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[bookmark: _Hlk193972302]Acute Assessment of Azorubine Exposure on Testosterone, Progesterone, Estradiol, Follicle Stimulating Hormone, Luteinizing Hormone and Prolactin in Male and Female Albino Rats



ABSTRACT
[bookmark: _Hlk194196601]A study of azorubine toxicity on reproductive hormones and gonads of albino rats was carried out. A total of 80 albino rats weighing approximately 0.15kg were used, of which a total of 40 rats was used for the intraperitoneal study and another 40 rats used for the oral study. The rats were divided randomly into 10 groups of 4 rats each for both the interperitoneal and oral treatments. The groups were designed A, B, C, D, E, F, G, H, I, and J for the pilot study to determine the LD100 while the acute study only considered the groups A, B, C, D, E, and F following the determination of the LD100. The rats were treated with varying doses of azorubine for 48 hours and blood samples were collected using cardiac puncture. Hormonal parameters like testosterone, estradiol, progesterone, follicle stimulating hormone, luteinizing hormone, and prolactin were analysed from blood samples collected from the treated rats using ELISA method. The H & E staining technique was used for histological evaluation of the ovaries and testes. Statistical analysis was done using Graphpad Prism, version 9.02 and results obtained were expressed as Mean ±SD. In terms of pilot study, doses used for the intraperitoneal administration 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 used orally 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. In terms of acute study, the intraperitoneally treated groups were designated ACIP, BCIP, CCIP, DCIP, ECIP and FCIP with doses of 0.0g/kg, 0.17g/kg, 0.50g/kg, 1.0g/kg, 1.53g/kg and 2.0g/kg respectively while that of the oral were designated ACO, BCO, CCO, DCO, ECO and FCO were given doses of 0.0g/kg, 5.0g/kg, 10.0g/kg, 12.5g/kg, 17.5g/kg and 22.5g/kg respectively after LD100 determination. The results of the acute study showed significant dose dependent decreases in testosterone in male rats while in the female rats, significantly reduced values of follicle stimulating hormone was observed. However, luteinizing hormone, progesterone, estrogen, and prolactin indicated significantly higher values in rats treated with high doses of azorubine. In addition, estrogen, progesterone, and luteinizing hormones indicated dose dependent increased values in the azorubin treated rats. Non significant decreases were observed in the absolute weight of the testes and ovaries. Histological evaluation of the testes indicated vacuolated portions of spermatogonia layer, pycnosis, scanty and distorted leydig cells, distorted flagella and basement membrane at dose of 22.5g/kg given (orally. The ovaries showed intense lutein cells with yellowish colouration, follicular cells and antrum of ovarian follicle surrounded by granulosa cells with vacuolations. Conclusively, azorubine could be described as an endocrine disruptor and a precocious agent especially when consumed in high doses even for a very short period of 48 hours as indicated by increased presence of lutein cells, graafian follicles, estrogen, progesterone, prolactin and luteinizing hormone in female rats. Spermatogenesis could also be impeded in male rats due to an induced significant fall in testosterone concentration alongside testicular damages. Therefore, azorubine should be used with caution and high doses should be avoided.	Comment by Zainab Nur-Eldeen: Intraperitoneal*
correct it for all below	Comment by Zainab Nur-Eldeen: azorubine
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1. Introduction

Azorubine is one of the synthetic dyes that colour food and food dyes to red in appearance and the use of these food dyes is not a recent development but rather an ancient practice [1, 2]. Azorubine is a nitrous derivative synthetic dye belonging to the azo class of food dyes widely used in food, pharmaceutical and cosmetic industries that produce red appearance. It is also present in edibles such as soft drinks, energy drinks, cereals, ice creams, some coloured rice, snack food, biscuits, chocolates, yoghurts and so on [1, 3]. Azorubine toxicity is derived mainly from the biotransformation process in the liver and by the actions of intestinal microorganism to aromatic amines, aryl amines and free radicals [2, 4]. It is also known as carmoisine acid red 14 0r C.I. 14720. Structurally, a molecule of Azorubine has two pairs of benzene rings linked by an azo bond (N = N), with one pair consisting of sodium sulphate, nitrogen, and hydroxyl group while the other pair consist sodium sulphate and nitrogen as shown in Figure 1[5].
[image: C:\Users\hp\Desktop\structure of carmoisine.png]
Figure 1: Chemical Structure of Azorubine (A) and the powered form of Carmoisine dye (B) – [5]
Consumption of azorubine in food products has been reported to have induce some toxicity and anaphylactic reactions such as asphyxia, insomnia, depression, anxiety, weakness and blurred vision when consumed especially in high doses [6, 7]. This dye has also been reported to react with proteins covalently which leads to distortion of the protein active site and configuration [8, 9]. Therefore, the purpose of this study is to assess the 48 hours azorubine toxicity on the gonadal-endocrine tissues particularly the testes and ovaries and their hormones in albino rats using varying doses. Blood samples will be collected for biochemical analysis and gonads for histological investigations.

Testosterone, progesterone, estradiol, luteinizing hormone (LH), follicle stimulating hormone (FSH) and prolactin are major hormones or endocrine chemicals associated with reproduction. Several scientific reports on the influence of azorubine on reproductive derangements have been documented. However, most of these reports are contradictory probably due to the dose of azorubine or the type of experimental animal used.  Montaser et al., [10], reported that azorubine at 5xADI and 10xADi induced significant dose- and- time -dependent down regulation of testin gene which induced a lowered values of testosterone and derangements sperm production and sperm motility in treated rats for 15, 30 and 45 days. The histological reports of their studies further revealed focal mild testicular degeneration of single or several layers of vacuolated spermatocytes, congested interstitial blood vessels, desquamated spermatocytes in the lumen of some seminiferous tubules as well as shrunken, disorganized tubules especially in the 5xADI and 10xADI. More so, Arjwam & Hussain, [11], also reported in male rats significantly lower values of FSH and LH in rats treated with azorubine for 60 days at 250mg/kg. In another related work, Shok et al, [12], in a separate study, reported that azorubine consumption for 28 days at a dose of 250mg/kg induced significantly higher and lower values in prolactin and LH respectively in male rats compared to control rats. In addition, Sattir & Amin, [5], revealed significant fall in FSH and LH levels in female rats treated with 5, 10, and 20mgkg of azorubine daily for 30 days. It was further revealed that estradiol and progesterone indicated significantly lowered values in the 5, 10, and 20 mg/kg except in progesterone were there was a significantly higher value at the dose of 20 mg/kg compared to 5 and 10 mg/kg treated rats.  It has been observed that most of these studies and exposure period to azorubine is usually above 20 days. Therefore, our study is designed to investigate the 48 hours-acute exposure of high doses of azorubine on testosterone, estradiol, progesterone, LH, FSH, and Prolactin in albino rats and it effect on the histology of the testes and ovaries of these rats. 	Comment by Zainab Nur-Eldeen: 20 mg/kg

2. Materials and Methods

2.1 Materials 
The materials used include azorubine from Gessete, Italy,  Polypropylene gavage tubes, MPW bucket centrifuge, Olympus Microscope with digital camera, Shandon AS 325 Rotary Microtome, Haematoxylin & Eosin stain, Leica automatic tissue processor, Ohaus Scout-Pro Electronic weigh balance, 10% formal-saline, Albino rats, Stat Fax 4200 microplate Reader, progesterone, Estradiol, rProlactin, rFSH, rLH, and Testosterone Enzyme Linked Immunosorbent Assay (ELISA) kits were purchased from Bioassays, China.

2.2 Experimental Animals 
Male and female albino rats (80) used for the study weighed 0.15 kg approximately. All the rats used for the experiment were obtained by breeding. The rats were fed with rat pre-mix rat feed and water ad libitum. The animals were placed in a well-ventilated rat cages with water cans and feed containers in place.
 
2.3 Preparation of Azorubine for Treatment
For the intraperitoneal study, 2.0 grams of the azorubine was weighed and dissolved in sterile containers containing 8.0 ml of distilled water. This implies that 1.0 ml of this solution contains 0.25 grams while for the oral treatment, 3.0 grams of the azorubine was weighed and dissolved in sterile containers containing 8.0 ml of distilled water. This implies that 1.0 ml of this solution contains 0.375 grams.

2.4 Experimental Design and Administration of Food Dyes 
The method of administration of treatment in the acute studies involved both intraperitoneal and oral techniques. In the intraperitoneal method, the dyes were injected into the intraperitoneal space of the rats using 2 ml and 5 ml hypodermic syringes while in the oral method, the food dyes were administered using orogastric tube to ensure complete delivery of the dye. The corresponding volume and doses of azorubine given per group is indicated in table 1 and table 2 for intrapritoneal and oral treatments respectively. The LD100 of the dye was established following Karber’s method as described by Dede et al., [13] (Table 1 and Table 2).	Comment by Zainab Nur-Eldeen: intraperitoneal

Table 1: Intraperitoneal Treatment: Volume and Corresponding dose of Azorubine Administered per Group 
	Groups
	No of rat
	Volume (ml)
	Dose (g/kg)

	1
	4
	0.0
	0.00

	2
	4
	0.10
	0.17

	3
	4
	0.30
	0.50

	4
	4
	0.60
	1.00

	5
	4
	0.90
	1.53

	*6
	4
	*1.20
	*2.00

	7
	4
	1.50
	2.50

	8
	4
	2.00
	3.33

	9
	4
	2.50
	4.17

	10
	4
	3.00
	5.00


*Intreperitoneal LD100	Comment by Zainab Nur-Eldeen: 
Table 2: Oral Treatment: Volume and Corresponding Dose of Azorubine Administered per Group 
	Groups
	No of rat
	Volume (ml)
	Dose (g/kg)

	1
	4
	0.0
	0.0

	2
	4
	2.0
	5.0

	3
	4
	4.0
	10.0

	4
	4
	5. 0
	12.5

	5
	4
	7.0
	17.5

	*6
	4
	*9.0
	*22.5

	7
	4
	10.0
	25.0

	8
	4
	13.0
	32.5

	9
	4
	15.0
	37.5

	10
	4
	16.0
	40.0


*Oral LD100 
2.5 Specimen Collection, Preparation and Analysis 
At the end of the study, the animals were anaesthetized with chloroform and 5 ml of blood samples was collected by means of cardiac puncture into plain bottles for hormonal assay. More so, ovarian and testicular tissues were also collected for histological examinations. These tissues were washed with normal saline to remove blood stains before being fixed in 10% formol-saline prior to tissue processing. The blood specimens were spun at 4500 rpm for 10 minutes to obtain serum which was transferred into other sets of labelled plain bottles and stored at -4°C. The laboratory analysis of the hormonal parameters was based on Enzyme Linked Immunosorbent Assay (ELISA) Technique based on method described by Engvall & Perlmann, [14] 

2.6 Statistical Analysis 
Statistical analysis was performed using GraphPad Prism version 9.02 (San Diego, California, USA). Results were presented as Mean ± Standard deviation (SD). Inferential statistics using the One-Way ANOVA (Post Hoc: Tukey’s multiple comparative test) was used. Statistical significance was set at P<0.05. 

3. RESULTS
3.1 Results of Reproductive Hormonal Parameters



The results obtained indicated significantly lower vales or decline that is dose-dependent in the testosterone values as seen in the intraperitoneal group treated with 10.0g/kg, 1.5g/kg and 2.0g/kg. Progesterone and estradiol indicated significantly higher values in treated groups at dose 1.0g/kg – 2.0g/kg and 1.5g/kg – 2.0g/kg respectively. Likewise, prolactin also indicated similar significant increase in treated groups at dose 1.5g/kg – 2.0g/kg. FSH indicated significantly lower values from the dose, 1.0g/kg – 2.0g/kg while LH showed significantly higher values in a dose dependent pattern from the dose of 0.5g/kg to 2.0kg (Table 3). In orally treated rats, testosterone and prolactin indicated significantly lower and higher values in a dose dependent pattern from the dose of 17.5g/kg – 22.5g/kg. Progesterone and LH also indicated higher values from dose 10.0g/kg – 22.5g/kg while estradiol had higher values at the dose 12.5g/kg – 22.5g/kg.  finally, FSH showed significantly lower values from dose 5.0g/kg – 22.5g/kg (Table 4). The weights of testes and ovaries indicated non-significant reduction in the treated male and female rats compared to control rats (Table 5 and Table 6).	Comment by Zainab Nur-Eldeen: vales or values?	Comment by Zainab Nur-Eldeen: 1 g/kg
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Table 3. Hormonal Parameters of Rats Administered with Azorubine Intraperitoneally
	Parameters
	0.0g/kg
(ACIP)
	0.17g/kg
(BCIP)
	0.5g/kg
(CCIP)
	1.0g/kg
(DCIP)
	1.5g/kg
(ECIP)
	2.0g/kg
(FCIP)
	pvalue
	Fvalue

	*TESTO (ng/ml)
	4.40±0.57a
	3.60±0.57a
	4.35±0.50a
	3.0±1.27b
	1.90±0.28c
	1.25±0.35d
	0.0150
	7.415

	**PROG (ng/ml)
	4.25±3.61a
	5.35±2.05a
	3.20±1.56a
	8.50±0.85b
	8.40±1.56b
	8.45±0.78b
	0.1113
	2.933

	**E2 (ng/ml)
	17.90±1.41a
	18.80±1.70a
	20.75±2.09a
	19.15±1.46a
	32.50±6.79b
	34.10±1.13b
	0.0891
	3.301

	**FSH (mlu/ml)
	0.73±0.43a
	0.55±0.39a
	0.30±0.12a
	0.18±0.10b
	0.15±0.10b
	0.18±0.10b
	0.0193
	3.621

	**LH (mlu/ml)
	0.63±0.61a
	0.83±0.47a
	1.0±0.44b
	1.18±0.05a
	1.43±0.05c
	1.43±0.10c
	0.1680
	1.779

	**PRL (ng/ml)
	0.35±0.13a
	0.38±0.10a
	0.38±0.10a
	0.38±0.05a
	0.65±0.21b
	0.60±0.12b
	0.0829
	2.349


PostHoc: Values in the same row with different superscripts differ significantly at p<0.05. *Male rats **Female rats. 



Table 4. Hormonal Parameters of Rats Administered with Azorubine Orally
	Parameters
	0.0g/kg
(ACIP; Control)
	5.0g/kg
(BCO)
	10.0g/kg
(CCO)
	12.5g/kg
(DCO)
	17.5g/kg
(ECO)
	22.5g/kg
(FCO)
	pvalue
	Fvalue

	*TESTO (ng/ml)
	4.40±0.57a
	4.30±0.42a
	4.20±0.99a
	3.30±1.0a
	2.65±0.78b
	1.35±0.50b
	0.0340
	5.234

	**PROG (ng/ml)
	4.25±3.61a
	5.40±1.77a
	9.30±0.14b
	7.15±4.17b
	8.90±0.42b
	9.60±0.71b
	0.0316
	4.497

	**E2(ng/ml)
	17.90±1.41a
	22.80±3.11a
	22.5±3.54a
	29.50±5.37b
	30.15±0.50b
	36.10±3.11b
	0.0114
	8.312

	**FSH (mlu/ml)
	0.73±0.43a
	0.30±0.08b
	0.23±0.15b
	0.45±0.13b
	0.35±0.13b
	0.18±0.10b
	0.0193
	3.621

	**LH (mlu/ml)
	0.63±0.61a
	0.74 ±0.56a
	0.92±0.60b
	1.03±0.20b
	1.31±0.05b
	1.60±0.36c
	0.0168
	4.779

	**PRL (ng/ml)
	0.35±0.13a
	0.48±0.19a
	0.43±0.21a
	0.40±0.16a
	0.65±0.17b
	0.68±0.19b
	0.0429
	4.349


PostHoc: Values in the same row with different superscripts differ significantly at p<0.05. *Male rats **Female rats. 
Table 5: Weights of Organ Extracted from Rats Administered with Azorubine Intraperitoneally
	Parameters
	0.0g/kg
(ACIP)
	0.17g/kg
(BCIP)
	0.5g/kg
(CCIP)
	1.0g/kg
(DCIP)
	1.5g/kg
(ECIP)
	2.0g/kg
(FCIP)
	pvalue
	Fvalue 

	Ovaries (g)
	1.22±0.02
	1.17±0.27
	1.02±0.11
	1.04±0.05
	1.01±0.08
	0.96±0.18
	0.3999
	1.225

	Testes (g)
	3.25±0.04
	3.21±0.11
	3.09±0.11
	3.00±0.13
	2.92±0.18
	3.03±0.03
	0.1455
	2.523


No of Rats/group = 4 Rats

Table 6: Weights of Organs Extracted from Rats Administered with Azorubine Orally
	Parameters
	0.0g/kg
(ACIP; Control)
	5.0g/kg
(BCO)
	10.0g/kg
(CCO)
	12.5g/kg
(DCO)
	17.5g/kg
(ECO)
	22.5g/kg
(FCO)
	pvalue
	Fvalue

	Ovary (g)
	1.22±0.02
	1.11±0.18
	1.19±0.21
	1.15±0.18
	0.87±0.13
	0.89±0.13
	0.2255
	1.917

	Testis (g)
	3.25±0.04
	3.24±0.31
	3.04±0.19
	3.28±0.28
	2.79±0.37
	2.72±0.23
	0.2461
	1.805


No of Rats/group = 4 Rats

3.2    Histopathological Investigations of the Acute Toxicity Study

Histopathology of examination of the ovaries and testes of the acute toxicity of azorubine were performed as seen in Plate A– H

[image: C:\Users\hp\Desktop\Untitled M.png]
Plate A: Dose: 0.0g/kg, Treatment Substance: Nil. Observation: Antrum of the ovarian follicle surrounded by granulosa cells (GC). Oocyte is surrounded by follicular cell (FC). Normal histology. Plate B: Dose: 2.5g/kg and 5.0g/kg. Observation: P= Primordial Follicles, TLC= Lutein cells with yellowish colouration X. Plate C:  Dose: 0.17g/kg and 0.5g/kg. Azorubine (I.P).  Observation: The ovarian follicle surrounded by granulosa cells (Arrow). The oocyte (O) surrounded by follicular cells. TE= theca externa. Plate D: Dose: 1.0g/kg, 1.5g/kg and 2.0g/kg. Azorubine (I.P), Observation: A= Antrum of ovarian follicle surrounded by granulosa cells (GC) with vacuolations (V). Oocyte (O) surrounded by GC. ZP= Zona pellucida and BM= Normal basement membrane. H&E, Mag: ×400, Ovary.
                   


[image: C:\Users\hp\Desktop\Untitled NN.png]
 Plate E: Dose: 0.0mg/kg, Treatment: Nil. F=flagella of spermatogonia in lumen of seminiferous tubule of the testis, BM=basement membrane, SP=spermatogonia, LC=leydig cells. Inference = normal histology of the testis. Plate F: Dose: 0.17g/kg and 0.5g/kg, 1.0mg/kg; Azorubine (I.P). F = Flagella within the lumen of seminiferous tubule. spermatogonia (SP) layer with vacuolated portions (V), basement membrane (BM) appears normal. Plate G: Dose: 10mg/kg, 12.5g/kg and 17.5g/kg, Azorubine (Oral): F=distorted flagella with nuclear materials in the lumen of seminiferous tubule. vacuolation of spermatid and spermatogonia layer (v). spermatogonia layer is filled with degenerative scattered nuclear materials (pycnosis) and vacuolated portions (rectangular shape). Basement membrane (BM) appears distorted at some point. Scanty and distorted leydig cells (arrow). clusters of degenerating nuclear materials (circle shape). Plate H: Dose: 22.5g/kg, azorubine (oral): F=distorted flagella within the lumen of seminiferous tubule.vacuolation (V) of spermatid, spermatocyte and spermaatogonia (SP) layers (V), distorted basement membrane (BM). H&E, Mag: ×400, Testis. 


4. DISCUSSION
Our results indicated that the interperitoneal treatment had more severity than the oral administration. The severity in the different route of administration could be associated with the role of hepatic first-pass, gastrointestinal and microbial interaction with the dye, and intestinal secretions. These interactions as seen in the oral route could account for the lesser severity compared to the interperitoneal route of administration.	Comment by Zainab Nur-Eldeen: 	Comment by Zainab Nur-Eldeen: 
  
The dose dependent significantly lower values of testosterone observed in the azorubine treated male rats concurs with the reports of Shok et al., [12]. They reported significantly reduced values of testosterone in rats fed with 250mg/kg of azorubine for 28 days. Our findings are also collaborative with the reports of Wopara et al., [15] and Montaser et al., [10]. Wopara et al., [15], reported a significant fall in testosterone concentration in t-rats treated with combination of azo dyes tratranie and erythrosine at higher doses of 10 and 20mgkg for 23 days. Montaser et al., [10], documented down regulation of testosterone gene and a decline in testosterone concentration at 5xADI and 10xADI doses for over a period of 45 days. They further documented as distortion of seminal vesicles, epididymis, testicular basement membrane, exfoliation of testicular cells into the lumen, vacuolization and pyknosis when rats were treated with azorubine. Alabi et al., [16], also documented significant reduction in testosterone in mice treated with three different food additives at higher doses. The fall in the testosterone could be associated with oxidative damages induced by metabolic by-products including reactive oxygen (ROS) and nitrogen species (RNS) of azorubine breakdown. The fall in testosterone observed a dose-dependent pattern indicating that the higher the dose of the dye, the more the fall in the testosterone concentration in the plasma. Our testosterone results also aligned with the histological reports on the testicular tissues of the treated rats. The histology indicated vacuolation within the Lumen of seminiferous tubule in smaller doses of 0.17g/kg and 0.5g/kg. However, as the doses were increased, distortion of flagellation of spermatocytes, basement membrane, and degeneration and scattered nuclear materials (pycnosis) were also observed. Higher doses indicated distorted leydig cells, clusters of degenerating nuclear materials as well as major distortion of the basement membrane at 22.5g/kg dose of azorubine administered orally. The distortion of basement membrane (associated with sertoli cells) and leydig cells could further explain the significant fall in testosterone concentration in the azorubine treated rats. The leydig cells are responsible for the production of luteinizing hormones that subsequently stimulate the testes for the production of testosterone. More so, the observed vacuolation of spermatogonia layer in the azorubine treated male rats suggest loss of spermatogenic precursors necessary for the formation of mature and active spermatocytes. These deficits could also be tied altered leydig and sertoli cells activities. Therefore, a significant loss of leydig and sertoli cells in the azorubine treated male rats could also account for the significant fall in the testosterone concentration in the rats. 	Comment by Zainab Nur-Eldeen: tartrazine	Comment by Zainab Nur-Eldeen: Reference?	Comment by Zainab Nur-Eldeen: Reference?

Progesterone is one of the principal hormones secreted by the ovaries and produced mainly by the corpus luteum under the influence of luteinizing hormone and it plays a major role in the transformation of the proliferative endometrium in the secretary phase, which is necessary for implantation of fertilized egg, and establishing pregnancy.  The dose dependent significantly lower values of progesterone in the treated female rats days treatment, concurs with our the finding of records of Sharma, [17], who also documented a fall in progesterone levels when azo dyes were fed to rats. Sattar, & Amin [5], also reported a significantly lower value of progesterone in rats treated with azorubine at 10mg/kg and 20mg/kg for 30 days. In a different work, Shosha et al., [18], reported a significant change in the progesterone concentration in rats administered with food additives; monosodium glutamate for over a period of 18 days at high dose of 6g/kg.  The significant fall in Progesterone could also be attributed to ovarian cells secretions following their exposure to xenoestrogenic characteristics of azorubine. Again, the increases observed in progesterone concentration could also be attributed to enhanced activities of corpus luteum of the ovarian cells initiates by the xenoestrogenic properties of azorubine. Progesterone is the primary hormone produced corpus luteum. The histological findings further explain the higher level of progesterone following the observation of the ovaries indicating intense lutein cells with yellowish colouration and follicular cells (plate B).	Comment by Zainab Nur-Eldeen: Reference?

The dose dependent higher values of E2 observed our study also concurs with the reports of Sattar, & Amin [5], also reported a significantly higher values of estrogen in rats treated with azorubine at 10mg/kg and 20mg/kg for 30 days. Elekima & Nwachuku 19], also reported similar findings was also reported in one of our work when tartrazine was administered to rats in high doses above the recommended ADI. In addition, the significantly higher of E2 observed in our study is also in line with the report Mindang et al., (2022), who reported significantly higher values of E2 in female rats treated with tartrazine for 40 days at 47mg/kg bodyweight. The significantly higher values in E2 could be as a result of the fact that azorubine are sources of xenoestrogen. Xenoestrogenic substances are known agent affecting maturation of ovarian follicular cells through a false negative feedback mechanism in the ovarian-pituitary-Hypothalamus axis. The significantly higher values of E2 could also suggest early onset sexual maturation (precocious puberty) in the female rats due to the xenoestrogenous effect of azorubine.	Comment by Zainab Nur-Eldeen: Reference?

In addition, the significantly lower values of FSH as observed in our study is contrary to the reports of Sattar, & Amin [5], who reported a significantly higher values of FSH in rats treated with azorubine at 10mg/kg and 20mg/kg for 30 days. However, our study on the other hands, also agrees with the reports of Sattar, & Amin [5], when 5mg/kg of azorubine were administered to rats for 30days. The fall in FSH (not dose dependent) could also be attributed the histological changes associated high doses of azorubine use such as follicular cell degeneration, distortion of the granulosa cells and vacuolations were seen in the histology. The histological findings are also in line with the reports of Sharma, [17], who stated that azorubine in combination with sunshine yellow (FD & C 6) on female albino rats induced degenerative features in the ovarian follicles such as shrunken oocytes, distorted basement membrane, absence of zona pellicuda, loosing of theca layer, degenerative corpus luteum, vacuolization and degenerative granulose cells. Though Sharma reported a significant reduction in ovarian weight, our results in the weight of the ovaries observed not significant differences.  The fall in FSH as seen in our study could be associated with negative feedback limitation induced by increased E2 and progesterone. Gonadotropins such as FSH have been known to be limited by the increased presence of progesterone following enhanced activities of corpus luteum of the ovum.  	Comment by Zainab Nur-Eldeen: Reference?

The significantly higher values of LH seen in our results is also contrary to the findings of Sattar & Amin, 2018, who documented a significantly lower values of LH in rats treated with azorubine at 10mg/kg and 20mg/kg for 30 days. The significantly higher observed in our study is also in line with the report Mindang et al., [20], who reported significantly higher values of LH in female rats treated with tartrazine for 40 days at 47mg/kg bodyweight. More so, our result on LH also agrees with the findings of Abbas & AlHamadavi [21], who reported significant higher values of LH in rats treated compared with control rats with chocolate brown (azorubine mixture) azo food dye at a high dose of 200 mg/kg and 400 mg/kg for 8 weeks. However, Khiralla et al.,[22] observed a significant reduction in LH hormones when rats were treated with tartrazine azo dye at a dose 5 times that of the ADI dose. The higher values of LH in the treatment could be due to increased activities of pituitary gonadotropin cells due to reduced follicular response following the negative feedback mechanism. Also, the higher LH values could also be due to high level of folliculogenesis that could be stimulated estrogen increment in the treated rats. Another possibility concerning the increase in LH could be due to the stimulation of kisspeptin (Kp) from kiss1 neuron in the anteroventral periventricular nucleus (AVPV) of the hypothalamus by xenoestrogenic moieties of azorubine cin a manner that could trigger increase in LH release. 	Comment by Zainab Nur-Eldeen: Reference?

The significantly higher values of prolactin contradict the reports of Dixit & Goyal, [23], who documented significantly lowered values of prolactin when high doses of indigo carmine azo dyes were administered in rats at a dose 39 mg/kg bodyweight for 6 weeks. In addition, Khiralla et al. 2015, documented non-significant differences in the level of prolactin, noradrenaline hormone and dopamine when rats were treated with tartrazine azo dye at 5xADI. However, Elekima et al., [24], also documented higher values of Prolactin in tartrazine azo dye treated rats at ADI of 7.5gkg for 30 days.   

The non significant decreases observed in the testes and ovaries in the treated rats contradict the reports of Sattar & Amin [5] and Shok et al., [12]. Sattar & Amin [5] observed significant reduction in the weight of the ovaries of rats treated with azorubine at 10 mg/kg and 20 mg/kg for 30 days while Shok et al., [12] documented significant fall in the weight of the testes following exposure to 250 mg/kg of azorubine for 28 days. Similarly, Dixit & Goyal, [23], also observed significant reduction in the weight of the ovaries after 6 weeks exposure of indigo carmine azo dye was at a dose 39 mg/kg bodyweight. The non significant reduction in the absolute weights of the testes and the ovaries in our work could be due to the short duration of the study, which is 48 hours compared the observed reductions in weight as seen in the aforementioned studies. Furthermore, the observed non significant fall in the weights of the testes and ovaries could be tied to the loss of intrinsic parenchymal materials of these gonadal tissues as indicated by vacuolations in the histology examination. Therefore, by projections, we believe there could a significant decline in the weight of these organs if the exposure periods were extended.	Comment by Zainab Nur-Eldeen: Referenc?

5. Conclusion

[bookmark: _Hlk194286836]Azorubine could be described as an endocrine disruptor especially when consumed in high doses even for a very short period as indicated by the induced high levels of estrogen, progesterone, prolactin and luteinizing hormone in female rats with a decreased follicle stimulating hormone level. Spermatogenesis could also be impeded in male rats due to an induced significant fall in testosterone concentration alongside testicular damages. The intense presence of lutein cells, graafian follicles, increased progesterone and estrogen in female could also suggest early onset of puberty. Therefore, the consumption of high doses of azorubine even in cases of brief exposure (48 hours) could cause reproductive derangements in male and female rats.	Comment by Zainab Nur-Eldeen: Follow up for this study is so important, to overcome the other adverse effects of Azorubine on lipid and liver profile tests if there are.
Best wishes for the researchers.



	Comment by Zainab Nur-Eldeen: Acknowledgment?
Limitation?

REFERENCES

1. Kaur A, Gupta U. Identification and determination of binary mixtures of synthetic dyes with CR (III) complexation in food stuffs and pharmaceutical samples of high-performance liquid chromatography.  Indian Journal of Pharmaceutical Science and Research, 2014, 4(1), 49 – 52.
2. Elekima I, Obisike UA, Brown H, Waribo HA, Brisibe N, George-Opuda I, Ben-Chioma A, Onwuli DO. Assessment of nephro-, hepato-, and sex-dependent toxicity of carmoisine exposure in albino rats. Journal of Biosciences and Medicines, 2023, 11, 63-78
3. Elekima, 1, Ollor AO. Effect of carmoisine orally administered on thyroid hormones and thyroid stimulating hormone of albino rats. International Journal of Science and Research, 2016, 5(10), 29 - 32
4. Umbuzeiro GA., Freeman, H. S., Warren, S. H., Oliveria, D. P., Terao, V., Watenabe, T, Claxton LD. The contribution of azo dyes to the mutagenic activity of the Cristais River.  Chemosphere, 2005, 60(1), 555 – 64.
5. Sattar FA & Amin M. Pathophysiological Effects of azorubine on female reproductive organs and hormones in sprague dawley® rat. International Journal of Medical Research & Health Sciences, 2018, 7(6), 57-62
6. Arnold EL., Lofthouse N, Hurt E. Artificial food colours and attention-dificient/hyperactivity symptoms: Conclusion to dye for. Neurotherapeutics, 20121, 599 – 609.
7. Dermirkol O. Zhang X, Ercal N. Oxidative effect of tartrazine (Cas No. 1934-21-0) and new coccin (Cas No. 2611-82-7) azo dyes on CHO cells.  Journal of Consumer Protection and Food Safety, 2012, 7, 229 – 236.
8. Saeed GMS, Sayeed AS, Ashraf S, Batool FN, Ali R., Nas A. & Siddiqi R. Investigations of invitro digestibility of proteins bound to food colors.  Journal of Pharmacy and Nutritional Sciences, 2011, 1, 34 – 40.
9. Ai-Mashhedy AML, Fijer NA. Acute toxicity of food additives tartrazine and carmoisine on white male mice. International Journal of PharmTech Research, 2016, 9(4), 364 – 367. 
10. Montaser M., Ebiya RM., Afifi MM, Almaghrabi, OA. Effect of natural and synthetic food colorants on spermatogenesis and the expression of its controlling genes. Slovenian Veterinary Research, 2018, 55(20-Suppl). doi: 10.26873/SVR-645-2018. 
11. Arjwan AA, Hussein AA, 2020 A physiological study of the effect of some food additives on the hypothalamic-pituitary-testis axis in male albino rats J. Phys.: Conf. Ser., 2020, 1664 01212
12. Shok BZ, Amagon L, Wannang NN, Amagon IK, Okpalaeke EE, Gotep GJ, Elisha IL. Effects of selected food dyes on the reproductive system of male albino rats. West African Journal of Pharmacy, 2024, 35 (2) 92 – 100
13. Dede EB, Kagbo HD, Igbigbi PS. Determination of LD50 value of metekelfin in rats.  Journal of Science and Metascience, 1997, 1, 1– 7.
14. Engvall E, Perlmann P. Enzyme-linked immunosorbent assay (ELISA) quantitative assay of immunoglobulin G. Immunochemistry. 1971, 8(9), 871–874
15. Wopara I, Modo EU, Mobisson SK, Olusegun GA, Umoren EB, Orji BO, Mounmbegna PE, Ujunwa SO. Synthetic Food dyes cause testicular damage via up-regulation of pro-inflammatory cytokines and down-regulation of FSH-R and TESK-1 gene expression. JBRA Assisted Reproduction, 2021, 25(3), 341-348. 
16. Alabi OA, Afelumo OM, Oladipupo FO. Safety assessment of three common food additives: the reproductive, oxidative and enzymatic perspective. Discovery Toxicology, 2024, 1, 8 (2024). https://doi.org/10.1007/s44339-024-00007-5
17. Sharma G. Reproductive tosic effect of the synthetic food dye kesari powder in female Swiss albino mice (Mus musculus). International Journal of Science Technology and Management, 2015, 4(1), 153 – 168
18. Shosha HM, Ebaid HM, Toraih EA, Abdelrazek HMA, Elrayess RA. Effect of monosodium glutamate on fetal development and progesterone level in pregnant Wistar Albino rats. Environmental Science & Pollution Research International, 2023, 30(17), 49779-49797
19. Elekima I, Nwachuku, EO. Evaluation of acute and chronic toxicity of tartrazine (E102) on steroid reproductive hormones of albino rats. Asian Journal of Research and Reports in Endocrinology, 2019, 2(1), 1 - 15.
20. Mindang ELN, Charline FA, Derek TN, Rui WMK, Dieudonne N. Effects of tartrazine on some sexual maturation parameters in immature female wistar rats. International Journal of environmental research and public health, 2022, 19(16). Doi:10.3390/ijerph191610410	Comment by Zainab Nur-Eldeen: no need

21. Abbas RJ, Al-Hamadavi AH. Effect of chocolate brown TH E155 on some hormones in male albino rats. Eurasian Journal of Bioscience. 2019, 13, 485–489
22. Khiralla, M. G., Salem, A. S. & El-malky, A. W. Effect of natural and synthetic food colouring agents on the balance of some hormones in rats. International Journal of Food Science and Nutrition Engineering, 2015, 5(2), 88 – 97.
23. Dixit A, Goyal PR. Evaluation of reproductive toxicity caused by indigo carmine on male swiss albino mice.  PharmacologyOnline, 2013, 1, 218 – 224.
24. Elekima I, Horsfall1 OL, Adimefe IG, Ayaugbokor SI, Waribo, HA, Nwachuku EO. Assessment of ovarian integrity, reproductive hormones, and oxidative stress in albino rats exposed to tartrazine azo dye. Asian Journal of Biochemistry, Genetics and Molecular Biology, 2020, 5(4), 9-19.




image1.png




image2.jpeg




image3.jpeg




