
INTRODUCTION
Paraceta mol, also known as aceta mino phen be longs to

the class of non- opioid an al ge sics and an ti py ret ics that are 
avail able with out pre scrip tion. Un like the an al ge sics from 
the non- steroidal anti- inflammatory drugs, it ex erts only a
slight anti- inflammatory ef fect. Thanks to its favorable
safety pro file as well as a high thera peu tic in dex, paraceta -
mol is com monly ad min is tered to pe di at ric and geri at ric
pa tients [11]. Be ing an agent sig nifi cantly and slowly ab -
sorbed through the rec tal mu cosa, it is fre quently used in a 
con ven ient sup posi tory form, suit able for a wide range of
pa tients [12]. The re lease of an ac tive sub stance from a
sup posi tory as well as its ab sorp tion into the blood stream
de pend on sev eral fac tors, i.e. se lec tion of a sup posi tory
base, ad di tion of sur fac tants and other ex cipi ents, dis so lu -
tion of an ac tive in gre di ent in the ap plied ve hi cle [2,9,13].
In tro duc tion of sur fac tants into the sup posi tory base con -
sid era bly in flu ences the pro cess of ac tive sub stance

re lease from the drug form. It may both mod ify the re lease 
rate and in crease or re duce the amount of the re leased ac -
tive in gre di ent [5]. There are number of re search pa pers
fo cused on the re la tion ship be tween the sur fac tant ad di -
tion (and its con cen tra tion) and the amount of a drug
sub stance re leased from a prepa ra tion. Sur fac tants are the
com pounds that lower the sur face ten sion of a sup posi tory 
base, ex pand ing the con tact area be tween the ap plied ac -
tive in gre di ent and ve hi cle [6]. Amongst the bioad he sive
sur fac tants that are able to mod ify the pro cess of ac tive
sub stance re lease from a sup posi tory, meth yl cel lu lose and 
its de riva tives are men tioned. The main ob jec tive of our
study was to evalu ate the in flu ence of ad di tion of meth yl -
cel lu lose and hy droxy pro pyl methyl cel lu lose on the
phys ico chemi cal prop er ties of rec tal sup posi to ries as well 
as on the re lease of the ac tive sub stance from this phar ma -
ceu ti cal form. When us ing this type of bioad he sive
sub stances, the slow re lease of an ac tive sub stance from
the sup posi to ries should be ex pected. Such sup posi to ries
are ap plied in or der to lower a drug dose, im prove bioa -
vail abil ity, in crease pa tient com pli ance and re duce the
dos ing fre quency. This is es pe cially im por tant in case of
young chil dren.
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ABSTRACT
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were based on the outcomes of the following tests: uniformity of mass, uniformity of content of active substance, hardness of
suppositories, softening time determination and the disintegration time of suppositories. Release of the active substance into the
phosphate buffer at pH 7.2 was also performed. Content of the active substance was determined spectrophotometrically at 243 nm.
On the basis of the obtained results it may be concluded that the addition of MC at concentrations of 15%, 20% and HPMC at
concentrations of 5%, 10%,15%, 20% delays the release of active substance from suppositories. The physical properties of the
prepared suppositories met the requirements of the Polish Pharmacopoeia, 9th edition.
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MATERIAL AND METHODS
Paraceta mol (SRI, Krishna Phar ma ceuticals LTD, In -

dia), No vata BD, No vata BCF (Cog nis GmbH), Methy-
l cel lu lose (400 cP, Sigma Ald rich), Hy droxy pro pyl methyl 
cel lu lose (80-120 cP Sigma).

For mu la tion of paraceta mol sup posi to ries. Sup posi to -
ries (1g), contain ing 250 mg of paraceta mol were pre-
pared by the fu sion method us ing No vata BD, No vata
BCF with or with out ad ju vants. As adju vants, meth yl cel -
lu lose and  hy droxy pro pyl methyl cel lu lose were added in
dif fer ent con cen tra tions i.e. 5, 10, 15, 20% w/w.

The sup posi tory base was pre cisely weighted and
melted in a wa ter bath. Then, paraceta mol and bioad he -
sives were added and the in gre di ents were mixed. Af ter
com plete melting, the sup posi tory mass was poured into
sup posi tory forms of 1 g. Sup posi to ries were stored in
a re frig era tor at a temp. of 4°C.

Evalua tion of physi cal prop er ties of sup posi to ries
Uni form ity of mass.  Twenty sup posi to ries of each for -

mu la tion were in di vidu ally weighed and their av er age
mass was de ter mined.

Hard ness of the sup posi to ries. The Er weka hard nes
tester (Erweka, GmbH, Ger many) was used to meas ure
the re sis tance of the sup posi to ries to crush ing. 

Sof ten ing time de ter mi na tion. The sof ten ing time was
de ter mined us ing ap pa ra tus de scribed in the Pol ish Phar -
ma co poeia 9th edi tion (FP 9th) [10].

Dis in te gra tion time. This test was per formed in wa ter
main tained at 37oC ± 0,5oC us ing the FP 9th dis in te gra tion
ap pa ra tus. Three sup posi to ries were put into a dis in te gra -
tion ap pa ra tus and the dis in te gra tion time was meas ured. 

Stan dard cali bra tion curve of paraceta mol. The stan -
dard so lu tions of paraceta mol were pre pared in phos phate
buffer  (pH 7.2) at the con cen tra tions of 2-12 μg/ml and
the ab sor bances were meas ured spec tro pho tomet rically at 
λ=243 nm. The lin ear re gres sion equa tion of the cali bra -

tion curve was Y = 0.0618x – 0.010. The cali bra tion curve 
pa rame ters, slope, in ter cept and SD of slope, SD of  in ter -
cept are pre sented in Ta ble 2.

Uni form ity of con tent. Ten sup posi to ries of each for -
mu la tion were cho sen ran domly. The sup posi to ries were
trans ferred in di vidu ally into 1000 ml volu met ric flask and
dis solved in 100 ml of phos phate buffer (pH 7.2) by shak ing. 
Af ter di lu tion and fil tra tion, the ab sor bance was as sayed
spec tro met ri cally (He lios Omega UV- Vis, Spec tro Lab,
Warszawa) at a wave length of 243 nm. Cor re spond ing sup-
posi to ries with out drug sub stance were used as a con trol.

In vi tro drug re lease. The in vi tro re lease of paraceta -
mol from sup posi to ries was car ried out in a dis so lu tion
ap pa ra tus [4].  Each sup pository was placed in a beaker
con tain ing 500 ml of phos phate buffer so lu tion (pH 7.2),
maintained at 37 ± 0.5°C. The stir rer was rotated at the
con stant speed of 100 rpm.

Ta ble 2. Sta tis ti cal pa rame ters for cali bra tion curve
Parameter Value

Correlation coefficient 0.9996    
Slope 0.0618    
Intercept 0.010      
SD of slope 0.000564
SD of intercept 0.004394

Sam ples, each of 5 ml were taken at the pre de ter mined
time in ter vals and fil tered. The vol ume with drawn at each
time in ter val was re placed by the same quan tity of fresh
dis so lu tion me dium  main tained at 37 ± 0.5oC. Af ter suit -
able di lu tion, the sam ples were ana lyzed for drug re lease
by meas ur ing the ab sor bance at 243 nm, us ing a spec tro -
pho tome ter af ter suit able di lu tion. 

Sta tis ti cal analy sis.  Re sults are ex pressed as the mean
± SEM of five ex peri ments.  In or der to de ter mine the sta -
tis ti cally sig nifi cant dif fer ences be tween the tested groups 
the analy sis of vari ance Anova with post- hoc Tukey test
was used.
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Ta ble 1. Physico- chemical char ac teri za tion of the for mu la tion

Suppository composition Formula
Mass mean
 ±SD (g)

n=20

Hardness 
mean (g)

 n=10

Softening
 time ±SD (min)

n=3

Disintegration
time±SD (min)

n=3

Content uniformity
±SD (%)

n=10

Novata BD F 1 1.057  (0.007) 3900 7.30 (1.176) 15.25 (0.987) 98.3 (4.008)
Novata BD+ MC 5% F2 0.934 (0.013) 3900 10.40 (2.580) 18.24 (2.609) 95.3 (4.169)
Novata BD + MC 10% F3 1.019 (0.201) 4000 12.45 (0.478) 22.45 (1.885) 102.3 (3.699)
Novata BD + MC 15% F4 1.024 (0.031) 4200 13.25 (1.2420 26.50 (3.144) 100.3 (2.427)
Novata BD + MC 20% F5 1.059  (0.027) 4200 14.15 (1.457) 29.15 (2.106) 99.46 (2.903)
Novata BD + HPMC 5% F6 0.992 (0.024 3800 8.20 (1.107) 18.55 (2.241) 98.78 (2.916)
Novata BD + HPMC 10% F7  1.223 (0.032) 3900 9.30 (2.915) 23.30 (1.568) 100.3 (3.082)
Novata BD + HPMC 15% F8 1.199 (0.040) 3600 14.2 (0.985) 27.24 (1.614) 101.4 (3.45)
Novata BD + HPMC 20% F9 1.291 (0.063) 3400 14.9 (0.458) 29.46 (0.531) 102.5 (4.259)
Novata BCF F10 1.064 (0.026) 3500 8.15 (1.015) 14.40 (2.007) 100.6 (3.635)
Novata BCF + MC 5% F11 0.997 (0.028) 3600 9.30 (0.985) 17.46 (1.819) 102.1 (2.530)
Novata BCF + MC 10% F12 1.125 (0.040) 3800 10.50 (1.336) 23.27 (0.275) 99.3 (3.763)
Novata BCF + MC 15% F13 1.165 (0.040) 3700 11.45 (0.976) 25.55 (1.174) 99.68 (2.772)
Novata BCF + MC 20% F14   1.154 (0.041) 3700 13.24 (0.251) 29.58 (1.794) 100.67 (2.871)
Novata BCF + HMC 5% F15 1.147 (0.040) 3300 10.23 (0.990) 19.47 (1.357) 100.34 (4.059)
Novata BCF + HMC 10% F16 1.256 (0.043) 3000 12.23 (3.258) 24.34 (1.680) 101.2 (4.191)
Novata BCF + HMC 15% F17 1.258 (0.171) 2800 14.8 (0.20) 26.52 (1.433) 100.8 (1.909)
Novata BCF + HMC 20% F18 1.212 (0.032) 2800 14.9 (0.656) 29.55 (0.709) 100.23 (2.123)



RESULTS AND DISSCUSSION
Rec tal sup posi to ries of paraceta mol were pre pared by

the fu sion method us ing No vata BD, No vata BCF bases
with and with out ad ju vants. As ad ju vants, meth yl cel lu lose
and  hy droxy pro pyl methyl cel lu lose at con cen tra tions of
5, 10, 15, 20% were used.

The re sults of an av er age mass, sof ten ing time, dis tin -
te gra tion time, hard ness, drug con tent uni form ity were
found sat is fac tory and listed in Ta ble 1. 

All sup posi to ries were free from pits, fis sures and
cracks.

The av er age sup posi tory mass was ranged be tween
0.934 and 1.291 g with no sta tistical dif fer ences be tween
the ob tained val ues (p>0.05). The per cent de via tion from
the mean mass of all batches were found within the lim its
(mean mass ± 5%) given by the Pol ish Phar ma co poeia 9th

edi tion (FP 9th) [10]. Also, the mean drug con tent for all
supposi to ries was found to meet the re quire ment of the FP
9th for the uni form ity of con tent. None of the sup posi to ries
had less than 85% and none of them had more than 115%
of the ex pected paraceta mol con tent.

Hard ness was de ter mined us ing a hard ness tester (Er -
weka). The frac ture point of the pre pared sup posi to ries
was be tween 2.8 and 4.2 kg.

In most cases, the addi tion of MC and HPMC to sup -
posi to ries pre pared on No vata BD and No vata BCF in
most cases caused an in crease in hard ness.

Sof ten ing time of all tested sup posi to ries was found to be
within the ac cept able lim its given by the Pol ish Phar ma co -
poeia 9th edi tion (i.e. less than 15 min for lipo philic base). 

In ves ti gat ing the in flu ence of the ad di tion of  ad ju vants 
on the sof ten ing time, it was found in each case, the ad di -
tion of bioadhe sive sub stances caused ex tend ing of the
de for ma tion time in com pari son with for mu la tion with out 
ex cipi ents.

The dis in te gra tion time of all tested sup posi to ries was
up to 30 min utes. The dis in te gra tion time for the sup posi -
to ries pre pared on the No vata BD and No vata BCF bases
with out ad ju vants was: 15.25 and 14.40 min, re spec tively.

The addi tion of MC and HPMC into No vata BD and
No vata BCF bases caused an exten sion of the dis in te gra -
tion time of sup posi to ries, this ef fect may have been
ob served due to an in crease in con cen tra tion of ad ju vants.
Dis in te gra tion time is an im por tant pa rame ter de ter min -
ing the dis so lu tion of a sup posi tory. The ad di tion of
ex cipi ents en ables to con trol the dis in te gra tion rate, and
thus fa cili tates prepa ra tion of ei ther fast or slowly dis in te -
grat ing sup posi tories.

The re lease of paraceta mol into a buffer at pH 7.2 was
car ried out at 37 °C and the ob tained re sults are shown in
Fig ure 1-4. The amount of ac tive in gre di ent re leased after
60 min from No vata BD (F1) and No vata BCF (F10)
bases was 85.62% and 80.6%, re spec tively.
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Fig. 1. The effect of MC on the release profile of paracetamol from
Novata BD. Each value represents the mean of five experiments

Fig. 2. The effect of HPMC on the release profile of paracetamol
from Novata BD. Each value represents the mean of five
experiments

Fig. 3. The effect of MC on the release profile of paracetamol from
Novata BCF. Each value represents the mean of five experiments

Fig. 4. The effect of HPMC on the release profile of paracetamol
from Novata BCF. Each value represents the mean of five
experiments



The in flu ence of the ad di tion of MC and HPMC to the
sup posi to ries on ac tive sub stance re lease was evalu ated.
Sup ple men ta tion of F2, F3, F11 and F12 for mu la tion with 
MC at the con cen tra tions of 5% and 10%  did not in di cate
any sig nifi cant changes in the re lease pro files af ter 60 min 
when com pared with con trol (p>0.05); the amounts of the
re leased ac tive sub stance were: 83.4, 82.1, 84.6, 81.4%,
re spec tively. MC at a con cen tra tion of 15% (F13) con sid -
era bly de creased the amount of the released drug to 48.7% 
(p<0.05). In case of F4, F5 and F14 for mu la tions, a re duc -
tion in the amount of the re leased active in gre di ent was
also no ticed (40.4, 35.8, 40.6% re spec tively) (p<0.01). In -
clu sion of HPMC to a sup posi tory mass caused a
sig nifi cant ex ten sion of drug re lease time, which was re -
corded for all for mu la tions (p<0.001).

Time needed for 20%, 40% and 80% drug re lease (t20%,

t40%, t80%)  was cal cu lated theo reti cally, us ing the modi fied 
Higuchi’s equa tion (Mt = Ko(√t – √TD), where Mt is the
qual ity  of re leased sub stance and K is the re lease rate con -
stant [3]. Ac cord ing to the ob tained data, 80% of ac tive
sub stance re leased within 60 min from the sup posi to ries
with out  ad di tion of the bioad he sive sub stances (F1, F10).
It means that the re lease of ac tive in gre di ent was fast. 

As shown in Table 3,  in case of for mu la tions con tain ing
MC, 80% of the ac tive sub stance re leased af ter 50.3 min
to 108.36 min and af ter 57.15 min to 120.56 min for F2-F5 
and F11-F14, re spec tively. In case of sup posi to ries with
HPMC, the re lease of 80% of paraceta mol was ob served
af ter 115.1 min to 407.2 min and af ter 158.15 min to
568.26 min for F6-F9 and F15-F18, re spec tively. It is easy 
to ob serve that T val ues soar with the si mul ta ne ous in -
crease of MC and HPMC con cen tra tions, e.g. the time
needed for re lease of 40% of paraceta mol was pro longed
from 12.53 min to 51.12 min (F1-F5) and from 40.16 min
to 155 min (F6-F9), when the con cen tra tion of these ex -
cipi ents was raised from 5% to 20%. Com par ing t20%, t40%,

t80% ob tained for for mu la tions sup ple mented with MC and
for mu la tions con tain ing HPMC, a sig nifi cant ex ten sion of 
paraceta mol re lease time was in di cated for the lat ter. On
the ba sis of the re sults pre sented in Table 1 and 3, for all
types of sup posi to ries sup ple mented with the ex cipi ents,
the t80% val ues are higher than the cor re spond ing dis in te -
gra tion time. Thus, the dis in te gra tion time of a sup posi tory
is not de pend ent on the re lease time [7]. It may also sug -
gest that the dis solv ing time of a sup posi tory does not
nec es sar ily ex actly cor re spond with the changes of the
dis so lu tion rate. The val ues of drug re lease rate con stant
(K) de crease gradu ally with the in crease of HPMC con -
cen tra tion, which sug gests the re duc tion of drug re lease
rate. How ever, such a cor re la tion was not no ticed for for -
mu la tions con tain ing MC. As men tioned above, this type
of ex ten sion of the re lease time may be con sid ered as the
sus tained re lease [8]. It may be caused by the modi fi ca -
tion of the vis cos ity of sup posi tory base [1].

Ta ble 3. Pa rame ters of re lease pro files
Formula K T20% T40% T80%

F2 28.12   3.13 12.53 50.30
F3 27.54 12.32 28.44 80.48
F4 29.04 23.34 42.38 99.00
F5 30.71 30.47 51.12 108.36 
F6 23.20 18.37 40.16 115.10 
F7 22.59 36.36 69.29 160.52 
F8 17.99 48.14 94.26 189.00 
F9 12.96 74.19 155.0 407.20 
F11 26.76   4.24 14.59 57.15
F12 28.87 16.00 33.23 85.04
F13 25.01 18.29 39.21 105.05 
F14 24.56 24.11 48.14 120.56 
F15 18.89 21.34 59.25 158.15 
F16 18.32 30.10 67.31 186.00 
F17 14.45 39.18 95.02 277.22 
F18   9.84 74.18 187.29 568.26 

K – re lease rate con stant (mg min-0.5), T20%, T40%, T80% -time for 20%, 40%,80% re -
lease (min)

Thanks to their bioad he sive prop er ties, HPMC and MC 
may be used for prepa ra tion of the sus tained re lease sup -
posi to ries.

CON CLU SION
The supposi to ries were manu fac tured on No vata BD or 

No vata BCF bases with ad di tion of MC or HPMC. The
pre pared for mu la tions met the re quire ments of the Pol ish
Phar ma co poeia 9th edi tion in re la tion to the fol low ing
tests: uni form ity of mass, sof ten ing time, dis in te gra tion
time, uni form ity of con tent (of ac tive in gre di ent). On the
ba sis of the ob tained re sults, it can be con firmed that MC
at the con cen tra tions of 15 and 20% and HPMC at the con -
cen tra tions of 5, 10, 15 and 20% sig nifi cantly ex tend the
drug re lease time.
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