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Abstract

There are numerous endocrine disrupting chemicals across the globe among which is the contentious
organophosphate called glyphosate. The aim was to analyze the effects of glyphosate on Wistar rat’s pituitary
gland and pituitary-gonadal axis. Specific objectives determined male reproductive hormones of Wistar rats
exposed to glyphosate; demonstrated possible endocrine disruptive action of glyphosate on Wistar rats and
determined effects of glyphosate on histology of pituitary gland. Fifteen male adult Wistar rats of 200g and above
used for the study were randomly assigned into three groups A, B and C of 5 rats in each. Group A (control)
gavaged with only distilled water. Group B (low dose) and Group C (high dose) were gavaged with 400mg and
2000mg of glyphosate/kg body weight/day respectively. All the rats were treated for 60 days before sacrificing,
collection of blood sample and harvesting of tissue for analysis. Collated data were entered into Statistical
Package for Social Scientists (version 21) for t-test and test of significance (p<0.05). Both follicle stimulating
hormone and testosterone were significantly decreased in treated rats. The levels of luteinizing hormone,
prolactin, oestrogen, progesterone and testosterone/oestrogen ratio statistically increased among treated groups.
Adenohypophysis in Group B rats illustrated cellular hyperplasia with mitotic bodies while those of Group C
demonstrated fewer cells that are widely separated by connective tissue. This study established glyphosate as an
endocrine disrupting chemical. Histological slides of the pituitary gland of treated rats showed some level of
abnormality. High-resolute imaging techniques were suggested for better imaging.
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Introduction

Different chemicals are used in day-to-day activities were made in Europe to identify individual

of humans across the globe. The use is either for
positive or negative effects and in the process
contamination can occur. Contamination is broadly
from occupational or environmental practices. Of note
is Endocrine Disrupting Chemicals (EDCs) which are
compounds that alter the normal functioning of the
endocrine system of both animals and humans.' EDC
first coined in 1993 when researchers were looking
into certain chemicals that mimicked endogenous
hormones altering the homeostasis of organ-systems.?
The USA forged ahead and in 1998 established
Endocrine Disruptor Screening Program (EDSP) to
evaluate chemicals having deleterious effects on
endocrine homeostasis. In the like manner, efforts

constituents of chemical packages in order to evaluate
their toxic effects. EDCs can either be natural (like
phytoestrogens) or synthetic/artificial. Among the
artificial ones are chemicals used in food,
pharmaceutical, textile, wooden, plastic, oil and gas
industries. Herbicides and pesticides are utilized
against weeds and pests to promote agricultural
produce for food and other industries. Atrazine
(CgH14CINs; Triazine compound), an herbicide had
been implicated to disrupt endocrine (hormone)
system.3 Paraquat (Cy2HisN,; quaternary nitrogen
compound) is another widely used herbicide which
had  earlier been  established as EDC.
Organophosphates are also known to disrupt
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endocrine system. The world most widely used
unspecific herbicide called glyphosate is an
organophosphate compound which had demonstrated
some degrees of hormone disruption according to
studies in the USA, Brazil, France and other
countries.*” Glyphosate (CsHgNOsP;
N-Phosphonomethylglycine) in most cases bears
Isopropylamine ammonium salt which aids its
solubility though does not affect its chemical
properties, hence, the idea of glyphosate base
herbicides (GBH). GBHs are equally known for their
pesticidal properties.®*'® In plants, glyphosate is
absorbed through the leaves and roots, translocates
into all parts and thereby inhibits
enolpyruvylshikimate-3-phosphate synthase (EPSPS)
necessary for the production of aromatic amino acids,
auxin, phytoalexins, folic acid, lignin, plastoquinones
and many other secondary products.* The herbicide
i, most times, sprayed on plants with relatively high
levels permeating as residues in food products, water
and animal feeds apart from direct human exposure
through the skin and lungs.*? Contamination
frequently occurs when rain falls directly after
application of glyphosate and when flood increases
river and lagoon sediment load. Urban runoff and
wastewater treatment effluent can also explain
considerable glyphosate input into rivers.®

In animals, glyphosate activates protein kinase C and
the mitogen-activated protein kinases in eliciting
calcium (Ca*) influx and cell death.' Glyphosate
increases cytosolic Ca** concentration by opening L-
type-voltage-dependent  Ca®*  channels, thereby
permitting Ca®* to enter the cells, as well as targeting
the endoplasmic reticulum molecule called inositol
triphosphate (IP3) and ryanodine receptors which are
both Ca®* release channels, leading to Ca”" release and
overload within the cells, thereby activating cell
death.!* At the same research, Shaner discovered
glyphosate to down-regulate the functional integrity of
the activities of glutathione which is the tissue’s own
antioxidant consistent with oxidative stress, and
increases the amounts of thiobarbituric acid reactive
species and protein carbonyls, which had been
implicated in oxidative impairment from reactive
oxygen species to lipids and proteins respectively. In
an experiment, glyphosate intoxication was due to
Ca®* overload with resultant cell signaling fault and a
stress response in defence against depleted
antioxidant, contributing to the death of Sertoli cells
with resultant male infertility.*>** Increasing Ca®
concentration in the cytoplasm in turn caused Ca**
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influx into the mitochondria and nuclei leading to
either programmed apoptotic or inflammatory necrotic
cell death” In nuclei, Ca®** modulates gene
transcription and nucleases that regulate apoptosis that
involves fragmentation of deoxyribonucleic acid
(DNA).*® Glyphosate toxicity in Wistar rats (aged
6weeks and above) was reported to induce deleterious
reproductive effects including diminution in daily
sperm production during adulthood, increase in
abnormal sperms, low serum testosterone level at
puberty and delay in vaginal canal opening in exposed
female offsprings.™

Now, scientific studies are beginning to reveal the
ecotoxicity effect on exposure to experimental
animals and humans. In some animal studies, there
were conflicting results about the safety of glyphosate:
some documented carcinogenic, mutagenic, metabolic
effects and hormone disruption while others described
its effects on fertility even at low concentration
compared to the dose being used in dealing with
weeds in agriculture.” In the past, glyphosate was
believed to be relatively non-toxic to mammals and
widely marketed by the various manufacturers, as
safe.® %' Germany played the European Union
Rapporteur Member State (EURMS) and submitted
their glyphosate renewal assessment report (GRAR) to
the European Food Safety Authority (EFSA),
recommending formal approval of glyphosate for use
in Europe with increase in the acceptable daily intake
(ADI). Notwithstanding, the recommendation from
Germany was said to be scandalous amid
overwhelming evidence of ecotoxicity leading to
banning of glyphosate in some countries. These
countries include: Denmark, El Salvador, France, Sri
Lanka, Netherlands, and Brazil, one of the largest
growers of glyphosate-tolerant genetically modified
crops. Latest news on Genetically Modified
Organization (GMO) food, GMO crops and GMO
labeling had marked glyphosate as EDC.? Contrarily,
Germany made her own report: the available data do
not show carcinogenic or mutagenic properties of
glyphosate nor that glyphosate was toxic to fertility,
reproduction or intra-uterine  development in
laboratory animals. Germany later recommended the
re-approval of glyphosate for use in Europe with an
increase in the acceptable daily intake (ADI) from 0.3
to 0.5 mg per kg body weight per day with
undisclosed reasons.”

With the various conflicting evidence of ecotoxicity
and effects of glyphosate on humans, this study was
set to join other researchers in determining male
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reproductive hormone profile of Wistar rats exposed
to glyphosate. Specifically, the study was designed to
demonstrate possible endocrine disruptive action of
glyphosate on Wistar rats and determine potential
effects of glyphosate on the histology of pituitary
gland. Going through the literature and web,
researches on the possible effects of glyphosate on the
histology of pituitary gland coupled with hormone
analysis were scarce.

Materials and Methods

This study was approved and carried out according to
the international standard adopted by the Department
of Anatomy, University of Benin, Benin-City,
Nigeria. Fifteen adult male Wistar rats were used for
this study weighed 200g and above. The rats were
randomly assigned into three groups A, B and C of 5
rats each. Rat cannula was employed for gavaging.
Group A was control and gavaged with only distilled
water. Group B was low dose and gavaged with
400mg of glyphosate /kg body weight/day. Group C
was high dose and gavaged with 2000mg of
glyphosate/kg body weight/day. Dosing was based on
the LDs, of Glyphosate. The safest tolerant
concentration to be administered was given to high
dose group as half of glyphosate LDs,: 2000
mg/kg/day.?* ® The low dose was assigned as 1/10"
of the LDsg All the rats were gavaged for 60days
based on the spermatogenic cycle of Wistar rat.?® By
midline abdominal approach, a midline incision was
made on the ventral abdominal wall and deepened to
enter the abdominal cavity. Blood sample for hormone
analysis was then collected from the inferior vena
cava. Neutral formol saline solution was injected
through the superior orbital fissure as a form of cavity
embalming before decapitation for special harvesting
of pituitary gland. A week after decapitation, with the
use of bone nibbler, bone cutter and other dissecting

Table: Hormone profile of Wistar rats

tools, the sella turcica (pituitary fossa) was identified
and the gland removed enmasse and preserved in
neutral formol saline solution. The glands were
processed for light microscopy. The hormone analysis
(follicle stimulating hormone FSH, luteinizing
hormone LH, prolactin, testosterone, oestrogen and
progesterone) was carried out using enzyme-linked
immunosorbent assay (ELISA).”” The data on
hormone profile were collated and entered into
Statistical Package for Social Scientists (SPSS version
21) software for t-test and test of significance set at p
< 0.05. Results were represented in words, tables and
figures using Microsoft office software.

Results

Hormone profile

There were decreases in follicle stimulating hormone
(FSH) and testosterone levels; both of which were
statistically-significant when compared to control
group A rats. However the levels of luteinizing
hormone (LH), prolactin, oestrogen, progesterone and
testosterone/oestrogen ratio increased among the
treatment groups. Most of these increases were
statistically-significant especially, in group C when
compared to control group A. Besides, the increases
were dose-dependent (see Table).

Histological studies of pituitary gland

The slide of adenohypophysis for group A shows
normal histological features illustrating the pieces of
acidophils, basophils and few chromophobes with
blood vessels and connective tissue spaces (Fig. 1).
However, slide of group B (Fig. 2) shows cellular
hyperplasia with mitotic bodies, and a compact and
well-defined trabeculae separated by blood vessels.
Group C slide (Fig. 3) shows fewer cells that are
widely separated by connective tissue when compared
to the control slide.

Hormone Group A Group B 400mg/kg/day Group C 2000mg/kg/day

(Control) Glyphosate Glyphosate

Follicle Stimulating Hormone 0.72+0.06 0.62+0.02* 0.58+0.01*

(ulu/ml)

Luteinizing Hormone (plu/ml) 1.07+0.07 1.09+0.08 1.70+0.71*

Prolactin (ng/ml) 0.26+0.03 0.26+0.03 0.51+0.16*

Testosterone (ng/ml) 2.68+1.57 1.65+0.67* 1.03+£0.47*

Oestrogen (pg/ml) 59.25+3.55 62.43+7.22* 78.53+4.81*

Progesterone (ng/ml) 14.03£3.20 14.48+3.55 22.43+3.98*

Testosterone/Oestrogen ratio 1:2 1:4* 1:8*

Data are represented as Mean + SEM, n=5; * represents significant (P<0.05) difference compared with group A (Control)
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Figure 1: Photomicrograph of cross section of Adenohypophysis
of Group A (Control) Wistar rat (x400; H & E) illustrating normal
chromophils (acidophils A, basophils B) and few chromophobes C
(no affinity for histological stains). BV is a blood vessel.
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Figure 2: Photomicrograph of cross section of Adenohypophysis
of Group B (400mg/kg body weight/day of glyphosate) Wistar rat
(x400; H & E) illustrating chromophils (acidophils A, basophils
B) and few chromophobes C (no affinity for histological stains).
BV is a blood vessel. There is hyperplasia of cells with mitotic
bodies when compared with Fig. 1 (control).
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Figure 3: Photomicrograph of cross section of Adenohypophysis
of Group C (2000mg/kg body weight/day of glyphosate) Wistar
rat (x400; H & E) illustrating chromophils (acidophils A,
basophils B) and few chromophobes C (no affinity for histological
stains). BV is a blood vessel. There is cellular hypoplasia with
connective tissue separating the cells. Cells appear widely
separated and fewer in number when compared with control group

(Fig. 1).
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Discussion

Experimenting with the use of glyphosate (as
demonstrated in this study) and other common
chemicals on rats serves as a guide in establishing
their ecotoxicity and injurious effects on humans and
animals. This study thereby will continue to provide
objective  measurement for acceptance from
manufacturers and allows comparison of results
among other researchers.”® The dose-dependent
decrease in follicle stimulating hormone (FSH)
following the increasing concentration of glyphosate
showed that glyphosate might have penetrated the
blood brain barrier (BBB) to inhibit FSH production
from adenohypophysis. For the fact that luteinizing
hormone (LH) was concomitantly increasing meant
that the biochemical effect of glyphosate on LH might
be opposite to that of FSH at the level of the pituitary
gland. On the other hand, the hypothalamus (median
eminence) where common releasing hormone (GhnRH)
for FSH and LH is produced might have been
involved.?® % However, a further study will be needed
to evaluate the releasing hormones from hypothalamus
in other to settle the hypothesis: glyphosate either acts
at the level of pituitary, hypothalamus or both.

Despite the fact that the mechanism of prolactin is not
yet fully elucidated, hyperprolactinaemia significantly
observed among male rats in group C was a pointer to
anti-fertility effect of glyphosate.* * This observation
also supported the fact that glyphosate did cross the
BBB and acted on receptors either at the
hypothalamus, pituitary or both levels to effect this
change.

The statistically-significant decrease in concentration
of serum testosterone with increasing dose of
glyphosate and resultant feedback increase of LH
value was an indicator to hormonal feedback by
glyphosate as earlier propagated.”® * In another
fashion, testosterone which is a drive to
spermatogenesis and secondary sexual development
might have been metabolized peripherally by
glyphosate or reduced its production from the Leydig
cells (LC) thereby calling for increase in LH to further
stimulate the LC for the body to meet up with the
needed testosterone.

Oestrogen is needed in the male reproductive tract for
luminal fluid and ionic maintenance, nevertheless, the
statistically-significant increasing serum oestrogen
among the glyphosate-treated rats might have caused
excessive accumulation of fluid in the tract, like other
steroid hormones, to displace the sperms with
resultant decrease in sperm density.** 3* On account of
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this inference, glyphosate might have acted on
cytosolic steroid hormone receptors as a possible
mechanism of action to this effect.

Progesterone is another steroid hormone needed as a
receptor in acrosome reaction.” * The possible
increment of progesterone among the treated rats in
the present study might have suggested a way out of
finding the possible anti-fertility effect of glyphosate
which was dose-dependent. This action was a
potential negative feed-back mechanism following
injurious effect of glyphosate on endocrine system.
Majority of progesterone, likewise oestrogen, in male
are either produced from the testis or conversion of
other testicular steroid hormones within the
reproductive tract. As a fraction of progesterone and
oestrogen are produced from the suprarenal (adrenal)
gland, glyphosate might have equally disrupted
adrenal hormones as its endocrine disruptive chemical
effects were now founded clearer in this study.
Testosterone-Oestrogen ratio further confirmed the
fact that excess serum oestrogen concentration with
respect to decrease serum testosterone concentration is
a useful index in the evaluation of endocrine
disruptive chemical effects of glyphosate with
possible ant-fertility in males. The established
screening programmes in the USA, UK and others
will no doubt find this index a practicable tool in
evaluating EDCs with respect to male reproductive
tract.

As for the histological slides of group C rats, there
were cellular hypoplasia compared to that of the
control, glyphosate might have crossed the BBB to
destroy those cells secreting FSH while sparing those
for LH and prolactin with resultant decrease in serum
concentration of FSH and increase in those of LH and
prolactin. The deduction from these histological
findings showed that glyphosate probably had a direct
toxic effect on FSH producing cells in anterior
pituitary, possibly through apoptotic or necrotic
cellular death mechanism. At low dose group B, the
hyperplasia noted might involve only cells producing
LH. The aberrance in histology of treated rats (Figures
2 and 3) compared with control rats (Figure 1) agreed
with the observed changes in the pituitary-gonadal
axis hormones which also support the endocrine
disruptive effect of glyphosate. Even though, the
changes under light microscope appear very few, the
state of the pituitary gland could be ascertained better
with electron or other highly resolute microscope if
available for the cellular ultra-structure.*

Conclusion

Male reproductive hormones were disrupted among
glyphosate-treated Wistar rats. This study hereby joins
other researchers to establish the fact that glyphosate
is an endocrine disrupting chemical (EDC).
Histological slides of glyphosate-treated rats show
some level of abnormality, notwithstanding,
investigation using high-resolute imaging will prove
better.

Recommendation

As glyphosate is now proven to be EDC, the use in
different countries should be guided with a policy
favourably on health (which is considered to be
wealth) of humans and other animals in the
ecosystem. Otherwise, banning of glyphosate as
obtained in some countries should be the order.

Limitation

Only light microscope was available to imaging the
pituitary gland.
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