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Abstract

The purpose of this study was to check the chdnsiedoility of an injectable bone
substitute (IBS) composed of a 50/50 w/w mixturea @.92% hydroxypropyl methylcellulose
(HPMC) solution in deionised water containing biplecacalcium phosphate (BCP) granules
(60% hydroxyapatite/409B-tricalcium phosphate w/w). After separation of thrganic and
mineral phases, capillary gas chromatography (G@p wsed to study the possible
modification of HPMC due to the contact with BCRugules following steam sterilisation and
32 days of storage at room temperature. HPMC waaaed from IBS in agueous medium,
and a dialytic method was then use to extract walcphosphate salts from HPMC. The
percentage of HPMC extracted from BCP was 9&8%% as measured by a UV method.
GC showed no chemical modifications after steamilisggion and storage.
Keywords. Hydroxypropyl methylcellulose, Biphasic calciumhgsphate, Capillary gas

chromatography, Injectable bone substitute.

Introduction

A new injectable bone substitute (IBS) composedcalcium phosphate ceramic
granules [biphasic calcium phosphate (BCP): 60%rdwythpatite and 409-tricalcium
phosphate] has been developed for endoscopic tessit and tested in rabbit bone. Good
results were achieved for bone regaf in which IBS showed osteocoalescence propefties
19 Hydroxypropyl methylcellulose (HPMC) was usedsiution as the BCP granule carrier.
This cellulose ether, which is synthesised by ieacwith halogen methyl and propylene
oxide, is used in ophthalmic surgery for its biogatibilty and rheological properti€d™3)
HPMC is soluble in water and shows very high viggaost low concentrations (4,000 mPa.s
at 2% in solution and 20,000 mPa.s at 3% in saljitand good stability during steam

sterilisation™®. Preliminary studies of HPMC-BCP interactions weegformed using Fourier
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transformed infrared spectroscopy (FTIR), X-rayfrdiftion and X-Ray photoelectron
spectroscopy (XPSY>*". After one month of storage, the FTIR spectrahef composites
showed slight oxidation peaks (C=0) and carboxgletd function peaks only with high
extractable pH calcium phosphate ceramic. Accotging low extractable pH calcium
phosphate BCP ceramic and a recently developed HpiM@uct used in ophthalmic surgery
were chosen for the experiments. Thus, HPMC pr@semere not the same as those in
previous studies’*® the substitution degree in methoxyl groups wasatgr and the
molecular weight lower (IM=290,000g/mol). The purpose of this study was ® cepillary
gas chromatography (GC) to check the stability BMC after mixture with BCP and steam
sterilisation. HPMC required several treatment®iefinalysis. Methanolysis, first described
by Clamp and Chambef®, allowed monosaccharides to be obtained from pehysarides.
Hydroxyl groups were then derived from monosacdessi and phosphates by
trimethylsilylation, which separates similar molesiand transforms mineral phosphate into
organic phosphate detectable by flame ionisatiowak essential to eliminate salts from the
BCP dissolution As phosphate reacts with celluiosan alcoholic acid mediuf”, it was

necessary to use a dialytic technique to sepa@tdEfrom phosphate salts.

Materials and methods

HPMC purchased from Colorcon (E4M-Kent-Englandswaed to identify the peaks
obtained by gas-liquid chromatography. Methylceldd (A4M-Colorcon-Kent-England),
hydroxypropylf-cyclodextrin 97+% (Acros-France) and glucose (BHikance) were treated
by methanolysis and trimethylsilylation in the samanner as HPMC. For preliminary study
of the interaction between HPMC and disodium hydrmphosphate (Merck-France), a
solution was prepared at 0.05 M and added to HPRIG206 in weight). The gel was left for

3 days at room temperature. One part was sterjlesed the other (unsterilised) served as a
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control. One gram of each was dried at 50°C forh48'he samples were then treated by
methanolysis and trimethylsylilation for gas-liqudromatography analysis.

An HPMC solution (2.92% in weight) was preparedtfee IBS. Three days later, 25 g
of this solution were added to 25 g of 100-200 uRQW granules (Biomatlante-France).
Samples (7 g each) of IBS were then sealed in yi@lsml) with butyl rubber stoppers and
sterilised in an autoclave at 121°C for 21 min. MBMC has a gel poirft? and needs to
recover its structure, studies were begun 4 ddgs steam sterilisation.

Two extractions of HPMC from IBS were performear Fhe first, 6 g of IBS were
introduced in 27 g of deionised water. The susmenaias then stirred for 3 h and centrifuged
at 20,000 rpm for 30 min with a Beckman L 7-65 ¢(PAlto, CA) to isolate the aqueous
phase. For the second extraction, the BCP phasetfre first was added to 27 g of deionised
water. The solution was stirred overnight and o#rdrifuged at 20,000 rpm for 30 min. The
second aqueous phase was mixed with the first,tla@desulting solution was filtered on
Millipore 0.4 um (Type HA) and dried at 50°C for B4

A UV assay metho®® was used to check the extraction percentage. Twent
hours before use, 4 HPMC standard solutions (cdret@ns between 20 and 150 pg/ml) and
a blank (deionised water) were prepared. Two nti#$ of each standard and the blank were
pipetted and added to 0.1 g of pure BCP. For sanpléd g of extracted BCP from IBS was
added to 2 ml of deionised water. Five millilitres diphenylamine solution, prepared by
dissolving 3.75 g of diphenylamine (Sigma-Franecell50 ml of glacial acetic acid (Fisher-
France) and dilution of the solution with 90 ml @dncentrated hydrochloric acid (Fisher-
France), were added to each tube. The tubes werednaind immediately placed in an oil
bath at 105°C for 30 min. After cooling, absorbanegere measured at 635 nm with a

Shimadzu UV-1605 spectrophotometer (Germany).
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Dialysis in aqueous medium, a less complicatechatethan precipitation, was used
to extract phosphate salts from HPMC previouslyasted from IBS. Thirty milligrams of
dry HPMC from IBS were placed in a dialysis B&§with 4 ml of deionized water. The bag
was then immersed in 500 ml of deionised water ustiging. The water was changed after
3 h, and stirring was stopped after 14 h. HPMCtsmig were then dried at 50°C for 24 h.

For GC sample preparation, 20 mg of dry HPMC wastded to 1.7 mg of trisodium
citrate®” used as internal standard (Acros-Belgium). Thepsesrwere taken up in 0.7 ml of
methanolic HCI solution prepared by adding 0.6 odtgl chloride to 15 ml of methanol and
sealed in vials with silicon/aluminium stoppers.tNanolysis was performed at 80°C for 24 h
before the methanolic HCI solution was removed unde nitrogen stream. The
trimethylsilylation reagent prepared in the laborgt was composed of pyridine,
hexamethyldisilazane and trimethylchlorosilane :(B:3v/v/v). Samples (0.5 ml) of this
reagent were sealed directly in vials and heat&)aE for 2 h. The derivatised samples were
rotary evaporated at 50-60°C, and the residue wasediately dissolved in 0.5 ml of
dichloromethane. GC was performed with 1.5 pl a$ solution. To identify the different
peaks obtained for HPMC, 20 mg of methylcellulogiicose and hydroxyprop{a-
cyclodextrin were treated and passed through the dmomatograph. One millilitre of
disodiumhydrogenophosphate solution at 0.05M wasddin a desiccator and treated by
methanolysis and then trimethylsilylation.

The gas chromatograph (Perkin-Elmer Autosystemiplenl to a PE Nelson 1020
computer was equipped with a 30 m X 0.25 mm ID dusiéica column coated with 0.25um
of poly (Simplicity-5, 5% phenyl-95% methylsiloxarigupelco-France). The carrier gas was
nitrogen at a flow rate of 1.2 ml/min. The injectord the flame ionisation detector were set
to 220°C and 300°C respectively. Injection was qrenied with a splitting ratio of 50:1, and

oven temperature was raised from 150°C to 240 @tmin and 240°C for 5 min.
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Results
1-Extraction

Samples of 100 mg of dry IBS was theoretically emag of 2.818 mg of dry HPMC
and 97.182 mg of BCPThe standards were passed through a UV spectrapetéo, and
sample concentration was determined by linear ssgya. The extraction percentage was
98.5%+0.5% (n=5). Four days after sterilisation, the a&otion percentage did not differ
between sterilised and non-sterilised IBS.
2-Gas chromatography

Peak retention times are shown in table 1.

Molecules type |Peaks retention times {rmin)

H MG 5894 10,34 10,8 11,94 1272 13,18 13,34 14,36 14,8 15,02 16,6 17,87 18,21
P Unsubstitued 19,45 20,04
I:j{ HPG 21,120 21,778 22,77 24,93 2516 2538 26,3 271 2745 2788 28,2 28,32 31,65 32,07
HPMG 1846 18,7 20,2 2042 2082 21,38 21,84 22,140 2324 2354 2563
THEP 4,9
15 9,68
i 7581 888 537 111 11,36 15,62

Table 1: Peaks retention times of the trimethylshpsphate(TMSP), trisodium citrate (IS),
and the different monosaccharides from HPMC: metjlytosides (MG), hydroxypropyl
glycosides (HPG), hydroxypropyl methylglycosidesPIG) and molecules appeared in

contact between HPMC and phosphates (N).

A peak at 5.6 min corresponded to trimethylsilggphate (TMSP). Treatment
allowed mineral phosphate to be transformed ingawoic phosphate, which was detected by
flame ionisation. With glucose, two peaks appeated.esponding tor andf3 glucopyranose.
Methanolysis causes the racemisation of this mambsaide *°2® As the other

monosaccharides were considered to have the saramisation, the separation of the units
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substituted in the methyl and hydroxypropyl grogpshe hydroxypropyl groups alone was
not very efficient, but allowed the different peatide defined.

With the HPMC-NgHPQ, solution, six news peaks appeared with or without
sterilisation and trisodium citrate (internal stard). Retention for the new peaks was 7.91,
8.68, 9.37, 11.10, 11.36, and 15.62 min, showinglight reduction in methylglycoside
concentration. GC analysis of HPMC after IBS extoac(32 days) gave the same new peaks
as the HPMC-N#HPO, solution, except for the absence of a peak at 9n®Y, which
indicated that the trimethylsilylphosphate concatidn was different. After phosphate salt
extraction by dialysis, the new peaks disappeaaed, the chromatogram returned to its
original configuration. Only a small amount of tethylsilylphosphate was detected, which
was not sufficient to induce HPMC modification cigimethanolysis and trimetylsilylation.
Discussion

This paper reports a method for extracting HPM&EnfiBS. The major difficulty was
to concentrate HPMC to the maximum. This polymeswaed at a low concentration in
water (2.92% wi/w), and cellulose ether represewnidg 1.46% of dry material after BCP
addition. Water extraction avoids chemical modiimas, and the 98.5% of HPMC extracted
from IBS was largely sufficient for analysis by dmpiid chromatography. HPMC
guantification by the UV method after acidic treatrhin the presence of diphenylamine
transformed solid BCP into ionic form, allowing ass to all of the HPMC by BCP
dissolution. This type of quantification requireoawer amount of polymer then that in IBS.
Four days after sterilisation, no differences weleserved between the product with or
without sterilisation. After one month, no chemigabdifications were observed in the
cellulose derivative. Cellulose showed oxidatiolyan a highly oxidising solution. In our
conditions, BCP was very stable (pH nearly neuttallt slight dissolution was observed in

gas chromatography. GC analysis of the differegastiand polysaccharides was necessary
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to identify HPMC distribution. Highly substitutedugars were difficult to separate, but
formed only a minority and were less susceptibletltemical modification. Thus, cellulose
derivatives are difficult to oxidise in solution aear-neutral pH. Cellulose oxidation often
occurs in oxidising media such asR®, 85% Y, which gives uronic acids on C-6. Our

results indicated that all modifications disappdaatter phosphate extraction.

Conclusion

Chemical degradation of cellulose ether is nalliko occur in IBS conditions. Thus,
GC could be an ideal method for checking the imalsbatch purity of HPMC and
confirming the stability and chemical integrity thie macromolecule after mixture with BCP

and steam sterilisation and before implantatioa the human body.
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Captions

W (b)

(c) (d)
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Figure 1: Chromatograms obtained after methanolyaisd trimethylsilylation of

2 e L - - - - e
L - ¢ 2 % % = 2

hydroxypropyl methylcellulose(a), methylcellulos$®,(hydroxypropyl-3-cyclodextrin (c) and

glucose (d).
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without sterilisation: (TMSP) trimethylsilylphospiega (N) new molecules.

TMSP

N
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- g s g g g
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Figure 3: HPMC chromatogram after extraction frda® Isterilised (32 days old): (TMSP)

trimethylsilylphosphate, (N) new molecules from HEBMIS) internal standard.
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Figure 4: HPMC chromatogram after extraction frd Isterilised (32 days old) and dialysis:

(TMSP) trimethylsilylphosphate, (IS) internal standl
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