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ABSTRACT 
Bt corn “MON810: Ajeeb YG” produces delta endotoxins in the whole plant due to the genetic modification 
process. The chemical analysis of this variety showed significant differences from its conventional counterpart 
“Ajeeb”. Further, feeding studies on rats were designed to complete assessing the safety of “MON810: Ajeeb 
YG”. Three groups of rats (6 males and 6 females’ rats/group) were fed on control diet, non-Bt corn and Bt corn 
for 1.5 months and 3 months. After 1.5 months, 3 males and 3 females from each group were sacrificed, and after 
another 1.5 months, 3 males and 3 females from each group and their offspring were sacrificed. Histopathologi-
cal examination, blood haematology and serum biochemical analysis were determined. Results indicated signifi-
cant differences among the tested parameters in the three groups especially Bt group. Severe changes in the liver 
of Bt group after 3 months were observed. 
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1. Introduction 
Commercialization of biotech crops has started since 
1996, where the cultivated area of these crops was in-
creased from 1.7 million hectares in 1996 to 170.3 mil-
lion hectares in 2012. According to the latest statistics in 
2012, Africa made steady progress in planting of biotech 
crops where the four countries (Egypt, Sudan, South 
Africa & Burkina Faso) together planted 2.9 million 
hectares of biotech crops; and the planted biotech crop in 
Egypt was GM maize [1]. “MON810: Ajeeb YG” is a 
genetically modified corn that has resistance to borers, 
and this variety was produced by incorporating the 
MON810, produced by Monsanto, in the Egyptian con-
ventional corn germplasm “Ajeeb” [2]. MON810 variety 
contains Cry1Ab genes from Bacillus thuringiensis, and 
these genes produce delta endotoxins in the whole plant 
[3,4]. These endotoxins activate in the alkaline environ-
ment of insects’ gut, and then the insects die within 24 - 
48 hours [5]. The safety assessment in the first place fo-
cuses on the presence of newly expressed proteins, be-  

cause most of these proteins are immunogenic. Some-
times, immunogenicity leads to hypersensitivity reactions 
“allergy” [6,7]. Otherwise, the new proteins have toxico-
logical impact on the human/animal health which results 
from “expression of introduced gene, genes silencing or 
over expression of endogenous gene” [8]. Risk assess-
ment strategy for genetically modified plants is known as 
the estimation of potential adverse health effects on hu-
mans or animals, and it can be evaluated by comparison 
of genetically modified foods with their conventional 
counterparts, based on the assumption that conventional 
counterparts are similar foods or feeds produced without 
the help of genetic modification and the history of safe 
use as mentioned in the regulation (EC) NO.1829/2003 
[9]. This comparison also denoted the concept of “sub-
stantial equivalence” [8]. Results of the present study 
detected that there were significant differences among all 
parameters of moisture content, crude fat, crude fiber, 
carbohydrates, proteins and ash content, except for starch 
content, and also lipids profile and amino acids profile 
between Bt corn and non-Bt corn which showed signifi-
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cant differences [10]. In order to arrive at high level 
science-based assessment of chemicals in food, and of 
whole food and feed, appropriate animal studies may be 
needed [11]. Accordingly, in the present research, feed-
ing studies were carried out on rats for 90 days feeding 
on one of three normal doses of GM in the diet (11%, 
22%, and 33%) to represent an equilibrated diet. The 
health risk assessment of Bt corn was based on the study 
of blood analyses of rats feeding on Bt corn and non-Bt 
corn compared to a control diet in sub-chronic tests [12]. 
After the termination of the feeding study, it was fol-
lowed by clinically observable adverse effects, organs 
weight, blood chemical analyses, haematological para-
meters and histopathology. 

2. Materials and Methods 
2.1. Materials 
Seeds of Bt corn “MON810: Ajeeb YG®” & non-Bt corn 
“Ajeeb” were carefully cleaned and disqualified from 
broken seeds. The seeds were milled into a fine powder. 

Thirty six albino rats “18 females and 18 males” were 
obtained from Faculty of Medicine, Alexandria University. 

2.2. Experimental Design 
Thirty six albino rats “18 females and 18 males” were 
randomly divided into three groups; each group consisted 
of 6 males and 6 females, where group I (control), group 
II (non-BT), and group III (BT). Rats in group I (control) 
fed on 100% of a standard diet, those in group II (non- 
BT) fed on a standard diet containing 30% of non-BT 
corn, and the ones in group III (BT) fed on a standard 
diet containing 30% of BT corn. Rats were housed in 
cages under controlled conditions, and were allowed to 
acclimate to the housing conditions for one week before 
the treatment was begun during which they kept on basal 
diet. Animals were observed twice weekly for general 
wholesomeness and care. After 1.5 months of the begin-
ning of the treatment, 3 males and 3 females from each 
group were sacrificed. And after 3 months from the be-
ginning of the treatment, 3 males, 3 females and their 
offspring in each group was sacrificed. 

2.3. Organs Weight 
Liver tissue, kidney, spleen, and heart of rats that were 
sacrificed after 1.5 months, 3 months and their offspring 
were removed and weighed. 

2.4. Liver Histopathology 
After removing the liver, it was immediately fixed in 10% 
formaldehyde. The fixed liver tissue was dehydrated by 
ethanol (70%, 80%, 90%, and 100%). The tissue was 
cleared in xylene, and was embedded in paraffin blocks 

and sectioned into 5 µm thick tissue sections using mi-
crotome (Reichert-Jung, Germany). The sections were 
mounted on glass slides and stained with Haemotoxylin 
and eosin (H & E) stain in order to examine under light 
microscopy (100×, 200× & 400×) [13,14]. 

2.5. Blood Biochemical Analysis 
Blood samples were taken from heart of rats under ether 
anesthesia where, 1 ml of blood sample was transferred 
into EDTA tube for blood picture determination by CBC. 
About 2 ml of blood sample were transferred into tube 
without additive. The tubes without additive were cen-
trifuged at 3000 rpm for 15 minutes for serum separation. 
Serum samples were analyzed for determination of liver 
profile (Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT), Alkaline phosphatase (ALP), 
Gamma-glutamyl transferase (GGT), total protein, albu-
min, globulin & A/G ratio), lipid profile (cholesterol, 
triglycerides, HDL, LDL, VLDL, total lipids, LDL/HDL 
ratio & cholesterol/HDL ratio), kidney functions (urea, 
uric acid & creatinine), allergenicity test (IgE) and test of 
liver tumor (AFP). 

2.6. Statistical Analysis 
The statistical analysis was performed using a SPSS 19 
program. Data were expressed as mean ± standard error 
(SE) and statistical significance was assigned at P ≤ 0.05 
level. A factorial ANOVA experiment was conducted to 
compare organ’s weight, blood biochemistry and hae-
matology. 

3. Results and Discussion 
3.1. Organs Weight 
Organs’ weights after 1.5 months, 3 months and offspring 
are shown in (Tables 1 and 2), respectively. Generally, 
significant differences were detected in all organs weights 
among groups after 1.5 months and 3 months and among 
male and female groups. As can be seen, no significant 
differences were observed in liver weight after 1.5 months 
for males, but obvious significant increase was detected 
in Bt group of females after 1.5 months, as well as after 3 
months and in both offspring males & females. Liver 
weight after 3 months, for males fed Bt & non-Bt groups 
showed a significant increase as compared to control. As 
for spleen weight, no obvious significant difference was 
observed after 1.5 months for both males and females. 
Whereas, a clear significant increase was observed in Bt 
fed group in both males and females after 3 months. Re-
sults also indicated the presence of significant increase in 
spleen weight for male’s offspring, but no significant 
difference was observed in female’s offspring. With re-
spect to kidney weight, significant differences in Bt 
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groups were detected between females after 1.5 months 
and males after 3 months. That is to say, no significant 
increase in kidney weight was observed except for male 
Bt and non-Bt fed groups as compared to control after 3 
months. No significant differences were observed be-
tween offspring except for females in both Bt and non-Bt 
group. Concerning the heart weight, no significant dif-
ferences were observed among the three groups in both 
males & females after 1.5 months. As a matter of fact, 
after 3 months a significant increase in heart weight was 
observed in Bt and non-Bt fed males. Whereas, a signifi-
cant decrease in heart weight was observed in female 
groups fed Bt and non-Bt corn. The offspring females in 
Bt group exhibited a significant increase in heart weight, 
but no significance was detected in offspring males. Ref-
erence [2] determined the organs weights of males after 
45 & 91 days feeding on 30% MON810; where kidney 
and spleen showed significant increase in Bt groups 
compared to other groups after 45 days. While weight of 
kidney, liver and heart were significantly increased in Bt 
group, the spleen was significantly decreased in Bt as 
compared to the other groups. Reference [12] showed 
that the consumption of Bt corn or GM soybean caused 
significant differences in organs’ weights particularly, 
liver and kidney because these organs are concerned for 
detoxification process. Liver weights were significantly 
increasing in females rats, but there were no obvious 
significant differences in males. Whereas, kidney weights 
showed no significant differences in both males and fe-
males as reported by Kilic & Akay [13]. 

3.2. Liver Histopathology 
Concerning liver histopathology, no changes were de- 

tected in the liver of control group (Figure 1(a)). The 
changes in liver were noticed in non-Bt & Bt groups after 
1.5 months where vacuolation was observed in both 
groups, mild cellular infiltration surrounding portal tract, 
congested central vein and dilated blood sinusoid also 
were detected in Bt group after 1.5 months, as shown in 
Figures 1(b)-(d). These changes were also detected in 
non-Bt group after 3 months in addition to some dark 
nuclei as shown in Figures 1(e) and (f). But in Bt group 
after 3 months, other changes were noticed. The liver lost 
its hepatic architecture and increased activity of macro-
phages (Figure 1(g)), destruction of cytoplasm, pyknosis  
 
Table 1. Organs weights of rat’s offspring feeding on diets 
for 50 days. 

 Control Non-BT BT 

Males 

Liver 4.75 ± 0.71b 6.45 ± 0.52b 9.75 ± 0.48a 

Spleen 0.65 ± 0.08b 1 ± 0.08a,b 1.14 ± 0.18a 

Kidney 0.98 ± 0.11a 1.1 ± 0.21a 1.25 ± 0.13a 

Heart 0.65 ± 0.03a 0.75 ± 0.12a 0.69 ± 0.02a 

Females 

Liver 4.83 ± 0.24b 5 ± 0.76b 7.56 ± 0.07a 

Spleen 0.74 ± 0.05a 0.8 ± 0.11a 1.25 ±0.23a 

Kidney 1.13 ± 0.02b 0.98 ± 0.05c 1.6 ± 0.05a 

Heart 0.59 ± 0.07b 0.71 ± 0.03b 0.97 ± 0.06a 

Each value is mean ± SE, and expressed as % of body weigh 

*The same letter in the same row is not significant different at (P ≤ 0.05). 
 

Table 2. Organs weight of rats after 1.5 and 3 months. 

 After 1.5 months After 3 months 

 Control Non-Bt Bt Control Non-Bt Bt 

Males 

Liver 5.11 ± 0.56a 4.58 ± 0.58a 3.54 ± 0.37a 3.13 ± 0.08e 4.4 ± 0.44d 4.72 ± 0.27d 

Spleen 0.44 ± 0.09a 0.26 ± 0.04b 0.44 ± 0.04a 0.19 ± 0.02e 0.34 ± 0.06e 0.67 ± 0.06d 

Kidney 0.85 ± 0.08a 0.64 ± 0.07a 0.81 ± 0.02a 0.35 ± 0.04f 0.68 ± 0.05e 0.89 ± 0.04d 

Heart 0.5 ± 0.09a 0.42 ± 0.04a 0.46 ± 0.04a 0.21 ± 0.01e 0.43 ± 0.04d 0.47 ± 0.02d 

Females 

Liver 3.98 ± 0.27b 4.61 ± 0.27b 5.4 ± 0.26a 3.7 ± 0.15e 3.36 ± 0.42e 4.78 ± 0.13d 

Spleen 0.46 ± 0.02a 0.57 ± 0.04a 0.6 ± 0.08a 0.47 ± 0.02e 0.38 ± 0.02e 0.62 ± 0.05d 

Kidney 0.75 ± 0.02b 1.03 ± 0.04a 1.1 ± 0.08a 0.69 ± 0.04d 0.7 ± 0.11d 0.69 ± 0.04d 

Heart 0.4 ± 0.05a 0.5 ± 0.04a 0.52 ± 0.05a 0.72 ± 0.04d 0.39 ± 0.02e 0.46 ± 0.02e 

Each value is mean ± SE, and expressed as % of body weight. *The same letter in the same row is not significant different at (P ≤ 0.05).  
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(a)                                                        (b) 

  
(c)                                                        (d) 

  
(e)                                                        (f) 

  
(g)                                                        (h) 

 
(i) 

Figure 1. (a) A photomicrograph of section in control rat liver; (b) A photomicrograph of a section in the liver of non-Bt 
group after 1.5 months [100×]; (c) Higher magnification of Bt group after 1.5 [×200, H & E]; (d) A photomicrograph of rat 
liver receiving Bt corn for 1.5 months; (e) A photomicrograph of rat liver receiving non-Bt corn for 3 months [×100, H & E]; 
(f) Magnification of non-Bt corn after 3 months [×400, H & E]; (g) A photograph of rat liver receiving Bt for 3 months [×400, 
H & E]; (h) Rats liver receiving Bt for 3 months; (i) Rats liver receiving Bt for 3 months [×400, H & E]. (V): Cytoplasmic 
Vacuolation; ( ): Cellular Infiltration; (*): Dilated blood sinusoids; (N): Pyknosis; ( ): Esinophilic masses; (CV): 
Central Vein; ( ): Cell membrane destruction; (m): macrophages.  
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and cellular infiltration as seen in Figures 1(h) and (i). 
Histopathology of liver revealed minor changes in non- 
Bt and Bt group after 1.5 months, but severe changes 
appeared in Bt group after 3 months. These results were 
quite in agreement with Kilic & Akay [13] who found 
some changes especially in the group feeding on Bt corn 
MON810 such as infiltration, congestion, border change 
and granular degeneration. Some feeding studies with 
GM maize confirmed histopathological changes in the 
liver of rats such as congestion, cell nucleus border 
changes and sever granular degeneration. These changes 
may be due to the insertion of Cry1Ab gene in maize 
which produces the insecticide in MON810 because this 
insecticide is a toxin [12]. In the same respect Hammond, 
et al. [15] detected infiltration, mononuclear, multifocal 
and inflammation by microscopic examination in the 
liver of rats that were fed grain from glyphosate tolerant 
corn. 

3.3. Blood Biochemical Analysis 
Results in Table 3, for both male and female rats after 
1.5 months of feeding exhibited an obvious significant 
increase at (P ≤ 0.05) in liver enzymes in Bt groups as 
compared to control and non-Bt groups. Whereas, ALP 
level in females after 1.5 months showed a significant 
decrease in this respect. But after 3 months a significant 
rise in all liver enzymes (AST, ALT, GGT) as well as 
ALP was obvious in Bt group as compared to control. 
The same trend was also true for male and female 
offspring groups Table 4. It is also obvious that no sig-
nificant difference was observed among all fed groups 
after 1.5 months and 3 months and offspring concerning 
total protein, albumin, globulin and A/G ratio. In this 
study, the results of liver functions analysis are in 
agreement with the histopathological study of liver as 
described previously. It was reported by AACC [16] that 
AST, ALT, ALP and GGT content Increase if liver 
damages. Our results were different from the results re-
ported by Kilic & Akay [13], as there were no significant 
differences among the determined enzymes and proteins 
except for globulin and total protein in males and females. 
Enzymes were significantly different as our study after 
45 days of feeding on “MON810-Ajeeb YG” except for 
total protein, albumin and globulin. But it was in agree-
ment with the results determined after 91 days of feeding 
as revealed by Rayan et al. [2]. The results of kidney 
functions of all groups fed Bt, non-Bt and control showed 
disturbed levels after 1.5 months for both male and female 
groups with no significant differences in urea and creati-
nine in Bt males as compared to control, but, showed a 
significant rise in uric acid level as compared to control. 
As for females, a significant decrease in uric acid was 
only observed in Bt and non-Bt groups as compared to 
control. As a matter of fact, after 3 months in males Bt  

group, a significant increase in urea was observed as 
compared to control, but, a significant decrease was de-
tected in uric acid level. As for females, no significant 
differences in urea and uric acid were observed, but a 
significant decrease was detected in creatinine level in Bt 
as compared to non-Bt and control. Concerning male and 
female offspring, a significant increase in both urea and 
creatinine levels were observed in Bt fed group as com-
pared to control. The results of kidney functions in this 
study is not in agreement with those obtained by Kilic & 
Akay [13] who observed that there were no significant 
differences among the groups in urea and uric acid for 
both of males and females, but creatinine was differed in 
non-Bt for males and in Bt for females from the other 
groups. Reference [2] found that uric acid, urea and crea-
tinine in Bt group were significantly different from the 
other groups after 45 and 91 days. Results showed 
changes in lipid profile of blood. As it can be seen, male 
rats after 1.5 months fed on Bt, non-Bt and control groups 
exhibited a significant increase (P ≤ 0.05) in cholesterol, 
triglycerides, VLDL cholesterol and total lipids, but, no 
significant differences were observed in HDL cholesterol, 
LDL cholesterol, cholesterol/HDL and LDL/HDL. Whe-
reas, after 3 months a significant increase (P ≤ 0.05) were 
observed in all lipid blood profile except for few such as 
HDL and LDL cholesterol where they showed no signif-
icant differences compared to control. As for female rats, 
after 1.5 months, results showed a significant decrease in 
some parameters such as (triglycerides, VLDL cholester-
ol, cholesterol/HDL and LDL/HDL), and a significant 
increase in some parameters such as (cholesterol and 
HDL cholesterol) in Bt fed groups. No significant dif-
ferences were observed in all lipid parameters after 3 
months of feeding for female rats. For male and female 
offspring groups, a significant increase was detected in 
all parameters except for HDL cholesterol as compared 
to control. Our results for lipid profile analysis disagreed 
with Rayan, et al. [2] who reported that all lipid parame-
ters of rats’ blood feeding on “MON810-Ajeeb YG” 
were increased after 91 days of starting the experiment , 
except for HDL concentration. Lipids have an important 
role in the body; they provide the body with energy, pre-
vent heat loss, hormones precursors and act as functional 
and structural components in the biomembranes. So any 
alternation in lipid parameters levels in the blood could 
lead to clinical disorder as stated by Adamu, et al. [17]. It 
is important to highlight the reason of cholesterol eleva-
tion, it may be attributed to blockage of liver bile ducts, 
reducing its secretion to the duodenum, that cause chole-
stasis as reported by Rai, et al. [18]. AFP levels con-
cerning male and female rats after 1.5 months showed no 
significant increase in AFP for Bt group as compared to 
control. Whereas, a significant increase in AFP (P ≤ 0.05) 
was observed in both Bt male and female groups after 3    
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Table 3. Rats blood biochemical analysis after 1.5 & 3 months. 

  After 1.5 months After 3 months 

  Control Non-Bt Bt Control Non-Bt Bt 

 Males 

ALT (SGPT) U/L 48 ± 1.53c 70 ± 2.52b 80 ± 4.04a 42 ± 1.51f 91 ± 0.6e 162 ± 1.51d 

AST (SGOT) U/L 82.3 ± 1.48c 106 ± 3.27b 146 ± 1.53a 110 ± 4.64f 266 ± 12.95e 343 ± 6.25d 

GGT U/L 8.5 ± 0.75c 18.6 ± 0.37a 16.1 ± 0.61b 8.6 ± 0.57e 17.15 ± 1.16d 17.9 ± 0.26d 

ALP U/L 172 ± 6.56c 235 ± 1.13a 140 ± 2.65b 140 ± 2.65f 170 ± 3.61e 338 ± 2.02d 
Total protein gm/dl 6.88 ± 0.65a 6.81 ± 0.51a 7.5 ± 0.33a 7 ± 0.06d 7.8 ± 0.85d 7.5 ± 0.51d 

Albumin gm/dl 3.31 ± 0.11a 3.43 ± 0.43a 3.49 ± 0.05a 3.2 ± 0.15d 2.9 ± 0.21d 3.1 ± 0.11d 
Globulin gm/dl 3.57 ± 0.57a 3.38 ± 0.09a 4.01 ± 0.28a 3.8 ± 0.1d 4.9 ± 0.72d 4.4 ± 0.4d 
A/G ratio  0.93 ± 0.23a 1.01 ± 0.1a 0.87 ± 0.05a 0.84 ± 0.06d 0.59 ± 0.08e 0.7 ± 0.15e 

Urea mg/dl 29 ± 2.65a 22 ± 1.73a 27 ± 2.52a 33 ± 1e 42 ± 0.76d 41 ± 1.53d 

Creatinine mg/dl 0.63 ± 0.07a 0.72 ± 0.07a 0.62 ± 0.03a 0.84 ± 0.05d 0.7 ± 0.06d 0.85 ± 0.04d 

Uric acid mg/dl 2.2 ± 0.19b 3.1 ± 0.1a 2.78 ± 0.05a 3.9 ± 0.15d 3.5 ± 0.17d,e 3.15 ± 0.25e 

Cholesterol mg/dl 88 ± 1.23b 82 ± 3.05b 95 ± 4.63a 85 ± 3.21e 81 ± 0.81e 91 ± 0.78d 
Triglycerides mg/dl 100 ± 2.58c 135 ± 0.61a 115 ± 1.08b 98 ± 1.4f 164 ± 0.00d 124 ± 0.15e 

HDL Cholesterol mg/dl 32 ± 0.76a 29 ± 0.86b 34 ± 0.5a 22 ± 0.21e 30 ± 1.73d 19 ± 0.00e 

VLDL cholesterol mg/dl 20 ± 0.52c 27 ± 0.12a 23 ± 0.22b 19.6 ± 0.28f 32.8 ± 0.00d 24.8 ± 0.03e 

LDL cholesterol mg/dl 36 ± 0.23a,b 26 ± 2.31b 38 ± 5.02a 43.4 ± 3.34d 18.2 ± 1.6e 47.2 ± 0.61d 

Total lipids mg/dl 256 ± 4.14b 272 ± 5.67a,b 282 ± 8.41a 248.4 ± 6.28e 293.2 ± 1.63d 281.2 ± 1.68d 

Cholesterol/HDL  2.75 ± 0.03a 2.83 ± 0.03a 2.79 ± 0.16a 3.9 ± 0.16e 2.7 ± 0.15f 4.8 ± 0.04d 

LDL/HDL  1.13 ± 0.02a 0.9 ± 0.05a 1.12 ± 0.16a 1.97 ± 0.16e 0.61 ± 0.09f 2.5 ± 0.04d 

α feto protein mcg/l 0.9 ± 0.06a 1.16 ± 0.03a 1.3 ± 0.25a 0.84 ± 0.03e 1 ± 0.22e 1.5 ± 0.18d 

IgE Ku/l 1.4 ± 0.25c 2.1 ± 0.12b 3.2 ± 0.1a 1.34 ± 0.17e 2 ± 0.33e 3.5 ± 0.5d 
 Females 

ALT (SGPT) U/L 60.2 ± 1.69b 61 ± 2.52b 120 ± 2.36a 45 ± 1.13f 195 ± 2.5d 147 ± 1.05e 
AST (SGOT) U/L 138  ± 3.21a 122 ± 1.31b 148 ± 4a 150 ± 7.33f 251 ± 9.07d 213 ± 1.64e 

GGT U/L 7.9 ± 0.2 b 15.6 ± 0.06a 16.2 ± 0.97a 6.5 ± 0.28e 18.7 ± 1.5d 18.4 ± 0.95d 
ALP U/L 162 ± 2.65a 126 ± 3.79b 131 ±1.04b 137 ± 4.04f 184 ± 3.6e 335 ± 2d 

Total protein gm/dl 8.3 ± 0.65a 7.63 ± 0.43a 7.65 ± 0.16a 7.6 ± 0.32d 7.5 ± 0.35d 7.85 ± 0.73d 
Albumin gm/dl 3.45 ± 0.09a 3.52 ± 0.36a 3.83 ± 0.14a 2.87 ± 0.18d 3.16 ± 0.17d 3.2 ± 0.12d 
Globulin gm/dl 4.85 ± 0.56a 4.11 ± 0.07a 3.82 ± 0.22a 4.73 ± 0.26d 4.34 ± 0.39d 4.65 ± 0.76d 
A/G ratio  0.71 ± 0.07b 0.86 ± 0.07a,b 1 ± 0.09a 0.61 ± 0.05d 0.73 ± 0.09d 0.69 ± 0.14d 

Urea mg/dl 39 ± 5.03a 20 ± 1.04b 31 ± 1.00a 32 ± 1.53e 48 ± 1.58d 38 ± 3.82e 
Creatinine mg/dl 0.7 ± 0.09a,b 0.86 ± 0.03a 0.61 ± 0.01b 0.87 ± 0.05d 1 ± 0.01d 0.5 ±  0.07e 
Uric acid mg/dl 4.43 ± 0.43a 3.3 ± 0.17b 3.1 ± 0.00b 3.5 ± 0.46d 3.5 ± 0.35d 2.8 ± 0.14d 

Cholesterol mg/dl 81 ± 3.61b 92 ± .84a,b 98 ± 4.46a 70 ± 5.12d 80 ± 4.36d 79 ± 1.1d 

Triglycerides mg/dl 133 ± 1.32b 144 ± 1a 106 ± 2.64c 124 ± 1.52e 145 ± 0.00d 117 ± 9.63e 

HDL cholesterol mg/dl 21 ± 0.00b 38 ± 0.9a 38 ± 2.57a 29 ± 2.65d 18 ± 0.55e 24 ± 1.37d,e 

VLDL cholesterol mg/dl 26.6 ± 0.26b 28.8 ± 0.2a 21.2 ± 0.53c 24.8 ± 0.3e 29 ± 0.00d 23.4 ± 1.93e 

LDL cholesterol mg/dl 33.4 ± 3.83a,b 25.2 ± 0.78b 38.8 ± 1.91a 16.2 ± 6.12e 33 ± 3.85d 31.6 ± 4.27d,e 

Total lipids mg/dl 268.4 ± 6.35b 299.2 ± 1.1a 280 ± 9.25a,b 239.2 ± 9.09e 276 ± 8.72d 251.6 ± 6.07d,e 

Cholesterol/HDL  3.86 ± 0.17a 2.42 ± 0.06 b 2.58 ± 0.06b 2.4 ± 0.32e 4.4 ± 0.13d 3.3 ± 0.29e 

LDL/HDL  1.6 ± 0.18a 0.66 ± 0.03 b 1.02 ± 0.02b 0.56 ± 0.26e 1.8 ± 0.16d 1.3 ± 0.13d,e 

α feto protein mcg/l 1.1 ± 0.13a 1.12 ± 0.12 a 1.4  ± 0.00a 0.98 ± 0.53e 1.1 ± 0.64e 1.45 ± 0.87d 

IgE Ku/l 1.6 ± 0.06b 1.9 ± 0.21b 4.1 ± 0.21a 1.56 ± 0.06f 1.99 ± 0.06e 4 ± 0.17 d 

Each value is mean ± SE; *Means within a raw with different superscripts are significantly different (P ≤ 0.05). 
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Table 4. Rats’ offspring blood biochemical analysis. 

 
Groups 

Control Non-Bt Bt 

 Males 

ALT (SGPT) U/L 50 ± 2.52b 54 ± 2.65b 161 ± 1.6a 
AST (SGOT) U/L 99.5 ± 1.01c 416 ± 7.02b 466 ± 9.08a 

GGT U/L 5.6 ± 0.15c 10.9 ± 0.56b 14.2 ± 1.02a 
ALP U/L 150 ± 5.01b 419 ± 6.08a 422 ± 1.06a 

Total protein gm/dl 6.3 ± 0.14a 6.7 ± 1.01a 6.8 ± 0.16a 

Albumin gm/dl 2.9 ± 0.21a 3.1 ± 0.15 a 3.4 ± 0.16a 

Globulin gm/dl 3.4 ± 0.12a 3.6 ± 1.08 a 3.4 ± 0.25a 

A/G ratio  0.85 ± 0.09a 0.86 ± 0.32a 1 ± 0.11a 
Urea mg/dl 22 ± 0.58c 39 ± 4.56b 55 ± 2.52a 

Creatinine mg/dl 0.6 ± 0.06b 0.71 ± 0.02b 0.9 ± 0.03a 

Uric acid mg/dl 3.6 ± 0.15b 4.5 ± 0.21a 3.8 ± 0.15b 

Cholesterol mg/dl 76 ± 3.91b 74 ± 2.29b 89 ± 0.9a 

Triglycerides mg/dl 94 ± 4.13b 85 ± 2.78b 121 ± 0.31a 

HDL Cholesterol mg/dl 26 ± 1.06a 21 ± 0.26b 18 ± 0.44c 

VLDL cholesterol mg/dl 18.8 ± 0.38b 17 ± 0.56b 24.2 ± 0.06a 

LDL cholesterol mg/dl 31.2 ± 0.76b 36 ± 2.19b 46.8 ± 0.96a 

Total lipids mg/dl 227.2 ± 7.37b 216 ± 5.15b 274.8 ± 2.04a 

Cholesterol/HDL  2.9 ± 0.03c 3.5 ± 0.1b 4.9 ± 0.13a 

LDL/HDL  1.2 ± 0.04c 1.7 ± 0.09b 2.6 ± 0.09a 

α feto protein mcg/l 0.85 ± 0.03b 1.2 ± 0.1a,b 1.7 ± 0.29a 
IgE Ku/l 1.33 ± 0.12c 2 ± 0.06b 5.6 ± 0.21a 

 Females 
ALT (SGPT) U/L 50 ± 0.00b 50 ± 2.89b 170 ± 4.01a 
AST (SGOT) U/L 155 ± 5.86c 420 ± 9.55b 470 ± 12.22a 

GGT U/L 5.1 ± 0.21c 10.2 ± 0.76b 14 ± 1.05a 
ALP U/L 140 ± 3.54b 420 ± 9.85a 430 ± 5.09a 

Total protein gm/dl 6.5 ± 0.04a 6.8 ± 0.44a 0.29 ± 0.00a 
Albumin gm/dl 3.1 ± 0.21a 3.5 ± 0.49a 4 ± 0.12a 
Globulin gm/dl 3.4 ± 0.16a 3.3 ± 0.31a 3 ± 0.12a 
A/G ratio  0.91 ± 0.12a 1.1 ± 0.12a 1.3 ± 0.09a 

Urea mg/dl 20 ± 1.32c 36  ± 0.00b 56 ± 1.13a 
Creatinine mg/dl 0.5 ± 0.03b 0.6 ± 0.06b 0.8 ± 0.02a 
Uric acid mg/dl 3 ± 0.29b 4 ± 0.15a 3.5 ± 0.31a,b 

Cholesterol mg/dl 75 ± 2.75b 76 ± 0.56b 100 ± 1.5a 

Triglycerides mg/dl 80 ± 1.15c 90 ± 1b 125 ± 1.55a 

HDL Cholesterol mg/dl 25 ± 0.66a 20 ± 0.51b 15 ± 0.00c 

VLDL cholesterol mg/dl 16 ± 0.23c 18 ± 0.2b 25 ± 0.31a 

LDL cholesterol mg/dl 34 ± 3.04b 38 ± 0.32b 60 ± 1.2a 

Total lipids mg/dl 214 ± 5.61b 224 ± 1.91b 300 ± 4.22a 

Cholesterol/HDL  3 ± 0.16c 3.8 ± 0.02b 6.7 ± 0.1a 

LDL/HDL  1.36 ± 0.15c 1.9 ± 0.01b 4 ± 0.08a 

α feto protein mcg/l 0.85 ± 0.03b 1 ± 0.04b 2.5 ± 0.32a 

IgE Ku/l 1.33 ± 0.09b 1.2 ± 0.14b 6 ± 0.29a 

Each value is mean ± SE, and expressed as % of body weight; *The same letter in the same row is not significant different at (P ≤ 0.05).  



Feeding Study with Bt Corn (MON810: Ajeeb YG) on Rats: Biochemical Analysis and Liver Histopathology 

OPEN ACCESS                                                                                         FNS 

192 

 
months. Similarly, a significant increase existed for both 
male and female offspring groups. It should be noticed 
from the present research that AFP was elevated in rats 
after 3 months but it was within the normal range when 
compared to Kores, et al. [19] who recognized that AFP 
concentrations were elevated in rats’ blood treated with 
different toxins, where it ranged from 0.014 in control to 
980 µg/ml in treated rats. IgE levels indicated a signifi-
cant increase in Bt groups in both male and female rats 
after 1.5 and 3 months. Also, a significant rise in IgE was 
detected in both male and female offspring. IgE results 
were increased in Bt when compared to other groups but 
it still in the normal range. This study was in agreement  

with Domingo [20] who stated that no evidence of pro-
duction Cry9C-specific IgE after 13 weeks of feeding 
study with GM corn CBH351. Similarly, soybean-spe- 
cific IgE was not detected in rats’ blood after 15 weeks 
of feeding on GM soybean as determined by Teshima, et 
al. [21]. 

3.4. Haematology 
No, significant differences were observed concerning the 
blood picture of male rats after 1.5 months between Bt 
and non-Bt groups and control except for few parameters 
such as WBC, PLT and MPV (Table 5). Similarly, no 
significant differences concerning the blood picture of  

 
Table 5. Blood picture of rats after 1.5 & 3 months. 

 After 1.5 months After 3 months 

 Control Non-Bt Bt Control Non-Bt Bt 

Males 

WBC (*103/ul) 6.5 ± 0.26c 12.2 ± 0.42b 15.1 ± 0.29a 10.8 ± 0.62e 13.6 ± 0.42f 25.8 ± 0.15d 

HGB (g/dl) 14.7 ± 1.12a 15.2 ± 0.44a 15.2 ± 0.32a 7.8 ± 0.4e 13.3 ± 0.15d 12.8 ± 0.85d 

RBC (*106/ul) 8.89 ± 0.11a 9.29 ± 0.5a 9.23 ± 0.15a 4.57 ± 0.39e 6.81 ± 0.46d 2.84 ± 0.38f 

HCT (%) 51.4 ± 1.97a 51 ± 2a 52.2 ± 1.71a 29.2 ± 0.2d 10 ± 0.67f 24.4 ± 1.13e 

MCV (fl) 57.9 ± 2.44a 55.37 ± 4.71a 56.6 ± 2.35a 64.7 ± 4.87e 14.69 ± 0.38f 88.53 ± 10.01d 

MCH (pg) 16.5 ± 1.36a 16.4 ± 0.81a 16.47 ± 0.25a 17.2 ± 0.82e 19.7 ± 1.57e 46.02 ± 4.02d 

MCHC (g/dl) 28.8 ± 3.18a 29.95 ± 1.92a 29.17 ± 0.95a 26.7 ± 1.28f 134.2 ± 9.37d 52.67 ± 4.11e 

RDW-CV (%) 14.5 ± 0.81a 14.5 ± 0.66a 13.9 ± 1.11a 14.7 ± 0.46e 15.4 ± 0.66e 24.2 ± 0.66d 

RDW-SD (fl) 28.6 ± 2.28a 27.9 ± 0.72a 27.2 ± 0.2a 33.6 ± 0.6e 32.2 ± 0.4e 69.9 ± 0.95d 

PLT (103/ul) 834 ± 23.86b 955 ± 23.3a 919 ± 5.5a 208 ± 1.53f 399 ± 56.31e 598 ± 5.77d 

MPV (fl) 7.7 ± 0.15b 7.6 ± 0.1b 8.3 ± 0.15a 6 ± 0.00d 6.7 ± 0.8d 7.6 ± 0.00d 

PDW 15.8 ± 0.25a 15.8 ± 1.39a 15.6 ± 0.1a 14.6 ± 0.38e 16.3 ± 0.61d 16.1 ± 0.38d 

PCT (%) 0.64 ± 0.03a 0.73 ± 0.07a 0.76 ± 0.01a 0.13 ± 0.002f 0.28 ± 0.07e 0.45 ± 0.003d 

 Females 

 Control Non-Bt Bt Control Non-Bt Bt 

WBC (*103/ul) 16.5 ± 0.7a,b 19 ± 2.08a 12.8 ± 1.29b 7.7 ± 0.75d 6.2 ± 0.47d 9.4 ± 1.8d 

HGB (g/dl) 13.5 ± 0.26a 14.7 ± 1.96a 13.3 ± 0.53a 13.1 ± 0.26d 13 ± 0.87d 12.8 ± 3.02d 

RBC (*106/ul) 7.45 ± 0.67a 7.7 ± 1.46a 7.76 ± 1.67a 6.65 ± 0.28d 6.58 ± 0.22d 6.35 ± 0.18d 

HCT (%) 46.7 ± 0.96a 47.8 ± 1.89a 46.4 ± 3.7a 43.7 ± 0.85d 41.5 ± 0.76d 30.8 ± 1.1e 

MCV (fl) 63.42 ± 4.12a 65.7 ± 10.12a 63.18 ± 8.49a 66.02 ± 3.82d 63.22 ± 2.49d 48.54 ± 1.64e 

MCH (pg) 18.37 ± 1.42a 19.53 ± 1.42a 18.17 ± 3.73a 22.75 ± 3.55d 19.83 ± 1.72d 20.03 ± 4.38d 

MCHC (g/dl) 28.91 ± 0.67a 30.56 ± 2.89a 28.98 ± 2.25a 30.02 ± 1.2d 31.27 ± 1.56d 41.97 ± 10.76d 

RDW-CV (%) 15.4 ± 3.39a 14.1 ± 2.43a 14.3 ± 1.42a 14.4 ± 0.31d 14.6 ± 1.54d 14.6 ± 0.23d 

RDW-SD (fl) 32.9 ± 0.53a 30.1 ± 0.49b 30.1 ± 0.56b 31.5 ± 0.75d 30.8 ± 1.49d 31.5 ± 1.5d 

PLT (103/ul) 700 ± 28.87b 988 ± 24.83a 716 ± 14.74b 402 ± 2.52e 421 ± 5.77e 775 ± 10.41d 

MPV (fl) 8.1 ± 0.00a 7.4 ± 0.78a 8.1 ± 0.1a 8.3 ± 0.12d 6.8  ± 0.68d 8.6 ± 0.72d 

PDW 15.6 ± 1.18a 15.3 ± 0.3a 15.7 ± 0.35a 17.2 ± 1.4d 16.2 ± 2.27d 17.8 ± 1.25d 

PCT (%) 0.57 ± 0.02a 0.74 ± 0.09a 0.58 ± 0.02b 0.33 ± 0.008d 0.29 ± 0.03e 0.67 ± 0.06d 

Each value is mean ± SE. *The same letter in the same row is not significant different at (P ≤ 0.05). 
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females were observed after 1.5 months between Bt fed 
groups and control except for very few parameters such 
as RDW-SD and PCT. After 3 months, a significant in-
crease in nearly all tested blood parameters in the male 
group fed both Bt and non-Bt corn was observed as 
compared to control, except for RBC and HCT which 
showed a significant decrease. MPV did not show any 
significant differences in Bt group as compared to con-
trol and non-Bt fed groups. On the other hand, female 

rats after 3 months of feeding did not show clear signifi-
cant changes in their blood picture except for few para-
meters such as HCT, MCV and PLT. Thus male rats ex-
hibited the biggest significant change after 3 months of 
feeding Bt in their blood picture. Contradictorily to the 
aforementioned results the female offspring fed Bt corn 
exhibited more significant changes in blood picture as 
compared to male offspring (Table 6). Some parameters 
in the blood may be increased if there were disorder in  

 
Table 6. Blood picture of rats’ offspring feeding on diets for 50 days. 

 Control Non-Bt Bt 

Males 

WBC (*103/ul) 8.5 ± 0.25b 6.6 ± 0.54b 10.9 ± 0.78a 

HGB (g/dl) 4.9 ± 0.21b 11.1 ± 0.44a 12.3 ± 0.44a 

RBC (*106/ul) 0.07 ± 0.01c 1.15 ± 0.1b 4.26 ± 0.14a 

HCT (%) 0.4 ± 0.06c 9.2 ± 0.31b 33.8 ± 0.68a 

MCV (fl) ND 80.9 ± 5.04a 79.48 ± 2.52a 

MCH (pg) ND 97.56 ± 6.49a 28.92 ± 1.19b 

MCHC (g/dl) ND 120.61 ± 1.24a 36.46 ± 1.87b 

RDW-CV (%) ND 24.8 ± 2.11a 16.2 ± 0.44b 

RDW-SD (fl) ND 37.9 ± 1.52b 59.2 ± 0.15a 

PLT (103/ul) 128 ± 7.02c 744 ± 25.01b 1034 ± 17.79a 

MPV (fl) 8.6 ± 0.15a,b 11.7 ± 0.75a 9.5 ± 0.32a 

PDW 18.2 ± 0.99a 17.2 ± 0.75a 17.9 ± 1.76a 

PCT (%) 0.11 ± 0.005b 0.87 ± 0.08a 0.98 ± 0.05a 

Females 

WBC (*103/ul) 8.8 ± 1.06a,b 6.9 ± 0.75b 11.5 ± 0.76a 

HGB (g/dl) 5 ± 0.32b 11.6 ± 1.52a 12.7 ± 2.22a 

RBC (*106/ul) 1.2 ± 0.2b 1.19 ± 0.14b 5.22 ± 0.61a 

HCT (%) 0.5 ± 0.15c 9 ± 1.22b 34 ± 2.68a 

MCV (fl) 4.25 ± 4.16b 75.39 ± 2.51a 66.33 ± 6.24a 

MCH (pg) 43 ± 4.16b 97.26 ± 1.12a 24.38 ± 2.96c 

MCHC (g/dl) 139.4 ± 482.5a 129.42 ± 5.58b 36.52 ± 3.39c 

RDW-CV (%) 24.7 ± 0.4a 24.8 ± 1.04a 15 ± 1.26b 

RDW-SD (fl) 36.5 ± 0.87b 40 ± 2.65b 60.6 ± 2.95a 

PLT (103/ul) 130 ± 2.08c 566 ± 35.73b 1040 ± 8.54a 

MPV (fl) 8.9 ± 0.76c 13.5 ± 0.76a 10.9 ± 1.95b 

PDW 18.9 ± 0.59a 17 ± 0.58b 18.1 ± 1.82a 

PCT (%) 0.12 ± 0.01b 0.77 ± 0.09a 1.13 ± 0.19a 

Each value is mean ± SE; ND: Not Detected. *The same letter in the same row is not significant different at (P ≤ 0.05). 



Feeding Study with Bt Corn (MON810: Ajeeb YG) on Rats: Biochemical Analysis and Liver Histopathology 

OPEN ACCESS                                                                                         FNS 

194 

 
the body tissues. Increasing of WBC concentrations in 
blood may be due to infection, inflammation, allergies or 
tissue death as listed by AACC [22], also PLT concentra-
tions increased if the tissues were exposed to inflamma-
tion, cancer or anemia as published by AACC [22]. 
These results were differed from the results obtained by 
Hammond, et al. [15] who noticed that there were no 
statically significant differences in haematology study of 
rats feeding on grains from glyphosate tolerant corn for 
13 week. 

4. Conclusion 
Obviously, the insertion of the Cry1Ab genes from the 
soil bacteria named Bacillus thuringiensis resulted in 
changes in the chemical analysis of Bt corn from its 
conventional counterpart “Ajeeb”. Further, from sub- 
chronic feeding study, it can be seen that there were a lot 
of alternations in the organs weights, haematology and 
serum biochemical analysis in Bt group after 1.5 months 
but changes were increased after 3 months and offspring. 
There were severe changes in the histopathological ex-
amination of liver tissues. These changes may be due to 
the endotoxins that were produced in the Bt corn. 
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