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Abstract 

Introduction: The influence of feeding genetically modified MON 810 hybrid maize on the growth and haematological 

and biochemical indices of rats was tested. Material and Methods: Two conventional (non-GM) and two test (MON 810) lines 

of maize were used in semi-purified diets at the level of 40% w/w. The non-GM I, MON 810 I, non-GM II, and MON 810 II 

maize lines were near-isogenic. A total of 40 male 6-week-old Wistar-derived rats were assigned to four equal feeding groups 

corresponding to the four maize lines for 16 weeks. Overall, health, body weight gain, clinical pathology parameters, gross 

changes, and appearance of tissues were compared between groups. Results: There were no statistically significant differences in 

the weight gain or relative organ weights of rats, but there were some non diet-related histopathological changes in the liver, 

kidneys, and spleen. Except for creatinine level, no diet-related effects were observed in haematology or most of the biochemical 

indices. Transgenic DNA of MON 810 maize was not detected in the tissues or faeces nor in the DNA of E. coli isolated from the 

rectum digesta of rats given transgenic feeds. In our experiment, various metabolic indices of rats fed non-GM diets or 

genetically modified (MON 810) maize for 16 weeks were similar. No adverse nutrition-related health effects were detected. 

Conclusion: MON 810 maize seems to be as safe as the conventional maize lines. 
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Introduction 

Despite the undeniable benefits of using 

biotechnology for genetic modification of crops bred 

for human and animal consumption, the debate on 

genetically modified (GM) food grows in intensity. 

Objections to GM plants fix on various aspects, but in 

particular technical ones, concerning the construction 

of transgenes, abuse of constitutive promoters or lack 

of control over the insertion of a transgene into the 

genome structure (13).  There are also concerns about 

the medical consequences, i.e. deleterious effects of 

GM crops on humans or animals. During the last few 

years, the objective of many studies was to determine 

the nutrient value of GM feeds compared to their 

conventional counterparts. The results available to date 

reveal no significant differences in the nutritional value 

of feedstuffs containing GM and non-GM varieties (7). 

They are also reassuring as to the safety of transgenic 

feed. One of the most widespread GM plants of the first 

generation is Bt (Bacillus thuringiensis) maize. This 

maize, the hybrid MON 810 grown in Europe has been 

genetically modified by the insertion of DNA 

sequences into the plasmid vector that encodes  

a modified Bacillus thuringiensis (subspecies 

kumamotoensis) soil bacterium Cry1A(b) protein. This 

protein is selectively toxic to larvae of the European 

maize borer (Ostrinia numbilatis), the primary maize 

pest in Europe. Although there is a comprehensive set 

of studies that confirm the absence of unintended 

© 2018 B. Szymczyk et al. This is an open access article distributed under the Creative Commons Attribution-

NonCommercial-NoDerivs license (http://creativecommons.org/licenses/by-nc-nd/3.0/) 



556 B. Szymczyk et al./J Vet Res/62 (2018) 555-561 

 

effects and the nutritional equivalence of MON 810 

maize to existing conventional hybrids, animal feeding 

studies should also be undertaken to provide further 

assurance of nutritional safety and value. There were 

no adverse effects of transgenic maize (Bt and Gt) on 

production indices, quality of pork (3, 23, 24), or meat 

of broiler chickens and laying hens (8, 25, 26, 27) 

uncovered in previous work. The obtained data 

indicated that transgenic DNA sequences from Bt 

maize are well digested in the gastrointestinal tract and 

are not transferred to animal tissues. Moreover, the 

results of studies on model animals, although not 

entirely unambiguous, do not provide convincing 

evidence of the negative effects of genetically modified 

feed. Many long-term single-generation studies on rats 

fed GM plant feed have not demonstrated any negative 

effect of these plants on animal metabolism or health. 

Hammond et al. (10) fed rats with doses containing 

11% or 33% of Bt maize grains for three months. The 

research did not show statistically significant 

differences in haematological or biochemical 

parameters of blood and urine analysis in relation to 

animals of the group provided with non-GM feed. 

Neither were adverse effects on the blood biochemical 

parameters found in rats fed diets with MON 88017 

rootworm-resistant and glyphosate-tolerant maize (9, 

10, 11). On the other hand, Kılıçgün et al. (15) 

observed differences in organ size and other parameters 

in rats fed a diet with GM maize versus a non-GM 

control diet. Also El-Shamei et al. (6) showed that GM 

maize intake influenced histopathological features in 

the liver, kidneys, testes, spleen, and small intestine in 

rats during the physiological process of ageing, 

although the mechanisms responsible for such 

alterations are still unknown. The authors suggested 

that further research should be carried out in order to 

clarify all doubts. Optimalisation and improvement of 

safety assessment methods will benefit crop 

developers, regulators, and other scientists as it will be 

shown that they not only demonstrate the safety of 

currently available GM products but also can readily be 

applied to newly developed GM crops as well. 

Therefore, the aim of our study was to test the possible 

influence of feeding two lines of genetically modified 

Bt maize on the growth and haematological and 

biochemical indices of rats. 

Material and Methods 

Animals and experimental diets. Casein (Lacpol, 

Poland) and two control non-genetically modified 

(NGM)) and two test MON 810 maize varieties were 

used as protein sources in semi-purified diets (Table 1). 

All the experimental diets were isoenergetic and 

isonitrogenous (compounded to supply 20% protein on 

dry basis) and contained non-modified or modified 

maize added in an amount of 40% w/w. Test GM maize 

grain was obtained from plants containing the Bt gene-

expressing Cry1A(b) protein (YieldGard/MON 810, 

Monsanto), genetically modified for protection against 

the European maize borer (Ostrinia numbilatis). 

According to the producer’s declaration, the lines 

(cultivars) of non-GM I and GM I, and non-GM II and 

GM II maize were near-isogenic in the pair 

relationships (i.e. were lines of maize of comparable 

genetics but lacking or having the Cry1A(b) 

sequences).  

 

 
Table 1. Composition of experimental diets (%)* 

Ingredient 
Treatment 

NGM  I MON 810  I  NGM  II MON 810  II 

Maize (test materials) 

Casein1 
Sucrose 

Sunflower oil 

Cellulose2 
Mineral mixture3 

Vitamin mixture4 

DL-methionine 
Maize starch 

 

Calculated nutrient content: 
Crude protein  

Crude fat  

Crude fibre  
Methionine + Cystine 

40 

18.3 
20 

  6 

  4 
  4 

  2 

  0.3 
  5.4 

 

 
192.5 

    6.5 

    5.1 
    9.8 

40 

18.0 
20 

  6 

  4 
  4 

  2 

  0.3 
  5.7 

 

 
192.3 

    6.4 

    5.0 
    9.7 

40 

18.2 
20 

  6 

  4 
  4 

  2 

  0.3 
  5.5 

 

 
192.4 

    6.5 

    5.1 
    9.8 

40 

18.0 
20 

  6 

  4 
  4 

  2 

  0.3 
  5.7 

 

 
192.5 

    6.4 

    5.0 
    9.7 

*Nutrient requirements of laboratory animals, NRC (1995)  
1Protein (N × 6.25) concentration: 85.79 g/100 g; dry matter: 88.9 g/100 g. The amount of dietary casein depended on the maize 
protein content  
2Whatman CF11 (Sigma-Aldrich, Poland) 
31 kg of mixture contained CaCO3 12.4 g, KH2PO4 13.2 g, Ca(H2PO4) 2 3 g, MgSO4

.7H2O 4.2 g, NaCl 6.7g, MnSO4 4H2O 0.21 
g, ZnSO4 7H2O 0.025 g, FeSO4 7 H2O 0.13 g, KJ 0.032 g, and CuSO4 5 H2O 0.098 g 
41 kg of mixture contained: vitamin A 4 375 I.U., vitamin D3 1,750 I.U., vitamin B1 17.5 mg, vitamin B2 35 mg, vitamin B6 35 

mg, vitamin B12 33 μcg, biotin 0.8 mg, PABA 10 mg, nicotinamide 100 mg, panthothenic acid 35 mg, vitamin E 8.7 mg, and 
cholin chloride 1 g 
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Seeds of all four maize lines were bought from 

Pioneer Hi-Bred Northern Europe Sales Division 

GmbH, with authorisation from the European 

Commission Health and Consumers Directorate 

General. They have been approved for cultivation 

within the EU by individual decisions. 

Forty male Wistar-derived rats from the Centre for 

Experimental Medicine of the Medical University of 

Silesia in Katowice (Poland) were used in the study and 

were approximately six weeks old at the start. The rats 

were housed individually in steel cages and had free 

access to the diets and water for the 16 weeks of the 

experiment. The animals were assigned to four equal 

experimental groups by stratified randomisation. Body 

mass and feed intakes were measured weekly. The 

testing facility provided appropriate environmental 

conditions (23  2ºC room temperature, 12-h 

light/dark cycle, 40%–55% humidity). 

Sampling procedure. At the end of the 16-week 

exposure, all the animals were euthanised and samples 

of blood, organs, and tissues were collected. Blood 

samples were collected into anticoagulant-filled tubes 

(EDTA) from the left ventricle of the heart. 

Immediately after the slaughter of the animals, their 

liver, kidneys, spleen, pancreas, duodenum, jejunum, 

and skeletal muscle samples were collected and fixed in 

10% paraformaldehyde (pH 7). 

Haematology. Blood samples were analysed by 

standard laboratory methods using an Auto Counter 

AC920 haematological analyser (Swelab Instrument, 

Sweden). The following morphological parameters 

were assayed: the number of red blood cells (RBC), 

haematocrit (HCT), mean cell volume (MVP), 

haemoglobin content (HGB), mean weight and 

concentration of haemoglobin (MCH and MCHC), 

number of platelets (PLT) and their mean volume 

(MVP), the total number of white blood cells (WBC), 

3-fractional part of leukocytes to lymphocytes (LYM), 

medium-sized cells (MID – monocytes, eosinophils, 

and basophils in total), and neutrophils (PMNL). 

Lymphocytes, MID cells, and neutrophils were 

analysed both in relative (percentage) and absolute 

terms. 

Serum chemistry. Blood samples for the 

biochemical parameters were collected into test tubes 

and centrifuged (4,000g, 10 min) to obtain serum 

samples. The following parameters were determined: 

urea N, cholesterol, aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), alkaline phosphatase 

(ALP), creatinine, total bilirubin, and amylase. Serum 

biochemical parameters were measured by 

spectrometric methods using a Vitros chemistry 

analyser and Ektachem DT-60-II system with DT, 

DTE, and DTSC modules (all Ortho Clinical 

Diagnostics, USA). 

DNA extraction. DNA was extracted from tissues 

and faeces with commercial extraction kits using 

CTAB methods (PN-EN ISO/IEC 21571:2007) which 

included an event-specific PCR for MON810 (170 bp 

PCR product), and from heparinised blood with  

a Blood Genomic AX extraction kit (A&A 

Biotechnology, Poland), according to the manufacturer’s 

instructions. PCR reactions were performed in 20 μL 

mixtures (Applied Biosystems, USA) containing  

1× buffer for PCR, 0.25 mM of dNTP, 2.5 mM of 

MgCl2, 0.5 μM of forward and reverse primer,  

0.025 U/μL of AmpliTaq Gold polymerase, and 

genomic DNA templates. For detection of maize 

MON810 gene sequences, the DNA was incubated in  

a Biometra T1 thermocycler (Biometra, Germany) 

under the following programme: 12 min denaturation  

at 95ºC, 40 cycles of 30 s at 95ºC, 30 s at 64ºC, and  

30 s at 72ºC, and a final extension step of 3 min at 

72ºC. The PCR products were separated by 

electrophoresis on 2% agarose gels (LE GQ Agarose, 

Fermentas, USA) using 1% buffer TBE containing 

ethidium bromide intercalating dye. The limit of 

detection of the PCR methods was five copies of the 

DNA fragment per reaction. 

Pathology. After fixation, the tissue sections were 

processed by routine histological methods. Paraffin 

sections (5 µm) were stained with haematoxylin and 

eosin (HE). Organs and tissues were examined by  

a board-certified veterinary pathologist.  

Statistical analysis. The effects of feeding 

genetically modified Bt maize on the haematological 

and biochemical indices of rats were analysed using 

two-way ANOVA generated by the STATISTICA  

v. 12.0 package (StatSoft Inc., USA). The model 

assumptions of normality and homogeneity of variance 

were verified by the Shapiro–Wilk and Levene tests, 

respectively.  

Results  

Growth rates. Feeding rats diets containing 

genetically modified maize or only a conventional 

(native) maize component did not affect their growth 

rate or final body weight (Table 2). No statistically 

significant differences were also noted in the relative 

weight of their heart, liver, kidneys, or spleen (P ≥ 0.5).  

Haematology. The erythrogram and leukogram of 

the rats are presented in Table 3. No significant 

differences in the haematological parameters were 

observed between rats in the control and experimental 

groups. The number of erythrocytes, their volume, 

content of haemoglobin, and leukocyte and platelet cell 

counts did not differ among the groups. Serum 

granulocyte, lymphocyte, and monocyte percentages 

were also similar in the rats fed diets with GM and 

diets with non-GM maize. The mean levels of all the 

haematological parameters were within the natural 

variation observed for Wistar rats at the age of 16–24 

weeks. 
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Table 2. Final body weights and the value of relative organ weights in rats 

Treatment Final body 
weight 

(g) 

Organs weight (% of body weight) 

Line of maize 
Genetic 

modification 
Heart Liver Kidney Spleen 

Line I NGM − 465 0.29 4.08 0.70 0.20 

Line I MON 810 + 459 0.27 3.98 0.62 0.21 

Line II NGM − 459 0.28 3.94 0.66 0.21 

Line II MON 810 + 469 0.28 3.97 0.66 0.21 

                                                                                                                                           Main effect means 

Line of maize (LM) 
I 
II 

462 
464 

0.28 
0.28 

4.03 
3.95 

0.66 
0.66 

0.205 
0.210 

P value 0.793 0.147 0.791 0.058 0.670 

Genetical modification (GM) 
− 

+ 

462 

464 

0.285 

0.275 

4.01 

3.97 

0.68 

0.64 

0.205 

0.210 

P value 0.876 0.815 0.621 0.973 0.566 

Pooled SEM 6.020 0.001 0.102 0.006 0.003 

Significance of interaction,  

GM × LM,  P value 
0.610 0.083 0.640 0.091 0.782 

 

 

 

Table 3. Serum analysis values of rats – haematological indices 

Treatment                                                    Haematological indices 

Line of maize 
Genetic  

modification 

RBC 

(106/μL) 

HGB 

(g/dL) 

HCT 

 (%) 

MCV 

(fl) 

MCH  

(pg) 

MCHC 

(g/dL) 

PLT  

(103/μL) 

WBC 

(103/μL) 

LYM 

(%) 

MONO 

(%) 

GRA 

(%) 

Line I NGM          − 9.12 15.97 45.40 50.90 17.52 34.45 454 9.15 75.52 3.97 20.5 

Line I MON 810          + 8.12 14.55 42.30 50.80 17.85 35.17 481 6.85 79.62 3.32 17.25 

Line II NGM          − 8.82 15.55 45.45 51.55 17.60 34.22 516 7.85 74.17 3.97 21.85 

Line II MON 810          + 8.32 14.87 42.70 51.40 17.92 34.87 434 8.82 80.00 3.47 16.52 

        Main effect means 

Line of maize (LM) 
I 
II 

8.62 
8.57 

15.26 
15.21 

43.85 
44.07 

50.85 
51.47 

17.68 
17.76 

34.81 
34.55 

468 
475 

8.00 
8.34 

77.57 
77.08 

3.64 
3.72 

18.87 
19.18 

P value 0.874 0.957 0.860 0.311 0.758 0.315 0.694 0.642 0.841 0.550 0.893 

Genetic modification 

(GM) 

− 

+ 

8.97 

8.22 

15.76 

14.71 

45.42 

42.50 

51.22 

51.10 

17.56 

17.88 

34.33 

35.02 

485 

458 

8.50 

7.83 

74.84 

79.81 

3.97 

3.40 

21.17 

16.88 

P value 0.290 0.067 0.080 0.836 0.197 0.170 0.862 0.225 0.059 0.052 0.085 

Pooled SEM 0.675 1.012 3.080 1.108 0.459 0.587 29.63 2.986 1.248 0.157 1.172 

Significance of interaction,  

GM × LM, P value 
0.420 0.400 0.368 0.966 0.953 0.883 0.594 0.082 0.723 0.550 0.658 

 

 

 

Table 4. Serum analysis values of rats – biochemical indices 

Treatment                                               Biochemical indices 

Line of maize 
Genetic 

modification 

Urea 

(mg/dL) 

Creatinine 

(mg/dL) 

Amylase 

(U/L) 

Total 
cholesterol 

(mg/dL) 

AST  

(U/L) 

ALT  

(U/L) 

ALKP  

(U/L) 

Total 
bilirubin 

(mg/dL) 

Line I NGM               − 38.94 0.35 893 88.40 215.4 71.0 268.6 0.08 

Line I MON 810               + 34.80 0.47 917 91.20 253.6 78.0 214.2 0.08 

Line II NGM               − 35.76 0.46 917 96.80 258.0 74.2 188.8 0.10 

Line II MON 810               + 39.88 0.52 886 93.80 237.2 75.8 237.2 0.08 

          Main effect means 

Line of maize (LM) 
I 

II 

36.87 

37.82 

0.41 

0.49 

905.0 

901.5 

89.8 

95.3 

234.5 

247.6 

74.5 

75.0 

241.4 

213.0 

0.08 

0.09 

P value 0.996 0.043 0.758 0.984 0.821 0.094 0.917 0.309 

Genetic modification (GM) 
 − 
 + 

37.35 
37.34 

0.40 
0.50 

905.0 
901.5 

92.60 
92.50 

236.7 
245.4 

72.6 
76.9 

228.7 
225.7 

0.09 
0.08 

P value 0.770 0.037 0.970 0.298 0.734 0.051 0.331 0.309 

Pooled SEM 1.578 0.032 13.83 3.693 24.08 5.812 20.01 0.004 

Significance of interaction  

LM × GM, P value  
0.133 0.713 0.231 0.578 0.449 0.151 0.088 0.090 
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Biochemical blood serum analysis. The results 

of the biochemical analysis are given in Table 4. The 

analysis of the blood biochemical parameters in most 

cases showed no significant effect of nutrition on  

the metabolism of the animals. There were no  

significant differences in aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), or alkaline 

phosphatase (ALKP) in the blood of rats fed transgenic 

and traditional maize, and nor did the nutrition have 

any significant impact on the level of urea, amylase, 

total cholesterol, or total bilirubin. Creatinine levels 

differed depending on the line and genetic modification 

of maize (P < 0.05), but they were within the range of 

reference values for adult rats. 

Histopathological assays. Macroscopical and 

histopathological examinations showed no difference 

between control (diets with two non-GM maize lines) 

and experimental groups (diets with maize MON 810). 

Histopathological changes were observed in all the 

samples of the liver (a foamy structure of hepatocytes, 

moderate congestion of parenchyma, and areas of 

hepatocytes with vacuolated cytoplasm), and in all the 

preparations of the kidneys and spleen (small or 

moderate congestion of parenchyma). The changes 

were found in a similar range in both groups, regardless 

of allotment of the diet of GM or of NGM feed 

materials. The pancreas, duodenum, and skeletal 

muscles did not show any histopathological lesions. 

Examination of transgenic DNA in organs and 

tissues. The analysis of samples of blood, kidneys, 

liver, muscles, faeces, and DNA of Escherichia coli 

isolated from the colon derived both from the rats fed  

a diet including transgenic maize and from their 

counterparts given conventional maize revealed that the 

presence of Bt transgenes characteristic for MON 810 

maize was observed in none of the samples. 

Discussion 

Despite a number of studies which demonstrated 

no effect of genetically modified plants on animal 

health, the claim of the safety of this feed is still 

controversial in many countries. Therefore, for the 

public acceptance of these GM materials, safety 

assessments of new GMO feed products should be 

performed. The aim of this study was to evaluate the 

safety of GM feed based on observation of the health of 

rats fed diets containing conventional or genetically 

modified Bt maize. 

Feeding rats diets containing genetically modified 

or conventional (native) maize did not affect the final 

body weight or growth of the animals. These findings 

are confirmed by the results obtained by Kosieradzka  

et al. (16) who did not find significant differences in 

the relative weights of some internal organs of rats fed 

diets with a 10 % addition of dried genetically modified 

potato. Kılıç and Akay (14) also noted no differences in 

the relative weights of the liver or kidneys of F3 

generation male between groups fed without the 

addition of maize (control) and groups fed with 

addition of conventional and genetically modified 

maize (Bt). In these studies, the authors did observe 

significantly lower weights of some livers. Those of 

females fed a diet with added maize were lighter than 

those of females fed a diet containing no maize. But 

there were no differences between the groups receiving 

the conventional maize and the Bt maize. Hammond  

et al. (10) in a 90-day study revealed no significant 

differences in the growth of rats or the relative weights 

of some internal organs. Similar results were obtained 

by Chen et al. (4) in rats fed rice with an introduced 

gene for a trypsin inhibitor derived from cowpea 

(Vigna sinensis). In contrast, Kılıçgün et al. (15) 

observed an adverse effect of GM maize on organ size 

in rats fed a diet with GM maize versus a non-GM 

control diet. The length, height, and weight of the liver, 

spleen, and kidneys, and the length and weight of the 

lungs in Bt maize group rats were significantly 

different from these values for rats which ate 

conventional maize and control. 

Our results for the haematological indicators fell 

within the physiological range, and no significant 

differences in the blood parameters were observed 

between rats in the control NGM groups and GM 

experimental groups. In a 13-week safety assurance 

study by Healy et al. (11), there were no adverse, test-

article-related effects on haematology parameters in 

rats fed glyphosate-tolerant MON 88017 maize. 

Similarly, in a subchronic feeding study of herbicide-

tolerant maize DP-098140-6 in Sprague-Dawley rats, 

no statistically significant or diet-related differences 

were obtained in mean haematology response variables 

for male or female rats in either of the test groups 

compared with the control animals (1). In an earlier  

90-day safety assurance study with rats fed borer-

protected maize, there were also no test article related 

changes in haematology parameters for the MON 810 

maize fed animals (10). A series of Polish studies led 

the author to conclude that dietary GM maize did not 

affect the haematological parameters of pigs (23), 

Japanese quails (21), broiler chickens, or laying hens 

(25, 26). In the present investigation, blood creatinine 

concentration increased significantly in rats fed the GM 

diets. Significantly lower plasma levels of creatinine in 

groups fed diets containing non-GMO maize may relate 

to an anomaly in muscle function (14), but we did not 

observe any abnormal situation during the study. 

Higher levels of urea and a reduction in the 

concentration of protein in the blood of rats fed a diet 

with the addition of Bt rice were the findings of 

Schroder et al. (22) during 90 days of research. 

However, according to Kılıç and Akya (14), there were 

no significant differences in most of the biochemical 

parameters, including urea and creatinine, in the blood 

of rats sustained with Bt maize in relation to those of 

the group provided with conventional maize and the 

group given feed without maize. However, the authors 
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observed sex-dependent differences in the rat plasma 

creatinine: in the group which received conventional 

maize that of the females was significantly higher than 

in the other experimental groups. In addition, de 

Vendômois et al. (29) found significant differences in 

the functioning of the kidneys, expressed by an 

increase in blood creatinine of male rats fed maize NK 

603 and MON 863. In contrast, in other studies, where 

transgenic or conventional potatoes were added to the 

diet of rats, feeding these to the subjects did not affect 

the majority of blood biochemical parameters (16, 17). 

In the animals which ingested GM potatoes, there were 

only higher levels of iron, but these differences were 

not statistically significant. No adverse effects on the 

blood biochemical parameters were found in rats fed 

diets with MON 88017 rootworm-resistant and 

glyphosate-tolerant maize (9, 10, 11). 

In the present work, there were no significant 

differences in the serum activity of the liver enzymes 

ALT, AST or ALKP of rats fed GM and rats fed 

traditional maize, and our results confirm the findings 

of many earlier experiments. Raju et al. (20) studied 

three liver enzymes (γ-glutamyl transferase, ALT, and 

AST) in a pertinent chicken maize feed experiment and 

found that none of the enzymes showed any significant 

level differences between the control or GM maize-fed 

chickens. Flachowsky et al. (7) reported that a high 

dietary level of GM Bt 176 maize had no statistically 

significant effect on the health status of 10 generations 

of quails. In contrast, in the study of Oraby et al. (18), 

biochemical analysis of AST and ALT revealed 

significant variations between the control and GM 

maize-fed rats. In other studies, significantly higher 

plasma activity of ALT in female rats fed GM rice (19) 

was found. 

In this study histopathological changes were 

observed in all samples of the liver and in all 

preparations of the kidneys and spleen. The changes 

were found in a similar range in both groups, regardless 

of the diet’s content or freedom from GM feed 

material. The observed foamy structure of hepatocytes 

was probably an artefact specific to the liver and 

associated with leached glycogen, hydrolysed during 

histological processing of the tissue sections. Likewise, 

in a 90-day safety assurance study with rats fed  

a diet containing borer-protected corn, no gross or 

microscopic lesions in rat organs (heart, kidneys, liver, 

pancreas, and thyroid) were observed that could be diet 

related. The few spontaneous lesions observed were of 

minimal to mild in severity and were randomly 

distributed among all groups (10). In another 90-day 

study, the kidneys of rats fed diets containing 

rootworm-protected maize (MON 863) were normal 

and comparable in appearance and function to the 

kidneys of control animals (9). Similarly, there was no 

evidence of increased incidence or severity of 

microscopic findings in the tissues of male or female 

rats in the herbicide-tolerant maize DP-098140-6 test 

group compared with rats in the control group (1). In 

contrast, in the study of Kılıç and Akya (14) markedly 

severe granular degeneration in the liver was seen in 

rats fed a Bt diet but not in the control and reference 

groups. However, different levels of minimal granular 

degradation were seen in all experimental groups.  

El-Shamei et al. (6) also showed that GM maize intake 

induced histopathological changes in the liver, kidneys, 

testes, spleen, and small intestine in rats during the 

physiological process of ageing, although the 

mechanisms responsible for such alterations are still 

unknown.  

To date no evidence has appeared that 

demonstrates DNA absorbed by vertebrates via 

intestinal mucosa can be incorporated into the 

vertebrate genome (25, 26). In our study, transgenic 

DNA of Bt maize was not detected in the blood, liver, 

spleen, muscles or faeces, and nor was it in the DNA of 

E. coli isolated from the rectum digesta of rats fed 

transgenic feeds. The results of recent studies (13, 30) 

indicate a considerable degradation of endogenous 

genomic DNA. In model experiments with mice fed 

GM triticale (2) or rats fed GM cucumber (17), GM 

triticale transgenic DNA was not detected in intestinal 

content, faeces, blood, kidneys, liver, spleen, or 

muscles. Moreover, in the studies on laying hens (25) 

and pigs (24), no transgenic DNA was found in the 

liver, lungs, spleen, or muscles. Data corresponding to 

the results of these experiments were obtained by 

Jennings et al. (12) who reported that no small-sized 

fragments of transgenic (211 bp) or endogenous  

(213 bp) DNA were detected in the breast muscle of 

chickens fed a diet containing Bt (MON 810) maize. 

Transgenic DNA was also not found in tissues of 

rabbits fed diets containing GM maize or soybean  

meal (28).  

In our experiment the results obtained for different 

metabolic indices of rats fed diets with conventional 

(control) or genetically modified (MON 810) lines of 

maize for a 16-week experiment were similar. No 

adverse nutrition-related health effects were detected. 

Thus, tested MON 810 maize lines seem to be as safe 

as their conventional equivalents.  
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