
INTRODUCTION
Pharmaceutical technology of the 21st century is

dominated by a tendency to seek drug forms that would
offer the expected pharmaceutical effect with the least
possible unwanted results. Hence, forms are created
which deliver an appropriate dose of medicinal substance
to a specific organ and ensure release of the medicinal
substance over a specific period of time. Use in clinical
practice of extended-release preparations (8-12h) enables
application of smaller daily dosage, leading to lower
fluctuations of medicinal substance concentrations in the
blood. 

Coat ing of tab lets en ables pro lon ga tion of me dici nal
sub stance re lease. In turn, for the pur pose of ob tain ing the
ef fect of rapid and pro longed re lease, drug form tech nol -
ogy has de vel oped multi- compartment sys tems, whose
struc ture en ables sat is fac tion of the above re quire ments
[1,4,5].

A multi- compartment sys tem is su pe rior to tra di tional
drug forms with re spect to more ef fec tive con trol of re -
lease and place of up take. As a re sult, we are able to bet ter
con trol the con cen tra tion of me dici nal sub stance in the
blood or tis sues, which leads to im proved safety of phar -

ma co ther apy. Moreo ver, such a sys tem en ables mod el ing
of re lease pro file of a me dici nal sub stance, as well as of its 
up take, by place ment in a sin gle tab let or cap sule of e.g.
minit ablets, coated with dif fer ent en ve lopes [2,3,6,8].
Con trol of re lease rate of me dici nal sub stance is achieved
by ap pli ca tion of dif fer ent thick ness of en ve lopes of solu -
ble poly mers (the con trol ling fac tor is then the rate of
swel ling and dis so lu tion of the en ve lope) or in solu ble
poly mers (the con trol ling fac tor is then rate of dif fu sion
through the en ve lope or time to break ing of con ti nu ity of
the en ve lope) in the ali men tary tract [4,7,9].

The objective of the work was to verify, in what degree
the process of coating of tablets and minitablets contained
therein, affects release of paracetamol. Owing to the
performed tests, it was possible to specify in which
section of the alimentary tract, after what time and in what 
quantity paracetamol is released from a programmed
multi-compartment system.

MATERIALS AND METHODS
In the tests, a multi-compartment system was created

with paracetamol (Mallinckrodt Chemical) as model
substance. Using an impact tableting machine (Korsch –
EKO, Erweka), with a 3mm diameter punch, minitablets
were created with a mass of about 30 mg each. Sub-
sequently, applying the direct tableting method, 9 series
of multi-compartment systems were pre pared – tablets
with a diameter of 11 mm. Each of the tablets contained
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5 minit ablets with paracetamol, of 3 mm in diameter.
Their weight (5 units) prior to coating fell in the bracket of 
0.1501-0.1511g, and following coating 0.1575-0.1599 g.
The mass of the multi-compartment sys tem – tablet was
about 0.5 g. The contents of the tablet mass is given in
table 1.

Ta ble 1. Com po si tions of tab let mass of minit ablets and the
multi- compartment sys tem (tab lets – cores)

Ingredient Function
Amount (g)

Minitablets
(5 minitabl.)

multi-compart-
ment system

1. Paracetamol Active substance 0.125 0.125

2. Microcrystalline 
cellulose

Binding substance,
bodying agent,
disintegrating,
anti-adhesion
substance

0.150 0.300

3. Sodium starch 
glycolate

Disintegrating
substance 0.010 0.020

4. Colloidal silicon 
dioxide

disintegrating,
lubricant, antistatic
substance

0.005 0.012

5. Magnesium
stearate

lubricant,
anti-adhesion
substance

0.003 0.006

Sum 0.293 Sum 0.463

Tab lets and minit ablets were coated with two types of
coats: en ve lope solu ble in acidic en vi ron ment (OPADRY
II WHITE, Col or con) and re spec tively en ve lope dis solv -
ing only in the small in tes tine (ACRYL – EZE PINK,
Col or con).

The type of coats used in in di vid ual se ries is pre sented
in ta ble 2.

Ta ble 2. Dia gram of coat ing minit ablets and tab lets of batches
1-9
Batch Minitablets Multi-compartment tablets

1. No coating No coating
2. No coating The coating soluble in the stomach
3. The coating soluble in the stomach No coating
4. The coating soluble in the stomach The coating soluble in the stomach
5. No coating Gastro-resistant coating
6. Gastro-resistant coating No coating
7. The coating soluble in the stomach Gastro-resistant coating
8. Gastro-resistant coating Gastro-resistant coating
9. Gastro-resistant coating The coating soluble in the stomach

Minit ablets/cores and multi- compartment sys tems/cores
were coated us ing a Unity Pharm type D-5 coat ing gun
and dried with drier to pre vent core clump ing. In crease of
tab let mass us ing the OPADRY II WHITE en ve lope was
ca. 4.5%, while us ing the ACRYL – EZE PINK en ve lope
– 5.4%.

Dis so lu tion test ing of paraceta mol from the multi-
 compartment sys tem was tested in vi tro in a pad dle ma chine
(DT 70, Er weka, 50 rpm), util iz ing the ac cep tor liq uid ex -
change method.  The test util ized two ac cep tor liq uids:
1. 0.1M HCl – imi tat ing the en vi ron ment pre vail ing in the 

stom ach,
2. phos phate buffer of pH 6.8 – imi tat ing con di tions in the 

small in tes tine.
 Paracetamol in the tested samples was determined

with the spectrophotometric method ( UV-VIS ) at the

wavelength of 243 nm (correlation coefficient was 0.9875). 
The obtained results allowed for calculation of released
paracetamol and determine active substance release
profiles for each of the tablet series.

RESULTS
 Results of paracetamol release profiles carried out for

series 1-4 were tested for 60 minutes using only 0.1 M
HCl as the acceptor liquid. Tablets of these series did not
contain a coat resistant to operation of hydrochloric acid
and within 30 minutes more than 80% of active substance
was released.

A sched ule of re sults of ac tive sub stance re lease in 1, 3, 

5, 10, 15, 30, 45 and 60 min utes in 0.1 M HCl from multi-
 compartment sys tems of se ries 1-4 is pre sented in fig ure 1.

For the other five se ries of tab lets the test was con -
ducted up to the 165 minute us ing 0.1 M HCl as ac cep tor
liq uid, pro vided that fol low ing 120 min utes the re leas ing
me dium was changed to phos phate buffer of pH 6.8.

A sched ule of re sults of ac tive sub stance re lease in 0.1 M
HCl and in the phos phate buffer of pH 6.8 from multi-
 compartment sys tems of se ries 5-9 is pre sented in fig ure 2.
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Fig. 1. Results of dissolution testing of paracetamol from tablets
of batches 1-4 in 0.1 M HCl

Fig. 2. Results of dissolution testing of paracetamol from tablets
of batches 5-9 in 0.1 M HCl and phosphate buffer of pH 6.8



A line marks the time when the ac cep tor liq uid was
changed from 0.1M HCl to phos phate buffer of pH 6.8.

DISCUSSION
The ob tained re sults of tests of phar ma ceu ti cal avail -

abil ity al lowed for as sess ment of im pact of the util ized
en ve lopes on paraceta mol re lease pro files from multi-
 compartment sys tems.

Ana lyz ing the amount of re leased paraceta mol it
should be stated that up to the 10th minute paraceta mol re -
lease was var ied. Paraceta mol was slow est to re lease from 
tab lets of se ries coated with Opa dry II White en ve lope.
The fast est re lease was from un coated tab lets. Se ries 1
released over 80% of ac tive sub stance al ready af ter 5 minu- 
tes, and for other se ries af ter 10 min utes. The quan tity of
re leased paraceta mol of se ries 1-4, with the use of 0.1 M
HCl, equal izes in the 10th minute of the test.

 In case of se ries where tab lets were coated with en ve -
lope re sis tant to ac tion of 0.1 M HCl (se ries 5, 6, 7, 8, 9),
the test was con ducted for 120 min utes, as this is the ap -
proxi mate du ra tion of paraceta mol in the stom ach prior to
up take in the small in tes tine. The ac tive sub stance was re -
leased in 0.1 M HCl only in se ries 5,6,7 and 9, whereas
re sults of se ries 5 and 9 were very simi lar to each other –
af ter 10 min utes about 45% of paraceta mol was re leased,
af ter 60 min utes ca. 65%, af ter 120 min utes 75-80%. Re -
lease from these se ries oc curred, how ever, twice slower
than it took place in se ries 1-4. Re sults sta tis ti cal analy sis
pre sented in ta ble 3 showed no sig nifi cant dif fer ences in
the quan tity of re leased paraceta mol be tween se ries 6 and
9 – the OPADRY II WHITE en ve lope on multi- com- part -
ment sys tems does not af fect re lease in a situa tion, where
minit ablets are al ready coated.

Table 3. Comparison of results of paracetamol release for
batches 6and 9, using 0.1M HCl. The probability test in the test T
set with an independent estimation of variance

Time 
[min]

Amount of paracetamol [%]
The probability test

Batch 6 Batch 9
10 46.61 44.55 0.775536
60 63.88 66.64 0.702642
120 74.67 79.20 0.382223

Re sults of paraceta mol re lease for se ries 6 and 9, us ing
phos phate buffer of pH 6.8, were close, and re lease oc -
curred twice as fast, due to the ef fect of dis in te gra tion of
the coat on the minit ablets al ready dur ing re lease in 0.1 M
HCl. Only af ter ca. 15 min utes of test ing in phos phate buffer,

the re sults of al most all se ries were com pa ra ble (85-90%), 
with the ex cep tion of se ries 8, where minit ablets and the
whole multi- compartment sys tem were coated with in tes -
ti nal coat (af ter 15 min utes only 41.48%) (Fig. 2).

Ta ble 4. Com pari son of re sults of paraceta mol re lease for
batches 6 and 9, us ing phos phate buffer of pH 6.8

Time
[min]

Amount of paracetamol [%]
The probability test

Batch 6 Batch 8
121 87.54   1.88 0.000632
123 88.96   3.79 0.001626
125 90.06   6.34 0.000550
135 89.91 41.48 0.018384

Ta ble 5. Com pari son of re sults of paraceta mol re lease for
batches 8 and 9, us ing phos phate buffer of pH 6.8

Time
[min]

Amount of paracetamol [%]
The probability test

Batch 8 Batch 9
121   1.88 90.42 0.000202
123   3.79 92.40 0.000070
125   6.34 92.16 0.000632
135 41.48 93.17 0.000726

It was found, that 5,4% weight gain of the enteric coat
on minitablets was not enough to provide acid resistance.

Statistical analysis performed with the Kruskal-Wallis
ANOVA test showed significant differences at sig nifi-
cance level p<0.05 in the quantity of released parace-
tamol.
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