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Current research had been conducted to assess the impact of boric acid (boron) on the
different tissues of the fetal and maternal bodies of pregnant mice Mus musculus and its
influence on the maternal plasma biochemistry, hematology, in addition to the fetal and
maternal bodies weight, moreover the weight of a certain motherly tissues included liver,
kidney, lung, brain and spleen. The pregnant mice were administered orally with boric acid
at the concentrations of 50 and 100 mg/kg during pregnancy. The observations at a
concentration of 50 mg / kg demonstrated several histopathological patterns in different
mothers and fetal body parts. The lesions were increased at the dose of 100 mg / kg.
Moreover, boron caused weight decrease in the maternal body weight, fetuses, and liver,
but it caused an increase in weight of the kidney at the concentration 100 mg/ kg. The
biochemical assessment of the maternal serum showed a high rise in the level of liver
enzymes, blood urea, creatinine, total protein, total bilirubin, glucose, cholesterol,
triglycerides, HDL, and LDL at the concentration 100mg mg/kg. Furthermore, there was a
meaningful change in the blood hematology at the concentration 100mg/kg. In conclusion,
the exposure of pregnant mice to high concentrations of boric acid can alter the structure,
the function of maternal and embryos organs by inducing oxidative stress, which in turn
resulting in the accumulation of toxins in the blood that cause different effects during the
exposure period.

DOI: 10.33899/ijvs.2020.127549.1509, ©Authors, 2021, College of Veterinary Medicine, University of Mosul.
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Introduction

Boric acid is an essential agent used in a variety of
products such as; crystal, cleaning products, flame
retardants, polymers that used to solidify plane fuselages,
armed tackle, real hard substances, infant kindergartens, and
sterilizers (1). Several medical articles had indicated the
occurrence of borate poisoning as a result of domestic abuse
and illegal application in the food industry (2). A few of the
adverse effects of boric acid like induction of the
programmed death in the HL60 cell line were accidentally
noticed (3). At high concentrations, boric acid is a
reproductive toxicant in mice, rats, and rabbits (4,5). DNA
strand breakage induced by boric acid. Two factors
determined the negative effect of boric acid on the DNA and
which they are the dose and period of lime exposure (6). The
usage of high doses of boric acid (500-3000 mg/kg) during
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the first day of gestation has delayed mice's pregnancy due
to the impairment of cell proliferation during development
(7,8). Boric acid also can cause histone hyperacetylation in a
specific tissue of mouse embryos and cause skeletal
malformations (9). Boric acid had been expected to induce
developmental problems in the derivatives of the brain's
frontal lobe, particularly eye abnormalities such as small
eyes in chicken embryos. (10,11). Boron impaired
embryonic differentiation and cell proliferation when mouse
embryos treated with 2000 micrograms (12). In male mice,
high boric acid concentrations induced the occurrence of
testis degeneration and an abnormal increase in the number
of epithelial cells (13). Consumption of 700 mg/kg boric acid
for two weeks led to breeding infertility in males of rats and
reduced gestation in their females (14,15). Numerous
experimental studies had been done on the embryotoxicity of
boric acid in a laboratory animal, but the information was
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scarce concerning the specific histological influence of
boron on various organs of pregnant mice and their embryos.

Therefore, this research was carried out to detect the
toxicological influence of specific concentrations of boric
acid on inducing histopathological lesions in some organs of
pregnant mice Mus musculus and their offspring. As well as
its effect on some biochemical, and hematological variables,
in addition to the weight changes of maternal body weight,
fetuses, and several selected organs.

Materials and methods

Animals

In plastic cages with sawdust as bed-sheets, males and
females of mice Mus musculus get used and preserved. They
started eating ad libitum, and instant watering had been
provided during all research periods. The animal room
environment was kept at 23 - 25 C, and they exposed to a
natural day/ night cycle. For mating, one adult male was
placed in the cage with three adult females overnight. The
next morning the occurrence of pregnancy was checked by
the first gross appearance of the vaginal plug, and this
considered as 0 days of pregnancy (16). The chemical used
in the current study was Boron. It is mainly available in the
form of boric acid (H3BO3). Boric acid is a salty white
odorless powder (Sigma-10043) with a molecular mass of
61,84 g / mol, and a melting temperature of 171 ° C (17).
Boric acid was obtained from the central store of the
chemicals / College of Education for Pure Sciences,
University of Mosul, Mosul, Irag.

Experimental modelling

Fifty pregnant mice were chosen for experimentation.
They were randomly categorized into three groups. Group 1
(ten mice) considered to be a control group and administered
filtered water. Group 2 (20 mice) administered 50 mg/kg
b.w. of boric acid orally. Group 3 (20 mice) administered 100
mg /kg b.w. of boric acid orally. The concentrations were
prepared freshly during the experiment period by dissolving
each concentration in 5ml of hot filtered water 70°C. The
volume of the selected concentrations solution (50, 100
mg/kg b.w.) was 0.13-0.15 ml depending on the weight of
pregnant mice. Dosing was done daily starting from the day
7" until the 17" day of pregnancy.

Blood assessment

Blood samples were collected from all groups 1, 2, and 3
via a retro-orbital method on the 17th day of gestation. The
collected blood (2 ml) was divided into two parts. The first
part was stored in small tubes without anticoagulants for
hematological parameters assessment (which was done
manually), those parameters were; the total count of white
blood corpuscles (WBCs) was done with a standard counting
chamber (hemocytometer slide), and according to the
method mentioned in the (18).
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Red blood corpuscles (RBCs) count was done according
to the methods mentioned in (19). The numbers of platelets
(PN were counted according to the routine method
mentioned in (20). Erythrocyte volume fraction (EVF) was
estimated by the method mentioned in (21). Hemoglobin
concentration (Hb) was estimated depending on the method
mentioned in (22). The second part of the collected blood
was kept in small tubes containing anticoagulant, those
samples were centrifuged (3000 rmp) for 10 mints in order
to get the serum for biochemical assessment. The serum was
kept frozen at -20°C in the refrigerator until use.

Biochemical assessment

The evaluation of maternal kidney function was done by
the estimation of both urea and creatinine levels using
commercial Kits of both Biomerieux- France, and Bio labo
reagent kit, France, respectively. The activities of maternal
liver enzymes (aspartate aminotransferase (AST), alkaline
phosphatase (ALP), alanine transferase (ALT)) were
evaluated using commercial kits manufactured by the
company of Biomerieux-France. Furthermore, lipid profile,
total protein, total bilirubin, and glucose concentrations in
the serum were measured using standard commercial kits of
Biolabo, France.

Necropsy

After blood collection was completed, all animal’s
groups 1, 2 and 3 were sacrificed and dissected, various
maternal organs (liver, kidneys, spleen, lung, stomach, large
intestine, ileum, and the skin), and embryos were isolated,
washed with distilled water and fixed in formalin 10%
(Sigma- E4019) for 48 hrs., respectively. For
histopathological examination, the selected tissue specimens
from both females and their embryos constituted the
variables examined, as well as they were processed
routinely, and stained with hematoxylin-eosin (Sigma-
H3176) stain (23). Additionally, the bodyweight of all
animal groups 1, 2 and 3 was measured in the days 7th and
17th of pregnancy. Selected maternal organs (liver, kidneys,
spleen, and lung), and embryos were weighed directly after
dissection. Furthermore, all previous weights were recorded.

Statistical profile

Recent data, which include weight changes for both
mothers, fetuses, chosen organs, the activity of motherly
liver and kidney biomarkers was described as an average +
standard deviation (SD). One-way test (ANOVA) was being
established. Dunnett’s assessment had been used to signify
the variations by matching medians of each test group 2, 3
with the median of the control group 1. Recent analytical
data were investigated employing the Graph Pad Prism 5.0
(San Diego, USA) software. The P-value was estimated as;
a significant (P<0.05), a very significant (P<0.01), and very
strong significant (P<0.001), respectively.



Iragi Journal of Veterinary Sciences, Vol. 35, No. 4, 2021 (633-641)

Results The liver exhibited vacuolar degenerative and
coagulative necrotic changes with the appearance of
None of the mice of the various groups died during the binucleated hepatocytes (Figure 3).
whole experimental period. Mortality and clinical sighns of Other lesions were mild glomerulonephritis, pulmonary
toxicity in pregnant mice were observed at different times congestion, and emphysema, and minimal to mild
during the study period. Treated mice with selected extramedullary hematopoiesis in the spleen at 100 mg/ kg.
concentrations of boric acid expressed a loss of appetite, (Figures 4-6).

tremors, excitation, and become isolated in one corner of the
cage. The most common histopathological lesions were
hyperplasia and keratinization in the lining epithelium of
stomach wall, particularly those given the concentration of
100 mg/kg boric acid (Figure 1). Lymphoid hyperplasia of
the lymph nodules of the ileum was also seen (Figure 2).

Figure 3. A cross-section showing; vacuolar degeneration
(yellow arrow) and necrosis of hepatocytes (black arrow) in
the liver of a pregnant mouse given 100mg/kg. b.w. boric
acid orally H&E, 400x.

Figure 1. A cross- section of the stomach of a pregnant
mouse given 100 mg/kg. b.w. boric acid orally. Hyperplasia
(black arrow) and keratinization (red arrows) could be seen.
H&E, 100x.

Figure 4. A cross-section showing; glomerulitis (black
arrows), and the infiltration of inflammatory cells in the renal
interstitium (yellow arrow) could be seen in the kidney of a
pregnant mouse given 100mg/kg. b.w. boric acid orally.
H&E, 100x.

Figure 2: Section of ileum at 100 mg/kg.b.w. boric acid
orally. hyperplasia of lymphoid nodule (arrow). H&E, 100x.
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Figure 5. A cross-section showing emphysema (red arrow),
and congestion (black arrows) in the lung of a pregnant
mouse given 100 mg/kg. b.w. boric acid orally. H&E 100x.

Figure 6. A cross- section showing mild extra-medullary
hematopoiesis (arrows) in the spleen of a pregnant mouse
given 100 mg/kg. b.w. boric acid orally. H&E. 100x.

Sections prepared from the viscera of the embryo
revealed hepatic congestion and abnormal arrangement of
the hepatic cords (Figure 7), pulmonary congestion and
emphysema (Figure 8), glomerulonephritis (Figure 9),
enlargement of the lateral ventricle of the brain (Figure 10),
and increased fibrous deposition in the dermis of the skin
(Figure 11).

Effect of Boron on the weight of maternal bodies,
maternal selected organs, and fetuses

Animals of all groups 1, 2 and 3 were weighted twice
once in the beginning of the experiment and other the end of
it. Selected maternal organs and fetuses were weighted after
dissection immediately.
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Figure 7. A cross- section of the liver of an embryo from a
pregnant mouse given 100 mg/kg. b.w. boric acid orally.
Congestion (black arrow) and the infiltration of mononuclear
cells (yellow arrow) could be seen.H&E, 400x.

Figure 8. A cross- section showing congestion(yellow arrow)
and pulmonary emphysema (black arrow) in the lung of an
embryo from a pregnant mouse given 100mg/kg.bw. boric
acid orally. H&E, 100x.

The results revealed a significant reduction in maternal
body weight P< 0.05 of group 3. Group 2 showed a non -
significant reduction in the weight of maternal liver, whereas
group 3 revealed a significant reduction (P< 0.05) in its
weight compared with the control. Group 2 revealed a
significant reduction (P< 0.05) in maternal kidney weight. In
contrast, group 3 showed a strong significant raise (P< 0.01)
in the kidney weight compared with the control.
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Figure 9. A cross-section of the kidney of an embryo from
pregnant mouse given 100 mg/kg.b.w. boric acid orally.
Note congestion (arrow) and glomerulonephritis (double
arrows). H&E, 400x.

Figure 10. A cross-section of the brain of an embryo from a
pregnant mouse given 100 mg/kg.b.w. boric acid orally.
Enlargement of the brain ventricles(arrow) could be seen.
H&E, 100x.

There was a non - significant reduction in the weight of
the maternal brain, spleen, and lung of groups 2. but there
was a significant reduction (P< 0.05) in the weight of the
lung and spleen of group 3 compared with the control.
Fetuses of both groups 2 and 3 showed a strong significant
reduction (P< 0.01), and a very strong significant reduction
(P< 0.001) in their weight compared with the control,
respectively (Figure 12).

The findings confirmed that the selected concentrations
impact the maternal blood elements concentrations as
follows; both groups 2 and 3 showed a non- change, a
significant and a highly significant reduction (P<0.01) In the
RBCs count compared to the control group, respectively
(Figure 13).
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Figure 11. A cross-section of the skin of an embryo from a
pregnant mouse given 100 mg/kg.b.w. boric acid orally.
Massive fibrous tissue could be seen (arrow).H&E, 400X.
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Figure 12: Display weight differences of the mother's body
(average £ SD), fetuses, and selected organs following the
administration of two concentrations 50 and 100 mg /kg of
Boron administered orally to the pregnant mice at the days
7" till 171 of gestation. * significant at P<0.05, ** significant
at P< 0.01, *** significant at P<0.001, n = not significant in
comparison to control.

Experimental groups showed a non- significant reduction
in the WBCs count compared to the control. Besides, group
3 exhibited substantial (P<0.05) improvement in the
haemoglobin level, but the level was still in the normal range
in group 2 compared to the control, respectively.
Furthermore, groups 2 and 3 revealed a significant reduction
(P<0.05) and, a highly significant reduction (P< 0.01) in the
EVF, respectively (Figure 13).

Group 3 confirmed a highly reduction (significant P<
0.01) in the count of PN, but there was a non- change in
significant their count in group 2 compared to the control,
respectively.
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The biochemical assessment of the blood serum for liver
enzymes revealed no statistically significant alteration in the
AST and ALT levels in group 2, although there was a marked
improvement (P<0.01) in the ALP level compared with the
control. Besides, Group 3 showed a very strong
improvement (P< 0.001) in the concentrations of all previous
enzymes compared with the control (Figure 14).

As well as, group 2 established a non- meaningful change
in concentrations of both urea and creatinine, while a
meaningful improvement (P<0.05) in creatinine and, a
strong significant improvement (P<0.01) in the urea were
observed in group 3 compared to the control.

Besides, group 2 showed a non- significant improvement
in the total protein and the total bilirubin concentrations, but
there concentrations showed strong significant improvement
(P<0.01) in group 3 compared to the control.

Furthermore, group 2 showed a non- significant
reduction in the glucose concentration, while a strong
reduction (P< 0.01) in glucose concentration was observed
compared with the control (Figure 15).

The analysis of the lipid profile confirmed a remarkable
significant improvement(P<0.01), and a very strong
significant improvement (P< 0. 001) in the cholesterol
amount of both groups 2, and 3 compared with the control,
respectively.
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Figure 13: Display maternal blood hematological changes
(average = SD) following the administration of two
concentrations 50, and 100 mg /kg b.w of Boron
administered orally to the pregnant mice from the day 7 till
the 17" day of gestation. * significant at P<0.05, **
significant at P< 0.01, *** significant at P<0.001, n = not
significant in comparison to control.
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Figure 14: Display maternal blood serum levels of liver
enzymes (average + SD) after the administration of two
concentrations 50, and 100 mg /kg b.w of Boron
administered orally to the pregnant mice at the days 7™ till
17t of gestation. * significant at P<0.05, ** significant at P<
0.01, *** significant at P<0.001, n = not significant in
comparison to control.
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Figure 15: Show maternal blood serum levels of creatinine,
blood urea, total protein, total bilirubin, and glucose (average
+ SD) following the administration of two concentrations 50,
and 100 mg /kg b.w of Boron administered orally to the
pregnant mice at the days 7" till 17" of gestation. *
significant at P<0.05, ** significant at P< 0.01, ***
significant at P<0.001, n = not significant in comparison to
control.
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Furthermore, group 2 revealed a non - significant
changes in the triglyceride amount while, group 3 confirmed
a strong significant improvement in its amount compared
with the control. The results also showed a very strong
significant improvement (P< 0. 001) in the amount of both
HDL and LDL of both groups 2, 3 compared with the control
group, (Figure 16).
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Figure 16: display maternal blood serum levels of the
cholesterol, trigcrides, LDH, and LDL (average = SD)
following the administration of two concentrations 50, and
100 mg /kg b.w of Boron administerted orally to the pregnant
mice at the days 7" till 17" of gestation. * significant at
P<0.05, ** significant at P< 0.01, *** significant at P<0.001,
n = not significant in comparison to control.

Discussion

In the current research, treating pregnant mice with the
selected doses of boric acid caused a loss of appetite,
tremors, excitation, and isolation of the mice in one corner
of the cage. These signs are indicative of intoxication and
they are similar to those reported by (24) after the
administration of some analgesic and necrotic substances to
pregnant mice.

Among lesions encountered in pregnant mice given, the
50 or 100 mg/kg of b.w. boric acid orally was hyperplasia
and hyperkeratosis of the gastric mucosa, hyperplasia of
lymphoid nodules in the wall of the ileum, vascular
degeneration, necrosis of hepatocytes, glomerulonephritis,
and hematopoiesis in mice by other workers (24-27).

Other lesions that occur in the present study may be due
to that boron impaired protein synthesis by promoting
phosphorylation of eLF2a in a gen kinase-dependent manner
(28).

The harmful effect of boron can occur through inducing
general amino acid control of protein production (29).

The occurrence of different lesions in different organs of
pregnant mice in the current study may be due to that the
boron alters the cell membrane functions, stability, and
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composition that affect the response to hormone action and
trance membrane movement of regulatory anions (30), or
maybe because of the negative effect of boron that affects a
number of some biological processes by inhibiting certain
enzymes involved in these reactions (31).

Lesions in organs of embryos from mice were given 50
or 100 mg/kg b.w. included congestion of the central vein
and mononuclear cell infiltration (hepatitis), pulmonary
congestion and emphysema, glomerulonephritis, an increase
in the size of the lateral ventricle of the head, and also similar
to those of others (25-27).

The results of the current research may due to the dose of
boron and the period of exposure. Or may due to that boric
acid affect the integrity of major organs including the liver,
kidneys, and lung and induces structural dysfunction (32).

The sequences revealed that there was a meaningful
reduction in the pregnant mouse’s body mass, motherly liver
weight, and a strong a meaningful improvement in the
weight of kidney of group 3. While, group 2 presented a
non- meaningful changes in the weight of the liver, and
kidney.

Furthermore, the weight of the brain revealed a non-
meaningful change in both experimental groups. The current
results confirmed a meaningful reduction in the weight of the
spleen and lung of group 3, but group 2 presented a non-
significant change in their weight.

The current findings were comparable to the outcomes of
the authors (1,33), but they were in contrast with the
outcomes of (34) who indicated that overconsumption of
boron supplementation causes extra body weight in some
animals.

The current results revealed a strong meaningful and a
very strong meaningful (P< 0.001) reduction in the weight of
fetuses of both experimental groups, respectively. The
current findings were comparable to the results of (4), who
cleared that the boron had an embryotoxic effect on the
rodents’ fetal weight, which was reduced by 33 % when
treating them with a high dose of boron during pregnancy.

The current results were similar to the findings of (35),
who indicated the toxic impact of boron on the testis and
ovaries of both sexes of humans and animals.

The reduction in the body weight in the current study may
due to that boron compound alters the hormonal and lipid
metabolism of pregnant mice, which in turn raises the rate of
fat burning in the animals, and thus causes weight loss.

As well as, boron is a complex trace mineral that can
impact the absorption or use of a variety of substances
implicated in biological functions, like calcium, copper,
magnesium, nitrogen, sugar, triglycerides, free oxygen as
well as contraceptives (36).

The increase in the weight of the liver and kidney in the
current study may due to that the level of boron in blood and
organs increases relative to the daily dosage, especially in
pregnant animals. or may due to that the boron affects the
homeostatic condition of renal cellular membranes, which in
turn cause toxin accumulation in the selected organs (37).



Iragi Journal of Veterinary Sciences, Vol. 35, No. 4, 2021 (633-641)

The current findings showed a meaningful improvement
in Hb concentration, a highly meaningful reduction in the
count of PN, RBCs, and EVF respectively. WBCs count was
almost in the normal range of group 3. While the previous
blood components in group 2 were less affected by boron
compared to group 3.

The current findings were somewhat similar to the
findings of (38-41), whereas all previous authors recorded a
significant reduction in the hematological parameters in
mice, rats, and fish, respectively after boric acid
administration. The current results were in contrast with the
findings of (42).

The current findings may due to that the high doses of
boron inhibit the hemopoiesis and exhibit obvious toxicity
activity in the blood or perhaps it is due to the red blood cell
degradation and loss of its formation process which was
approved by reducing MCHC measures (39).

Recent findings indicate that the liver enzymes in group
3 had already risen substantially, although the amount of
those enzymes in group 2 had been lower. The findings of
the current study were similar to the outcome s of the authors
(1). While they were in contrast with the results of (43).

The rise in serum enzymes in the current study suggests
a disruption in the function of the liver cells and their
enzymes. This impaired liver function caused its enzymes to
be released into the blood system (39).

The current findings revealed a meaningful improvement
in the level of urea, and a strong meaningful improvement in
the creatinine, total protein, total bilirubin amount in group 3
meaningful improvement in glucose amount. While there
were non-significant changes in all previous variables of
group 2. The previous findings were in contrast with the
findings of (39).

The findings of the present study also demonstrated that
there was indeed a substantial increase in noxious lipids in
testing groups 2 and 3. As well as, group 3 was more affected
compared to group 2. The current findings were in agreement
with the outcomes of the authors (1,37,44).

Conclusions

The findings of the current study concluded that boric
acid was at a concentration of 50 or 100 mg/kg b.w. orally
given had a toxic effect on both pregnant mice and their
embryos. As well as, High concentrations of boric acid could
alter the antioxidant levels in the blood of pregnant mice in
a way that causes severe damage to the organs of both
mothers and their fetuses. Furthermore, mortality and
clinical signs of toxicity in pregnant mice were observed at
different times during the experiment period.
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