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Abstract
Glyphosate is the active component of several commercial formulations as in Roundup®. The present study was investigated the
toxic effects of pure glyphosate or Roundup® on the liver and small intestine of chick embryos. On day 6, a total of 180 fertile
eggs injected with deionized water (control group), 10 mg pure glyphosate, or 10 mg of the active ingredient glyphosate in
Roundup®/kg egg mass. The results showed an increase in relative weights of the liver in embryos that treated with Roundup®.
Furthermore, oxidative stress was observed in the embryos treated with glyphosate or Roundup®, increased total superoxide
dismutase, and content of malondialdehyde in the liver and intestine; moreover, decrease of glutathione peroxidase in the liver
with increased in the intestine compared with the control. Besides, glutamic-pyruvic transaminase was increased in Roundup®
group compared with other groups. Moreover, histopathological alterations in the liver and intestine tissues were observed in
treated groups. Suppression of hepatic CYP1A2, CYP1A4, CYP1B1, andMDR1mRNA expression after exposed to Roundup®.
Furthermore, inhibition of CYP1A4 in the duodenum, CYP1A4, andMRP2 in the jejunum in embryos exposed to glyphosate or
Roundup®. In addition, glyphosate treatment caused an increase of CYP3A5, CYP1C1, and IFNY mRNA expression in the
jejunum and CYP1A2 expression in the ileum, while IFN-Y gene increase in embryos treated with Roundup®. In conclusion, in
ovo exposure to glyphosate caused histopathological alterations and induced oxidative stress in the liver and small intestines.
Moreover, the expression of cytochrome P450, MDR1, and MRP2 transporters was also modulated in the liver and small
intestines for chick embryos.
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Introduction

In ovo injection is a method to administer exogenous sub-
stances with a different activity to the egg’s air cell or imme-
diately into the growing embryo (Aygun 2016; El-Kholy et al.
2019). The in ovo method was first used by Sharma and
Burmester (1982) for the vaccination of turkey hatching eggs
against Marek’s disease. Recently, the technique of
transporting various substances by the in ovo route is

interesting wide between researchers (Saeed et al. 2019) to
take advantage of the useful materials (Elnesr et al. 2019;
Elwan et al. 2019) or to study the negative effects of several
chemical compounds such as glyphosate, in an early stage
(Fathi et al. 2019). Glyphosate, N-(phosphonomethyl) glycine,
is applied now for widespread for agricultural production in
most developing and industrial countries (Benbrook 2016).
Glyphosate is utilizing in commercial form by the name of
Roundup® as a wide-spectrum herbicide on crops, especially
small grains, which are then used in livestock, poultry, and
human. Roundup® includes glyphosate and other adjuvants
thereby rising their influence. As with most agricultural
chemicals, the potential remains for contamination for feeds
are used in human and livestock after harvesting (Bai and
Ogbourne 2016; Zhao et al. 2018). Previously, people consid-
ered glyphosate and glyphosate-based herbicides to be safe for
creatures and the environment. Nevertheless, increasing stud-
ies have shown the incidence of multiple diseases like cyto-
toxicity, neurotoxicity, and reproductive toxicity in pure

Responsible Editor: Lotfi Aleya

* Chunmei Li
chunmeili@njau.edu.cn

1 Animal Science and Technology, Nanjing Agricultural University,
No.1Weigang, Nanjing 210095, Jiangsu, People’s Republic of China

2 Animal Production Research Institute, Agriculture Research Centre,
Dokki, Giza 12618, Egypt

Environmental Science and Pollution Research
https://doi.org/10.1007/s11356-020-08269-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-08269-3&domain=pdf
mailto:chunmeili@njau.edu.cn


glyphosate and commercial formulations (Cattani et al. 2014).
Furthermore, the European Food Safety Authority (EFSA)
declared that glyphosate-based herbicides residues were de-
tected in widely crops, vegetables, and fruits (EFSA 2016). It
has been extensively shown that oxidative stress was induced
in tissues, which has been exposed to glyphosate (Larsen et al.
2012; Cattani et al. 2014; Turkmen et al. 2019). Recently,
researchers have concern to body toxicity induced by
glyphosate-based herbicides (GlyBH). Many of the problems
in the health that seem associated with a diet could be demon-
strated by biological disorders that have previously been at-
tributed to glyphosate, and these include digestive issues, au-
tism, Parkinson’s disease, obesity, and liver diseases among
others (Samsel and Seneff 2013). Some studies in vitro dem-
onstrated that the adjuvants in Roundup® were more toxic
compared with glyphosate alone (Richard et al. 2005;
Benachour and Séralini 2008).

The glyphosate caused to interact and occupy the binding
site of the purified enzyme in cultured cells; therefore, it can
result in bioaccumulation and metabolic disorder, especially
receptor interactions and bioavailability (Gasnier et al. 2009).
Furthermore, CYP450s are considered responsible for the me-
tabolism of xenobiotic in the liver and intestine. The metabo-
lism in the small intestine contributes to first-pass metabolism
(Yoda et al. 2012). Some studies reported the inhibition of the
activity of enzymes for CYP450 family in the various mem-
bers by glyphosate (Samsel and Seneff 2013). This distinction
should be more clarified; therefore, the aim of this study was
to use the pure glyphosate and commercial form (Roundup®)
as treatments to determine the safe utilize of adjuvants for
commercial productions in chicken embryos as animal model.
Therefore, the potential changes on antioxidant enzyme activ-
ity, histomorphology on the liver, and small intestine were
assessed. The changes in the gene expression of CYP family
members and transporters of the ABC family and modulation
of the proinflammatory cytokines in the liver and intestine
tissues were investigated.

Material and methods

Eggs and incubation condition

One hundred and eighty fertilized eggs from Huafeng breeder
hens (Jiangsu, China). Eggs have been incubated into the in-
cubator that has 37.5 ° temperature and 60% relative humidity
using commercial hatchery (Nanjing Wansheng ° incubation
Equipment Co., Ltd). Pure glyphosate (N-)phosphonomethyl)
glycine) and Roundup® (as an isopropylamine salt) were pur-
chased by Shanghai Ryon Biological Technology Co., Ltd.
(Shanghai, China) and Sinochem Crop Protection Products
Co., Ltd. (Shanghai, China), respectively. To obtain a 10 mg

active substance, glyphosate or Roundup® was dissolved in
deionized water.

Treatment solution and egg injection

On embryonic day (ED) 6, eggs were divided randomly into
three groups: control group (CON, n = 60), 10 mg glyphosate
/kg egg mass,(GLP, n = 60), and 10 mg of active ingredient
glyphosate in Roundup®/kg egg mass (RU, n = 60).The egg-
shell over the blunt end of the eggs was cleaned with 70%
alcohol, and injection equipment were autoclaved before use.
The control eggs had a hole made into the air sac and received
injections of sterile deionized water. Fifty microliter of each
solution was injected in the inner membrane into the air sac
immediately above the embryo. After solution injection, the
egg hole was sealed with paraffin wax, and the injection pro-
cess was done under sanitized conditions with control for
temperature and humidity. The experiment was approved by
the Animal Care and Use Committee of Nanjing Agricultural
University (No. 2012CB120762).

Embryonic development index

On the 15th day, twenty-five embryos per group were taken
and immediately sacrificed by decapitation. Embryos and se-
lected organs (liver, spleen, kidney, thymus, and bursa) were
weighted.

Biochemical evaluation

To determine the enzymes, the suspension of liver samples
was centrifuged at 3500 rpm for 15 min. The homogenate
was used for liver function assessment, including estimates
of the glutamic-oxalacetic transaminase (GOT) and
glutamic-pyruvic transaminase (GPT). Furthermore, glutathi-
one peroxidase (GSH-Px), total superoxide dismutase (T-
SOD), and malondialdehyde (MDA) in tissues of the liver
and different parts of the intestine (duodenum, jejunum, and
ileum) were measured by a commercial reagent kit purchased
from the Institute of Biological Engineering of Nanjing
Jincheng (Nanjing, China).

Histological preparation

The liver and small intestine (duodenum, jejunum, and ileum)
tissues were fixed for 24 h in 4% paraformaldehyde solution,
dehydrated with different concentrations of alcohol, clarified
with xylene then embedded in paraffin, and 5 mm slices for
hematoxylin-eosin staining (H&E)were cut for histopatholog-
ical examination.

To evaluate histomorphology for the small intestine,
the villi height (VH), villi width (VW), villi area, crypt
width, crypt depth, and muscular thickness (JMT) were
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measured in different parts of the intestine. Furthermore,
25 vertical villi were measured on each section in all three
groups. As well, the heights of villus were determined
from their tip point to the base, and the widths were de-
termined at the half-height point. The villus surface area
was calculated by the formula 2π × (VW/2) × VH
(Sakamoto et al. 2000). All measurements were accom-
plished with an olympus light microscope using a digital
lens (OLYMPUS BX51, Tokyo, Japan).

Quantitative RT-PCR (qRT-PCR) analysis

Total RNAwas extracted from the tissues with the ISOGEN 2
reagent kit (NIPPON GENE CO., LTD., Tokyo, Japan) ac-
cording to the manufacturer’s protocols. The purity of RNA
was ascertained by the A260/A280 ratio with a Nanodrop®
8000. Then, RNA was reverse transcribed to cDNA with
PrimeScriptTM RT Master Mix (TAKARA BIO INC.). The
cDNA extract was utilized as a template for the SYBR®
Premix Ex Taq™ (TAKARA BIO INC.) according to the
manufacturer’s instructions and used for RT-PCR. The gene
expression data were normalized to ß-actin expression. The
primers used to correspond to the chick sequences shown in
Table 1 and designed the primers by GenScript Bio-Tech Co.,
Ltd. (Nanjing, China).

Statistical analysis

Data was analyzed with the SPSS Statistics 22.0 software.
Values were presented as the mean ± standard error of the
mean (SEM), and data was analyzed by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple compari-
son test, and the probability values of 0.05 (P < 0.05) were
considered as significant.

Results

Embryonic development

The effect of treated in ovo injection with GLP or RU on
embryo weights and relative organ weights was presented in
Table 2. No significant change (P > 0.05) was observed in
embryos weight in GLP or RU groups compared with the
CON group. The relative weight of the liver was significantly
higher (p < 0.05) compared with the CON group.
Furthermore, the relative weight tissues of the spleen, kidney,
bursa, and thymus was not altered by the in ovo injection
treatments.

Assessment of liver function

The levels of GPT and GOT enzymes were determined to
describe the damage that occurred by GLP or RU in the liver
(Fig. 1). The results exhibited that the level of GPT was sig-
nificantly raised (P < 0.05) in RU treated group compared
with other groups. Nevertheless, there was an increasing trend
of GOT in GLP and RU, but without statistically significant.

The activities of antioxidant enzymes

The influence of in ovo injection of GLP or RU toxins on the
status of antioxidant enzymes was shown in Table 3. The
results presented that the activity of the liver T-SOD and
MDA content were significantly raised (P < 0.05) in the RU
group compared with the CON group. In addition, the activity
of GSH-Px was significantly decreased (P < 0.05) in RU and
GLP groups compared with CON (Table 3). In regard to the
intestine (duodenum, jejunum, and ileum), T-SODwas signif-
icantly raised in GLP and RU groups, with a significant de-
cline (P < 0.05) in the jejunum T-SOD for the group treated
with RU compared with the CON. T-SOD activity in the ileum

Table 1 Primers used for quantitative real-time PCR

Gene symbol Accession No. Primer sequence (5′ to 3)F Primer sequence (5′ to 3)R Product size (bp)

β-actin NM_205518.1 CTGGCACCTAGCACAATGAA CTGCTTGCTGATCCACATCT 123

CYP1A4 NM_205147.1 AGGACGGAGGCTGACAAG CAGGATGGTGGTGAGGAAGA 105

CYP1A2 XM_015278761.1 TCACCATCCCGCACAGCA AAGTCATCACCTTCTCCGCATC 201

CYP3A5 NM_001001751.2 CGAATCCCAGAAATCAGA AGCCAGGTAACCAAGTGT 145

CYP1B1 XM_015283751.2 GATCCACGTGTGCCAAGGTA GAGGCTTGTGGCATGAGAGT 73

CYP1C1 NM_001309454.1 GTCGAGGGTCATCAACAGGG GTGTTTATTGCTGCGGGGAC 105

MDR1 XM_025147036.1 GCCTGTCCACCATCCAGAAT TAGAGTGACACTTCGGAGAGAAG 182

MRP2 XM_025151804.1 AATTACAGAGGGCACAGGGC GGGTCCCAGGTGACGATGT 81

IL-1β NM_204524.1 TGCCTGCAGAAGAAGCCTCG GGAAGGTGACGGGCTCAAAA 211

IFN-γ XM_015277437.2 TAGCTGCACAACAGCTGACC GCAAGTGCCTTGTCTGTGTG 141

IL6 XM_015281283.2 AAATGTCCAGCAGCCAGACT CGGAGCGGCCTTCATAGATA 264
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was significantly raised (P < 0.05) in GLP group compared
with the CON group. Moreover, the GSH-Px activity in the
duodenum and jejunum tissues was significantly raised
(P < 0.05) in RU treated group compared with the CON.
The level of MDA of the duodenum in RU group was signif-
icantly raised (P < 0.05) compared with the CON group.

Histopathologic and histomorphometric evaluation

The description of the alteration in the liver and small intestine
was shown in Fig. 2. Histopathological changes were spotted
in the liver tissues. Fatty changes, mild hemorrhage, dilatation
of hepatic sinusoids, congestion of portal vein, and fibrous
tissue in chick embryos were treated with GLP (Fig. 2b).
Liver tissue for the chick embryos was treated with RU exhib-
ited mononuclear cell infiltration, necrosis, hemorrhages, and
fibrous tissues (Fig. 2c). The results of histological analysis of
the small intestine tissues (duodenum, jejunum, and ileum)
were shown in Fig. 3 and Table 4, which indicated that the
short villus height, width, area, crypt depth, width, and JMT
were significant serious (P < 0.05 or P < 0.001) in groups
treated with GLP or RU compared to the untreated group.

The mRNA expression of biotransformation
and proinflammatory cytokines genes in the liver
and small intestine

The expression profiles of genes involved in biotransforma-
tion (CYP1A2, CYP1A4, CYP3A5, CYP1B1, CYP1C1,
MDR1, and MRP2) and the proinflammatory cytokines
(IFNY, IL-1B, and IL-6) in the liver and small intestine were
presented in Figs. 4 and 5. Hepatic CYP1A2, CYP1A4,
CYP1B1, and MDR1 mRNA expression were significantly
decreased (P < 0.05) after RU exposure compared with the
CON group (Fig. 4a, b, d, f), but CYP3A5 mRNA expression

Fig. 1 Effects of GLP or RU in ovo injection onGPTandGOTenzymes of the liver in chick embryos. CON control, GLP glyphosate, RU roundup, GPT
glutamic-pyruvic transaminase, GOT glutamic-oxalacetic transaminase

Table 3 Effect of GLP or RU in ovo injection on antioxidant enzyme
activities of the liver and small intestine in chick embryos

Items CON GLP RU SEM P value

Liver

T-SOD (U/mgprot) 16.75b 17.10b 24.03a 1.38 0.037

GSH-Px (U/mgprot) 53.27a 38.71b 39.73b 2.79 0.040

MDA (U/mgprot) 2.43b 3.46b 3.84a 0.25 0.042

Duodenum

T-SOD (U/mgprot) 40.82b 50.41a 49.83a 1.75 0.037

GSH-Px (U/mgprot) 40.28b 53.71ab 60.23a 3.43 0.033

MDA (U/mgprot) 1.27b 2.33b 5.31a 0.63 0.01

Jejunum

T-SOD (U/mgprot) 64.02a 55.17ab 46.42c 3.03 0.047

GSH-Px (U/mgprot) 44.53b 58.71ab 65.97a 3.84 0.049

MDA (U/mgprot) 0.34 0.35 0.49 0.05 0.403

Ileum

T-SOD (U/mgprot) 49.39b 78.01a 58.16b 4.38 0.010

GSH-Px (U/mgprot) 42.53 56.71 53.98 3.79 0.294

MDA (U/mgprot) 0.28 0.31 0.31 0.03 0.905

CON control, GLP glyphosate, RU roundup, T-SOD total superoxide
dismutase, GSH-Px glutathione peroxidase, MDA malondialdehyde,
SEM pooled standard error of the mean
a,b Superscript with different letters in a row means significant difference
(p < 0.05)

Table 2 Embryo and organ weights of chick embryos exposed to GLP
or RU

Items CON GLP RU SEM P value

Embryo weight (g) 15.12 14.72 14.71 0.42 0.162

Liver (%) 1.57b 1.72b 1.97a 0.06 0.001

Spleen (%) 0.07 0.06 0.05 0.003 0.716

Kidney (%) 0.91 0.70 0.84 0.007 0.094

Bursa (%) 0.11 0.10 0.09 0.009 0.378

Thymus (%) 0.28 0.31 0.35 0.032 0.209

CON control, GLP glyphosate, RU roundup, SEM pooled standard error
of the mean
a,b Superscript with different letters in a row means significant difference
(p < 0.05)
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was significantly increased (p < 0.05) in the treated group with
GLP or RU compared with the CON group (Fig. 4c). The
proinflammatory cytokines genes did not significantly change
(P > 0.05) for treated groups compared with the control group.
With respect to small intestine tissue, there was a significant
decrease (P < 0.05) of CYP1A4 in the duodenum for embryos
exposed to GLP or RU compared with the CON (Fig. 5b). In
the jejunum, a significant decrease (P < 0.05) of CYP1A4 and
MRP2 mRNA expression was observed in embryos that re-
ceived GLP or RU comparedwith the CON group (Fig. 5b, g);
at the same time, CYP3A5, CYP1C1, and IFNY mRNA ex-
pression showed a significant increase (P < 0.05) in GLP treat-
ed group compared with the CON group (Fig. 5c, e, h). In the
ileum, CYP1A2 expression significantly increased the fold
change (P < 0.05) in the GLP group (Fig. 5a), while the
IFN-Y gene represented a significant increase (P < 0.05) in
RU group in comparison with the CON group (Fig. 5h).

Discussion

Glyphosate-based herbicides are widely applied in agricultur-
al production and cause to create a type of chemical environ-
ment as well as provide harmful to the living systems. In the
current study, glyphosate was injected into the air sac of chick-
en fertilized eggs at ED 6 to simulate an environmental expo-
sure that may occur through a process of egg maturation in
contaminated birds. The present study demonstrated that
glyphosate-based herbicide had an adverse effect on the oxi-
dative stress, histomorphology, and the expression profiles of
genes involved in biotransformation and the proinflammatory
cytokines in the liver and small intestine. We believe that pure
glyphosate and its commercial form probably are the most
serious environmental toxin, mainly due to it is wide and
careless usage form its perceived nontoxicity. In the present
study, no significant changes were found in embryo weight of
chicks treated with 10 mg/kg glyphosate and 10 mg/kg
Roundup® compared with the control embryos .

Paradoxically, the relative liver weights were markedly in-
creased by glyphosate or Roundup®. The results of the pres-
ent study agreed with previous reports from other researchers
(Romano et al. 2010; Nielsen et al. 2018) who found that no
significant differences among the groups were detected in the
animal’s weight following different treatments of Roundup®.
The liver has special importance as a detoxification organ;
therefore, the liver suffers an important role as an excretory
organ for chemicals and drugs (Yun et al. 2016). Current data
showed that the liver weights were more variable. Some stud-
ies also reported a rise in organ weights of the liver tissues (El-
Shenawy 2009; Milić et al. 2018). Environmental Protection
Agency (EPA) reported that the variability depends on glyph-
osate concentration and animal kinds (EPA U 1993). In addi-
tion, a significantly higher (P < 0.05) level of GPT in the liver
tissue was observed. Transaminases are essential enzymes in
the biological processes. Data obtained in this study demon-
strated the ability of Roundup® to impair and disruption of
normal liver function. Roundup® contents a surfactant com-
pound that greatly enhances cytotoxic impacts of glyphosate.
Change of basic liver functions was observed by the detection
of elevation of GPT activities (Ren et al. 2019). Furthermore,
the toxicity of many xenobiotics such as toxins and drugs is
connected with increasing the production of free radicals,
which are not merely toxic themselves, but also involved in
the cellular structures and has been related to diseases include
cataracts, neoplastic diseases, diabetes, Parkinson’s disease,
inflammation of the intestinal tract, and aging of the skin
(Marin and Taranu 2012). The oxidative stress is believed as
a type of mechanism of toxicity (Sharma and Dubey 2007).
The imbalance in intracellular Ca2+ homeostasis due to mech-
anism of glyphosate induced oxidative stress (Cattani et al.
2014; Tang et al. 2017). Furthermore, glyphosate can cause
modification in cell integrity (Elie-Caille et al. 2010), which is
most probable to cause structural damage. Additionally, con-
sidering the elevated MDA content, T-SOD and GSH-Px ac-
tivity are in the current study. The increased T-SOD and GSH-
Px activity may be due to the defending function of the

Fig. 2 Histopathological for liver sections of chick embryos exposed to
GLP or RU. a Shows the normal histological liver structure in CON. b
Shows dilatation of hepatic sinusoids (arrow) and congestion of portal
vein (arrowhead). c Shows severe necrosis and congestion of portal vein

which are surrounded by mononuclear cell infiltration (arrow), hydropic
degeneration of hepatocytes (arrowhead), and (H&E × 20). CON control,
GLP glyphosate, RU roundup
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organism itself against the ROS generation induced by glyph-
osate. Some researchers reported that GLP is an organophos-
phate herbicide; therefore, it can increase to oxidative stress
and/or a failure of the antioxidant defensive mechanisms
(Larsen et al. 2012). The defenses of the organism are insuf-
ficient, and failure for neutralizing the reactive oxygen species
and the membrane lipid peroxidation may occur as one of the
most dangerous forms, then the damage can occur as a result
(Ahmad et al. 2004). The hepatic SOD activity also can refer
to the extent of the liver and intestine damage with apoptosis
of mucosal structure (Liu et al. 2014; Zhang et al. 2015). GSH
provides protection against oxidative stress caused by cellular
damage (Ozden and Alpertunga 2010).

Some research in vivo and in vitro has indicated that glyph-
osate increased lipid peroxidation (Çavuşoğlu et al. 2011) and
raised H2O2 production (Elie-Caille et al. 2010), which con-
sistent with our results. Oxidative damage was widely ob-
served under glyphosate exposure, including increasing

reactive oxygen species production and decreasing glutathi-
one levels (Çavuşoğlu et al. 2011; Cattani et al. 2014).

Glyphosate-based herbicide caused histopathological alter-
ation in the liver. Mild to severe necrosis, inflammation, fi-
brous tissues, and hemorrhage were observed in the liver of
chicks in the groups injected GLP or RU. Alp et al. (2016)
stated that oral administration of GlyBH at a dose of 4 mg/kg/
day to rats caused the liver and renal damage. The small in-
testine is the main site for nutrient digestion and absorption
(Abdelnour et al. 2019). The size and number of villi enhance
absorption nutrients in the intestine, villus height, and crypt
depth for embryos treated with glyphosate-based herbicide
were much lower among different parts of the small intestine.
The damage in villus linked with intestinal disease due to
villus failed to absorb many essential nutrients, including vi-
tamins B6 and B12 as well as iron, folate, calcium, and vita-
mins K and D (Torretta et al. 2018). Also, Hershko and Patz
(2008) showed that GlyBH herbicide led to the disorder in the

Fig. 3 Photomicrographs of the intestinal villus of chick embryos exposed to GLP or RU (H&E × 100). a–c Duodenum. d–f Jejunum. g–i Ileum. CON
control, GLP glyphosate, RU roundup
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lining of the small intestine due to interfering with the break-
down of complex proteins.

The present findings are in agreement with the findings of
Olaleye et al. (2007), and Samanta et al. (2016) who also
demonstrated these alterations because of the change for oxi-
dative metabolism in the small intestine. Therefore, these his-
tological alterations observed in villus could be considered as
the first warning signs caused by an exposition of glyphosate.
The hepatobiliary system and small intestinal tract form an
enterohepatic circulation in a systematic way by the bile duct
and the portal vein (Zhang and Benet 2001; Chan et al. 2004).
This study exhibited for the first time that, exposure to GlyBH
can modulate the expression of xenobiotic enzymes
(CYP450) and ABC transporters in the liver and intestinal of
chick embryos, the involvement of cytochrome P450 family
and ABC transporters in the detoxification has been shown for
mammals in vitro and in vivo (Duca et al. 2012; Mary et al.
2015).

Numerous CYP family enzymes are associated with many
intestinal diseases and glyphosate’s suppression effects of
CYP enzyme activity in plants and livestock probably explain
this effect in humans. Different researches on CYP gene in-
ducibility by pesticides and other chemicals utilized in agri-
culture and public health have been published (Hodgson
2003). However, few studies discussed the influence of

GlyBH on the gene expression activity of cytochrome P450
and drug transporters in birds. CYP1A4 in mammalian is
orthologous gene to CYP1A1 in avian (Yuan et al. 2013); this
gene is important because it is responsible for the
bioactivation of toxin in phase I for avian microsomes (Diaz
et al. 2010; Zhang et al. 2016). After exposure, a downregu-
lation of hepatic CYP1A2, CYP1A4, CYP1B1, and MDR1
mRNA expression in RU and upregulation of hepatic
CYP3A5 mRNA expression in GLP or RU were observed.
Moreover, downregulation of CYP1A2, CYP1A4, and MRP2
mRNA expression of GLP or RU and upregulation CYP1A2,
CYP3A5, CYP1C1, and MDR1 mRNA expression of GLP in
the intestine were detected. These results were in agreement
with previous findings (Taimi et al. 2004; Osselaere et al.
2013). The reduction of the CYP enzyme enhanced the toxic-
ity of GlyBH, CYP1A1/2, CYP2E1 and CYP3A were sup-
pressed after exposure to RU, similar results were also corrob-
orated in hepatocyte cell lines, and damagewas caused to cells
and tissues function of rats (Larsen et al. 2014; Mesnage and
Séralini 2014). Modulations of CYP 450 enzyme activity by
the existence of liver diseases are subject to the sequential
progressive model of hepatic dysfunction; consequently, liver
disease severity has a differential impact on the metabolic
activity of specific CYP 450 enzymes (Frye et al. 2006).
Repression of CYP enzyme activity in hepatic cells of humans

Table 4 Effects of GLP or RU in
ovo injection on
histomorphometry parameters of
the small intestines in chick
embryos

Items CON GLP RU SEM P value

Duodenum

Villus height (μm) 128.15a 94.46b 101.61b 4.77 0.005

Villus width (μm) 34.72a 24.91b 21.46b 1.84 0.006

Villus area (μm2) 13869a 7722b 6976b 857.33 0.000

Crypt depth (μm) 11.19a 6.29b 3.13c 0.74 0.000

Crypt width (μm) 3.46a 3.13a 1.76b 0.18 0.000

JMT (μm) 89.49a 50.42b 57.22b 3.34 0.000

Jejunum

Villus height (μm) 106.96a 71.61b 65.84b 2.96 0.000

Villus width (μm) 37.22a 28.57b 25.62b 1.41 0.001

Villus area (μm2) 12685a 6464b 5324b 411.66 0.000

Crypt depth (μm) 5.45 6.34 5.31 0.21 0.107

Crypt width (μm) 2.31b 3.17a 2.30b 0.10 0.000

JMT (μm) 58.72a 43.10b 49.22b 1.99 0.002

Ileum

Villus height (μm) 82.97a 67.64b 63.51b 2.42 0.002

Villus width (μm) 28.27ab 20.85b 32.04a 1.75 0.022

Villus area (μm2) 7441 4578 6432 645.72 0.061

Crypt depth (μm) 9.06a 6.24b 5.06c 0.37 0.000

Crypt width (μm) 4.51a 3.21b 3.15b 0.16 0.000

JMT (μm) 69.64a 59.65ab 55.12b 2.24 0.028

CON control, GLP glyphosate, RU roundup, SEM pooled standard error of the mean, JMT Jejunum muscle
thickness
a,b Superscript with different letters in a row means significant difference (p < 0.05)
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by glyphosate is a well-established feature of organophos-
phates commonly used as pesticides (Abass et al. 2009).

Some studies are showing disruption of aromatase activity
by glyphosate, for instance, CYP enzymes that convert testos-
terone hormone to estrogen, whereas other studies are
exhibiting enhancement of retinoic acid, which could be
achieved by inhibiting CYP 450 enzymes implicated in its
catabolism (Richard et al. 2005; Gasnier et al. 2009). In hu-
man liver HepG2 cells disrupted aromatase activity, a well-
established cell line to examine xenobiotic toxicity is exposed
to glyphosate (Gasnier et al. 2009). Moreover, the Roundup®
contents of adjuvants, even small amounts could increase sub-
stantially the effect of glyphosate, likely by enhancing access
to the membrane-bound protein (Mottier et al. 2013).

Paganelli et al. (2010) observed that a low dose of GlyBH
raised endogenous retinoic acid (RA) activity in chick

embryos and clawed frog embryos. The suppression in
CYP1B expression by glyphosate led to excess retinoic acid.
RA disrupts the synthesis of cholesterol sulfate, a critical step
in bile acid synthesis; therefore, excess RA in the liver leads to
defect of fat metabolism and synthesis of bile acids (Ray et al.
1997). The effect of glyphosate on CYP enzymes increases
damage to the liver, due to the reduced ability to chemicals
detoxification, which are increasingly existing in the environ-
ment. The expression of CYP3A constitutively plays a critical
role in xenobiotic metabolism for human intestinal villi (Cupp
and Tracy 1998). Furthermore, phase I biotransformation pro-
cesses are mediated by CYP450 enzymes, and drug trans-
porters can alter the exposure of the animal to the GHB her-
bicide or other xenobiotics as well. In our study, disruption of
MDR1 and MRP2 mRNA expression in the liver and intes-
tines, as well as transmembrane efflux transporters, are

Fig. 4 Effects of GLP or RU in ovo injection on relativemRNA expression in the liver of chick embryos. Different letters indicate statistically significant
differences, p < 0.05, (mean ± SEM). CON control, GLP glyphosate, RU roundup
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involved in the absorption and detoxification of the endoge-
nous compounds, such as neurotransmitters and hormones, as
well as toxins (Linton 2007).

The expression of transporter proteinsMDR1 andMRP2 is
modulated by many factors, and this includes pathological
conditions and inflammatory, like exposure to toxins or
evoked by avian pathogenic E. coli infection (Guo et al.
2014; Kalpana et al. 2015). Rat exposed to GHB herbicide
as acute doses over a short-term interval induced severe dam-
age to hepatocytes. This was correlated with lipid peroxida-
tion and increased levels of the inflammatory cytokine tumor
necrosis factor (TNF-α) (El-Shenawy 2009). Thus, it becomes
important to examine the effects of glyphosate and GHB on
the relative expression levels of immune genes, including cy-
tokines and transcription factors, in the liver, and intestines of
chick embryos. The current study indicated that GLP or RU
had marked immunological effects in chick embryos. TNF-α

is a cytokine involved in systemic inflammation and stimula-
tion of the acute phase reaction, and the primary role of TNF is
the regulation of immune cells (Ghareeb et al. 2013).

Conclusion

Current findings suggested that exposure to glyphosate caused
increased liver function enzymes, histopathological alterations
in the liver and small intestines, and induced the oxidative
stress in chick embryos. Moreover, the toxicity of pure glyph-
osate and Roundup® has the ability to modulate the expres-
sion of cytochrome P450, MDR1, and MRP2 transporters in
the liver and small intestines, and thus may cause dysfunction
of hepatic and intestinal enzymes system in chick embryos,
which may increase the potential health risks to animal and
human.

Fig. 5 Effects of GLP or RU in ovo injection on relative mRNA expression in the intestine of chick embryos. Different letters indicate statistically
significant differences, p < 0.05, (mean ± SEM). CON control, GLP glyphosate, RU roundup
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