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Abstract This study was carried out to determine the protec-
tive effects of lithium borate (LTB) on blood parameters and
histopathological findings in experimentally induced acute
cadmium (Cd) toxicity in rats. Twenty-eight male Wistar albi-
no rats were used, weighing 200–220 g, and they were ran-
domly divided into four groups, including one control and the
following three experimental groups: a Cd group
(0.025 mmol/kg), a LTB group (15 mg/kg/day orally for
5 days), and a LTB+Cd group (15mg/kg/day orally for 5 days
and Cd 0.025 mmol/kg by intraperitoneal injection on the fifth
day). All the rats in the study were anesthetized with ketamine
at the end of the sixth day, blood was taken from their hearts,
and then the rats were decapitated. The values in the control
and LTB group were usually close to each other. White blood
cell (WBC), neutrophil %, and C-reactive protein (CRP)
levels increased in the Cd and LTB + Cd groups while lym-
phocyte and monocyte levels decreased in a statistically sig-
nificant manner, in comparison to the other groups. It was
determined that the levels of red blood cells (RBCs), hemato-
crit (Htc), and hemoglobin (Hb) did not change in the groups.
The levels of aspartate aminotransferase (AST) and alanine

aminotransferase (ALT) in the Cd and LTB + Cd groups sig-
nificantly increased, in comparison to the other groups, while
the glucose, alkaline phosphatase (ALP), albumin (ALB), and
total protein (TP) levels decreased. According to histopatho-
logical findings in the control and LTB groups, the liver and
kidney tissues were found to have normal histological struc-
tures. In the Cd group, severe necrotic hemorrhagic hepatitis,
mild steatosis, and mononuclear cell infiltration were detected
in the liver. In the LTB + Cd group, degeneration and mild
mononuclear cell infiltration were found in the liver.
Regarding the kidney tissue in the Cd group, severe
intertubular hyperemia in both kidney cortex and medulla, as
well as degeneration and necrosis in the tubulus epithelium,
was observed. In the LTB + Cd group, mild interstitial hyper-
emia and mononuclear cell infiltration was detected.
Resultantly, it can be said that LTB at this dose has non-
toxic effects and some beneficial effects for liver and kidney
damage caused by acute Cd toxicity.
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Introduction

Cadmium (Cd) is a toxic heavy metal with carcinogenic and
mutagenic effects that has no physiological role in living or-
ganisms [1]. It is measurable in food and beverages, because it
is very common in nature [2]. Cadmium forms compounds
with lead, copper, and zinc, and it is usually observed in the
form of cadmium chloride, cadmium oxide, cadmium
sulphite, and cadmium sulfate mineral compounds in nature
[3]. Cd is activated by iron, calcium, and zinc in living metab-
olism [4]. Cd is widely used in many industrial areas, and all
doses of it are toxic [5, 6]. Cd is known as the most important
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toxic element within industrial and environmental pollution,
and its accumulation in the atmosphere has increased the in-
cidence of volcanic explosions and forest fires [5, 7].
However, it has been reported that 3 to 10 times more of the
Cd accumulation in the atmosphere has occurred through an-
thropogenic pathways than through natural sources [8]. For
instance, Cd is one of the major compounds in cigarettes [9].

Heavy metals, such as Cd, accumulate primarily in
aquatic environments and are transported to the upper tro-
phic levels via the food chain [10]. Due to Cd’s link with
lung cancer, Cd falls into the class of materials having
carcinogenic effects [3], and it is classified as a first class
carcinogen [11]. Cd is taken into the body through the
digestive, respiratory, and integumentary systems. Cd and
its compounds are absorbed in the digestive tract from 0.5–
12%, according to animal species. Protein, iron, and calci-
um deficiency increase the intestines’ absorption of Cd.
Almost all types of Cd vapors can be absorbed by the
lungs. This fact is significant to the presence of Cd in
cigarette smoke. Water-soluble Cd salts, such as CdCl2,
are strongly absorbed (up to 4%) when in close proximity
to the intestinal tract [12]. In Cd toxicity cases, death oc-
curs within a few hours as a result of cardiovascular col-
lapse, metabolic acidosis, and coagulopathic bleeding.
Acute Cd toxicity is characterized by high, short-term
doses, and chronic Cd toxicity results from low, long-
term levels of exposure. Respiratory and urinary system
diseases are often preliminary in these types of exposure.
In cases of chronic poisoning, coloring of the teeth (yel-
lowish, cystic teeth), respiratory disorders (such as rhinitis,
chronic bronchitis, and emphysema), and kidney disorders
are usually observed [13]. Boron and its compounds, such
as lithium borate (LTB), are very effective in the preven-
tion of oxidative stress due to heavy metals, and these
compounds demonstrate antioxidant activity, as indicated
in the literature [14, 15]. Boron and boron compounds are
preferred in the manufacture of eye irrigation solutions,
mouthwashes, irrigant solutions, and medicines, due to
their disinfectant, antiseptic, and antiepileptic properties.
In addition, shampoo, cologne, perfume, and baby powder
often utilize boron compounds in their manufacturing pro-
cesses. Furthermore, boron neutron capture therapy is
known as a method in cancer treatment. The use of boron
is preferred as a treatment of brain cancer, because it allows
cancer cells to be selectively cleared from the environment,
while having a minimal effect on healthy cells. In addition,
psychiatry, magnetic resonance devices, and the treatment
of osteoporosis, menopause, and allergic diseases also ben-
efit from the use of boron [16]. However, in the studies
investigating the effects of LTB, there is not enough evi-
dence to say.

The greatest boron exposure for many populations comes
through nutrients. There is a direct correlation between the

amount of boron taken in daily by humans and their eating
habits [17]. Water, especially mineral water, is among the
major sources of boron. In a study on drinking water in
Germany, it was determined that mineral water contained an
average boron concentration of 23.1 μg/L [18]. Another study
reported that the average boron content of spring water may
range between 0.75 and 4.35 mg/L [19]. In another study
conducted on American populations, the average daily boron
amounts for males, females, and pregnant women were 1.17,
0.96, and 1.01mg/day, respectively. This study also stated that
vegetarian males take in boron at an average rate of 1.47 mg/
day and that vegetarian females take in boron at a rate of
1.29 mg/day [20].

In the literature, some studies on heavy metal toxicities
have been carried out regarding the effects of boron and boron
compounds in both in vitro and in vivo processes [14–16].
However, these studies include limited and insufficient levels,
and they do not provide sufficient and detailed research on the
effects of LTB on acute Cd toxicity in rats. Therefore, the aim
of this study was to investigate the protective effects of LTB
on the blood parameters and histopathological findings of the
experimental rats’ livers and kidneys that had been exposed to
acute Cd toxicity, thereby contributing to the literature.

Materials and Methods

In this study, 28 male Wistar albino rats were used which
weighing 200–220 g and randomly divided into four groups
as one control and three experimental groups (n =7 per group).
Animals were housed in a well-ventilated and air-conditioned
area provided with independently adjustable light-dark cycle
(12 h light/12 h dark cycle) and temperature regulation sys-
tems. Temperature was maintained at 22 ± 2 °C and humidity
was kept at 45–70%. The rooms and animal cages were
cleaned daily and the animals were provided with fresh food
and water ad libitum on a daily basis. In this study, CdCl2.5H2

(Cadmium chloride pentahydrate, CAS No. 7790-78-5,
Sigma) was used as the Cd source, and lithium methaboronate
dihydrate was used as the source of LTB. All the materials
were prepared by dissolving in physiological serum.

Group I: The control group received standard pellet feed,
drinking water, and physiological serum by intra-
peritoneal (IP) injection for 5 days.

Group II: This group received 0.025 mmol/kg of Cd as a
single dose by IP injection.

Group III: This group received 15 mg/kg/day of LTB orally
for 5 days.

Group IV: This group received 15 mg/kg/day of LTB orally
for 5 days and 0.025 mmol/kg of Cd by IP injec-
tion on the fifth day.
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For Group II, the physiological serumwas administered for
5 days; an hour after the physiological serum administration
took place on the fifth day, the Cd was applied by IP injection.

In Group IV, LTB was administered orally at 15 mg/kg/day
for 5 days. After 1 hour of LTB administration on the fifth day,
0.025 mmol/kg of Cd was administered by IP injection.

All the rats in the study were anesthetized with ketamine at
the end of the 6th day and blood was taken from their hearts
and then decapitated.

The experimental protocol was approved by the Committee
on the Ethics of Animal Experiments at Yuzuncu Yil
University (Permit Number: 2014/12).

Blood parameters were determined using rat mode of vet-
erinary the blood cell counter (Abocus Junior Vet-5, Austria)
in whole blood. Biochemical parameters from the obtained
serum were performed on a Modular PP auto-analyzer
(Mindray BS800, China).

Histopathological Examination

The animals were sacrificed at the end of the six experimen-
tation days by decapitation, and their liver and kidney tissues
were quickly removed and processed for histopathology. The
liver and kidney tissues were fixed in 10% neutral buffered
formaldehyde for 48 h. These tissues were then embedded in
paraffin blocks after the routine tissue procedure. These tis-
sues were sectioned at a 5-μm thickness, stained with H&E,
and examined under a light microscope (Olympus BX51 op-
tical microscope and Olympus DP25 digital camera, Japan).
The tissues were scored as negative (−), slight (+), moderate
(++), or severe (+++), according to the histopathologic
findings.

Statistical Analysis

Statistical analysis of blood parameters was presented as
mean ± standard derivation (X ± SD). SPSS version 20 was
used for statistical analysis. ANOVA and Tukey tests were
used for comparison between groups. The data were
expressed that was considered statistically significant as
mean ± SD. p < 0.05.

Results

The results of the blood parameters and histopathological
findings for each of the groups are presented in Tables 1, 2,
3 and 4. The values in the control and LTB groups were usu-
ally close to each other. The values in the Cd and LTB + Cd
groups were outside of the range of change of the healthy rats’
values. The values of the LTB + Cd group were found to be
better than the values of the Cd group, and they were closer to
the mean values and physiological variation limits. As seen in

Tables 1 and 2, the white blood cell (WBC), neutrophil %, and
C-reactive protein (CRP) levels increased in the Cd and
LTB + Cd groups, while the lymphocyte % and monocyte %
levels decreased in a statistically significant manner, in com-
parison to the other groups. It was determined that the levels of
red blood cells, hematocrit, and hemoglobin did not change
within the groups.

As seen in Table 2, the levels of aspartate transferase and
alanine transferase in the Cd and LTB + Cd groups increased
in a statistically significant manner, in comparison to the other
groups, while the glucose, alkaline phosphatase, albumin, and
total protein levels decreased.

Macroscopic Findings

In the control group, the pathologic findings were not detected
macroscopically, whereas in the Cd group, a slight exudate of
the abdominal cavity, congestion, and petechial hemorrhage in
the liver were detected. The macroscopic examination of the
rats in the LTB group did not seen in any pathological finding.
In the LTB+Cd group, some slight congestion in the liver was
observed.

In the control group, any pathologic findings in the kidneys
were not detected macroscopically, whereas in the Cd group,
the kidneys were observed to be congested. Macroscopic ex-
amination of the kidney tissue in the LTB and LTB + Cd
groups did not observed in any pathological finding.

Histopathological Findings

In the control group, when the liver tissues of the rats
were examined, the normal histological structure was de-
termined (Fig. 1a). Severe necrotic hemorrhagic hepatitis
was detected in the livers of the Cd group (Fig. 1b). More
distinct hyperemia, hemorrhage, and mild steatosis were
detected in the acinar region, and mononuclear cell infil-
tration was observed in the portal area. When the liver
tissues of the rats in the LTB group were examined, it
was determined that the tissues demonstrated the normal
histological structure (Fig. 1c). In the LTB + Cd group,
mild mononuclear cell infiltration and hyperemia were
observed in the portal area. While slight dilation and hy-
peremia in the sinusoids were detected in the acinar area
for this group, the hepatocytes in the liver were not ob-
served to be necrotic (Fig. 1d). The histopathological
findings of the liver tissue for the various groups are sum-
marized in Table 3.

The kidney tissues of the rats in the control group were
determined to be representative of a normal histological
structure (Fig. 2a). In the Cd group, severe intertubular
hyperemia was observed in both the medulla and cortex
of the kidney tissue, and degeneration and necrosis in the
tubulus epithelium were also observed (Fig. 2b).
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Furthermore, interstitial nephritis and hyaline cylinders in
the tubule lumens were detected. The kidney tissues of the
rats in the LTB group were determined to represent the
normal histological structure (Fig. 2c). In the LTB + Cd
group, mild interstitial hyperemia and mononuclear cell
infiltration were detected in the medulla and cortex of
the kidney; in addition, atrophy and hyperemia were ob-
served in the glomerulus (Fig. 2d). The histopathological
findings of the kidney tissue of the all groups are summa-
rized in Table 4.

Discussion

Cd can accumulate in the environment, causing serious dam-
ages to ecosystem, human, and animal health. The general
population is exposed to various concentrations of Cd either
voluntarily, such as through supplementation, or involuntarily,
such as through the intake of contaminated food and water or
through contact with contaminated soil, dust, or air [21]. Cd
causes the formation of many free radicals, including super-
oxide and nitric oxide, and it causes peroxidation of

Table 2 The biochemical
parameters in the experimental
groups (X ± SD, n = 7)

Biochemical
parameters

Experimental Groups

Control Cd LTB LTB + Cd

Na 140.64 ± 2.49a 140.84 ± 2.93a 139.72 ± 2,12a 140.95 ± 22.00a

Glu 370.00 ± 63.83a 162.4 ± 25.61b 338.42 ± 62.72a 207.28 ± 43.83b

UREA 47.37 ± 4.58a 47.74 ± 4.9a 50.68 ± 7a 44.12 ± 10.14a

AST 126.01 ± 22.75a 318.65 ± 70.48b 196.42 ± 100.11ab 315.5 ± 116.05b

ALT 45.81 ± 7.47a 138.9 ± 36.01b 54.07 ± 5.34a 97.22 ± 40.85b

ALP 251.42 ± 23.9a 169.71 ± 30.1b 240.42 ± 27.45a 123.42 ± 27.17b

LDH 1556.14 ± 183.31a 1813.42 ± 82.90a 1158.00 ± 365.29b 1869.71 ± 460.14a

CK 1007.14 ± 124.74a 1277.00 ± 397.82a 1096.87 ± 756.62a 1222.28 ± 412.31a

CK-MB 1373.71 ± 193.40a 1197.57 ± 225.77a 1127.71 ± 272,45a 1279.78 ± 243.74a

HDL-C 33.71 ± 4.85ab 32.57 ± 7.44b 35.57 ± 5.38ab 45.00 ± 12.54a

LDL-C 12.42 ± 4.39a 9.14 ± 1.21a 15.42 ± 5.4a 14.14 ± 4.01a

T-BİL 0.01 ± 0.01a 0.07 ± 0.04b 0.008 ± 0.00a 0.03 ± 0.03a

D-BİL 0.07 ± 0.01a 0.11 ± 0.02b 0.07 ± 0.01a 0.09 ± 0.02b

UA 0.53 ± 0.27a 0.67 ± 0.08a 0.37 ± 0.27a 0.59 ± 0.27a

TP 6.14 ± 0.37a 5.3 ± 0.46b 6.08 ± 0.32a 5.21 ± 0.36b

ALB 3.33 ± 0.1a 2.74 ± 0.22b 3.34 ± 0.14a 2.85 ± 0.14b

Creatine 0.59 ± 0.12a 0.57 ± 0.08a 0.59 ± 0.16a 0.59 ± 0.06a

CRP 0.32 ± 0.07a 0.44 ± 0.05b 0.31 ± 0.03a 0.40 ± 0.08b

The differences among the different letters in the same line were significant
a, b p < 0.05

Table 1 The hematological
parameters in the experimental
groups (X ± SD, n = 7)

Hematological
parameters

Experimental groups

Control Cd LTB LTB + Cd

WBC (103/mm3) 7.36 ± 1.12a 10.23 ± 1.44 b 8.29 ± 1.24ab 12.93 ± 2.68c

Neu % 13.5 ± 2.45a 68.41 ± 8.88b 13.64 ± 3.08a 78.57 ± 5.83c

Lym % 77.13 ± 4.19a 24.81 ± 8.88b 77.26 ± 6.66a 17.61 ± 4.98b

Mon % 5.7 ± 3.34a 2.8 ± 1.24ab 5.71 ± 2.8a 2.04 ± 0.47b

RBC (106/mm3) 7.72 ± 0.36a 8.11 ± 0.56a 7.87 ± 0.31a 8.02 ± 0.94a

Hb (g/dl) 15.61 ± 0.49a 16.35 ± 1.52a 16.01 ± 0.56a 16.28 ± 1.53a

Hct (%) 46.57 ± 1.73a 49.8 ± 5.22a 48.08 ± 1.55a 48.65 ± 4.83a

PLT(103/mm3) 646.57 ± 83.72ab 529 ± 145.3a 698.57 ± 96.16b 652.14 ± 38.06ab

The differences among the different letters in the same line were significant
a, b p < 0.05
a, c p < 0.01
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components in the cell membrane, DNA damage, and protein
oxidation. The oxidation of membrane lipids results in the
degradation of the membrane structure through the cross-
linking of the polymerization. Damage to the mitochondrial
membrane causes Cd to be released into the mitochondrial
cell, leading to DNA damage and caspase-3 activation, which
leads to apoptosis and necrosis [22, 23]. Furthermore, it has
been reported that Cd toxicity causes both direct and indirect
genotoxic effects, such as increased oxidative DNA damage,
lipid peroxidation, and apoptosis (through the formation of
DNA chain breaks and the inhibition of DNA repair mecha-
nisms). Cd exposure may also be mutagenic and carcinogenic
[24, 25].

Boron is considered to be an essential micronutrient, with
well-established biological functions and the antioxidant ef-
fects of boric acid. Boron is rapidly and completely absorbed
by the gastrointestinal tract into the bloodstream [26], and it
plays an important role in improving arthritis, plasma lipid
profiles, and brain function [27]. Avariety of boronated agents
with hypolipidemic, anti-inflammatory, or anticancer proper-
ties have also been developed [28]. Moreover, boron com-
pounds have minimal potential for genotoxicity in bacteria
and cultured mammalian cells [29]. Thus, these compounds
are interesting research topics, due to their equivocal and rel-
atively unknown useful effects, roles in the treatment of vari-
ous diseases, and interactions with other elements.

In this study, as seen in Tables 1 and 2, no anemia was
observed in any of the groups, and WBC, neutrophil, and
CRP levels increased in both the Cd and LTB + Cd groups;
these increases were statistically different, while the decreased
lymphocyte and monocyte levels were statistically significant
(p < 0.05). These increases in the WBC, neutrophil, and CRP
levels, as well as the decreases in the monocyte and lympho-
cyte levels, may be derived from phagocytic activity. All these
activities in the body are caused by the stimulation of the
immune system. In general, the hematological parameters of
the groups are consistent with other literature [30, 31].

Kidney urea, creatinine, blood urea nitrogen (BUN), and
uric acid levels are often measured as indicators of renal func-
tion. Thesemeasurements may provide additional information
about renal function [32]. Decreased glomerular filtration has
been suggested to result in the elevation of serum urea, creat-
inine, and uric acid levels due to the increase in tubular reab-
sorption [33]. The increase in lactat dehidrogenaza (LDH) in
the serum is a clear indicator of the toxic effect on animals.
Creatine kinase (CK) and creatine kinase myocardial band
(CK-MB) are enzymes that are found in high concentrations
within the skeleton, muscles, and heart. Therefore, CK-MB is
used as a specific indicator in cases of skeletal muscle injury
and cardiac injury. However, it has been reported that an in-
crease in CK-MB isoenzymes may result of the renal insuffi-
ciency [34]. In the present study, Table 2 demonstrates that the
AST and ALT levels increased in a statistically significant
manner in both the Cd and LTB + Cd groups (p < 0.05).
However, this increase was less significant in the LTB + Cd
group than it was in the Cd group. This may be due to the
protective effects of LTB. As shown in Table 2, the glucose,
ALP, ALB, and TP levels were decreased by the effect of Cd
(p < 0.05). In addition, the total and direct bilirubin levels were
increased by the effect of Cd, in comparison to the control
group. These changes in the blood parameters may be due to
liver and kidney damage. These biochemical parameters are in
accordance with the reported values for healthy rats in the
literature [30, 31, 35, 36].

Begic et al. [37] reported that the livers of rats that were
exposed to Cd toxicity demonstrated necrotic hepatitis, mono-
nuclear cell infiltration, and fat vacuoles in the cytoplasm.
However, these findings were detected to be more severe at
day 42. In addition, other studies have shown that liver en-
zymes and oxidative stress markers increased [37, 38].
Furthermore, some studies have reported severe congestion
in the liver, as well as degeneration and necrosis in the central
region of the liver, whereas the infiltration of lymphocytes and
macrophages was observed in the portal region of the liver
[39, 40]. Acute Cd intoxications in mice have been reported
to cause congestion in the liver, necrosis of hepatocytes, and
mononuclear cell infiltration in the portal regions of the liver
[41]. These findings are similar to our results regarding the
acute Cd toxicity of mononuclear cell infiltration in the portal

Table 4 Histopathological evaluation in kidney tissue

Groups Degeneration and
necrosis in the
tubule epithelial
cell

Hyaline
cylinders in
the tubule
lumen

Intertubulare
hyperemia

Mononuclear
cell
infiltration

Control − − − −
Cd +++ ++ +++ +++

LTB − − − −
LTB +

Cd
+ − ++ +

According to histopathologic findings: − (negative), + (slight), ++ (mod-
erate), and +++ (severe)

Table 3 Histopathological evaluation in liver tissue

Groups Hydropic
degeneration

Coagulation
necrosis

Hyperemia Mononucelear
cell infiltration

Control − − − −
Cd +++ +++ +++ +++

LTB − − − −
LTB + Cd + − ++ +

According to histopathologic findings: − (negative), + (slight), ++ (mod-
erate), and +++ (severe)
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region, degenerative necrotic heptocytes in the acinar region,
and fat vacuoles in the cytoplasm of some hepatocytes in this
region of the liver (Table 3).

Cd toxicity studies have reported inflammatory cell infil-
tration around the glomeruli, glomerular atrophy, congestion
in the blood vessels, coagulation necrosis in the renal tubular
epithelium, and hyaline cylinders in the renal tubule lumen

[39]. In this study, mononuclear cell infiltration in the
intertubular region, hyperemia in the intertubular and glomer-
ular vessels, degeneration in the kidney tubule epithelium, and
coagulation necrosis and hyaline cylinders in the tubule lumen
were all observed (Table 4).

One study that measured the amount of Cd accumulation in
tissues reported 17 times more accumulation of Cd in the liver

Fig. 2 Control group: the normal histological structure of the kidneys
(a), Bar 20 μm. Cd group: severe intertubuler hyperemia in the kidneys,
degeneration and necrosis in tubul epithelium, interstitial nephritis (b),

Bar 50 μm. LTB group: normal histological structure of the kidneys (c),
Bar 20 μm. LTB + Cd group: interstitial and glomerular hyperemia in the
kidneys, mild interstitial nephritis (d), H&E, Bar 20 μm

Fig. 1 Control group: normal histological structure of liver (a), Bar
50 μm. Cd group: severe necrotic hemorrhagic hepatitis in the central
region of the liver (b), Bar 100 μm. LTB group: normal histological

structure of liver (c), Bar 50 μm. LTB + Cd group: mild mononuclear
cell infiltration and hyperemia in the portal region in the liver (d), H&E,
Bar 50 μm
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than in the kidneys [42]. However, in our study, we found that
the liver damage was more severe than the kidney damage.
This conclusion suggests that accumulation and damage do
not affect organs at the same level. Also, in accordance with
our study, Zhai et al. reported that the damage to the kidney
tissues in their study was limited, while the liver was found to
be more severely damaged [40]. For this reason, this aspect of
the study should be examined in more detail.

Consequently, according to the blood parameters and his-
topathological findings of this study, it can be said that LTB at
this dose has non-toxic effects and some beneficial effects for
liver and kidney damage caused by acute Cd toxicity.
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