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Release Rate Versus Time Plotting for the 
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Release Rate Versus Time Plotting for the 
Release / DisSolution Assessınent 

Summary: The dissolııtion test is one of the crucial tests of 
solid dosage fornn~ namely tablets and capsııles. The phar
n1acopeias give liınİts in their nıonographs, while a more ex
tensive pattern can be obtained by plotting the cumulative an10-
unt dissolvedlreleased versus tüne. in this basic plotting, the 
data points in the plot are cıımıılative tovvards the tenninal 
phase and hence has a cum.ıılatively increasing error in it. Ta 
ojfset the disadvantage of error accunıulation, plotting release 
rates versus tinıe seen1s ta be a ınore plausible choice and rate 
plotting woııld have a phanrıacokinetic meaning as well. In the 
assessment of the results of closed flow-through celi or paddle/ 
basket nıethods, drııg analysis gives the drııg concentration di
rectly, withoııt adding tlıe previous resıılts. Nevertheless, these 
ıneasıırenıents are stili cunıulative and relative variation or 
fluctions appear srnaller due to tlıis fact. Plotting release rate 
versus tİ!ne seenı.ı· to be qııite reasonable and advantageoııs. 
The release pattern of tlıe dosage fornı can easily be followed. 
Whether it is a conventional dosage fornı with iınnıediate re
Iease properties, or a sustained release type dosage JOnn with 
prolonged release, can be seen easily. A dosage foım with zero 
Order release can alsa be followed clearly in this kimi of plot
ting. The release rate and in vitro release characteristics of the
oph.vlline and pharmaceııtical quality tests of the products pre
sent in the Turkish nıarket, were specially detennined and their 
release profiles were compared with each otlıer in this study. 
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Introduction 

Most of the drugs in use today are in solid dosage 

forms, namely tablets and capsules. üne of the cru

cial tests of these dosage forms is the dissolution 

test. Modern pharmacopeias give limits in their 

Salıın!Çözünme Değerlendirmesinde Zamana Karşı Salım 
Hızının Grafikleıunesi 

Özet : Çöziinnıe hızı denetinıi, tablet ve kapsül şeklindeki 
katı dozaj ,~ekillerinin çok önenıli denetinılerinden biridir. 
Maddenin zamana karşı yığılnıalı çözünen veya salınan 
nıiktarı grafiğe geçirildiğinde daha ayrıntılı bilgi elde edi
lebilir ve bu sınırlarfarmakopelerde kendi 1nonograflarında 
verilnıiştir. Bıı grafiklemede, grafikteki veri noktaları, ter
minal faza doğru yığılmalıdır ve bu nedenle yığıllnalı ola
rak artan hata içerir. Bu hata dezavantajını gidernıek için, 
salını hızlarının zanıana karşı grafiğe geçirilmesi, daha 
uygun bir seçim olarak görülmektedir ve hızın grafiğe ge
çirilmesi, farmakokinetik anlam da taşımaktadır. Kapalı sü
rekli akış hücresi veya palet/sepet yöntefnlerinin so
nuçlarının değerlendiriln1esinde, ilaç analizi, daha önceki 
sonuçları eklemeksizin, doğrudan ilaç derişinıini verir. Bu
nunla birlikte, bu ölçümler hala yığılnıalıdır ve bu nedenle 
bağıl deği1'linı daha küçük göriinınektedir. Zanuına kar,şı 

salım hızının grafiğe geçirilmesi, oldukça nıakul ve avan
tajlı görülmektedir ve dozaj şeklinin salını profili kolaylıkla 
izlenebilir. Eğer preparat, henıen salını yapan özellikte, bi
linen bir dozaj şeklinde veya uzatılnıış etkili sürekli safını 
yapan dozaj şeklinde ise, profil kolay izlenebilir. S{fır de
rece salını yapan bir dozaj şekli, böyle bir grcifiklen1.e ile 
açıkça görülebilir. Bu çalışnıada, teofılinin salını hızı ve in 
vitro salını özellikleri ve Türk piyasasındaki ürünlerinin far
masötik kalite denetimleri yapıldı ve her bir preparatın 
salım profilleri karşılaştırıldı. 
Anahtar kelimeler: Salım hızı, çözünn1e, çözünnıe 

değerlendirmesi, teofılin. 

monographs, while a more ext~nsive pattern can be 

obtained by plotting the cumulative amount dis

solved/ released versus time. This gives a betler idea 

of the drug release properties of the dosage form. 

The terminal part of such a plot usually shows a pla

teau, where most of the drug is released and the rise 
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in level is rather asymptolic. This basic procedure 
has been extensive in use. It supposedly shows the 
drug release profile over lime. This basic plotting 
has a fundamental flaw in it: the <lata points in the 
plot are cumulative towards the right and hence has 
a cumulatively increasing error in it. That makes the 
da ta points less reliable as well as being unbalanced 
from a statistical point of view. 

To offset the disadvantage of error accumulation 
plotting release rates versus time seems to be a 
more plausible choice. ln !his way, each dala point 
vvould stand alone with its own error. 

There is another reason in favour of this kind of 
plotting. Administration ofa drug to a patient is ac
tually a rate process, where a certain amount of 
drug is given during a certain period of time. There
fore, rate plotting would have a pharmacokinetic 
meaning as well. 

The pharmacokinetic theory suggests administering 
drugs in a zero order fashion far unchanging blood 
levels. Fora linear drug(first order kinetics), 

Plasma level change rate = Clearance' Cpıasma (1) 

Therefore, 

Plasma drug input rate = kct' V ct' Cpıasma' (2) 

where, ka is the disposition rate constant, V d the ap
parent volume of distribution and cplasma is the 
plasma level. The first two are pharmacokinetic pa
raıneters and hence constant far any given drug. For 
contiııuous and consistent therapy, the plasma level 
has to stay within the therapeutic window, which 
makes the product of the terms more or less a con
stant value. This co11stant value is the drug dis
position rate from the plasma. in order for the plas
ma ievel to remain constant the drug has to be sup
plied to the plasma at the same rate as calculated 
with Eq.(1), that is, zero order kinetics. Therefore, a 
dosage form which aims to keep _ the plasma !eve! 
constant, has to release its drug content in a zero or
der fashion. The actual value of the release rate from 
the dosage form has to be equal to what is calculat
ed from Eq.(2). 

ln drug release testing, this fact has to be in
vestigated close!y. üne has to check, 
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1. Drug release rate over its entire designed re
leasing period 

2. The value of the actual release rate obtained in an 
in vitro release run. 

These checks can be made conveniently, not with 
the cumulative drug released profile, but with re
lease rate versus time plotting. 

ln the assessment of the results of open flow
through celi, the cumulative error mentioned above 
holds. With closed vessel type methods like paddle 
or basket ora closed circuit flow-through celi, the er· 
ror accumulation does not hold, since samples to be 
analyzed are drawn from an already accumulated 
drug pool. Analysis gives the drug concentration di
rectly, without adding the previous resu!ts. How
ever, drug release rate vs. time plotting should 
again give more consistent results than the cu
mulative plots. 

The model drug used in this study was theophylline, 
a dimethylxanthine, which is mainly used lor the 
symptomatic and preventive therapy of bronchial 
asthma and bronchospastic diseases related to chronic 
bronchitis and to pulmonary emphysema 1,2_ Theo
phylline overdosage can result in anorexia, headache, 
nausea, diarrhea, vomiting, seizures and cardiac ar
rhythmias. No serious adverse effects were reported 
when patients averaged !ess than 20 µg/mL of plas
ma concentration3. Age, weight, enzyme-inducing 
and inhibiting drug;;, diet, diseases and smoking can 
influence theophylline elimination3.4_ 

Theophylline is a suitable drug for the production of 
controlled·release pharmaceutical formulations, be
cause its chronic use does not induce tolerance; its 
hali-life is relatively brief(4-12 hrs. in adults and 3-4 
hrs. in children) and the therapeutic range is nar
row(S-20 µg/mL)l. 

The release rate and in vitro release characteristics of 
theophylline and pharmaceutical quality tests of the 
sustained release products present in the Turkish drug 
market were specially determined and their release 
profiles were compared with each other in this study. 

Experimental 

Powdered theophylline was provided by Mustafa 
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Nevzat Drug Co. and Novartis, botlı of Istanbul, Tur
key. Calibration profiles were plotted in pHs 1.2, 2.5, 
4.5, 7.0 and 7.5 in differenl wavelengtlıs 270, 271, 272, 
272 and 270 nrn respectively lor tlıe evaluation of !he 
in vitro dissolution studies of the theophylline prod
ucts. The IR and UV spectra, rnelting point and con
tent unifonnity of powdered theophylline were de
terrnined. Weight variation, diarneter, thickness, 
hardness, friability, disintegration time and conlent 
unilorrnity tesis were also carried out. 

pH change rnethod: pH 1.2, 2.5, 4.5, 7.0 and 7.5 buf
fers at 37±0.5 °C lor 8 hours5. Sarnples were co]
lected and assayed spectrophotornetrically at 270, 
271, 272, 272 and 270 nrn wavelengths for pHs.1.2, 
2.5, 4.5, 7.0 and 7.5 respectively, at specified tirnei. 
The curnulative arnount of active substance, which 
was released versus time, was determined and re
lease rate profiles were plotted. 

Results and Discussion 

The in vitro dissolution studies using the flow
through cell apparalus(Sotax) and a peristaltic 
purnp(Masterflex®) were carried out by a gradual 

Products used in this study are shown in Table 1. 
The release dala was evaluated for kinetics, using 
the cornputer program DISSOL926(Table 2). The 
pharrnacokinetic target profile for the dosage of the-

Table 1. Products used in this study 

Code Drug product Company Serialno. Manufact. Shelf life Experiınental Dosage 
date enddate date from 

TDl Theo-Dur 100 Key Phaımaceuticals 1312316 1/93 1/95 1994 Tablet 
TD2 Theo-Dur 200 Key Pharmaceuticals 1314911 4/93 4/95 1994 Tablet 
TD3 Theo-Dur 300 Key Pharmaceuticals 1314914 4/93 4/95 1994 Tablet 
TKl Teokap SR 100 Nobel 3G006 7/93 7/95 1994 Capsule 
TK2 Teokap SR 200 Nobel 31018 9/93 9/95 1994 Capsule 
TL2 Talotren 200 Novartis 155 9/93 9/98 1994 Capsule 
TL35 Talotren 350 Novartis 068 9/93 9/98 1994 Capsule 

Table 2. Kinetics results of the products 

Kinetics Criteria IDl ID2 ID3 TKl TK2 TL2 TL35 

a 0.697 0.666 0.700 1.23 1.37 1.21 1.26 
Modifed b 0.000282 0.000263 0.000191 0.00171 0.00156 0.00242 0.00235 
Hixson r2 0.996 0.994 0.998 0.966 0.985 0.986 0.984 
-CrowelJb SSD 0.00180 0.00691 0.00131 0.0451 0.0764 0.0482 0.0538 
(bt)' SWSD 0.00297 0.0123 0.00189 0.127 0.327 -10.4 22.4 

kr 0.107 0.0946 0.0744 0.448 0.971 1.11 1.07 
First r' 0.996 0.968 0.993 0.934 0.439 0.594 0.554 
Orderc SSD 0.0442 0.149 0.0443 0.473 3.68 0.902 1.03 

SWSD 0.0588 0.192 0.0538 1.76 94.3 7.68 10.1 
kr" 6.94 12.4 16.2 12.9 27.2 25.7 45.7 

Zer o r2 0.970 0.925 0.976 0.970 0.990 0.818 0.840 
Orderl SSD 0.116 0.232 0.0780 0.129 0.0325 0.905 0.752 

SWSD 0.150 0.287 0.0927 -0.0364 0.0674 0.739 0.523 
T 616 611 948 199 226 124 135 
b 0.728 0.695 0.722 1.34 1.54 1.43 1.47 

RRSBW• r2 0.994 0.996 0.998 0.972 0.939 0.986 0.982 
SSD 0.00322 0.00462 0.00173 0.0637 0.189 0.00145 0.00540 

SWSD 0.00566 0.00800 0.00266 0.197 0.692 0.0656 0.122 
K' 4.22 4.08 3.37 0.539 0.425 0.805 0.809 

Q->tl/2 r2 0.996 0.992 0.995 0.984 0.934 0.938 0.947 
SSD 0.0176 0.00617 0.0103 0.180 0.489 0.215 0.213 

SWSD 0.0245 0.00831 0.0141 0.510 0.130 0.130 0.245 
a-f Sununary of output obtained from the program DISSOL92; b for these kinetics, t~e a ıı:;rameter is associated with the sha~e ~f the 
dissolution curve and the b parameter is an apparent dissolution rate constant [hr. ]; c , first order release rate constant r· ]; d kro, 
zero order release rate constant (mg.hr1 ]; e T value stands for the time far 63.2 °/o release of drug (min] and ~ is a shape factor; fk is the 
rate co~tan.t 7bta~~d from th~ ~lope of the l~ear .regressio!l of cumulative amount r~le:ısed per. unit area versus square root of time 
[mg.cm .hr 1 2); ıs the coeffıcıent of determınatıon; SSD ıs the sum of squared devıations, whıle SWSD is the sum of the weighted 
squared deviations. 
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Figure 2. Release rate profiles of theophylline products. 

phylline is shown in Table 37,8. in vitro release rates 

of the theophylline products were found to be in ac
cordance with this table. 

Table 3. Target dosage design for controlled re-
leased theophylline. 

~(µg/mL) 

5 10 15 20 
kr0 (mg/hr)a 17.3 34.7 52 69.4 
lnitial dose (mg)b 177 354 53i 708 
Maintenance dose (mg)' 412 578 651 665 
h (hr)d 23.7 16.7 12.5 9.58 
t (hr)e 24 24 24 24 

azero order release rate; bLoading dose; C'fo be released 

fara period of h hrs; dDuration of zero order theophylline 
release expected from a candidate dosage form; eDosage 
interva~ 

Release profiles and release rate profiles of products 

which contained theophylline, are shown in Figures 
1 and 2. The target profile and therapeutic window 

levels shown in these figures were calculated from 

pharmacokinetic parameters of theophylline as 
based on Robinson and Eriksen7,8. This profile does 
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not lake into account any initial loading dose which 
might be present in the dosage form . 

Release profiles of TK.2 and TL2 products were 
found to be within the theoretical therapeutic win
dow. Release profile of TK.2 was found to be some
what sigmoidal. The release dala of product TK2 fit
ted zero order kinetics and TL35 was above the ther
apeutic window. The release profiles of TDl, TD2, 
TD3 and TKl products were close to theoretical 
minimum effective concentration. 

Plotting release rate versus time seems to be quite 
reasonable and advantageous. The release pattern of 
the dosage form can easi!y be followed. Whether it 
is a conventional dosage form witlı immediate re
lease properties or a sustained release type dosage 
form with prolonged release can be seen easily. A 
dosage form with zero order release can be followed 
openly in this kind of plotting. These examples ap
pear explicitly in Fig.2. An enteric coated tablet or a 
repeat action tablet release profile should be equally 
apparent. Furthermore, maximum and minimum re
lease rates corresponding to the limits of the ther
apeutic window can be calculated and shown on the 
graph, which would make the comparison of the re
lease plots much easier; both in an absolute and rel
ative sense. 

Observation of the release rate versus time profiles 
apparently show higher variation than the cu
mulative plotting. This is illusory. In the cumulative 
plot, the ordinate is the cumulative amount re
leased; usually cumulative percent released. in the 
release rate versus time plots, the ordinate is 
amount released per unit time, which is a somewhat 
different concept. Whatever variation !here is in the 
system, it is observed explicitly in the rate plots. in 
cumulative plots, variation is depressed, due to the 
facı that everything is compared to the total dose, 
which makes each dala point dependent on the sum 
of the others. In release plots, each point is separate 
with its own variation; which may be high or low 
depending on the system. Thus, rate plotting shows 
a candid profile of the dissolution process. Obvi
ously, this is a more democratic approach. 

Although, the dala points in a cumulative dis-
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solution apparatus are independent of each other, 

they are, however, stili cumulative results. This accumula

tion does not come from multiple analytical results, 

but accumulation within !he dissolution vessel. 

Another further benefit would be the direct com

parison of thls plot with a urine excretion rate ver

sus time plot after an in vivo study. This kind of 

plotting brings in vitro release dala and in vivo bio

availability results to the same order for simultane

ous assessment. We be!ieve this is very logical and 

hence useful. 

Pharmaceutical Quality Tesis 

The results of physical tesis of the products are 

Table 4. The results of physical tesis of the products 

Code Weight varialion Diameter Thickness 

g CV(%)• cm cm 

TDl 0.306 2.20 0.955 0.416 
TD2 0.418 1.18 1.25 0.601 
TD3 0.634 1.56 1.43 0.653 
TKl 0.159 4.71 
TK2 0.318 1.01 
TL2 0.218 4.10 
TL35 0.385 2.09 

a Coefficient of variation 

shown in Table 4. The results of pharmaceutical 

quality tesis were found to be in accordance with 

various pharmacopeial requirements9,ıo,n The 

melting point of anhydrous theophylline was de

termined to be between 270-273 °C. This result was 

found to be in accordance with USP XXIII9. The re

sult of the content uniformity test of powdered the

ophylline was found to be 102±0 %. This value is 97-

102 % in USP XXIII, <:99 % in TF 197411 and 99-101 

% in the European Pharmacopeial2. 

Although the value found was greater than 100 %, it 

was acceptable by pharmacopeial requirements. 

When IR and UV spectra of anhydrous theophylline 

were compared with literature, !he same peaks at 

the same wavelengths were observed. The maxi

mum absorbances at different pH media were 

found to be different. The wavelengths, which were 

determined at pHs 1.2, 2.5, 4.5, 7.0 and 7.5 were 270, 

271, 272, 272 and 270 nm respectively. 

The water solubility of anhydrous theophylline was 

determined to be 9.33±0.10 mg/mL. This value is 

equal to 0.933 %. The value was 0.833 % in the lit

erature5,9. The results of !he physical tesis that were 

carried out on theophylline products, were found to 

be in accordance with the literature9,ll. 

The disintegration test does not apply lor sustained 

release products. Conventional products should dis

integrate in 15 minutesn Disintegration times of 

TDl, TD2 and TD3 formulations were found to be in 

the range of hours. This result was suitable for sus

tained release products. TKl, TK2, TL2 and TL35 

formulations, which contain pellets, disintegrated in 

3.4-12.2 minutes(Table 4). 

Hardness Friability Disintegralion 

kg CV(%) % min. CV(%) 

2.43 10.9 0.545 76.8 22.6 
4.35 16.5 0.277 17.5 5.90 
6.35 7.47 0.104 177 3.58 

9.92 7.59 
8.18 13.6 
3.37 16.3 
12.2 9.61 

The results of content uniformity tests(titrimetry) of 

the theophylline products were between 105-112 % 

(Table 5). This value should be 90-110 %, to be in ac

cordance with USP XXIII. üne of the results that we 

found was over 110 °/o. We believe, more reliable re~ 

sults can obtained by more sensitive methods. 

Table 5. The results of content uniformity tesis of the 

theophylline products 

Code Labeldose Pound Content uniformity 
(mg) (mg) (%) 

TDl 100 112 112 
TD2 200 216 108 
TD3 300 327 109 
TKl 100 108 108 
TK2 200 212 106 
TL2 200 210 105 
TL35 350 371 106 
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Kinetic Assessment of the Release Profiles of the 
Products 

it is observed that tablets and capsules release the 
drug with different kinetics. Understandably, cap
sule contents have a higher specific surface area 
than the tablets. The difference in the shape factors 
obtained from modified Hixson-Crowell, RRSBW 
and Q-tl/2 kinetics support this fact. With the for
mer two kinetics, the shape factor A obtained from 
the tablets is half of that obtained from the capsules. 
The release rates obtained from matrix kinetics is 

different between the tablets and the capsules. The 
release profiles of the tablet formulations show a 
betler fit with the first two kinetics. Zero order re
lease is apparently not obtained with any of the 
products. The T 63•23 obtained from RRSBW dis
tribution is an indication of the MRT within the dos
age form in this solution. None of the products met 
the calculated design release rate of 35 mg/hr. Most 
of the formulations released less; one formulation 
released more. 

Based on release rates, the differences between the 
tablet and capsule formulations were determined. 
These differences were alsa noted in the kinetic as
sessn1ent of release data, since these studies were 

made in vitro. It is of course, necessary to carry out 
in vivo studies to support these results. 

Conclusion 

To offset the disadvantage of error cumulation, plot
ting release rates vers11s time seems to be a more 

plausible method. in this way, each dala point 
would stand alone with its own error. Adminislra
tion of a drug to a patient is actually a rate process. 
Therefore, rate plotting would have a phar
macokinetic meaning as well. in the assessment of 
the results of closed flow-through cell or paddle/ 
basket methods analysis gives the drug concentra
tion directly, without adding the previous results. A 
dosage form with zero order release can be followed 
clearly in this kind of plotting. The release pattern of 
the dosage form can easily be followed. The direct 
comparison of this plot with a urine excretion rate 

versus time plot after an in vivo study would be an
other further benefit. 
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