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Abstract

The aim of the study was to investigate the effects of different doses of boric acid injected into chicken eggs on bursa of Fabricius and spleen.
The study material consisted of three treatment and one control group. On the fourth day of incubation, boric acid dissolved in 0.9% NaCl
were injected into eggs at 1.000, 1.500 and 2.000 ppm doses and control group received only 0.9% NaCl injection. Chicks hatched were
raised until ten weeks of age (n=10). Bursa of Fabricius and spleen were evaluated by histological, immunohistochemical and stereological
methods. Weight of bursa of Fabricius, relative weight of bursa of Fabricius (P<0.01), volume of bursa of Fabricius, cortical thickness, follicle
area and area of follicular medulla significantly reduced (P<0.001) by injection of 1.500 ppm boric acid compared to control group. The
number of white blood cells also decreased in 1.000 ppm and 1.500 ppm groups. An increase (P<0.001) was recorded in hemoglobin ratio
in 2.000 ppm group when compared with the other treatment groups and control group. There was an increase in 1500 ppm group in terms
of spleen weight (P<0.001), relative spleen weight (P<0.01) and plasma cell count (P<0.05) and likewise an increase was noted in 1.000 and
2.000 ppm groups with respect to follicle count and number of apoptotic cells in comparison to control group. In conclusion, low doses of
boric acid induced the bursal involution and implicitly increased plasma cell count in the spleen.
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Yumurtaya Enjekte Edilen Farkh Dozlarda Borik Asitin Bursa Fabricius ve
Dalak Uzerine Etkileri: Histolojik ve Stereolojik Calisma

Ozet

Calismamizda farkh dozlarda yumurtaya enjekte edilen borik asitin, bursa Fabricius ve dalak lzerine olan etkileri belirlendi. Kuluckanin 4.
gliniinde %0.9 NaCl icinde ¢ézulmus 1.000, 1.500 ve 2.000 ppm dozlarinda borik asit enjekte edilen deney gruplari ve sadece %0.9 NaCl
enjekte edilen kontrol grubu kullanildi. Yumurta ¢ikimindan sonra disi civcivler 10. haftaya kadar biyttuldi (n=10). Bursa Fabricius ve
dalaklar histolojik, immunohistokimyasal ve stereolojik tekniklerle degerlendirildi. 1.500 ppm borik asit uygulanan deney grubunda bursa
Fabricius agirhgi, bursa Fabricius relativ agirhgr (P<0.01), bursa Fabricius hacmi, korteks kalinhg, follikil alani ve follikil medulla alani
(P<0.001) kontrol grubuna gore istatistiksel onemde duistis gorildi. Akyuvarlarda 1.000 ppm ve 1.500 ppm grubunda kontrol grubuna gore
disus tespit edildi. Hemoglobin oraninin ise 2.000 ppm (P<0.001) dozundaki grupta kontrol ve diger deney gruplari gore bir artis oldugu
belirlendi. Dalak agirligi (P<0.001), relativ dalak agirigi (P<0.01) ve plazma hticre sayisi (P<0.05) bakimindan 1.500 ppm deney grubunda
kontrol grubuna gore, follikll sayisi ve apoptotik hiicre sayisi bakindan ise 1.000 ve 2.000 ppm grubunda kontrol grubuna gore bir artis tespit
edildi. Bu degerlendirmeler sonucunda borik asidin diisiik dozlarda bursa Fabricius'un involasyonuna ve dolayli olarak dalaktaki plazma
hiicre sayisinda artisa sebep oldugunu belirlendi.
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INTRODUCTION

Boron is a widely distributed element which exists in
various forms and structures in nature ™. It is obtained
mainly from arid, volcanic and hydrothermal regions of
Turkey and USA combined with oxygen (borates) 2. Boron
salts that are most commonly found in nature are known
as boric acid and borax Bl These are widely distributed in
soil, water and foods at ppm levels B4, This element was
also reported to be essential for humans and animals ®.
Boric acid is a highly exposed simple inorganic compound
due to its widespread commercial use . Borax and boric
acid are used in several industrial fields, for instance, in
the manufacture of glassware and ceramic products,
disinfectants, dust repellers, wooden wares and fabrics
as flame retarding materials, emery products as well as in
rocket fuels as additives ™.

It is beneficial for bone structure and functions and
plays role in inflammation process as well as in regulation of
the physiologic functions "7, |t was shown that boron did
not exhibit toxic effects on the reproduction system of rats
and was found to be effective on skeletal system at high
doses PL In another study, boron was found to decrease
spleen weight and besides, it caused arthritis in rats " Bai
and Hunt ", reported that boron increased the level of
antibodies. It has recently been shown that boron affected
the immune response against injuries and infections and it
particularly had an impact on inflammatory cell population '
Experimentally, boron was injected into fertilized turkey
eggs and tibial length, body weight and bone ash content
of hatching chicks were evaluated. On the basis of
histological analysis, increase in bone mineralization and
thus enhanced embryonic development were observed '3,

Bursa of Fabricius which is an organ found only in avian
species is located between cloaca and sacrum. It is a primary
lymphoid organ which functions in the differentiation of
B-lymphocytes in birds "', The alterations in the develop-
ment of bursa of Fabricius were shown to have adverse
effect on antibody production "#'®, Anlage of bursa of
Fabricius arises by the 4-5" days of embryonic development
and starts to regress between the following 10-12% weeks
of hatching under the influence of steroid hormones '8,

This study was conducted in an attempt to determine
how chicken was affected by the extensity of boron in
the environment. For this purpose, various doses of boron
were injected into the chicken eggs during embryonic
development and the effects of this element on bursa
of Fabricius which is the primary lymphoid organ, in
association with the spleen as secondary lymphoid organ
in chicken, were investigated.

MATERIAL and METHODS

Animals and Experimental Design

Fertilized eggs were obtained from a local manufacturer

(Has Tavuk, Turkey). The eggs were incubated at 37.5°C
with a relative humidity of 60% and turned every three
hour. A total of 120 fertilized eggs (Slper Nick) were
allocated into 4 groups (3 experimental and one control).
Different doses (1.000 ppm, 1.500 ppm and 2.000 ppm,
respectively) of boric acid dissolved in 0.9% NaCl were
injected into eggs on the 4" day of incubation, when
anlage of bursa of Fabricius starts to develop. The control
group received only 0.9% NaCl injection (100 pl per each
egg). The injections were performed via insulin injector
with disposable needles (0.6X15 mm) through a tiny hole
drilled into the blind spot of the egg and the substances
were injected right into the egg yolk. Then the holes were
covered by paraffin and the eggs were placed back in the
incubator.

Weights of females were recorded after hatching.
The chicks were raised on the floor with wood shaving.
Room temperature was maintained at 33°C between
days 0 and 3 and then gradually reduced by 3°C/week.
The chicks were fed on commercial diet (ad libitum).
Chicks and experimental conduct were in accordance
with the Guidelines for Animal Experiments by the Ethical
Committee of Istanbul University (Approval number:
2013/16).

Relative Weights of Bursa of Fabricius and Spleen

At 10 weeks of age, 10 birds in each group were
euthanized with xylazine (1.0 mg/kg) and ketamine HCI
(20 mg/kg). The body weights were recorded prior to
sacrification and then necropsy was performed. Bursa of
Fabricius and the spleen were harvested from each chick
and weighed after dissecting the connective tissues
around the organs. Relative weights of bursa of Fabricius
and the spleen were calculated by the following formula:

Relative weight = organ weight (g)/body weight (g) ™.
Preparation of Samples for Histological Methods

Bursa of Fabricius and spleen were fixed in modified
Davidson’s solution for 24 h and then the organs were cut
into 0.5-cm-thick pieces. Paraffin blocks were prepared
from each piece and sectioned at 5 um thickness and then
stained with Masson’s trichrome stain. Histopathological
changes, apoptotic index, follicle count, follicle area,
thickness of follicular cortex, area of follicular medulla,
height of epithelium and plasma cell count in the spleen
were stereologically evaluated.

A light microscope (Leica DM4000 B), a digital
camera (MBF Bioscience) and a Stereo Investigator
program compatible with this microscope were used for
stereological evaluations.

The distribution of progesterone receptors (PR) was
evaluated in order to determine the estrogenic activity of
boric acid in the bursa of Fabricius.
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Stereological Analyses

Total volume of bursa of Fabricius was calculated in
accordance with Cavelier’s principle. It is known that the
volume of the regular shaped objects can be estimated by
the following formula:

V=txa;

Where (t) is the height and (a) is the base area of the
object.

Slices sectioned in order to calculate the volume of
bursa of Fabricius were cut at 5um-thickness providing
that whole surface area of each section has appeared on
the slide. A point counting grid was used for the surface
area estimation of each slice and the volume of the relevant
slice was obtained by multiplying surface area by slice
width. Total volume of bursa of Fabricius was calculated by
adding up the volumes of all slices ©°.

Follicle Count, Follicle Area, Area of Follicular
Medulla, Thickness of Cortex and Height of Epithelium

For this purpose, we chose an area fraction approach
with an area of an unbiased counting frame of 1.000 x 1.000
pm? (1 mm?) and meander sampling of each sectioned
area was done in a 4.000 x 4.000 um? (4 mm?) step size in a
systemic-random manner.

Mean follicle count in an area of 1 mm? was determined
by dividing the value (follicle count) obtained from
each animal by the number of counting steps. A two-
dimensional isotropic uniform nucleator was used to
measure follicle area, area of follicular medulla, height of
epithelium and thickness of cortex on the follicle aligned
with the right top corner of the counting frame at every
counting step 2",

Plasma Cell Count of Spleen

Sections of 5 um thickness were prepared and stained
with methyl green-pyronin ©. Six animals from each group
were subjected to evaluation. An unbiased counting was
achieved in a systematic random manner with a counting
frame area of 40 x 40 (1.600 um?) and a meander sampling
was performed with a step size of 500 x 500 um (250.000
pm?). Mean plasma cell count in an area of 1 mm? was
estimated by dividing the value (plasma cell count) obtained
from each animal by the number of counting steps.

Evaluation of Blood Parameters

Blood samples were collected from the animals by
heart punctuation into EDTA tubes under anesthesia.
Hematocrit value and hemoglobin level were assessed
by microhematocrit and spectrophotometric methods,
respectively. Additionally, blood smears were prepared,
air-dried, fixed in methyl alcohol, stained with Wright
stain and finally immersed in Sorensen buffer and kept at

room temperature to be evaluated by light microscopy
under 100x magnification. One hundred leukocytes were
counted on each slide and the ratio of leukocyte subtypes
was estimated.

The level of IgY (Cusabio, CSB-E09872Ch) was assessed
by ELISA.

Immunohistochemical Staining Method

- Progesterone Receptor (PgR): Sections of bursa of
Fabricius were mounted on slides coated with poly-I-lysine
(Sigma, St. Louis, MO, USA). Three sections per animal (n =
10 animals per group) were analyzed. Intensity of immuno-
labelling was assessed by examination of 10 representative
high-power fields (objective 40x) 22

- Determination of Fragmented DNA in situ: Apoptotic
Index (Al) is used as a measure of the extent of apoptosis.
To present the apoptotic cells, the fracture in DNA were
labelled using Terminal deoxynucleotidyltransferase (TdT)-
mediated nick end-labelling (TUNEL) technique in paraffin
sections, following the procedure of applied kit (Apop Tag®
Peroxidase In Situ Apoptosis Detection Kit, EMD Millipore).
Al was detected in each section by light microscopy.
For this purpose, in each case, TUNEL-positive cells and
total cells were counted in 10 random areas, under 40x
magnification 3,

- Apoptotic Index (Al): Percentage values of apoptotic
and non-apoptotic cells were calculated. Ten different
microscopic fields were determined on the sections
obtained from different portions of bursa of Fabricius
of each animal by systematic random sampling (Area:
50 x 75 um?). Al was calculated by the formula: 100x (mean
number of TUNEL positive cells in 10 random fields)/(mean
number of total cells in 10 random fields).

Al= 100 x (positive cell number/total cell number) .
Statistical Analyses

Statistical analyses were performed with Duncan’s One-
Way ANOVA Method by using Windows SPSS (Statistical
Package for the Social Science Version 10.0).

RESULTS

Histological and Stereological Evaluation
in the Bursa of Fabricius

Histologically, no difference was noted in the cortical
and medullary portions of bursa of Fabricius in the
control and experimental groups in accordance with the
above mentioned properties except for the dose of 1.500
ppm which caused marked extracellular vacuolization
particularly in the medullary regions of bursal follicles in
this group (Fig. 1).

Although follicle area and area of follicular medulla
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Fig 1. Histological Appearence of
bursa of Fabricius in control and
experimental groups, A: Control,
B: 1.000 ppm, C: 1.500 ppm, D:
2000 ppm, K: Cortex, M: Medulla,
CB: Corticomedullary border, IFE:
Interfollicular epithelium, FAE:
Follicle associated epithelium, V:
Vacuolization, H&E, Bar: 100 um
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Fig 2. Bursa of Fabricius and spleen weights in control and experimental groups (A) bursa of Fabricius and spleen weight indice
in control and experimental groups (B) Follicle area and area of follicle medulla of bursa of Fabricius in control and experimental
groups (C) Follicle cortex and epithelium thickness values of bursa of Fabricius in control and experimental groups (D)
Differences between values that doesn’t share a common letter in each parameter at the graphics are statistically important

in 1.000 ppm boric acid group increased in comparison
with the other groups, area of follicular medulla in groups
of higher doses (1.500 and 2.000 ppm) decreased. The
reduction in 1.500 ppm group was statistically significant
at P<0.001 level (Fig. 2C). Follicle count in 1.000 ppm

(P<0.001) and 2.000 ppm groups increased when compared
with control group while it decreased in 1.500 ppm group
(Fig. 3). Height of epithelium decreased in 1.000 and 1.500
ppm groups in comparison to control group and 2.000
ppm group (NS). A reduction was noted in the thickness of
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Table 1. Body weight, Bursa of fabricius volume, plasma cell number and blood parameter values in groups. (N.S. = Non Significant, * P<0.05, *** P<0.001)

Body weight (g) 873.32+19.51 874.11+£9.07 834.94+19.77 874.13+£12.30

Plasma cell number 184.83+11.532 337.43+54.61° 340.83+52.49° 188.83+13.132 —
HGB (g/dL) 10.1933+0.3798° 9.9187+0.22132° 10.2349+0.33414° 11.736+0.28311° “

IgY (ug/mL) 1582.805+177.1964 1841.575+267.4685 1377.623+84.35289 1562.658+161.3952 N.S.
70 * ¥k
a
60
50 : b
b
40
Fig 3. Follicle numbers and apoptotic index values of bursa
30 P Sk of Fabricius in control and experimental groups. Differences
a a between values that does not share a common letter in each
20 b b ” parameter at the graphics are statistically important (***
7 P<0.001)
. % % /
0
Control 1000 ppm 1500 ppm 2000 ppm
@ Follicule number Apoptotic Index

Fig 4. Plazma cell distribution and
density in spleen; A: Control, B:
1000 ppm, C: 1500 ppm, D: 2000
ppm, V: vessel, Asteriks: Plazma cell,
Methyl green-pyronin, Bar: 20 pm

follicular cortex in all experimental groups when compared  between 1.500 ppm and the other groups at P<0.001 level
with control group. A significant difference was obtained  (Fig. 2D).
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Body Weight, Weight of Bursa of Fabricius, Volume
of Bursa of Fabricius and Relative Weight of Bursa
of Fabricius

Live body weights increased by the doses of 1.000
and 2.000 ppm boric acid in comparison to control group.
Although a reduction was recorded in 1500 group, the
difference was not statistically significant (Table 1). Bursal
weights decreased in the treatment groups in comparison
to control group however, the decrease was statistically
significant (P<0.01) only in 1.500 ppm group (Fig. 2A).

A marked reduction was recorded in 1.500 ppm group
in terms of relative body weight and this reduction was
statistically significant (P<0.01) when compared with 1.000
ppm group and control group (Fig. 2B). Moreover, a marked
decrease in the volume of bursa of Fabricius was noted in
treatment groups in comparison to control group and the
difference was statistically significant (P<0.001) between
1.500 ppm and 1.000 ppm and the control group (Table 1).

Spleen Weight, Relative Spleen Weight and Plasma
Cell Count

A reduction was recorded in the treatment groups
in terms of spleen weight and relative spleen weight in
comparison to control group. The difference with respect
to spleen weight was statistically significant in 1.500 ppm
group at P<0.001 level and likewise a statistically significant
reduction (P<0.01) was noted also for relative spleen
weight in the same group (Fig. 2A, 2B).

Plasma cell count increased by the injection of different
doses of boric acid in the treatment group when compared
with control group. The differences between 1.000 ppm

Fig 5. Apoptotic cell distribution
and density in Bursa of Fabricius;
A: Control, B: 1.000 ppm, C: 1.500
ppm, D: 2.000 ppm, K. Cortex,
M: Medulla, CB: Corticomedullary
border, FAE: Follicle associated
epithelium, Arrow: Apoptotic cell,
TUNEL, Bar: 50 um

and 1.500 ppm groups and 2.000 ppm and control group
were statistically significant at P<0.05 level (Table 1).
Plasma cells were most abundant in the vicinity of the
blood vessels (Fig. 4 ).

Changes in Apoptotic Index in the Bursa of Fabricius

In our study, no evaluation was carried out in the
embryonic development stage. However, an increase was
noted in apoptotic cell count by injection of 1.000 ppm and
2.000 ppm boric acid on 10 weeks of age in comparison
to 1.500 ppm group and control group (P<0.001) (Fig. 3).
Apoptotic cells were mostly detected in corticomedullary
regions (Fig. 5).

Changes in Blood Parameters

The number of white blood cells reduced by injection of
1.000 ppm (statistically significant at P<0.05 level) and 1.500
ppm boric acid compared to 2.000 ppm and control groups.

Although hematocrit percentage values decreased in
1.000 ppm and 1.500 ppm groups, no statistically significant
change was noted between the treatment groups and
the control. Hemoglobin (g/dl) levels increased in control
group and in 2.000 ppm group (statistically significant
at P<0.001 level). On the other hand, serum IgY levels
increased in 1.000 ppm while decreased in 1.500 ppm
groups compared to control group (NS) (Table 1).

Progesterone Receptor Expression

In our study, progesterone receptor was not expressed
in the bursa of Fabricius during 10 weeks of experimental
period.
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DISCUSSION

In a study in which the effects of Boron on body weight
were investigated, body weight of the chicks which
were given 100 mg/L in drinking water for 2 weeks were
reduced but those that received the same amount for six
weeks gained weight. However, boron at the doses of 200
and 400 mg/L decreased their body weights 24, Hunt
reported that different doses of boron with vit D caused
an increase in the body weight of the chicks. King et al.'¥,
reported that different doses of boron injected into the
egg had no effect on the body weight.

Jin et al®¥ indicated that 200 mg/L boron increased
the weight of bursa of fabricius in six-week-old chicks but
boron at the doses of 100 and 400 mg/L decreased the
same parameter in two and four-week-old chicks.

Spleen weight was lower in the chickens which received
200 mg/ L boron in drinking water for two and six weeks
when compared with the control group 2. In a study
carried out with rats boron increased weight and relative
weight of the spleen "% The difference was considered
to be associated with the difference in species.

When the results we obtained were compared with
other studies, boron similarly, caused a reduction in the size
and weight of bursa of fabricius in the chickens. Likewise,
spleen weight increased at the dose of 1.500 ppm but
decreased with other doses. Divergent results obtained for
quails depend on the type of the species. Bursa of fabricius
is permanent during life time in quails unlike other avian
species 2,

Other criterion regarding the development of bursa of
fabricius is apoptosis. Apoptosis is an important control
mechanism in organogenesis 9, Cell dead through apop-
tosis is linked with immune suppression 27, Biochemical
and morphological manifestations of apoptosis primarily
occur at the 18" day of incubation and after hatching it
occurs with sexual maturation 8, Motyka and Reynolds %,
reported that apoptosis occurred at 4, 7 and 10 weeks of age.

On the basis of our results that the number of apoptotic
cells was lower in 1.500 ppm treatment group, in which
lowest values were recorded for bursal weight and volume,
than those of 1.000 and 2.000 ppm groups, was considered
to be associated with putative initiation of apoptosis at
an early phase.

T-lymphocytes differentiate in timus and B-lymphocytes
differentiate in the bursa of fabrius which is an organ
found only in avian species 5%, Calander et al.*", indicated
that spleen is the organ where plasma cells proliferate
and memory B cells are located. Kurtoglu et al.®, reported
that 25 mg/kg boron statistically increased plasma cell
count. In a study carried out with rats antibody levels were
increased by boron "',

Therefore plasma cell count was performed only in the
spleen. On the basis of data obtained, plasma cell count
increased in 1.500 ppm group, in which involution was
prominent. This showed that certain doses of boron led
to early development of bursa of fabricius in chickens.

Likewise, Fairbrother et al.®?, evaluated the effects
of boron, arsenic and selenium on immune function,
development and maturation of avocet chicks. For this
purpose, they investigated white blood cell count (WHC) of
the chicks younger than 5 weeks of age that hatched from
the eggs collected from different environments containing
different levels of boron, arsenic and selenium under
laboratory conditions and found no statistically significant
difference. Kurtoglu et al.®, reported that different doses
of boron (5 and 25 mg/kg) taken with food in combination
with vit D; slightly increased WBC in 45-day-old chicks
but the increase was not statistically significant.

In our study, WBC in 1.000 ppm (P<0.05) and 1.500 ppm
groups were decreased in comparison to 2.000 ppm and
the control groups. The difference in our findings which
contrasted with those of Fairbrother et al.®*4 and Kurtoglu et
al.® was considered to be associated with age and species.

In parallel with the findings obtained for plasma cell
count, WBC was lower in the groups with higher plasma
cell count. This was associated with the early occurrence
of humoral immunity because it is known that white blood
cells rather take place in cellular response. Likewise, Ig-y
levels were higher in the groups of low doses.

Involution period of the bursa of Fabricius varies
among different species. Period for bursal regression may
not be determined only by age at least in some species but
by the beginning of egg production.

Involution of the bursa starts at approximately 8 weeks
of age in both sexes of white leghorns. In reality, scattered,
atrophic or cystic follicles occur at 20 weeks of age and
they become definitive by 24™ week and the involution
process is completed by 26" week and finally cicatrized
bursal remnants were found at 28 weeks of age "l
Vacuolization was present in the bursal medullary regions
in the chickens that received 400 mg/L boron in drinking
water for 6 weeks 24 and in antiandrogen injected quails 2!
which was compatible with our experimental design.

Many studies showed that boron affected the
mechanism of steroid hormone activity and particularly
supported the hypothesis, stating that boron was essential
for hydroxylation step in steroid synthesis 12>*%, Besides,
boron was reported to regulate glucose, fat and protein
metabolism by its enzymatic properties #>34, Jin et al.?4,
administered 200 mg/dL of boron to the broilers in drinking
water Follicle area and follicle count decreased in the
chicks which were fed on this diet between 2 to 4 weeks
of age and in 2-week-old chicks when compared with the
control group but no difference was noted at 6 weeks of
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age. In the same study, boron at 400 mg/dL level reduced
the area of follicular nodules and follicle count in 2-6 week
old and 4-6 week old chicks, respectively.

It has been reported in previous studies regarding the
hormonal mechanisms of bursal involution that bursa
of fabricius of the quails which received estrogen were
smaller than those of the control group; however estradiol
administration during embryonic period increased their
sizes unlike the situation in adult quails "%, In our previous
study we have seen that Bisphenol A and Diethylstilbestrol
caused involution of bursa of fabricius in chickens B°.

It was reported that progesterone receptor expression
was not detectable in the chicken bursa until 10 weeks of
age, however the expression started to appear between 12
to 15 weeks and expression status of progesterone receptor
increased by maturation %%, In our study, we found no
evidence of progesterone receptor expression during
a period of 10 weeks. Occurrence of bursal involution
despite the lack of progesterone receptor expression in
this period was associated with the influence of extrinsic
boron administration.

Taking into account the changes in the thickness of
follicular cortex, area of follicular medulla, follicle area,
follicle count and height of epithelium, boron had an
impact on the involution of bursa of Fabricius particularly
at the dose of 1.500 ppm, as indicated by above mentioned
studies. It may be associated with its effectiveness on
the metabolism of steroid hormones as well as that on
fat, glucose and protein metabolism by regulating the
enzymatic activity.

When results obtained were compared with the
parameters of previous studies the majority of data were
compatible and ultimately boron treatment at low doses
had positive impact on the development of bursa of
fabricius which functions as the principle organ of avian
immune system but it had no effect at high doses. In
this study, alternatively, we consider that application of
stereological techniques pioneering unbiased evaluations
and presentation of new parameters will contribute to
future researches.
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