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Abstract

Background: Over the past 20 years, the increased consumption of transgenic products for
humans and animals led to the conduction of nutritional studies in this regard. However, these
studies were limited, and they did not find a definitive answer to the possible health hazards of
transgenic products. Therefore, this study was designed to evaluate the effects of a diet containing
transgenic soybean oil on rats.

Methods: Accordingly, male Wistar rats (N = 6/group) were given a nutritionally moderate purified
com diet with 10% genetically modified soybean oil for 90 days. Two control groups receiving non-
genetically modified soybean oil and a standardized diet were also enrolled. One-way analysis
of variance (ANOVA) followed by Tuky post hoc analysis was used to compare the values
between groups and to detect the effects of transgenic soybean oil.

Results: Rats fed on transgenic soybean oil demonstrated several histologic changes in pancreas
tissues, including changes in severe congestion, the presence of inflammatory cells, and
changes in the Langerhans islands. However, no changes were observed in the spleen, except
for negligible congestion in all treatment groups. Regarding blood indicators, hemoglobin levels
in the transgenic soybean oil group decreased compared to the other two groups (P<0.05).
Conclusion: According to our results, a 90-day treatment with transgenic soy-based oil caused
significant organ changes in the pancreas tissue of rats. Further studies evaluating the long-term
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effects are also needed to better elucidate these effects.
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Introduction
In the last two decades, genetic engineering using modern
biotechnology has led to the production of genetically
modified products in the world. In this way, new genes are
transmitted to the desired species using the recombinant
DNA to produce a favorable feature, while its transmission
is not possible by traditional methods.' These new genes
come from a bacterium called Bacillus thuringiensis (Bt).
Naturally, this bacterium makes a protein that is noxious
to pests and insects. The gene in the bacterium makes a
protein called “Bt” gene” with resistance to herbicides and
pests as its most important property. The most popular
transgenic food products are soybeans, corn, canola, and
cotton with a special role in the food chain. Despite the
wide acceptance of biotechnology at the farm level, its
acceptance by the consumer is still uncertain.">*

Animal feeding studies of transgenic products are
useful for assessing their safety.’> Several experimental
models displayed serious health hazards associated with

genetically modified (GM) foods, including infertility,
immune problems, accelerated aging, insulin regulation,
and changes in vital organs and the gastrointestinal
system."”'? Several short or medium-term experimental
studies exhibited the possible health hazards of GM
foods.!"*? Health risks of GM foods arise from the inserted
gene and their expressed protein as well as the possible
disruption of natural genes in the manipulated organism."
Toxic effects of commercialized GM soy and maize against
vital organs,'*'¢ structural and molecular modifications
in different organs and tissues of GM-fed animals,*®
expanded spleen, possible spoiled spleen function, and
hematological changes were reported in experimental
models feeding GM foods.”” Ahrorovna reported
morphological changes in the spleen of rats under the
conditions of GM organism use which was characterized
by an increase in size and weight and changes in the spleen
structure.’ Moreover, negative effects of GM maize on
liver and kidney function and tissue of rats were reported
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in Key et al and Malatesta and colleagues’ studies.'”* In
addition, it is believed that the consumption of these GM
foods may lead to the development of diseases that are
immune to antibiotics.*"** The present study examined the
effects of GM soybean oil on histological and biochemical
features of the pancreas and spleen of 2-month-old
male rats.

Materials and Methods

Diet Formulation

The composition of all diets is presented in Table 1.
The GM soybean oil (GM oil) and non-GM soybean oil
were prepared, and meals were provided by mixing 10%
of both types of oils. The major nutritional contents of
the laboratory diet were 22% protein, 3.48% fat, and
3.71% fiber.

Animals and Housing

Eighteen male Wistar rats aged two months, with an
average body weight of 195+ 5 g were prepared from the
animal house of Pasteur Research Institute, Tehran, Iran.
The animals were adapted for one week on a normal diet.
Then, the animals were subdivided and randomized into 3
groups (6 animals per group), feeding the 10% GM-oil diet
group, the 10% non-GM-oil diet group, and the standard
pellet diet group for 13 weeks. Three animal groups were
kept in standard cages (6/cages) and under standard
conditions. Temperature was retained at 22-25 °C, relative
humidity was 55%-60% during the experience, and a 12-
hour light/dark cycle was maintained. Diet and freshwater
were prepared ad libitum. During the experimental
period, general condition was checked daily, body
weight was recorded weekly, and dietary consumptions
were measured every 2 days. At the end of the study, all
animals were anaesthetized by carbon dioxide inhalation
and killed by exsanguinations for gross and histological

Table 1. Diet Formulation (%) for Treatment Groups

Ingredients Standard Control GM
Protein (g) 22.5-23.5 22.5-23.5 22.5-23.5
Fat (g) 3.5 13.5 13.5
Carbohydrate (g) 52 52 52
Fiber (g) 4-5 4-5 4-5

Ash (%) Maximum 10 Maximum 10 Maximum 10
Calcium (g) 0.95-1 0.95-1 0.95-1
Phosphorus (g) 0.65-7 0.65-7 0.65-7
Salt (g) 0.5-0.55 0.5-0.55 0.5-0.55

Moisture (%) Maximum 10 Maximum 10 Maximum 10

Lysine (g) 1.15-1.2 1.15-1.2 1.15-1.2
Methionine (g) 0.33-0.37 0.33-0.37 0.33-0.37
Methionine*(g) Cysteine 0.63-0.65 0.63-0.65 0.63-0.65
Threonine (g) 0.73-0.75 0.73-0.75 0.73-0.75
Tryptophan (g) 0.25-0.32 0.25-0.32 0.25-0.32
Energy (kcal ME/g) 350 400 400

Note. GM: Genetically modified.

examinations.

Hematologic Assay

At the end of the study, whole blood from the heart was
collected with anticoagulant and analyzed for complete
blood cell count (CBC) such as white blood cell count
(WBC), red blood cell count (RBC), hematocrit (HCT),
hemoglobin concentration (HC), mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHC), hemoglobin distribution width (HDW), red
cell distribution width (RDW), platelet distribution
width (PDW), total platelet mass (PCT), blood platelet
count (PLT), mean platelet volume (MPV), neutrophils,
lymphocytes, eosinophils, basophils, and monocytes,
and large unstained cells (LUC). These statistics were
measured with a hematology analyzer set (H1Model,
Auto-Tek-Kion Co., USA).

Histological Examination and Organ Weights

At the end of the experimental period, immune-related
organs, liver, and kidney were weighed, and then a full
set of tissues was collected. Tissues were put instantly
into a 10% neutral buffered formalin for stabilization.
The selected tissues were processed, placed in paraffin,
sectioned (approximately 4 mm), and stained with
hematoxylin and eosin using a typical and standard
histological technique.” Then, they were observed with a
light microscope (Olympus, Japan).

Statistical Analysis

Statistical analyses were carried out by the SPSS software
(Version 24, SPSS Inc., Chicago, IL, USA). Statistical
comparisons of body weight, food consumption, clinical
biochemistry, and organ weights between three group
were performed by one-way analysis of variance (ANOVA)
followed by Tukey post hoc analysis, and an independent
samples t test was performed when appropriate.
Differences were considered significant at P<0.05, and
data for each variable were expressed as mean + standard
error (SE).

Results

Changes in body weight and food intake are presented in
Figures 1 and 2, respectively, with no significant changes
in weight or food intake. The absolute mean organ
weights are illustrated in Table 2. The results indicated
no significant differences in organ weights of rats in all
groups. However, the spleen weight was higher compared

Table 2. Absolute Organ Weights in Treatment Groups

Organ Standard Non-GM GM P value
Spleen (g) 2.70£0.5 2.63+0.5 2.83+£0.3 0.301
Pancreas (g) 3.31+0.3 2.56+£0.9 3.05+0.1 0.230

Note. GM: Genetically modified. Values are presented as mean+SE. One-
way ANOVA followed by Tukey post hoc analysis was used to compare the
values between groups.
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to other study groups. Moreover, the findings of the
hematologic assessment of treatment groups are presented
in Table 3, showing no statistically significant difference
in hematologic parameters among treatment groups.
Only, hemoglobin concentrations in the standard group
were slightly higher than those in the other two groups
(P<0.001), while GM-fed rats tended to show lower levels
of MCH, WBC, neutrophil, and lymphocyte compared
to other treatment groups. In contrast, this group
experienced a higher level of platelet compared to the
other groups. Histologic derangements were observed in
the pancreas tissue of the GM soybean oil group. Various
levels of destruction were also observed in this group,
including severe congestion in the exocrine and endocrine
section, the presence of inflammatory cells in the focal
region of the exocrine (pancreatitis), vascular congestion,
and a reduced number of Langerhans islands (Figure 3). In
terms of changes in spleen tissue, no significant difference
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Figure 1. Growth Curves Based on Weekly Measurements of Body Weight
During the Study. Note. GM: Genetically modified. The curves show group
means based on 6 rats /group

was observed between treatment groups except for slight
congestion (Figure 4).

Discussion

The insecticidal features of Bt genes have been known
for over a century, and insecticidal cry proteins made
by Bt have been exerted as expandable products on a
remarkable scale since the early 1970s.** Bt genes are
now becoming ubiquitous in agriculture for effective pest
control via recombinant DNA technology . However,
there are several differences between the possible toxicity
or non-toxicity of these products. Animal models
generate precious data about the health hazards of GM
plants for both livestock and human consumption.'***
The experimental materials used in this work include a
laboratory diet containing 10% GM soybean oil. The
present study examined the possible toxic effects of a GM
soybean oil diet on rats. Accordingly, the hematological
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Figure 2. Food Intake Curves Based on Twice a Week Measurements During
the Study. Note. SE: Standards error; GM: Genetically modified. The curves
show group means based on 6 rats /group. SE bars not shown for clarity

Figure 3. Photomicrographs of Pancreas Tissue of Rats Stained with H & E: (A) standard diet, showing the normal structure of pancreas tissue. (B) Non-GM diet
for 90 days, denoting the normal structure of pancreas tissue. (C) GM diet for 90 days, indicating a severe congestion in the exocrine (long arrow) and endocrine
(small arrow) section. (D) GM diet for 90 days, showing, the presence of inflammatory cells in the focal region of the exocrine (long arrow) and vascular

congestion (small arrow). (Magnification: 100 x). Note. GM: Genetically modified
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Table 3. Hematologic Assessment in Treatment Groups

CBC Standard Non-GM GM Unit
RBC 0.1+7.94 0.3+7.65 0.2+7.84 (x10%pL)
HGB 0.3*""+14.0 0.4+13.41 0.2+13.58 g/dL))
HCT 0.09+43.38 23+41.11 0.8+42.06 (%)
MCV 1.3+53.91 2.9+53.75 0.6+53.98 FL))
MCH 0.2+17.45 0.7+17.55 0.3+17.31 (PG)
MCHC 0.2+32.50 0.9+32.66 0.2+32.28 (g/dL)
RDW 0.4+14.81 0.4+15 0.4+14.66 %))
HDW 0.1+£2.87 0.2+ 2.72 0.04+2.95 (mg/dL)
WBC 2.2+7.96 2+6.54 1.8+5.88 (x10%/pL)
PLT 129.4+698 40.8+643.83 523717 (x10%/pL)
MPV 0.1+4.46 0.2+4.75 0.1 £4.65 (FL)
PDW 0.8+57.13 0.9+57.63 0.5+57.51 (%)
PCT 0.05+0.34 0.01 £0.33 0.36+0.02 %))
NEUT 0.2+0.77 0.5+0.81 0.1+£0.51 (x10%/pL)
LYMP 1.8+£5.36 1.7+4.42 1.3+£3.96 (x10°/pL)
MONO 0.3+1.43 0.4+1.07 0.4+1.24 (x10%/pL)
EOS 0.04+0.06 0.01+0.03 0.02+0.05 (x10%/pL)
BASO 0.01+0.007 0.01+0.007 0.01+0.008 (x10%pL)
LUC 0.18+0.1 0.21+0.1 0.13+0.8 (x10%pL)

Note. GM: Genetically modified; CBC: Complete blood cell; RBC: Red
blood cell; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular
volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular
hemoglobin concentration; RDW: Red cell distribution width; HDW:
Hemoglobin distribution width; WBC: White blood cell; PLT: Blood platelet
count; MPV: Mean platelet volume; PDW: Platelet distribution width; PCT:
Total platelet mass; NEUT: Neutrophils; LYMP: Lymphocytes; MONO:
Monocytes; EOS: Eosinophils; BASO: Basophils; LUC: Large unstained cells.
Values are presented as mean = SE, and each group consists of five rats. One-
way ANOVA followed by Tukey post hoc analysis was used to compare the
values between groups. * a significant difference versus non-GM Group; © a
significant difference versus GM group and non-GM groups (*P<0.05).

values for the three groups were similar with a slight
increase in hemoglobin concentrations in the standard
group versus the two other groups. Generally, it was
demonstrated that hemoglobin concentration is reduced
due to anemia as also confirmed by previous studies?>*%
possibly because of the presence of Bt toxin in food that
causes RBCs to degrade.® Similar to our findings, a study
indicated no differences in the hematological values after
90-day feeding with Bt corn in broiler chicks.* Likewise,
no significant difference was found in hematological
values in a 90-day animal study with a GM-rice diet.”?
Histopathology examinations in the current study
revealed changes in the pancreas tissues of animals fed
with a diet containing GM soybean oil, while no changes
were observed in those of other two groups. Moreover,
significant modifications were reported in the pancreatic
tissue of rats fed with GM soybean, including changes in
chromatin and an increase in nuclear fibers.*> Another
study revealed changes in pancreatic weight of Wistar
rats fed GM rice for 90 days.”® Pancreatic damage is a
result of complex pathophysiologic processes due to
the transmission of bacteria, endotoxemia, vascular
hypertrophy, ischemia, vascular injury, and thrombosis.”**
It has also been suggested that the Cryl1 AB protein induces

Figure 4. Photomicrographs of the Spleen Tissue of Rats Stained with H &
E: (A) Standard diet rats, showing the natural structure of lymphoid follicle
(arrow), with mild congestion (stars) of spleen tissue. (B) Non-GM diet for 90
days, denoting the natural structure of lymphoid follicle (arrow), with mild
congestion (stars) of spleen tissue. (C) GM diet for 90 days, displaying the
natural structure of lymphoid follicle (arrow), with mild congestion (stars)
of spleen tissue. (magnification: 100 x ). Note. GM: Genetically modified

digestive tract damage and the infiltration of bacteria and
germs into internal organs, infecting the abdominal cavity
and other tissues, including the pancreas.®

On the other hand, no histologic changes were reported
in spleen tissue except for minor congestion in all three
groups, generally occurring due to anesthesia in rats.
Several studies reported no change in the spleen tissue
of GM-fed animals. In a study by Lin et al,’ after feeding
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GM virus-resistant papaya fruit for 90 days in rats, no
changes were observed in the spleen tissue. Similar results
were also reported after GM-maize feeding.> Several other
studies also reported similar findings with no change in the
spleen tissue of GM-fed animals.?”** The possible reason is
that immediate allergic induction in animals is extremely
low.* These valuable findings indicate that other animal
studies confirming these results would elucidate the social
and practical implications of GM foods. This issue will
be directed towards the widespread consumption of GM
foods in society by humans. However, the present study
had some limitations, too. It seems that direct access
to transgenic plants and their oil would provide better
clarification about its effect. Furthermore, it seems that it
is better to evaluate the long-term effects of GM foods;
nevertheless, the current study just assessed the short-
term effects of GM feeding.

Conclusion

The results of this study indicated that a diet containing
transgenic products causes changes in several vital organs,
including pancreas tissues. Although these changes
seem minor at first, they may cause serious damage over
time. Further experimental studies on different animal
species and more GM food products may warrant more
clarification.
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