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Abstract

Zoledronic acid is a long-acting compound of bisphosphonate class, and
it has many health and medical benefits, among which are its effects in
treatment of bone disorders and accordingly decrease the incidence of
osteoporosis. Besides, vitamin D is recognized as one of the fat-soluble
vitamins that affect the absorption of major minerals in the digestive
system. The aim of this study was to verify the influence of vitamin D on
the biochemical effect of zoledronic acid. To achieve the aim of the study,
the experiment was conducted on ninety-six male Wistar rats that were
divided into the following groups; control group, vitamin D treated groups
and zoledronic acid treated groups. The results of the study found that,
taking high doses of vitamin D before treatment with zoledronic acid results
in significant changes (P < 0.05) in the levels of calcium, magnesium and
phosphorus, as well as levels of thyroid hormone, cortisol and levels of
immunoglobulin E in the blood. Which means that treatment with zoledronic
acid in high levels of vitamin D promote worsening of such biochemical
parameters.
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Introduction

Vitamin D is a lipid soluble vitamin, which is a
derivative of steroid compounds, so it has the
ability to significantly influence the absorption of
magnesium, phosphates, calcium and zinc into the
digestive system." It should be noted that there are

two different types of vitamin D, namely vitamin D3
(cholecalciferol) and vitamin D2 (ergocalciferol).?

Regardless of the primary source of vitamin D from
fish, cod liver oil, mushrooms, liver and eggs. The
primary form of vitamin is inactive and must be
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converted to the other to obtain the primary function
from it. Once this vitamin enters the bloodstream,
it will be cleaned through the liver or storage tissue
within a short period of time, not to exceed a few
hours.?

The vitamin D activation process includes the
addition of hydroxyl groups, and the first hydroxyl
group is carried out in the liver and vitamin D is
metabolized to 25 (OH) D with the help of an enzyme
known as cytochrome P450. Next, 25 (OH) D binds
to a special protein known as vitamin D binding
protein (DBP), which passes into the bloodstream.
But 25 (OH) D-DBP complex is excreted in the
urine, and at the same time it is reabsorbed into
the kidneys and later transformed into its active
form 1,25-dihydroxyvitamin (OH) 2D with the help
of an enzyme known as 25-hydroxyvitamin D-10-
hydroxylase enzyme.*

On the other hand, the levels of calcium in the
bloodstream are maintained through calcitriol,
and this is done by raising the levels of calcium to
the normal rate gradually through three different
mechanisms. In the first process, it does not require
parathyroid hormone (PTH), but it depends on the
role of calcitriol, which stimulates calcium absorption
in the intestine.® As for the second process, calcitriol
plays the main role in the mobilization of calcium from
the bones, and this process requires the presence
of PTH. With regard to the third and final process,
calcitriol and PTH work to reabsorb calcium in the
distal renal tubes, which in turn works to maintain
the level of calcium in case of need for calcium.?

In this context, Vitamin D toxicity has various
symptoms such as loss of appetite, weight loss,
polyuria, and arrhythmia. Besides the possibility of
raising calcium levels in the bloodstream, which will
calcify the blood vessels and tissues. In addition to
damage to the blood vessels, heart, and kidneys.®
Many medical studies have proven that zoledronic
acid is one of the most powerful bisphosphonates,
which exists in a dose of 4-5 mg; its benefit is in
preventing skeletal fractures, especially for patients
with prostate cancer and multiple myeloma. In
addition, it is used in the treatment of osteoporosis,
as well as in the treatment of hypercalcemia of
malignancy, and bone metastases.”

957

Therefore it must be clarified that zoledronic acid is
nitrogen compound and classified as third generation
of bisphosphonates, and the mechanism of its action
lies in the inhibition of farnesyl pyrophosphate
synthase (FPPS), which is an enzyme that works
in a major regulatory way in the mevalonic acid
pathway. This will prevent prenylation of guanosine
triphosphate binding proteins, whose action is crucial
because it will regulate the work of cellular activities
of osteoclast cells, in particular, which will result in
the programmed death of osteoclast cells.?

The aim of this study is to evaluate the influence of
vitamin D on the biochemical effect of zoledronic
acid through determination of calcium, magnesium,
phosphorus, parathyroid hormone, immunoglobulin
E and cortisol levels in the bloodstream in male
Wistar rats.

Materials and Methods
In this experiment, the study sample was 96 male
Wistar rats, they were 12 weeks old and weighed
between 150 and 175 g.

Rats were obtained from the ophthalmology
institutes in Egypt, and the research and procedures
were supervised by a local ethical committee from
Benha University for animal use and care. The
recommendations were taken from the National
Institutes of Health.

It is worth noting that animals were housed in metal
cages, and fresh and clean drinking water was
provided to them and fed at fixed intervals throughout
their stay in the experiment, which would ensure
them in a clean and healthy environment.

Chemicals and Drugs

Zoledronic Acid

which was purchased from Global Napi
Pharmaceuticals Co. that is in Egypt. Metadronic
vial is available at 0.15mg / kg, and was injected as
intraperitoneal (1.P). That is, the amount of injection
was 0.15 mg / kg body weight and given only once.

Vitamin D

which was purchased from Sigma Company in
the United States of America. It is prepared in a
form where it is ready for use, and it is available in
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different capacities: 50 IU, 100 1U, 200 IU. In which
the experimental rats are administered orally through
the stomach tube.

Experimental Design
The study sample was 96 male Wistar rats, and they
were divided as follow:

Control group
It consists of 12 rats; they fed on a regular diet and
on drinking water.

Vit. D only Treated Groups

This group consists of 36 rats; they fed on a regular
diet and receives drinking water, but it is divided into
three sub-groups according to the dose taken from
Vitamin D which was as follows:

*  Thefirst group of them, known as 2A subgroup,
was given 50 IU intraperitoneal injection of
vitamin D for one month

. The second group of them, known as 2B
subgroup, was given 100 IU intraperitoneal
injection of vitamin D for one month.

*  The third group of them, known as 2C subgroup,
was given 200 IU intraperitoneal injection of
vitamin D for one month

Zoldronic acid Treated Groups

Which consists of 48 rats, feeding on a regular diet
and receiving drinking water, and is divided into four
sub-groups as follows:

. The first group, known as subgroup 3A, which
received normal food and drink regular water
for 30 days, after which they were given only
one dose of zoldronic acid (0.15 mg / Kg), and
kept for 15 days.

*  The second group was known as subgroup3B,
which was given vitamin D supplementin 50 1U
dose daily for one month, after that they take
only one dose of zoldronic (0.15mg / Kg), and
kept for 15 days.

*  The third group which is known as subgroup3C
which was given 100 IU dose of vitamin D daily
for one month, after that they take only one
dose of zoldronic acid (0.15mg / Kg), and kept
for 15 days.

. The fourth group, which is known as subgroup3D,
which was given 200 IU dose of vitamin D daily
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for one month, after that they take only one
dose of zoldronic acid (0.15mg / Kg), and kept
for 15 days.

Sampling Collection

On the 45th day of the experiment, samples were
collected from all groups. All blood samples were
individually placed in clean, clear and spiral tubes,
and then placed in the centrifuge at a rotational
speed of 2500 rpm and for 20 minutes to separate
the serum, and through a Pasteur pipette the serum
sample is captured and placed in a sterile and dry
sample tube. It is directly processed to enzymes
determination, and then kept at -20°C, for use for
subsequent biochemical analysis using available
commercial kits.

It is worth noting that sera were analyzed to
determine the following:

*  Thelevel of calcium in the blood according to 9.

e The serum phosphorous level in the blood
according to 10.

*  The level of vitamin D in the blood according
to 11.

*  The level of parathyroid hormone in the blood
according to 12.

*  The level of immunoglobulin Ig E in the blood
according to 13.

»  Thelevel of cortisol in the blood according to 14.

Statistical Analyses

For statistical analysis, an SPSS / 11 software was
used. Hypotheses were tested. One-way evidence
(ANOVA) was analyzed to follow that least significant
difference (LSD) test. P values of less than 0.05
were considered to indicate statistical significance.

Results

The results of the study showed that calcium levels
were at high levels as a result of their association
with different doses taken from vitamin D, except
for one of the groups chosen in the experiment that
received 200 IU dose which was compared with
control.

In addition, there was a significant decrease in
serum calcium levels in groups that received doses
of zoldronic acid compared to other groups that took
only vitamin D.
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Besides, there is a significant increase in the levels
of phosphorous in the blood in the groups that took
only doses of vitamin D and the groups that took
zoldronic acid, and those who were compared with
the control groups.

However, it was not observed that there was a
significant change in the levels of magnesium in the
blood in groups that took only doses of vitamin D,
although there was a significant increase in groups
that received zoldronic acid compared to the control
groups ( Table 1).
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On the other hand, the results showed that there was
a noticeable increase in the levels of vitamin D in
the blood in groups that took only doses of vitamin
D compared to the control group, and the level of
vitamin D was higher in the blood than the group
treated with zoledronic acid.

In addition, there was a significant increase in
parathyroid hormone, immunoglobulin E and cortisol
levels in the blood of the group that took only vitamin
D and the groups treated with zoldronic acid,
compared to the control group (Table 1).

Table 1 : Levels of different biochemical parameters in control,

vitamin D only and zoldronic acid groups.

Groups Calcium Phosphorus Magnesium

Vitamin D

Parathyroid Immuno- Cortisol

hormone (PTH) globulin Ig E

Control group 7.76 + 1.3@ 4.26 +0.25@ 2.98 +0.52@
Vitamin D only groups

1.8910.15@ 527+3.7@

14.95+6.1@ 7.31+1.89@

50 IU 1043+ 1.05@ 4.52+0.54 @ 2.64+0.53 @ 45.93+1255@ 9.32+2.0@ 28.79+6.0@ 26.20 + 10.2@
100 IU 11.38+1.2@ 5.71+0.53@ 2.08+0.53@ 75.48+1.55@ 8.29+2.3@ 36.69+4.7@ 52.18+10.9@Q
2001V 777+13@ 4.86+0.54@ 2.69+0.52@ 93.55+3.54@ 11.97+0.9@ 42.69+4.7@ 86.71+11.2@
Zoldronic acid treated groups

Control 9.23+0.52@ 4.07+0.54@ 3.43+0.50@ 8.79+1.3@ 10.06+0.8@ 29.1+33@ 9.08+2.11@
50 IU 943+0.52@ 6.09+23@ 3.52+051@ 46.6+254@ 11.05x1.2@ 29.1+3.3@ 52.77 +9.3@
100 IU 8.79+1.3@ 7.51+1.3@ 3.69+0.55@ 67.77 +2.54@ 8.66+0.45@ 88.81+14.1@ 91.4+6.1@
2001V 758+1.4@ 747+1.5@ 3.8510.54@ 34.64+4.53@ 8.68+0.55@ 145.1+13@ 107.203+21@

Data are expressed as means * standard error (SE) for animals / group.

*: Insignificant change at P >0.01in comparison with control group.

@: Significant change at P < 0.05 in comparison with control group

Discussions

The mechanism by which vitamin D toxicity is
reached includes increasing the concentration of
vitamin D metabolites in order to reach the VDR in
the desired and targeted cell nucleus, due to which
many exaggerated genetic changes are made."

Zoledronic acid is a powerful bone resorption
inhibitor, it prevents the proliferation of bone cells
and promotes apoptotic bone cells death.'® The
strength of which results from the high affinity of the
metallic bones, especially for the sites where the high
turnover of the bone occurs."

This is consistent with the results of the current study,
which confirms that zoledronic acid was specially
developed with the aim of preventing the activity
of bone cells, and therefore calcium remains in the
bones for long periods of time. But it will lower the
levels of calcium in the blood, whose symptoms
appear as the presence of petechiae, paresthesias,
tetany, laryngospasm and cardiac arrhythmias.®

Besides, zoledronic acid improves bone density,
which confirms its reduction in accidents of fractures
in the bones, and this has been shown in primary
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and secondary prevention trials in patients with
osteoporosis, especially among women who have
had menopause.’®

However, there is no evidence that bisphosphonates
directly reduce PTH, and the inhibition of strong
bone resorption is largely offset by the therapeutic
effects of osteoporosis from a higher PTH. As for
the pharmacokinetics, it can change secondary
hyperparathyroidism, which requires frequent high
doses even though a lower dose can be given.?

This confirms that, before starting treatment with
zoledronic acid, both calcium and vitamin D levels
must be high to prevent a deficiency of blood
calcium, especially after the infusion of zoledronic
acid. Although the decrease in calcium levels in
the blood was less than that in other clinical trials
in which bisphosphonate therapy was performed.?!

This proves that zoldronic acid activates inflammatory
vital signs, especially IL- 6, COX-2, and NF-kB. As
for the pharmacokinetic aspect, zoledronic acid
is gradually metabolized, after which different

pharmacological effects are practiced, but with
different doses.?? Zoledronic acid has the ability
to influence the large and repressive activity of
Treg cells, and acts as an immunosuppressant by
inhibiting several processes such as expansion,
migration, immunosuppressive function and pro-
metastatic ability of Treg cells.?®

Conclusions

From obtained results, it could be concluded that,
high doses of vitamin D lead to disturbance in the
biochemical parameters, calcium, magnesium and
phosphorus, as well as levels of thyroid hormone,
cortisol and levels of immunoglobulin E. Also,
treatment with zoledronic acid in high levels of
vitamin D promote worsening of such biochemical
parameters.

Funding
This work did not receive any funding.

Conflict of Interest
The authors declare that there is no conflict of
interests regarding the publication of this paper.

References

1. Schwalfenberg, G. K., & Genuis, S. J. (2015).
Vitamin D, Essential Minerals, and Toxic
Elements: Exploring Interactions between
Nutrients and Toxicants in Clinical Medicine.
The Scientific World Journal, 2015, 318595.

2. Holick MF (2006). High prevalence of vitamin
D inadequacy and implications for health".
Mayo Clinic Proceedings. 81 (3): 353-73.
doi:10.4065/81.3.353.

3. Charoenngam, Nipith, Shirvani A and
Holick MF (2019). Vitamin D for skeletal and
non-skeletal health: What we should know.
Journal of Clinical Orthopaedics & Trauma,
10, (6), 1082 — 1093.

4. Nakashima A, Yokoyama K, Yokoo T,
Urashima M. (2016) Role of vitamin D in
diabetes mellitus and chronic kidney disease.
World J Diabetes.;7(5):89-100. doi:10.4239/
wjd.v7.i5.89.

5. de Brito Galvao, J. F., Nagode, L. A., Schenck,
P.A., & Chew, D. J. (2013). Calcitriol, calcidiol,
parathyroid hormone, and fibroblast growth

factor-23 interactions in chronic kidney
disease. Journal of veterinary emergency
and critical care (San Antonio, Tex. : 2001),
23(2), 134-162. doi:10.1111/vec.12036.

6. Institute of Medicine (2010). Food and
Nutrition Board Dietary Reference Intakes
for Calcium and Vitamin D. Washington, DC:
National Academy Press.

7. Polascik T. J., & Mouraviev V. (2008).
Zoledronic acid in the management of
metastatic bone disease. Therapeutics and
clinical risk management, 4(1), 261-268.
doi:10.2147/tcrm.s2707.

8. Drake, M.T.; Clarke B.L. and Khosla S. (2008):
Bisphosphonates: mechanism of action and
role in clinical practice. Mechanism of action
and role in clinical practice. Mayo Clinic Proc.,
83:1032-1045.

9. Farell, E. C. (1984 a) : Clin. Chem. The C.V.
Mosby Co. St Louis. Toronto. Princeton,
1051-1255 and 418.

10.  Farrell, E. C. (1984 b) : Clin Chem The C.V.



1.

12.

13.

14.

15.

16.

17.

18.

MAKSOUD et al., Curr. Res. Nutr Food Sci Jour., Vol. 8(3) 956-961 (2020) 961

Mosby Co. St Louis. Toronto. Princeton,
1072-1074 and 1418.

Clemens, T.E., (1986) Vitamin D: Recent
advances in basic research and clinical assay
methodology. J Clin Immunoass, 9(4):183
Schultz VL, Garner SC, Lavigne JR,
Toverud SU. (1994) Determination of
bioactive rat parathyroid hormone (PTH)
concentrations in vivo and in vitro by a 2-site
homologous immunoradiometric assay. Bone
Miner.;27(2):121-32.

Bergstrand, G.C. and Scand J., (1956):
Demonstration of a new protein fraction in
serum from the human fetus. Clin. Invest,
8: 174.

Crapo, L., (1979): Cushing's syndrome:
A review of diagnostic tests. Metabolism,
28, 955-977.

Jones, G. (2008) Pharmacokinetics of vitamin
D toxicity. Am. J. Clin. Nutr., 88, 582S-586S.
Benford, H.L., McGowan N.W.A., Helfrich
M.H., Nuttall M.E. and Rogers M.J. (2001):
Visualization of bisphosphonate induced
caspase-3 activity in apoptotic osteoclasts
in vitro. Bone, 28(5): 465-473

Nancollas, G.H.; Tang R. and Phipps
R.J. (2006): Novel insights into actions
of bisphosphonates on bone: differences
in interactions with hydroxyapatite Bone;
38(5):617-627.

Christian Thomas, Francois Lamoureux,
(2015) Chapter 53 - Systemic treatment
of bone metastases in castration-resistant
prostate cancer (CRPC): pre-clinical to

19.

20.

21.

22.

23.

clinical point of view, Bone Cancer (Second
Edition), Academic Press, Pages 637-646.
Sharon M Moe, Neal X Chen, Christopher L
Newman, Vincent H Gattone, Jason M Organ,
Xianming Chen and Matthew R Allen (2014).
A Comparison of Calcium to Zoledronic Acid
for Improvement of Cortical Bone in an Animal
Model of CKD Journal of Bone and Mineral
Research, 29(4), 902-910.

Moe, S. M., Chen, N. X., Newman, C. L.,
Gattone, V. H., Organ, J. M., Chen, X., &
Allen, M. R. (2014). A comparison of calcium
to zoledronic acid for improvement of cortical
bone in an animal model of CKD. Journal of
bone and mineral research : the official journal
of the American Society for Bone and Mineral
Research, 29(4), 902-910. doi:10.1002/
jbmr.2089.

Al Elg A. H. (2013). Symptomatic
Hypocalcemia Associated with Zoledronic
Acid Treatment for Osteoporosis: A Case
Report. Oman medical journal, 28(2), e043.
doi:10.5001/0mj.2013.42

Yi-Chia Lin, Po-Cheng Liao, Te-Fu Tsai, et al.
(2014) Zoledronic Acid Elicits Proinflammatory
Cytokine Profile in Osteolytic Prostate
Cancer Cells,” ISRN Pathology, vol. 2014,
Article ID 124746, 8 pages,. https://doi.
org/10.1155/2014/124746.

Liu, H., Wang, S. H., Chen, S. C., Chen, C.
Y, Lo, J. L., & Lin, T. M. (2016). Immune
modulation of CD4+CD25+ regulatory T cells
by zoledronic acid. BMC immunology, 17(1),
45. doi:10.1186/s12865-016-0183-7.



