
Life Science Journal 2013;10(4)                                                          http://www.lifesciencesite.com 

 

http://www.lifesciencesite.com             lifesciencej@gmail.com  343

Effect of melatonin on the oxidative stress induced by the food additive (C.I. Food Yellow 3) on some blood 
parameters and antioxidant enzymes in male rat kidney 

 
Dalia Fouad1,2, Hessa Alobaid1 and Abdulaziz A. Al-Jafary3 

 
1Department of Zoology, College of Science, King Saud University. P.O. Box 22452, Riyadh 11459, Saudi Arabia. 

2Department of Zoology, Faculty of Science, Helwan University, Ein Helwan, Cairo, Egypt. 
3Department of Biochemistry, College of Science, King Saud University, Riyadh, Riyadh 11459, Saudi Arabia 

dibrahim@ksu.edu.sa  
 
Abstract: Many azo dye derivatives are used as food colourants in a number of products. The use of some food 
additives, however, has been restricted or totally prohibited because of concerns about cytotoxic effects. There is a 
new trend to use antioxidants to neutralise the suspected effects of food additives. The aim of this study was to 
evaluate the possible protective effect of melatonin in terms of reducing the cytotoxicity induced by the food colour 
additive C.I. Food Yellow 3 (CIFY3) in male rats (Rattus norvegicus). This evaluation was achieved through the 
measurement of different haematological parameters, antioxidant enzyme activities and lipid peroxidation, as well 
as histological examination of the kidney. Rats weighing 200-250 g were divided into four groups of five rats each: 
group 1, control; group 2, CIFY3-treated; group 3, melatonin-treated and group 4, melatonin- and CIFY3-treated. 
Groups 2-4 were repeatedly gavaged with 2.5 mg/kg body weight (bw) of CIFY3, 10 mg/kg bw of melatonin or both 
for three weeks. The study examined abnormalities in weight gain, hair colour and density, and changes in 
haematological parameters. The levels of thiobarbituric acid-reactive substances (TBAS), the activities of 
superoxide dismutase (SOD) and catalase, and the histological appearance of the kidney were also evaluated. The 
results revealed marked decreases in the percentage of body weight gain, white blood cell (WBC) counts and 
haemoglobin (Hb) content, whereas no significant changes were observed in red blood cell (RBC) count, mean 
corpuscular Hb concentration (MCHC), haematocrit value (Hct) or mean corpuscular volume (MCV). CIFY3 
produced cytotoxic effects, as indicated by increases in TBAS levels, SOD activity and renal damage, whereas the 
catalase level was not affected. The results also indicated that oral melatonin administration significantly reduced 
the cytotoxic effect induced by CIFY3 through increase in WBC counts, Hb content and SOD activity, besides a 
decrease in TBAS levels, weight gain, hair colour and density which supports the use of supplemental melatonin as 
a chemopreventive antioxidant agent. 
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1. Introduction 

Melatonin, an indolamine (N-
acetylmethoxytryptamine, MLT), is primarily 
produced by the pineal gland and is able to limit 
oxidative stress and damage. Under physiological 
conditions, melatonin acts as a direct free radical 
scavenger via nuclear receptor or non-receptor 
pathways, leading to the inhibition of oxidative 
stress by modulating the detoxification of reactive 
hydroxyl radicals (.OH) and neutralising singlet 
oxygen, peroxynitrite anion, nitric oxide and 
hydrogen peroxide (H2O2) (Kharwar and Haldar 
2012; Reiter et al., 2004; Reiter et al., 2012; Tan 

et al., 2002). Melatonin also acts as an indirect 
antioxidant via its stimulatory action on the gene 
expression and activities of antioxidative enzymes 
(El-Missiry et al., 2007; Rodriguez et al., 2004; 
Mayo et al., 2002; Sharma et al., 2008; Fischer et 
al., 2013). This hormone controls reproductive 
functions and stimulates immune system activity 
and tumourigenesis (Reiter et al., 2000; Singh et 
al., 2007). 

Food colourants can be naturally occurring 
or synthetic compounds. Synthetic food additives 
include colouring or curing agents and/or sweeteners 
added to food products in the food industry. They 
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have a large molecular mass and a strong anionic 
(from sulphate) or cationic charge to prevent their 
absorption in the gastrointestinal tract. Nonetheless, 
these pigments are absorbed in small quantities 
(Nihon-shokuhin-tenkabutu-kyokai 1999). 
Recently, food additives have attracted the attention 
of the public and the research community as potential 
causes of various human diseases. Many studies have 
proposed that these substances have genotoxic or 
mutagenic effects on experimental animals (Tanaka 
2007; Turkoglu 2007; Demir et al., 2008); food 
additives may be among the factors responsible for 
cancer and hepatic and nephritic failure. 

Azo compounds are formed from 
arenediazonium ions conjugated through an azo 
linkage to highly reactive aromatic hydrocarbon 
compounds containing two aromatic rings, which are 
responsible for their intense colours (Solomon 1996). 
Tartrazine and carmoisine are nitrous derivatives of 
azo compounds that can be metabolised to highly 
sensitising aromatic amines, such as sulphanilic acid 
(Maekawa et al., 1987; Feng et al., 2012; Amin et 
al., 2010). 

Many researchers have studied the impact of 
food colourants on the health of experimental animals 
(Amin et al., 2010; Reyes et al., 1996; Tanaka 
2006; Aboel-Zahab et al., 1997; Sasaki et al., 2002; 
Feng et al., 2012). The addition of additives to food 
produces significant alterations in antioxidant 
enzyme activity (Amin et al., 2010; Gao et al., 
2011; Bansal 2005) and has mutagenic effects 
(Oliveira et al., 2010). This toxicity and 
carcinogenicity may result from interactions between 
intact molecules and cytosolic receptors (Oliveira et 
al., 2010; Lubet et al., 1983; Collier et al., 1983; 
Seesuriyachan et al., 2007), from the formation of 
free radicals that alter the activity of antioxidant 
enzymes, or from arylamin azoreduction (Nony et 
al., 1980; Pearce et al., 2003). 

Reactive oxygen species (ROS), such as 
.OH, superoxide anion radicals (O2

-) and H2O2 are 
produced during normal metabolism or as a 
consequence of the response to abnormal stress. 
These ROS have been implicated in the pathogenesis 
of ageing and diseases, including cancer. Mammalian 
cells are equipped with both enzymatic and non-
enzymatic antioxidant mechanisms to minimise the 
cellular damage that results from interactions 
between cellular constituents and ROS (El-Habit et 
al., 2000; Shirazi et al., 2012). The enzymatic 
antioxidant mechanism involves a number of 
enzymes, such as SOD, catalase, and glutathione 
peroxidise, as well as enzymes involved in recycling 
oxidised glutathione, such as glutathione reductase 
(Halliwell 1992). Many natural antioxidant products, 
such as β-carotene, melatonin and vitamins A, C and 

E, play roles in the protection against oxidative stress 
induced in different experimental models (El-Habit 
et al., 2000; Kharwar and Haldar 2012). 

The aim of this work was to study the 
modulatory cytoprotective role of melatonin as an 
antioxidant on the physiological alterations in renal 
haematological indices and oxidative stress 
biomarkers caused by CIFY3 in male albino rats.. 
 
2. Material and Methods  

Male Wistar albino rats obtained from the 
animal farm of King Saud University, Saudi Arabia, 
Riyadh and weighing 200-250 g were used in all the 
experiments. Handling of animals was in compliance 
with guidelines for the care and use of animals for 
scientific purposes. The animals were housed in 
cages and were maintained under controlled 
conditions of temperature, humidity and light (12:12 
h light:dark cycle). They received food (a standard 
basal diet) and water ad libitum. CIFY3 was 
purchased from a local market (96%, Kamena 
Industries, Canada).  
Animal treatment and samples collection 

The physiological effects of CIFY3 were 
evaluated in male rats receiving repeated doses of 
CIFY3 alone. The possible protective role of 
melatonin against the cytotoxic effects of CIFY3 was 
also evaluated. The rats were divided into the 
following four groups of five rats each. 
Control group. The control group did not receive 
any treatment and was maintained under the same 
living conditions of temperature and humidity as the 
other groups. CIFY3 group. The CIFY3 group 
(repeated dose treatment) was treated with 2.5 mg/kg 
bw of CIFY3 dissolved in distilled water 
administered orally once per day for three weeks. 
Melatonin group. The melatonin group was treated 
with 10 mg/kg bw of melatonin dissolved in distilled 
water administered orally once per day for three 
weeks. CIFY3 and melatonin group received both 
CIFY3 and melatonin as described in subsection 
CIFY3 and melatonin group. 

After mild anaesthesia via the inhalation of 
diethyl ether for 1-2 min, blood samples were 
collected from the rats using a fine microhaematocrit 
tube inserted in the inner corner of the ophthalmic 
venous plexus. The blood samples were divided into 
three sets: whole blood, plasma and serum. The first 
two sets were collected in heparinised tubes. 
During the experiment, the rats were weighed, and 
the percentage of body weight gain was calculated in 
each group. 
Biochemical and hematological assays 

The renal TBAS levels were measured as 
described by Yoshioka et al. (1979). The 
spectrophotometric determination of the SOD and 
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catalase activities was performed in kidney extracts 
(Winterbourn et al., 1975; Bergmeyer et al., 1987). 
Whole blood samples from treated animals were 
collected in heparinised tubes (2.25 μl heparin/5 ml 
blood) and were immediately analysed for blood 
components and haematological parameters. 

The haematologic indices were determined 
according to standard methods. The tests included 
counts of RBCs, PLTs and WBCs. Other 
haematological parameters were also studied, 
including Hb concentration, MCV, MCH, MCHC, 
MPV, PCV/haematocrit and RDW. All the indices 
and haematological parameters were measured using 
a fully automated haematology analyser (Beckman 
Coulter, Germany; Ac.T 5diff CP) according to the 
manufacturer’s instructions. 
Histological examination 

A microscopical examination of kidney 
sections was performed according to standard 
methods (Yenilmez et al., 2010). Pieces of kidney 
were fixed in 10% neutral-buffered formalin, 
embedded in paraffin, cut into sections 5 µm in 
thickness (microtome, Leica Rm 2145) and stained 
with haematoxylin and eosin. The microscopic 
examination was performed under an Olympus PM 
10 ADS microscope (Olympus America Inc. 
Melville, NY, USA). 
Statistical analysis 

Student's t-test was applied for the statistical 
analysis of all the experiments. The data are 
presented as the mean+standard deviation (SD) and 
were statistically analysed using SPSS (Statistical 
Package for the Social Sciences) 20. Values were 
considered significant at P<0.05 and highly 
significant at P<0.01.  
 
3. Results and discussion 

In this study, the physiological effects of a 
synthetic food colourant (CIFY3) were examined 
through haematological and biochemical analyses, as 
well as histological examinations. The modulatory 
role of melatonin in the potential cytotoxic effects of 
CIFY3 was also evaluated. This is the first study to 
investigate the antioxidant role of melatonin against 
oxidative stress induced by CIFY3 in male albino 
rats. The purposes of this study were to establish 
diagnostically normal profiles of haematologic 
parameters, antioxidant enzymes and histology in the 
groups treated with CIFY3 and to evaluate the 
possible protective role of melatonin. 

The data presented in Table 1 show a 
significant decrease in the percentage of body weight 
gain (P<0.01) after 21 days of treatment with CIFY3 
compared to the control group (8.48 g ±0.87 and 
11.36 g ±0.72, respectively) and a highly significant 
increase (P<0.01 and P<0.001) in the group treated 

with 10 mg/kg body weight (bw) melatonin and 2.5 
mg/kg bw CIFY3 (16.38 g ±1.49) compared with the 
control and CIFY3 values. This decrease in body 
weight gain may occur due to the extensive 
hyperactivity within CIFY3 group. It has been 
observed that the decrease in body weight gain is 
accompanied by excessive hair loss. The 
administration of melatonin has reversed the effect of 
CIFY3. The decrease in body weight gain by other 
food additives has been reported elsewhere by many 
investigators (Aboel-Zahab et al., 1997; Shaker et 
al., 1989; Takeda et al., 1992; AL-Shinnawy 2009). 

 
Table (1): Body weight gain percentage (%) in 
different animal groups§ 
Group of animals Body weight gain (%) 
Control 11.36+ 0.72 
CIFY3 

P1 value* 
8.48+ 0.87 

<0.01 
Melatonin 

P1 value 
P2 value** 

15.90+0.87 
<0.001 
<0.001 

CIFY3+ Melatonin 
P1 value 
P2 value** 

16.38+1.49 
<0.01 

<0.001 
§ Each value represents the mean of 5 records + S.D. 
* The significance of changes from control value 
** The significance of changes from CIFY3 value. 
 

The data in Tables 2 and 3 show a 
significant decrease (P<0.05) in the white blood cell 
(WBC) count and haemoglobin (Hb) concentration 
and a significant increase in red cell distribution 
width (RDW) in the group supplemented with 
CIFY3. Treatment with melatonin increased the 
WBC count to the normal control level (P>0.05) 
(18.58±1.44) compared with the group treated with 
CIFY3 alone and the control group (16.35±1.64 and 
20.04±1.43, respectively). Additionally, the Hb 
concentration returned to the normal level after 
treatment with melatonin. However, the other 
haematological parameters (red blood cells [RBCs], 
mean corpuscular volume [MCV], mean corpuscular 
Hb [MCH], mean corpuscular Hb concentration 
[MCHC], platelets [PLTs] and mean PLT volume 
[MPV]) did not show any significant changes after 
treatment with CIFY3.  

The evaluation of haematological parameters 
and complete blood counts could help to determine 
the physiological status of an organism; these factors 
could be considered stress indicators and a valuable 
tool for assessing the harm caused by certain 
substances (Flaiban et al., 2008). Therefore, we 
examined the effects of CIFY3 and the potentially 
protective role of melatonin by assessing 
haematological parameters. A significant decrease in 
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WBC count was observed in the CIFY3-treated group 
compared with the control group. This alteration 
could affect the integrity of the cellular immune 
response, an effect that may be correlated with a 

suppressed immune status and susceptibility to 
infectious, inflammatory, toxic or stressful conditions 
(Jain 1993).  

 
Table (2): Blood WBCs (103/mm3), RBCs (106 /mm3), HB content (g/dl), HCT value (%), MCV (fl), in different 
animal groups§ 

Group of animals WBC RBC Hb HCT MCV 
Control 20.04+1.43 7.45+0.54 16.20+1.17 47.73+0.96 67.25+3.27 
CIFY3 

P1 value* 
16.35+1.64 

<0.05 
7.07+.74 

>0.05 
12.65+2.48 

<0.05 
43.34+3.97 

>0.05 
65.00+4.42 

>0.05 
Melatonin 

P1 value 
P2 value** 

19.92+1.38 
>0.05 
<0.05 

7.48+.28 
>0.05 
>0.05 

15.82+1.40 
>0.05 
>0.05 

50.16+4.64 
>0.05 
>0.05 

67.00+6.20 
>0.05 
>0.05 

CIFY3+ Melatonin 
P1 value 
P2 value** 

18.58+1.44 
>0.05 
<0.05 

7.63+.29 
>0.05 
>0.05 

16.46+1.15 
>0.05 
<0.05 

51.98+3.62 
>0.05 
<0.05 

69.40+2.19 
>0.05 
>0.05 

§ Each value represents the mean of 5 records + S.D. 
* The significance of changes from control value ** The significance of changes from sunset yellow value. 
 
Table (3): Blood MCH (pg), MCHC (g/dl), platelets (103/mm3), MPV(fL) and RDW( % )in different animal groups§ 

Group of animals MCH MCHC PLT MPV RDW 
Control 21.72+1.23 32.45+0.45 716.00+80.98 6.30+0.43 8.07+1.14 
CIFY3 

P1 value* 
20.55+1.27 

>0.05 
31.35+0.89 

>0.05 
732.50+125.55 

>0.05 
6.28+0.33 

>0.05 
10.70+1.98 

<0.05 
Melatonin 

P1 value 
P2 value** 

21.14+1.76 
>0.05 
>0.05 

31.50+0.35 
>0.05 
>0.05 

750.20+100.31 
>0.05 
>0.05 

5.75+0.15 
>0.05 
>0.05 

9.30+1.38 
>0.05 
>0.05 

CIFY3 +Melatonin 
P1 value 
P2 value** 

21.96+0.73 
>0.05 
>0.05 

31.68+0.29 
>0.05 
>0.05 

696.50+154.91 
>0.05 
>0.05 

6.16+0.29 
>0.05 
>0.05 

8.90+0.62 
>0.05 
>0.05 

§ Each value represents the mean of 5 records + S.D. 
* The significance of changes from control value ** The significance of changes from sunset yellow value. 
 

Our work showed that the RBCs, MCV, 
MCH, MCHC, PLTs and MPV did not differ 
significantly among the different groups. Unlike 
many food colour additives (AL-Shinnawy 2009), 
CIFY3 did not appear to alter several haematological 
parameters. Melatonin administration improved all 
the haematological parameters altered by CIFY3, as 
indicated by the increase in the WBC count to the 
control value. This result is in agreement with the 
findings of many researchers who have reported that 
melatonin improved haemopoiesis and restored 
normal blood composition due to its antioxidant and 
immune-stimulating effects (Singh and Haldar 
2007; Koc et al., 2002; Kara et al., 2012; 
Srinivasan et al., 2011). This effect is favoured by 
the small size and high lipophilicity of melatonin, 
which allow it to cross biological membranes and 
reach all the compartments of the cell (Reiter et al., 
1999). 

The blood Hb concentration in the CIFY3-
treated group was significantly reduced (P<0.05), 
which melatonin restored to a level similar to that of 
the control group without any notable changes in the 
shape or number of RBCs (measured by calculating 
the MCV). CIFY3 may prevent Hb synthesis, but it 
does not affect RBC synthesis via erythropoiesis in 
the bone marrow.  

The data in Table 4 show a significant 
decrease (P<0.001) in SOD activity, a significant 
increase in the thiobarbituric acid-reactive substances 
(TBAS) concentration and no significant change in 
the catalase activity in the group treated with CIFY3. 
Melatonin addition reversed the effect of CIFY3, as 
evidenced by the increase in SOD activity and the 
decrease in the TBAS concentration compared with 
the group treated with CIFY3 alone (29.62±1.28 vs. 
26.86±0.88 and 12.10±0.77 vs. 28.59±2.34, 
respectively). 
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Table (4): Kidney SOD activity (U/mg protein), catalase activity (U/g protein), and TBARS (nmol/g fresh tissue) in 
different animal groups§ 

Group of animals SOD  Catalase Lipid peroxidation 
Control 31.34+0.86 17.17+0.86 11.87+0.98 
CIFY3 

P1 value* 
26.86+0.88 

<0.001 
17.36+0.49 

>0.05 
28.59+2.34 

<0.001 
Melatonin 

P1 value 
P2 value** 

31.45+0.54 
>0.05 

<0.001 

18.02+0.39 
>0.05 
>0.05 

15.62+2.50 
>0.05 
<0.01 

CIFY3 + Melatonin 
P1 value 
P2 value** 

29.62+1.28 
<0.05 
<0.05 

17.72+0.69 
>0.05 
>0.05 

12.10+0.77 
>0.05 

<0.001 
§ Each value represents the mean of 5 records + S.D. 
* The significance of changes from control value; ** The significance of changes from CIFY3 value. 
 

Food colour additives, especially those 
containing azo dyes and aromatic amine structures, 
are cytotoxic compounds because they are 
metabolised by intestinal bacteria that produce 
oxygen and O2

- free radicals (Bansal 2005). It should 
be noted that the levels of ROS are controlled by 
antioxidant enzymes and non-enzymatic scavengers. 
SOD and catalase provide a major cellular defence 
mechanism against oxidative damage by participating 
in the clearance of O2

- and peroxide anions, 
respectively. In this study, the rats treated with 
CIFY3 showed a significant decrease in SOD 
activity, a significant increase in renal TBAS 
concentration and no noticeable change in catalase 
activity. Among the non-enzymatic antioxidants, 
melatonin can act as a direct free radical scavenger 
and an indirect antioxidant via the stimulation of 
antioxidant enzymes (Galano et al., 2011, 2013; 
Rodriguez et al., 2004; Poeggeler et al., 1994; 
Shirazi et al., 2007) and the inhibition of pro-
oxidative enzymes (Karbownik and Reiter 2000). 
Several studies have indicated that melatonin 
pretreatment significantly increases antioxidant 
enzyme levels and ROS scavenging in different 
organs to protect against the oxidative stress induced 
by different treatments (Reiter et al., 2004; Reiter et 
al., 2012; El-Missiry et al., 2007; Rodriguez et al., 
2004; Bharti and Srivastava 2009; Okatani et al., 
2003; Rodriguez-Reynoso et al., 2004; Reiter 
1996; Bhatti et al., 2011; Bharti et al., 2012; 
Tamura et al., 2012; Fischer et al., 2013). In the 
present work, the oral administration of melatonin 
(10 mg/kg bw/day for 21 days) maintained a level of 
SOD activity similar to the control group level. 

The histological examination of kidney 
sections from the CIFY3-treated animals revealed 
glomerular atrophy, an expansion of the Bowman’s 
capsule space, vacuolation, and swelling in addition 

to brown pigment deposition in the interstitial tissues 
and renal tubular cells of the kidney. Congested 
blood vessels and areas of haemorrhage were 
observed in renal sections from rats treated with 
CIFY3. There were no adverse effects observed in 
the group treated with melatonin. In general, there 
was appreciable improvement after treatment with 
melatonin (Figure 1). TBAS are produced by the 
peroxidation of unsaturated fatty acids in biological 
membrane lipids caused by ROS. The result is a 
dramatic decrease in cellular membrane fluidity and 
the disruption of membrane integrity and function, 
which produce critical pathological changes 
(Halliwell 1987). Increased ROS and free radical 
generation can damage the renal tissues of rats. In the 
present study, the histological examination of kidney 
sections prepared from rats treated with CIFY3 
revealed severe cellular destruction, including 
glomerular atrophy, expansion of the Bowman's 
capsule space, vacuolation, swelling, necrosis and 
pyknosis. Brown pigment deposition was also 
observed in the interstitial tissues and renal tubular 
cells. This histological profile has also been reported 
in other works (Amin et al, 2010 ; Mekkawy et al., 
1998). 
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Figure (1): Light micrographs showing the effect of melatonin on food colorant additives induced renal damage in 
rats. Haematoxylin and Eosin staining, original magnification (20X). A: control group showing the normal 
appearance of the glomerulus () and renal tubules (↑). B: CIFY3 group showing atrophy in the glomerular tuft of 
the capillaries () with complete obliteration of the tubules (↑) and the presence of extravasted blood between the 
tubules together with cellular infiltration (I). C: melatonin group showing only sloughing of the cells lining the 
proximal and distal convoluted tubules (). D: CIFY3 and melatonin group showing similar picture to the control 
group.  
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