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Preparation and Evaluation of Muco-adhesive Buccal Tablets
of Hydralazine Hydrochloride

DINSHEET, §.P. AGARWAL® AND ALKA AHUJA

Dept. of Pharmaceutics, Faculty of Pharmacy, Jamla Hamdard, New Dalhl - 110 062

Mult/layered muco-adhesive buccal tablets of hydralazine hydrochiorlde were developed using poly-
maets, which as Carbopol- 934 and carboxymethylcellulose. Release enhancers such as cltrie acid,
D-mannltol and PEG-4000 and technlques Ilke lyophilizatlon were utllised for optimizaticn of the tablet
core, Amilllpore membranefiiter (0.22 um) was used satisfactorily toreplace animal membrane for drug

permeation studies across the membrane,

HE interestin novel routes of drug administration
Tresults from their ability to enhance the
bloavallability of drugs impaired by a narrow absorp-
tion window In the gastrointestinal tract, Optimal ther-
apy requires efficient delivery of therapeutically
effactiva dosage to tissue or organ that needs treat-
ment. The need is not only of reproducibility and
predictability of drug release kinstics but also of pa-
tent compllance‘. Drug delivery via the buccal mu-
cosa using bioadhesive dosage forms offers such
a nove! route of drug administration, The route has
successfully been tried for the systemic delivery of
a number of drug candidates®™®,

Tha present study was an atternpt to develop a
muco-adhesive buccal delivery system for hydralaz-
ine hydrocholoride (HLZ. HCI), a hypotensive agent.
The drug Is well absorbed through the gastrointes-
tinal tract but is subjected to extensive first pass
metabelism’. So, the dose required to produce ef-
fective therapeutic serum concentration Is ralatively
high. Since buccal route bypasses first pass metab-
olism, the dose of HLZ HCI may be reduced to almast
20% of the oral dose, This in turmn would reduce the

* For cerrespondence
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dose dependent side effects which are a major lim-
Hting factor to its banefits,

The various physico-chemlcal properties of
HLZ HCI such as low molecular welght (196.64),
optimum solubility characteristics, suitable half ‘lite
(2 to 4 h), dissociation constant (7.1}, small doss
raquirement and ahsence of objectionable taste and
odour make it a sultable candidate for buccal ad-
ministration”®,

EXPERIMENTAL

HLZ HClwas a gift sample from Sarabhai Chem-
fcals (td. Carbopol- 934 (CP-934) and
hydroxypropylcefiulose-M (HPC-M) were obtalned
as glft samples from Ranbaxy Labs and car-
boxymethylceliulose (CMC) from Unichem Labs, Cit-
ric acid (E-Merck), D-mannital (BDH) and PEG-4000
(S.D. Fine Chemicals) were obtained from commer-
cial sources. Other solvents and materials used in
the study were of reagent grade. Miliipore membrane
flters of various pore sizes were obtained from
Millipore, India.
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Preparation of buccal tablets

The Ingredlants {HLZ.HC| and polymers} were
weighed accurately and mixed by trituration In a
glass pestle and mortar. The mix {90 mg) vas then
compressed using a 8.6 mm diameter die In a hy-
draulic press {Riken Saiki Co. Ltd., Japan) at a pres-
sure of 200 kgfcm? for 30 sec. The tablets were
0.87 to 0.93 mm thick, depending upon the polymer
combination used.

Formultilayered tablets, the ingredients (100 mg)
of the core were compressed using a 9.6 mm die
punch set at a pressure of 50 kg/em? for 10 sec,
The core was then removed and placed in the centre
of a 13.6 mm die and the ingredients (100 mg) of
cap tayer poured over it and recompressed at {00
kgfem? for 15 sec, The upper punch was removed

“and the mixed ingredients (50 mg) of the backing
layer were then added over the cap and compressed
at a pressure of 50 kg/em? for 5 sec,

Lyophiization of polymers

The polymers were taken in a definite ratio (se-
lected by reiease studies) and dissolved in sufficient
quantty of distillea wainr with stirring, The gel so
cutausdwas refivezes and hen lyaphilized ag-70°
At U h b s st SB Ny The diied sacd
matrix was then crushed, passed threugh sleve num-
ber 100 and stored in a dessicator tifl further use,

Water absorption study

This was done on 1% agar gel plates®. The
tablets were placed with tha core facing the gel
surlace and incubated for 6 h at 37°. The tablets
were welghed before and after standing on the agar
plate and examined for any physical change.

In vitro dissolution study

Dissolution rate of the drug from buccal tablets
was studled using a modifled USP dissolution rate
test apparatus. The modification consisted of an
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internal compartment made up of a 150 m glass
beaker (i.d. 40 mm) into which was placed a teflon
cylinder (40 mm dlameter, 20 mm height) having a
cavity (13 mm dlameter, 4mm depth) on one sids,
The tablet was inserted into the cavity of teflon cyi-
inder so that the core facsd the dissolutlon medium
{100 ml isotonic phosphate buffer {IPB} pH 6.6 at
37°). A stirer was lowered so that it remained at
least 1 ¢cm above the tablet surface and stirring was
done at 50 rpm. Samples (5 mi) were withdrawn
and replaced by fresh dissolution medium every half
an hour for 6 h. Filtered samples were then diluted
suitably and absorbance was read at the 262 nm.
Preliminary studies indicated that the polymers used
In the study did not interfere with the estimation of
the drug at this wavelength.

In situ diffuslon studles

In situ studies of the diffusion of HLZ.HC! from
buccal tablets were carried out using the Franz dif-
fusion cell. Fresh bovine cheek pouch membrane
was attached to the top of lower compartment. The
buccal tablet with core tacing the membrana was
Coverad with a glass cap irom three sides and fovs-
ered 1 the donur comparunent 5o . the lab.et
Co SWLTK oF e M s e rLne | i el luf
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tained at 37° and stirred magenetically. Samples
were withdrawn at 30 min. intervals for 6 h and
analyzed as for the dissalution samples,

Millipore membrane filters of 8.0, 1.0, 0.45 and
0.22 ym pore size were also tried for permeation
studies instead of mucosal membrane in an attempt
to evaluate the sitabitity of using merbrane filters
for transmucosel permeation studies, Studies were
pertormed Initlally on C-4 formulations and finally
on optimised formulation aiso.,

In vivo studies of optimized tablets

In vivo studles of the optimized tablets was car-
ried out on healthy, male, white rabblts, weighing

May - June 1997
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Table 1 : Effect of Polymer Ratio on the Drug Release from Varlous Muco-adhesive Tablets

Composition Formula Code

Ad A2 A3 A4 A5 Bi1 B2 B3 B4 BS5 C1 C2 C3 G4 Cs
HLZHCI(mg) 10 10 10 10 10 10 10 10 10 1w 1o 10 10 10 10
CP-934 {mg) 40 267 533 20 18 40 26.7 533 20 16 40 28.7 S53.0 20 16
HPMC-K4M (mg) 40 53.7 267 60 64 - - - - - - - - - -
PVPKIO{mg) -~ -~ - - - 40 533 267 60 64 - - e - -
CMC {mg) - o~ o~ - - - - - - - 4 =533 287 60 64
Polymer ratio 11 12 211 18 141 12 21 13 14 1:2 21 13 14
Cumulative
% drug release* 24.9 38.3 22.1 4389 341 212 382 2568 413 481 283 575 375 604 558
{al & hrs.)

* Average of three determinations

one to two kg. The rabbits were fasted overnight
and divided into four groups of two rabbits each.
Dose of drug was selected on the basis of surface
area ratio of rabbits'®. The first graup {A) was given
an oral dose of HLZ.HCI with the help of plastic
tube. Buccal tablet was placed in the cheek pouch
of group (B) with the help of spatula. The mount of
the rabbits were tied lightly with a cloth to prevent
swallowing of dosags form. The blood samples were
withdrawn from the marginal ear vein, using xyleng
for vein dilation, The blood was collected into hep-
arinized tubes and was centrifuged at 1000 rpm for
20 min to separate plasma. To 0.5 ml of freshly
prepared plasma was added 1 mt of IPB (pH 7.4)
and 6 ml of methanol, This was centrifuged at 850
rpm and to 2 ml of supernatant was added, 1ml of
a mixture of buffer and methanol {65:35 v/v}. This
was filtered through a 0.45 pm filer and 20 ul of
this was injected into the liquid chromatographic col-
umn using the loop injector. A standard curve of
pure drug was prepared by HPLC in the concentra-
tlon range of 0.1-2.5 ng/ml.

The blood samples were analyzed by reverse
phase HPLC with detection by ultraviclet spectras-
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copy”. The technique utilised a Waters stainless
steel column (30 ¢m x 3.9 mm) packed with p Bond-
apak C. The eluting solution used was 35% of meth-
anol in 0.1 M potassium phosphate buffer (pH 7.4}
containing 10 mM EDTA. The solvent flow rate was
maintained at 1.5 ml/min. Cumulative drug release
was obtained after stipulated time intervals.

RESULTS AND DISCUSSION

The polymers for the preparation of HLZHCI
buccal tablets were selected on the basis of
bloadhesive property, non-toxicity, non-irritancy, sta-
bility and compatibility with the drug. CP-934 was
combined with elther HPMC-K4M, PVP-K30 or CMC.
Table 1 gives the cumulative percentage drug re-
lease of the buccal tablets prepared using varying
ratios of different polymers. Formulation C-4 (con-
taining CP-934 and CMC in the ratio of 1:3) was
selected for further study as it had the maximum
drug release in 6 h.

EHect of addition of Citric acid

Citric acld was added in a concentration from 2
o0 10% in order to enhancea the release of drug fram

Indlan Journat of Pharmacautical Sclances

TUINIIERIGIEAT T

TR A SRR TR TR TR Had g R A TR T



XP009091673

Table 2 : Composition of Qptimized Formulation

Welght in mg of

Composltion Core Cap 8acking layer
HLZ HCI 10.00 - -
Freezed dried polymer

mix of CP-834 .CMC (1:3) 20.00 - -
CP-934 13.50 66.75 -
CMC 40.50 - -
Citrle acid 8.00 - -
D-mannital 8.00 - -
FEG-4000 2.00 - -
HPC-M - 33.25 -
Migrocrystalline celiulose - - ' 44.98
Sodium saccharin = - .. .. L5000 .
Tatrazine ' - - 0.02

formulation C-4. The release was enhanced which
could be atirlbuted to a decrease in the micro-en-
vironment pH of the basic drug (HLZ.HCI) by the
addition of citric acid, A concentration of 6% wiw
was found to ba optimum for maximum drug releass,

Effect of addition of D-mannitol

D-mannitol has been used to accelerats the re-
lease of drug from polymer matricess'2. It has a
sweet taste, a negative heal of solution and disso-
lutlon enhancing properties' and hence may be
regarded as a suitable excipient for buccal tablets.
Maximum release of 78.5% was obtained on addition
of 8% D- mannitol to G-4 matrix.

Effect of addition of PEG 4000

Adodition of 2% PEG 4000 was found to increase -

the release of drug to 81.6% from C-4 matrix in 6
h. Afurther increase in concentration of PEG caused
the tahlet to erode before 6 h. This is In agreement
with earlier studies where PEG has been utilized
for development of muco-adhesive erodible buccal

138 Indlan Journal of Pharmaceutical Sclencas

tablets'™%, Hence, 2% PEG-4000 was added to
the optimized formulation.

Effect of lyophilization of polymer bland

Use of lyophilized polymer blend of CP-934 and
CMC (1:3) upto a concentration of 20% caused an
increase in the release of drug from the palymer
matrix. However, a further increase In the percentage
of lyophilized polymer in the formulation slowed down
the release rate,

Development of Optimized formulation

Based on the above studies, a multilayered op-
timized formulation (Table 2) was developed. The
core consisted of the drug, citric acid, D-rmannitol,
PEG 4000 and a physical mixture alongwith a treeze
dried polymer blend of CP-934 and CMC. The cap
layer consisted of CP-934 and HPG (2:1) and sur-
rouinded the core on three sides so as to aliow the
release of drug to take place only from the side of
core slicking to buccal mucosa. This layer would
alsoaldin the adhesion of tablet to the huccal mucoesa

May = Juna 1997
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Fig. 1 : Scheme lilustration of buccal tablet

for & h: The backing layer consisting of microcrys-
talline cellulose covered the cap layer at the top and
overcame the problem of stickiness of the cap layer.
it also contained sweetner (sodium saccharin}, fla-
vour {lemon oil} and colour (tartrazine} so as 10
impart an aesthetic appeal to the formulation, Fig,
1 gives a schematic illustration of the buccal tablst.

The tablets were found to be satisfactory when
svaluated for weight variation, friability and drug con-
tent uniformity. The results of the water absorption
study indicated that the tablets did not shaw any
appreciable change in thelr shape and form during
the 6 h, they were kept on agar plate. Swelling of
the surface in contact with 1% agar ge! was noted
and the oplimized tablet had a 84.3% gain in weight
due to absorbed water after 6 h,

Ir vitro and in situ drug release studies

The optimized formulation exhibited an /n vitro
release of 99.7% (Fig. 2) in 6 h during the dissolution
study. When the formulation was subjected to in sity
diffusion- studied using a diffusion cell, a drug per-
meation of 23.8% was obtalned in 8 h across freshly
obtalned bovine cheek pouch. The correlation be-
tween /n viiro release rate and permeation across

May - Juna 1897

Fig. 2 : In vitro dissclution rate study of
optimized formulation

the bovine membrane was found to be positive with
a corrslation coefficient of 0,855, :

Analysis of the release rate and permeation rate
data showed that the coefficient of variation of zero
order rate constant was lower than the corresponding
first order values thereby suggesting that the drug
release from the optimized formulation may bs fol-
lowing zero ordler pattern.

Comparison of bovine cheek pouch membrane
with synthetic membrane

Flg. 3 shows the drug from formulation C-4 per-
meated through bovine cheek pouch (J-1}, miliipore
filters with pors size 8.0 pm (J-2), 1.0 um (J-3), 0.45
um (J-4) and 0.22 um (J-5). It was seen that per-
meatlon obtalned from the animal membrane was
vary close to millipore filter of 0.22 um. Fig 4 shows
the difiusion of drug from the optimized buccal tablet
across bovine cheek pouch and 0,22 pm millipore
membrane, It appears that the diffusion across the
synthetic membrana follows a pattern simllar to the
animal membrane afthough the permeation is more
(32.5% as compared to 23.8% in 6 h) across the
millipare membrane,
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Fig. 5 : In vitro release of Hydralazine HCI by oral
and buccal route, in rabbits
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Fig. 3 : Comparlson of drug permeation across
different types of membranes

In conclusion. buccal formulation in the form. of
muttilayered muco-adhesive tablets ot HLZHCl was
developed to a satisfactory level with respect to drug
release and bicadhesive strength. Citric acid, D-man-
nitol and PEG-4000 were found to increase the re-
lease of drug from the polymer matrix. A nearly
100% releass in vitro was obtained using a lyoph-
ilized blend of polymars. /n vivo permeation of drug
from buccal tablets in rabbits was also found 1o be
satisfactory.
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Clinical Cancer Research

Advances in Brief

Reactivation of Tumor Suppressor Genes by the Cardiovascular
Drugs Hydralazine and Procainamide and Their Potential

Use in Cancer Therapy’

Blanca Segura-Pacheco, Catalina Trejo-Becerril,
Enrique Perez-Cardenas, Lucia Taja-Chayeb,
Ignacio Mariscal, Alma Chavez, Carmen Acuiia,
Ana Maria Salazar, Marcela Lizano, and
Alonso Duefias-Gonzalez?

Unided de Investigacidn Biomédice en Cancer, Instituto de
Investigreiones Biomédicas, Universidad Nacional Aut6noma de
Mexico/Instinato Macional de Cancerologiz, Tialpan 14080,
Mexico DF.

Abstract

" Purpose: The purpose of this study is to evaluate the
demethylating and tumor suppressor-reactivating activity of
hydralazine and procainamide.

Experimental Desicn; MDA-231, MCF.7, and T24 cell
lines were treated for § days with 10 pm hydralazine or 10
pnt procainamide, 5-aza-deoxycytidine at 0,75 puM was used
a8 positive contral. BALB/¢ nw/nu mice xenografted with
MDA-231 cells were treated with these drugs for 7 days by
i.p. route. Methylation was assessed by PCR after digestion
with methylation-sensitive enzymes for the ER pgenc and
with mcthylation-specific PCR for retinoic acid receptor
(RAR)B and pI6 genes. Gene expression was evaluated by
reverse transcriptfon-PCR and Western blot. The duration
of the gene re-expressing effect of hydralazine was analyzed
on T24 cells. Functionality of the re-expressed proteins was
evaluated by the induction of the estrogen-responsive gene
P52 on MDA-231 cells and by the inductlon of G, arrest on
T24 cells. The gene demethylating and re-expressing ability
of hydratazine was tested In two paticnts with cervical and
kead and neck carcinomas, respectively.

Results; Hydralazine snd procainamide induced de-
methylation and re-expression of the ER, RARP, and pl§
genes in cultured cells, Both drugs alse demethylated and
re-expressed the ER gene (n mice. Hydralazine re-expressed
the pl6 gene longer as compared with S-aza-deoxycytidine.
The re-expressed genes were functional. In addition, the
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treatment with oral hydralazine demctibylated and re-
expressed the RARP and p16 genes in the cervical angd head
and cancer patients,

Conclusions: These cardiovascular drugs have 2 prom-
ising lumor suppressor-reactivating action and could poten-
tially be used in clinic as an sniicancer treatment, most
likely to increase the efficacy of current biological or che-
moltherapeutic treatments.

Introduction

Cancer development is driven from genetic and epigenetic
changes at the cellular lcvel that activate and inactivate onco-
genes and TSGs,” respectively. TSGs are inactivated by genc
delctions and mutations, however, transcriptional silencing by
epigenctic changes is another well-established mechanism of
innctivation (1), Thue, methylaion ot CpG lslends suppresscs
the expression of TSGs such as pl6 (2), retivablasioma (3), VHL
(4, E-cadherin (5), hMLH/ (6), BRCAZ (7), and many others,
intluding the ER (2) gene (8), In cukaryolic cells, meithylation of
cytosines occurs predominantly in genomic regians paor in CpG
(9). On the contrary, discrete regions located at the §' regulatory
regions of genes, termed CpG islands, are always unmethylated
in normal cells with the exception of transcriptionally silent
genes on the inactive X-chromosome (10) ard some imprinted
genes (11). The knowledge of specific genctic abrormalitics in
tumnors has led to the developing of molecular-targeted therapics
s exemplified by genac therapy directed to restoration of TSG
activity (12), blocking oncogenes, or their products with cither
antisense oligonucleotides (13), kinsse inhibitors (14), and
moncclonal antibodies (1 5) among other approaches.

Reversion of gene promater methylation of TSGs is an
attractive target for anticancer treatment. A large body of ex-
perimental evidence demonstrates that re-expression with de-
methylating drugs of silenced TSGs leads to a stcong inhibitory
effects on cancer cell growth in vire and in vive (16). These
concepls are supported by the transforming ability of the forced
expressien of DNA-methyltransferase genc aciivity (17), as well
s by the reversion of the malignant phenotype by oantiscnse
oligonucleotides against this gene (18).

These findings pave the way for the clinical testing of
demethylating agents in cancer, however, & consleain for their
use is the potent carcinogenic and mutagenic properiies, as well
as the associated toxicity of 5-azacytidine and its analog 5-aza-
CdR, two well-known hypomethylating agents {19), being un-
likely that these agents will find widespread clinical use. Be-

* The ebbreviations used arc: TSG, tumar suppressor gene; ER, estrogen
recepior; 5-aza-CdR, §-aza-deoxycytidine; RT-PCR, reverse tonscrip-
1ion-PCR; RARR, cetinoic acid receptor B.
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cause of that, there is an urgent need 1o find outl Jess 1oxic
demethylating agents.

The antihypertensive and antiarvhytimic agents hydralazine
and procainamide, respectively, are known inhibilors of DNA
methylation that have been used to hypomethylate T cells in
experimental sysiems. This hypomethylation produces overex-
pression of lymphocyte function-associated antigen 1 that
makes T cells autoreactive. This property has been demonsiraled
in vitro and in vivo models (20). More recently, Kaplan er al
(2F) have demonsirated hat (he lymphocyte function-associated
antigen | overexpression induced by DNA-methylation inhibi-
tors is caused by demethylation at the CDJ /o gene promoter.
Here, we demonsimate that hydmlnzine and procainamide are
able to demethylate and re-express TSGs in experimental and
clinical settings.

Materials and Methods

Cell Lines, Tissue Specimens, and Reapents. DMEM
cullure media and fetal calf serum were purchased from Life
Technologics, Inc. (Grand Island, NY). Hydralazine, procain-
amide, 5-Aza-CdR, ard all-rrans-retinoic acid were oblained
from Sizma (51. Louis, MO). MDA-231, MCF-7, and T24 ccli
lines were oblained from American Type Cuiture Collection.
Cells were grown in DMEM supplemented with 10% FCS at
37°C und 5% Ty,

5-Aza-CdAR, Hydralazine, and Procainamide Treat-
menl, MDA-231, MCF-7, and T24 cells werc plated at den-
sities of § % 10 cell/l00-mm dish, respectively. On day 2,
cells were Lrealed with DMEM containing either no drugs ar
€.75 um 5-Aza-CdR, 10 pMm hydratazine, or 10 pm procain-
amide, Drugs were freshly prepared before use. The media
containing the drugs was maintained during the 5 days of
treatment. On day 6, the cells were harvested using a ccll
scrapper for analysis of gene and protein expression, as well as
for DNA methylation assays. These experimental conditions
applied far the MDA-231 and T24 cell lines. For MCF-7 cells,
the media containing the drugs was changed at day 6, and then,
the cells were treated additionally for 24 h with all-trans.
retinoic acid st a concentration of 1 mm. For the time course,
demethylation experimenl MCF-7 and T24 cells were treated
with hydralazine for § days ond harvested for methylation
analysis at 24, 48, 72, 96, and 120 h.

RT-PCR., RNA from drug-treated and -untrested cells
was abtained using the TriReagent Life Technologics, Inc.,
RNA extraction kil following the manufacturer instructions.
Onc pg of iowal RNA was used for reverse transcription, which
was performed with a RT-PCR kit (Perkin-Elmer, Branchburg,
NJ) following the manufacturer instructions, For ER gene, the
PCR rcactions were performed as deseribed previously (22).
The primers used were 5-GGAGACATGAGAGCTGC-
CAAC-3 and 5'-CCAGCAGCATGTCGAAGATC-3' in a total
reaction volume af 20 wl. The program used was 94°C for 12
min, followed by 24 cycles at 94°C for t min, 56°C for 30 5, and
72°C for 40 s. The pl6 genc was amplificd as previously
described (23) using the primers sease 5'-AGCCTTCGGCT-
GACTGGCTGCG-3 and antisense §'-CTGCCCATCATCAT-
GACCTGG-3'. For the RARP gene, the conditions were also as
previously described (24) using the primers: sense 5'-GACTG-

TATGGATGTTCTGTCAG-3 and antisense 5 -ATTTGTCCT-
GGCAGACGAAGCA-3'. To control for amount and integeity

of the mRNA, the expression of the gene GAPODH was also,

analyzed using primers and couditions atready described (24).

Western Blots.  For protein analysis, harvested cells were
centrifuged, washed with | X PBS, recentrifuged, and resus-
pended in radioimmunoprecipitation assay buffer [50 mum Tris-
HCI {pH 7.6), 5 mm EDTA, 150 mm NaCl, and 1% NP40]
containing protease inhibitors (10 pg/ml aprotinin, {0 pg/ml
leupeptin, 1 mm phenylmethylsulfony! Ruoride, 10 mm NaF,
and 10 ug/mi pepstatin A). Fifty pg of total protein were
electrophoresed on a 12% SDS/PAGE gel, wransferred to poly-
vinylidene diflucride membranes, and immunoblotted with the
carresponding antibodies: ER; p16; RARB; and actin for load-
ing control (Santa Cruz Biotechnology, Inc., Santa Cruz, CA)
Membranes were incubated with the primary antibody for § h at
room temperature, followed by incubation with 1gG-horseradish
peronidase-conjugated secandary antibodies (Amersham Inter-
national, Buckinghamshire, United Kingdom) for 30 min at
room temperature. Bands were visualized by erhanced chemi-
luminescence (Amersham Intermational).

Methylation Analysis. The analysis of methylation for
the ER gene promoter was performed by PCR after digestion of
the sample DNA with methylation-scnsitive Hpall and methy-
lation-insensitive Mspl enzymes as described previously (25).
Brietly, DNA was purified with a Wizard purification kit {Pro-
mega, Madison, WI), end then, | pgfsample was digested over-
night in a volume of 20 ul with cither 10 units of Mspl or Hpell
according 1o the manufacturer instructions. Then, 2 gl of the
digestion mix, equivalent to 100 ng of DNA, were then ampli-
fied in & volume of 20 pl using lhe primer sequences 5'-
TCTCCCCTCACTCCCACTGC-3 and 3'-GAAATCAAAA-
CAAGCCTACCC-3' thavamplify a product of 292 bp of the pd
ER gene promoter. The protocol of amplification consisted of
95°C for 5 min, 25 cycles of 94°C for 1 min, annealing a1 60°C
for 1 min, and extension at 70°C for | min, followed by a fina)
extension of 5 min at 72°C,

Absence of bands from samples digested with Mspl indi-
cate Lhat the digestion worked as Lhis enzyme cuts trespective
of the methylation status, no amplification in reactions digested
with Hpall is indicative of demethylation, whercas amplifica-
tion indicates methylation,

Methylation status of p/6 and RARP gencs was analyzcd
by methylation-specific PCR as described previously (26, 27).
Briefly, 1 pg of DNA in a volume of 100 ul of each sample was
denatorated with freshly prepared NaQH at a final concentration
of 0.2 M and modified according to the manufaclurer instrue-
tions of the DNA Modification kil (Intergen, Purchase, NY).
The PCR mixture contained 2 pl of 10X PCR buffer, 0.5 units
of Tagq Gold polymerase, deoxynucleotide triphosphates (cach
1.25 mm), 300 ng of primers/reaction, and bisulfite-modified
DNA or unmodified DNA in a final volume of 20 ). Producis
were visualized in a 2% aparose gel under UV light,

In Vivo Experiments. To evaluate whether hydralazine
and pracainamide demethylale re-express the £R gene in vivo,
16 nuw/ma 8-weck-old fecmate mige (Harlan Teklad, Madison,
W) were injected with 6 X 105 MDA-231 cells In the flank.
Afer 4-8 weeks, once the womors reached g size between 0.5
and | em in diameter, 4 mice/group were injected by i.p. roule

|0
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with 200 pl of nomal saline, 300 pg of 5-Aza-CdR. 5 mg/kg
hydralazine, or 20 mg/kg procainamide daily for 7 days. At day
B, mice were sacrificed under chloroform anesthesia and tumors
removed. Tumors were immediately processed for protein, RNA
and DNA extraction, and then for eveluation of the ER gene and
product expression, as well as the assessment of the methylation
stalus as described above.

Heritability of DNA Demethylation. To cvaluate the
duration of the gene-reactivating effect of hydralazine as com-
pared with 5-Aza.CdR, T24 cells were treated with either of
these drugs for 5 days as described above. At day 6, the media
was changed, and cells were successively passaged in drug-free
medium. Every subsequent day cells were analyzed for the
mRNA of the p/& gene by RT-PCR.

Functional Assays of the Re-expressed Products of ER
and pi6 Genes. To evaluate whether the re-expressed genes
were functional, the MDA-231 and T24 cell lines were treated
in culture as above described with hydralazing or 5-Aza-CdR.
For the breast cancer cell line, the media containing the drugs
was replaced by feesh media without pheno! red (pheaal red-free
RPMI) containing 10% dextran charcoal-stripped FCS. After
24 h In thesc latter conditions, cstradiol at a con¢entration of 10
niv was added for additional 24 h, and then, cells were analyzed
for the expression of the cstrogen-responsive genc P52 as de-
scribed previously (22). For the bladder cancer cell line, cells
were kept for 24 b in drug-lree medinm afier ireatment (con-
fluency ~80%) and then harvested and fixed in 75% ethanol,
stained with propidium iodide, and analyzed by flow cytometry
to determing the cell cycle profile.

Clinical Evaluation of the Demethylating and Gene Re-
expression Actlvities of Hydralazine, To evaluate whether
hydratazine was able to demethylate and reactivate expression
of silenced TSGs in a clinical setting, two patients {one with
cervical cancer and another with head and neck ¢ancer) who had
progressed to all available treatment were treated with hydmi-
azing after a signed informed consent. Hydralazine was admin-
istered for 10 days by oral route (5S¢ mg 3 times a day), Two
days before commencing treatment, a punch biopsy from the
lumors was taken for DNA and RNA extraciion to document
methylation and lack of expression of the RARPB and p/§ genes,
respectively. At day 11, a biopsy from the same site was taken
for reanaiysis of methytation and gene expression. To confinm
the changes in methyletion pre- and postreaiment, the PCR
products of the RARP gene were sequenced in an ABI PRISM
310 (PE Biosystems) sequencer,

Resvlts

Previous studies have revealed that the £R, pl6, and RARB
genes are methylated in MDA-231, T24, and MCF-7 cell lines,
respectively, and also that 5-Aza-CdR is able to demethylate
these genes, To determine whether other inhibitors of DNA-
methyitransferase can demethylate TSGs, these cell Jines were
treated with hydralazine and procainamide al indicated daoses for
5 days. As a4 positive control, 5-Aza-CdR was used. As ex-
pected, the PCR from untreated MDA-231 cells was negative in
the sample digested with Mspl but positive in the sample di-
gested with Hpall, indicating cells were methylated. On the
contrary, the PCR failed to amplify aficr digestion with Hpall
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Fig. 1 Methylation analysis of the ER, RARR, and pl6 genes. A, G is ‘

undigesied genomic DNA as pesitive conwrol, H is Apall, and M is
Mspl, The band in Lane 2 indicates lack of digestion with Hpall and,
therefore, methylation of unireated MDA-231 cells. & and C show the
analysis by methylation-specifie PCR of RAR( and pl6 pgenes in
MCE-7 and T24 cells, W is wild type, M is methylated primers, and U
is unmethylated primers, I} and E skow a (ime course experiment of
RARB and pl6 gene demethylation gver § days on the MCP-7 and T24
cells, respectively,

from cells treated with the three demethylating drugs, which
indicates demethylation (Fig. 14). To investigate whether the
demethylating ability of hydralazine and procainamide was not
cell line ner gene specifie, T24 and MCE-7 cells were ireated
with these demethylating drugs. The methylution-specific PCR
using bisulfite-modified DNA for the p/6 and RARP genes
demonstrated methylation in unireated but demethylation in
teeated cells (Fig. 1, B and C). In addition, the lime course
demethylation analysis done in MCF-7 and T24 cells for the
RARB and pJ§ genes with hydralazine showed that as cxpecled,
the unmethylated band appeared after 48 h (Fig. |, D and £).
Interestingly, the demethylation was faster for the plé gene.
Thus far, these results demonstrated that hydralazine and pro-
cainamide were able to demethylate these TSGs. To investigate
whether demethylation correlaied with gene reactivation, the
expression of these genes was investigated at the levet of RNA
and protcin. Untrezsted cell lines were negative, but nfter § days
of treatment with the drugs, the cells expressed the transcript
and pratein (Fig. 2, A-C). To further explore the ability of
hydralazine and procainamide to induce demethylation in wive,
ne/nu mice reccived injections of MDA-231 celis 10 generate
tumors and, subsequently, were trested for 7 days by i.p. injee-
tions of bydmlazine or procainamide. The analysis of the ex-
pression of the ER gene &t protein and RNA levels 25 well as the
methylation stalus of the genc demanstrated that both drugs
were able to demethylate and re-express the ER gene (Fig. 3).
Thus far, these results demonstrated that like 5-Aza-CdR, both
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Fip. 2 Expression of the mRNA and proteins of A, ER (MDA.231Y; 8,
RARB (MCF-T): and C, p16 (T24) genes by RT-PCR and Western hloL.
The positive control (+eur) for A is MCF-7. for 8 is MDA.23) exposcd
ta S-aza-CdR/at-RA, and for € is Hela cells.

drugs demethylate and re-express TSGs in vitre and in vivo. To
compare the effect on the heritability of these changes, hydmal-
azine and 5-Aza-CdR were tcsted in the T24 cell line. The
results showed that under identical canditions of treatment at the
doses tested, hydralazine kept longer the reactivaling effect on
the pl6 pene (Fig. 4).

It has been demonstratcd (hat gemes reactivated afier
S-Aza-CdR treatment are functional. Because of the importance
of his phenomenon upon the potenlial therapeutic use of de-
methylating agents, we lested whether the reactivated penes by
hydralazine were funclional. As it could be predicied, in the
MDA-231 ¢ell line, the re-expressed ER praduel induced the
transcription of the PS2 genc upon stimulation for 24 h with
estradiol (Fig. 54). Likewise, in the bladder cancer ceil line, the
reaclivation of /6 gene was able to induce G, arresy, indicating
that the gene product was funclional (Fig. 58).

It has been reported that 5-azacytidine selectively increases
§-globin synthesis in o patient with § Thalasemia {28), there-
fore, we treatcd (wo cancer patients with hydralazine for 10 days
to confirm f our experimental results were ¢linically achievable.
Fig. 6 shows that hydralazine demelhylated and re-expressed the
p/6 gene in the head and neck cancer patient (Fig. 64) and the
RARB gene in the cervical cancer patient {(Fig. 68). This de-
methylation was confirmed by sequencing the RARB gene prod-
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Fig. 3 Analysis of methylation and product expression of the ER gene
in nude mice. A shows that the tumor of contral mice were methylated
as shown by the band in the Lane 2 indicating no digestion with Hpall,
The band disappearcd with the treatment with 5-aza-CdR and hydnla-
zine, which indicates gene demethyladon. Lane 11 corresponds (o the
mice treated with procainamide. The band is absent in Mspl but is very
wenk in fipall, indicating that was only partially demethylated; 8 and C
are the product expression by RT-PCR and Western blar n bolh cases,
the intensity of bands in procainamide is weaker, correlating with a
partial demethylatian, G is undigesied genomic DNA,

ucts (methylaled pretreatment and demethylated postireatment).
The product amplified encompasscs position 950-1095 of the
promoter-exon region of this gene (GenBank accession no.
X36849 as shown in Ref. 27), which has 10 methylated cy-
tosines, All these were demethylated after treatment with hy-
dmlazine. Fig. 6, € and D, shows pasition 1000-1095 in which
the five methylated cylosines marked with the amgw became
demethylated.

Discussion

‘The demenstration that the re-sxpression of TSGs silenced
by methylation can have therapeutic value in malignam diseases
has been hampered by the unavailability of suitable drugs for
clinical 1esting. In this study, we show that two noncytstoxic
agents having cwrrent clinical use for nonmalignant conditions
are able not only to demethylate bul to re-express in vitro and in
vivo the functional products of TSGs in cancer cell lines, In
addition, we demonsirate that this effect is clinically achievable
by hydralazine.

In this work, we used the ER-negative MDA-231 cell line
that lacks ER gene expression because of hypeemethylation of
its promoter (29, 30). It has been shown that the demethylating
agen 5-ara-CdR is able to re-express a functional ER proicin
{B). Our results demonstrate that untreated MDA-231 cells have
methylated and silenced the expression of the ER genc, how-
ever, after 5 days of exposure to procainamide or hydralazine,
this epigenetic change was reverted. Methylation-specific PCR
after bisulfite modificatton is currently considered as the most
simple and effective method o determine the methylation siatus
of gene promoters. The ER gene methylation has been analyzed
with this technique (31}, however, we were wnsuccessful in
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Fip. 4 Enxpression of pISmRNA in T24 cells treated with 5-Aza-CdR
{A}) and hydrmalazine (B), Day 0 is the fifth day of drug trcatment, A faint
band is still seen at day 11 with hydralazine as compared with day 8 with
5-Aza-CdR.

reproducing these results, therefore, we decided to analyze the
ER gene methylation by PCR amplification afler digestion with
methylation-sensitive enzymes. This technique has some tech-
nical-limitations that mostly depend on an efficient enzymatic
dipestion, however, our data clearly demonsicate that this was
not the case because no bands could be amplified after digestion
with Hpall frem treated cells, but they were present in untreated
cells. Th aduddios, diose iosuiis we supporied by the idenucal
results obtained with 5-a2za-CdR, used as a positive cenirol.

To rule out that the effect of procainamide and hydralazine
cauld be a cell line or a gene-specific effect, we studicd the pl6
gene in the bladder cancer cell line T24, This ccll cycle regu-
latory genc has been widely studied in regard 1o its methylation
status in cancer, Previous results in this cell line have shown that
5-aza-CdR revents its methylation and induces its re-cxpression
in vitro and in vive (16), Qur results indicate that procainamide
and hydralazine are also able to re-express its gene product and
also provide evidence that the reactivation of the pl6 gene is
because of demecthylation as demonstrated by methylation-
specific PCR. In addition, our results demonstrate that the gene
products expressed were functional as shown by the induction of
the estrogen-responsive P52 genc after estradiol tréatment and
to the intrease in the population of T24 cells in the G, phase of
the cell cycle. These findings additionally support the potential
use of hydralazine for reactivate TSGs in cancer,

To provide further evidence, we also studied in the MCF-7
cell line (he effects of these two drugs on the RARS gene. This
gene has been found silenced by methylation in several cell
lines, as well as in primary tumors such as lung carcinoma
where the methylation of this gene has prognostic implications
{32). it is known (hat the expression of the RARP gene is
up-regulated by retinoic acid (33) and Uhat in vitre, demethyla-
tion of the RARP pene is not sufficient for its expression unless
cells are treated with retinoic acid (34). Qur results show that
after 5-day exposure 10 the tested drugs, all-trans-retinoic acid
induced the expression of the receptor in the treated cells and
that this effect correlated with promoter demethylation.

An imporant finding of this sludy was that the systemic
administration of hydralazire and procainamide 1o animals was
able 10 demethylate and re-express the ER gene without over
toxicily. Interestingly, the concentration of these two drugs at
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Fig. 5 Functionality of expressed genes, A shows that estradiol in-
duced P82 gene on cells previously expased to eilher $-aza-CdR or
hyaraiazine, and # shows cell cycle profile of T24 cells exposed to the
drugs. 3-aza-CdR and hydralazine were equally effective on inducing
Gy-Gy prrest,

which the cffect was observed ir vitro and in vivo is in the
therapeutic range used in clinic as aniiarthythmic and anti-
hypertensive, respectively (33, 36).

It is known that 5-aza-CdR inhibits eytasine methylation
by covalently binding DNA methyltransferase and that its de-
methylating effect is maintained for at least nine doubling times,
being after this time, a gradual recuperation of methylation to
the original level (37). 'The mechanism by which hydralazine
and procainamide inhibit DNA methyfation is still unknown,
however, both drugs bind deoxyguanine-deoxicytosing rich
DNA sequences (38), and this binding may interfere with teans-
location of tho enzyme DNA-methyltransferase along the DNA
strand, Accordingly, the demethylating effect of both drugs is
comparable with 5-aza-CdR when evaleated by the methyl-
methionine assay and by direct quantification of deoxymethyl-
cytosine (39},

Because procainamide and hydralazine most likely have a
distinct mechanism of demethylation that 5-aza-CdR, we ana-
lyzed the effect on inheritability of the re-expression upon the
pIl6 gene in the T24 cell line, Surprisingly, hydralazine was
more effective than 5-aza-CdR for keeping re-expressed this
gene longer, which is in line with a delayed demethylating effect
of this drug when tested in vitre (39). The evidence would
suggest that 10 keep genes demetylaied, cells would need o be
in continuous exposure 10 the demethylating drugs, which from
2 practical point of view would favor the use of hydralazine
instead of 5-a2a-CdR because this antihypeniensive drug is
given in daity basis for long periods af time, An imponant issue
to be addressed is whether the sole re-expression of the sup-
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pressor genes can inhibil lumor growth in the clinie. Data from
5-aza-CdR show thal i antitumar activity in vitro and in vive
may depend not orly from its demethylating activity but also
from its intrinsic cytoloxic actions (40). However, both procain.
amide and hydralazine have also been tested as ontitumor
agents. Mydralazine has intrinsic cytotoxicity because of the
induction of intracellular acidification and tumor-selective hy-
poxia (41, 42). Procainamide and ils analog 3-chloroprocain-
amide have shown to increase the efficacy of cisplatin in some
wmor models (43, 44); morcover, because of its DNA-methyl.
transferase inhibitory activity, procainamide changes the hu-~
moral immunological environmemnt into a cellular ong, enabling
an increased antitumor cfficacy when combined with IFN in
renal carcinoma (43).

Receni studies have shown ihal in cervical carcinoma, there
is hypermethylation of a vast armay of genes thought to be

important for the development and progression of this wmor
{46, 47). Among these, the RARD genc has been found methy-
lated in 50 and 26% of cervical cancer cell lines and tumars,
respectively. Likewise, for head and neck eancer, pl6 is among
other genes, silenced by methylation in 47% of primary tumors
(48). Here, it is shown that hydralazine at a dose of 150 mg
daily, which is even below the 200 mg commonly uscd as
antihyperiensive, is able to revent the mcthylation status and to
re-express the RARP and p/6 gencs in patients with these tumor
types.

The implication of this study seems important because
these drugs could have a role in cancer therapy, It is remarkable
their known negligible loxicity as welt as their availability for
oral use and low cost. Currently, there are at least two clinical
Phase I-1I trials ongoing, testing the demcthylating ability of
S-aza-CdR in palients with advanced malignancies, as well as
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preclinical testing of antisense molccules targeting the DNA-
methyliransferase gene. The characleristics above describing
hydralazine and procainamide make them suitable for clinical
trials and seem a simple alternative to 5-aza-CdR ard antisense
oligonucleatides.

Despite that both hydralazine and procainamide were able
to demethylate and reactivate the TSGs tested, we chose 1o
perform additional experiments only in the former as our resulis
in mice suggested that procainamide achieved only partial de-
methylation, however, the potency of their demethylaring activ-
ity should be formally compared. In addition, because the clin-
ical usc of an antiarrhythmic agent could be more problematic
than of an antihypertensive in noncardiovascular conditions,
hydratazine seems to be more appropriate for additional testing,

In conclusion, we provide evidence that these two cardio-
vascular drugs reactivate TSGs silenced by methylation and
may become a potentlal useful therapy 1argeting one of the most
common epigenctic abnormality found in cancer cells. Just to
mention some of their potemial applications, in the case of
breast cancer, for instance, the re-expression of the ER pratein
could make patients with ER-negative turmors responsive to
endocrine- management, and in the same way, the efficacy of-
relinoid acid ireatment of some tumor types could be increased
by re-cxpressing the RARR through its demethylation.
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Abstract

The purpose of this study was lo prepare prolonged release tablet formulations of hydralazine
hydrochloride which has been used as an antihypertensive agent, To achieve this, carbotners
(Carbopol® 834, 934, 940 and 1342) were used as polymer in different concentrations. Magnesium
stearate was used as lubricent and direct compression method was applied for preparing tablets,
Tests on tablets prepared according to different formulations were carried out in respect of their
content uniformity, diameter-height ratio, weight deviation, hardness, friability and in wvitro
dissolution rate of the drug. Spectrophotometric method was used for hydralazine hydrochloride

. assay, USP XXII basket method was performed for the in vitro dissolution  studies and dissolution

data were evaluated kinetically.
Key words : Hydralazine hydrochloride, prolonged release, matrix tablet, Carbopol®

Introduction

Hydralazine hydrochloride (Hyd HCI) effects on veins directly as a dilatator is as an
antihypertensive agent. By reducing periferic vein resistance, relaxing the plain muscles of
arteriols and’increasing the renal blood flow, it is preferred to the other hypertension
agents, In addition, it reduces the resistance of veins inthe kidneys thus providing blood
flow at sufficient level during medical treatments,

Hyd HCl is metabolized very rapidly with a half-life about 2-4 hours. Treatment starts with a
dose of 40 mg which is given by 3-4 times in a day. Unless is used with a beta blocker such
as propranolol, it causes tachicardy and palpitation. If the patient uses propranolo) besides
Hyd HC], the dose can be increased 10100 mg and also according to the response the dose
can be increased up to 200-400 mg daily (Martindale XXX, USP 1990, Rawlins 1977,
Kayaalp 1988). Spectrophotometric and titrimetric methods have been used for the assay
of Hyd HCI (Chester et.al 1979,Clarke E.G.C. 1981).

In recent years the use of polymers for the purpose of controlling the drug release has
becomie an important subject. A wide range of polymers can be employed among which the
group of acryllic acide derivatives, known officially as carbomers or by their commercial

name Carbopol® were included (Perez-Marcos ef al.1991, Malley et al. 1987) prepared

controlled release matrix tablet of sodium salicylate using Carbopol® 934. Their studies
carried out with thin sheets of various concentrations of sodium salicylate pressed into
Larbopol® matrix. (Sene! et. al, 1991) studied the factors effecting the formulation of
sustained release potassium chloride tablets. Polyvinylchloride and methyicellulose were
used as matrix materials.

" Corvesponding author
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The in vitro release of lithium carbonate incorporated into polymethylmetacrylate,
polyvinylchloride, hydrogenated vegetable oil and carbomer was studied by (Cifici et al,
1990). The formuiation containing 10%(w/w) carbomer showed sustained release profile
comparable to that of the standard, Hydrogenated vegetable oil and Carbopol® have been
used separately in the production of sustained release systems as insoluble and erodible
matrices for oral administration. The release rate changes are explained on the bases of
interaction between the gel and other matrix components in the presence of water
{Malamataris and Ganderlon 199 .
In this study, prolonged release matrix tablet formuiations of Hyd HCI elaborated using the
direct compression technique were prepared. To achieve this, Carbopals® 834, 934,
940,1342, were used as polymer in different concentrations (40-50%).

Materials and Methods

Hydralazine hydrochloride Ciba-Geigy Tstanbul, Turkey; Carbopol® 834, 934, 940, 1342
Goodrich, USA; Magnesium stearate; B Merck Germany. :

Preparation of the tablets: Formulations were prepared by direct compression technique
Magunesium stearate (5%) and Carbopol® (834, 934, 940 and 1342) in different
concentrations (40-50%) were used as lubricant and polymer respectively. Tablets weighing
103 mg were compressed using by single punch tablet machine, according to the classical
tabletting procedure. The formulation codes and contents are shown in Table 1. :
Hydralazine hydrochloride content: A spectrophotometric method was used for the Hyd. HCl
assay. 25 mg of Hyd HCI was accurately weighed and dissolved in water and the volume
was adjusted to 100 ml. Ten samples of 1-5.5 ml (0.5 mi intervals) were taken from this
stock solution and difuted to 50 ml with water. Absorbances were measured

spectrophotometrically at 305 nm against water. Regression equation and regression
coefficients were calculated.

Table 1. Matrix tablet formulations of hydralazine hydrochloride

NP o 'R:‘:L

Conients . Tablet code

FI F2 F3 F4 F5 F6 F7 F8
Hydralazine hydrochloride (mg) 69,3 69.3 693 693 693 693 693 693
Carbopo!® 834 (wiw %) 50 . - - 40 - . -
Carbopol® 1342 (wiw %) - 50 - - - 40 - -
Carbopol® 940 (wiw . - 50 - - .40 -
Carbopol® 934 (wiw - - - 50 - - 40
Magnesium stearate{w/w %) 5 5 5 5 5 5 .5 S -

Crushing strength: Ten tablets were tested using Morisanto hardness apparatus,

Friability :Twenty tablets were weighed and rotated for 100 revolutions for 4 min in a Roche
friabilator (TS 1).The tablets were then reweighed and the percentage of friability calculated.
Diameter-height ratio: This ratio was determined using a micrometer.

In vitro dissolution test: Dissolution tests were performed according to the basket method
described in USP XX1I (100rpm, 37 C° £ 0.5). Dissolution studies were carried out in 900 m]
of simulated gastric (SGM) and intestinal medium (SIM) without enzymes for a period of 8§
hours. The absorbances of the samples were measured spectrophotometerically at 305 nm

against blank. The amounts of Hyd HC] in the samples were calculated using the standard
curve equation.
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The dissolution data were evaluated kinetically according to zero order, first-order, Hixon-
Crowell, RRSBW, O square root of time and Higuchi equations. The release rate constants

(k), and determination coefficients (**) were calculated by means of a computer program
(Agabeyoglu 1984),

Results and Discussion

Content uniformity, friability, hardness, and diameter-height ratio results of tablets were in
accordance with the pharmacopoeial limits (USP XXII). The results are presented in Table 2.

Table 2. Content uniformity, friability, hardness, and diametcr-height ratio results of tablets

{n=10)
Parameters Tablet code
F1l F2 F3 Fd F§ Eo6 ¥ ¥8

Hydralazine 686 701 713 719 704 709 7.1 70.1
hydrochloride(mg)
Tablel weight (ing) 104,08 105.02 105.42 105.42 104,52 9887 098.69 9868
Weight deviation (%) +232 +144 106 +190 +058 076 1087 £0.73
Hardness (kg) 450 420 250 200 150 475 2.50 200

- Friability (%) - - 008 029 © 008 021 022 016 006 026
Diamneter-height ratio 5.06 5.06 4.90 4,76 5.06 490 506 4.9

Table 3. Dissolution results of formulations

Tihne Released %
nin) F1 . F2 F3  F4 FS Fé6 F7 F 8
30 2748 2414  27.11 3020 2804  24.40 26.62 28.64
60 4223 3640  49.64 4468 4509 4171 58.08 44.71
120 6572 6518 9722 6985 6985  78.11 99.15 83.85
180 8291  78.71 - 86.95 9542 82.66 - 88,64
240 38.94  B84.44 - 96,03 - 86.67 - 95.67
360 94.05  90.25 - 97.48 - 90,02 - 99.25
420 95.18  91.02 - 98,05 - 93,54 - -
480 95.48  92.08 . 9820 - 94,68 - -

Released amount of Hyd HCI from muatrix tablets are shown in Table 3. According to the
results, tablets prepared with 50% (w/w) Carbopol 1342 (F 2) were found to be the most
suitable formulation for Hyd.HCl followed by 40% Carbopol® 1342 (F 6) and 350%
© Carbopol® 834 (F 1). Hence F2 was considered as the best formula to be kinetically evaluate
using a computer program (Agabeyoglu, 1984) (Table 4). The highest determination

13

[T



XP009091672

coefficient and the best lincar relation were observed with F2 in respect to RRSBW kinetics
(Fig 1).

When the branched polymer is in contact with synthetic gastric liquid, it turns into a gel,
because of the liquid transfer inte the polymer. On the other hand, release of the drug is
observed, which does not follow the classical kinetic equation, as the release are partially
controlled by diffusion.

This study showed that the release mechanism in a matrix system comprising an insoluble
hydrophobic and  hydrophilic gel-forming parts, depends greatly on the wettability of the
added drug. Furthermore, with wettable and water soluble drug, the matrix swells and relcase
is mainly achieved by diffusion due to dissolution of the gel formed.

Table 4 Kinetic assessment of release data for formulation F 2

Kinetic Models
Hixon-Crowell r = 0.9294
(modified) A = 0.6465
B = 1.0648.10°
AIC = -29,3803
WS3D = 0.0808
First order Z =. . 0.9216
K = 0.2798 k'
AIC = -12,4224
WSSD = 0.4213
Zero order e = 0.7236
Kro = 4,5573 mgh
AIC = -0.4949
WSSD = 0.4948
RRSBW r = 0.9525
Tusan = 128.0140 min.
B = 0.8014 -
AIC = -32.8761
WSSD = 04161
Q square root of time 1 = 0.8344
k = 6.6410
AIC = .]19.1598
WSSD = 0.536%
Higuchi r = 0.9041

Slope 1.4591

Ozet

Bu ¢alismanin  amaci,  antibipertansif ila¢ olarak lwllanlan hidralazin - hidroklortir'in
uzatiinig etki gdsteren matriks tabletini hazrlamaktir. Bunun igin polimer olarak depisik
konsantrasyonlarda karbomerler (Carbopols® 834, 934, 940 ve 1342) kaydiric: olarak jse
magnezyum Stearat kullanilimug ve tabletler direkt basim tekniggine gore basilnushr. _
Tabletlerde etken madde, ylkseklik- gap oram, agubk sapmasi, ufalanma -.asmma kontrolii ve
fn vitro gbziinme lizi tayinleri yapumustr. Etken madde miktar tayini spektrofotometrik
yontem ile, in vitro ¢dziinme iz testleri ise doner sepet yontemi (USP XXIT) ile yaptlnug, zamana
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Kars1 ctken maddenin yiizde salim profilleri gizilmig ve gzinme hizt sonuglan kinetik agidan
mcc]emmstlr
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Mechanism of Sustained-Action Medication

Theoretical Analysis of Rate of Release of Solid Drugs
Dispersed in Solid Matrices

By T. HIGUCHI

Theoretically expected rates of release of solid drugs incorporated into solid matrices
have been derived for several model systems, Mathematical relations have been ob-
tained for cases (a) where the drug particles are dispersed in a homogeneous, uni-
form matrix which acts as the diffusional medium god (b) where the drug particles
are incorporated in an essentially granular matrix and released by the leaching action
of the penetrating solvent. Release from both planar surface and a sphere is coo-
5idere<£e The unidimensional release rates are shown to follow our earlier equation
derived for release from ointment bases. Release rates from spherical pellets by
both model mechanisms are shown not to followfi rst-order relationsbips. The
soalyses suggest that for the lauer system the time required to release 530 per cent of

e drug would normally be expected to be approximately 10 per cent of that re-
quited to dissolve the last trace of the solid drug phase in the center of the pellet.

THE PRESENT COMMUNICATION is concerned

with the results of a theoretical analysis of
mathematical relationships governing the rate of
release of solid drugs randomly dispersed in solid
matrices. Systems of this type have been widely
studied and utilized recently as bases for dosage
forms which provide more or less continuous re-
lease of medicaments over relatively long periods
{1). Both Wiegand and Taylor (2) and Wagner
(3) showed that per cent released time data
veported in the literature for many sustained-
release preparations give linear pseudo (or ap-
parent) first-order rates over the terminal por-
tions of the data from about 0.5 hour to the time
the test was completed. The present study is an
effort in relating the rate of relense of drugs from
such systems to the pertinent physical constants
based on simple laws of diffusion.

Two geometric systems have been considered:
(a) unidirectional leaching or extraction from a
simple planar surface, and (3) three dimensional
leaching or extraction from a spherical pellet,
This would correspond most closely to the release
process from an insoluble tablet matrix or cer-
tain sustained-action pellets.

Two mechanisms of release from these systems
have been treated. (a) Extraction of the
medicarnent by a simple diffusional process
through and from an enveloping, homogeneous
matrix. The drug is presumed to go successively
from the erystal surfaces into the uniform matrix
and out into the bathing solvent which in turn
acts as a perfect sink. (d) Leaching of the
medicament by the bathing fiuid which is able
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to enter the drug-matrix phase through pores,
cracks, and intergranular spaces. The drug is
presumed to dissolve slowly into the permeating
fluid phase and to diffuse from the system along
the cracks and capillary channels filled with the
extracting solvent. Intragranular diffusion is
assumed, in this instance, to be insignificant.
The two mechanisms are depicted schematically
in Fig. 1.

It should be explicitly pointed out that the
analyses reported here relate to these particular
mode! systems, whereas the analyses of Wiegand
and Taylor (2) and of Wagner (3) related to re-
lease data derived from formulated sustained-
release or prolonged-action formulations. Actual
dosage systems may be complicated by (a)
simultaneous break-up of the matrix, () partial
dissolution of the matrix substances, (¢) one frac-
tion of the dose being in a matrix form and the
remainder of the dose being in a different, non-
matrix and readily avaiiable form, and (d) drug
on the surface being released more rapidly than
druginthe matrix. Wheresuchcomplications are
absent, the treatments under Theoretical Analysis
are believed to yield the correct relationships.

THEORETICAL ANALYSIS

Release from a Planar System Having a Homo-
geneous Matriz.~—The amount of total drug re-
leased from such a system into a bathing medium
acting essentially as a perfect sink would be deter-
mitied by the relutionship

Q = VD24 - CJC, (Eq. 1}

where = the amount of drug released after time ¢
per unit exposed area, D = the diffusitivity of the
drug it the homogencous matrix media, 4 = the
total amount of drug present in the matrix per uait
volume, and C, = the solubility of the drug in the
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Granular matrix with

Homogeneous matrix connecting capillaries

Fig. 1.—Two methods of drug release from the
pellets,

matrix substance. We initially derived this equa-
tion for release from an cintment base containing
finety dispersed drugs (4}, but it is evident that it
would be equally applicable for release from a sus-
tained-action matrix of this type.

Release from a Planar System Having a Granular
Matriz.—For the leaching type rclease mechanism
occurring through diffusion  movement utilizing
intergranular openings, the above relation must be
tnodified for the cffective vulume where diffusion
can oceur and the effective diffusional path. It can
readily be seen for this system that

Q= \{%‘ (24 — C)C4  (Ea.2)

where § = the amount of drug relcased after time
{ per unit exposed area, D = the diffusitivity of the
drug in the permeanting fluid, + = the tortuosity
factor of the capillary system =3, 4 = the total
amount of drug present in the matrix per unit
volume, . = the solubility of the drug in the
permeating fluid, and ¢ = the porosity of the matrix.

The derivation of the above expression is essen-
tially the same as Eq. 1, except that the cross-
sectional area of the diffusional path must be re-
duced by the porosity factor ¢ and the apparent
solubility of the drug in the total system per unit
volume must also be decreased by the same factor,
The tortuosity factor, r, is introduced to cotrect,
in the same scnse used in the classical Kozeny
equation, for the lengthened diffusional path causcd
by the necessary lateral excursions.

For both cquations the derivation (4) is based on
the existence of a pseudo steady state condition
during the release process and on the assumption
that the drug particles are quite small relative to the
average distance of diffusion and are uniformly
distributed in the matreix. The cquations would be
essentially valid for systems in which A is greater
than C, or « . by a factor of three or four, Of
course, if A <. C, or «C.,, the drug would no longer be
present as a solid and a different equation would
apply.

Since the porosity factor in Eq. 2 refers, of course,
to the porosity of the leached portion of the pellet,
it differs from the initial porosity of the initially
formed matrix. The difference would correspond
directly to the volume of free space previously
occupied by the extracted component of components.
Thus

e = ¢ + KA

for systems where the drug is the only extractable
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component, K being introduced to convert 4 to its
corresponding volume fraction. K is equal to the
specific volume of the drug = 1/(density of the
drug) if 4 is expressed in terms of grams of drug
per milliliter, For those instances where the ini-
tial porosity, e, is very small or where the frac-
tion of the matrix volume occupied by the drug
is relatively large ¢ 2= KA and Eq. 2 reduces to

Q=4 VDK/A2 — KC)C4. Thuslor these sys-

tems it would appear that the [raction of the drug
released at anytime is essentially independent of 4.

Release from a Spherical Pallet Having a Home-
geoeous Matrix.—Any attempt to derive an exact
solution for a system of this type is, of course,

Fig.  2.—Sche-
matic diagram of
drug distribution
in a partly ex-
tracted pellet.

finpossible sinee it would require an exact coordinate
description of the distribution pattern of the dis-
persed particles. A reasonably accurate and useful
mathematical solution can be based on the same
assumption which permitted solution of the two-
dimensional system, We can again assumne for the
case A >» C, that a pseudo steady state condition
would exist during the leaching or extraction process
and that a sharp front will be formed between the
partly leached or extracted part of the sphere and
the untouched portion. This state of affairs is
shown in Fig. 2 where g, = the radius of the whole
pellet, @’ = the radius of that part still unextracted,
and @ = the polar radius of any region under con-
sideration, and the remaining symbols are the same
as before,

1t is evident in such a system that the concentra-
tion gradient is essentially zero for 4 < a’. The
concentration in the region between a’ and a, will
be a function of @ and is assumed to be that fixed by
Fiek's first faw.

Under pseudo steady state conditions as de-
scribed above the total amount of material, S54Q,
being released per unit time, df, will be given by
Fick's first law as

5dQ _ ac :
_F = —4galD dt; (llq. 3)

where S is the diffusional area for ¢' £ ¢ 5 g,
Integrating this from a to g, we obtain

SEQy (1 _ 1N .
d!); a au = 4=DCe

where Co = concentration at g or

4xDC, 4xDC,

(%), - C-57 -5 (Fa. 4)

a a a’ a,

since Ca = C,ata = g’ and Co = 0ata = goand
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Ca = Cc g‘: (Go — ﬂ)_

a (g, — a’)

(Eq. 5)

an expression which relates concentration to o
in the regiona’ < a < ago.

It is apparent that the total amount of the drug
contained by the pellet at time = { is the sum of
that in the unleached portion (a2 < a’) and that in
the region no longer saturated with the drug (&’ <
g < a.). Or the total residual amount of drug
equals

4 . ge t 2
30 xA +L' dxatladu {Eq. 6)

A+ f‘jo aratC, & (eo — o) da
a

a {g, —a’)

il ol b

ra't 4 4 % *C, ;_ad:_' (gt — Ja.2'® -+ 2a2Y)

= 4r [%r_s A+ %’ a’' (as* + ¢'as — 2a")]
{Eq. 7)

The change in the residual drug concentration
corresponding to a change ~da’ would then be

= 4x [Aa" + %—‘ (g, + 2a’a, — 6 a")]

( - da’) (Eq. 8)

This should in turn be equal but opposite in sign
ta the total flux over the period involved

(SdQ) it - 47 DG,

a )T (T_T) a =
a’ Ao
4w [Aa" + %‘ (a.? + 22’0, — ea")] da’

g —4a'
[y

Deds = ( ) [Aa" + L+

2, — 6a")] da’ (Eq. 9)

Integrating from a. to o’ we obtain
Alg,? + 22 — 38a') +

Ce (M"an + atin 3 - a,* — g%’ —~ 2:;") =
6DC.a.t (Eq. 10)
For C. & A the above reduces to

ad —~ 3a'%,. + 22" = 9—:-5 DCt (Eq.11)

Equation 10 represcuts a general solution to the
proposed problem since it permits detertiination of
a’ as a function of time, #, if the constants of the
system, a., A, C., and D are known. Since the
residua! amount of drug at any time is already
expressed by Eq. 7 in terms again of a’, the total
amount of drug released as a function of time can be
readily calculated, Since any attempt to convert
Eq. 10 into an explicit solution for ¢’ as a function
of ¢ would result in a cumbersome relationship, it is
more feasible in practice to obtain { as a function of
a’ and the amount of reiease also as a function
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of ¢ from Eq. 7 and then correlate the two dependent
variables,

A general solution to Eq. 11 can be obtained in
this implicit manner. For this it is more convenient
to transform Eq. 11 into a dimensionless relationship

a’\?_fa'\? 6DC, ;
() o) - e

In this form the left hand expression in terms of
a'/a, is dirensionless and is independent of any
units of measure cmployed. The factor, B =
86DC,/Aa," is dimensionless except for time and can
be calculated from the constants of the system,
Since the fraction of drug remaining in the pellet fnr
this system where 4 3> C, would be

LAY}
Residual fraction of drug in petlet = (:—-)
(Eq. 13)

we can readily prepare a plot of the residual fraction
remaining in the pellet as a function of relative time.,
Actual time unit can be substituted in real systems
where the constants comprising B are determinable.
The results are shown for different {a'/a.) values in
Table I and are plotted in Fig. 3. It is evident

TasrLe ].—CALCULATION orF RELEASE RaATE FROM
SpHERICAL PrLLET A » £

Dtug Remaining

- Time Scale (% ),iu Pellet
a [

G 5 %) x o
1.00 0.0000 100.0
0.990 0,00030 97.03
(1.9080 0.001184 84.32
0.9850 0.00725 85.70
0.80 0.02800 72.90
0.80 0.1040 51.20
0.70 0.2160 34.30
0.60 0.3520 21.60
0.50 0.5000 12.90
0. 40 0.6480 6.40
0.30 0.7840 2.70
0.20 0.8860 0.800
0.10 0.9720 0.100
0.00 1.000 Q.000

2 Equation 11,
\\
\\\
& L 3 \“‘-.-‘.__’_ (‘ll-llon;
e \"‘--__.‘_
-] >~ "-_‘_‘-
3 NN
I 100 o, T80
ey — N
z Foonas o .
=] ~,
o & Q '\.\
z LY
g T ~.
i - o
i 4
T R TR T T
TIME, 1/B uUNITS
6DC,
B = Aao’
Fig. 3.—Influence of a = C./4 values on rate of
release.
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from the table that the physical significance of 8 is
that for the case 4 > C, its reciprocal corresponds
to that time when the last trace of the solid drug
dissolves into the matrix. Under these conditions
thic pellet can be considered to be totally exhausted,
Also from the table it is apparent that the drug is
very rapidly released at the beginning, approxi-
mately 509, of it being released at ¢ = 0.1 X 1/8,

The values shown in Table I have been plotted
in Fig. 3 in the usual semilogarithmic fashion te
show that the release rate predicted by this mech-
anism departs significantly from the first-order
behavior. Aside from what appears to be a large
initial surge of release, however, the plot yields a
surprisingly linear relationship over a relatively
wide range. This scems to atise from the fact that
it is actually sigmoidal in nature and the apparent
linear relationship observed (2, 3) may for some
system be coincidental and for others be because of
different overall mechanism,

In Fig. 4 the fraction of drug released from a
sphere calculated from Eq. 11 is compared to that
expected from Eq. 1 on the basis that the total
exposed surface is 4xa.2. The plot has been made
as a function of (Bf)V? since this affords a linear
relationship for the two-dimmensional system. It is
evident that at the beginning the two equations
predict a similar extent of release, as expected, since
a planc of the same area would be a good approxima-
tion for the sphere in this phase, It is only bevond
50% release that significant deviation is evident
between the two equations,

The more general Eq. 10 which takes into account
the amount of drug remaining in the partly extracted
region can be solved in an identical manuer based
on Eqs. Tand 10, Setting C, = &4 and rearranging
Eq. 10 we obtain

() a ()

a2y do

a[4(‘5)’+1n‘ﬁ:—‘5—2(‘5)'—1]=
a, a au [ 9 -

G6OC.
Aa,t

or

1~ a+2(1 = a) (Z—:)'-(a—a;a) (5) -

e,

a’ a., _ B6DCY
o (&_.,) + aln o' = Aai (Eq. 14)
Release behavior predicted by this equation for
several values of « are also shown in Fig. 3.  Resid-

ual fraction in these instances based on Eq. 7
would be

Residual Fraction =

G sl C @1

Since in most real systems o is usually very small,
any term containing it as a factor can normally be
ignored.

Plots shown in Fig. 3 are, in a sense, universal
relationships in that they permit estimation of the
release behavior for all systems for given o values,
They indicate that the relative release rates (di.e.,
the fraction released per unit time) from pellets of
this type would be inversely proportional to the
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square of the radius of the pellet and the drug
concentration but directly proportional to the
solubility and the diffusitivity of the drug. The
plot shown for « = 0.5 is less valid than the others
since the assurned pseudo steady state condition
requires 4 to be significantly larger than .. Actu-
ally « must be corsiderably smaller for the spherical
three-dimensional system for the steady state situa-
tion to exist than for the planar system. This is
cspecially true for higher states of depletion.
Release by Leaching from Granular Sphetical
Pellet.—The solution to the rate of leaching by
external solvent {e.g., gastric fluid) of solid drugs
uniformly dispersed in granular spherical pellets
can be developed exactly as in the preceeding case.
It is evident that the dimensionless expression
corresponding to Eq. 14 will take the form

a-a+2(E)a = (2) G- 4a)-

a’ a, B8DC,t .
« (a-') 4+ aln (E—;) = W (Eq. 18)

where o = «C./4 and ¢« = ¢, + KA, and the remain.
ing symbols the same meanings as before with D
being the diffusitivity in the solvent. If asin the two-
dimensional case we take the initial porosity, e
as being negligible we abtain

(1—-0)-!—2(2—'5)’(1—&)—-

(&) -0 () +o (3) -
6DKC:

Ta.7

For a < 1, this reduces to

a™\? a'\? GDRC, -
te2(3) -3 (2) + % e
where the residual fraction = {a'/a,)?,

In these analyses it has been tacitly assumed that
the time of extraction begins with the slightly
porous pellet already permeated by the extracting
solution. Since in practice such pellets {or ' cores")
will be taken dry there will be a shart lag time
corresponding to that required to wet the interjor of
the matrix, This time, however, should normally
be relatively smaill compared to the duration of
action of such medications.
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Fig. 5—Com-
parison of Siro-
oons’ experi-
mental data (5)
with Eq. 17

{PRACTION RELBASED)®
a
H

TIME, HOURS

GENERAL DISCUSSION

The several solutions to the release behavior of
the systems considered are believed to be essentially
cxact for the models employed. Experimental data
available appear to substantiate thesc analyses (5).

In real systems, however, a number of other
factors may come into play which may modily the
total behavior, The models employed assume that
the systems are neither surface coated, nor that their
matrices undergo significant alterstion in the
presence of moisture. Since in real systems these
play varying roles in modifying the release pattern
of sustained-action dosage fotins, any attempt to
apply these equations must be made with this in
mind,

Other serious deviations from the derived relation-
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ship may occur for systems which tend to differ
significantly from the adopted models. For ex-
ample, for pellets containing a relatively high per.
centage of drugs the leaching process would tend to
weaken the matrix structure and produce erosion.
This may play a significant role in altering the
observed real rate. Another effect which is not
considered in these treatments is the influence of
solvent flow induced within the pellets by external
agitation. This effect, however, will be important
only with pellets of relatively high porosity.

In Fig. 5 data reported by Simoons in his interest.
ing paper on experimental measurernents of release
rate of sustained-action medication (6) for relatively
insoluble drug hard compressed (his Fig. 15) are
plotted in the form of square of fraction released
against extraction time. The extraction data show
a short lag time probably corresponding to that
required to wet the pellets. This is followed by a
release pattern closely matching that predicted by
Eq. 17, the smooth line representing the theoretical
values and the points, the experimentally observed
values reported by Simoons. The total theoretical
curve was based on experimentalty observed time for
50%, releasc and the initial lag time,
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Dielectric Constants of Complex Pharmaceutical
Solvent Systems I

Water-Ethanol-Glycerin and Water-Ethanol-Propylene Glycol

By D. L. SORBY, R. G. BITTER, and }J. G. WEBB

Dielectric constants of water-ethanol-glycerin and water-ethanol-propylene glycol
systems have been experimentally determined. The measured values were found to
differ from values calculated according to simplification of the Qnsager-Kirkwood
equation, regardless of whether composition of the various solutions was expressed
on the basis of weight percentage or volume percentage. Dielectric constant values
presented in this paper are recommended for precise adjustment of solvear polarity
in formulation work and data are presented to be of maximum use in this respect,

Mooas (1) HAS PRESENTED a method wherein
manipulation of solvent dielectric constant
is utilized to produce dissolution of a solute at
a desired concentration and to blend pharmaceu-
tical solvents to a predetermined degree of
polarity. In this method, certain simplifying
“Received March 14, 1063, from the School of Pharmacy,

University of Calilornia, Ssn Francisco,
Accepted for publication May 20, 1963,

assumptions are made, one being that the diclee-
tric constant of a complex solvent mixture may
be calculated to a good approximation by taking
the sum of the products of volume composition
and dielectric constant for each individual com-
ponent in the mixture. This method of calculat-
ing dielectric constants of complex mixtures is
based on a simplification of the Onsager-Kirkwood
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