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In vitro assay of the biological activity of bisphosphonates
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Abstract: Nowadays, the use of bisphosphonates are the goidard of treatment of bone diseases. Due to the
high utility of these compounds, scientists stihrsh for better and better structures, with a edyi of
substituents at carbon’s atom and create new lil@sior improve methods of their synthesis. To datex the
potential effect of newly discovered bisphosphadi@ example antiosteoporotic activity, there amevitro
tests which allow to determine the half maximalbitbry concentrations (&) of cells. This paper describes in
detail the methodology for test the biological ityi of bisphosphonates. Shows the results of dicdd activity

for synthesized bisphosphonates in relation tactiramercial-incadronate and zoledronate.
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1. Introduction
2. Materials and methods
Bisphosphonic acids are a group of valuable
organic compounds. Bisphosphonates (BPs) are 2.1. Methodology
analogues of pyrophosphonate (PPi), which have
stable, non-hydrolysable structure. Both are dinsmer Testing antiproliferative activity of
of two rests of phosphorous acid with this diff@ren  pisphosphonates involves the use infvitro cell
that PPi consists oxygen atom in the place of bpdi  ¢yjtyres.[9] [10] For this purpose, it is necessary
two monomers and bisphosphonate contains atom seject particular cell line - mouse, macrophage;li
of carbon in that place. Present of carbon prevents 3774, which is originated from the same precursors
bisphosphonates by hydrolysis. [1][2] . as osteoclasts, sensitive to bisphosphonates tgctivi
First bisphosphonic derivatives contained simple  ang allows to determine the impact of the test
substituents as H, OH, Cl and Egroups. Modern  compounds on cell growth.[11] For this purpose
bisphosphonates consists long aliphatic chains or mgyse, macrophage-like J774E cells originating
heterocyclic rings. Almost all of them have more or  from the same precursors as osteoclasts were used.
less influence on bone diseases’ prevention.[3][4] Such cells are well recognized as being sensitive t
Ability to chelation of metal ions, which has  pisphosphonates, which most likely act by inducing
charge +2, is caused by two ionized hydroxyl groups apoptosis. [11] [12] [13]
of rests of phosphorous acid. Because of that b&ph Such cell culture, frozen in liquid nitrogen, has a
phonates are able to bind with hydroxyapatite (HAP) pank of cell lines in Polish Academy of Sciences in
in bones  (mineral  salt ~with  formula  wroctaw. To use the cell line, it is need to thawed
Ca(PO,);0H).[4/5] Only ionized form of bisphos-  them first, using a water bath at 37 °C with gentle
phonates are biologically active.[6] [7] _ stirring and put them into the culture medium. The
Bisphosphonates are an important class of anti- prepared line is passaged 2 times a week in a RMPI

resorptive drugs used in the treatment of bone dis- (growth medium consist of; 10% FBS, 1Q@/ml
eases, including osteoporosis. There is substantial syreptomycin, 100U/ml  penicilin  and  2mM

evidence that BPs can have a direct effect on osteo  giytamine) in a Petri dishes. The cell growth is
lasts by mechanisms that may lead to osteoclalst cel mgnitored under a microscope, allowing part of the
death by apoptosis. BPs can also inhibit proliferat material to the next stage of the experiment, @ad r
and cause cell death in macrophagesitro. From freezing the residue. Afterwards the cells are
macrophages cells are formed osteoclast precursor separated from the bottom (the surface proteins on
cells. There is shown that the toxic effect of BiRs the plasma membrane, which allow adhesion are
macrophages is also due to the induction of apoptot gestroyed) and can be collected from the culture
ic, rather than necrotic, cell death. [8] vessel. Then in a Biirker chamber the cells density i
counted, using a drop of cell suspension in a mixtu
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ratio of 1:1 to trypan blue.

In the next step, when the cell culture is ready fo
testing, cells need to be transferred into testepla
For this purpose, most often used are the flabbott
96-well plates, which are excellent coated with the
mentioned adherent cells, in the log phase of their
growth, with a portion of 100 per well, in density
of about 1x1&ml. To verify the process of the test,
the last line in the plate is omitted from the itegt
compounds impact and reserved to cells growth
control and control of medium. Such prepared plate
is incubated for 24h at 37 °C, 5% €O a
humidified atmosphere to allow optimum conditions
for their adhesion to the surface.

The testing compounds neexk tempore
preparation. For this purpose they are dissolved in
universal solvent — usually DMSO or NaOH. After
that, in next step, the solutions are prepared in 4
different concentrations in culture medium (Fiy. 1
— for example from 1 to 100@y/ml, using the curve
to determine with high accuracy the concentration
inhibiting cell proliferation cancer cells in 50%
(ICsq). Samples of concentrations are imposed in 3
series of repetitions, 1Q0per well. Incubation of
the compounds with the cells takes 72h. The
experiment should be repeated at least 3 times.

Parallel there are prepared controls of
impact: solvents and references (commercial
bisphospohonic drugs used in the pharmacological
treatment of osteoporosis, for example: zoledrgnate
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Fig. 1. Experiment on a 96-well.
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The concentration of protein in the hole,
corresponding to the number of proliferated cells.
Density is automatically measured at 540 nm by
spectrophotometer Synergy H4 (BioTek Instruments,
USA) with zero at the absorbance of culture medium
- a negative control. In next step, measured
absorbance is converted to % inhibition of
proliferation by ProLab-3 Programme (INFORM-
TECH), and graphically performed into the curve
(the dependence of inhibition of proliferation bt
log concentration of test compound).

3. Calculations — Data handling

Using the repetitions experiences there are
calculated the mean scores, sJCand standard
deviation.

% inhibition of proliferation=

[(22==229 ) x 100]-100

Absc—Absy (1)
Abs — Abs of specimen, ARs- Abs of medium,
Absc — Abs of cells in medium

The obtained results are compared to the
reference compounds. The accepted standard for
assessment of activity of the test compounds during
the screening carried ouin vitro 1Cs, is the
concentration ratio of not more thamgfml.[14]

The in vitro results were presented in terms of
inhibitory concentration 50% (Kg) values. The 1
is the concentration of tested agent, which inkibit
the proliferation of 50% of the cancer cell
population. Average I values for each preparation
were calculated using data from three independent
experiments.

4. Results

The bisphosphonates (1-10) obtained in
Department of Bioorganic Chemistry were examined
in biological activity test.

Table 1. Cytotoxic activity of the investigated
bisphosphonatek 10 against the mouse macrophage
cell line J774.

A-G testing compounds, H - line control: 1-9 — the
control cells, 10-12 - the control medium.

The results are read by the SRB test (intendend
for adherent cells).[9] Cells were fixed by
precipitation of proteins and DNA in 50% cold TCA
(50ul per well), incubated at 4°C, for hour. After
that, plates are rinsed 5x with tap water to detle¢e
current acid and dried. Later, the wells are dyed by
0.4% sulfarodamine B in 1% acetic acid,ub@er
well and incubated in the dark for 30 min at room
temperature. Rinse 5x with 1% acetic acid and dry.
Add 150 ul TRIS buffer per well to dissolve
bounded dye. Incubate 30 min in room temperature.

Compound
1 2 3
180,86:16,62 114,12+18,81 136,82+23,44
ICs0 4 5 6
(Mg/ml) 309 17524, 78| 04,78x12,87  92,86+14.48
average 7 8 9
+SD
175,11+16,21 44,9+7,43 24,88+5,17
10 Zoledronate Incadronate
30,58+4,64 24,51+2,23 47,85+1,39
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Results are presented asso — the doze, whicl
provides inhibition of proliferation in 50% of ce
population (Table 1

The figure 2 shows that synthesiz
bisphosphonic acids have antiosteoporosis act
Comparing this results with control samples
antiosteoporos potential is lower than potential
commercially used in medicine zoledronic
incadronic acid:
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Fig. 2. Activity tests’ results shown assp.

5. Conclusion:

Compounds were selected by rational selec
Selected structurally varied aminc-containing
bisphosphonates and hydro>- containing groug
All tested bisphosphonates containing aromr
rings. Guided b structura similarity to commercia
zoledronic and incadronic acids. The most a, in
a test,proved to be compoundon the charts)8, 9
and 10.Their activity is higher than refere
compound- incadronat. Compound9 has the bes
profile of biological activity (inhibition o
proliferatior). Highly satisfactory results we
obtained with compours containing the s-
membered ringn the structureAll of the ten teste:
compounds showed biological activity. Res
shows that nitrogen atom plays the key role
antiresorption activity of bisphosphonat- all the
nitrogen- containing bisphoshonis are more activ
than those non nitroger Compounds havir an
additional carbon betwee hydroxybisposphona
and aromatic ring have the better profile of ati
than without carbon chain (compounds 4 anc
Unable t« determinethe impact o changesrni the
positionof substituents ¢ the aromati chain oithe
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activity of the compoun The presence  fluoro
atom: compared t the compoun of chlorine
increases the activity of bisphosphonates.
presence of the nitro group (8, 9 and
significantly increases the biological activity
compounds

The data obtained suggest that the resu
compounds may be potential antiosteoporosis ¢

Acknowledgmentt

Support from the National Science Centre, Po
(Grant 2011/01/B/ST5/00843), is gratefullac-
knowledgec

Reference

[1] Fleisch, H., 1987 Bisphosphonate— History
and Experimental Basiln: Bone, 8, 2-28

[2] Fleisch, H., Russell, R. G. G. 19
Pyrophosphate and Diphosphonatesdn: The
Biochemistry and Physiology of Bone, 4, Bourn,
H. (ed.), New York, Acad. Press. |

[3] Whitaker, M., Guo, J., Kehoe, T., Benson,

2012,Bisphosphonates for osteoporo— where do
we go from hereIN: New Engl. J. Me(, 36€, 2048-
2051

[4] Green, J. R., 2003Antitumor Effects c
Bisphosphonatedn: Am. Canc. Soc., 97, Bethest
Maryland, 84-847

[5] Bisaz, S., Fleisch, H., Jung, A., 197The
Binding of Phyrophosphate and T
Diphosphonates by Hydroxyapatite Crystaln:
Calc. Tiss. Res., 11, 2-280

[6] Fleisch, H., 1997Mechanism of Action of t
Bisphosphonates in Paget's Desease of Bin:
Medicina, 57, 6-75

[7] Russell, R. G. G., Watts, N. B., Ebetino, F.

Rogers, M. J., 2008, Mechanisms of action
bisphosphonates: similarities and differences

their potential influence on clinicalfficacy. In:
Osteoporos. Ini, 19, 73375¢

[8] Roelofs, A. J., Thompson, K., Ebetino, F.

Rogers, M. J., Coxon, F. P., 20:Bisphosphonate:
molecular mechanisms of action and effects on

cells, monocytes and macrophai In: Curr. Pharm
Des., 16, 2950296(

[9] Skehan, P., 199(New calorimetric cytotoxicit
of assay for anticanc-drug screenin. In: J. Natl.
Cancer Inst., 82, 11-1112

[10] Blackburn, G. M., Brown, R. J., Carran,
Hounslow, A. M., Rejman, D., Watts, D. J., 20
Determination of the Microscopic Equilibriu
Dissociation Constants for Risedronate and

Analogues Reveals Two Distinc Roles for

Nitrogen Atom in Nitroge-Containing
Bisphosphonate Drugln: J. Med. Chem., 51, 41-
417¢



Interdisciplinary Journal of Engineering Sciences Vol.II, No.1 (2014)
http://ijes.pwr.wroc.pl

[11] Li, C., Mori, S., Li, J., Kaji, Y., Akiyama, T.,
Kawanishi, J., Norimatsu, H., 2001,ong-Term
Effect of incadronate disodium (YM-175) on fracture
healing of femoral shaft in growing ratk: J. Bone
Miner. Res., 16, 429-436

[12] Mashida, T., Tanizawa, T., Takahashi, H. E.,
Takano, Y., Nishido, S., Mori, S., Norimatsu, H.,
1995, Effects of single and concurrent intermittent
administration of human parathyroid hormone and
bisphosphonate cimadronate on bonemineral
densities of femur in ovariectomized rdts J. Bone
Miner. Res., 13, 17-22.

[13] Nishikawa, N., Yamamoto, M., Murakami, T.,
Akatsu, T., Kugai, N., Nagata, N., 1998\ third-
generation  bisphosphonate, YM175, inhibits
osteoclast formation in murine cocultures by
inhibiting proliferation of precursor cells via
supporting cell-dependent mechanisnirs.J. Bone
Miner. Res., 13, 986-995.

[14] Geran, R. 1., Greenberg, N. H., MacDonald, M.
M., Schimacher, A. M., Abbott, B. J., 1972roto-
cols for screening chemical agents and natural
products against animal tumors and other biological
systems Cancer Chemotherapy Reports 3, 3(2), 1-
17, 59-61

16



	Table of Contents
	In vitro assay of the biological activity of bisphosphonates - Ewa Chmielewska


