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Abstract

Background: Roundup Ready became the most cultivated genetically modified (GM) crop in the world. The aim of
this study was to evaluate the effects of a diet containing GM soybean meal (RUR) on male and female Wistar rats.
The body weights, food consumption, hematology, serum biochemistry, organ weight, and histopathological
examination were compared between rats fed on GM soybean and those fed non-GM soybean after consumption
of test diets for 18 weeks.

Methods: Sixty weaned Wistar albino rats (30 females and 30 males) were randomly assigned to three groups of
ten rats for each group per each sex. All rats have been fed either a diet containing 0% GM soybean meal (control),
50% GM soybean meal (T1), and 100% GM soybean (T2). The body weights, food consumption, hematology, serum
biochemistry, organ weight, and histopathological examination were compared between rats fed GM soybean and
those fed non-GM Soybean after consumption of test diets for 18 weeks.

Results: Examined hematological parameters did not indicate a statistically significant difference between the GM
soybean-fed groups (T1 and T2) and their respective controls, though the WBCs of the male of treated groups (T1
and T2), platelets count, and hemoglobin (HB) of the female of (T1) group were slightly elevated. The examined
biochemical blood parameters showed that the level of triglycerides (TG) was statistically significantly higher in the
female treated groups (T1 and T2) and lactate dehydrogenase (LDH) was significantly higher in treated groups
compared to their respective controls. Elevated levels of alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and creatinine were observed in some of the treated groups.
Histopathological examination of selected organs (liver, kidney, and pancreas) and testes or ovaries and female
mammary gland revealed histological alterations among different treated groups (T1 and T2) with their respective
controls.

Conclusion: The obtained results indicate the necessity to revise the safety standards of consumption of diets
containing GM soybean.
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Background
Genetically modified (GM) plants are being widely used in
the farm industry. GM crops were introduced to the mar-
ket in the mid 1990s. Currently, there are over 200 different
GM crops with various traits approved for consumption in
many countries (Zdziarski, Edwards, Carman, & Haynes,
2014). Substantial equivalence of GM plants to exist non-
modified crops is one of the keys to accept the use of GM
(Haryu, Taguchi, Itakura, Mikami, Miura, Saeki, & Naka-
jima, 2009). It has been established that risks to human and
animal health from the use of GM crops are negligible
(AOAC., 2012; Keese, 2008).
Despite that, consumption of products (e.g. milk, meat,

egg) from animals fed GM feed is a public concern in
most countries (Wong & Chan, 2016). The debate on the
impact of GM food on the health of humans and animals
is still in progress. In many studies, there were only small
differences, with non-biological significance, observed be-
tween GM and non-GM feed groups (Domingo, 2016; He
et al., 2016; Qi et al., 2012). On the other hand, other stud-
ies indicate serious health problems associated with the
consumption of GM food (Séralini et al., 2014).
Among the widely used GM is the Roundup Ready® GM

soya, a glyphosate-resistant soybean developed by Mon-
santo company, and it is contributed to more than 70% of
soybean production (Millstone, Brunner, & Mayer, 1999).
Roundup ready soybeans express a form of an enol pyru-
vate shikimate-3-phosphate synthase (EPSPS) that en-
codes a protein capable of degrading glyphosate (Raffaella,
Serena, Isabella, Vincenzo, & Federico, 2011).
Due to insufficient data from risk assessment regarding

the influence of using transgenic soybean meal in animal
feed, in this study we aim to evaluate the biological risks
associated with the feeding of Roundup Ready GM soy-
bean meal (RUR) on female and male Wistar rats based on
growth performance, selected organs weight, blood chem-
istry, and histopathological examination.

Methods
Assessment of the meal ingredients and experimental
diet
GM soybean meal was obtained from an Egyptian com-
pany (source: BUNGE Argentina S.A., Buenos Aires,
Argentina) and non-GM soybean meal was bought from
The Soy Factory, Agricultural Research Center, Giza,
Egypt. Non-GM and GM soybean meal were first tested
for the presence of GM Soybean (RUR) using specific
primers for the 35S promoter (size of 195 bp) and EPSP-
S‘EPSPS_RUR’ (size of 172 bp) regions. Expected PCR
amplification products were detected only in GM soy-
bean meal (Additional file 1: Figure S1 and S2). PCR
amplification was carried out using thermal cycler PCR
(BIO-RAD T100, Michigan, USA). The reaction mixture
was subjected to an initial denaturation at 95 °C for

5 min followed by 40 cycles repeated of 1 min denatur-
ation at 95 °C, 1 min annealing at 60 °C for EPSPS_RUR
while at 56 °C for 35S and 5 min extension at 72 °C.
Primers sets used for amplification were listed in Table 1;
the used primers were obtained from Biolegio BV (Nij-
megen, The Netherlands).
Crude protein, moisture, crude fiber, ash, fat, total afla-

toxins content, calcium and phosphorus, amino acid,
fatty acid profile, and the concentration of glyphosate in
non-GM, GM soybean meal, and ingredients of the ex-
perimental diet were analyzed at Regional Center for
Food and Feed (RCFF), Egypt, using an appropriate tools
and according to established protocol at RCFF according
to the official method of analysis of Association of Offi-
cial Analytical Chemists (AOAC, 2012) international.

Feed ingredient and experimental diet
Three experimental diets were used in this study
(Table 2). The first was the control diet, which was for-
mulated to contain 30% non-GM soybean meal (0% GM
soybean meal). The second is a treatment diet (hereafter
called T1) which contained 30% soybean meal, where
half of this percentage came from Non- GM soybean
meal and the other half came from GM soybean meal
(50% GM soya). The last diet (hereafter-called T2),
which was formulated to contain 30% GM soybean meal,
all came from GM soybean meal (100% GM soya). In
the three-formulated diets, casein was used to fulfill pro-
tein requirement for rats. All diets were supplied with
minerals and vitamins as previously described (Reeves,
Nielsen, & Fahey, 1993; Teshima et al., 2000).

Animals and housing
Sixty weaned Wistar albino rats (30 females and 30 males)
were obtained from the laboratory animal house facility of
the Ophthalmic Research Institute, Giza, Egypt. Upon ar-
rival, the rats were randomly transferred to stainless-steel
cages and allowed to acclimatize for two weeks before the
start of the experiment. The body weight of the animals
was around 70 g at the beginning of the experiment. The
rats were randomly divided into three groups of ten rats
for each group per each sex. Rats were a pair housed in a
clean stainless-steel cage at ambient temperature (25 ±

Table 1 Primer pairs used in the current study

Target Sequence(s) Ta °C Amplicon size

35S Promoter Forward primer: 5′ GCTC
CTACAAATGCCATCA 3′

56 °C 195 bp

Reverse primer: 5′ GATA
GTGGGATTGTGCGTCA 3′

EPSPS_RUR Forward primer:5′ TGATGT
GATATCTCCACTGACG 3′

60 °C 172 bp

Reverse primer:5′ TGTA
TCCCTTGAGCCATGTTGT 3′
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5 °C) and relative humidity (46–61%). Water and diets
were offered ad libitum. The experimental work was
carried out at RCFF, in accordance with the national
guidelines for care and use of laboratory animals.

Experimental procedures
During the study, control diet was presented as a sole
diet for all rats during the period of acclimatization that
extend for 2 weeks. Three groups of ten males and three
groups of ten females fed a diet containing 0% GM soy-
bean meal (control), 50% GM soybean meal (T1), and
100% GM soybean (T2) for 18 weeks. The rats were
checked twice daily for any signs of toxicity or morpho-
logical changes. Body weight and feed intake were re-
corded once a week. At the end of this period, the rats
were euthanized, and blood samples were collected from
the orbital sinus.
The blood samples were collected in tubes containing

disodium ethylene di-amine tetra acetate dihydrate
(EDTA-Na2), for biochemical analyses. Two aliquots of
plasma and sera were prepared for all rats and stored at
− 20 °C for biochemical analyses. Two euthanized rats
from both sex were randomly chosen from each group
and four organs were selected. Selected organs are the

kidney, the liver, the pancreas, the gonads (testis or
ovary), and female mammary gland for histopathological
examination.

Growth performance and nutrient utilization
Growth and nutrient utilization parameters were moni-
tored and analyzed in terms of final body weight (FBW),
weight gain (WG) (weight gain = final body weight − ini-
tial body weight), feed intake (FI) (feed intake = amount
of feed eaten − feed remained), and feed conversion ratio
(FCR) (feed conversion = feed intake/weight gain),
according to Pierozan et al., 2016.

Hematological and biochemical blood analysis
Blood sample collected from the orbital sinus were assayed
using BC-2800Vet Auto Hematology Analyzer (Mindray,
China) at the Faculty of Agriculture Research Park (FARP),
Cairo University for the following hematological parame-
ters: white blood cell count (WBC), red blood cell count
(RBC), hemoglobin (HGB) hematocrit (HCT).
The following serum parameters including lactic de-

hydrogenase (LDH), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), aspartate aminotransferase (AST),
total protein (TP), albumin (ALB), creatinine (CREA) glu-
cose (GLU), calcium (Ca), phosphorus (P), total cholesterol
(CHO), and triglycerides (TG) were analyzed using a fully
automated dry chemistry analyzer (Vitros 350, USA) Ortho
clinical diagnostic at RCFF.

Histopathological examination
Two rats were randomly selected from each of the studied
group for histopathological investigations. Tissue samples,
from vital organs (liver, pancreas, and kidney), and goands
were fixed in 10% formalin, embedded in paraffin and
sectioned to obtain 4 μm thickness paraffin sections by a
slidge microtome. The obtained tissue sections were col-
lected on glass slides, deparaffinized in xylene, hydrated in
descending series of ethyl alcohol, stained by hematoxylin
and eosin stains (H & E), dehydrated in ascending series of
ethyl alcohol, cleared in two changes of xylene, mounted
with DPX (Bancroft & Gamble, 2008), and then examined
with light microscope.

Mammary gland examination
Mammary gland whole mount
Whole mounts were prepared by excising the fourth in-
guinal mammary gland pairs from female rats at week
18. Fourth mammary glands were dissected from the
inner surface of the skin, then were spread onto a slide,
placed in Carnoy’s fixative solution, and with a carmine
aluminum solution (De Assis, Warri, Cruz, & Hilakivi-
Clarke, 2010). The morphology of whole mount samples
preparation was examined to evaluate the size of the

Table 2 Composition of the experimental diets (g/100 g dry
matter) formulated according to Teshima et al., 2000

Ingredients Control T1 T2

Soybean 30.00 30.00 30.00

Casein 5.42 4.91 4.40

Corn starch 39.83 38.84 37.85

Sucrose 10.00 10.00 10.00

Cellulose 5.00 5.00 5.00

Corn oil 3.00 4.50 6.00

Mineralsa 3.50 3.50 3.50

Vitaminsb 1.00 1.00 1.00

Choline 0.25 0.25 0.25

CaCO3 0.90 0.90 0.90

CaHPO4 1.10 1.10 1.10
aMinerals at 3.50% of the diet supplies the following per 100 g of the diet;
mono potassium phosphate 19.6%, potassium citrate monohydrate 7.078%,
sodium chloride 7.4%, potassium sulphate 4.66%, magnesium oxide 2.4%,
ferric citrate 0.606%, zinc carbonate 0.165%, manganese carbonate 0.063%,
copper carbonate 0.03%, potassium iodate 0.001%, sodium selenate
anhydrous 0.00103%, ammonium molybdate tetra hydrate 0.000795%, sodium
meta silicate 9H2O 0.145%, chromium potassium sulphate dodeca
hydrate0.0275%, lithium chloride 0.00174%, boric acid 0.008145%, sodium
fluoride 0.00635%, nickel carbonate 0.00318%, ammonium vanadate
0.00066%, and powdered sucrose 22.1%. Mineral mixture was proposed by
(Reeves et al., 1993)
bVitamins at 1% of the diet supplies the following per 100 g of the diet:
Nicotinic acid 0.3 g, D-calcium pantothenate 0.16 g, pyridoxine HCL 0.07 g,
Thiamine HCL, 0.06 g, Riboflavin 0.06 g, Folic acid 0.02 g, D-biotin 0.002 g,
vitamin B12, (0.1% triturated in mannitol 0.25 g, a-tocopherol (250 U/g) 3 g,
vitamin A palmitate (250,000 U/g) 0.16 g, vitamin D3 (400,000 U/g) 0.025 g,
Phylloquinone 0.0075 g, and powdered sucrose 95.9 g. .Vitamin mixture was
proposed by (Reeves et al., 1993)
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mammary gland, the number of terminal end buds, and
ductal growth (elongation).

Mammary gland histology sections
Mammary tissues (inguinal fourth gland) were collected
and processed for paraffin blocks preparation. Five mi-
crometer sections of mammary tissue were cut and stained
with hematoxylin and eosin for the histological evaluation.
Meanwhile, the mammary gland tissue sections were
stained with picrosirus red to evaluate extracellular matrix
(ECM)-associated collagen (Ding et al., 2013). For picro-
sirus red staining, sections were deparaffinized with two
changes of Xylene for 10 min, followed by two changes of
absolute ethanol for 5 min, and then sections were hy-
drated with tap water. Sections were stained withpicrosirius
red stain for 1 h at RT, and then washed in two changes of
0.1% acetic acid. Sections were then dehydrated with etha-
nol, cleared in xylene, and then mounted with DPX.

Statistical analysis
Obtained data were analyzed using IBM SPSS Statistics
for Windows (Version 23, IBM Corp., NY, USA). Two-
way analysis of variance (ANOVA) was used to study the
effect of gender (female and male), diet type (0%, 50% and
100% of GM soybean meal), and their interaction together
on all the examined parameters. Duncan’s test was utilized
to examine the similarities among all the experimental
groups. Independent t test was conducted to compare
between female and male groups. Regression analysis and
correlation coefficient analysis were applied to study the
relationships between the weight gain and feeding
duration. Data were expressed as a mean ± standard error
of the mean (SEM).

Results
Feed ingredients analysis
Non-GM and GM soybean meal contained comparable
levels of crude protein, moisture, ash, crude fiber,
calcium and phosphorus, amino acids, and fatty acids
(Additional file 2: Tables S1–S3).Glyphosate residues
were detected in GM soybean at the level of 2.68 mg/kg.
However, when diet was formulated, the glyphosate level
reached 0.89 mg/kg in the experimental diet (100% GM
soybean meal). Aflatoxin contamination was only
detected in the control diet at the level of 5 ppb. The
experimental diets were formulated to fulfill the nutrient
requirements of the rats (Table 2). These data suggested
the analyzed soybean meal (as feed-base) and the com-
position of the experimental diets and contaminants
were at levels that will not affect the output of this study
(Bøhn et al., 2014; Unnevehr & Grace, 2013).

Mortality and growth performance
No sign of mortality has occurred during the 18 weeks of
animals feeding course of this study. Across the experimen-
tal period, normal activities were detected for rats from
both sex and fed at a different ratio of GM soybean meals.
No treatment-related differences were detected among all
groups (T1 and T2) with their respective controls in final
body weight, feed intake, body weight gain, and feed con-
version at different ratio of GM feeds (0%, 50%, and 100%
GM soybean meals). Even though, significant gender-
associated differences in body weight were detected in male
groups in comparison female groups (Table 3). These dif-
ferences can be interpreted to food preferences and food
consumption between the two genders.

Organ weights
No significant differences detected among all groups
with their respective controls at different ratio of GM
feed (0%, 50%, and 100% GM soybean meals) in average
organs weight (liver, kidney, spleen, heart, brain, lung,
and gonads). A difference in some organs weight was
detected in male groups with their respective female
groups in this studied population, and this biological dif-
ference is unrelated to treatment (Table 4).

Hematological and biochemical blood analysis
Examined hematological parameters did not show a
significant difference between the GM soybean meal fed
groups (T1 and T2) and their respective controls, though
the WBC of the male 50% and 100% treated group (T1
and T2), platelets count of the female, and HB of 50% GM
soybean meal group (T1) were slightly elevated. The
observed gender-associated differences between male and
female groups can be interrupted by biological variation
between the two genders and unrelated to treatment, as it
is close to the ranges of the control groups (Table 5).
Most of the examined biochemical blood parameters

did not show a significant difference between the GM
soybean-fed groups (T1 and T2) compared to their con-
trol groups. However, the level of triglycerides (TG) was
significantly higher in the female treated group (T1 and
T2) and LDH was significantly higher in treated groups
compared to their respective controls. Elevated levels of
ALP, AST, ALT, and creatinine were observed in some of
the treated groups that can be interpreted as a reflection
of histopathological alterations of the liver and kidney
structure and functions in these groups (Table 6).

Histopathological examination
Histopathological examination of selected organs (liver,
kidney, and pancreas) and the testes or ovaries revealed
subtle histological alterations among different treated
groups (T1 and T2) with their respective controls.
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Liver tissue sections of treated groups showed a nor-
mal liver structure with basophilic focal necrotic areas,
spontaneously focal and multifocal angiectasis (arrow-
heads) detected, that might occur as animals age. Spor-
adic zones of coagulation necrosis can be seen in male
groups that received 50% and 100% GM soybean Fig. 1.
Normal histological structures of kidneys, with signs of
local inflammations (arrowheads), hemolysis (short
arrows), and amyloid bodies (long arrow), were observed

among treated groups (T1 and T2) compared to their
respective controls (Fig. 2). Histological analyses of pan-
creatic tissue sections showed normal histological struc-
ture with normal beta cells shape and distribution in
50% GM soybean meal groups, and beta cells, while
signs of hemolysis and amyloidosis (white arrows) and
neutrophil infiltration and non-malignant pancreatic
fibrosis (yellow arrows) were detected in 100% soybean
meal groups (Fig. 3).

Table 3 The effect of gender, percentage of GM soybean in the experimental diets (0%, 50%, and 100% GM soya), and their
interaction on the body weights, food consumption, and conversion in albino rats. Results are represented as mean ± standard error
of mean

Parameter Experimental group Effect of

Gender Control T1 T2 Gender Diet Interaction

Initial body weight (g) Female 91.86 ± 3.45A 88.04 ± 2.86A 92.18 ± 3.59A F1, 24 = 2.26,
P > 0.05

F2, 24 = 0.33,
P > 0.05

F2, 24 = 0.21,
P > 0.05

Male 87.82 ± 1.29A 84.16 ± 6.89A 82.96 ± 6.91A

Final body weight (g) Female 234.32 ± 11.92A 223.50 ± 6.94A 214.38 ± 7.99A F1, 24 = 86.94,
P < 0.001

F2, 24 = 0.07,
P > 0.05

F2, 24 = 0.37,
P > 0.05

Male 367.66 ± 26.52A* 364.22 ± 29.85A* 379.32 ± 19.18A*

Weight gain (g) Female 142.46 ± 13.05A 135.46 ± 8.26A 122.20 ± 8.57A F1, 24 = 80.78,
P < 0.001

F2, 24 = 0.16,
P > 0.05

F2, 24 = 0.22,
P > 0.05

Male 279.84 ± 26.68A* 280.06 ± 33.29A* 296.36 ± 19.05A*

Food consumption Female 2541.69 ± 91.04A 2399.02 ± 50.77A 2412.62 ± 35.36A F1, 24 = 71.09,
P < 0.001

F2, 24 = 1.45,
P > 0.05

F2, 24 = 4.39,
P < 0.05

Male 2970.30 ± 243.60A 3446.50 ± 97.99A* 3489.54 ± 103.08A*

Food conversion Female 18.37 ± 1.55A 17.94 ± 1.01A 20.13 ± 1.40A F1, 24 = 23.50,
P < 0.001

F2, 24 = 3.12,
P > 0.05

F2, 24 = 2.32,
P > 0.05

Male 11.12 ± 1.45A* 12.96 ± 1.45A* 11.95 ± 0.75A*

* Represent significant differences (P < 0.05) in comparison to the corresponding female groups. In each row, the mean values marked with the same superscript
letter are similar (insignificant, P > 0.05), whereas those with different ones are significantly differed (P < 0.05). P > 0.05: insignificant, P < 0.05, P < 0.01 and P < 0.001:
significant effect at α = 0.05, 0.01 and 0.001, respectively

Table 4 The effect of gender, percentage of GM soybean in the experimental diets (0%, 50%, and 100% GM soya), and their
interaction on the organ weights of albino rats. Results are represented as mean ± standard error of mean

Parameter Experimental group Effect of

Gender Control T1 T2 Gender Diet Interaction

Liver (mg) Female 24.72 ± 1.01A 25.80 ± 0.97A 28.22 ± 1.50A F1, 24 = 29.77,
P < 0.001

F2, 24 = 1.32,
P > 0.05

F2, 24 = 1.23,
P > 0.05

Male 21.40 ± 1.69A 20.20 ± 0.58A* 21.20 ± 1.07A*

Kidney (mg) Female 3.22 ± 0.20A 3.50 ± 0.14A 3.42 ± 0.21A F1, 24 = 11.63,
P < 0.01

F2, 24 = 0.13,
P > 0.05

F2, 24 = 2.02,
P > 0.05

Male 3.10 ± 0.20A 2.62 ± 0.25A* 2.80 ± 0.12A*

Spleen (mg) Female 2.04 ± 0.17A 1.82 ± 0.07A 1.78 ± 0.07A F1, 24 = 0.29,
P > 0.05

F2, 24 = 0.30,
P > 0.05

F2, 24 = 0.10,
P > 0.05

Male 1.54 ± 0.22A 1.20 ± 0.18A 1.72 ± 0.15A

Heart (mg) Female 3.77 ± 0.17A 3.80 ± 0.21A 4.40 ± 0.21A F1, 24 = 13.67,
P < 0.01

F2, 24 = 1.94,
P > 0.05

F2, 24 = 1.51,
P > 0.05

Male 3.42 ± 0.15A 3.38 ± 0.24A 3.44 ± 0.15A*

Brain (mg) Female 7.10 ± 0.35A 7.82 ± 0.44A 7.40 ± 0.24A F1, 24 = 78.28,
P < 0.001

F2, 24 = 0.91,
P > 0.05

F2, 24 = 0.61,
P > 0.05

Male 4.90 ± 0.37A* 4.96 ± 0.36A* 4.46 ± 0.42A*

Lung (mg) Female 5.30 ± 0.65A 5.40 ± 0.18A 5.64 ± 0.50A F1, 24 = 9.24,
P < 0.01

F2, 24 = 0.08,
P > 0.05

F2, 24 = 0.24,
P > 0.05

Male 4.42 ± 0.42A 4.62 ± 0.24A* 4.34 ± 0.17A*

Testis (mg) Male 4.00 ± 0.28A 4.02 ± 0.28A 4.26 ± 0.20A – F2, 14 = 0.324,
P > 0.05

–

Ovary (mg) Female ND ND ND – – –

* Represent significant differences (P < 0.05) in comparison to the corresponding female groups. In each row, the mean values marked with the same superscript
letter are similar (insignificant, P > 0.05), whereas those with different ones are significantly differed (P < 0.05). P > 0.05: insignificant, P < 0.05, P < 0.01 and P < 0.001:
significant effect at α = 0.05, 0.01 and 0.001, respectively. ND not detected
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Histopathological examination of gonads in male and
female Wistar rats fed with GM food. Tissue sections of
paraffin-embedded ovaries showed normal cortical
stroma, primordial, primary, and secondary follicles
among different groups of this study, with a lower fol-
licular count in 100% GM soybean group (Fig. 4a–c).
While, tissue sections of paraffin-embedded testes struc-
tures show atrophy of seminiferous tubular atrophy, for
some extent, thinning of the tubule wall and the absence
of spermatozoa in some tubule lumen (arrowhead) in
50% GM soybean group (T1), and seminiferous tubule
dilation was detected in 100% GM soybean group (T2),
compared to their respective control group (Fig. 4d–f ).

Morphological and histopathological examination of
female mammary glands
The examination of whole mount preparations of the in-
guinal mammary glands of female Wistar rats showed
no significant changes in the extent of mammary
branching upon feeding with either low or high percent-
age of GM soybean meal (Fig. 5).
Microscopic analysis of mammary tissue sections

showed a thickened, more prominent stromal/ECM layer
around those ducts distant from lymph node region in
the 100% GM soybean meal group, associated with signs
of acini formation, though the animals were not preg-
nant and had passed puberty phase (Lucas et al., 2007;
Rudmann, Cohen, Robbins, Coutant, & Henck, 2005),
whereas in low-dose treatment, the thickening was not
evident and the periductal stroma was comparable to
control ducts. Meanwhile, collagen analysis (picrosirus
red staining) did not show drastic change in fibrous col-
lagen network (collagen I/III) in mammary tissues upon
treatment, more collagen deposition was noted with the

thickened stromal layer around ducts with high dose
treatment, in contrast to control and low dose treatment
mammary tissues (Fig. 6).

Discussion
Currently, GM varieties of soybean are produced for ani-
mal feed (Nowicki et al., 2010). RURs is the major brand
among those GM-soybeans cultivated. Animal experi-
ments are providing valuable and important information
relating to the safety of a GM plant for both animal and
human consumption (Alexander et al., 2007). The
present study is carried out to evaluate the biological
risks associated with the feeding of RURGM soybean
meal on Wistar albino rats based on examined biological
parameters.
The examined hematological parameters did not show

a significant difference between the GM soybean meal-
fed groups (T1 and T2) and their respective controls. In
our study, elevated levels of ALP, AST, ALT, and creatin-
ine were increased significantly in some of the treated
groups can be considered as signs of alterations of the
liver and kidney structure and functions. Different re-
ports associate the elevated levels of these parameters
with impaired liver and kidney function, in mice and rats
fed the GM diet (Chawla & Kellum, 2012; Limdi &
Hyde, 2003; Malatesta et al., 2002; Oraby, Kandil, Shaf-
fie, & Ghaly, 2015). Also, the raised level of triglycerides
(TG) and LDH in the female treated group (T1 and T2)
can be explained as indicative of liver problems and dis-
ruption of triglyceride metabolism (Séralini, Cellier, & de
Vendomois, 2007).
In the current study, histopathological examination of

examined organs (liver, kidney, and pancreas) could re-
veal a sort of structural change. Liver tissue sections of

Table 5 The effect of gender, percentage of GM soybean in the experimental diets (0%, 50%, and 100% GM soya), and their
interaction on the levels of certain hematological parameters in albino rats. Results are represented as mean ± standard error of
mean

Parameter Experimental group Effect of

Gender Control T1 T2 Gender Diet Interaction

WBC (109/L) Female 8.72 ± 0.68A 9.44 ± 1.07A 9.76 ± 0.57A F1, 24 = 12.21,
P < 0.01

F2, 24 = 2.89,
P > 0.05

F2, 24 = 1.68,
P > 0.05

Male 10.30 ± 0.95A 13.84 ± 1.14B* 11.36 ± 0.76AB

RBC (1012/L) Female 8.81 ± 0.09AB 9.05 ± 0.13B 8.52 ± 0.20A F1, 24 = 21.14,
P < 0.001

F2, 24 = 0.90,
P > 0.05

F2, 24 = 2.80,
P > 0.05

Male 9.26 ± 0.17A* 9.34 ± 0.15A 9.50 ± 0.15A*

PLT (109/L) Female 1069.20 ± 33.65A 1289.00 ± 58.45B 1076.60 ± 43.12A F1, 24 = 1.47,
P > 0.05

F2, 24 = 2.98,
P > 0.05

F2, 24 = 6.80,
P < 0.01

Male 1277.20 ± 56.00 A* 1155.00 ± 37.48A* 1140.80 ± 45.43A

Hb (g/dl) Female 14.10 ± 0.28 AB 14.80 ± 0.26B 13.86 ± 0.27A F1, 24 = 0.94,
P > 0.05

F2, 24 = 1.44,
P > 0.05

F2, 24 = 1.60,
P > 0.05

Male 13.92 ± 0.24A 14.04 ± 0.39A 14.12 ± 0.27A

Hct (%) Female 47.00 ± 3.03A 52.18 ± 0.95A 46.88 ± 0.57A F1, 24 = 0.199,
P > 0.05

F2, 24 = 2.85,
P > 0.05

F2, 24 = 1.76,
P > 0.05

Male 48.72 ± 0.96A 48.58 ± 1.08A* 47.16 ± 0.61A

* Represents significant differences (P < 0.05) in comparison to the corresponding female groups. In each row, the mean values marked with the same superscript
letter are similar (insignificant, P > 0.05) whereas those with different ones are significantly differed (P < 0.05). P > 0.05: insignificant, P < 0.05, P < 0.01 and P < 0.001:
significant effect at α = 0.05, 0.01, and 0.001, respectively
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treated groups showed a normal liver structure with
basophilic focal necrotic areas, with spontaneously focal
and multifocal angiectasis. Similar to our results, several
research groups reported that the GM soy (including
RUR soybeans) could alter the cell structure and func-
tion of rats’ liver (Ermakova, 2007; Malatesta et al., 2002;
Oraby et al., 2015). Many of these changes reversed after
diet was turned to non-GM soy, suggesting that GM soy
was the cause (Malatesta et al., 2008).
Examined kidney showed signs of focal inflammations,

hemolysis in the kidney tissues of treated groups com-
pared to their respective controls. In consistence with our
results, it has been reported that GM-fed animals showed

signs of kidney inflammations, interstitial hemorrhage
with changes in tubules (de Vendômois, Roullier, Cellier,
& Séralini, 2009; Oraby et al., 2015).
Examination of pancreatic tissue showed signs of

hemolysis and amyloidosis and neutrophil infiltration and
non-malignant pancreatic fibrosis in 100% soybean groups.
Notably, normal histological structure with normal β cells
structure and distribution was observed in the 50% GM
soybean groups. Results of previous investigations showed
that mice chronically fed RUR soy since gestation had prob-
lems in synthesis and processing of zymogens by pancreatic
acinar cells and reduced nucleoplasmic and nucleolar and
perichromatin granule accumulation on pancreatic acinar

Table 6 The effect of gender, percentage of GM soybean in the experimental diets (0%, 50%, and 100% GM soya), and their
interaction on the level of examined biochemical parameters in serum of albino rats. Results are represented as mean ± standard
error of mean

Parameter Experimental group Effect of

Gender Control T1 T2 Gender Diet Interaction

TG (mg/dl) Female 46.86 ± 1.80A 63.08 ± 3.58B 61.32 ± 5.43B F1, 24 = 0.009,
P > 0.05

F2, 24 = 4.70,
P < 0.05

F2, 24 = 2.37,
P > 0.05

Male 53.52 ± 3.98A 52.66 ± 2.59A 64.10 ± 5.79A

Chol (mg/dl) Female 65.06 ± 3.26A 67.26 ± 6.44A 51.88 ± 4.70A F1, 24 = 3.98,
P > 0.05

F2, 24 = 1.06,
P > 0.05

F2, 24 = 2.39,
P > 0.05

Male 65.02 ± 0.73A 71.14 ± 4.84A 72.20 ± 6.96A*

HDL Female 43.99 ± 1.76A 44.23 ± 3.60A 35.77 ± 3.79A F1, 24 = 0.23,
P > 0.05

F2, 24 = 0.73,
P > 0.05

F2, 24 = 3.49,
P > 0.05

Male 37.12 ± 0.85A* 40.86 ± 1.79A 42.79 ± 3.25A

TP (g/dl) Female 6.98 ± 0.23A 7.06 ± 0.10A 7.28 ± 0.10A F1, 24 = 3.03,
P > 0.05

F2, 24 = 5.72,
P < 0.01

F2, 24 = 1.16,
P > 0.05

Male 6.96 ± 0.21A 7.30 ± 0.17AB 7.76 ± 0.12B*

Alb (g/dl) Female 5.14 ± 0.19A 4.54 ± 0.20A 5.16 ± 0.31A F1, 24 = 0.019,
P > 0.05

F2, 24 = 3.32,
P > 0.05

F2, 24 = 0.17,
P > 0.05

Male 4.94 ± 0.30A 4.55 ± 0.19A 5.26 ± 0.37A

Glucose (mg/dl) Female 108.60 ± 5.28A 101.00 ± 7.26A 111.60 ± 9.97A F1, 24 = 18.11,
P < 0.001

F2, 24 = 5.82,
P < 0.01

F2, 24 = 4.17,
P < 0.05

Male 173.60 ± 8.48B* 116.60 ± 9.61A 130.60 ± 14.26A

Urea (mg/dl) Female 42.22 ± 2.07A 39.82 ± 3.44A 41.40 ± 2.82A F1, 24 = 10.84,
P < 0.01

F2, 24 = 0.65,
P > 0.05

F2, 24 = 0.33,
P > 0.05

Male 34.20 ± 0.96A* 33.48 ± 1.06A 37.12 ± 2.45A

Creatinine Female 0.60 ± 0.04AB 0.48 ± 0.04A 0.66 ± 0.07B F1, 24 = 15.78,
P < 0.01

F2, 24 = 1.07,
P > 0.05

F2, 24 = 7.48,
P < 0.01

Male 0.64 ± 0.04A 0.86 ± 0.05B* 0.72 ± 0.04A

ALP (U/L) Female 69.50 ± 3.93A 64.40 ± 5.26A 142.00 ± 10.36B F1, 24 = 8.45,
P < 0.01

F2, 24 = 21.33,
P < 0.001

F2, 24 = 31.39,
P < 0.001

Male 133.40 ± 6.23B* 90.10 ± 3.48A* 100.40 ± 8.44A*

AST (U/L) Female 159.20 ± 13.47A 245.40 ± 10.62B 177.00 ± 16.87A F1, 24 = 0.71,
P > 0.05

F2, 24 = 40.34,
P < 0.001

F2, 24 = 3.28,
P > 0.05

Male 116.00 ± 7.60A* 247.20 ± 3.57C 193.40 ± 15.30B

ALT (U/L) Female 34.00 ± 3.51A 32.40 ± 3.54A 48.40 ± 5.84B F1, 24 = 0.32,
P > 0.05

F2, 24 = 2.34,
P > 0.05

F2, 24 = 1.92,
P > 0.05

Male 39.40 ± 3.14A 40.50 ± 3.61A 40.80 ± 5.31A

LDH Female 1498.60 ± 50.03A 3436.80 ± 263.30B 4049.00 ± 160.87C F1, 24 = 10.15,
P < 0.01

F2, 24 = 97.08,
P < 0.001

F2, 24 = 32.94,
P < 0.001

Male 1214.40 ± 18.58A* 4348.00 ± 215.41C* 1979.00 ± 246.04B*

Ca (mg/dl) Female 11.78 ± 0.10A 11.68 ± 0.22A 11.72 ± 0.26A F1, 24 = 14.73,
P < 0.01

F2, 24 = 3.19,
P > 0.05

F2, 24 = 2.72,
P > 0.05

Male 11.50 ± 0.19B 11.22 ± 0.23B 10.54 ± 0.19A*

Ph (mg/dl) Female 4.55 ± 0.21A 5.74 ± 0.74A 4.36 ± 0.52A F1, 24 = 0.13,
P > 0.05

F2, 24 = 2.44,
P > 0.05

F2, 24 = 0.28,
P > 0.05

Male 4.74 ± 0.44A 5.16 ± 0.62A 4.29 ± 0.46A

* Represents significant differences (P < 0.05) in comparison to the corresponding female groups. In each row, the mean values marked with the same superscript
letter are similar (insignificant, P > 0.05) whereas those with different ones are significantly differed (P < 0.05). P > 0.05: insignificant, P < 0.05, P < 0.01 and P < 0.001:
significant effect at α = 0.05, 0.01, and 0.001, respectively
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cell nuclei (Brandt et al., 2017; Malatesta, Caporaloni, Rossi,
et al., 2002; Mohamad et al., 2016). Amyloid occurs as a re-
sult of cells not being able to eliminate insoluble misfolded
protein. It can be associated with overproduction of acute-
phase protein in chronic inflammation. Moreover, amyloid
deposition is a common age-related change (Connors et al.,
2016) and indicating a progressive organ damage (Milani et
al., 2017).
Histopathological examination of testes in the current

study showed seminiferous tubular atrophy with the

absence of spermatozoa in some tubules in 50% GM
soybean group (T1) and seminiferous tubule dilation of
the 100% GM soybean group (T2), compared to their
respective control group. Similarity, previous scientific
studies reported testicular alteration in rats fed RUR
soybean (El-Shamei, Gab-Alla, Shatta, Moussa, & Rayan,
2012). On the other hand, examined ovaries showed
normal cortical stroma, primordial, primary and second-
ary follicles among different groups of this study, with a
lower follicular count in 100% GM soybean group. These

Fig. 1 Tissue sections representing histopathological results for liver examination using routine Hematoxylin & Eosin (H&E) stain. Upper panel (a–
c) are representatives of female liver sections and lower panel (d–f) are representatives of male liver sections, respectively. a, d Images represents
tissue sections of mice liver fed with 0% GM soybean meal (control) group, showing no changes in morphology of hepatocytes. b Representative
image of female rat liver fed with 50% GM soybean showing basophilic focal necrotic areas (white stars) and blood congestion (yellow star). c
Micrograph of represents tissue sections of female rat liver fed with 100% GM soybean meal, showing moderate focal angiectasis (yellow
arrowheads). d, e Micrograph of represents tissue sections of male rat liver fed with50% and 100% GM soybean meal respectively, showing
moderate focal and multifocal angiectasis (white stars), sporadic zones of coagulation necrosis (yellow stars). Scale bar is 200 μm

Fig. 2 Histopathological examination of kidney. Upper panel (a–c) and lower panel (d–f) showing histological structures of female and male
kidney, respectively. a A representative micrograph of the control kidney of female rat showing normal structure. b The kidney section of rats fed
50% GM food areas of inflammation which indicated by black arrowhead. c The kidney of group fed 100% GM food showing hemolysis
in different areas of the kidney (yellow arrows) and amyloid bodies (white arrow). d A representative micrograph of male rats showing
normal kidney structure. e The kidney section of group fed 50% GM that showing infiltration of different inflammatory cells which indicated
by arrowhead. f Represents the kidney of group fed 100% GM food showing large inflammatory area (Black arrow), hemolysis in portal area of
the kidney and necrotic tissues (white arrows) are detected by H& E stain, scale bar is 200 μm
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observed histopathological changes in the current study
were similar to other findings previously reported (Brasil
et al., 2009).
Microscopic analysis of mammary tissue sections

showed a thickened, more prominent stromal/ECM layer
around those ducts distant from lymph node region in
the 100% GM soybean group, associated with signs of
acini formation, though the animals were not pregnant

and had passed puberty phase (Lucas et al., 2007; Rud-
mann et al., 2005), whereas in low-dose treatment, the
thickening was not evident and the periductal stroma
was comparable to control ducts.
Scientific evidence indicated that glyphosate residues

might accumulate in glyphosate-tolerant soybean (Bøhn et
al., 2014). Our preliminary results revealed that no
accumulation of glyphosate has been detected in the

Fig. 3 Histological analysis of pancreatic tissue stained with hematoxylin and eosin. Upper panel (a–c) and lower panel (d–f) show female and
male pancreas histological structure, respectively. a A representative micrograph of the pancreas of control females rat showing normal structure,
normal beta cells shape and distribution. b Pancreatic micrograph section of rats fed 50% GM food showing normal histology with some
atrophied beta cells. c A micrograph of rats fed 100% GM showing atrophied beta cells, hemolysis in different areas of the pancreas and amyloid
bodies (white arrows). d A representative micrograph of the pancreas of control male group rat showing normal structure. e A section in the
pancreas of group fed 50% GM food showing normal histology and some atrophied beta cells (yellow arrow). f Pancreatic section of group fed
100% GM showing amyloidosis (yellow star), neutrophil infiltration (long white arrow), and non-malignant pancreatic fibrosis (yellow arrows). It
seems like an acute pancreatitis, which is associated by hypokalemia as reported by biochemical tests. Scale bar is 200 μm

Fig. 4 Representative photomicrographs of gonadal structures of the experimental group. a–c Micrographs represents the testicular structure of a
control group showing a normal histological appearance of tubules seminiferi; rats fed 50% GM food; b showing atrophy of seminiferous tubular,
thinning of the tubule wall due to reduction in germ cells that make up tubular wall, the absence of spermatozoa in some tubule lumen (Black
arrowhead) and c testis of 100% GM soybean meal group showing seminiferous tubule dilation is characterized by increased luminal diameter of
the seminiferous tubules (black star). d–f Micrographs represents the ovarian structure of d control group showing a normal histology displaying
from outside toward inside the germinal epithelium (GE), tunica albuginea (TA), stroma (ST), and many of the primordial follicles (yellow
arrowhead); female rats fed 50% and 100% GM food (e) and (f) respectively, showing normal histology and lesser number of primary and
secondary follicles. H & E stain, scale bar is 200 μm
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Fig. 5 Whole mount preparations for the inguinal mammary glands of female Wistar rats showing morphological changes and increase in the
branches of mammary ducts fed by 50% GM soybean and higher increase in branches of mammary ducts fed by 100% GM soybean

Fig. 6 Histological examination of mammary gland tissue in female Wistar rats, stained with hematoxylin/eosin and picrosirus red showing
thickened, more prominent fibrous layer around mammary ducts distant from lymph node region in the 100% GM soybean group (lower panel).
The signs of acini formation are present, although the animals were not pregnant and had passed puberty phase. Scale bar is 100 μm
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examined small intestine of the albino rat fed 100% GM
soybean meal (data not shown). Meanwhile, it is worth to
mention one of the limitations of this study that we did not
measure glyphosate level in other organs or body fluids.
The observed histopathological alterations and blood

biochemical changes in our study may be related to con-
sumption of GM soybean diet. The mechanisms respon-
sible for this change are still unknown and further
studies essentially required. Also, the obtained results
indicate that necessity to revise the safety standards of
consumption of diets containing glyphosate tolerant
(RUR) GM soybean.

Conclusion
Genetically modified Roundup Ready food represents
rigorous cultivation in the entire world with enormous
potential benefits. We found distinct physiological,
biochemical, and histological changes induced upon its
feeding to the experimental animals for 18 weeks. The
obtained results indicate the necessity to carefully revise
the modern safety standards of consumption of diets
containing GM soybean. Moreover, we should develop
modernized safety testing, applicable regulation, effective
policies, and food labelling.
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