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1. INTRODUCTION 

Tartrazine is a synthetic azo food dye that reflects a 

lemon-yellow colouration
[1],[2],[1],[3],[4]

, stated it is 

commonly found in edibles and food products such as ice 

creams, powdered drinks, cereals, soft drinks, cakes, 

biscuits, rice, energy drinks et cetera. However, as a food 

additive, tartrazine has been reported to induce 

hepatocellular, renal and haematological disorders
[1],[2]

 as 

well as hypersensitive and allergic reactions when 

consumed in high dosages in human especially in 

children.
[2],[3]

 Similarly, tartrazine has also been reported 

to cause aberration of mammalian chromosomes, 

carcinogenic and mutagenic effects, loss of memory and 

learning capacity.
[4][5]

 

 

However, the aim of this study is to evaluate the effect of 

tartrazine orally administered on atherogenic indices of 

albino rats. 

Athrogenic indices are ratios derived from the 

combination of two or more lipid parameters such as 

total cholesterol (TC), triglyceride (TG), HDL-C, LDL-C 

and VLDL-C used in predicting risks of cardiovascular 

diseases.
[6][7]

 Though, one or more lipid parameters are 

used to predict an individual’s risk for cardiovascular 

disease but lipid ratios have been reported to be more 

useful in assessment of cardiovascular risk.
[8]

 In 2013,
[9]

 

reported that atherogenic ratios predicts cardiovascular 

risk especially when absolute values of lipid ratios are 

not markedly deranged.  

 

Atherogenic indices or ratios considered in this study 

were Atherogenic Index of Plasma (AIP), Non-High 

Density Lipoprotein Cholesterol (Non-HDL-C), 

Atherogenic Coefficient (AC), Castelli Risk Index 1 

(CRI-1) and Castelli Risk Index 2 (CRI-2). 
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ABSTRACT 

In this study the effect of tatrazine on some atherogenic indices of albino rats were evaluated.  Thirty (30) rats 

weighing approximately 0.14kg were used. The rats were divided into five (5) groups of six (6) rats per group. 

Lipid parameters such as Total Cholesterol (TC), triglyceride (TG), High Density Lipoprotein-cholesterol (HDL-C) 

and Low density Lipoprotein-cholesterol (LDL-C) were evaluated while atherogenic indices such as Atherogenic 

index of plasma (AIP), Non-high density lipoprotein cholesterol (Non-HDL-C), Atherogenic coefficient (AC), 

Castelli risk index 1 (CRI-1) and Castelli risk index 2 (CRI-2) were calculated as ratios of these lipid parameters.  

Results of atherogenic indices obtained were analysed using Graphpad Prism 5.1 with statistical significance 

considered at P<0.05. When atherogenic indices of tartrazine treated rats were considered, group A (control) had 

0.54±0.08, 0.45±0.08, -0.09±0.08, 1.45±0.08 and 0.08±0.06 for Non HDL-C, AC, AIP, CRI-1 and CRI-11 

respectively. In addition, Group B had 1.17±0.58, 0.73±0.28, -0.07±0.14, 1.72±0.28 and 0.33±0.31 for Non HDL-

C, AC, AIP, CRI-1 and CRI-11 respectively while Group C had 0.74±0.26, 0.68±0.24, 0.06±0.12, 1.68±0.24 and 

0.21±0.20 for Non HDL-C, AC, AIP, CRI-1 and CRI-11 respectively. More so, Group D had 0.81±0.21, 

0.84±0.26, 0.09±0.06, 1.84±0.26 and 0.27±0.22 for Non HDL-C, AC, AIP, CRI-1 and CRI-11 respectively. 

Finally, group E had 0.81±0.10, 0.74±0.09, 0.10±0.08, 1.74±0.09 and 0.21±0.14 for Non HDL-C, AC, AIP, CRI-1 

and CRI-11 respectively. The comparison of group A and B showed significant increases in Non-HDL-C, AC and 

CRI-1 of Group B tartrazine treated rats at p<0.05 while significant increases were observed in AC, AIP and CRI-1 

when group A and C were compared at p<0.05. Also, when Group A and Group D as well as Group A and Group E 

were compared, significant increases were seen in Non-HDL, AC, AIP, CRI-1 and CRI-11 (table 3.5) except that 

the comparison between Group A and D showed non-significant increase in CRI-11 at p<0.05. The one-way 

analysis of variance (ANOVA) indicated significant differences in all of the indices considered except CRI-11. 

However, when post-analysis was done using the turkey’s comparison test, significant differences were not 

observed between treated groups except between Group A and Group D as well as Group A and Group E. 
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AIP is a very sensitive predictor for the diagnosis and 

prognosis of the risk of cardiovascular diseases.
[10]

 AIP 

reveals the relationship between protective and 

atherogenic lipoprotein particle and is linked with the 

size of pre and anti- atherogenic lipoprotein particles.
[10]

 

The TG and HDL-C ratio is a significant atherogenic 

index that can be used as a strong predictor of 

cardiovascular disease and determine the presence and 

degree of coronary artery disease by non-invasive 

method
[11],[12],[13],[14]

 defined AIP as the logarithm of the 

ratio of TG to HDL-C. That is, AIP = Log (TG/ HDL-C). 

This is a very useful and better marker because the 

logarithmical ratio of TG to HDL-C negatively and 

positively correlate with LDL-C size and Fractional 

Esterification Rate of HDL (FERHDL) 

respectively.
[15],[16]

 

 

Non-HDL-C is derived by subtracting the HDL-C 

fraction from TC fraction. That is, Non-HDL-C = TC – 

HDL-C. Therefore, from the calculation, the major 

cholesterol fraction remaining is specifically LDL 

cholesterol which is an atherogenic lipid fraction.
[17]

 

 

AC is a measure of Low-Density Lipoprotein Cholesterol 

(LDL-C), Very-Low-Density Lipoprotein Cholesterol 

(VLDL-C) and Intermediate Density Lipoprotein 

Cholesterol (IDL-C) lipoprotein fractions in relation to 

High-Density Lipoprotein Cholesterol (HDL-C).
[18]

 AC 

was also defined by
[19]

 as the ratio of Non-HDL-C to 

HDL-C. That is, AC = (TC – HDL-C)/ HDL-C. Where 

non-HDL-C = TC – HDL-C. Thus, AC is used as a 

marker for the assessment of the risk of cardiovascular 

disease and as AC value increases, the risk of developing 

cardiovascular disease increases and vice versa.
[6]

 It 

correlates positively with HDL-C in the prognosis and 

diagnosis of cardiovascular disease.
[6]

 

 

Castelli risk index (CRI) is dependent on TG, LDL-C 

and HDL-C which are independent risk factors for 

cardiovascular disease. Studies have also reported that 

increase in TG, TC and LDL-C fractions as well as 

reduced HDL-C fractions are predictors of atherogenicity 

which correlated positively with several cardiovascular 

risk factors.
[17]

 CRI is made up of two ratios, which are; 

Castelli Risk Index-1 (CRI-1): Castelli Risk Index-1 

which is also called Coronary Risk Index (CRI) or 

Cardiac Risk Ratio (CRR) is = TC/(HDL-C).
[20]

 Castelli 

Risk Index-2 (CRI-2) is a ratio of LDL-C to HDL-C. 

That is, CRI-II = LDL-C/ HDL-C. These indices are 

considered to be more sensitive and specific index of 

cardiovascular risk particularly in individuals with 

hypertriglyceridemia of >300mg/dl.  

 

3. MATERIALS AND METHODS 

3.1 Materials 

Materials used include centrifuge, chloroform, weigh 

balance, spectrophotometer, cholesterol (TC), 

triglyceride (TG), high density lipoprotein (HDL-C) 

reagents purchased from Randox Diagnostics, United 

Kingdom.  

3.2 Animals   

A total of 30 rats of average weight of 0.14kg were used 

for this study. The rats were randomly separated into five 

(5) groups namely group A, B, C, D and E. Each group 

had a total of six (6) rats. The rats were purchased from 

the animal farm of University of Port Harcourt and were 

transported to the animal house of the Department of 

Medical Laboratory science, Rivers State University, 

Port Harcourt. The rats were acclimatized for 10 days 

(alternate day and night) at normal room temperature and 

were fed with chicken growers mash and water ad 

libitum.  

 

3.4 Administration of Tartrazine Dye 

The rats were administered with varying concentration of 

tartrazine dye for 30 days orally using gavage technique. 

Group A (control), B, C, D and E were treated daily with 

1.0ml of 0.0% (water), 1.0%, 1.5%, 2.0% and 2.5% of 

tartrazine dye respectively.  

 

3.5 Specimen Collection and Laboratory Analysis 

Blood samples were collected using cardiac puncture 

(after anesthetising with chloroform) into lithium 

heparinised bottles. The whole blood was spun at 

4000rpm for five (5) minutes to obtain plasma for the 

analysis of total cholesterol (TC), triglyceride (TG) and 

High Density Lipoprotein (HDL). TC and TG were 

analysed based on modified enzymatic methods as 

described by
[21]

 and
[22]

 respectively. More so, the analysis 

of HDL-C involved two steps procedure: firstly, the 

precipitation of lipoprotein fractions of LDL and VLDL 

in the samples using phosphotungstic acid and 

magnesium ions, with HDL remaining in the supernatant. 

The second step involves HDL cholesterol quantitation 

contained in the supernatant using the cholesterol 

(reagents) modified enzymatic method as described.
[21]

 

Low Density Lipoprotein (LDL) concentration was 

determined from other lipoproteins fraction 

mathematically as described by
[23]

 using the Friedwald 

equation: LDL–C (mmol/l) = TC – (TG/2.2 + HDL). 

 

3.6 Calculation of Atherogenic Indices 

After determining the concentration in mmol/L of the 

TC, TG, HDL-C and LDL-C fractions, the atherogenic 

indices were calculated using the following arithmetic 

formulae. AIP = Log (TG/ HDL-C); Non-HDL-C = TC – 

HDL-C; AC = (TC – HDL-C)/ HDL-C; CRI-1= 

TC/HDL-C and CRI-II = LDL-C/ HDL-C as described 

by
[11],[17],[19]

 and
[20]

 respectively. 

 

3.6 Statistical Analysis 
Data obtained were statistically analysed using Graphpad 

prism 5.03 package. Mean, standard deviation, One-Way 

ANOVA and inferential statistics using the statistical t-

test were the statistical parameters considered and results 

obtained were expressed as Mean±SD. Statistical 

significance were seen at p<0.05. 
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3. RESULTS 

Table 3.1 shows the concentration of lipid parameters of 

the various groups were athrogenic indices were 

calculated using the appropriate formulae as stated 

above. 

 

When atherogenic indices of tartrazine treated rats were 

considered, Group A had 0.54±0.08, 0.45±0.08, -

0.09±0.08, 1.45±0.08 and 0.08±0.06 for Non HDL-C, 

AC, AIP, CRI-1 and CRI-11 respectively (table 3.2). In 

addition, Group B had 1.17±0.58, 0.73±0.28, -0.07±0.14, 

1.72±0.28 and 0.33±0.31 for Non HDL-C, AC, AIP, 

CRI-1 and CRI-11 respectively while Group C had 

0.74±0.26, 0.68±0.24, 0.06±0.12, 1.68±0.24 and 

0.21±0.20 for Non HDL-C, AC, AIP, CRI-1 and CRI-11 

respectively. More so, Group D had 0.81±0.21, 

0.84±0.26, 0.09±0.06, 1.84±0.26 and 0.27±0.22 for Non 

HDL-C, AC, AIP, CRI-1 and CRI-11 respectively and 

finally, group E had 0.81±0.10, 0.74±0.09, 0.10±0.08, 

1.74±0.09 and 0.21±0.14 for Non HDL-C, AC, AIP, 

CRI-1 and CRI-11 respectively. 

The comparison of group A and B showed significant 

increases in Non-HDL-C, AC and CRI-1 of Group B 

tartrazine treated rats at p<0.05 (table 3.2) while 

significant increases were observed in AC, AIP and CRI-

1 when group A and C were compared at p<0.05 (table 

3.3). Also, when Group A and Group D as well as Group 

A and Group E were compared, significant increases 

were seen in Non-HDL, AC, AIP, CRI-1 and CRI-11 

(table 3.5) except that the comparison between Group A 

and D showed non-significant increase in CRI-11 at 

p<0.05 (table 3.4). 

 

The analysis of variance (ANOVA) indicated significant 

differences in all of the indices considered except CRI-

11. However, when post-analysis was done using the 

turkey’s comparison test, significant differences were not 

observed between treated groups except between Group 

A and Group D as well as Group A and Group E (table 

3.6). 

 

Table 3.1: Concentration (Mmol/L) Of Lipid Parameters of various Groups. 

Parameter (Dose) TG (mmol/L) TC (mmol/L) HDL (mmol/L) LDL(mmol/L) 

Group A (0.0%) 0.994± 0.175 1.745±0.063 1.203±0.065 0.0910±0.067 

Group B (1.0%) 1.316 ±0.078 2.791 ±0.895 1.616 ±0.453 0.577±0.583 

Group C (1.5%) 1.113±0.371 1.812±0.283 1.076±0.078 0.230±0.225 

Group D (2.0%) 1.215±0.117 1.784±0.152 0.979±0.065 0.253±0.198 

Group E (2.5%) 1.269±0.191 1.900±0.111 1.092±0.029 0.231±0.149 

 

Table 3.2: Comparative Analysis of Group A and Group B Treated Rats.  

Parameters 
Non-HDL-C 

(mmol/L) 
AC AIP CRI-1 CRI-11 

Group A (0.0%) 0.54±0.08 0.45±0.08 -0.09±0.08 1.45±0.08 0.08±0.06 

Group B (1.0%) 1.17±0.58 0.73±0.28 -0.07±0.14 1.72±0.28 0.33±0.31 

Pvalue 0.0242 0.0451 0.7861 0.0451 0.0847 

Tvalue 2.653 2.289 0.2787 2.289 1.914 

Remark S S NS S NS 

 

Table 3.3: Comparative Analysis of Group A and Group C Treated Rats. 

Parameters 
Non-HDL-C 

(mmol/L) 
AC AIP CRI-1 CRI-11 

Group A (0.0%) 0.54±0.08 0.45±0.08 -0.09±0.08 1.45±0.08 0.08±0.06 

Group C (1.5%) 0.74±0.26 0.68±0.24 0.06±0.12 1.68±0.24 0.21±0.20 

Pvalue 0.1091 0.0496 0.0380 0.0496 0.1595 

Tvalue 1.759 2.233 2.389 2.233 1.520 

Remark NS S S S NS 

 

Table 3.4: Comparative Analysis of Group A and Group D Treated Rats.  

Parameters 
Non-HDL-C 

(mmol/L) 
AC AIP CRI-1 CRI-11 

Group A (0.0%) 0.54±0.08 0.45±0.08 -0.09±0.08 1.45±0.08 0.08±0.06 

Group D (2.0%) 0.81±0.21 0.84±0.26 0.09±0.06 1.84±0.26 0.27±0.22 

Pvalue 0.0157 0.0068 0.0018 0.0068 0.0634 

Tvalue 2.906 3.399 4.207 3.399 2.087 

Remark S S S S NS 

 

 

 



Ibioku et al.                                                                     European Journal of Pharmaceutical and Medical Research  

  

www.ejpmr.com 

 

72 

Table 3.5: Comparative Analysis of Group A and Group E Treated Rats.  

Parameters 
Non-HDL-C 

(mmol/L) 
AC AIP CRI-1 CRI-11 

Group A (0.0%) 0.54±0.08 0.45±0.08 -0.09±0.08 1.45±0.08 0.08±0.06 

Group E (2.5%) 0.81±0.10 0.74±0.09 0.10±0.08 1.74±0.09 0.21±0.14 

Pvalue 0.0005 0.0002 0.0036 0.0002 0.0494 

Tvalue 5.109 5.721 3.785 5.720 2.235 

Remark S S S S S 

 

Table 3.6: Analysis of Variance of the various Groups.  

Parameters 
Non-HDL-C 

(mmol/L) 
AC AIP CRI-1 CRI-11 

Group A (0.0%) 0.54±0.08
a 

0.45±0.08
a 

-0.09±0.08
a 

1.45±0.08
a 

0.08±0.06
a 

Group B (1.0%) 1.17±0.58
bc 

0.73±0.28
bc 

-0.07±0.14
ac 

1.72±0.28
bc 

0.33±0.31
ac 

Group C (1.5%) 0.74±0.26
ade 

0.68±0.24
bcd 

0.06±0.12
bde 

1.68±0.24
bcd 

0.21±0.20
acd 

Group D (2.0%) 0.81±0.21
bdef 

0.84±0.26
bcde 

0.09±0.06
bdef 

1.84±0.26
bcde 

0.27±0.22
acde 

Group E (2.5%) 0.81±0.10
bdef 

0.74±0.09
bcde 

0.10±0.08
bdef 

1.74±0.09
bcde 

0.21±0.14
bcde 

pvalue 0.0230 0.0495 0.0051 0.0496 0.3301 

Fvalue 3.425 2.766 4.811 2.766 1.213 

Remark S S S S NS 

 

Non-HDL-C & AIP: Values in each column with 

different superscript letter (a, b) differ significantly 

(p˂0.05) when comparing Group A with other groups. 

Values in each column with different superscript letter 

(c, d) differ significantly (p˂0.05) when comparing 

Group B with others groups. Values in each column with 

same superscript letter e and f do not differ significantly 

(p˂0.05) when comparing C with other groups and 

Group D with E respectively.  

 

AC & CRI-1: Values in each column with different 

superscript letter (a, b) differ significantly (p˂0.05) when 

comparing Group A with other groups. Values in each 

column with same superscript letter c, d, and e do not 

differ significantly (p˂0.05) when comparing Group B 

with others groups, Group C with other groups and 

Group D with group E respectively. 

 

CRI-11: Values in each column with different superscript 

letter (a, b) differ significantly (p˂0.05) when comparing 

Group A with other groups. Values in each column with 

different superscript letter c, d and e do not differ 

significantly (p˂0.05) when comparing Group B with 

others groups, group C with other groups and Group D 

with E respectively. S=Significant, NS= Not Significant 

at p<0.05 

 

4. DISCUSSION 

Cardiovascular diseases have been a major cause of 

death especially in developing countries.
[24][25][26]

 Several 

studies have indicated that there is an increased rate of 

death due to cardiovascular complications in developing 

countries especially in Africa and Asia.
[24][26]

 Similarly, it 

has also been reported that several factors can trigger 

cardiovascular risks viz-a-viz genetic deposition, 

lifestyle, dieting and environmental exposures.
[26][27]

 

However, in this work, the influence of tartrazine food 

dye on cardiovascular risk indices was evaluated. 

From the result when group A was compared with group 

B of tartrazine treated rats, there was a significant 

increase in Non HDL-C, AC and CRI-1 while non-

significant increases were observed in AIP and CRI-11. 

Also, the comparison of group A and group C indicated 

significant increases in AC, AIP and CRI-1 while group 

A and D comparison showed significant increases in all 

the atherogenic indices except CRI-11. Finally, the 

comparison of Group A and E indicted significant 

increases in all the atherogenic indices considered.  

 

The significantly increased atherogenic indices compared 

to control suggests an overall increase in atherogenic 

lipid fractions such as TC, LDL-C and VLDL-C which 

in turn are implicated in obesity and dyslipidemia as 

cardiovascular risk factors. This finding is in line with 

the reports of
[25][26][26]

, reported increases in atherogenic 

indices in post menopausal women in which similar 

increases were seen in their atherogenic lipid parameters. 

 

The significant increases observed in the atherogenic 

indices especially at high doses compared to the control 

could also be as a result of increased lipid peroxidation 

in the liver due to oxidative stress induced by the azo dye 

tartrazine. This finding is concurring with the report of.
[1]

 

They reported increases in oxidative markers when rats 

were treated with tartrazine dye at low and high doses. 

According to
[28]

, oxidative stress due to azo dyes arises 

from the metabolism of azo bonds by the liver and 

intestinal microbial interactions yielding oxidative 

reactive species such as aromatic amine, aryl amine, n-

hydroxyl groups and superoxides.
[2]

, reported that 

reactive oxygen species are associated with oxidative 

damages such as cell membrane distortion and leakages, 

lipid peroxidation, chromosomal aberration, mutagenic 

and carcinogenic effects. Peroxidation of lipids leads to 

hyperlipidaemias which has been linked with 
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atherosclerosis which serves as one of the major 

precursors of coronary heart diseases.  

 

AIP is an important marker of cardiovascular disorders 

which could serve as an indicator of the lipoprotein 

atherogenicity and a risk of developing cardiovascular 

disease such as myocardial infarction.
[15][16]

 The 

increases seen in AIP when compared to control group 

probably indicates an increased in TG particles and a 

probably reduced HDL-C fractions in the plasma. An 

increase in TG (hypertriglyceridaemia) has been 

implicated in cardiovascular disturbances. This is also in 

line with the reports of.
[11]

 They reported that increase in 

TG is an individual indicator of cardiovascular 

complication. These increases seen in AIP could be due 

to activities of reactive oxygen species having a 

retrogressive effect on hepatocellular enzymes such as 

lecithin cholesterol transferases and hepatic lipoprotein 

lipase which are useful enzymes in the catalysis of 

cholesterol and triglycerides respectively. This report is 

also in accordance with the findings of.
[1][28][29]

 They also 

reported that deficiencies of these enzymes could induce 

dyslipidaemia which is a major risk factor for 

cardiovascular diseases. 

 

The observed increase in AC directly reflects atherogenic 

potential of the entire line of lipoprotein fractions which 

are strongly associated with cardiovascular diseases. The 

increase in AC seen especially at higher doses reflects an 

increase in TC and especially LDL-C and reduced HDL-

C. Increased TC and LDL-C as well as reduced HDL-C 

are atherogenic pattern of lipid fractions implicated in 

cardiovascular disease. This finding is in agreement with 

the findings of.
[26]

 

 

The significant increases seen in CRI especially that of 

CRI-1 in the tartrazine treated rats compared to control 

could also be tied to increases seen in TC and LDL-C in 

the treated rats as a result oxidative induced lipid 

peroxidation probably leading to increase TC and LDL 

since CRI-1 and CRI-2 are ratio of TC to HDL-c and 

LDL-C to HDL-C respectively. This finding is also 

supported by the reports of.
[1][26][30]

 According to
[31]

, the 

risks of developing cardiovascular disorder correlates 

with increase in the plasma levels of lipid fractions such 

as TC, TG and LDL-C and probably a normal or 

decrease HDL-C concentration.  

 

5. CONCLUSION 

The study revealed that tartrazine orally administered at 

various high concentrations beyond its acceptable daily 

intake (ADI) induced elevated levels of atherogenic 

indices which are indicators of cardiovascular risks. 

Similarly, the study also showed that though the 

individual lipid parameters might appear normal but 

calculation of atherogenic indices could reveal risks of 

cardiovascular diseases. Therefore, the use of tartrazine 

azo dye in food especially in high doses beyond its 

acceptable daily intake should be avoided.  
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