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Effect on Viscosity of Cellulose Derivatives against
Pseudo-polymorphism Conversion of Amorphous Theophylline using a
Terahertz Spectroscopy

Tomoaki Sakamoto®, Tetsuo Sasaki’, Noriko Katori', Yukihiro Goda®
"National Institute of Health Sciences, Setagaya, Tokyo 158-8301, Japan
*Shizucka University, Hamamatsu, Shizuoka 432-8011, Japan

Abstract— Effect om viscosity of cellulose derivatives agaimst
pseudo-polymorphism  comversion from am  amorphous
theophylline to theophylline anhydride form during a
pharmaceutical manufacturing process was investigated using a
terahertz spectroscopy. Im order to imvestigate am effect on
viscosity of binders against pseudo-polymorphism comversion of
an amorphous theophyiline, cellulose derivatives were used as a
binder to prepare granules for a tableting. The start times of
conversion to anhydride were almost same except the cellulose
derivative which has the lowest viscosity. This tendency was
similar between two drying temperatures. Psendo-polymorphism
conversion of amorphous theophylline fo an anhydride with a
binder had tendency progressing faster at a higher dryimg
temperatare. The time-course changes of terahertz absorptions
suggest that a rate of psendo-polymorphism comversion was
affected by viscosity of cellnlose derivatives.

1. INTRODUCTION
t 15 1mportant to make granules contaming well-diffused
ingredients, for prepanng a tablet which contams an active
pharmaceutical ingredient (API) and other medical additives
which are distributed uniformly. Therefore, granulation process
before making tablets should be comsidered. Granules are
grown due to an inter-molecular force between a binder and
other constituent. The authors have fried to analyze a quality
attribute based on a pharmaceuticzl manufacturing process
using an electro-magnetic wave from a terahertz /far-infrared to
2 near-infrared region. In this study, we examme an effect on
gelatimzation of  celluloze dermvatives against
pseudo-polymorphism converzsion of amorphous xanthine
related compound using granules prepared with theophylline
and hydroxypropyl cellulose (HPC) or hydroxypropylmethyl
celluloze (HPMC).
A share granulation process was used in this study. Two and
2 half milliliter of water was added to the mixture of 10 g of
theophyline anhydride and 1.2 g of HPC (viscomty: 2-2.9
mPas, 3-59 mPas 6-10 mPas 150-400 mPas, and
1000-5000 mPa:) dunng the granulation process, or 6 ml of
water was added to the muxture of 10 g of theophylline
anhydride and 1.2 g of HPMC during the granulation process.
In order to prepare theophyviline monchydrate powder, 2.5 ml of
water was added to 10 g of theophylline anhydride dunng the
granulation process. Wet granules or wet powder were dnied
vacuum circumstance at room temperature for 2 hours in order
to obtain amorphous theophylline granules or powder. After
this drying process, both samples were dnied at 50 °C or 70 °C.
The granulez or powder were measured using a terzhertz
spectroscopy or a near-infrared spectroscopy during 2 drvng
process.

For NIR measurement, MPA TFouner-transform NIR

spectrometer (Bruker Optk GmbH, Etthingen Germany) was
used. For FIR'THz measurement, a Gallium-Phosphide (GaP)
THz =ignal generator system equipped with pyroelectnic DTGS
detectors was used. This THz generator system was developed
and constructed by Nishizawa et al. The measurement range
resolution and scan number were set at 12500 em™ to 4000 e,
2 em™ and 128, for NIR mezsurements. For THz measurements,
a spectrum was obtained from 0.5 THz (16.7 em™) to 5 THz
(167 em™) at 15 GHz measurement steps. NIR spectra were
obtamed by diffuze-reflectance mode. For THz fransmittance
measurement, the cell (attachment) was made to obtain 2
suitable spectrum of the granules, and the granules with the
particle size which was below 100 pm were used.

I. RESULTS

The abzorptions at 0.95 THz and 160 THz were used in this
study, because these are the characteriztic absorptions of an
anhydride.

The absorption at 1.6 THz appeared at 15 nun at 50 °C and 70
*C when HPC which has viscozity of 1000-5000 mPa s was
used (Fig.1).
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Fig 1 Time-dependent changes of terahertz spactra obrinad from the granules
EcsmgHPC {wiscosiry: 1000-5000mPa s) duning a drying process at 50 *C or 70

When the drying temperature was at 50 °C or 70 °C, the ratio
of the peak intenzity of the abzorption at 1.6 THz after 15 minto
that of the peak intensity after 18 howrs was 0.28 or 0.49.
Approximately 1.8-fold difference of the peak mtensities was
observed between two drying temperatures. Moreover, the
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ratio of that peak intensity after 120 mun was 0.46 (50 °C) or
0.65 (70 °C). The difference between two drying temperatures
was about 1.4-fold These results suggest that there i1z no
sipnificant  difference against an  increasing rate of
psendo-polymorphism conversion between two temperatures
during drying processes. Moreover. the ratio of the maximum
peak wtensity at 1. 6THz of TPMH to that of the pezk mtensty
of granules at 16 hours or 18 hours obtamed from each drying
temperature (70 °C or 50 °C) was 1.35 or 1.55. Thus result
suggests that no signmificant difference about conversion rate
from an amorphous to an anhydride between two drwing
temperatures was observed. The other charactensnc sbsorption
at 0.95 THz was observed after 60 mm or 240 mun when the
drying temperature was 70 °C or 50 °C. Approximately 4-fold
difference of the starting time of pseudo-polymorphizm
conversion from an amorphous to an anhydride was obzerved.
The ratio of the peak mtenzity at 0.95THz at 16 hours (70 °C) or
18 hours (50 °C) to that of the peak intenzity at 1. 6THz was 0.32
or 0.29. The pseudo-polymorphizm conversion from an
amorphous to an anhydride was not completed at that time
becauze the ratto of both absorptions obtamed from pure
theophvllime anhydride was 0.44.

The time-dependent change of terahertz spectrz obtained
from the zranulez which were prepared using HPC (viscosity:
1000-5000 mPa.s or 3-3.9 mPa z) during the dryving process at
70 °C are shown in Fig. 2.

P Viwesity 1000— 5000m M S

os ' 18 2 1 3 1
—To BENe Wdeg drmr ——aeien Wideg thees
VR Mg SO —— RN W34g LIDeRT R Wideg LT

HINC Vieoshy 30 - S9mPas

anciten Yidog O ——eacihve Mdeg theve
Yooy & O

Fig. 2 Time-dependent changes of terahertz spectra obtained from the gramules
prepared from  kinds of HPC (the upper specera: 1090- 5000 mPa s, the lower

spectra: 3.0-3.9 mPas). The difference about pseudo-comversion
Tates between two wiscosities of HPC is obsarved.

The absorption at 1.6 THz was observed after 15 min and the
peak mtensity increased time-dependently. On the other hand,
the small absorption at 0.95 THz was observed at 60 mir, but
the peak imnten=zity of that absorption has mo significant
difference against the peak intensity at 120 min. Theratio of the
maximum peak intensity at 1 6THz of granules (HPC viscosity:
1000-5000 mPa.c or 3-59mPa:z) to that of the maximum
mtensity obtained from TPMH was 0.70 or 0.41. Moreover, the
ratio of the peak mtensity at 0.95THz at 16 hours
(1000-5000mPa ) or 17 hourz (3-5.9mPa s} to that of the peak
mtensity at 1. 6THz was 032 or 0.31. Psendo-polymorphism
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conversion from an amorphous to an achydride at both
vizcosities was not completed at the last measurement ime.

When HPMC was used as 2 binder, the absorption at 1. 6THz
appeared after 15 mun during the drying process at 70 °C. The
absorption intensity showed no sigmficant change up to 120
min, but the absorption intenzity after 16 hours was as same as
that of TPMH. Although the absorption at 0.95THz was not
observed up to 120 mun, that absorption appeared after 16 hours
(Fig.3, the lower spectra). In the absence of HPMC,
pseudo-polymorphizm conversion was completed within 5 mun
(Fig.3, the upper spectra). These results suggest that HPMC
gives significant delay of 2 pseudo-polymorphism conversion
from an amorphous to an anhydride. This tendency was the
same 2z in the case of HPC. The ratio of the maximum peak
intensity at 1 6THz at 120 mm of granules to that of the
maximum itensity of TPMH was 0.55.

TPMH > Amorpitous (Vacuum 2esf=3 7090

oS . st 2 2% 3 s
— T, g i e A e, iy, e s T, g e

TP v FPMCS Amerpious [ Vacuue Ihesi= 7090

— T e T

et et WO i Tt b e Wl e, g, M

Rg. 3 Tm«dq;m&mchangesafmhzmspemobmdmme
theophylline mms(mmpsspem)MgmnIesmm;
HPMC (the lower specma). sigmficant  difference  against
pseudo-polymorphism conversion rate immmphcmmlnmhydndl
between “without HPMC™ and “with HPMC™ i3 observed.
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» Abinder supp 1a pseudo-poly
il

Cellulose derivatives have an important role as a binder Bomyerslon raa from hous T 1o

to prepare pharmaceutical granules.  The authors found
that HPC (hydroxypropy! cellulose) which is one of

TPAH. The pseudo-poly
at 50°C.
» No inuity of

ion rate at 70°C was higher than that of

Y

y of binders and conversion rates was

cellulose derivatives promotes dehydration and an
amorphization of a hydrated theophylline. From this study,
it is presumed that an inter-molecular interaction between
theophylline and a binder would contribute to this
phenomenon. So the authors investigated the relationship

observed. Based on the lation of the vi ity rate of theophylline,
it was divided into two groups by the viscosity of the binders {(2.0-10 mPa.s and 150-
1000 mPa.s).

» No significant difference of the conversion ratios between 2.0-2.9mPa.s and 3.0-
5.9mPa.s at 70 °C drying temperature was observed.  However, the good correlation
about the viscosity-conversion rates among 2.0-10.0 mPa.s at 50 °C was obtained.

between the pseudo-polymorphism conversion rate and
viscosity of cellulose derivatives by using a terahertz

spectroscopy.

Itis presumed that the weak inter-mok

lar hydrogen bonding k formed by a

lower viscosity below 6.0mPa.s be affected by heat energy generated by the drying

temperature at 70°C.

i Cellulose ; : 76
(TPAH) |+ cellulose (HPC) £
Viscosity: 2.0-2.9mPa.s £ . =
3.0-59mPa.s g
Ho 60-100mPas § “ r
150-400 mPa.s o
Share granulation 500-1000 MPa.s L
L celiulose (HPMC) O
Vecesity fthe medin of the lbuied viscosity rengel (mPa.s)
(TPMH) Fig. 5 Correlation betwaen viscosity and conversion ratio
[ { mmzammwow-numm
H o i ratio is calculated
Diylgin vaciu I o o TR e 00 frckostedgilielub g bk O
- [ cHno: | b, i — 10—
P) L e Fig. 2 Time-dependent changes of terahertz spectra o e
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Fig.1 Chemical structures of cellulose derivatives used in this study
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Fig. 3 Time-dependent changes of terahertz spectra
cbtained from the granules using HPC (Viscosity:

10005000 Pa.s) during the drying process at 50 9C
a70eC,
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Fig. 7 Carelation between the drying time and absorbance
ratio (TPAH/TPMH) at 50 °C or 50 °C (from 30 min to
120 min or 240 min).
HPC which has the Viscosity 6.0-10.0 mPa.s was
used. Excelient linearity at each condition Is cbserved.
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Fig. 4 Time-dependent changes of terahertz specira
cbtained from the granules using HPC (Viscosity:
2.0-2.9mPa.s and 6.0-10.0mPa.s) during the drying
process at 70 °C,
Abinder which has higher viscosity promotes.
conversion from an amorphous to an anhydride.
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HPMT

Fig. 8 Comelation between the drying time and
absorbance ratio (TPAH/TPMH) at 50 °C or 50 °C
ifrom 30 min to 120 i or 240 min).

Good finearity at each condition Is observed.
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