
INTRODUCTION 
The gas tro in tes ti nal tract pro vides suf fi cient fluid to fa -

cili tate dis in te gra tion of the dos age form and dis so lu tion of
the drug. The large sur face area of gas tric mu cosa fa vors the
drug ab sorp tion. There fore, the oral route has con tin ued to
be the most ap peal ing route for drug deliv ery, at least 90% of 
all drugs used to pro duce sys temic ef fect are ad min is tered
orally [6]. Solid dos age forms like tab lets are the most popu -
lar and pre ferred drug de liv ery sys tem. Tab let dos age forms
are mainly com posed of the drug and ex cipi ents such as a di -
lu ent, a binder, a lu bri cant, a dis in te grant and a gli dant [4].
The choice of for mu la tion in gre di ents can have a sig nifi cant
ef fect on the rate and ex tent of drug dis so lu tion [10].

Dis so lu tion is es sen tial for a drug to be ab sorbed through
the bio logi cal mem branes into sys temic cir cu la tion for
thera peu tic ef fi cacy. Con ven tional tab let for mu la tions gen -
er ally re quire rapid dis in te gra tion to aid drug dis so lu tion.
The sim plest way to achieve quick dis in te gra tion is to use
the su perdis in te grant in con nec tion with suit able di lu ents.
Su perdis in te grant such as croscar mel lose so dium, is fre -

quently used in tab let for mu la tions to im prove the rate and
ex tent of tab let dis in te gra tion and thereby in crease the rate
of drug dis so lu tion [16].

Drug dis so lu tion test ing of phar ma ceu ti cal prod ucts is a
pro ce dure used to evalu ate drug re lease char ac ter is tics of
solid oral prod ucts such as tab lets and cap sules and is a fun -
da men tal part of drug prod uct de vel op ment and manu fac-
tur ing. Such test ing con firms that a tab let has re leased the la -
beled quan tity of ac tive phar ma ceu ti cal in gre di ent (API)
into so lu tion within a des ig nated time in ter val. It dem on -
strates that the API will be read ily avail able for ab sorp tion
af ter oral ad mini stra tion. The dis so lu tion of the API in solid
dos age forms is con sid ered a key vari able in the pro cess of
ab sorp tion in the gas tro in tes ti nal tract. The drug dis so lu tion
test is con ducted us ing the bas ket, pad dle meth ods or flow-
 through cell dis so lu tion ap pa ra tus as de scribed in com pen -
dia (USP, Eur. Ph., FP) [13].

Sul fona mides are a group of syn thetic or ganic com -
pounds with a broad spec trum against most gram- positive
and gram- negative bac te ria that have played an im por tant
role as ef fec tive che mo thera peu tics in bac te rial and pro to -
zoal in fec tions in medicine and vet eri nary prac tice [2,11]. In
clini cal prac tice, sul fona mides ad min is tered in di vidu ally or
in mix tures, in clude sul fadi azine, sul fadi mid ine, sul famet-
hoxa zole, sul fa nila mide, and tri methoprim, which in crease
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the power of sul fona mide [12]. They are used in treat ment of 
oti tis, bron chi tis, si nusi tis and pneu moystis pneu mo nia and
uri nary tract in fec tions in com bi na tion with tri methoprim
[8]. The most widely used vet eri nary an ti mi cro bi als in the
Euro pean Un ion in clude tet ra cy clines, mac rolides, peni cil -
lins, ami no gly cosides and sul fona mides. In vet eri nary
medi cine, sul fona mides are widely used to treat ani mals as
well as to en hance feed ef fi ciency, pro mote ani mal growth
and im prove pro duc tiv ity. They cover in fec tious dis eases of
the di ges tive and res pi ra tory tracts, sec on dary in fec tions,
mas ti tis, metri tis and foot rot [1, 14].

Sul fadi mid ine is one of the most com mon sul fona mide
anti bac te ri als and widely used in vet eri nary medi cine due to
its ef fective ness against a wide va ri ety of dis eases in food-
 producing ani mals such as ne crotic po do der ma ti tis in cat tle,
coc cidio sis in sheep, bac te rial pneu mo nia in pigs and so on
[15].

The ob jec tive of this study was to de velop tab let for mu la -
tions of sul phadi mid ine so dium (SDD- Na) and tri metho-
prim (TMP), evalu ate and com pare the ef fi ciency of some
ex ci pents such as: su perdis in te grant – cros car mel lose so -
dium (Ac- Di- Sol), sili con di ox ide (Aerosil), lac tose and
mi cro crys tal line cel lu lose (Avicel pH- 101) as base ex cipi ent 
for tab let physi cal prop er ties and in crease the dis so lu tion
rate of SDD- Na and TMP.

MATERIALS AND METHODS
All chemi cals were of analytical- reagent grade. Sulfadi -

mid ine so dium (SDD- Na) and tri methoprim (TMP) were
pur chased from POCH SA (Gli wice Po land). Lac tose mono hy -
drate, sili con di ox ide, were pur chased from Sigma Ger many,
Po livinylpyr ro lidone K30 (PVP-K30) was ob tained from
Fluka. Mi cro crys tal line Cel lu lose (Avicel PH-101) and su -
perdis in te grant – croscar mel lose so dium (Ac- Di- Sol), were
gift sam ples from IMCD, (FMC Bio poly mer, USA). Mag ne -
sium stearate used as in ter nal lu bri cant was ob tained from
POCH SA (Gli wice Po land); etha nol was from P.P.H,
„STANLAB”.

The am mo nium buffer so lu tion pH 10 was pre pared from
POCH rea gents. Am mo nium hy drox ide 25 % so lu tion (HPLC
grade) was ob tained from POCH SA (Gli wice Po land). 

The wa ter was pu ri fied by Cobrabid- Aqua CA-ROD
3 ECO sys tem.

Blend ing and Ta blet ing. All tab lets were pre pared by wet
granu la tion pro cess. The tab let for mu la tions: F1, F2, F3, F4
con tained 80% of ac tive sub stances and 20% of ex cipi ents
and for mu la tion F5 – 93.5% of ac tive sub stances and 6.5%
of ex cipi ents. The wet ting agent was 1% PVP-K30 so lu tion
in (50:50 w/w) wa ter/etha nol..

Tab let for mu la tions: F1, F2, F3 were pre pared by mix ing
SDD- Na and TMP with micro crys tal line cel lu lose (Avicel
pH- 101), lac tose and dis ag gre gat ing agent (Ac- Di- Sol). The
mix ture was kneaded in the pres ence of an amount of 1%
PVP-K30 so lu tion in (50:50 w/w) wa ter/etha nol and then
ex truded through a steel grid (1.0 mm). The final granu late
was dried at 450C and sieved. The gran ules were mixed

with ap pro pri ate amounts of lu bri cant (mag ne sium stearate)
and gli dant (aerosil) (For mu la tion 3).

Tab lets from for mu la tion F4 were pre pared by mix ing
SDD- Na and TMP with micro crys tal line cel lu lose and lac -
tose. The mix ture was kneaded in the pres ence of an amount
of 1% PVP-K30 so lu tion in (50:50 w/w) wa ter/etha nol and
then ex truded through a steel grid (1.0 mm). The final granu -
late was dried at 450C and sieved. The gran ules were mixed
with ap pro pri ate amounts of dis ag gre gat ing agent (Ac- Di-
 Sol), lu bri cant (mag ne sium stearate) and gli dant (aerosil).

Tab lets from for mu la tion F5 were pre pared by mix ing
SDD- Na and TMP with dis ag gre gat ing agent (Ac- Di- Sol).
The mix ture was kneaded in the pres ence of an amount of
1% PVP-K30 so lu tion in (50:50 w/w) wa ter/etha nol and
then ex truded through a steel grid (1.0 mm). The final granu -
late was dried at 450C and sieved. The gran ules were mixed
with ap pro pri ate amounts of lu bri cant (mag ne sium stearate).

The round flat- faced tab lets were pre pared on a single-
 punch tab let press (Er weka, EK-O) with 9.0 mm punches.
The tab let press set ting was kept con stant across all for mu la -
tions.

The tab lets were evalu ated for uni form ity of weight,
hard ness, fri abil ity, drug con tent, dis in te gra tion time and
dis so lu tion prop er ties. 

Tab let prop er ties. Tab lets were tested for thick ness and
weight variation to de ter mine any vari abil ity as so ci ated with 
the tab let press or the method of prepa ra tion.

The thick ness was de ter mined us ing digi matic cali per.
Uni form ity of mass was de ter mined by weigh ing 20 tab lets
on an ana lyti cal bal ance (OHAUS Ad ven turer Pro) ac cord -
ing to FP VI.

Meas ure ment of fri abil ity. Fri abil ity was evalu ated from
the per cent age weight loss of 20 tab lets tum bled in a fri abi la -
tor (FP VIII) at 25 rpm for 4 min utes. The tab lets were
dedusted, and the loss in weight caused by frac ture or abra -
sion was re corded as the per cent age weight loss. Fri abil ity
be low 1% is con sid ered ac cept able.

Hard ness test. The hard ness of six tab lets was de ter mined
us ing an Er weka hard ness tester (Type TBH 30, Er weka,
Ger many). The hard ness co ef fi cient was cal cu lated from
equa tion:

T P
h d

max

where: T – tab let hard ness coeffi cient (kG/mm2 ),
Pmaks. – tab let break ing force (kG),
d      – tab let di ame ter (mm),
h      – tab let thick ness (mm).

All re sults are pre sented as mean value ± SD (n = 6).
Hard ness co ef fi cient above 0.1 kG/mm2 is con sid ered ac -
cept able. 

Dis in te gra tion time. Re spec tive dis in te gra tion times of
the pre pared tab lets were meas ured in 900 ml of pu ri fied wa -
ter with disks at 37°C us ing an ERWEKA tester (Type ZT
222, FP VIII). Dis in te gra tion time (n=6) was re corded until
all the frag ments of the dis in te grated tab let passed through
the screen of the bas ket.
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Dis so lu tion test. The dis so lu tion pro files of SDD- Na and
TMP were de ter mined in a dis so lu tion tester (Er weka Type
DT 600 HH, Ger many) fol low ing the (FP VIII, Eur. Ph. 7th
edi tion) pad dle method. All tests were con ducted in 900 ml
of pu ri fied wa ter. The dis so lu tion me dium was main tained
at a tem pera ture of 37±0.50C with a pad dle ro ta tion speed
at 100 rpm. At speci fied time in ter vals (5, 10, 15, 30, 45 and
60 min.), 2 ml of disso lu tion me dium was with drawn and re -
placed with an equal vol ume of pu ri fied wa ter to main tain a
con stant to tal vol ume. The with drawn sam ples were fil tered
through What man fil ter pa per and SDD- Na and TMP con -
tent in each sam ple was ana lyzed af ter suit able di lu tion by
first de riva tive spec tro pho tomet ric method at  = 249 nm
and  = 268 nm [17]. A Thermo Sci en tific He lios Omega
UV-VIS spec tro pho tome ter con nected to PC fit ted with
VISION pro soft ware was used for all meas ure ment and
treat ment of data. The drug con tent in each sam ple was cal -
cu lated us ing cali bra tion equa tions. Dis so lu tion rate was
stud ied for the pre pared for mu la tions. 

Drug Con tent Es ti ma tion. The pow der con tent of 10 tab -
lets from each for mu la tion was mixed well, and a pow der
sam ple equiva lent to 250 mg of SDD- Na and 50 mg of TMP
was placed in in di vid ual 100 ml volu met ric flasks. Each
drug was dis solved in 25 ml of etha nol. The re sult ing mix -
ture was vor texed for 5 min utes, and the vol ume was raised
to 100 ml with etha nol. The so lu tion was fil tered, and next a
suit able di lu tion was ana lyzed for drug con tent by first de -
rivative spec tro pho tomet ric method [17].

RESULTS AND DISCUSSION
SDD- Na and TMP tab lets were suc cess fully pre pared and 

evalu ated. The tab let for mu la tions: F1, F2, F3, F4 con tained
80% of ac tive sub stances and 20% of ex cipi ents and for mu -
la tion F5 93.5% of ac tive sub stances and 6.5% of ex cipi ents. 
All tablet for mu la tions were pre pared by wet granu la tion
pro cess as given in Ta ble 1. The por tion of su perdis in te grant
(Ac- Di- Sol) was used as an in tragranu lary in tab let for mu la -
tions: F1, F2, F3, F5 and ex tra granu lary in for mu la tion F4 at
2.5% con cen tra tion in tab let for mu la tion F1 and 5% in tab -
lets for mu la tions: F2, F3, F4, F5. The hu mid ity con tent in
granu lates was ap proxi mately 6%.

Ta ble 1. For mu la tions of SDD- Na and TMP tab lets
Formulation

ingredients (mg/tablet)
Formula no.

F1 F2 F3 F4 F5
SDD-Na (active) 250 250 250 250 250
TMP (active)   50   50   50   50   50
Avicel PH- 101 37.5 37.5 37.5 37.5 –
Ac-Di-Sol
(superdisintegrant)

9.38
(2.5%)

18.75
(5%)

18.75
(5%)

18.75
(5%)

16.2
(5%)

Lactose (filler) 22.5 13.125   9.375   9.375 –
Silicon dioxide – – 3.75 3.75 –
PVP 30   3.75 3.75 3.75 3.75 3.24
Magnesium stearate
(lubricant) 1.875 1.875 1.875 1.875 1.62

Total tablet weight (mg) 375 375 375 375 324

The tab lets were evalu ated for uni form ity of weight,
hard ness, fri abil ity, drug con tent, dis in te gra tion time and
dis so lu tion prop er ties. Ta bles 2, 3 and 4, dis play the re sults.

The drug con tent of tab lets was within the 100 ± 5% of la -
bel claim, and the re sults were sat is fac tory (Ta ble 2). A good 
de gree of uni form ity of weight was achieved for all batches
of pre pared tab let for mu la tions. The per cent de via tion did
not ex ceed 5%, in di cat ing ex cel lent uni form ity of weight in
all the batches of pre pared tab let for mu la tions.

Ta ble 2. Physi cal prop er ties of pre pared for mu la tions of SDD- Na
and TMP 

Test
Results

F1 F2 F3 F4 F5

Mean weight (mg) 
(± % deviation ) 

375.5
(0.13)

367.3
(2.05)

377.6
(0.69)

379.5
(1.2)

327.0
(0.93)

Thickness (mm) 5.0±0.03 5.0±0.02 5.2±0.03 5.0±0.04 4.7±0.02
Hardness 
(kg/mm2) ± SD 0.22±0.03 0.13±0.02 0.12±0.021 0.17±0.024 0.18±0.031

Friability (%) 0.26 0.3 1.07 0.88 0.36
Disintegration 
time (min) 41 24 21 11 9

Drug content:
(%) SDD-Na
(%) TMP

99.5
97.8

98.2
99.2

99.1
102.3

101.2
98.3

99.3
101.8

The tab let batches ex hib ited good me chani cal prop er ties
with re gard to both hard ness and fri abil ity ex cept for for mu -
la tion F3 with fri abil ity 1.07%. The hard ness val ues were
above 0.1 kG/mm2 and within the batches of tab let for mu la -
tions was from 0.12 (kg/mm2) for for mu la tion F3 to 0.22
(kg/mm2) for for mu la tion F1. In the fri abil ity stud ies, weight 
loss val ues of for mu la tions: F1, F2, F4, F5 in the tab let
batches was less than 1%. 

The tab let for mu la tions F4 and F5, ful filled the FP re -
quire ment for dis in te gra tion time for com pressed tab lets:
less than 15 min utes. The or der of dis in te gra tion time of tab -
lets for mu la tions was: F1>F2>F3>F4>F5 (Ta ble 2). The
high dis in te gra tion time of tab let for mu la tion F1 may be at -
trib uted to high hard ness and rela tively low amount of
Ac- Di- Sol. The prob able rea son for higher hard ness may be
pres ence higher amount of lac tose. 

All tab let for mu la tions were sub jected to in vi tro dis so lu -
tion rate stud ies us ing pu ri fied wa ter as the dis so lu tion
me dium. Dis so lu tion prop er ties such as DP30,45,60 (per cent
of drug dis solved at 30, 45 and 60 min utes), and dis so lu tion
rate con stant value (K) were con sid ered for com par ing the
dis so lu tion re sults. The cor re spond ing val ues for SDD- Na
and TMP tab let for mu la tions are given in Ta bles 3 and 4, and 
the dis so lu tion pro files are shown in Fig ures 1 and 2. The re -
sults of dis so lu tion stud ies in di cate that dis so lu tion rate of
SDD- Na is in creased in the fol low ing or der: SDD- Na
F2<F1<F3<F5<F4 and dis so lu tion rate of TMP is in creased
in the fol low ing or der: TMP F3<F2<F1<F4<F5.

Ta ble 3. Dis so lu tion pa rame ters of SDD- Na from Tab let For mu la tions
(n=6)

Formulation DP30
 (mean±SD)

DP45
(mean±SD)

DP60
(mean±SD) K(mg min-0,5)

F1 53.31±2.75 71.78±2.71 84.06±2.12 30.375
F2 41.43±4.22 71.04±4.58 81.65±3.09 29.934
F3 55.39±3.38 71.28±1.34 77.73±4.04 26.720
F4 81.39±1.94 84.74±0.52 85.62±1.19 30.834
F5 78.82±5.40 83.78±1.38 84.10±3.24 34.820

DE(30,45,60) – per cent of drug dis solved at 30, 45 and 60 min utes, K – Higuchi
re lease rate con stant
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Ta ble 4. Dis so lu tion pa rame ters of TMP from Tab let For mu la tions
(n=6)

Formulation DP30
(mean±SD)

DP45
(mean±SD)

DP60
(mean±SD) K(mg min-0,5)

F1 57.44±5.44 77.42±1.26 91.16±4,15 6.634
F2 50.74±4.06 79.72±3.51 90.24±5,90 6.357
F3 34.44±5.18 47.99±5 61.44±3,07 5.113
F4 72.55±2.10 87.13±1.79 91.92±4.01 6.887
F5 89.20±3.70 92.46±1.52 96.51±3.66 6.607

DP(30,45,60) – percent of drug dissolved at 30, 45 and 60 minutes, K – Higuchi
release rate constant

The dis so lu tion of SDD- Na and TMP from all tab let for -
mu la tions ex am ined fol lowed Higuchi model ki net ics with
cor re la tion co ef fi cient (R) val ues from 0,984 to 0,995 [3]. The 
Higuchi dis so lu tion rate con stant val ues, K (mg min-0,5), are
given in Ta bles 3,4 and are best for for mu la tions F4 and F5.

To de scribe the ki net ics of drug re lease, Higuchi’s model
was used [9,18].

Mt K t TD* ( 0

Mt* – amount of drug re leased in time t , re lease rate con stant,
         square root of time,  square root of dis so lu tion lag time.

TD  – square root of dissolution lag time

The for mu la tions F4 and F5 met the ac cept able speci fi ca -
tions with re gard to drug re lease prop er ties, that is, 80% of
the drug was re leased within 45 min utes. Within 45 min utes
84.74% of SDD- Na for tab let for mu la tion F4 and 83.78%
for F5 were re leased, 87.13% of TMP dis solved from tab let
for mu la tion F4 and 92.46% from F5 in 45 min utes. 

Tab let dis in te gra tion ef fi ciency and drug dis so lu tion de -
pend on the amount of added dis in te grant, the amount and
pres ence of mi cro crys tal line cel lu lose (Avicel) and lac tose.
Mag ne sium stearate con cen tra tion at 0.5% was quite suf fi -
cient to pre pare tab lets. Mag ne sium stearate de creases the
wet ta bil ity of the ma trix and thus, may in crease the disin te -
gra tion time of a for mu la tion. How ever, it was not evalu ated
if it might af fect the com pres sion abil ity of the for mu la tion.
The used wet ting agent in all tab let for mu la tions was 1%
PVP-K30 so lu tion in (50:50 w/w) wa ter/etha nol. Gen er ally,
a binder in creases the me chani cal strength but de lays dis so -
lu tion time of tab let [5]. Con cen tra tion of lu bri cant and
a binder should be se lected as the in de pend ent vari ables for
the ex peri men tal de sign [10]. 

The amount and pres ence of mi cro crys tal line cel lu lose
affects the dis in te gra tion time of tab lets and re lease rate of
drug. Tab let for mu la tion F5 with out ad di tion of mi cro crys -
tal line cel lu lose showed faster dis so lu tion rate and shorter
dis in te gra tion time as com pared with that of tab lets of for -
mu la tions: F1, F2, F3, F4.

 The re sults re veal that be sides the type of di lu ents, the
way of us ing su perdis in te grant, plays a ma jor role in con trol -
ling dis in te gra tion of tab lets. Su perdis in te grants are gen er ally 
used for im prove ment of dis in te gra tion time dos age form
and solu bil ity for ac tive phar ma ceu ti cal in gre di ents. Gor don 
et al. re ported that Ac- Di- Sol used as in tra granu lar dis in te -
grant was rela tively un affected by wet granu la tion pro cess
but the por tion of Ac- Di- Sol used an in tra granu lary in the
wet granu la tion pro cess in tab let for mu la tion F3 is not as ef -
fec tive as that the pro cess of ex tra granu lary ad di tion –
for mu la tion F4 [7]. In the wet granu la tion pro cess the gran -
ules are ex posed for wet ting and dry ing, which re duces the
prop er ties of the dis in te grant. 

 Ex tra granu lar in cor po ra tion pro duced faster re sults of
the dis so lu tion than in the case of an equal dis tri bu tion in tra -
granu larly and ex tra granu larly. In turn, it proved su pe rior to
in tra granu lar in cor po ra tion.

CONCLUSIONS
Re sults of the pres ent study dem on strate that tablets dis -

in te gra tion ef fi ciency and drug dis so lu tion de pend on the
amount of added dis in te grant (Ac- Di- Sol), the amount and
pres ence of mi cro crys tal line cel lu lose (Avicel) and lac tose.
The re sults re veal that the dis in te gra tion time and per cent age 
of dis solved drug were strongly in flu enced by the mode of
ad di tion of su perdis in te grant. The dis so lu tion of SDD- Na
and TMP from all tab let for mu la tions ex am ined fol lowed
Higuchi model ki net ics with cor re la tion co ef fi cient (R) val -
ues from 0,984 to 0,995. Tab let for mu la tions F4 and F5
ex hib ited sat is fac tory fri abil ity, ac cept able hard ness, ful -
filled the FP re quire ment for dis in te gra tion time for
com pressed tab lets and met the ac cept able speci fi ca tions
with regard to drug re lease prop er ties.
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Fig. 1. In vitro release profiles of SDD-Na from Formulations: F1,
F2, F3, F4, F5

Fig. 2. In vitro release profiles of TMP from Formulations: F1, F2,
F3, F4, F5
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