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SYSTEMATIC EVALUATION OF SIGNS, SYMPTOMS, AND SEVERITY OF TARTRAZINE AND CARMOISINE AZO DYES ACUTE TOXICITY IN ALBINO RATS 
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Abstract
Colours are an important component of food and food products stimulating the desired psychological satisfaction, particularly in children. The study was designed to evaluate the severity, signs, and symptoms of tartrazine and carmoisine toxicity in albino rats. A total of 160 rats (male and female) rats weighing approximately 0.15kg were used for the experiment. Pilot studies were done to establish the LD100 of tartrazine and carmoisine in both intraperitoneal and oral routes of administration in the experimental animals. The LD100 of tartrazine administered intraperitonally and orally were 8.33 g/kg and 20.0 g/kg respectively while the LD100 of carmoisine administered intraperitonally and orally were 2.0g//kg and 22.5 g/kg respectively. Following the LD100 determination, doses of tartrazine intraperitoneally administered were 0.0g/kg, 1.68g/kg, 3.33g/kg, 5.0g/kg, 6.67g/kg, 8.33g/kg, 10.0g/kg, 13.33g/kg, and 16.67g/kg while doses of tartrazine orally administered were 0.0g/kg, 2.5g/kg, 5.0g/kg, 10.0g/kg, 15.0g/kg, 20.0g/kg, 22.5g/kg, 30.0g/kg, 35.0g/kg, and 40.0g/k. Regarding carmoisine, the doses of carmoisine administered intraperitoneally were 0.0g/kg, 0.17g/kg, 0.50g/kg, 1.0g/kg, 1.53g/kg, 2.0g/kg, 2.5g/kg, 3.33g/kg, 4.17g/kg, and 5.0g/kg. In contrast, doses orally administered were 0.0g/kg, 5.0g/kg, 10.0g/kg, 12.5g/kg, 17.5g/kg, 22.5g/kg, 25.0g/kg, 32.5g/kg, 37.5g/kg, and 40.0g/kg.  The severity, signs, and symptoms of toxicity were monitored for 24 hours immediately after administration.  Signs and symptoms of toxicity such as pigmentation, sedation, respiratory distress, coma, and death were observed. More so, other signs of toxicity such as loss of appetite, yellowish or reddish urine  and soft stool, watery stool, low motor activities, nosebleeds, drooling, loss of furs, and generalized fatigue were observed particularly in the dose/rats where respiratory distress, coma, and death occurred. Data obtained were analysed using GraphPad Prism and statistical significance was seen at P<0.05. The time of onset of the signs and symptoms of toxicity were inversely proportional to the dose while the severity of the toxicity was proportional to the dose administered. The severity, signs, and symptoms of azo dye toxicity in treated rats vary based on the dose administered and the time of exposure. Rats treated with higher doses of azo dyes such as sunset yellow and azorubine showed several severe indicators of toxicity including death. Therefore, the consumption of high doses of carmoisine or tatrazine in food or food products even on a short-term basis should be avoided.
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1. Introduction 
Colours are a vital components of food and food products that stimulates the desired psychological satisfaction in most consumers, particularly children and young adults (Ai-Mashhedy & Fijer, 2016; Elekima & Ollor, 2016). Tartrazine and carmoisine are examples of edible synthetic food dyes mainly derived from organic compounds (coal tar) that can reflect light (Demirkol et al., 2012; Reza et al., 2019).

The consumption of synthetic azo food dyes has been reported to induce nephrotoxicity, hepatotoxicity (Ramez et al., 2019; Elekima et al, 2023), reduced haemoglobin, and haematocrit levels, distortions of WBC quantity and morphology (Elekima & Christian, 2019), as well as severe interference with enzyme (Daffallah et al., 2015). It has further been documented, particularly in children that consumption of tartrazine and carmoisine in food products is associated with most attention deficit disorders, and allergic and intolerance reactions when consumed in high concentration (Arnold et al., 2012).
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Figure 1:  Structure of tartrazine dye (A) and Carmoisine Dye (B) (Pan et al., 2011; Tsuda et al., 2001)

Tartrazine and carmoisine are water-soluble azo dyes with maximum acceptable daily intake (ADI) of 7.5mg/kg/bw and 4.0mg/kg/bw respectively (Amin et al., 2010; Sattar, & Amin, 2018). The toxicity of carmoisine and tartrazine is linked with the reductive biotransformation of the azo bond during their metabolism in the liver and in the gut following microbial actions (Chequer et al., 2011). Their metabolism leads to the production of reactive amines, aryl amines, and free radicals that are associated with their toxicity (Umbuzeiro et al., 2005; Chequer et al., 2011).  Therefore, laws and regulations are in place to regulate synthetic food dye use (Arnold et al., 2012). This study tends to investigate the major signs and symptoms of toxicities, the onset of toxicity, as well as the severity of tartrazine and carmoisine toxicity in albino rats in an acute state.  

2. Materials and Methods

2.1	Animals
Male and female rats weighing approximately 0.15kg were used for this experiment. A total of 160 rats weighing 0.15 kg were used for the study, 80 for tartrazine and another 80 for carmoisine treatments (Table 1a and Table 1b). All the animals were obtained through breeding except the parent rats purchased from the University of Port Harcourt animal farm. The rats were kept in a well-ventilated plastic cage in the animal house of the Faculty of Medical Laboratory Science, Rivers State University of Science, Port Harcourt. The rats were fed with rat pre-mix rat feed and water ad libitum.

2.2	Carmoisine and Tartrazine food dyes
Industrial grade tartarzine and carmoisine were purchased from Fiorio Colori spa, Gesste, Italy in a granular form of 87.9% purity. 

2.3 Preparation of carmoisine and tartrazine food dyes

2.3.1 Intraperitoneal Treatment
Two (2) grams of the tartrazine and carmoisine dyes were weighed separately and dissolved in their respective sterile containers containing 8 ml of distilled water followed by vigorous mixing for 30 minutes. This implies that 1.0 ml of each respective dye solution contains 0.25 grams.

2.3.2 Oral Treatment
In this case, 3.0 grams of the tartrazine and carmoisine dyes were weighed separately and dissolved in their respective sterile containers containing 8 ml of distilled water followed by vigorous mixing for 30 minutes. This implies that 1.0 ml of each respective dyesolution contains 0.375 grams.

2.4 Equipment 
Materials used include an ohaus weigh balance, timer, and oro-gastric/gavage tubes. 

2.5 Determination of LD100 of Tartrazine and Carmoisine 
Pilot studies were done to establish the minimum dose that caused 100% deaths (LD100) in the experimental animals. The LD100 of tartrazine administered intraperitonally and orally were 8.33 g/kg and 20.0 g/kg respectively while the LD100 of carmoisine administered intraperitonally and orally was 2.0g/kg and 22.5 g/kg respectively using Karber’s method as described by Dede et al., (1993). 

2.6 Dose Calculation 
Following the LD 100 determination, doses of tartrazine intraperitoneally administered were 0.0g/kg, 1.68g/kg, 3.33g/kg, 5.0g/kg, 6.67g/kg, 8.33g/kg, 10.0g/kg, 13.33g/kg, and 16.67g/kg while doses of tartrazine orally administered were 0.0g/kg, 2.5g/kg, 5.0g/kg, 10.0g/kg, 15.0g/kg, 20.0g/kg, 22.5g/kg, 30.0g/kg, 35.0g/kg, and 40.0g/kg (Table 1a and Table 1b).  Regarding carmoisine, the doses of carmoisine administered intraperitoneally were 0.0g/kg, 0.17g/kg, 0.50g/kg, 1.0g/kg, 1.53g/kg, 2.0g/kg, 2.5g/kg, 3.33g/kg, 4.17g/kg, and 5.0g/kg while doses orally administered were, 0.0g/kg, 5.0g/kg, 10.0g/kg, 12.5g/kg, 17.5g/kg, 22.5g/kg, 25.0g/kg, 32.5g/kg, 37.5g/kg, and 40.0g/kg (Table 1a and Table 1b).  

2.7 Monitoring of Signs and Symptoms of Toxicity
The two sets of tartrazine and carmoisine (orally and intraperitoneally) treated rats were monitored for signs and symptoms of tartrazine toxicity including death for 24 hours.  Signs and symptoms such as pigmentation of body parts, convulsion, sedation, respiratory distress, coma, and death were monitored for 24 hours immediately after administration. 

2.8 	Statistical Analysis
Data obtained were analysed using GraphPad Prism, version 8.02. Data were presented as Mean±SD. ANOVA alongside Tukey’s posthoc was employed. Statistical significance was seen at P < 0.05. 

3. RESULTS
3.1 Signs and Symptoms of Toxicity 
3.1.1 Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity of Tartrazine Intraperitoneally Administered  
[bookmark: OLE_LINK7]Pigmentation and sedation of the rats occurred at all doses. The time of both pigmentation and sedation onset at 8.33g/kg was significantly shorter than that of 6.67g/kg. In addition, the time of pigmentation and sedation onset at 3.33g/kg, 5.0g/kg, 6.67g/kg, and 8.33g/kg were significantly shorter than 1.67g/kg. More so, respiratory distress occurred from 3.33g/kg to 8.33g/kg doses. The time of respiratory distress onset at 8.33g/kg was significantly shorter than that of 6.67g/kg, 5.0g/kg, and 3.33g/kg. In addition, the time of respiratory distress onset at 6.67g/kg was significantly shorter than 3.33g/kg. Furthermore, it was observed that coma and death of the rats occurred at 5.0g/kg, 6.67g/kg, and 8.33g/kg doses. Coma as well as death at 8.33g/kg and 6,67g/kg were significantly shorter than that of 5.0g/kg (Table 2).  

3.1.2 Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity of Tartrazine Orally Administered  
[bookmark: OLE_LINK2]It was observed that pigmentation and sedation of the rats occurred at all doses. The time of pigmentation and sedation onset at 20.0g/kg was significantly shorter than that of 10.0g/kg, 5.0g/kg, and 2.5g/kg except 15.0g/kg. In addition, the time of pigmentation and sedation onset at 15.0g/kg was also significantly shorter than 10.0g/kg. More so, respiratory distress occurred at 5.0g/kg, 10.0g/kg, 15.0g/kg, and 20.0g/kg. The time of respiratory distress onset at 20.0g/kg was significantly shorter than that of 5.0g/kg, and 10.0g/kg. In addition, there was a significantly shorter time between 15.0g/kg and 10.0g/kg. Furthermore, coma and death occurred at doses, 10.0g/kg, 15.0g/kg, and 20.0g/kg. The onset of coma and death between 10.0g/kg, 15.0g/kg, and 20.0g/kg were significantly shorter as the doses were increased (Table 3).

3.1.3 Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity Carmoisine Intraperitoneally Administered  
[bookmark: OLE_LINK10]It was observed that pigmentation of the rats occurred at all doses. The time of pigmentation onset between dosages indicated a significantly shorter time as the doses were increased except between 2.0g/kg and 1.53g/kg. In addition, sedation occurred at all doses. The time of sedation onset between dosages indicated a significantly shorter time as the doses were increased except between except 0.5g/kg and 1.0g/kg. Respiratory distress in the rats occurred at 0.5g/kg, 1.0g/kg, 1.53g/kg, and 2.0g/kg. There were significantly shorter times of onset between dosages. More so, it was observed that coma and death occurred at 1.0g/kg, 1.53g/kg, and 2.0g/kg. The time of onset of coma and death at 2.0g/kg dose was significantly shorter than 1.0g/kg.  However, there was no significant time difference 1.0g/kg and 1.53g/kg and 1.53g/kg and 2.0g/kg (Table 4).  

3.1.4 Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity of Carmoisine Orally Administered  
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]It was observed that pigmentation of the rats occurred at all doses. The time of pigmentation onset indicated a significantly shorter time between the dosages except between 5.0g/kg and 10.0g/kg and between 17.5g/kg and 22.5g/kg in a dose-dependent pattern. In addition, sedation occurred at all doses. The time of sedation onset indicated a significantly shorter time between the dosages except between 12.5g/kg and 10.0g/kg. Furthermore, it was observed that respiratory distress in the rats occurred at 10.0g/kg, 12.5g/kg, 17.5g/kg, and 22.5g/kg doses.  The time of respiratory distress onset at 10.0g/kg, 12.5g/kg, 17.5g/kg, and 22.5g/kg doses had significantly shorter onset as the doses were increased. More so, it was observed that coma of the rats occurred at 10.0g/kg, 12.5g/kg, 17.5g/kg, and 22.5g/kg doses. The time of coma onset at 22.5g/kg was significantly shorter than 10.0g/kg, 12.5g/kg, and 17.5g/kg. However, there were no significant differences between 10.0g/kg and 12.5g/kg and between 12.5g/kg and 17.5g/kg. Finally, it was observed that the death of the rats occurred at 10.0g/kg, 12.5g/kg, 17.5g/kg, and 22.5g/kg doses. There were significantly shorter times in the time of death onset between the dosages (table 5). 

3.2 Assessing the Severity of Symptoms of Toxicity 

The severity of symptoms of tartrazine and carmoisine azo dyes used for the study were quantified using the following score; + Pigmentation, 2+ Sedation, 3+ Respiratory distress, 4+ Coma, and 5+ Death. The score multiplied by the number of rats affected gave the total severity score at each dose.  

In terms of tartrazine administered intraperitoneally,  it was observed that at 1.67g/kg only pigmentation and sedation occurred, while at 3.33g/kg, pigmentation, sedation, and respiratory distress occurred, and finally at 5.0g/kg, 6.67g/kg and 8.33g/kg, respiratory distress, coma, and death occurred (Table 6). Regarding tartrazine administered orally, it was observed that at 2.5g/kg, only pigmentation and sedation occurred, while at 5.0g/kg, pigmentation, sedation, and respiratory distress occurred, and finally at 10.0g/kg, 15.0g/kg, and 20.0g/kg, respiratory distress, coma, and death occurred (Table 7). In addition,  concerning carmoisine administered intraperitoneally, it was shown that at 0.17g/kg only pigmentation and sedation occurred, while at 0.5g/kg, pigmentation, sedation, and respiratory distress occurred, and finally at 1.0g/kg, 1.5g/kg and 2.0g/kg, respiratory distress, coma, and death occurred (Table 8). Regarding carmoisine orally administered, it was also observed that at 5.0g/kg, pigmentation and sedation occurred, while at 10.0g/kg, pigmentation, sedation, and respiratory distress occurred. Finally, at 12.5g/kg, 17.5g/kg, and 22.5g/kg, respiratory distress, coma, and death occurred (Table 9). In these cases, the score given multiplied by the number of rats affected generated the total severity score at each dose which was used to plot the severity of symptoms versus doses of dyes graphs (Figure 2 -6).
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Table 1a: Determination of LD100 of Tartrazine and Carmoisine Intraperitoneally Treated Rats
	Tartrazine Treated Group
	
	Carmoisine Treated Group

	Group
	No of Rats
	Volume (ml)
	Dose (g/kg)
	All Dead?
	
	Group
	No of Rats
	Volume (ml)
	Dose (g/kg)
	All Dead?

	ATI
	4
	0.0
	0.0
	NO
	
	ACI
	4
	0.0
	0.0
	NO

	BTI
	4
	1.0
	1.67
	NO
	
	BCI
	4
	0.10
	0.17
	NO

	CTI
	4
	2.0
	3.33
	NO
	
	CCI
	4
	0.30
	0.50
	NO

	DTI
	4
	3.0
	5.00
	NO
	
	DCI
	4
	0.60
	1.0
	NO

	ETI
	4
	4.0
	6.67
	NO
	
	ECI
	4
	0.90
	1.53
	NO

	*FTI
	4
	*5.0
	*8.33
	YES
	
	*FCI
	4
	*1.20
	*2.0
	YES

	GTI
	4
	6.0
	10.0
	YES
	
	GCI
	4
	1.50
	2.5
	YES

	HTI
	4
	8.0
	13.33
	YES
	
	HCI
	4
	2.0
	3.33
	YES

	ITI
	4
	9.0
	15.0
	YES
	
	ICI
	4
	2.50
	4.17
	YES

	JTI
	4
	10.0
	16.67
	YES
	
	JCI
	4
	3.0
	5.0
	YES


LD100 = 8.33g/kg and 2.0g/kg for tartrazine and carmoisine intraperitoneally administration respectively
Table 1b: Determination of LD100 of Tartrazine and Carmoisine Orally Treated Rats
	Tartrazine Treated Group
	
	Carmoisine Treated Group

	Group
	No of Rats
	Volume (ml)
	Dose (g/kg)
	All Dead?
	
	Group
	No of Rats
	Volume (ml)
	Dose (g/kg)
	All Dead?

	ATO
	4
	0.0
	0.0
	NO
	
	ACO
	4
	0.0
	0.0
	NO

	BTO
	4
	1.0
	2.50
	NO
	
	BCO
	4
	2. 0
	5.0
	NO

	CTO
	4
	2.0
	5.0
	NO
	
	CCO
	4
	4.0
	10.0
	NO

	DTO
	4
	4.0
	10.0
	NO
	
	DCO
	4
	5. 0
	12.5
	NO

	ETO
	4
	6.0
	15.01
	NO
	
	ECO
	4
	7.0
	17.5
	NO

	*FTO
	4
	*8.0
	*20.0
	YES
	
	*FCO
	4
	*9.0
	*22.5
	YES

	GTO
	4
	9.0
	22.5
	YES
	
	GCO
	4
	10.0
	25.0
	YES

	HTO
	4
	12.0
	30.0
	YES
	
	HCO
	4
	13.0
	32.5
	YES

	ITO
	4
	14.0
	35.0
	YES
	
	ICO
	4
	15.0
	37.5
	YES

	JTO
	4
	16.0
	40.0
	YES
	
	JCO
	4
	16.0
	40.0
	YES


LD100 = 20.0g/kg and 22.5g/kg for tartrazine and carmoisine orally administration respectively

Table 2: Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity in Tartrazine Intraperitoneally Treated Rats.
	Dose (g/kg)
	Pigmentation
	Sedation
	Respiratory Distress
	Coma
	Death

	0.0
	-
	-
	-
	-
	-

	1.67
	80.25±7.41a
	81.75±4.99a
	-
	-
	-

	3.33
	63.75±4.27a
	72.50±4.79a
	91.50±9.98a
	-
	-

	5.0
	56.50±7.33b
	64.75±9.97b
	83.25±10.05a
	145±0.21a
	316±0.13a

	6.67
	44.50±5.50b
	56.50±8.58b
	65.50±4.79b
	126.7±5.13b
	281±11.72b

	8.33
	19.50±6.95c
	30.75±5.85c
	46.00±9.85c
	118±6.50c
	213±8.51c

	P value
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*

	F value
	102.70
	87.16
	120.70
	102.5
	2303


*Significant p value. PostHoc: values in the same column with different superscripts differ significantly at p<0.05. 

Table 3: Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity in Tartrazine Orally Treated Rats
	Dose (g/kg)
	Pigmentation
	Sedation
	Respiratory Distress
	Coma
	Death

	0.0
	-
	-
	-
	-
	-

	2.5
	98.75±19.16a
	94.25±5.56a
	-
	-
	-

	5.0
	82.75±5.50a
	78.50±5.80a
	117.80±17.33a
	-
	-

	10.0
	73±7.394a
	73.50±8.58a
	96±10.33b
	165±4.24a
	352±5.66a

	15.0
	44.50±5.51b
	57.25±4.43b
	73±9.256b
	139.3±6.66b
	294.7±9.45b

	20.0
	29.25±3.90c
	36.75±9.71c
	53.25±10.24c
	128.30±2.87c
	228.8±12.69c

	P value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	F value
	60.15
	110.10
	96.37
	2346
	1814


*Significant p value. PostHoc: Values in the same column with different superscripts differ significantly at p<0.05. 
Table 4: Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity in Carmoisine Intraperitoneally Treated Rats
	Dose (g/kg)
	Pigmentation 
	Sedation 
	Respiratory Distress
	Coma
	Death

	0.0
	-
	-
	-
	-
	-

	0.17
	94.25±4.35a
	129.8±8.26a
	-
	-
	-

	0.5
	81.75±7.93a
	106.3±8.88b
	173±8.87a
	-
	-

	1.0
	52.75±6.70b
	93±12.81b
	154±11.22b
	264.5±19.09a
	361.0±4.24a

	1.53
	26±4.97c
	78.75±8.92c
	125.5±8.58c
	239.5±12.02b
	329.5±12.02b

	2.0
	18.75±3.30d
	53±3.92d
	103±11.43c
	221±10.23b
	283.5±18.70b

	P value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	F value
	204.5
	123.0
	335.3
	922.1
	1183.4


*Significant p value. PostHoc: Values in the same column with different superscripts differ significantly at p<0.05. 


Table 5: Approximate Time in Minutes of Appearance of Signs and Symptoms of Toxicity in Carmoisine Orally Treated Rats
	Dose (g/kg)
	Pigmentation 
	Sedation 
	Respiratory Distress
	Coma
	Death

	0.0
	-
	-
	-
	-
	-

	5.0
	110.0±11.17a
	135.3±7.54a
	-
	-
	-

	10.0
	97.50±9.11a
	117.3±12.84b
	194.5±5.51a
	298±0.12a
	418.0±0.23a

	12.5
	62.75±6.18b
	107.0±7.39b
	170.8±7.59b
	276±11.31a
	370.5±2.12b

	17.5
	40.0±5.12c
	86.75±6.13c
	139.8±8.26c
	258.0±9.16b
	346.3±6.43c

	22.5
	31.75±4.92c
	61.75±6.33c
	109.0±9.31d
	228.3±20.76c
	294.8±13.38d

	P value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	F value
	139.8
	160.4
	287.4
	515.6
	2389


*Significant p value. PostHoc: Values in the same column with different superscripts differ significantly at p<0.05. 
Table 6: Severity of Symptoms of Toxicity versus Dose of Tartrazine Intraperitoneally Administered
	Dose (g/kg)
	Pigmentation
	Sedation
	Res. distress
	Coma
	Death
	Total

	0.00
	0
	0
	0
	0
	0
	0

	1.67
	4+
	8+
	0
	0
	0
	12+

	3.33
	4+
	8+
	3+
	0
	0
	15+

	5.0
	4+
	8+
	6+
	4+
	5+
	27+

	6.67
	4+
	8+
	9+
	12+
	15+
	48+

	8.33
	4+
	8+
	12+
	16+
	20+
	60+


Key symptoms = (Pigmentation +; Sedation 2+; Res. Distress 3+; Coma 4+; Death 5+) × no of rats affected.

Table 7: Severity of Symptoms of Toxicity versus Dose of Tartrazine Orally Administered
	Dose (g/kg)
	Pigmentation
	Sedation
	Res. distress
	Coma
	Death
	Total

	0.00
	0
	0
	0
	0
	0
	0

	2.5
	4+
	8+
	0
	0
	0
	12+

	5.0
	4+
	8+
	6+
	0
	0
	18+

	10.0
	4+
	8+
	9+
	8+
	10+
	39+

	15.0
	4+
	8+
	12+
	12+
	15+
	51+

	20.0
	4+
	8+
	12+
	16+
	20+
	60+


Key symptoms = (Pigmentation +, Sedation 2+, Res. Distress 3+, Coma 4+, Death 5+) × no of rats affected.

Table 8: Severity of Symptoms of Toxicity versus Dose of Carmoisine Intraperitoneally Administered
	Dose (g/kg)
	Pigmentation
	Sedation
	Res. distress
	Coma
	Death
	Total

	0.0
	0
	0
	0
	0
	0
	0

	0.17
	4+
	8+
	0
	0
	0
	12+

	0.5
	4+
	8+
	6+
	0
	0
	18+

	1.0
	4+
	8+
	9+
	8+
	10+
	39+

	1.5
	4+
	8+
	12+
	8+
	10+
	42+

	2.0
	4+
	8+
	12+
	16+
	20+
	60+


Key: symptoms = (Pigmentation +, Sedation 2+, Res. Distress 3+, Coma 4+, Death 5+) × no of rats affected.
Table 9: Severity of Symptoms of Toxicity versus Dose of Tartrazine Orally Administered
	Dose (g/kg)
	Pigmentation
	Sedation
	Res. distress
	Coma
	Death
	Total

	0.0
	0
	0
	0
	0
	0
	0

	5.0
	4+
	8+
	0
	0
	0
	12+

	10.0
	4+
	8+
	6+
	4+
	5+
	27+

	12.5
	4+
	8+
	9+
	8+
	10+
	39+

	17.5
	4+
	8+
	12+
	12+
	15+
	51+

	22.5
	4+
	8+
	12+
	16+
	20+
	60+


Key symptoms = (Pigmentation +, Sedation 2+, Res. Distress 3+, Coma 4+, Death 5+) × no of rats affected.

3.3 Graphical Representation of the Approximate Time (Minutes) of Appearance of Signs and Symptoms of Toxicity 
The graphical representation of the approximate time (minutes) of the appearance of signs and symptoms of toxicity is shown in figure 2 -5.
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Figure 2: Graph of Approximate time (min) of appearance of Pigmentation (A), Sedation (B), Respiratory distress (C), Coma (D), and Death (F) in Rats administered with tartrazine intraperitoneally

[image: C:\Users\hp\Desktop\Untitled TAR O.png]
Figure 3: Approximate time (min) of appearance of Pigmentation (A), Sedation (H), Respiratory Distress (I), Coma (K), and Death (M) in Rats orally treated with  Tartrazine 
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Figure 4: Approximate time (min) of appearance of Pigmentation (N), sedation (P), res. Distress (Q), Coma (R), and Death (T) in Rats treated intraperitoneally with carmoisine
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Figure 5: Approximate time (min) of appearance of Pigmentation (U), Sedation (V), Res. Distress (W), Coma (X), and Death (Y) with an increased dose of carmoisine orally administered

3.4 Graphical Representation of Severity of Symptoms for Tartrazine and Carmiosine Treated Rats
The severity of toxicity of tartrazine and carmiosine dyes in treated rats is shown in Figure 6. 
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Figure 6: Severity of symptoms on tartrazine-treated rats (intraperitoneally) (A), Tartrazine-treated rats (orally) (B), carmoisine-treated rats (intraperitoneally) (C), and carmoisine-treated rats (orally) (D). 
4. Discussion

The results of the LD100 of tartarzine and carmoisine for intraperitoneal and oral routes of administration using the Arithmetic Method of Karber could be classified as slightly toxic for intraperitoneal administration while when administered orally, it is a practically non-toxic substance following the Matsumura, (1975) chemical rating. The differences in the values of the LD100 of the intraperitoneally and orally treated rats in both dyes are possibly due to the route of administration. In the oral route, the interaction of dyes with intestinal secretions, food materials, digestive and non-digestive enzymes, and microbial actions as well as hepatic first-by pass could account for the reduced degree of toxicity as indicated by the LD100 values in contrast to intraperitoneal route administration were systemic circulation is achieved quickly. The results observed are similar to our previous studies (Elekima et al., 2017) when one rat per group was used to determine LD100 and LD50 of azo dyes in albino rats. Our findings further affirm that the smaller the value of the LD100, the more toxic the substance, and the larger the LD100 value the lesser the toxicity of azo dyes as obtainable in other chemicals.  
More so, the onset signs and symptoms of tartrazine and carmoisine dyes such as pigmentation, sedation, respiratory distress, coma, and death all occurred in a dosage-dependent pattern. This implies that, as the doses were increased the time of onset of appearance of the signs and symptoms of toxicity such as pigmentation, sedation, respiratory distress, coma, and death were shorter or faster. The onset of signs and symptoms is inversely related to time.  The higher the dose administered the higher the severity of the toxicity. That is, the severity of the toxicity in these dyes was also dose-dependent. 
However, coma and death were noticed at the LD100 doses and doses closer to the LD100 in both dyes. Besides, the documented signs and symptoms of toxicity, there were other signs such as loss of appetite, yellowish or reddish soft stool (depending on the dye, tartazine or caromoisine), watery stool, low motor activities, and generalized fatigue were observed significantly in the dose/rats where respiratory distress, coma, and death occurred. More so, signs and symptoms of toxicity such as nosebleeds, the yellowish or reddish colouration of the urine, drooling, and loss of furs were also observed in the rats. Our findings concur with the report of Ai-Mashhedy & fijer, (2016), who reported clinical signs of toxicity such as loss of appetite, drowsiness, tachycardia, and decrease in locomotion, and anorexia in azorubine-treated white Sprague Dawley® mice.  Likewise, Qasim & Lafta (2024) observed that the animals that were administered with 15 g/kg BW of Sunset Yellow and Carmoisine azo dyes showed signs of loss of appetite, tachycardia, drowsiness, and eventual death over a period of 7 days. Qasim & Lafta (2024), further observed that doses of 2, 3, 4, and 5 g/kg body weight (BW) orally for 7 days did not show clinical symptoms. However, they did not report the mortality of mice in the treated group.  More so, Sattir & Amin, (2018), documented no signs and symptoms of clinical and behavioral toxicity in albino rats fed with azorubine for 30 days at doses of 5, 15, and 20mg/kg.  The discrepancies between our findings and the reports of others could be related to the differences in the treatment doses. In our study, the lowest dose was 1.67g/kg and 0.17g/kg for tartrazine and carmoisine intraperitoneal treatment and 2.5g/kg and 5.0gkg for carmoisine and tartrazine oral administration respectively.  

The capacity to excrete large concentration of unabsorbed dyes through the faeces, and the metabolic influence of the liver, intestinal secretions, and intestinal microbial interactions with the dye could have accounted for the reduced severity of toxicity in the oral groups compared to intraperitoneal groups. Coma and death could also be associated with organ failures such as that of the liver and renal system. The organ failures are associated with the capacity of these azo dyes to generate reactive oxygen species (ROS) and reactive nitrogen species (RNS) linked with cell lesions, tissue perooxidation, and loss of cell and tissue physiological functions. 
The dose-dependent severity of dyes in the rats could be linked with the overwhelming activity of ROS and RNS (oxidative stress) on the anti-oxidant state of the rats. The mopping up of free radicals by the anti-oxidant systems of the rats would have been exhausted leading to indirect and direct insults on the cells and tissues of the organ-systems of the rats. Therefore, the higher the dose administered, the greater the insult to the cells and tissues of the organ system of the rats.
5. Conclusion
The severity, signs, and symptoms of azo dye toxicity in rats treated do vary based on the dose administered and the time of exposure. Rats treated with higher doses of azo dyes such as sunset yellow and azorubine showed several severe indicators of toxicity including death. Therefore, the intake of high doses of carmoisine or tartrazine in food or food products even on a short-term basis should be avoided.
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