 1% and 2.5% of tartrazine doses for 13 weeks. More so, Elekima et al., (2019), reported the presence of hyaline cast in the distal tubule when exposed to high doses of tartrazine. These results are indicative of tubular degeneration of the nephrons that might affect tubular re-absorption of substances such as urea, sodium, and potassium from the lumen into the interstitial tissues. These reviews further indicate that despite the controversies when ADI doses were administered, tartrazine or carmoisine can induce renal derangements when administered in higher doses above their recommended ADIs as indicated by the significant increase in urea, creatinine, loss of glomerular and tubular functions. 



Table 5 
Markers of Nephrotoxicity 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
	↑Creatinine, Urea
	Islam et al., 2024

	Albino Rat
	Tartrazine
	4, 6, 8mg/kg
	40 & 60 Days
	Serum
	↑Creatinine, Urea
	Ahmad et al., 2019


	Albino Rat
	Tartrazine
	2mg/kg
	20, 40, & 60 Days
	Serum
	↔ Creatinine, Urea
	Ahmad et al., 2019

	Albino Rat
	Carmiosine
	4.0mg/kg
	60 & 90 days
	Serum
	↑Creatinine, Urea
	Elekima et al., 2023

	Albino Rat
	Carmiosine
	4.0mg/kg
	30 days
	Serum
	↔ Creatinine, Urea
(In female Rats)
	Elekima et al., 2023

	Albino Rat
	Carmiosine
	200 and 400mg/kg
	120 days
	Serum
	↑Creatinine, Urea
	Reza et al., 2019


	Albino Rat
	Tartrazine
	7.5 & 75mg/kg
	7 weeks
	Serum
	↑Creatinine, Urea
	Jiddah & Gadanya ,2022

	Albino Rat
	Tartrazine
	7.5mg/kg
	30 days
	Serum
	↔ Creatinine, Urea
	Elekima et al., 2019


	Albino Rat
	Tartrazine
	7.5mg/kg
	60, 90 days
	Serum
	↑Creatinine, Urea
	Elekima et al., 2019


	Albino Rat
	Tartrazine
	10mg/kg
	8 weeks
	Serum
	↑Creatinine, Urea
↑Uric Acid ↑Albumin
	Madeha et al., 2018

	Albino Rat
	Tartrazine
	96mg/kg
	15, 30 and 45 days
	Serum
	↑Creatinine, Urea, Uric Acid
	Shakoor et al., 2022

	Albino Rat
	Tartrazine
	9.6mg/kg,
	15, 30 and 45 days
	Serum
	↔ Creatinine, Urea, Uric Acid
	Shakoor et al., 2022

	Albino Rat
	Tartrazine
	0.05%
	90 days
	Serum
	↑Creatinine, Urea
↓Ca2+, Mg2+, K+, ↓Na+
	Alioui et al., 2017..

	Albino Rat
	Tartrazine
	0.005%
	90 days
	Serum
	↔Creatinine, Urea
↔Ca2+, Mg2+, K+, ↔Na+
	Alioui et al., 2017

	Albino Rat
	Tartrazine & Carmiosine
	15 & 500mg/kg
	30 days
	Serum
	↑Creatinine, Urea, Uric Acid
	Amin et al., 2010

	Albino Rat
	Tartrazine
	7.5mg/kg
	50 days
	Serum
	↑Creatinine, Urea, Uric Acid
	El-Desoky et al., 2022


	Albino Rat
	Tartrazine
	7.5mg/kg
	30 days
	Serum
	↑Creatinine, Urea, Uric Acid
	Khayyat et al., 2017


	Albino Rat
	Tartrazine
	2.5%
	13 weeks
	Serum
	↑Creatinine, Urea, Uric Acid
	Mehedi et al., 2013


	Albino Rat
	Tartrazine
	200 and 400mg/kg
	25 days
	Plasma
	↑Creatinine, Urea

	Arefin et al., 2017

	Albino Rat
	Tartrazine
	10mg/kg
	90 Days
	Plasma
	↑Creatinine, Urea

	Himri et al., 2011

	Wistar Rats
	Carmoisine
	60 & 100mg/kg
	6 weeks
	blood
	↑Creatinine
	Longodor et al., 2023


Keys:↑=increased,↔=No difference
4.3 Tartrazine and Carmoisine on Glucose and Pancreatic Enzymes
One of the most sensitive and specific indicator for pancreatic damage in form of inflammation is the pancreatic lipase enzyme (Şensoy, 2024). The pancreas play vital role in controlling the plasma glucose concentration preventing metabolic disorders such as diabetes mellitus (Osere et al., 2024). In assessing pancreatic function, measurement of pancreatic enzymes in plasma such as amylase, lipase, trypsin, chymotrypsin, caspase-3, etc. are routinely performed. However, measurement of plasma glucose can also be used to ascertain indirectly insulin activities (Crook, 2007). Lipase enzyme is principally involved in the digestion of lipid molecules and is produced mainly by the parenchymal cells of the pancreas. The increases in this enzyme in the plasma suggest pancreatic damage (pancreatitis or inflammation of the pancreas) and the concentration of this enzyme in the plasma is a direct function of the degree of injury or insult on the pancreas (Cannon, 1992; Crook, 2007; Şensoy, 2024). Lipase is more specific for pancreatic damage (and in acute inflammation) and tends to have longer half-life in the plasma after pancreatic damage (Crook, 2007). Amylase activity is influenced by factors such as gastric perforation and severe hypertriglyceridaemia unlike lipase (Cannon, 1992; Crook, 2007). 

The exposure to azo dyes, particularly tatrazine or carmosine or the combination of these dyes on the pancreas and glucose metabolism has also been controversial especially when the exposures are carried in ADI doses. Some studies reported no changes in pancreatic enzymes or glucose in rats while other studies documented otherwise. E.g. Elekima et al., (2019) documented significantly higher values of glucose in tartrazine exposed rats at ADI doses of 7.5mg/kg for 30, 60, and 90 days. In 2023, Elekima and colleagues further reported higher values of glucose in rats exposed to 4.0mg/kg of carmoisine for 30, 60, and 90 days. However, Shakoor et al., (2022) documented lower values of glucose in rats exposed 9.6mg/kg of tartrazine over period of 15, 30 and 45 days on daily basis. Amin et al., (2010), reported hyperglycaemia when tartrazine administered at low (15mg/kg) and high doses in male albino rats for 30 days. Alioui et al., 2017 reported hyperglycaemia in rats exposed to 0.05% of tartrazieb for 90 days. Similarly, Sharma et al., (2009), also observed hypoglycaemia when rats were fed with tartrazine orally at low and high doses of 0.2 and 0.4g/kg of tartrazine for 35 days. In addition, Aboel-Zahab et al., (1997), Mehedi et al., (2013), and Imafidon et al., (2015), Imafidon et al;, 2015) documented hypoglycaemic states in tartrazine doses of 10, 20, 40, and 80mg/kg while Mehedi et al., (2013), reported doses of 1% and 2.5%  administered orally for 13 weeks. 	Comment by Darmasu Kulawe: Remove the open column	Comment by Darmasu Kulawe: Remove space

Regarding pancreatic enzymes, Elekima et al., (2019) documented no significant difference of lipase activities in tartrazine exposed rats at ADI doses of 7.5mg/kg for 30, 60, and 90 days. Sharma et al., (2009), reported significantly lower values of lipase activities resulting in hypertriglyceridaemia in rats exposed to tartrazine azo dyes at high doses of 0.4g/kg of tartazine for 35 days.  In addition, Ameur et al., 2019 reported amylase and lipase activities were not affecting in rats treated with 0.005% and 0.05% of tartrazine orally for 13 weeks in both male and female rats. However, significant reduction in the pancreatic activities of chymotrypsin and trypsin were observed in rats treated with 0.005% and 0.05% for 13 weeks. Details of these reports are seen in Table 3. The reviewed work indicated that glucose was estimated, between 3% and 5% of the studies indicated elevated glucose between 30 days and 60-90 days at ADI exposure respectively. However, in high doses, 10.2% indicated increased levels of glucose, while 5% indicated lower levels of glucose after 90 to 120 days exposure. Finally, when pancreatic enzymes were estimated, 3% indicated increased lipase and amylase enzymes at ADI and high doses within 30 days exposure period. However, reduced pancreatic enzymes were reported in 3% and 5% in 60-90 as well as 90-120 days exposure respectively while 3% of the papers reviewed did not indicate significant changes. Şensoy, (2024) documented proliferative fibroblasts, haemorrhagic areas, necrosis among ß cells, and lymphocytic infiltration indicative chronic pancreatitis were observed in the rats treatefd with 30mg/kg of tatrzine for 28 days. The significantly lower values of amylase and lipase enzymes may indicate loss of pancreatic exocrine cells due to oxidative stress-induced damage while the recorded hypoglycaemia or hyperglycaemias are indirectly a measure of the pancreatic endocrine function. The reduced values of lipase and amylase could also account for the higher values of lipid fractions such triglycerides, vLDL, and LDL in rats exposed to tartrazine and carmoisine. The islet of langerhans are responsible for the production of insulin in the metabolsin of glucose. In circumstances were these are inflamed or damaged, hypoglycaemia or hyperglycaemia may ensue depending on the functional state of the islet cells.

Table 6 
Markers of Glucose and Pancreatic Toxicity Induced by Tartrazine or Carmoisine in Rats
	Animal 
	Dye Type
	Dose
	Length of treatment
	Sample
	Results
	Author

	Albino Rat
	Carmiosine 
	4.0mg/kg
	30, 60 & 90 days
	Serum 
	↑Glucose
	Elekima et al., 2023 

	Albino Rat
	Tartrazine
	0.005% and 0.05%
	13 weeks
	Serum
	↔Lipase, ↔Amylase 
↓Trypsin, Chymotrypsin

	Ameur et al., 2019 

	Albino Rat
	Tartrazine
	7.5mg/kg
	30, 60, 90 days
	Serum
	↑Glucose
↔Lipase
	Elekima et al., 2019 

	Swiss Rat
	Tartrazine
	0.2 and 0.4g/kg
	35 days
	Serum
	↑Glucose, ↑TG
↓Lipase
	Sharma et al., 2009

	Swiss Rat
	Tartrazine
	7.5g/kg
	35 days
	Serum
	↔Glucose, Lipase
↔TG
	Sharma et al., 2009

	Albino Rats
	Tartrazine
	10, 20, 40, and 80mg/kg
	Not defined
	Serum 
	↑Glucose, 

	Imafidon et al., 2015

	Albino Rat
	Tartrazine
	96mg/kg 
	15, 30 and 45 days
	Serum
	↑Glucose

	Shakoor et al., 2022 

	Albino Rat
	Tartrazine
	9.6mg/kg,
	15, 30 and 45 days
	Serum
	↓Glucose, 

	Shakoor et al., 2022

	Albino Rat
	Tartrazine
	0.05% 
	90 days
	Serum
	↑Glucose
	Alioui et al., 2017

	Albino Rat
	Tartrazine & Carmiosine 
	15mg/kg and 500mg/kg
	30 days
	Serum
	↑Glucose
	Amin et al., 2010

	Albino Rat
	Tartrazine
	1% and 2.5%
	13 weeks
	Serum 
	↓Glucose
	Mehedi et al., 2013 


	Wistar Rats
	Tarrazine
	10mg/kg
	3 weeks
	Serum 
	↑Caspase-3
	Erdemli et al., 2020


	Wistar Rats
	Carmoisine
	60 & 100mg/kg
	6 weeks
	blood
	↑Glucose
	Longodor et al., 2023


Keys:↑=increased,↔=No difference, TG=Triglyceride 
4.4 Effect of Tartrazine and Carmoisine on Haematological Markers
Haematological studies entail the study of blood cells and their abnormalities as it affects their production from the bone marrow (Bloom and Brandt, 2010; Bain, 2010).  Blood consist of erythrocytes, leukocytes, thrombocytes that are suspended in fluid called plasma (Perkins, 2009; Briggs and Bain, 2012). The plasma provides the medium in which substances suspended in it are transported from one point to another to enable active physiological function of the body to be performed (Bain, 2012). The red blood cells which main component is the haemoglobin are important in transportation and distribution of oxygen to all cells of the body. They are also part of the body’s buffering system (Perkins, 2009; Bloom and Brandt, 2010). The white blood cells are nucleated and are also known as leukocytes and are mainly involved in defence mechanism.  Leukocytes exist in five physiological and structural forms namely: neutrophil, lymphocytes, monocytes, eosinophil and basophil). The platelets are derived from parent cells called Megakaryocytes  and they are mainly involved in maintenance of haemostasis (Ryan, 2010; Bain, 2012).  Haematological investigations are commonly used to assess toxicity of chemical and pathological changes in an individual (Ryan, 2010).	Comment by Darmasu Kulawe: Remove space

In clinical practice, the Complete Blood Count (CBC) also known as Full Blood Count (FBC) is usually performed to assess haematological derangements or haematoxicity.  Component of the FBC performed routinely include the following estimation: haemoglobin concentration, haematocrit (HCT) or Packed Cell Volume (PCV), leukocytes count, erythrocyte count, platelet count, red cell indices, and differential leukocytes count (Perkins, 2009; Bain, 2012). 
Several studies have been documented to induce haematotoxicity and one of such etiologies is azo dyes. Holmes et al., (1978) documented no significant changes in haematological values in rats exposed to 0.35%, 0.8%, and 2% of carmoisine azo dye mixed in food for 52 weeks. In a study, Aboel-Zahab et al., (1997) reported that when carmoisine and tartrazine were fed to rats, these food dyes induced a highly significant decrease in red blood cell count, haemoglobin (Hb) and haenatocrit values. In another related study, Sharma et al., (2009), also reported significant decrease in RBC, haemoglobin and haematocrit values alongside increased MCV, MCH and decreased MCHC in rats exposed to tartrazine azo dyes at low and high doses of 02 and 0.4g/kg respectively of tartrazine for 35 days.  Contrary to these report, Mehedi et al., (2013), documented increase red blood cells, haemoglobin and haematocrit values in rats treated with tartrazine for 13 weeks at 1%, 2.5% and 5%. They cited azo dye induced-haemo-concentration as the reason for elevation of the RBCs, HB and HCT in the exposed rats. Imafidon et al., (2015), also documented slight increase in haematocrit when rats were exposed to varying concentration of tartrazine to rats 0, 10, 20, 40, and 80mg/kg. More so, Ahmad et al., (2019) reported significant fall in HB, HCT in rats exposed to tarzine at 4, 6, and 8mg/kg for 0ver a period of 20, 40, 60 days. However rats exposed to 2mg/kg did not indicate any significant change.  Furthermore, Ramez et al., 2019 reported decreased values of RBC, HB, and HCT in rats fed with 20mg/kg of tartrazine for 60 days while Reza et al., 2019 also documented reduction in RBC, HB, HCT in rats treated with 400mg/kg of carmoisine orally exposed to rats for 120 days. However, rats exposed at 4mg/kg and 200mg/kg did not indicate significant decreased except in 200mg/kg treated rats that caused a decrease in HB. Details of several studies regarding HB, HCT, and RBCs are indicated in Table 7. 

Regarding red cell indices, Ramez et al., 2019 reported decreased values of RBC, HB, and HCT in rats fed with 20mg/kg of tartrazine for 60 days. MCH and MCV indicated increased values in rats exposed to 20 mg/kg for 60 days.  Reza et al., (2019), rats exposed to carmoisine orally for 120 at 200mg/kg caused a significant decrease in HB, MCV, MCH, and MCHC values while no significant difference in RDW was observed of carmoisine orally exposed to rats for 120 days However, at ADI dose of 4mg/kg, no significant differences were observed in these parameters.  
Regarding total white cell count, Also, Hashem et al., (2010) and Himri et al., 2011, documented that administration of tartrazine for 4 weeks at dosage of (47.0 and 315mg/kg bodyweight) and (5.0, 7.5 and 10mg/kg bodyweight) respectively did not affect the total white cell count. Ramez et al., 2019 reported significantly reduced total WBCs, lymphocytes, and  monocytes, and granulocytes values in rats fed with 20mg/kg of tartrazine for 60 days while Reza et al., (2019) documented increased WBC count and monocytes in rats exposed to 400mg/kg for 120 days. However, no significant differences were observed in Neutrophil, lymphocytes, eosinophil, and basophil.

Studies on the impact of tartrazine or carmoisine or both on different white cell count, showed either significantly decreased or increased values in exposed rats. In a study carried out by Sharma et al., (2009), significant increases in neutrophil and lymphocytes and a significant decrease in eosinophilic count were observed while monocytes and basophils indicated no significant difference in rats exposed to tartrazine food dye orally for 35 days at 0.2 and 0.4g/kg. In addition, Elekima & Christian (2019) documented significantly lowered values neutrophil and eosinophils and significantly higher values of lymphocytes and monocytes in rats orally exposed to tartrazine orally to rats at doses of 2.5, 5.0, 10.0, 15.0, and 20.0g/kg for 48 hours. Furthermore, significant increases in the neutrophil and lymphocytic counts were further observed when 7.5mg/kg were given to rats for 30, 60, and 90 days in both male and female rats. However, no significant differences in basophilic counts were observed in rats exposed to ADI doses and high doses of tartrazine. In addition, Imafidon et al., (2015), also documented slight increase in monocytes when rats were exposed to varying concentration of tartrazine to rats 0, 10, 20, 40, and 80mg/kg. 

In addition, activities of platelets were also reported to be affected by these dyes. Ramez et al., (2019) reported increased platelet values in rats fed with 20mg/kg of tartrazine for 60 days. MCH and MCV indicated increased values in rats exposed to 20 mg/kg for 60 days.  Also, Reza et al., (2019) documented increased platelet count in rats treated with 400mg/kg of carmoisine orally exposed to rats for 120 days. However, no significant difference was observed in mean platelet volume (MPV) in rats exposure to 4, 200 and 400mg/kg for 120 days. Meanwhile, Longodor et al., (2023) reported increased values of MPV, PCT, and PBW in rats exposed to 60 and 100mg/kg carmoisine for 6 weeks. Details of other studies are indicated in Table 7. 


Table 7 
Markers of Haemato-toxicity Induced by Tartrazine or Carmoisine in Rats
	Animal 
	Dye Type
	Dose
	Length of treatment
	Sample
	Results
	Author

	Albino Rat
	Tartrazine 
	2mg/kg
	20, 40, & 60 Days
	Whole Blood
	↔RBC, HB, HCT

	Ahmad et al., 2019 

	Albino Rat
	Tartrazine 
	4, 6, & 8mg/kg
	20, 40, & 60 Days
	Whole Blood
	↓RBC, HB, HCT

	Ahmad et al., 2019 

	Albino Rat
	Carmiosine 
	400mg/kg
	120 days
	Whole Blood
	↓RBC, HB, HCT
↑WBC, PLT, Mono
	Reza et al., 2019

	Albino Rat
	Carmiosine 
	200mg/kg
	120 days
	Whole Blood
	↔RBC, HCT
↓ HB
	Reza et al., 2019

	Albino Rat
	Tartrazine
	20mg/kg
	60 days
	Whole Blood
	↓RBC, HB, HCT, WBC
↓Lym, Mono,
↑MCH, MCV, PLT, MPV
	Ramez et al., 2019 

	Albino Rat
	Tartrazine
	2.5, 5.0, 10.0, 15.00 and 20.00g/kg
	 2 days
	Whole Blood
	↑Lym, Mono
↓Neut, Eosino, 
	Elekima & Christian 2019

	Albino Rat
	Tartrazine
	10, 20, 40, and 80mg/kg.
	
	Whole Blood
	↔Mono

	Imafidon et al., 2015

	Albino Rat
	Tartrazine
	7.5mg/kg
	30, 60, and 90 days
	Whole Blood
	↑Lym, Neut,
↑WBC (90 days)
↔Mono, Eosino, Baso
	Elekima & Christian 2019

	Albino Rats
	Tartrazine
	47.0 and 315mg/kg
	4 weeks
	Whole Blood
	↔WBC
	Hashem et al., 2010 

	Albino Rats
	Tartrazine
	5.0, 7.5 and 10mg/kg
	90 days 
	Whole Blood
	↔WBC
	Himri et al., 2011

	Albino Rats
	Tartrazine
	0.2 and 0.4g/kg
	35days
	Whole Blood 
	↑Lym, Neut
↔Mono, Eosino
	Sharma et al., 2009

	Albino Rats
	Tartrazine
	1% and 2.5%
	13 weeks
	Whole Blood
	↓WBC
	Mehedi et al, 2013

	Wistar Rats
	Carmoisine
	60 & 100mg/kg
	6 weeks
	Whole blood
	↓RBC, HB, HCT, MCHC
↑WBC, PLT, Lym, mono, ↑MCH, MCV, PCT, PDW, MPV
	Longodor et al., 2023


Keys:↑=increased,↔=No difference, WBC=White Blood Cell, Lym=Lymphocyte, Mono=Monocyte, Neut=Neutrophil, Eosino=Eosinophil, MCH=Mean Cell Haemoglobin, MCV=Mean ell volume, PLT=Platelet, MPV=Mean platelet volume, RBC=Red Blood Cell, HB=Haemoglobin, HCYT=Haematocrit 
5. Conclusion 
The systematic review indicated toxicities of tartrazine and carmoisine in rats are significantly reduced in exposed rats at recommended ADI when used within 30 days. However, toxicological impact on organs and organ markers were observed at ADI doses when the duration of the study is over 90 days. The systematic review further reveals that the use of high doses, particularly above 5-10 times the ADI dose despite the duration of study induces toxicities in the liver, kidneys, pancreas, and haematological parameters. This study is quite relevant in the sense that, despite the World Health Organization's (WHO) warnings regarding excessive consumption of tartrazine and carmoisine azo dyes, the excessive use of these dyes are observed in unsupervised food and drinks. These lacks of strict regulation, enforcement, and uncontrolled usage have made these dyes inducing harmful effects on the liver, kidney and pancreas.  
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