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Effects of in ovo injected bisphenol A on the testis of one day old
chickens
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Summary: Bisphenol-A (BPA), an environmental estrogen, has adverse effects on the male reproductive tract in mammals and
birds. In ovo administration of BPA at high doses have been reported to cause the left gonad to form an ovotestis in fowl and quail.
However, there are no studies on morphometric effects of in ovo administration of BPA on testis. Therefore, the aim of present study
was to investigate the morphometric effects of in ovo administration of low and high doses of BPA on hatched testis. For comparative
purposes, well characterized synthetic estrogen diethylstilbestrol (DES) was also examined. Chicken eggs were treated (injection
volume 100 pl/egg) on day 4 of incubation before the gonads start to differentiate. Doses were 67 (low BPA group) and 134 (high BPA
group) ug BPA/g egg, and 0.02 (low DES group) and 0.2 (high DES group) pg DES/g egg. Sertoli cell and germ cell numbers were
determined by stereological methods. Our results indicated that low doses of BPA had no negative effects, on the contrary it was at
least increased germ cells proliferation in avian similar to mammals counterpart. However, as doses were titrated upwards, negative
effects emerged on seminiferous tubules of testis.
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In ovo enjekte edilen bisfenol A’nin bir giinliik civciv testisleri iizerine etkisi

Ozet: Cevresel Ostrojenlerden biri olan bisfenol A (BPA) nin memelilerde ve kuslarda erkek genital sistemi {izerine olumsuz
etkileri bulunmaktadir. Tavuk ve bildircinlarda in ovo olarak uygulanan yiiksek dozda BPA nin sol gonadin ovotestise doniismesine
sebep oldugu bildirilmistir. Ancak, in ovo uygulanan BPA nin testiste morfometrik etkileri iizerine bir ¢alisma bulunmamaktadir. Bu
¢aligmanin amaci in 0vo uygulanan diisiik ve yiiksek dozdaki BPA nin ¢ikim yapan civcivlerin testislerinde morfometrik etkilerini
ortaya koymaktir. Calismada ayrica karsilastirma amaciyla iyi bilinen sentetik Ostrogen dietilstilbestrol (DES) de kullanilmustir.
Enjeksiyonlar (enjeksiyon hacmi 100 pl/yumurta) tavuk yumurtalarina gonadlarin farklilagmaya baslamasindan 6nce, kulugckanm
dordiincii glintinde uygulanmistir. Uygulanan dozlar 67 (diisitk doz BPA) ve 134 (yliksek doz BPA) pg BPA/gr yumurta, 0.02 (diistik
doz DES) ve 0.2 (yiiksek doz DES) png DES/gr yumurtadir. Sertoli ve germ hiicresi sayilari stereolojik yontemlerle belirlenmigtir.
Calismamizin sonuglar diisiikk dozda uygulanan BPA nin olumsuz etki olusturmadigini, tam tersine memelilerdekine benzer bir sekilde
kanatlilarda germ hiicresi proliferasyonunu arttirdigint gostermistir. Ancak doz arttiginda seminifer tubullerde olumsuz etkilerin agiga
¢iktigt belirlenmistir.

Anahtar sozciikler: Bisfenol A, BPA, civciv, dietilstilbestrol (DES), testis.

Introduction

The hypothesis, that environmental contaminants
can disrupt endocrine functions in wildlife and in humans
has attracted much attention during recent years (26). One
of the widely studied of these, bisphenol-A (BPA), has
adverse effects on the male reproductive tracts in animals
(1, 10, 16). Plastic monomer bisphenol A (BPA) has
proved, in a number of in vitro test systems, to be one of
the most potent environmental estrogens, generally being
10* to 10° of magnitude less potent than estradiol (3). BPA
is used extensively as a component in polycarbonate
plastics (14). It is also a component of epoxy resins used
in dental sealants and in the lacquer lining of metal food
cans. BPA has been shown to leak from lacquer lining in
food cans (15), polycarbonate flasks (14), polycarbonate

baby bottles (8) and epoxy resin inner coating of canned
foods and contaminate the contents (25). In mammals, its
negative effects are on prostate development, epididymis
size (10) and daily sperm count (19). In ovo administration
of BPA at high doses has been reported to cause the left
gonad to form an ovotestis in fowl and quail (5). However,
this induced ovotestis does not persist until adulthood and
does not result in any obvious morphological changes in
adult testis (12). There are no studies on morphometric
effects of in ovo administration of low dose BPA on testis.
Therefore, the aim of present study was to investigate the
morphometric effects of in ovo administrated low and high
doses of BPA on hatched male chicken testis. For
comparative purposes, well characterized synthetic
estrogen diethylstilbestrol (DES) was also examined.
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Materials and Methods

Animals: Fertile eggs of White Leghorn chickens
(strain Lohmann LSL; Local breeder flock) were obtained
from local hatcheries (HASTAVUK, Bursa, Turkey). The
local Ethics Committee for Animal Research approved the
animal experiments in this study (Istanbul University
Faculty of Veterinary Medicine Ethics Committee, 2004-
95).

Chemicals and preparation of emulsions: Bisphenol
A (BPA,; purity=99.4%) was purchased from BDH Lab.
Inc. (London, UK), and diethylstilbestrol (DES;
purity>99%) was purchased from Sigma Chemical (St.
Louis, MO, USA). Eggs were incubated at 37.5°C and
60% relative humidity and were turned every third hour.
Because BPA did not dissolve readily in oil or water,
propylene glycol was used as a solvent and an emulsion
was prepared with peanut oil and lecithin (5).
Diethylstilbestrol was also administered in the oil/lecithin/
propylene glycol emulsion. Control group only received
the oil/lecithin/propylene glycol based emulsion.

Dosing and application of the emulsions: The
compounds were injected into egg yolk using insulin
syringes and disposable needles via a small hole punched
at the blunt end of the egg. Chicken eggs were treated
(injection volume 100 pl/egg) on day 4 of incubation
before the gonads start to differentiate (9, 13). After
injection, the shell was sealed with paraffin wax. Doses
were 67 (low BPA group) and 134 (high BPA group) pg
BPA/g egg, and 0.02 (low DES group) and 0.2 (high DES
group) ng DES/g egg. Doses were determined by
considering the morphometric investigation possible in
low ovotestis degree that would appear in low dose groups
and in high ovotestis formation that would appear in high
dose groups according to the data given in previous studies
(5, 6) and also to keep the hatching rate high as the
compounds were reported to cause embryotoxic effects
(6).

Tissue preparation and sectioning: Hatching rates
and male numbers were recorded (Table 1), chickens were
decapitated within 24 h of hatching and left testes were
removed immediately and fixed by immersion in 2.5%
glutaraldehyde (in 0.15 M cacodylate buffer pH 7.4). After
these steps, specimens were post fixed in 1 % osmium
tetroxide for 2 hours, dehydrated in an ascending alcohol
series and took into propylene oxide for 30 minutes. These
procedures were completed by embedding the tissues in
Epon 812. Semi-thin sections of 1um thickness were cut
using an ultramicrotome (LXB 2188 Ultramicrotome,
NOVA, Bromma, Sweden). As the average length of the
testis samples were 2.5 mm, four sections were cut from
each testis with an approximately 500 um section interval
for sampling. Sections were stained with 1% toluidine
blue.

Morphometric evaluation: The body and testis
weights of all birds were recorded at death and the gonado-
somato indices (testis weight/ body weight) and testis
weight asymmetry (left testis weight/ body weight) were
calculated. In the cortical area, the presence of at least five
germ cells in meiotic prophase, was used for the
identification of an ovotestis (6).

Volume density determination: Nuclear volume
density and absolute volume of Sertoli cell, germ cell and
seminiferous tubule volume density and absolute volume
were determined by the standard point counting method
(4, 7). This involved using a systematic clock-face
sampling pattern from a random starting point at upper left
corner of each section and evaluating 10 fields in each 4
sections, in a total of 40 fields, by using a 100-point eye-
piece graducule (10x10=100 grid, a grid column=10
grid=100pm), inserted into a Nikon 100x objective fitted
to a Nikon microscope (Figure 1A).

The grid points falling over each interested structure
were counted. Total number of grid points over each
structure were expressed as a percentage of the total
number of grid points (=4000).

Absolute volume determination: Measured testis
weight converted to testis volume with the equation;
“Testis volume (cm?®) = testis mass (g)/specific gravity”
(17). For each animal, the percentage volume (volume
density) was converted to absolute volume per testis by
multiplying with testis volume (22). This was justified as
shrinkage was minimal, that is, testis weights before and
after fixation were comparable.

Nuclear volume determination: In brief, this
involved initially obtaining the Sertoli cell and germ cell
nuclear volumes for each bird by measuring 4 separate
nucleolus to nuclear membrane radii (r1, rz, rs, rs) in 4
opposite directions for each nuclei of between 30 and 50
randomly selected Sertoli and germ cells in 4 sections, and
then determining the nuclear volume of the inspected cell
with the aid of the standard equation (22, 28):

A (r2 + 24t + 1)
3" 4

Mean value of the nuclear volume of Sertoli and
germ cells of each animal were calculated for each cell
type by collecting nuclear volumes and dividing to the
number of cells used for nuclear volume measurement.

Cell number determination: Sertoli cell and germ
cell numbers were determined by the nucleator method as
described previously (22, 28) using absolute volumes.
Sertoli and germ cell numbers of each animal were
obtained by dividing absolute Sertoli and germ cell
nuclear volumes by mean Sertoli cell and germ nuclei
volumes in each testis. Statistical analyses were performed
by using Duncan’s One -Way Anova method in Windows
SPSS (Statistical Programme for Social Science
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Ver.10.0). Average volumetric densities, absolute
volumes and cell numbers of the components within a
group were determined by calculation of the mean +
standard deviation (mean + SD) for that group.

Results

Hatching rate: Highest hatching rate was on the
control group. Experimental groups showed lower
hatching rations. Lowest hatching ratio was seen on high
dose BPA group (Table 1).

Body weight and testis weight: There were no
statistical differences between groups in means of body
weight (Table 1). Left testis weight and left testis weight/
body weight ratios were increased by the treatments.
These increases were statistically significant (P<0.05) in
high dose BPA and DES groups (Table 2).

Testis weight asymmetry was higher in BPA groups
and high dose DES group compared to control group. The
increase in testis weight asymmetry (left testis/right testis
weight ratio) in high dose DES group was statistically
significant (P<0.01) (Table 2).

Table 1. Hatching rates.
Tablo 1. Cikim oranlari.
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Morphological findings: In control group, testis was
oval in shape and was surrounded with a thin layer of
tunica albuginea (Figure 1B). Testis morphology and
tubulus seminiferous appearance was normal and Sertoli
cells, germ cells and Leydig cells were prominent in semi
thin sections stained with Toluidine blue (Figures 1B-C-
D). Neither lumen nor Sertoli cell only tubule formation
was detected in control group (Figure 2). Dose-dependent
increase of ovotestis frequency was detected in the testes
of animals belonging to high DES and BPA and, low DES
groups. Increase of ovotestis frequency in high dose
groups was statistically significant (P<0.001) (Table 3). In
low dose BPA group, testis morphologies were in normal
appearance and neither ovotestis nor Sertoli cell only
tubule formation was observed. Ovotestis formation was
identified with the presence of five or more germ cells in
the prophase stage in the cortex (5) (Figure 3A). Cortex
region was thicker in ovotestis formed animals (Figure
3B). Sertoli cell only tubules were detected in low dose
DES group and especially more in high dose DES and
BPA groups (Figures 4A-B, 5A-B).

Group In ovo injected egg Hatched chicken Hatched male chicken Hatching rates
number number (total) number %

Low BPA group 41 27 8 65.9%

High BPA group 42 17 7 40.5¢

Low DES group 42 21 9 50.0b¢

High DES group 42 29 9 69.0%

Control 39 30 8 76.92

Groups with different letters or doesn’t have a common letter (a,b,c,d) in the same column are significantly different P<0.01.
Aynu siitunda farkli harf igeren ya da ortak harf (a,b,c,d) igermeyen gruplar arasindaki fark istatistiksel olarak anlamlidir P<0.01.

Table 2. Body weight, left testis weight, left testis weight/body weight ratio and left testis/right testis weight ratio averages in groups

(Mean + SD, SD: Standart deviation).

Tablo 2. Grup i¢i viicut agirligi, sol testis agirligi, sol testis agirligi/viicut agirligr orani, sol tesis agirligl /sag testis agirligt orani

ortalamalari (Ortalama =+ Standart sapma).

Group mﬁ:ki]g;a(ln) Body weight (g) Left testis weight (g) Left testi:’g/iv;ri]gt;ht/Body ;f;ﬁ‘j;;:ﬁggth{
Mean + SD Mean + SD Mean + SD Mean + SD
Control 8 39.89+1.151 0.00338+0.000375%  0.0000845+0.000009242 1.4740.212
Low BPA group 8 38.83+0.989 0.00425+0.000366%  0.000110+0.0000110% 1.84+0.192
High BPA group 7 39.94+1.648 0.00543+0.000719°  0.000133+0.0000135° 1.98+0.35%
Low DES group 9 40.12+1.497 0.00400+0.000441%  0.000101+0.0000132% 1.2840.142
High DES group 9 40.05+0.980 0.00544+0.000503°  0.000137+0.0000134° 2.67+0.31°

NS P<0.05 P<0.05 P<0.01

Groups with different letters or doesn’t have a common letter (a,b,c,d) in the same column are significantly different. Degree of

significance is indicated at the below of each column.

Ay siitunda farkli harf iceren ya da ortak harf (a,b,c,d) icermeyen gruplar arasindaki fark istatiksel olarak anlamlidir. Istatistiksel

anlamliligin derecesi her siitunun altinda belirtilmistir.
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Table 3. Ovotestis frequency in groups.
Tablo 3. Gruplarda ovotestis goriilme orani.

Group Low BPA group High BPA group Low DES group High DES group Control
Ovotestis frequency (%) oP 752 22.2b 1002 ob

Groups with different letters or doesn’t have a common letter (a,b,c,d) in the same row are significantly different P<0.001.
Ayni satirda farkli harf igeren ya da ortak harf (a,b,c,d) igermeyen gruplar arasindaki fark istatistiksel olarak anlamlidir P<0.001.

: :
b3 ? A R 4 " s 3 !

Figure 1. A-100-point eye-piece graducule. B- View of a testis section of one day old chicken in control group. C- General view of
seminiferous tubule formation in control group. D- S= Germ cell (Spermatogonium), TS= Seminiferous tubule, L= Leydig cell, M=
Myoepithelial cell, Arrow=Sertoli cell, control group (Toluidine blue).

Sekil 1. A-100-noktal1 sayim gradikiilii. B- Bir giinliik civcivde testis kesitinin goriiniimii, kontrol grubu C- Seminifer tubul yapisinin
genel goriinlimii, kontrol grubu D- S= Spermatogonium (Germ hiicresi), TS= Tubulus seminiferus, L= Leydig hiicresi, M= Miyoepitel
hiicresi, Ok=Sertoli hiicresi, kontrol grubu (Toluidine mavisi).

i Figure 2. Seminiferous tubules in testis of one day old chicken, control
group (Toluidine blue).

Sekil 2. Bir giinliik civcivde seminifer tubul yapisi, kontrol grubu

(Toluidine mavisi).
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Figure 3. A- Germ cells in the prophase stage in the cortex of the testis, G= Germ cell (ngh dose DES group) B- Increased thlckness
of cortex region in high dose BPA group, C= Cortex (Toluidine blue).

Sekil 3. A- Testisin korteks bolgesinde profaz asamasindaki germ hiicreleri, G= Germ hiicreleri, yiiksek doz DES grubu B- Yiiksek
doz BPA grubunda korteks bolgesinde kalinlik artisi, C= Korteks bolgesi (Toluidine mavisi).

Figure 4. A and B -Ovotestis formation. Low dose DES group (Toluidine bluge).
Sekil 4. A ve B-Ovotestis olusumu. Diisiik doz DES grubu (Toluidine mavisi).

Figure 5. Sertoh cell only tubules (Shown with “ * ), Low dose DES group. Black arrows= Sertoli ceIIs (ToIU|d|ne_que)
Sekil 5. Sadece Sertoli hiicresi igeren tubul goriinimi (“*” ile gosterilmistir), diisiik doz DES grubu. Siyah ok= Sertoli hiicresi
(Toluidine mavisi).
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Table 4. Tubulus seminiferous volume, Sertoli cell and germ cell numbers in groups (Mean + SD, SD: Standart deviation).
Tablo 4. Gruplardaki tubulus seminiferus hacmi, Sertoli hiicresi ve germ hiicre sayilar1 (Ortalama + Standart sapma).

Group Tubulus seminiferous volume (um?3) Sertoli cell number Germ cell number
Mean = SD Mean + SD Mean + SD
Control 116680448+95938312 122435+12032% 20263.2+5342°
Low BPA group 148867888+8674436% 141059+75212 30789.85+54182
High BPA group 133713248+233431122 107433+15809° 14331.6+4875
Low DES group 141374074+120469792 172062+339342 17772.82+2891%
High DES group 73478121+10735132° 48438+8228° 10911+20164
P<0.001 P<0.001 P<0.001

Groups with different letters or doesn’t have a common letter (a,b,c,d) in the same column are significantly different. Degree of

significance is indicated at the below of each column.

Ay siitunda farkl harf igeren ya da ortak harf (a,b,c,d) igermeyen gruplar arasindaki fark istatistiksel olarak anlamlidir. Istatistiksel

anlamliligin derecesi her siitunun altinda belirtilmistir.

Morphometric findings: In low dose groups and high
dose BPA group there were no statistical differences
(P>0.05) compared to control in means of tubulus
seminiferous volume (Table 4). On contrary in high dose
DES group tubulus seminiferous volume significantly
decreased compared to other groups (P<0.001). Germ cell
numbers significantly decreased (P<0.001) in high dose
BPA and high dose DES groups (Table 4). In low dose
BPA group there was a statistically significant increase in
germ cell number (P<0.001).

There were no statistical differences (P>0.05) in
Sertoli cell numbers between low dose groups and control
group (Table 4). On the contrary, there was a decrease in
Sertoli cell numbers in high dose groups. The prominent
decrease in high dose DES group was statistically
significant (P<0.001).

Discussion and Conclusion

In experimental groups, especially in high dose BPA
group, hatching ratio of chickens was lower than control
group. Berg et al. (6) also reported low hatching rate due
to embryotoxic effects of BPA. Although in low BPA
group all investigated parameters were increased, the only
significant increase (P<0.001) was observed in germ cell
number. In a rodent study stimulatory effect of weak and
low dose potent estrogen was observed (4). In another
study stimulatory effect of estrogen on the Sertoli cells of
mammalian testis has been reported (27). Aktas et al. (2)
also reported this stimulatory effect on cockerel testis.
However, as the dose was titrated upward, negative effect
emerged for the seminiferous tubule of testis.
Administration of 134 pg BPA/g egg, slowed down the
formation of seminiferous tubule and caused ovotestis
formation in the cortex of the gonad. Since DES is a more
potent estrogenic substance than BPA (3), even its low
dose caused ovotestis formation. Interestingly the testis
weight was increased with ovotestis formation. The reason
for this is that, oestrogens even in high doses may still

induce germ cell proliferation, but they undergo meiotic
proliferation in the cortex of the gonad instead of mitotic
proliferation in the seminiferous tubule. It must be a
trigger point that affects the germ cell to stay in the cortex
and undergo meiosis. The most reasonable candidate for
this mechanism is oestrogen/testosterone balance, since
the left gonad will differentiate into a testis or an ovary,
depending on the relative concentrations of oestrogen and
testosterone (24) and in intact embryonic chicken testes,
testosterone levels are invariably higher than oestrogen
levels, whereas the converse is true for the ovaries (20).
Since there are no oestrogen receptors observed on the
right testis (18) it can be speculated that, in the present
study, observed effect on the left testis might have
occurred via oestrogen receptors. Effect on the testis
weight asymmetry by the treatment also supported this
theory. The external estrogenic compounds administered
in the present study seem to be altered the balance in the
favour of oestrogen. However, this induced ovotestis does
not persist until adulthood and does not result in any
obvious morphological changes in adult testis (11).
According to this results, either germ cells move into
seminiferous tubules or the germ cell in the seminiferous
tubules proliferate to the normal number and germ cells in
the cortex somehow disappear. This phenomenon would
appear to be worthy of further research. The number of the
Sertoli cells was not affected in low doses but decreased
significantly (P<0.001) in high doses of DES. Because the
size of testis is related to the Sertoli cell number (21), its
number at adulthood should be reaching its normal level.
The reduced number of Sertoli cells in high dose group
seems to catch up with later proliferation. There is time
period for proliferation of Sertoli cells after hatching since
Sertoli cells proliferate until week 8 after hatching (7).

Left testis weight increases in high dose groups
because the estrogen receptor is expressed only in left
gonad at embryonal stage and so the left gonad turns to
ovotestis.



Ankara Univ Vet Fak Derg, 65, 2018 27

In conclusion, low dose BPA causes an increase in
germ cell volume that means an increase in germ cell
number so in lower doses BPA has positive effect on germ
cell divisions. When the BPA dose is higher, positive
effects disappear and negative effects occur due to the
spoiled hormone balance. Primordial germ cells are
localised at the cortex region of undifferentiated gonads at
day 3.5 of embryogenesis and morphological differentiation
begins between day 5.5 and 6.5 (23). In the testis of male
embryo, seminiferous tubules are formed from medullary
cords but at the presence of estradiol left gonad turns to
ovary. As oestrogen/testosterone balance is disturbed,
migration of germ cells from cortical region to
seminiferous tubules is somehow negatively affected. This
causes cortex development and Sertoli cell only tubule
formation.
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