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ABSTRACT

Introduction: Excess thyroid hormone activates osteoblast and osteoclast functions leading to high bone turnover and bone
loss. L Carnitine (LC) is considered a peripheral antagonist to thyroid hormone action. It inhibits thyroid hormone entrance
into the tissue nuclei.

Aim of the Work: To evaluate the protective role of LC on the biochemical, histological and immunohistochemical effects of
hyperthyroid-induced osteoporosis in adult male albino rats.

Materials and Methods: A group of 32 adult male albino rats whose weights ranged between 180 and 230 gm was distributed
into four groups; control group: The animals had only regular diet and tap water, T4 treated group: received L thyroxine (T4)
powder dissolved in a dose of 2 pg/ml/day for 30 days by gavage, T4+LC treated group: a combination of T4 powder dissolved
in drinking water at a dose of 2 pg/ml/ day for 30 days by gavage and LC (500 mg/kg) intraperitoneal injection, and LC treated
group: received LC in a dose of (500 mg/kg) for 30 days by intraperitoneal injection. Femur specimens were demineralized
using EDTA solution then stained for histological and immunohistochemical study. Histomorphometry and statistical analysis
were done to estimate the cortical thickness of femur diaphysis and the area percentage of collagen fibers in the previously
mentioned groups.

Results: Induced hyperthyroidism caused serological, histopathological, immunohistochemical, and morphometric alterations
in the cortical diaphysis of adult male albino rat femur. There was an increase in the serum level of T3, T4, ALP in the T4
treated group causing osteoporotic changes and a decrease in the cortical thickness of femoral diaphysis. Also, strong OPN
and iNOS immunoreactivity in the cytoplasm of osteocytes and osteoporotic cavities was observed. Co-administration of LC
protected against such changes.

Conclusion: The study highlights the improvement of the histological and immunohistochemical changes of rats femur caused
by L thyroxine after co-administration of LC.

Received: 16 July 2021, Accepted: 12 September 2021

Key Words: Adult rats; bone; l-carnitine; 1-thyroxine; osteopontin.

Corresponding Author: Marwa Tharwat Abd Elfattah, MD, Department of Anatomy and Embryology, Faculty of
Medicine, Zagazig University, Egypt, Tel.: +20 10 6837 0806, E-mail: mtfattah@medicine.zu.edu.eg

ISSN: 1110-0559, Vol. 46, No.1

INTRODUCTION functions (the latter was more observed) leads to high
bone turnover and bone loss and increases the incidence
of fracturel>*,

Bone is composed of extracellular components, formed
of mineralized connective tissue and cellular component

which contains 4 cell types: Osteoblasts, Osteocytes, Hyperthyroidism in children enhances skeletal
Osteoclasts, and bone lining cells. Bone is a highly active maturation, premature closure of growth plate, and
organ that is continuously resorbed by osteoclasts followed leads to short stature. But in adulthood both hypo and

by new bone formation by osteoblast. There is evidence that
osteocytes act as mechano-sensors in the bone remodeling
process.

hyperthyroidism lead to bone fragility (osteoporosis) and
increase the incidence of fracture?!,

Hyperthyroidism leads to decrease bone mineral density
(BMD), increase bone softening, and disturb mineral
metabolism (calcium and phosphorous) in the blood!® !,

Remodeling of bone is needed for fracture healing, an
adaptation of skeleton to mechanical use, and homeostasis
of calcium!l.

Thyroid hormone, represented by thyroxine (T4) and Thyroid hormone is responsible for bone remodeling

by tri-iodothyronine (T3), has anabolic actions in the by direct or indirect action on bone cells. TSH stimulates
bone tissue during skeletal development. Excess increase the development of thyroid follicles and releases thyroid
of thyroid hormone activates osteoblast and osteoclast hormone®!.
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TSH binds to TSH receptor (TSHR) on the osteoblast
and osteoclast precursors, leading to inhibition of bone
remodeling!!?.

An increase in TSH levels promotes bone metabolism.
The lower level of TSH is correlated with lower BMD and
increases fractures resulted from osteoporosis!'!2!,

Hyperthyroidism causes oxidative stress as a result of
an increase in the production of reactive oxygen species
(ROS) leading to cellular damage!'3!.

L-carnitine (LC) is a trimethylated amino acid that
has a necessary role in cell energy metabolism helping
the transport of long-chain fatty acids across the inner
mitochondrial membranel'*!*,

In addition, it has antioxidant and anti-inflammatory
effects on various pathophysiological conditions; it
improves immune function, nerve conduction, neuropathic
pain, and infertility!*.

LC is a peripheral antagonist of thyroid hormone
action. It inhibits the entry of thyroid hormone into the
nucleus in some tissues. Thyroid hormone stimulates
carnitine-dependent fatty acid oxidation and increases the
bioavailability of carnitine!'s,

The previous studies have not explored the histological
effect of LC on hyperthyroid-induced osteoporosis in
compact bones. We aimed in the current work to study
the protective role of LC on the hyperthyroid-induced
histological, immunohistochemical changes in the bones
of albino rats.

MATERIAL AND METHODS

Chemicals

1. L-thyroxine (T4): Eltroxin™ is the trade name
in the form of powder. It was obtained from the
Egyptian International Center for Import, the
Authorized distributor in Egypt for Sigma-Aldrich,
Nasr City, Cairo, Egypt.

2. L-carnitine (LC): It was taken from El Amirya
Company  for  pharmaceuticals  industries,
Alexandria, Egypt, in the form of ampules
(1gm/ 5ml).

3. EDTA: is a powder chelating agent used to
decalcify bone, and it can be made as a 10 %
solution with distilled water, pH 7.4. It was
obtained from El Gomhoria Medical Company,
Zagazig, Egypt.

Experimental animals

We carried up the study on thirty-two adults male Wistar
albino rats (3 months old) whose weight ranged from 180
to 230 gm. The animals were taken from the animal house,
Faculty of Medicine, Zagazig University. The animals
were raised under controlled laboratory conditions.
Animals were put in separate cages with ad libitum access
to food and water. The light/dark cycle (lights on at 7:00

a.m., off at 7:00 p.m.) and temperature (22° C) were kept
constant. According to the guidelines of the Institutional
Animal Care and the norms of the Ethical Committee of
Faculty of Medicine; Zagazig University (ZU-IACUC), all
procedures of the experiment were done. (IACUC approval
number is ZU-IACUC/3/F/78/2021)

Experimental design
Rats were classified into 4 groups (8 rats each):
Control group: rats had a normal diet and water.

T4 treated group: T4 powder dissolved in drinking
water in a dose of 2 pg/ml/day for 30 days by gavage as
described in previous studies!'®.

T4 and LC-treated group: Rats in this group were
given T4 powder dissolved in drinking water at a dose of
2 ug/ml/ day for 30 days by gavage!'® together with LC
(500 mg/kg) intraperitoneal injection!%!7],

LC treated group: Rats were given LC
(500 mg/kg) for 30 days by intraperitoneal injection as
described previously!®!7,

Thirty days later, rats were injected with sodium
thiopental intraperitoneally in a dose of 75 mg/kg
(IACUC 2013) as an anesthetic, and we instantly collected
the blood samples from the tail vein. Centrifugation was
done at 2000 rpm to separate the serum to measure levels
of T3, T4, TSH, and ALP.

Rats were dissected to obtain femur specimens
which were trimmed and decalcified in EDTA (7.0%)
in phosphate-buffered saline (PBS) (0.1M, pH7.4) for 2
months. By distilled water, specimens were washed and
dehydrated in alcohol (70, 95, 100%)18:1°1,

Biochemical analysis

The blood samples were used to estimate serum T3
(Triiodothyronine) and T4 (thyroxine) and Alkaline
phosphatase (ALP) as described in previous literature?%2!1,
These hormonal kits were obtained from Calbiotech INC
(CBI), USA.

Tissue preparation for histopathological and

immunohistochemical analyses
Light Microscope Techniques

After decalcification, the specimens were subsequently
processed by the routine paraffin embedment technique
at pathology departments, Cairo University. Histological
sections of Sum were stained by the hematoxylin-eosin
(H & E) according to the standard procedures of previous
studies™™ and Masson’s trichrome (MT) stain which is
used for differentiation of mineralized and non-mineralized
areas in the bone according to Aboulmagd and Kamel®
and Silva Brum™*, Stained slides were inspected by the
light microscopy (LeicalCC50W) at the unit of Image
Analysis in Anatomy and Embryology Department at
Zagazig University.
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Immunohistochemical analysis

Immuno-staining was done on paraffin blocks sections
that have 4 pm thicknesses to identify Osteopontin
(OPN) and Inducible nitric oxide synthetase (INOS)
immunoreactivity.

OPN is a glycoprotein that was first detected in
osteoblasts. It was involved in inflammation, cell adhesion
& remodeling!?*!,

For immunohistochemical staining with OPN, sections
were deparaffinized then rehydrated through xylene and
serial dilutions of ethyl alcohol to distilled water. Sections
were incubated in Antigen Retrieval Citra (BioGenex, San
Ramon, California, USA) at 95°C for 15 min. Sections
were washed in PBS at pH 7.4, and with 0.02% Triton
X-100 PBS twice for 3 min each. All incubations were put
at room temperature and humidity and washed with PBS
for 2minutes. To label sections with OPN, the specimens
were incubated for thirty minutes with levamisole (Vector
Laboratories; Burlingame, California, USA) then ethyl
alcohol and xylene were put to dehydrate the samples. Then
the samples were mounted using a permanent medium(°.,

For immunohistochemical staining with INOS, sections
deparaftinized and rehydrated then were permeabilized
with 0.1% Triton X-100 in PBS for 20 min. Nonspecific
Antibody absorption was reduced by incubating the section
in 2% preimmunized goat serum in PBS for 20 min.
Endogenous biotin- or avidin-binding sites were blocked
by sequential incubation for 15 min with avidin and biotin.
Then we put anti-iNOS polyclonal antibody (1:500 in PBS,
vol/vol) to the Sections and they were incubated overnight.
Then the sections were washed with PBS and left for
incubation at room temperature for two hours??’..

Image analysis and morphometric study

In the morphometric study, the cortical thickness of
femoral diaphysis and collagen fibers were evaluated
in the different sections. Image J software was used to
analyze 5 perceptive non-overlapping fields captured
from 5 rats/ group at 400x magnification. OPN and iNOS
immunostaining sections were used to analyze the cortical
thickness of femoral diaphysis. Masson's-stained slides
were examined to measure the collagen fibers area ratios in
the femoral diaphysis. All the previous data were collected
to be analyzed statistically.

Statistical analysis

Data were evaluated using IBM SPSS software version
19. Comparison between data of the study groups was done
by ANOVA followed by the least significant difference
test (LSD) for intergroup comparisons. A statistically
significant difference was considered when the p <0.05. A
highly significant difference was considered when P<0.01
respectively. ALL data showed parametric distribution.
Data were measured as mean and standard deviation (SD)
values.

RESULTS

Histological & morphometrical study
H&E stained sections

In the current work, hematoxylin and eosin-stained
sections from the femoral diaphysis of adult male albino
rats of the control group and LC group showed the same
normal histological architecture of compact bone with
osteocytes in their lacunae surrounding the haversian canal
(Figures 1lab). In the T4 treated group, extensive
osteoporotic cavities were observed, and the osteocytes
appeared in narrow small lacunae (Figure Ic). In the
T4+LC treated group, normal osteocytes in their lacunae
surrounding haversian canals were seen and some
osteoporotic cavities were recorded (Figure 1d).

These results were confirmed morphometrically
and statistically using ANOVA & LSD post hoc tests.
The cortical thickness mean values of femoral diaphysis
decreased significantly(P<0.001) in the T4 group as
compared to the control group. Otherwise, in the T4+LC
treated group there was an increase significantly (P<0.01)
in the cortical thickness mean values, as compared to
T4, treated group, these mean values showed significant
difference (P<0.05) from the control group as presented in
(Figure le).

MT stained sections

Examination of Masson trichrome-stained sections
of the femoral diaphysis of adult male rats of the control
group and LC group showed normal staining of the
collagen fibers in the bone lamellae (Figures 2a,b). A
marked decrease in staining of the collagen fibers was
observed in the T4 treated group (Figure 2c). In the T4+LC
treated group normal staining of the collagen fibers was
seen, but few areas with decreased staining were recorded
(Figure 2d).

The area percent (%) mean values of collagen fibers in
femoral diaphysis decreased significantly (P<0.001) in T4
treated group as compared to the control group. However,
in T4+LC treated group increased significantly (P < 0.001)
the area % mean values was reported in comparison to
T4 treated group, these mean values showed significant
difference (P < 0.05) from the control group as shown in
(Figure 2e).

Immunohistochemical study

OPN immunostained sections

OPN immunostaining was performed to evaluate the
increasing rate of bone remodeling.

Examination = of the  Immunohistochemically
stained sections for OPN revealed weak cytoplasmic
immunohistochemical reaction in osteocytes to OPN in the
femoral diaphysis of adult male rats of the control group
an LC group (Figures 3a,b). In the T4 treated group, a
strong immunoreaction to OPN was observed in osteocytes
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and the osteoporotic cavities (Figure 3c). While weak
immunoreaction in osteocytes was noticed in the T4+LC
treated group (Figure 3d).

These results were ascertained morphometrically and
statistically where The optical density mean values of
OPN immunoexpression in femoral diaphysis increased
significantly (P < 0.001) in T4 treated group as compared
to the control group. On contrary, in T4+LC treated group
OPN was comparable to its value in the control group
(P > 0.05), however, it showed a significant decrease in
comparison to T4 treated group (P < 0.001) (Figure 3e).

INOS immunostained sections
iNOS immunostaining was performed to evaluate.

Examination  of the  Immunohistochemically
stained sections for iINOS revealed weak cytoplasmic
immunohistochemical reaction in osteocytes/osteoblast to
iNOS in the femoral diaphysis of adult male rats of the
control group and LC group (Figure 4a,b). In the T4 treated
group, a strong reaction to INOS was observed in the
osteoporotic cavities (Figure 4c). While weak to moderate
reaction was noticed in T4+LC treated group (Figure 4d).

The optical of INOS
immunoexpression increased

values
diaphysis

density mean
in femoral

Cortical thickness (um)

HEREE

Group

Control Lc T4 T4+LC

significantly (P<0.001) in T4 treated group as compared
to the control group. These values decreased significantly
in T4+LC treated group (P<0.001), however, it was still
higher than the control group values (P<0.01) (Figure 4e).

Serological study

Statistical analysis, using ANOVA & LSD post hoc
tests, the mean values of T3, T4 serum levels increased
significantly (P <0.001) while TSH serum levels decreased
significantly (P<0.001) in both the T4 and T4+LC treated
groups as compared to control and LC groups. There was
insignificant (P>0.05)difference in the mean values of T3,
T4 &TSH serum levels between the T4 and T4+LC treated
group (Figures 5a,b,c).

The mean values of the ALP serum levels had a
significant increase in T4 treated group as compared to
the control and LC groups (P<.001). There was a very
highly significant decrease in the mean values of ALP
serum level in the T4+LC treated group as compared to
the T4 group(P<0.001), however, these values were still
significantly higher than the control group (P<0.001)
(Figure 5d).

Table I representsthehistological,immunohistochemical
and serological changes in all animal groups.

Fig. 1: a) Photomicrographs of H&E stained sections in Femoral diaphysis of the adult albino rat a) control group showing osteocytes in their lacunae (arrow)
surrounding the haversian canal (HC). b) LC group showing osteocytes in their lacunae (arrow) surrounding the haversian canal (HC). ¢) T4 treated group
showing extensive osteoporotic cavities (Asterix) and osteocytes in narrow small lacunae (arrow). d) T4+LC treated group showing normal osteocytes in
their lacunae (arrow) surrounding the haversian canal (HC) and small osteoporotic cavities (Asterix). Scale bar; 50 pm x400. e) Bar chart showing statistical
analysis, using ANOVA & LSD post hoc. tests, of the mean values of cortical thickness in different groups *: Comparison with control group *p <0.05,

**%p<0.001. #: Comparison with T4 treated group. ##p<0.01.
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Fig. 2: Photomicrographs of MT stained sections in the femoral diaphysis of the adult albino rat a) control group showing normal staining of the collagen
fibers in the bone lamellae (arrow). b) LC group showing normal staining of the collagen fibers in the bone lamellae (arrow).c) InT4 treated group, a marked
decrease in staining of the collagen fibers in the bone lamellae (crossed arrow). d) T4+LC treated group showing normal staining of the collagen fibers in the
bone lamellae (arrow) and areas with decreased staining (crossed arrow). Scale bar; 50 um x400 e) Bar chart showing statistical analysis, using ANOVA &
LSD post hoc tests, of the mean values of area percentage of collagen fibers in the femoral diaphysis of different groups *: Comparison to control group **p
<0.01, ***p<0.001. #: Comparison to T4 treated group. ##p<0.01.
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Fig. 3: OPN immunohistochemically stained sections in the femoral diaphysis of adult male albino rat a) control group showing normal weak immunoreaction
to OPN in osteocytes (arrow). b) LC group showing normal weak immunoreaction to OPN in osteocytes (arrow). ¢c) T4 treated group showing a strong
immunoreaction to OPN in osteocytes (arrow) & in the osteoporotic cavities (crossed arrow). d)T4+LC treated group showing weak immunoreaction to OPN
in osteocytes (arrow). Scale bar; 50 um x400 e) Bar chart showing statistical analysis, using ANOVA & LSD post hoc tests, of the optical density mean values
of OPN immunoreactivity in femoral diaphysis among different groups *: Comparison with the control group, *ns P>0.05, ***p<0.001. #: Comparison with
the T4 treated group, ##p<0.01.
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Fig. 4: iNOS immunohistochemically stained sections in the femoral diaphysis of adult male albino rat a) control group showing normal weak immunoreaction
to iNOS in osteocytes (arrow), note blood capillary (bc). b)LC group showing normal weak immunoreaction to iNOS in osteocytes (arrow), c¢) T4 treated
group showing a strong immunoreaction to iNOS in osteocytes (arrow) & in the osteoporotic cavities (crossed arrow). d) T4+LC treated group showing weak
immunoreaction to iNOS in osteocytes (arrow). Scale bar; 50 pm x400 e) Bar chart showing statistical analysis, using ANOVA & LSD post hoc tests, of

the optical density mean values of iNOS immunoreactivity in femoral diaphysis among different groups *: Comparison with the control group, *ns P>0.05,
**#p<(0.001. #: Comparison with the T4 treated group, ##p<0.01.
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Fig. 5: Bar chart of statistical analysis, using ANOVA & LSD post hoc tests, showing the mean values of: a) T3 serum levels among different groups. b) T4
serum levels ¢) TSH serum levels d) ALP serum levels *: Comparison with control group, ***p<0.001, **p<0.01. #: Comparison with the T4 treated group,
#ns P>0.05 ###p<0.001.

Table 1: statistical analysis, using Anova & LSD post hoc tests, of the mean values of T3, T4, TSH &ALP serum levels and cortical thickness
& area% of collagen fibers of femoral diaphysis in different groups

Control (mean+SD) LC (mean+SD) T4 (mean+SD) T4+LC (mean+SD) F P
T3(ng/ml) 132.42+3.38 133.73+4.05 198.67+7.44™" 194.40+6.01""ns 270.33 <0.001
T4(ug/ml) 7.63£0.79 7.64+1.10 21.78+1.917™ 22.78+1.38""ns 227.85 <0.001
TSH(uIU/ml) 1.68+0.52 1.97+0.45 0.34+0.105™" 0.37+0.08""/#ns 39.80 <0.001
ALP(U/L) 329.35+6.79 332.96+4.12 407.28+12.50"" 349.66+5.33"/# 127.32 <0.001
Cortical thickness(um) 464.78+14.05 465.54+16.86 409.04+23.49"" 440.43+£12.56"# 14.28 <0.001
Area % of collagen fibers 90.70+3.99 89.96 £3.45 64.91+£6.59™ 79.56+6.83" 29.45 <0.001
OD of Ostoepontin 0.13+0.02 0.12+0.01 0.19£0.03" 0.14£0.01 s 14.97 <0.001
OD of iNOS 0.14+0.01 0.13£0.01 0.28+0.02"" 0.16+0.017## 151.42 <0.001

* Comparison in relation to control & LC groups *ns P >0.05, *p <0.05, **p<0.01, ***p<0.001
#Comparison in relation to the treated group #ns P >0.05##p<0.01, ###p<0.001
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DISCUSSION

Thyroid hormones are the main regulators of bone
homeostasis. Hyperthyroidism accelerates the bone
turnover through the high thyroid hormone levels which
cause direct stimulation of bone cells®2#],

The present study showed that hyperthyroid
state affects bone matrix inducing histological and
immunohistochemical changes in the compact bones with
osteoporotic evidence.

Administration of L-carnitine improves histological
and immunohistochemical osteoporotic changes without
affecting the serum level of thyroid hormones.

To the best of our knowledge, this is the first
study exploring the histological, serological, and
immunohistochemical  effect of L-carnitine on
hyperthyroid-induced osteoporosis in compact bones.

In our study, examination of hematoxylin and
eosin-stained sections of the femoral diaphysis in the
T4 treated group revealed loss of the normal compact
bone architecture; extensive osteoporotic cavities, and
osteocytes in narrow small lacunae were observed. This is
in agreement with Tsourdi et al who recorded evidence of
bone remodeling and osteoporotic changes in hyperthyroid
mice®). Previous studies indicated that high thyroid
hormone level plays an important role in bone loss. It was
reported that excess thyroid hormone increases the number
and activity of osteoclasts with resultant bone loss and
increased fracture risk®-3%.

In the current work, osteocytes in narrow small lacunae
were observed in the H&E-stained sections of the T4
treated group. It was stated that the shape of the lacunae
can affect the function of osteocytes. Osteocytes make
modifications to their microenvironment to maintain bone
mineral balance. They enlarge their lacunae by removing
bone from the peri lacunar matrix. On the contrary, they can
also stimulate peri lacunar bone formation with resultant
reduction of the lacunar volume®". Therefore, we suggest
that osteocytes induced bone formation to balance the bone
loss induced by hyperthyroidism.

Also, a very highly statistically significant (P<0.001)
decrease in cortical thickness mean values of the T4 treated
group was recorded as compared to the control group.
This is in agreement with Kasem et al.*? who found that
osteoporosis caused a reduction in cortical thickness as
well as in the number of osteocytes.

In the T4+LC treated group obvious improvement of
the histological structure was observed; normal osteocytes
in their lacunae surrounding Haversian canals were seen.
These results are in agreement with Hooshmand er al.*?),
who stated that LC improves bone microstructure by
decreasing bone remodeling in osteoporotic ovariectomized
rats. L-Carnitine has been found to increase bone density
after thyroid hormone administration®**]. In addition,
L carnitine could stimulate osteoblast proliferation and
reduce bone loss in the elderly®¢37],

In the present study, a marked decrease in the area
percentage of collagen fibers in the T4 treated group was
reported.

Collagen is the most abundant constituent of the
extracellular bony matrix with collagen type I accounts
for 90% of the total collagen content. Collagen functions
mainly to provide mechanical support to bone cells acting
as a scaffold?!. It was stated that although T3 stimulates
bone matrix synthesis and collagen maturation it also,
especially in a hyperthyroid state stimulates osteoporosis
by upregulation of certain genes including collagenase with
a resultant breakdown of collagen fibers®™. bone collagen
breakdown was found to increase in thyrotoxicosist*’l.

In the T4+LC treated group normal deep staining of
the collagen fibers was seen in MT-stained sections, but
few areas with decreased staining were recorded. A highly
significant increase in the area percentage mean values
of collagen fibers was reported in comparison T4 group
(P<0.001), these mean values were significantly different
from that of the control group (P<0.01). It was recorded
that LC increased the proline (precursor of procollagen)
uptake by osteoblasts and upregulates collagen 1 gen in the
osteoblasts*e],

Immunohistochemical  study  revealed  strong
cytoplasmic immunoreaction to OPN in T4 treated group
in osteocytes and the osteoporotic cavities. A highly
significant increase in the optical density mean values of
OPN immunoexpressions was recorded in the T4 treated
group as compared to the control group (P<0.001).

OPN is one of the non-collagenous bone matrix
proteins that is secreted by bone cells mainly osteoblast.
It is produced also by bone progenitor cells and other
hematopoietic cells in the bone marrow. Excess expression
of OPN is regarded as a risk factor for osteoporosis.OPN
activates osteoclasts by stimulating osteoclast migration
and adhesion to bone matrix by a step-wise signal activation
through binding to membrane receptor integrin avp3 b4y,

OPN was found to stimulate osteoclastic resorption and
suppress osteoblastic bone formation in mice in response
to mechanical unloading?; it was considered to play a role
in postmenopausal osteoporotic bone loss*! it was found
to be essential for parathyroid hormone-induced bone
resorption*,

In T4+LC treated group weak OPN immunoreaction
in osteocytes was noticed, a decrease in the mean value
of OPN immunoexpression was reported that was highly
significantly different from T4 treated group (P<.001) and
non significantly different from that of the control group
(P>0.05) suggesting a great improvement.

In the present work, a strong cytoplasmic
immunohistochemical reaction in osteocytes and
osteoporotic cavities to iNOS was observed in the control
group. A highly statistically significant increase in The
mean values of iNOS immunoreaction was recorded in the
T4 group as compared to the control group(P<0.001).
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iNOS is a key enzyme for nitric oxide (NO) production,
and it has an important role in oxidative stress and
inflammation™, iNOS was reported to induce apoptosis of
osteoblast and suppress bone formation“®47,

T3 was found to increases the intracellular NOM®.
Hyperthyroidism could create an oxidative stress state
through increased production of reactive oxygen species
(ROS), without adequate balancing of antioxidants
levels*. This oxidative stress helps excessive apoptosis of
osteocytes with increased osteoclastogenesis?®’l.

Weak reaction to iNOS was observed in the T4+LC
treated group. The mean values of iNOS revealed a highly
significant increase in comparison to T4 treated group
(P<0.001), these mean values still have significantly
different from that of the control group (P<0.01). Terruzzi
et al reported that LC improved antioxidant activity of
mitochondria in human osteoblast-like cells and stimulated
bone formation®!,

Regarding serum thyroid hormones levels, our work
showed such a highly significant (P<0.001) increase in
T3&T4 and a highly significant (P<0.001) decrease in
TSH serum levels in T4 treated group as compared to the
control group; this is coinciding with the hyperthyroid state.
Similar statistical results were recorded regarding T4+LC
group mean values as compared to that of the control
group. also, There was a nonsignificant difference in the
mean values of T3, T4 &TSH serum levels between T4
and T4+LC treated groups (P>0.05). These results are in
agreement with Benvenga ef al. who observed no changes
in thyroid hormone levels in those clinically improved
patients after the addition of LCF?,

It was reported that LC does not affect thyroid hormone
serum level; it does not influence its synthesis!'®. LC
inhibits cellular internalization of T3 & T4, not their
receptor binding ability, and thus antagonizes the peripheral
action of thyroid hormones?*34. This idea is supported by
the ability of LC to inhibit both cell entry and nuclear entry
of thyroid hormones in human tissue culture>l.

A highly significant increase in ALP serum level was
observed in T4 treated as compared to the control group
(P<0.001). ALP serum levels are increased in patients with
hyperthyroidism, indicating enhanced bone remodeling
activity®®l. ALP is considered a marker of osteoporosist’.

The mean values of ALP serum level in the T4+LC
treated group showed a significant decrease (P<0.001)
that differed from T4 treated group and a significant
difference from the control group. This result goes with
the improvement recorded in histological structure and the
increase in bone thickness.

CONCLUSION

In the light of our results, we can conclude that LC
improves the histological, immunohistochemical, and
biochemical changes related to osteoporosis induced by
hyperthyroidism. These improvements were produced
without affecting the serum level of thyroid hormones.

ABBREVIATIONS

L thyroxine (T4), Triiodo thyroxine (T3), L Carnitine
(LC), hematoxylin and eosin (H&E), Masson’s trichrome
(MT), Alkaline phosphatase (ALP), Osteopontin (OPN),
inducible Nitric Oxide Synthase (iNOS), bone mineral
density (BMD), reactive oxygen species (ROS).
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