
INTRODUCTION
Solid oral dos age forms re main the most con ven ient

means of treat ment. The ef fec tive ness of these dos age
forms re lies on dis so lu tion of a drug in gas tro in tes ti nal
tract flu ids be fore ab sorp tion into the sys temic cir cu la -
tion. The rate of dis so lu tion of a drug from a solid dos age
form is there fore cru cial for op ti mi za tion of ther apy [9].
Tab let dos age forms are mainly composed of the drug and
ex cipi ents such as a dilu ent, a binder, a lu bri cant, a dis in -
te grant and a gli dant [1]. The choice of for mu la tion
in gre di ents  has a sig nificant ef fect on the rate and ex tent
of drug dis so lu tion [12].

Dis so lu tion test ing is there fore a use ful tool for qual ity
con trol as well as for for mu la tion de vel op ment, and is a
regu la tory re quirement in the ap proval of new drug prod -
ucts [5,8,15]. Such test ing con firms that a tab let has
re leased the stated quan tity of ac tive phar ma ceu ti cal in -
gre di ent (API) into solution within a des ig nated time

in ter val. It demonstrates that the API will be read ily avail -
able for ab sorp tion after oral ad mini stra tion [13].

In vi tro dis so lu tion is one of the most impor tant ele -
ments of the drug de vel op ment pro cess. Sev eral ki netic
mod els de scribe drug dis so lu tion from im me di ate and
modi fied re lease dos age forms. There are sev eral mod els
to rep re sent the drug dis so lu tion pro files where f is a func -
tion of t (time) re lated to the amount of drug dis solved
from the phar ma ceu ti cal dos age sys tem [3].

 The quan ti ta tive in ter pre ta tion of val ues gen er ated in
dis so lu tion stud ies is fa cili tated by the use of ge neric
equa tion that mathe mati cally trans late dis so lu tion curves 
as a func tion of some pa rame ters re lated  with the phar ma -
ceu ti cal dos age forms. In some cases, the equa tions can be 
de duced by a theo reti cal analy sis of the pro cesses to
which a dos age form is sub jected. Mod els that best de -
scribe drug re lease phe nom ena must be used to define
drug re lease mecha nisms as this helps to ana lyze and ex -
plain mathe mati cally the pro cesses that oc cur when a drug 
is re leased from a dos age form [4,9,10]. 

In this study, several mathematical models will be used 
to evaluate the release kinetics of the highly soluble
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sulfadimidine sodium (SDD-Na) and the poorly soluble
trimethoprim (TMP)  from the tablet batches prepared by
wet granulation process by using the following excipients: 
superdisintegrant – croscarmellose sodium (Ac- Di- Sol),
colloidal silicon dioxide (Aerosil), lactose monohydrate,
pregelatinized starch (CPharm Gel) and microcrystalline
cellulose (Avicel pH- 101).

MATERIAL AND METHODS
All chemi cals were of analytical- reagent grade. Sul -

fadi 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 and col loi dal 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), pre ge lati nized starch
(CPharm Gel)  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 pur chased 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 us ing 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 batches: T1, T2, T3,
T4, T6, T7 con sisted of 80% of ac tive sub stances and 20% 
of ex cipi ents. The to tal tab let weight was 375 mg. 

For mu la tion T5 con sisted of 93.5% of ac tive sub -
stances and 6.5% of ex cipi ents. No fill ers were used in the
for mu la tion T5. The to tal tab let weight was 321 mg. 1%
PVP-K30   so lu tion in wa ter/etha nol  (50:50 w/w)  was
used as wet ting agent (Ta ble 4).

Tab lets: T1, T2, T3 were pre pared by mix ing  SDD- Na
and TMP  with mi cro crys tal line cel lu lose (Avicel pH-
 101), lac tose and dif fer ent amount (2.5 or 5%) of 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 
water/etha nol (50:50 w/w) and then ex truded through
a steel grid (1.0 mm). The fi nal 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) (T3).

The tab let batch T4 was pre pared by mix ing SDD- Na
and TMP  with  mi cro 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 fi nal
granu late was dried at 450°C 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).

The tab let batch T5 was 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 fi nal 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).

The tab let batch T6 was pre pared by mix ing SDD- Na
and TMP  with  pre ge lati nized starch  and  mi cro crys tal -
line cel lu lose. 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 fi nal granu late was dried at 450C and sieved. The
gran ules were mixed with ap pro pri ate amounts of dis ag -
gre gat ing agent (Ac- Di- Sol) and lu bri cant (mag ne sium
stearate).

The tab let  batch  T7  was pre pared by mix ing    SDD-
 Na and TMP  with pre ge lati nized starch  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 fi nal 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).

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.
For mu la tion de tails of  pre pared  tab lets are pre sented in
Ta ble 4.

The dis so lu tion pro files of  SDD- Na and TMP  were
deter mined in a dis so lu tion tester (Er weka Type DT 600 HH,
Ger many) by fol low ing the (FP IX, 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°C with a pad dle ro ta tion speed of
100 rpm.  At speci fied time in ter vals (5, 10, 15, 30, 45 and
60 minutes), 2 ml of dis so 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  sam ples with drawn 
were fil tered through What man fil ter pa per.  The vol ume
of sam ples was added to 25 ml volu met ric flasks fol lowed
by 0.5 ml of etha nol, 5 ml of am mo nium buffer so lu tion
(pH 10) and vol ume  was ad justed with pu ri fied wa ter.
SDD- Na and TMP con tent in each sam ple was ana lyzed
by first de riva tive spec tro pho tomet ric method  at λ = 249 nm
and λ = 268 nm [16]. 

The tab lets were evalu ated as per stan dard pro ce dure
for uni form ity of weight, hard ness, fri abil ity, drug con -
tent, dis in te gra tion time. The physi cal prop er ties of
pre pared tab lets and the drugs con tent are shown in the
Ta ble 5 [17].

Drug re lease ki net ics. To study the re lease ki net ics of
the drug, data ob tained from in vi tro drug re lease stud ies
were plot ted in vari ous ki netic mod els. Zero or der (Eq. 1)
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as the cu mu la tive per cent age of drug re lease vs. time. First 
or der (Eq. 2), as the log of per cent  drug re maining to be
re leased vs. time,  Higuchi’s  model (Eq. 3), as cu mu la tive
per cent age drug re lease vs. the square root of time and the
Hixson- Crowell  model as cube root of the ini tial drug
con cen tra tion mi nus cube root of per cent re main ing  vs.
time (Eq. 4) (Fig.1, 2).

The zero or der ki net ics describes the sys tems where the 
drug re lease is in de pend ent of its con cen tra tion.

Q=K0 t     (Eq. 1)

where Q is the amount of drug re leased in time t,  K0 is the zero
or der rate con stant ex pressed in units of con cen tra tion [6]. 

The first or der ki net ics de scribes the re lease where
release rate is con cen tra tion de pended.

Log Q= Log Q0 -  Kt/ 2.303     (Eq. 2)

where Q is the amount of drug re leased  in time t,  Q0 is
the ini tial amount of drug and K is the first or der rate con -
stant [2]. 

Higuchi’s model de scribes the re lease of drugs from in -
solu ble ma trix as a square root of time de pend ent pro cess
based on Fickian dif fu sion. 

Q= K t1/ 2     (Eq. 3)

where Q is the amount of drug re leased in time t,  K is the con stant 
re flect ing the de sign vari ables of the sys tem [7].

To evalu ate the drug re lease with changes in the sur -
face area and the di ame ter of the par ti cles/tab lets, the data
was also plot ted us ing the Hixson- Crowell cube root law,  

Q0
1/3- Qt

1/3 =Kst     (Eq. 4)

where Qt is the amount of drug re main ing in time t in the tab let,
Q0 is the ini tial amount of the drug in the tab let, and Ks is the rate
con stant  in cor po rat ing the sur face–vol ume re la tion [3,4].

Mecha nism of drug re lease. To evalu ate the mecha -
nism of drug re lease from  tab lets, data of drug re lease was 
plot ted in Kors meyer-Pe ppas equa tion (Eq. 5), as  the log
of cu mu la tive % of drug re leased vs. log time, and the ex -
po nent n value was cal cu lated through the slope of the
straight line [11,14] (Fig 1, 2).
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Fig. 1. Release kinetics of SDD-Na from prepared tablets: a. Zero order release profile, b. First order release profile,  c. Higuchi release
profile, d. Hixson-Crowell  cube root plot, e. Korsmeyer-Peppas release profile



Mt /M∞ = Kt n     (Eq.  5)

 Where Mt/M∞ is the frac tion of drug re leased at time t,
K is a con stant in cor po rat ing the prop er ties of the mac ro -
molecu lar poly meric sys tem and the drug. The n is an
ex po nent used to de scribe the trans port mecha nism. To
find out the mecha nism of drug re lease, first 60% drug re -
lease data were fit ted in Kors meyer-Pep pas model [11]. 

Ta ble 1.  Drug trans port mecha nisms and dif fu sional ex po nents
for  cy lin dri cal ma trix tab lets
Diffusional Exponent, n Type of Transport Time Dependence

0.45
0.45 < n < 0.89

0.89
n > 0.89

Fickian diffusion
Anomalous transport
Case II transport
Super case II transport

t1/2

tn-1

time independent
tn-1

Ki netic analy sis of dis so lu tion data. The ob tained drug
re lease data were ana lyzed by zero or der, first or der,
Higuchi, Hixson- Crowell and Kors meyer-Pep pas model.

The re lease rate con stants were cal cu lated from the slope
of the ap pro pri ate plot and co ef fi cient of de ter mi na tion
(r2) was de ter mined (Ta ble 2, 3).

In this study, the in vi tro re lease pro files of SDD- Na 
from tab let batches T1 and T3 were best ex plained by  first 
or der model as the plots showed the high est line ar ity
(r2=0.9909 and 0.9931), fol lowed by Higuchi model
(r2=0.9858 and 0.9887) and 0 or der (r2=0.9808 and
0.9641).

The tab let batch T2 was best ex plained by zero or der
re lease ki net ics as the plot showed the high est line ar ity
(r2=0.9856), which in di cates that the con cen tra tion was
nearly in de pend ent of drug re lease pro file. The in vi tro re -
lease pro files  of SDD- Na from  for mu la tions: T4, T5, T6 and
T7 showed best fit in Higuchi model (r2= 0.8996 to 0.999),
fol lowed by first or der ki netic model (r2= 0.8797 to
0.995). How ever, for for mu la tion T7, drug re lease was also
found to be very close to zero or der re lease (r2= 0.9827).
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Fig. 2. Release kinetics of TMP  from prepared tablets: : a. Zero order release profile, b. First order release profile,  c. Higuchi release
profile, d. Hixson-Crowell  cube root plot, e. Korsmeyer-Peppas release profile



The in vi tro re lease pro files of TMP  from for mu la tion
T1 showed high est line ar ity with the Higuchi model (r2=
0.9764), fol lowed by first or der (r2= 0.9752) and zero or -
der (r2=0.9749). Tab lets batches: T3, T4, T5, T6 can be
best ex plained by first or der  model as the plots showed
best line ar ity (r2= 0.9656 to 0.9950), fol lowed by Higuchi
model (r2= 0.9240 to 0.9910) and  zero or der r2=0.9865
for T3. This in di cates that the re lease of drug from ma trix
is a square root of time de pend ent pro cess de scrib ing the
drug re lease rate re la tion ship with con cen tra tion of drug.
Tablet batches: T2 and T7 can be best ex plained by zero
or der re lease ki net ics (r2=0.9853 and 0.9983), which in di -
cates that the  drug re lease was nearly in de pend ent of its
con cen tra tion.

The Hixson- Crowell plot showed good line ar ity
r2=0.9475 (0.8569 to 0.9967) for SDD- Na re lease and
r2=0.9774 (0.9299 to 0.9968)  for TMP re lease in di cated a
change in sur face area and di ame ter of the tab lets with the
pro gres sive dis so lu tion of the tab let as a func tion of time.

The ob tained data was plot ted into Korsmeyer- Peppas
equa tion to learn about the con firmed dif fu sion mecha -
nism. All  tablet batches showed good line ar ity (r2= 0.9282 
to 0.999) with slope (n) val ues 0.573-1.044 for SDD- Na
and  0,5838-1,045 for  TMP re lease. For SDD- Na re lease,
tab let batches: T1, T3, T4, T6 and T7 showed re leased ex -
po nents 0.6097 to 0.8858 char ac ter is tic of anoma lous
trans port (non- Fickian) which ap pears to in di cate a cou -
pling of the dif fu sion and ero sion mecha nism. Tablet
batches: T2 and T5 showed re leased ex po nents 0.9477
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Table 2. Dissolution kinetics of SDD-Na 
Tabet

batches
0 order First order Higuchi Korsmeyer-Peppas Hixson-Crowell

k r2 k r2 k r2 n r2 k r2

T1 1.408 0.9808 0.0319 0.9909 14.27 0.9858 0.8804 0.9893 0.0368 0.9965
T2 1.413 0.9856 0.0302 0.9717 14.16 0.9686 0.9477 0.9907 0.0356 0.9817
T3 1.173 0.9641 0.0253 0.9931 12.02 0.9887 0.6676 0.9917 0.0300 0.9874
T4 1.133 0.8002 0.0328 0.8797 12.14 0.8996 0.5728 0.9282 0.0348 0.8569
T5 1.487 0.8320 0.0362 0.8818 15.73 0.9119 1.0440 0.9329 0.0406 0.8665
T6 1.368 0.9099 0.0310 0.9585 14.25 0.9653 0.8858 0.9704 0.0358 0.9465
T7 0.911 0.9827 0.0161 0.9950   9.28 0.9990 0.6097 0.9990 0.0205 0.9967

Ta ble 3. Dis so lu tion ki net ics of TMP
Tablet

batches
0 order First order Higuchi Korsmeyer-Peppas Hixson-Crowell

k r2 k r2 k r2 n r2 k r2

T1 1.604 0.9749 0.0425 0.9752 16.23 0.9764 0.9958 0.9722 0.0456 0.9923
T2 1.493 0.9853 0.0404 0.9675 15.03 0.9769 0.8257 0.9896 0.0433 0.9844
T3 1.049 0.9865 0.0165 0.9950 10.58 0.9910 1.0450 0.9764 0.0218 0.9968
T4 1.314 0.9050 0.0430 0.9946 13.75 0.9688 0.6467 0.9664 0.0431 0.9780
T5 1.337 0.8466 0.0582 0.9656 14.12 0.9240 0.5838 0.9549 0.0517 0.9299
T6 1.533 0.9201 0.0537 0.9757 15.93 0.9712 0.7960 0.9789 0.0518 0.9699
T7 0.981 0.9983 0.0164 0.9809 9.823 0.9788 0.7629 0.9950 0.0212 0.9904

Ta ble 4. For mu la tion de tails of  ki netic  model in ves ti gated tab lets

Formulation ingredients (%)
Tablet batches

T1 T2 T3 T4 T5 T6 T7
SDD-Na 66.6 66.6 66.6 66.6 77.8 66.6 66.6
TMP 13.4 13.4 13.4 13.4 15.7 13.4 13.4
Avicel PH-101 10 10 10 10 - 6,75 -

Ac-Di-Sol 2,5 5 5 5
extragranulary 5 5

extragranulary 5

C Pharm Gel - - - - - 6,75 15
Lactose monohydrate 6 3.5 2.5 2.5 - - -
Aerosil - - 1 1 - - -
PVP 30 1 1 1 1 1 1 1
Magnesium stearate 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Ta ble 5.  Physi cal prop er ties of  pre pared tab lets 

Test
Results

T1 T2 T3 T4 T5 T6 T7
Mean weight (mg) 
(± % deviation) 

375.5
(0.13)

367.3
(2.05)

377.6
(0.69)

379.5
(1.2)

324.0
(0.93)

374.0
(0.80)

373.0
(0.48)

Hardness (kg/mm2) ± SD 0.22 ± 0.03 0.13 ± 0.02 0.12 ± 0.021 0.15 ± 0.024 0.12 ± 0.031 0.13 ± 0.052 0.19 ± 0.044
Friability (%) 0.26 0.3 1.07 0.88 0.36 0.85 0.29
Disintegration time (min) 41 24 21 11 9 14 23
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

  97.9
102.5

98.5
97.4

Uni form ity of weight (n = 20), fri abil ity (n = 20), dis in te gra tion time  test (n = 6)  were de ter mined ac cord ing to FP IX and drug con tent test (n = 10) ac cord ing to FP VI. Fri -
abil ity (%) = (loss in weight/ini tial weight) x 100
Hard ness  test (n = 6) was de ter mined us ing an Er weka  hard ness  tester (Type TBH 30). 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 co ef fi cient (kG/mm2 ), Pmax – tab let break ing force (kG), d – tab let di ame ter (mm), h – tab let thick ness (mm).



and 1.044 which in di cates  a su per case II trans port re fers
mainly to the ero sion of the poly meric chain. 

For TMP release, tablet batches: T2, T4, T5, T6 and T7
showed re lease dex po nents 0.5838 to 0.8257 char ac teri-
stic of anomalous transport (non-Fickian) and T1, T3 showed
released exponents 0.9958  and  1.045 indicating a super
case II transport. This indicates that SDD-Na and TMP 
release might have been controlled by more than one
process.

CONCLUSIONS
Re sults of the pres ent study dem on strate that  SDD- Na  

re lease ki net ics   was best de scribed by Higuchi model fol -
lowed by first or der model. TMP re lease ki net ics was best
ex plained by first or der model, fol lowed by Higuchi
model.

Re lease ki net ics of   tab lets  with short est dis in te gra tion 
time and ex tra granu lar Ac- Di- Sol ad di tion or with out di -
lu ents was best de scribed by Higuchi (SDD- Na) or first
or der ki netic model (TMP). For for mu la tions with longer
dis in te gra tion time com prised of 15% pre ge lati nized starch  
or 10%  mi cro crys tal line cel lu lose and 3.5%  lac tose, drug 
re lease was found to be very close to zero or der re lease.
The Hixson- Crowell plots showed good line ar ity for
SDD- Na and TMP re lease in di cated a change in sur face
area and di ame ter of the tab lets with the pro gres sive dis -
so lu tion of the tab let as a func tion of time.

Release exponent values for Korsmeyer-Peppas  model 
were characteristic of anomalous transport (non-Fickian),
which appears to indicate a coupling of the diffusion and
erosion mechanism or super case II transport refers
mainly to the erosion of the polymeric chain. The mecha-
nism of release changed with the nature and contents of
excipients in the tablet matrix and drug solu bil ity. A cou -
pling of the diffusion and erosion mechanism may
indicate that drug release profiles were controlled by more 
than one process.
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