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ABSTRACT

The present research determined how the anticoagulant drug Heparin caused osteoporosis in rats and how
Taraxacum officinale and/or vitamins can prevent it (C, K). Fifty female Wester albino rats were used in the 30-
day study. They were placed into five groups. In the heparin-treated group, bone-specific alkaline phosphatase
(ALP), osteocalcin (CO), deoxypyridinoline (DPD), and tartrate-resistant acid phosphatase (TRAP) were
significantly increased in contrast to the control group. Taraxacum officinale and/or Vitamins (C, K) co-treatment
of rats receiving heparin significantly reversed the declines in the examined parameters and the histomorphologic
bone tissue images. In conclusion, the data showed that Taraxacum officinale and /or Vitamins (C, K) could
protect the bone tissues from the damaging impact of heparin, which was more pronounced in rats treated with
the combination of the two agents Taraxacum officinale and Vitamins (C, K). The current study may support the
utilization of this combination as a promising therapy to alleviate the adverse of the anticoagulant heparin.
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INTRODUCTION

Bone is made up of four different types of cells: Osteocytes, osteoblasts, bone lining cells, and osteoclasts [1].
Quiescent, revitalizing, resorption, creation, and mineralization are the five stages of bone’s remodeling [2]. Bone
matrix products are produced by osteoblasts as their main function (collagen types | and V, proteoglycans
sialoprotein and osteopontin) [3] and osteoclasts are enormous cells that arise from hematopoietic stem cells in
bone marrow in response to the number of stimuli, including macrophage colony-stimulating factor (M-CSF) [4]
which osteocytes and osteoblasts both release, as well as receptor activator of nuclear factor kappa-B (RANK)
ligand [5]. M-CSF stimulates proliferation and inhibits apoptosis via attaching to the osteoclast's tor receptor.
RANKL is a significant element that binds to its receptor RANK and promotes osteoclastogenesis in osteoclast
precursors [6]. By binding to RANKL and blocking the RANK/RANKL interaction, osteoprotegerin (OPG), a
substance made by osteoblasts, inhibits osteoclastogenesis [7]. Consequently, the RANKL/RANK/OPG system
is a crucial osteoclastogenesis regulator [4].

Numerous medications can impact bone metabolism. Heparin, warfarin, cyclosporine, and glucocorticoids are a
few examples, the anticoagulant drug heparin is currently the most widely used worldwide [8]. Anticoagulants
are widely used to treat thromboembolic cases and to prevent stroke. Some of the information on their effects on
bone health is scarce, but in the case of others (heparins), it is strong enough to advise caution while using them
in those who are at risk of osteoporosis. Osteoprotegerin (OPG), a RANKL decoy receptor released by osteoblasts,
inhibits osteoclast production and activation, which are both triggered by the receptor activator of NFkappaB
ligand (RANKL) on osteoblasts [9].
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Taraxacum officinale is a plant in the Asteraceae Compositae family [7]. Indeed, It includes a wide range of
phytochemicals, whose biological effects are being researched in several fields related to human health. Numerous
biological effects are produced by Taraxacum officinale and its components, which contain antioxidant and anti-
inflammatory characteristics [10]. To prevent osteoporosis and lower the risk of fractures, non-pharmacological
management is also important for optimal osteoporosis treatment, even though pharmaceutical treatment is the
most popular. The herb Taraxacum officinale is high in minerals such as iron, magnesium, sodium, calcium,
silicon, copper, phosphorus, and zinc as well as vitamins (A, C, D, E, and B), inositol, and lecithin [11], which
also contain inulin and fructooligosaccharides, can increase calcium absorption, limit bone resorption later in life,
and suppress bone loss during growth [12].

Vitamin C (VC) has a significant impact on the skeletal system; its potential effects on gene transcription,
deoxyribonucleic acid (DNA), and osteoblast maturation range from suppressing osteoclast activity and
encouraging osteoblast maturation by enhancing collagen type | production, and histone methylation. Along with
treating the condition, effective osteoporosis prevention is crucial to halting the disease's progression and reducing
related fractures. However, according to some data, vitamin C may help prevent osteoporosis and fractures [13].
VC is an important cofactor for lysine and proline hydroxylation, which are required for collagen fibril cross-
linking in bone. Increases the activation of alkaline phosphatase, which is an indicator of osteoblast formation
[14]. Is implicated in osteoblastogenesis through PPAR-g expression and osteoclastogenesis through RANKL
expression [15].

Vitamin K (liposoluble vitamin) contains a variety of bone-specific modes of action [16]. Gamma-
carboxyglutamic acid is formed when the enzyme gamma-glutamyl carboxylase carboxylates glutamic acid (Glu)
residues in vitamin K-dependent proteins (Gla). Matrix G1a protein, periostin, and osteocalcin are examples of
vitamin K-dependent proteins found in bone (or bone Gla protein). During the mineralization phase of bone,
osteoblasts produce osteocalcin, which binds to calcium ions and hydroxyapatite crystals to govern their size and
structure [17]. Vitamin K is crucial for bone health through methods other than gamma-carboxylation. In addition
to inhibiting bone production, it can control the transcription of osteoblastic markers' genes [18].

The goal of the current study was to determine whether a natural plant called Taraxacum officinale, which is
available in the Kingdom of Saudi Arabia, could prevent osteoporosis and its complications, such as oxidative
stress, inflammation, and apoptosis, in female rats being treated with heparin. Vitamins C and K were also
compared to the potential prophylactic effects of this plant.

MATERIALS AND METHODS

Chemicals

Heparinol, heparin sodium 5,000 I.U./ml injectable or infusion solution concentrate, Ain Medicare Sdn Bhd,
Malaysia, Vitamin C (ascorbic acid), manufactured for Doctor’s Best, Inc. Tustin, California,92780 USA, Vitamin
K (phytonadione) tablets, 500 mcg by Source Naturals and Taraxacum officinale plant collected in spring from
southern Saudi Arabia were used in this study. Kits from MyBioSource were obtained to quantitatively determine
various characteristics (San Diego, United States).

Animals and treatment
In this study, fifty adult female albino rats (180-200gm) were used, from the Faculty of Pharmacy at King
Abdulaziz University. Animals were housed under controlled conditions (18-230C, humidity 40-60%, and the
usual cycle were 14 hours of light and 10 hours of darkness). Making sure there were no lights on and that neither
scientists nor technicians visit the mouse room while it is dark). Diet: The fat content ranges between 4% and
11%. Water: Water should always be available. Rat handling was done following the expectations of the pharmacy
faculty at King Abdulaziz University. Seven days were given to the animals to acclimate. The creatures were split
into five groups of ten rats apiece:

Group I: Normal rats that will be treated orally with D.W. only for 30 days.

Group I1: Rats will be treated by subcutaneous injection of unfractionated heparin (0.001 mg/ kg) 30-day period

[19].

Group I11: Rats will be co-administered orally with Taraxacum officinale water extract dose (2.4 mg/ kg) along

with heparin injection for 30 days [20].

Group 1V: Rats will be co-administered orally with vitamin K (50 mg/kg) [21] and vitamin C (200 mg/ kg) [22]

with heparin injection for 30 days.

109



Alfaifi et al. Int. J. Pharm. Res. Allied Sci., 2023, 12(2): 98-119

Group V: For 30 days, rats will also get heparin and the oral mixture of Taraxacum officinale, vitamins C and
K.

Extraction of Taraxacum officinale leaves, collected fresh leaves of Taraxacum officinale were, frozen for ten
hours at -80 °C, then moved to a lyophilizer (vacuum, freeze at -65 °C), where they were dried completely for
two days. A plastic bag was used to crush the dried plant, which was then pulverized, sieved, and weighed. High-
performance liquid chromatography (HPLC) was used to separate the weight of 6.37 g of the powdered dry plant
from 150 ml of methanol, 150 ml of methanol, 150 ml of methanol, stopped, shacked for 5 minutes, and then
filtered over a 0.45 Nylon membrane while under vacuum. The solvent was eliminated using a rotary evaporator
at 35 °C, and the clear filtrate was then transferred to another clean, dry, 250 ml round flask. The residue that was
collected weighed 0.728 g and was stored at -20 °C until use.

% Yield = (0.728 / 6.37) x100 = 11.43%, g/g% [20].

Biochemical analysis

Serum analysis
Serum bone formation markers bone-specific alkaline phosphatase (ALP), osteocalcin (OC), and bone resorption
markers deoxypyridinoline (DPD) and tartrate-resistant phosphatase (TRAP) using an automated analyzer, were
assessed as biomarkers of bone osteoporosis damage.

Histopathological studies

The histopathological changes of bone in different experimental heparin groups were examined using bone
tissues. Samples of bone tissue were taken, and they were fixed in 4% formaldehyde for 24 hours. They were then
gradually dehydrated in ethyl alcohol, cleaned in xylene, and set in paraffin. For staining, paraffin blocks were
mounted on glass slides after being sliced with a microtone at 4-5 micrometers. Hematoxylin and eosin were used
to stain the sections (H&E) [23].

Statistical analysis

To statistically assess the data, the results for the various experimental groups were compared to the values of the
individual normal groups. The outcomes are presented as mean + SD. Significant differences between groups
were investigated using one-way analysis of variance (ONE-WAY ANOVA) and post-Hoc least significant
difference (LSD). For an analysis of variance (ANOVA), 0.05 was the threshold for significance. Version 23 of
the statistical package for the social sciences (SPSS) was used to conduct the statistical analysis.

RESULTS AND DISCUSSION

Effect of Taraxacum officinale and vitamins (C, K) on bone formation indices in heparin-treated female rats
Table 1 and Figures 1 and 2 respectively, show the serum levels of bone on osteoporosis parameters, Bone-
specific alkaline phosphatase (ALP), and Osteocalcin (OC). The impact of the combination of Taraxacum
officinale, Vitamin C, and K with heparin-treated rats was the most potential prophylactic impact on the levels in
relation to the treatment with each agent lonely.

As compared to the normal group (G1) after 30 days. A very highly significant decrease was found in serum levels
of ALP (u/l), while a very highly significant increase in OC (ng/ml) in G2 (P<0.001). Non-Significant decrease
ALP (u/l)), a highly significant decrease of OC (ng/ml) ((P<0.01) in G3. A very highly significant decrease was
found in serum levels of ALP (u/l), but a very highly significant increase in G4 (P<0.001). Was found a non-
significant increase in serum levels of ALP (u/l), but a non-significant decrease of OC (ng/ml) in G5.

When compared to heparin treated group (G2) in 30 days, A very highly significant increase was found in serum
levels of ALP (u/l), but a very highly significant decrease of OC (ng/ml) (P<0.001) in G 3,4,5 (P<0.001).
When comparing the group co-administered heparin and orally with Taraxacum officinale water extract (G3) for
30 days. A very highly significant increase was found in serum levels of ALP (u/l), but a very highly significant
decrease of OC (ng/ml) (P<0.001) in G 4. Was found non- a significant decrease in serum levels of ALP (u/l),
and a significant increase of OC (ng/ml) (P<0.05) in G5.

When compared to the combination group (G5) co-administered heparin and orally with Taraxacum officinale
water extract and vitamin C and K for 30 days, A very highly significant decrease was found in serum levels of
ALP (u/l), but a very highly significant increase in serum levels of OC (ng/ml) (P<0.001) in G4.
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Effect of Taraxacum officinale and vitamins (C, K) on bone resorption indices in heparin-treated female rats
Table 2 and Figures 3 and 4 respectively, show the serum levels of bone on osteoporosis parameters
deoxypyridinoline (DPD), and tartrate-resistant acid phosphatase (TRAP). The impact of the combination of
Taraxacum officinale, vitamin C, and K with heparin-treated rats was the most potential prophylactic impact on
the levels in relation to the treatment with each agent lonely.

As compared to the normal group (G1) after 30 days. A very highly significant decrease was found in serum levels
of DPD (nM) and TRAP (ng/ml) in G2 (P<0.001). Significant decrease of DPD (nM) (P<0.05), while a non-
significant decrease of TRAP (ng/ml) in G3. A very highly significant decrease was found in serum levels of DPD
(nM) and TRAP (ng/ml) in G4 (P<0.001). Was found a non-significant increase in serum levels of DPD (nM) and
TRAP (ng/ml) in G5.

When compared to heparin treated group (G2) in 30 days, A very highly significant increase was found in serum
levels of DPD (nM) and TRAP (ng/ml) in G 3,4,5 (P<0.001).

When comparing the group co-administered heparin and orally with Taraxacum officinale water extract (G3) for
30 days A very highly significant increase was found in serum level of DPD (nM) and TRAP (ng/ml) (P<0.001)
in G4. Significant decrease of DPD (nM) (P<0.05), while a non-significant decrease of TRAP (ng/ml) in G5.
When compared to the combination group (G5) co-administered heparin and orally with Taraxacum officinale
water extract and vitamin C and K for 30 days, A very highly significant decrease was found in serum levels of
DPD (nM) and TRAP (ng/ml) (P<0.001) in G4.

Histopathological examination of bone tissue

In Figure 5, a light microscopic examination of hematoxylin and eosin (H&E) stained sections of rat bone in the
control group showed the normal histological structure of bone with normal osteocytes. The bone cells most found
in the bone tissue generally have protoplasmic projections and lacunae or small chambers. Cancellous bone
Provides structural support and flexibility without the weight of compact bone. The medullary cavity is the hollow
part of the bone that contains bone marrow and is made up of small, needle-like pieces of bone arranged like a
honeycomb. In the group, negative control showed normal cancellous bone and normal spaces of medullary a.
Showed loss of cancellous bone, enlargement of the medullary spaces, and cortical porosity in bone sections of
rats treated with heparin showed disfiguration of bone architecture, which was evident b. Bone sections of rats
treated with heparin in concurrent with either dandelion extract only showed moderate loss of cancellous bone,
enlargement of the medullary spaces, and cortical porosity c. As well as in bone sections of rats treated with
vitamin (C, K) simultaneously with heparin, showed slight, of the medullary spaces, and cortical porosity d. Bone
sections of rats treated with heparin simultaneously with dandelion extract and vitamins (C, K) showed normal
cancellous bone and normal spaces of the medullary e.

Table 1. Effect of Taraxacum officinale and vitamins (C, K) on bone formation indices in heparin-treated

female rats
Parameters
Groups ALP Change percentage oC percentage

Gl 52.8049.94 12.13+2.45

a*** 0 a*** 0
G2 144.25+16.50 173% 45.75+4.86 217%

b*** a** b***

-R9, ! - 0,
c3 49.70+8.56 6% 8.36+1.49 31%
a*** b*** C*** a*** b*** C***

) ) 0 ; ) o

G4 78.70+10.36 49% 17.20+1.80 42%
b*** d*** b*** C* d***
) . ,C%, ro

Go 49.5046.02 6% 11.38+2.27 6%

i

Values are expressed as mean +SD of 10 rats. “P <0.001,*"P<0.01, compared with the control group(G1). P<0.001, compared with
the heparin-treated group(G2). “"P<0.001, ©P<0.05compared with the heparin+ taraxacum (G3). “**P<0.001, compared with the
heparin+ Vit (C, K) (G4).

Table 2. Effect of Taraxacum and vitamins (C, K) on bone resorption indices in heparin-treated female rats
Parameters

Groups DPD Change percentage TRAP percentage

Gl 23.46+5.27 4.02+0.86
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ax** P
0 0,
G2 85.13+7.51 2.63% 11.69+1.99 1.90%
, ) :
G3 27.88+6.25 0.19% 4.19+0.78 0.04%
- Takaiall o Mbakal vialadl P s
! ! 0, ] y 0
e 37.9045.17 0.61% 8.33+165 L07%
c*, — , —
5 21.81+3.98 0.07% 3.31+0.75 0.18%

Values are expressed as mean +SD of 10 rats. a***P <0.001, a*P<0.05, compared with the control group (G1)
b***P<0.001, compared with the heparin-treated group (G2). ¢***P<0.001, c*P<0.05compared with the heparin+ Taraxacum officinale
(G3).d***P<0.001, compared with the heparin+ Vit (C, K) (G4).
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Figure 1. Effect of serum bone-specific alkaline phosphatase activity (ALP) after 30 days. Mean+SD:
stander diffusion. G1 (normal group), G2 (Unfractionated heparin), G3 (Unfractionated heparin + Taraxacum
officinale water extract), G4 (Unfractionated heparin + Vitamin C + Vitamin K), and G5 (Unfractionated
heparin + Taraxacum officinale water extract + Vitamin C + Vitamin K). ?P<0.001 very highly significant
decrease when compared with G2 and G4. °P <0.001 very highly significant increase when compared with
G2. °P <0.001very highly significant increase when compared with G4. 9P <0.001 very highly significant
decrease when compared with G5.
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Figure 2. Effect of serum osteocalcin (OC) after 30 days. MeanSD: stander diffusion. G1 (normal group),
G2 (Unfractionated heparin), G3 (Unfractionated heparin + Taraxacum officinale water extract), G4
(Unfractionated heparin + Vitamin C + Vitamin K), and G5 (Unfractionated heparin + Taraxacum officinale
water extract + Vitamin C + Vitamin K). #P<0.001 very highly significant increase when compared with G2
and G4, 2P<0.01 highly significant decrease when compared with G3. P <0.001 very highly significant
decrease when compared with G2. °P <0.001very highly significant decrease when compared with G4,
°P<0.05 significant increase when compared with G5. 9P <0.001 very highly significant increase when
compared with G5.

112



Alfaifi et al. Int. J. Pharm. Res. Allied Sci., 2023, 12(2): 98-119

100 a“.
é 20 [
e €0 .l: g
5 70
H 60 a“l*’b‘l‘
ég 50 e c‘l‘*
E 0 a*’b‘l'* b".*’c.
s d“‘
i 33
oo
< 2 94
é 10 ::
@ o 22
(= (& =3 G4 (&
Groups

Figure 3. Effect of serum deoxypyridinoline (DPD) levels after 30 days. Mean+SD: stander deviation. G1
(normal group), G2 (Unfractionated heparin), G3 (Unfractionated heparin + Taraxacum officinale water
extract), G4 (Unfractionated heparin + Vitamin C + Vitamin K), and G5 (Unfractionated heparin +
Taraxacum officinale water extract + Vitamin C + Vitamin K). P<0.001 very highly significant decrease
when compared with G2 and G4, ?P<0.05 significant decrease when compared with G3. °P <0.001 very
highly significant increase when compared with G2. °P <0.001very highly significant increase when
compared with G4, °P<0.05 significant decrease when compared with G5. 9P <0.001 very highly significant
decrease when compared with G5.
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Figure 4. Effect of serum tartrate-resistant acid phosphatase activity (TRAP) after 30 days. MeanSD:
stander deviation. G1 (normal group), G2 (Unfractionated heparin), G3 (Unfractionated heparin +
Taraxacum officinale water extract), G4 (Unfractionated heparin + Vitamin C+ Vitamin K), and G5
(Unfractionated heparin + Taraxacum officinale water extract + Vitamin C + Vitamin K). aP<0.001 very
highly significant decrease when compared with G2 and G4. bP <0.001 very highly significant increase when
compared with G2. cP <0.001very highly significant decrease when compared with G4. dP <0.001 very
highly significant increase when compared with G5.
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Figure 5. Light micrograph of rat bone sections in different control and heparin-treated groups. (a) Section of
normal rat bone section. showing the general appearance of normal cancellous bone or trabecular and normal
spaces of the medullary. (b) Section of rat bone section treated with heparin or positive control showed
marker loss of cancellous bone, enlargement of the medullary spaces, and cortical porosity. (c) Section of rat
bone section treated with heparin and administered orally with Taraxacum officinale water extract showed
moderate loss of cancellous bone, enlargement of the medullary spaces, and cortical porosity. (d) Section of
rat bone section treated with heparin and administered orally with vitamins C, and K. showed slight, of the
medullary spaces, and cortical porosity. (e) Section of rat bone section was treated with heparin and
administered orally with vitamins C, and K and administered orally with Taraxacum officinale water extract
showed normal cancellous bone and normal spaces of the medullary (H&EX400).

Heparin is extensively used in the diagnosis, therapy, and prevention of thrombosis and embolism. Up to one-
third of all patients getting long-term treatment, including bone mass loss and secondary osteoporosis, are thought
to have osteoporosis, which is recognized as a significant side effect. A medicine may cause certain unpleasant
consequences in addition to its necessary ones [24]. The use of unfractionated heparin (UFH) or low-molecular-
weight heparin (LMWH) for an extended period causes bone loss and osteoporosis [25]. Clinical research and
animal studies have demonstrated that long-term heparin use results in osteoporosis and bone loss, and a high
cumulative heparin dosage has been associated with the progression of bone loss [26]. Heparin binds specifically
to OPG and prevents it from interacting with RANKL on the osteoblastic membrane, hence promoting RANK-
RANKL interaction and the activation of osteoclasts. Heparin-induced thrombocytopenia is frequently brought
on by platelet-activating immunoglobulin G (IgG) antibodies (Abs) against platelet factor 4 (PF4) complexed with
heparin (HIT) [27].

In clinical situations where preventing osteoporosis is more advantageous than treating it generally—which is the
case generally—because preventing bone loss is easier than restoring lost density—qgreat interest in folk medicine
has recently been noted. As a result, it is urgent to find effective prophylactic agents to mitigate heparin-induced
bone loss and osteoporosis. Without early diagnosis and treatment for osteoporosis, it may cause problems and
raise the risk of fractures.

The goal of this study was to look into the potential prophylactic effects of Taraxacum officinale and vitamins C
and K against the molecular components involved in, osteoporosis and its consequences, such as oxidative stress,
inflammation, apoptosis, and fibrosis, in female rats treated with Heparin. The effects of Taraxacum officinale
and both vitamins on histomorphological changes in rat bone intoxicated with heparin were also studied.
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An increase in osteoclast activity and enhanced bone resorption capacity are the two main contributors to
excessive bone disintegration [28]. Both a pathogenic role in osteoporosis, which is characterized by osteoclastic
bone resorption, and an important physiological role for bone remodeling are played by osteoclasts [29].

A particular marker of bone resorption called DPD is produced in the blood during bone turnover as a result of
collagen breakdown [30]. Previous research found that heparin was harmful to trabecular bone microstructures,
which were higher in heparin-treated rats [31]. In the current study, serum DPD levels were found to be
considerably higher. These results were supported by the fact that ovariectomized (OVX) rats with low
testosterone levels had considerably greater DPD serum levels [32].

Osteoclasts that break down bone, inflammatory macrophages, and dendritic cells all have high levels of the
enzyme tartrate-resistant acid phosphatase (TRAP). The blood contains the proteins TRAP 5a, which is derived
from dendritic cells and macrophages, and TRAP 5b, which is derived from osteoclasts [33]. Osteoclasts are cells
that are positive for the enzyme tartrate-resistant acid phosphatase (TRAP) and have more than three nuclei [34].
Osteocytes and osteoblasts both influence osteoclast formation, and it is now thought that osteocytes are crucial
for osteoclast differentiation in vivo [35]. However, because osteocyte activity was challenging to investigate in
the past, osteoblasts rather than osteocytes received a lot of attention when it came to osteoclast differentiation.
Heparin's impact on the production of osteoclasts by osteoblasts is a finding that is comparable to our pit formation
assay results, they found that heparin may boost the osteoclasts' capacity to resorb bone. They concluded that
heparin medication promotes osteoblast-induced osteoclastic activity but not osteoclastogenesis as it had no
impact on TRAP activity during their experiment. Heparin, on the other hand, was shown to increase the number
of osteoclasts that were created, according to a different study. This finding suggests that heparin may encourage
osteocyte-induced osteoclast development [34].

There are currently several biomarkers that can be used to accurately and sensitively measure the pace of bone
growth. For instance, bone formation biomarkers like osteocalcin (OC) and bone-specific alkaline phosphatase
(ALP) help provide an early assessment of osteoporosis when DXA BMD measurement is insufficient to make
the diagnosis [36]. ALP activity is measured as an indicator of bone formation. An earlier study looked at the
effect of heparin on alkaline phosphatase levels. Serum ALP levels in heparin-treated patients fell over time and
continued to fall after treatment was stopped [37]. A time- and dose-dependent reduction in trabecular bone
volume was also discovered by the histomorphometric study after UFH treatment. Heparin-treated rats also had
lower serum alkaline phosphatase levels and higher urinary pyridinoline levels (PYD) [38].

The 49-amino acid protein known as osteocalcin is also referred to as a bone gamma-carboxy glutamic acid-
containing protein. OC is produced by hypertrophic chondrocytes, osteoblasts, and odontoblasts as they mature.
Additionally, OC makes up the majority of non-collagenous proteins in bone and makes up about 2% of all the
proteins in the human body. It is made by osteoblasts and is essential for metabolic regulation, homeostasis of
calcium ions, and bone mineralization [39]. The rise in BMD during therapy with medicines that promote bone
formation for osteoporosis is closely associated with the level of serum OC that was observed. For the assessment
of the pace of bone production in osteoporosis. The biomarker serum OC has been identified as a specific indicator
of osteoblast activity. Osteocalcin has been shown in numerous studies to be a crucial biomarker to examine the
effectiveness of the medicine on bone growth. Serum OC, a biomarker of bone remodeling, may be useful in
determining the degree of osteoporosis and forecasting the risk of fracture in the elderly, particularly in women
[40].

Serum OC concentrations were found to be lower in heparin-treated rats in the studies. According to these studies,
heparin severely affects bone growth. Thus, these results imply that heparin can increase osteoblast activity and
that heparin's suppressive effect on the osteoblast's capacity to create bone is a significant contributing factor to
bone fractures [41].

Overall, VC affects how bone matrix genes are expressed in osteoblasts, which in turn affects how much trabecular
bone is produced. Recent research on the molecular mechanism of VVC activities, as well as its direct impacts on
target gene transcriptional regulation by modifying the activity of transcription factors and by epigenetically
changing significant genes involved in skeletal development and maintenance, is described. Understanding the
processes governing the uptake and metabolism of VVC as well as the precise molecular pathways for VVC activities
in bone cells would allow for the creation of new therapeutic strategies or the modification of currently used ones
to treat osteoporotic fractures [42].

Numerous studies have shown that the addition of VVC to cultured osteoblast-like cells causes the early deposition
of collagenous extracellular matrix and the activation of certain genes connected to the osteoblast phenotype, such
as ALP, then, genes linked to the osteoblast phenotype, including alkaline phosphatase ALP, are activated [43].
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The second prior study, VC, offers advantageous, significant, and potent antioxidants that have been used to treat
a variety of ailments. These antioxidants promote decreased ALP activation and accelerate bone resorption caused
by osteoclasts. The results of this investigation support the notion that systemic injection of VC can reduce
osteoclast activation and inflammatory bone resorption, pointing to a potential new tactic for stopping periodontal
bone loss and reducing osteoclast activation. In the groups treated with antioxidants, VC consumption
dramatically lowered ALP levels. The results of this investigation demonstrate that VVC therapy greatly reduces
local alveolar bone resorption [44].

The multipurpose VK has drawn attention to its effectiveness in accelerating bone turnover. By encouraging
osteoblast development and raising the amount of several bone formation indicators, such as alkaline phosphatase,
VK encourages bone formation. Additionally, VK inhibits osteoblast apoptosis and decreases osteoclast
development as part of its anticatabolic effects to stop bone resorption [45].

The research indicates that the administration of VK to osteoblasts can raise the levels of OC and alkaline
phosphatase activity in the cell media [46]. Alkaline phosphatase activity is inversely correlated with the
production of the organic matrix and mineral component of bone, as well as the deposition of OC and
hydroxyapatite in bone [17].

OC, a VK-dependent protein, is believed to have a significant impact on bone metabolism. OC is a VK-dependent
protein that is virtually exclusively produced by osteoblasts in bone. Although its molecular function is unknown,
the circulating antigen is frequently used as a marker for osteoblast activity [47].

Our findings imply that VK supplementation may lower bone turnover. The effects of VK are typically associated
with decreased bone resorption and decreased presence of indicators. In line with earlier research, the
effectiveness of VK therapy in OVX mice was confirmed by analyzing the bone resorption marker serum TRAP.
In OV X-untreated mice, a substantial increase in serum TRAP activity was seen. However, between the OVX
VK-treated animals and the similar controls, there was no statistically significant difference in serum TRAP
activity. These results imply that supplementing VK may decrease bone turnover in OV X mice, but the underlying
molecular mechanisms are still unknown [48].

Our findings support earlier research that found VC therapy significantly reduced TRAP levels. So, in line with
earlier findings, VC lower levels of osteoclast-specific gene expression. Additionally, when compared to the
negative control group, TRAP, RANK, and RANKL increased the number of osteoblasts and the osteoblast
surface per bone surface while decreasing the number of osteoclasts and the osteoclast surface per bone surface
[40]. A higher number of osteoclasts were also seen in the rat bones treated with OV X, which is consistent with
past observations [36].

CONCLUSION

According to the current study, heparin therapy has the potential to cause osteoporosis. The combination of
Taraxacum officinale and vitamins C, and K/or Taraxacum officinale and vitamin C, resulted in prophylactic
protection of bone tissue from the potential effect of heparin, This became more noticeable in rats given the three
drugs. The new study may offer a preventive method for drug-related osteoporosis that can be regarded as
an enhanced and preventive treatment for the general populace, potentially reducing the expense of treating bone
ilinesses associated with osteoporosis.
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