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ABSTRACT 
 

The biochemical assessment in animals is of capital interest to define the diagnosis of many 
diseases. The variation of biochemical parameters (urea, glycemia, creatinemia, transaminases: 
GPT and GOT, total cholesterol, HDL-c, LDL-c, triglycerides and total lipids) is an indicator of the 
state of health of certain vital organs such as the kidney, liver, pancreas, veins, heart, etc... . For this 
study, to be able to determine the normal values of the rats, a set of batches of male and female 
Wistar rats was formed and acclimatized for 2 months. Each batch set consisted of thirty-nine (39) 
rats. Each rat was weighed and then sampled by venipuncture at the caudal level to collect their 
blood in a dry tube (red). The red tube was used to determine the biochemical parameters. The 
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results of this study showed that some animals already had certain pathologies before the use of 
any beneficial or harmful substance on them. However, most of the animals used have normal 
biochemical parameters revealing the good state of their various vital functions (kidney, liver, heart, 
veins, pancreas, etc.). These values of determining standard biochemical parameters can form a 
basis for future tests. 
 

 

Keywords: Rats; biochemical parameters; normal values; pathologies. 
 

1. INTRODUCTION 
 
Developing countries face enormous public 
health problems. Infectious diseases and 
malnutrition are the most prevalent despite the 
development of diagnostic tools. Clinical 
examinations are accompanied by biological 
analyses to guide or confirm the clinical 
diagnosis. Hematological and biochemical 
parameters are a reliable means for health and 
nutritional status assessment [1]. However, the 
interpretation of the results of these analyses is 
done by comparison with reference values of 
european populations provided by the 
manufacturer. As such, the diagnostic kits used 
in our laboratories are developed according to 
european or north american standards that do 
not necessarily reflect those of africans. In fact, 
studies made on the biological standards of 
africans are rare if not almost non-existent. 
Already, studies conducted by [2] in Côte 
d'Ivoire, [3] in Cameroon, and [4] in Congo have 
shown that there are differences between the 
mean values of certain biological parameters in 
the african and the european [5]. 
 
These differences would be due to nutritional and 
environmental variations, among others [6,5]. If 
we add the notion of intra- and inter-individual 
biological variations, we understand that the 
reference values cannot be transposed 
indifferently from one country to another. For 
example, during an international cooperative 
study on the transferability of reference values, 
[7] concluded that it was necessary to establish 
reference values adapted to geographical origin 
and taking into account the ethnic factor in Africa 
[5]. So, the establishment of baseline values is of 
paramount importance for a given population in 
terms of scientific, diagnostic, and therapeutic 
aspects [7,5]. Therefore, before establishing 
reference values for africans, it is essential to 
determine the biochemical and hematological 
parameters of animal models including rats. 
Indeed, hematological and biochemical 
characterization of animals is of particular 
interest in the diagnosis of many diseases [8,9, 
10], especially subclinical forms, as well                         
as for prognosis [8,9,10]. To do this, most 

pharmacological and toxicological experiments 
are performed on this small rodent. Thus, it is 
used as a study model in many areas of 
biomedical research [11]. Nevertheless, the rare 
work carried out on rats, i.e. the determination of 
their biochemical and hematological parameters, 
is only a recourse to verify the effect of a 
substance on the rat organism, and even to 
establish standard reference values for 
comparative studies [12,13] with reduced 
sampling.  
 
It is to remedy this situation that the present 
study was conducted. Its objective was to study 
the variation of some biochemical parameters in 
Rattus norvegicus. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 
2.1.1 Animal material 
 
The rats used in this study were Rattus 
norvegicus. They are 78 in number including 39 
males and 39 females and were acclimatized for 
two months at the Animal Physiology Department 
of the University Jean Lorougnon Guédé 
(UJLoG) (Daloa, Côte d'Ivoire) in plastic jars with 
stainless steel covers. In each jar, there are 4 or 
5 animals per group according to their sex. 
During this period, they were fed with pellets and 
subjected to controlled temperature and lighting 
conditions. The litter used was wood chips. It 
was renewed every two days during the entire 
experiment to ensure the good hygienic condition 
of the animals. Their age varied between 3 and 6 
months. The males rats weighed between 75 and 
175 g while the females weighed between 70 
and 150 g. 
 
2.1.2 Blood samples 
 

Blood samples are taken by caudal                 
venipuncture in rats. The blood of each rat was 
collected immediately in the dry tube                                     
and then transported in a cooler to the        
laboratory for the determination of biochemical 
parameters. 
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2.2 Methods 
 
2.2.1 Method of analysis of biochemical 

parameters 
 
For the biochemical analysis, the samples were 
previously centrifuged using a centrifuge at 3000 
rpm for 5 minutes in order to obtain their serum. 
These were then stored at -20°C until the 
determination of biochemical parameters such 
as: glutamate oxaloacétate transaminase (GOT), 
glutamate pyruvate transaminase (GPT), urea, 
glycemia, creatinine, total cholesterol, 
triglycerides, low density lipoproteins (LDL), high 
density lipoproteins (HDL), total lipids. The 
assays were performed with a semi-automated 
or spectrophotometer (Kenza max). 
 
2.2.2 Method of glutamo-oxaloacetic 

transaminase (GOT) analysis 
 
For its realization, a tablet of substrate R2 was 
dissolved in 15 mL of buffer R1 for 2 to 3 minutes 
and then homogenized in order to obtain the 
working solution. This solution can be stable for 
21 days at 2 to 8°C or 3 days (72 H) at room 
temperature (15 to 25°C). Manipulation was 
carried out using the kinetic method. It consisted 
of taking a volume of 100 µL of serum to which 1 
mL of the previous working solution was added. 
After this step, the solution obtained was read 
using a UV-visible spectrophotometer at a 
wavelength of 340 nm and a temperature of 
37°C. 
 
2.2.3 Method of glutamo- pyruvic 

transaminase (GPT) analysis 
 
The measurement of this parameter was made 
according to the previous procedure. 
 
2.2.4 Method of urea analysis 
 
For the preparation of urea, an enzyme tablet R3 
was dissolved in 250 mL of buffer solution R1 to 
obtain a solution. The resulting solution is stable 
for 4 weeks at 2 to 8°C or 7 days at room 
temperature (15 to 25°C). For the urea analysis, 
a volume of 1 mL of the initially prepared solution 
was taken and transferred to a hemolysis tube. In 
this tube, a volume of 10 µL of serum was added 
and incubated at 37°C for 5 minutes. After this 
incubation period, a 1 mL volume of the reagent 
R2 (ClONa) previously prepared and supplied by 
the manufacturer was added and incubated 
again at 37°C for 5 minutes. After this second 
incubation period, the determination of urea was 

carried out according to the enzymatic 
colorimetric method known as the Berthelot 
method. The reading was performed using a UV-
visible spectrophotometer at 580 nm and 37°C. 
 
2.2.5 Method of blood sugar analysis 
 
For the determination of blood glucose by the 
Tinder method, the working solution was initially 
prepared. A volume of 500 mL distilled water was 
added to the enzyme buffer of bottle R1 using a 
measuring cylinder and homogenized. 
Subsequently, the resulting solution was left to 
dissolve completely for about 2 minutes. After 
this step, the reagent R2 provided by the 
manufacturer was added to obtain the working 
solution. This solution is stable for at least 2 
years in the absence of contamination. As a 
practical matter, a volume of 1 mL of the solution 
obtained after the complete dissolution was 
removed and distributed in the hemolysis tube. 
To this volume, a volume of 10 µL of serum               
was added and incubated at 37°C for 10  
minutes or 20 minutes at room temperature. 
Absorbance readings were taken at 500 nm 
against the reactive blank using a UV-visible 
spectrophotometer at 37°C. Staining is stable for 
15 to 20 minutes at 37°C and then slowly 
decreases.  
 
2.2.6 Method of creatinine analysis 
 
For the creatinine assay, reagents R1 and R2 

have already been prepared by the suppliers 
(ready-to-use solution). These reagents are 
stable up to the expiry date indicated on the 
bottle in the absence of contamination. The 
working solution was obtained using equal 
volumes, i.e. 500 µL of R1, 500 µL of R2 was 
added. However, the working solution is stable 
for 30 days at 2 to 8°C in the absence of 
contamination. The analysis of creatinine was 
carried out according to the kinetic colorimetric 
method of Jaffé. For this purpose, a volume of 
100 µL of serum was added to 1 mL of the 
previously prepared solution (R1 and R2). Then 
the reading of absorbances was carried out using 
a UV-visible spectrophotometer at 492 nm and 
37°C. 
 
2.2.7 Method of total cholesterol analysis 

 
The determination of total cholesterol was done 
according to the enzymatic method [14,15]. The 
reagents supplied by the manufacturer are stable 
up to the expiry date indicated on the box label. 
However, to make the working solution, reagent 
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R2 (enzyme) was dissolved in reagent R1 
(buffer). Then the mixing was carried out gently 
until R2 was completely dissolved for about 2 
minutes. The solution is stable for at least 2 
years. For the determination of total cholesterol a 
volume of 1 mL of the working reagent was taken 
and transferred into a hemolysis tube. Then a 
volume of 10 µL of serum was also taken and 
added to this tube. Mixing was subsequently 
carried out and incubated for 5 minutes at 37°C 
or 10 minutes at room temperature. The 
absorbance reading was taken at 500 nm against 
the reagent blank, the staining was stable for one 
hour. 
 
2.2.8 Method of triglycerides analysis 
 

The determination of triglyceride in the blood was 
carried out using the enzymatic method [16,15]. 
The procedure for the analysis of this parameter 
is consistent with the previous one. 
 

2.2.9 Method of HDL analysis 
 

The determination of HDL-cholesterol (HDL-C) 
was performed by adding 0.2 mL of serum or 
plasma to 0.3 mL of the manufacturer's reagent 
composition precipitant. The mixture was mixed 
gently and incubated for 5 minutes at 25°C. 
Afterward it was taken to the centrifuge for 3000 
tr for 10 minutes. A volume of 100 µL of the 
resulting supernatant was removed and then 
added to 1 mL of the cholesterol reagent (ready-
to-use reagent). Therefore, it was previously 
distributed in all hemolysis tubes except the 
white test tube. It was then mixed well and 
incubated for 5 minutes at 37°C or 10 minutes at 
25°C. The mixture was then mixed well and 
incubated for 5 minutes at 37°C or 10 minutes at 
25°C. The absorbance reading of the standard 
and HDL-cholesterol white test was taken at 505 
nm. 
 

2.3.10 Method of LDL analysis 
 

The formula of [17] calculated the LDL-
cholesterol (LDL-C) level if the triglyceride level < 
3.4 g/1. Knowing the levels of total cholesterol, 
HDL-cholesterol and triglycerides, the LDL-
cholesterol level is determined by the difference 
method according to the equation: 
 

LDL (g/L) = Total Cholesterol - HDL - 
Triglycerides/ 5 
 

2.3.11 Method of total lipid analysis 
 

For the analysis of total lipids, the working 
reagent and the standard are ready for use and 

supplied by the manufacturer. However, for its 
realization, a volume of 2.5 mL of the working 
reagent has been dispensed into the hemolysis 
tubes. A volume of 100 µL of standard and 100 
µL of serum was then added to the tubes. Mixing 
was done entirely with a stirrer and incubation of 
the prepared tubes was carried out for 10 
minutes in a water bath at 100°C. A volume of 50 
µL of the standard reaction medium and 50 µL of 
the serum was then separately collected and 
added to 1 mL of the previously shared 
phosphovainillin reagent in the hemolysis tubes. 
Subsequently, the whole was mixed thoroughly 
with a stirrer and incubated for 15 minutes at 
37°C. During this reaction, unsaturated lipids 
react with sulfuric acid to form carbonium ions, 
then these ions react with phosphovainille to give 
a pink color. The intensity of the color formed is 
proportional to the concentration of total lipids in 
the sample [18]. Next, the reading of the 
absorbances of the samples and the standard 
against the reagent blank was done at 520 nm. 
The final coloration was stable for one hour. 
 
2.3.12 Method of statistical analysis 
 
The statistical treatments were carried out on the 
data collected after the characterization of 
biochemical parameters. These include a one-
factor analysis of variance (ANOVA). When the 
difference is significant, a multiple comparison 
test (Turkey HSB) was conducted at the 5% 
threshold to separate the samples. 
 
3. RESULTS 
 

3.1 Results of the Analyses of the 
Biochemical Parameters of the Males 

 
The results of the analyses of the biochemical 
parameters of males rats are reported in the 
following Tables 1, 2 and 3. 
 
The urea values obtained for males M2, M6, 
M10, M13, M16, M19, M20, M33, M35 and M37 
are out of the reference value for urea (0.39-0.65 
g/L) in Table 3. 
 
For blood glucose, the values for males M1, M3, 
M7, M9, M10, M11, M13, M18, M20, M21, M22, 
M31 and M39 are also not included in the 
reference value for blood glucose (0.47-1.19 g/L) 
in Table 3. 
 
With creatinine, the parameters values for males 
M2, M3, M8, M9, M10, M13, M20, M21, M28, 
M29, M30, M31 and M32 are outside the 
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reference value for this parameter (4.18-6.98 g/L) 
in Table 3. 
 
For GPT , the parameters values of males M12, 
M15, M20, M21, M22, M24, M27, M30, M35, 
M38 and M39 are not included in its reference 
value (67.20-159.72 IU/L) in Table 3. 
 
The GOT values for males M10, M12, M20, M21 
and M22 are not in the reference value (222.68-
438.04 IU/L) in Table 3. 
 
The TG values for males M1, M5, M6, M8, M9, 
M12, M15, M16, M17, M21, M22, M37, M38 and 
M39 are outside its reference values (0.42-1.10 
g/L) in Table 3. 
 
The results of T Chol parameters values for 
males M1, M4, M7, M8, M13, M19, M22, M29, 
M32, M33, M34, M35, M36 and M37 reveal that 
they are not included in the reference value 
(0.81-1.21 g/dL) in Table 3. 
 
For HDLc, the values obtained for males M2, M7, 
M12, M17, M19, M33, M36, M37 and M38 are 
excluded from its reference value (0.45-0.75 
g/dL) in Table 3. 
 
The results of the LDLc show that the 
parameters values for males M1, M2, M3, M4, 
M6, M9, M12, M13, M27, M29, M30, M32 and 
M39 are not within the reference value (0.10-0.42 
g/dL) of Table 3. 
 

With T lip, the parameters values for males M4, 
M5, M6, M8, M9, M12, M15, M17, M21, M22, 
M31 and M38 do not form part of the reference 
value (3.55-5.35 g/dL) in Table 3. 
 
3.2 Results of the Analyses of the 

Biochemical Parameters of the 
Females 

 

Tables 4, 5 and 6 show the results of the 
analyses of biochemical parameters of females 
rats. 
 

With urea, all female values are within the 
reference value (0.50±0.27 g/L or 0.23-0.77 g/L) 
of Table 6. 
 

For blood glucose, the values of the females 
parameters F4, F5, F9, F13, F15, F25, F27, F30, 
F32, F36, F37, F38, and F39 have values that 
are outside the reference value (0.72±0.39 g/L or 
0.33-1.11 g/L) of Table 6. 

As for creatinine, the values for females F1,                
F9, F23, F24, F26, F27, F29, F30, F34, F36                 
and F38 are not part of the reference                      
value (5.92±1.59 mg/L or 4.33-7.51 mg/L) in 
Table 6. 
 
The GPT values for females F2, F11, F16, F17, 
F25, F30, F32 and F35 are not included in the 
reference value (118.85±47.76 IU/L or 71.09-
166.61 IU/L) of Table 6. 
 
At the GOT level, the results for females F4, F5, 
F8, F11, F13, F25, F28, F32 and F34 give values 
that are not included in the reference value 
(332.90±134.01 IU/L or 198.89-466.91 IU/L) in 
Table 6. 
 
For TG, the results obtained for females F6, F13, 
F29 and F33 are outside the reference value 
(1.16±1.02 g/L or 0.14-2.18 g/L) of Table 6. 
 
As far as T Chol is concerned, the values                             
of the parameters of the females F11, F22,                       
F24, F25, F30, F31, F32, F34, F35, F36, F37 
and F39 show that they are below the                   
reference value (0.92±0.21 g/L or 0.71-1.13 g/L) 
in Table 6. 
 
For HDLc, the values obtained for females F4, 
F5, F6, F8, F12, F34, F35 and F39 are not 
included in the reference value (0.63±0.21 g/L or 
0.42-0.84 g/L) of Table 6. 
 
The LDLc results reveal that the parameters 
values for females F4, F5, F6, F8, F11, F16, F19, 
F20, F21, F22, F24, F30, F32, F34, F37 and F39 
are within the reference value (0.22±0.16 g/L or 
0.06-0.38 g/L) of Table 6. 

 
For T lip, the values of the parameters of the 
females F6, F13 and F33 are not included in the 
reference value (5.15±2.65 g/dL or 2.50-7.80 
g/dL) of Table 6. 
 
3.3 Results of the Statistical Analysis 
 
Statistical calculations are often useful to 
biologists for the determination of normal values 
or, more precisely, reference values, as well as 
for the evaluation of precision and analytical 
accuracy [19, 20,15]. 

 
The result of the statistical analysis of the 
biochemical parameters of males and females is 
given in Table 7. 
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Table 1. Biochemical parameters of the males of lot 1 
 

Males 
Parameters  

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M2O M21 M22 

UREA 0.46 0.29 0.43 0.55 0.46 0.91 0.55 0.6 0.57 0.68 0.57 0.63 0.67 0.48 0.57 0.68 0.49 0,58 0,69 0.69 0.64 0,64 
GLYC 0.46 0.7 0.39 0.53 0.51 0.91 0.3 0.47 0.31 0.26 1.26 0.95 0.45 0.55 0.83 0.77 0.93 0.1 1.01 1.67 1.43 1.5 
CREAT 6.2 3.8 4.1 5.8 5.3 4.3 4.9 3.6 3.9 2.8 4.7 6.2 7 4.5 5.3 6.2 6.7 6.5 5.8 7.4 8.2 6.9 
GPT  82 78 105 94 77 74 105 74 96 153 138 63 95 128 58 98 88 93 88 241 192 185 
TG 0.35 0.75 0.47 0.61 0.32 1.38 0.65 0.28 0.25 0.65 1.09 1.12 0.43 0.61 0.2 0.35 0.2 0.65 0.48 0.95 1.32 1.35 
GOT 314 375 388 235 218 296 296 358 284 480 355 176 258 321 261 258 279 224 302 632 725 537 
T CHOL  1.36 1.01 1.01 0.78 0.89 0.98 1.26 0.75 1.12 0.9 0.92 1.11 1.27 1.09 0.95 1.19 1.17 1.2 1.31 1.17 1.18 1.35 
HDLc 0.73 0.87 0.49 0.62 0.46 0.65 0.79 0.56 0.63 0.51 0.48 0.8 0.58 0.61 0.57 0.75 0.86 0.65 0.87 0.74 0.56 0.75 
LDLc 0.56 0.08 0.43 0.04 0.37 0.05 0.34 0.13 0.44 0.26 0.22 0.08 0.6 0.36 0.34 0.37 0.27 0.42 0.34 0.24 0.36 0.33 
T Lip 4.3 4.4 3.7 3.5 3.03 5.9 4.8 2.58 3.4 3.9 5.03 5.6 4.3 4.3 2.9 3.9 3.43 4.6 4.5 5.3 6.3 6.8 

 

Table 2. Biochemical parameters of males in lot 2 
 

Males 
Parameters 

M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34 M35 M36 M37 M38 M39 

UREA  0.48 0.42 0.49 0.53 0.53 0.51 0.45 0.46 0.62 0.39 0.36 0.39 0.37 0.41 0.3 0.45 0.42 
GLYC 0.88 0.84 0.92 0.84 0.62 0.96 0.51 0.93 1.22 0.98 0.86 1.13 1.09 0.81 1.07 0.92 1.46 
CREAT 4.7 4.3 5.5 5.2 5.8 3.4 3.8 3.6 8.7 7.4 6.8 6.4 6.4 6.1 6.2 6.7 6.7 
GPT  94 65 108 79 61 89 88 67 142 141 132 125 176 124 108 189 232 
TG 0.77 0.85 0.8 0.7 0.96 0.69 0.54 0.62 1.08 0.87 0.89 1.1 0.73 0.97 1.32 1.35 1.11 
GOT 246 244 389 276 252 300 267 295 334 333 334 315 356 292 312 382 385 
T CHOL  0.96 0.89 1.01 1.04 0.92 1.05 1.37 0.87 1.06 0.68 0.77 0.79 0.76 0.7 0.67 0.95 0.92 
HDLc 0.7 0.59 0.52 0.58 0.75 0.7 0.62 0.68 0.45 0.55 0.32 0.45 0.46 0.29 0.27 0.44 0.63 
LDLc 0.11 0.13 0.33 0.32 0.02 0.21 0.64 0.07 0.39 0.04 0.27 0.12 0.15 0.22 0.14 0.24 0.07 
T Lip 4.3 4.4 4.5 4.4 4.7 4.4 4.8 3.7 5.4 3.9 4.2 4.7 3.7 4.2 5 5.8 5.08 

* In bold, abnormal parameters 
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Table 3. Summary of the biochemical parameters of the males of the two batches 
 

Parameters Maximum Minimum Average Standard deviation Reference values 
UREA 0.91 0.29 0.52 0.13 0.39-0.65 g/L 
GLYC 1.67 0.1 0.83 0.36 0.47-1.19 g/L 
CREAT 8.7 2.8 5.58 1.4 4.18-6.98 g/L 
GPT  241 58 113.46 46.26 67.20-159.72 UI/L 
TG 1.38 0.2 0.76 0.34 0.42-1.10 g/L 
GOT 725 176 330.36 107.68 222.68-438.04 UI/L 
T CHOL 1.37 0.67 1.01 0.2 0.81-1.21 g/dL 
HDLc 0.87 0.27 0.6 0.15 0.45-0.75 g/dL 
LDLc 0.64 0.02 0.26 0.16 0.10-0.42 g/dL 
T lip 6.8 2.9 4.45 0.9 3.55-5.35 g/dL 
Urea (g/L), Glyc : glycemia (g/L), Creat : creatinine (mg/L), GPT (UI/L), TG, : triglycerides (g/L), GOT (UI/L), T 

Chol (Total cholesterol) (g/L), HDLc (HDL cholesterol) (g/L), LDLc (LDL cholesterol) (g/L), T Lip (Total lipids) (g/L) 

 

4. DISCUSSION 
 
Since for urea, the values for males M2, M33, 
M35 and M37 are over the reference value (0.39-
0.65 g/L); while those for males M6, M10, M13, 
M16, M19 and M20 are over the same reference 
value in Table 3, it can be said that the low 
values for males M2, M33, M35 and M37 would 
indicate hypo-uremia. This hypo-uremia would 
reflect severe liver failure or a deficiency in urea 
cycle enzyme [21]. In contrast, high values for 
males M6, M10, M13, M16, M19 and M20 would 
indirectly reveal renal and liver dysfunction [22, 
21]. Renal and liver dysfunction are more 
important in the M6 male. As for the values for 
females, they would show normal kidney and 
liver function as these values are all within their 
reference value (0.50±0.27 g/L or 0.23-0.77 g/L). 
Statistical analysis (p˃0.05) reveals that sex has 
no influence on urea. 
 
The creatinine values of males M2, M3, M8, M9, 
M10, M28, M29 and M30 are under the reference 
value (4.18-6.98 mg/L) for males as are those of 
females F1, F9, F23, F24 and F26 for their 
reference value (5.92±1.59 mg/L or 4.33-7.51 
mg/L) ; whereas those of M13, M20, M21, M31 
and M32 are over their reference value as are 
those of females F27, F29, F30, F34, F36 and 
F38. Low creatinine values in males (M2, M3, 
M8, M9, M10, M28, M29 and M30) and females 
(F1, F9, F23, F24 and F26) could be a sign of 
cachexia [23,24,25]. While the high creatinine 
values in males (M13, M20, M21, M31 and M32) 
and females (F27, F29, F30, F34, F36 and F38) 
could be explained by the decrease in 
creatinuria, i.e. the elimination of creatinine by 
the kidneys because this excretion by the 
kidneys is more specific to creatinine than urea 
[25]. Thus, kidney dysfunction would be more 
marked in males M13, M20, M32, M21 and M31 

respectively; in females, it is more visible with 
F34, F38, F27, F30, F36 and F29. Statistical 
analysis (p˃0.05) reveals that gender does not 
influence creatinine. 
 
The increase in serum urea concentration 
associated with that of creatinine would indicate 
renal failure [26,27,25]. Therefore, it is possible 
to infer that M13 and M20 males would obey this 
assertion. 
 
In terms of carbohydrate metabolism, the blood 
glucose values of males M1, M3, M7, M9, M10, 
M13 and M18 and females F4, F5, F9 and F27 
are lower than the respective reference values by 
0.83±0.36 g/L (0.47-1.19 g/L) for males and 
0.72±0.39 g/L (0.33-1.11 g/L) for females. This 
observation would reflect hypoglycemia. 
Hypoglycemia is thought to be caused by 
malnutrition or prolonged fasting, excess insulin 
secretion: insulinoma, polyadenomatosis, 
endocrine insufficiency: adrenal, pituitary, and 
liver disorder: acute hepatitis [5]. The males M11, 
M20, M21, M22, M32 and M39 and the females 
F25, F30, F32, F36, F37, F38 and F39 have 
values higher than their respective reference. 
This would mean hyperglycemia. Hyperglycemia 
would be due to insulin-dependent or non- 
insulin-dependent diabetes, pancreatic diseases: 
acute or chronic pancreatitis, endocrine 
diseases: pheochromocytoma, hypercorticism, 
corticosteroid therapy, and hypothyroidism [5]. 
According to Isler C [28]; blood glucose levels 
are also low in cases of anorexia and high in 
cases of diabetes. Consequently, it is possible                       
to say that anorexia would be observed in                     
males M1, M3, M7, M9, M10, M13 and M18,                    
and females F4, F5, F9 and F27; while                          
diabetes would be observed in males M11,                      
M20, M21, M22, M32 and M39, and                          
females F25, F30, F32, F36, F37,
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Table 4. Biochemical parameters of the females of lot 1 
 

 Females 
Parameters 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20 F21 F22 

UREA 0.45 0.49 0.6 0.37 0.65, 0.68 0.42 0.62 0.63 0.48 0.39 0.42 0.59 0.47 0.52 0.58 0.53 0.63 0.62 0.54 0.56 0.46 
GLYC 0.44 0.65 0.57 0.15 0.1 0.8 0.34 0.47 0.1 0.36 0.9 0.89 0.67 0.93 0.32 0.53 0.73 0.42 0.7 0.66 0.63 0.63 
CREAT 3.7 5.8 7 4.5 4.7 4.6 4 6 3.3 4.4 6.3 5.3 5.9 5.4 5.9 7.5 6.2 6.5 5.5 4.7 5.8 7.2 
GPT  82 58 80 117 125 94 82 91 101 157 262 130 79 96 85 55 57 117 94 97 83 89 
TG 0.53 0.74 0.37 1.07 1.04 6.31 0.6 1.14 0.63 1.17 1.26 1.01 2.45 1.04 0.52 1.3 0.56 1.06 1.15 0.71 0.34 0.65 
GOT 329 283 233 491 148 256 290 193 362 212 555 450 183 294 275 201 203 188 268 317 205 255 
T CHOL 1.13 1.05 1.02 0.74 0.98 1.13 1.1 1.06 1.04 1 1.17 0.95 0.95 0.92 0.99 0.86 0.76 1.04 0.81 1.06 1.12 1.32 
HDL c 0.64 0.71 0.81 1 1.21 0.37 0.75 1.18 0.83 0.65 0.53 0.41 0.75 0.55 0.64 0.61 0.42 0.8 0.6 0.45 0.66 0.73 
LDL c 0.38 0.2 0.14 0.47 0.44 0.5 0.23 0.47 0.08 0.12 0.39 0.34 0.29 0.16 0.25 0.01 0.23 0.2 0.02 0.57 0.4 0.46 
T lip 4.2 4.5 3.5 4.5 5.05 18.6 4.3 5.5 4.2 3.2 6.08 4.9 8.5 4.9 3.8 5.4 3.3 5.3 4.9 4.4 3.7 4.9 

 
Table 5. Biochemical parameters of females in lot 2 

 

    Females 
Parameters 

F23 F24 F25 F26 F27 F28 F29 F30 F31 F32 F33 F34 F35 F36 F37 F38 F39 

UREA 0.41 0.46 0.57 0.55 0.76 0.47 0.45 0.44 0.36 0.53 0.49 0.38 0.42 0.5 0.27 0,34 0,51 
GLY 0.71 0.42 1.65 0.38 0.3 0.43 0.4 1.35 1.1 1.42 0.86 0.95 1.08 1.39 1.24 1.28 1.18 
CREAT 4 2.1 6.3 3.5 7.9 5.1 9.9 8 6.2 7.2 6.9 7.6 6.9 8.1 6.4 7.6 7 
GPT 85 99 244 107 111 89 124 206 144 179 123 147 191 162 136 97 160 
TG 1.08 0.5 1.53 2.12 0.6 0.79 2.21 1.17 0.96 0.88 2.88 1.46 0.56 0.41 0.84 0.64 1 
GOT 427 257 772 442 290 195 252 441 414 481 364 626 351 392 308 317 463 
T CHOL  1 1.36 1.22 0.96 1.05 0.79 0.83 0.68 0.58 0.61 0.74 0.57 0.67 0.68 0.59 0.73 0.65 
HDLc 0.65 0.83 0.84 0.77 0.79 0.53 0.54 0.48 0.48 0.48 0.45 0.26 0.36 0.44 0.44 0.52 0.41 
LDLc 0.13 0.43 0.07 0.23 0.14 0.10 0.15 0.03 0.09 0.05 0.29 0.02 0.2 0.16 0.02 0.08 0.04 
T lip 5.2 4.7 6.9 7.7 4.1 4 7.6 4.6 3.8 3.7 9.05 5.06 3.07 2.7 3.6 3.4 4.02 

* In bold, abnormal parameters 
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Table 6. Summary of biochemical parameters of the females of the two batches 
 
Parameters Maximum Minimum Average Standard deviation Reference values 
UREA 0.76 0.27 0.50 0.27 0.23-0.77 g/L 
GLYC 1.65 0.1 0.72 0.39 0.33-1.11 g/L 
CREAT 9.9 3.3 5.92 1.59 4.33-7.51 mg/L 
GPT  262 55 118.85 47.76 71.09-166.61 UI/L 
TG 6.31 0.34 1.16 1.02 0.14-2.18 g/L 
GOT 772 148 332.90 134.01 198.89-466.91 UI/L 
T CHOL 1.36 0.57 0.92 0.21 0.71-1.13 g/L 
HDLc 1.21 0.26 0.63 0.21 0.42-0.84 g/L 
LDLc 0.57 0.01 0.22 0.16 0.06-0.38 g/L 
T lip 18.6 2.7 5.15 2.65 2.50-7.80 g/dL 

Urea (g/L), Glyc : glycemia (g/L), Creat : creatinine (mg/L), GPT (UI/L), TG, : triglycerides (g/L), GOT (UI/L), T Chol (Total cholesterol) (g/L), HDLc (HDL cholesterol) (g/L), LDLc (LDL cholesterol) (g/L), T Lip  
(Total lipids) (g/L) 

 
Table 7. Statistical analysis of biochemical parameters by gender (ANOVA) 

 
Parameters Urea Glycemia Creatinine GPT GOT T Chol  TG HDLc LDLc T lip 
Males 0.52 ± 0.13

a
 0.83 ± 0.36

a
 5.58 ± 1.4

a
 113.46 ± 46.26

a
 330.36 ± 107.68

a
 1.01 ± 0.2

a
 0.76 ± 0.34

b
 0.6 ± 0.15

a
 0.26 ± 0.16

a
 4.45 ± 0.9

a
 

Females 0.50± 0.27
a
 0.88± 1.03

a
 5.92± 1.59

a
 118.85± 47.76

a
 332.90± 134.01

a
 0.92± 0.21

a
 1.16± 1.02

b
 0.63± 0.21

a
 0.22± 0.16

a
 5.15± 2.65

a
 

F 0.610112 0.070536 1.183922 0.255738 0.008503 3.796161 5.294026 0.406417 1.149781 2.423517 
p 0.437172 0.791278 0,279998 0.614527 0.926771 0.055062 0.024142 0.525710 0.286988 0.123681 

p˂0.05, sex has an influence on the biochemical parameter being studied. 
p˃0.05, sex has no influence on the biochemical parameter being studied. 
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F38 and F39. Statistical analysis (p˃0.05) shows 
that gender has no influence on blood glucose 
levels.  
 
In general, hepatic exploration implies the 
observation of certain parameters such as 
glutamo-oxaloacetic transaminase (GOT) and 
glutamo-pyruvic transaminase (GPT). So, the 
observation of the GPT values of males M12, 
M15, M24, M27 and M30 and those of females 
F2, F16 and F17 gave respective reference 
values of 113.46±46.26 IU/L (67.20-159.72 IU/L) 
for males and 118.85±47.76 IU/L (71.09-166.61 
IU/L) for females below; while those of males 
M20, M21, M22, M35, M38 and M39 and females 
F25, F30, F32 and F35 are above their 
respective reference values. 
 
For GOT, its values in males M10, M20, M21 and 
M22 and females F4, F11, F25, F32 and F34 are 
greater than the respective reference values of 
330.36±107.68 IU/L (222.68-438.04 IU/L) for 
males and 332.90±134.01 IU/L (198.89-466.91 
IU/L) for females; although the value in M12 and 
those in females F5, F8, F13 and F28 are lower 
than their respective reference values. In 
addition, measurements of liver enzyme activities 
of GPT and GOT would be used in the diagnosis 
and evaluation of liver disease [29,21]. Elevated 
transaminases may reflect hepatocellular 
damage or disruption of bile flow [21]. Therefore, 
elevation of transaminases (GPT and GOT) 
would be observed in acute hepatitis. However, 
GPT is a cytosolic enzyme secreted in liver cells 
which it is released into the bloodstream in the 
event of hepatic cell necrosis [30,31,32]. Thus, it 
is a liver-specific enzyme, making it an important 
and very sensitive indicator of hepatotoxicity [33, 
34,32]. So, the GPT values of males M12, M15, 
M24, M27 and M30 and those of females F2, 
F16 and F17 would obey this assertion. GOT is 
also an indicator of hepatocyte destruction, 
although in addition to the liver it is found in the 
heart, skeletal muscle, lungs and kidneys [31, 
32]. Therefore, the values for males M10, M20, 
M21 and M22 and females F4, F11, F25, F32 
and F34 would indicate hepatocyte destruction. 
Statistical analysis (p˃0.05) shows that sex has 
no influence on GPT and GOT. 
 
In lipid metabolism, triglyceridemia values in 
males M1, M5, M8, M9, M15, M16 and M17 are 
within 0.76±0.34 g/L (0.42-1.10 g/L) of the 
reference value; while those of males M6, M12, 
M21, M22, M37, M38 and M39 and those of 
females F6, F13, F29 and F33 are also in excess 
of the respective reference values of 0.76±0.34 

g/L (0.42-1.10 g/L) for males and 1.16±1.02 g/L 
(0.14-2.18 g/L) for females. According to Al-
Shinnawy M, Djeffal A, [35,18]; the increase in 
triglycerides corresponds to hypertriglyceridemia 
and would be a risk factor in predicting 
cardiovascular disease. Indeed, triglycerides are 
the main constituents of cell membranes and the 
increase in their concentration would probably be 
the result of apoptosis. The males values M6, 
M12, M21, M22, M37, M38 and M39 and the 
females values F6, F13, F29 and F33 would 
conform to this principle. Statistical analysis 
(p˂0.05) indicates that sex has an influence on 
triglycerides. 
 
For cholesterolemia in males M4, M8, M32, M33, 
M35, M36 and M37, and females F30, F31, F32, 
F34, F35, F36, F37 and F39, the values obtained 
are respectively below their reference 1.01±0.2 
g/L (0.81-1.21 g/L) and 0.92±0.21 g/L (0.71-1.13 
g/L). According to Eastham RD, Diaby V, [36, 
21]; this decrease in values in these individuals 
would indicate hypocholesterolemia. It is 
observed in liver damage, serious infections, 
anemia, treatment with particular drugs 
(hormones such as clofibrate and androsterone), 
mental retardation and congenital acyl-
transferase deficiency. M1, M7, M13, M19, M22 
and M29 males and F11, F22 and F24 and F25 
females all have values above their respective 
standards. The authors suggest that this would 
show hypercholesterolemia. It is found in liver 
damage, kidney damage, pancreatic damage 
and thyroid damage. According to Heuillet M 
[37], hypercholesterolemia is characterized by a 
chronic inflammation of the arterial wall that 
develops in response to damage to the vascular 
endothelium. Atherosclerotic lesions develop on 
large and medium arteries, which are 
approximately 3 to 0.5 cm in diameter. Statistical 
analysis (p˃0.05) indicates that gender does not 
influence total cholesterol. 
 
For HDL-c, the values for males M33, M36, M37 
and M38 and females F6, F12, F34, F35 and F39 
are 0.6±0.15 g/L (0.45-0.75 g/L) and 0.63±0.21 
g/L (0.42-0.84 g/L) respectively below their 
reference; while those of males M2, M7, M12, 
M17 and M19 and females F4, F5 and F8 are 
over their respective reference values. According 
to [38]; a 1% increase in HDL-c is associated 
with a 3-4% decrease in coronary risk, and a 
level below 0.40 g/L in humans is considered a 
risk factor for cardiovascular disease. Similarly, 
the work of [39] showed that an increase in HDL-
c levels would indicate a protective factor for the 
heart muscle, thus revealing its beneficial effect 
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against cardiovascular complications such as 
atherosclerosis. Consequently, males M2, M7,  
 
M12, M17 and M19 and females F4, F5 and F8 
would observe this principle unlike males M33, 
M36, M37 and M38 and females F6, F12, F34, 
F35 and F39. Statistical analysis (p˃0.05) 
reveals that sex has no influence on HDL-c. 
 
With LDL-c, the values of males M1, M3, M9, 
M13 and M29 and females F4, F5, F6, F8, F11, 
F20, F21, F22 and F24 are above their 
respective reference values 0.26±0.16 g/L (0.10-
0.42 g/L) and 0.22±0.16 g/L (0.06-0.38 g/L). 
Males M2, M4, M6, M12, M27, M30, M32 and 
M39, and females F16, F19, F30, F32, F34, F37 
and F39 have values below their respective 
reference. According to Lewington S et al. 
Heuillet M [40,37]; a 0.38 g/L reduction in LDL 
cholesterol would be associated with a one-third 
reduction in coronary mortality. Thus, males M2, 
M4, M6, M12, M27, M30, M32 and M39, and 
females F16, F30, F32, F34, F37 and F39 would 
respect this assertion, as opposed males M1, 
M3, M9, M13 and M29 and females F4, F5, F6, 
F8, F11, F20, F22 and F24. Statistical analysis 
(p˃0.05) indicates that gender does not influence 
LDL-c. 
 
For T lip, the values for males M4, M5, M8, M9, 
M15 and M17 and females F6, F13 and F33 are 
above their respective reference values by 
4.45±0.9 g/L (3.55-5.35 g/L) and 5.15±2.65 g/L 
(2.50-7.80 g/L). Males M6, M12, M21, M22, M31 
and M38 are below its reference value. 
According to Gervois P et al. Heuillet M [41,37]; 
dyslipidemia is one of the main cardiovascular 
risk factors. Their detection is mainly based on 
an analysis called "exploration of a lipid 
abnormality" or "ELA", which combines the assay 
of several lipid compounds. In practice, ELA is 
performed on an empty stomach and includes 
the determination of total cholesterol (TC), 
triglycerides (TG), HDL-cholesterol and LDL-
cholesterol. Dyslipidemia is differentiated into 
pure hypercholesterolemia, pure 
hypertriglyceridemia and combined 
hyperlipidemia. Thus, to the extent that the M22 
male has both high Total Cholesterol and 
triglyceride values; while the F6, F13 and                       
F33 females also have high triglyceride and total 
lipid values compared to their respective 
standards, it can be said that these 
aforementioned individuals may be exposed to 
cardiovascular risk factors. Statistical analysis 
(p˃0.05) shows that gender has no influence on 
T lip. 

5. CONCLUSION 
 
The results of this study showed that most                       
of the animals had normal biochemical 
parameters. The values of these individuals 
allowed the determination of standards at                           
the rat level with more representative sampling. 
Nevertheless, some individuals had fluctuating 
biochemical parameters. Variations in                                    
these parameters can be the cause of                           
many pathologies. Thus, these pathologies                      
are observed in a particular way at the                           
level of: 
 

- 2 males out of 39 with kidney problems; 
- 6 out of 39 males and 7 out of 39 females 

for problems with their pancreas; 

- 7 out of 39 males and 4 out of 39 females 
with anorexia; 

- 4 out of 39 males and 5 out of 39 females 
with liver problems; 

- 7 out of 39 males and 4 out of 39 females 
with high triglycerides; 

- 6 out of 39 males and 4 out of 39 females 
were hypercholesterolemic; 

- 4 out of 39 males and 5 out of 39 females 
who had a risk factor for cardiovascular 
disease;  

- 5 out of 39 males and 9 out of 39 females 
who were exposed to coronary heart 
disease; 

- 6 out of 39 males and 3 out of 39 females 
had hyperlipidemia; 

- 1 out of 39 males and 3 out of 39 females 
had dyslipidemia and therefore the 
possibility of developing cardiovascular 
disease. 

 

Statistical analysis of the various biochemical 
parameters revealed that sex has an influence 
on triglycerides only. 
 

On the basis of the standard biochemical 
parameters obtained, it would be plausible to 
carry out tests of certain substances (food and/or 
medical) in vivo in order to determine their 
harmful or beneficial effects on vital organs and 
by ricochet extend it to man. 
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