
Research paper

Biopharmaceutical characterization of oral theophylline and
aminophylline tablets. Quantitative correlation between

dissolution and bioavailability studies

Jaleh Varshosaz*, Taghi Ghafghazi, Ahmad Raisi, Mahmood Falamarzian

Faculty of Pharmacy and Pharmaceutical Sciences, Isfahan University of Medical Sciences, Isfahan, Iran

Received 26 July 1999; accepted in revised form 25 January 2000

Abstract

Considering the narrow therapeutic index of theophylline and the low range between the safe and toxic serum concentrations of this drug,

the study of its pharmacokinetic properties is necessary. However, considering the time consuming and expensive in vivo tests, quantitative

correlation between in vivo bioavailability and in vitro dissolution tests can be used routinely in quality control tests of these drug products to

predict the in vivo pharmacokinetic parameters. For this reason healthy human volunteers were used for in vivo studies and serum samples

were analyzed by a ¯uorescence polarization immunoassay analysis (FPIA) method. The results showed that an open one compartmental

model could best describe the pharmacokinetic properties of orally administered theophylline and aminophylline tablets. Linear regression

analysis by least-square method showed a good correlation between some in vivo and in vitro parameters obtained from dissolution studies

by rotating basket and paddle methods. D30% (percentage of drug dissolved in vitro after 30 min) and F0.5% (drug absorbed in vivo after half

an hour calculated by Wagner±Nelson equation) showed best correlation (r � 0:99036). Cmax (maximum serum concentration) of this drug

also correlates well with t25% (time required to dissolve 25% of the drug). The calculated correlation coef®cients could best predict the actual

values of some pharmacokinetic parameters; AUC0!1, AUC0!1, F0.5% and Cmax. q 2000 Elsevier Science B.V. All rights reserved.

Keywords: Bioavilability; Theophylline; Asthma; Pharmacokinetics; Dissolution

1. Introduction

Theophylline is a methylxanthine derivative with a

narrow therapeutic index [1,2] and a serum concentration

between 10±20 mg/ml is too effective and safe in controlling

the signs of asthma and bronchospasms caused by other

diseases.

As the induced bronchodilation is diminished by reducing

its serum concentration and on the other hand its toxicity

risk is increased above 20 mg/ml, the ¯uctuations of its

serum concentrations produce some clinically important

problems. In other words, there is a very close relationship

between plasma concentration of this drug, its toxic and

therapeutic effects [3,4]. Therefore, it seems that plasma

drug monitoring is quite necessary for different dosage

forms of theophylline.

Since drug release pattern from each dosage form is

signi®cantly affected by the special design used in manu-

facturing the formulations, planning an in vitro dissolution

method corresponding to the in vivo drug absorption rate,

will facilitate the development of the drug formulations and

quality control tests. From the economic, technical, and

ethical perspectives of bioavailability studies, it is necessary

to establish an in vitro test method that can predict the

progress of drug release and the absorption of products in

vivo [5].

El-Yazigi and Sawchuk [6] found good correlations

between bioavailability parameters and dissolution charac-

teristics of theophylline sustained-release dosage forms in

rabbit. Ritschel et al. [7] also reported such correlations in

beagle dog. Brockmeir [8], Hwan Chung and Shim [9] also

compared in vitro dissolution rates with in vivo parameters

in human using theophylline saliva concentrations.

The objective of this study was to correlate logically the

rapid simple and practical in vitro dissolution methods of

theophylline tablets with its in vivo human pharmacokinetic

parameters. This correlation will be able to predict the bioa-

vailability of theophylline dosage forms instead of dif®cult,

time-consuming and expensive in vivo tests routinely.

European Journal of Pharmaceutics and Biopharmaceutics 50 (2000) 301±306

0939-6411/00/$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.

PII: S0939-6411(00)00074-6

www.elsevier.com/locate/ejphabio

* Corresponding author. School of Pharmacy and Pharmaceutical

Services, Mezar Jerib Ave., P.O. Box 81745-359, Isfahan, Iran. Tel.:

198-31-688-064; fax:98-31-688-065.



2. Materials and methods

2.1. Materials

All studied dosage forms were purchased commercially;

100 mg enteric coated tablet of aminophylline (ethylenedia-

mine salt of theophylline) (Iran Hormone, Iran) with code

A, 100 mg sugar coated tablets of aminophylline (Abidi

laboratories, Iran) with code B, 100 mg tablets of amino-

phylline (Artezan, Germany) with code C, and 200 mg

tablets of theophylline (Abidi Laboratories, Iran) with

code D, anhydrous theophylline and aminophylline powder

(Bohringer, Germany).

2.2. Methods

2.2.1. Bioavailability studies

Six healthy male volunteers, ranging 21±24 years old and

weighing 58±75 kg, participated in this study. The subjects

were not smokers and had not taken any drugs during the

preceding 2 months. They were found to be normal on

physical examination, a blood screen and urinalysis. None

of them had a history of any serious or chronic disease. They

were allowed no xanthine-containing beverages for 3 days

before each administered dose and for the duration of the

sampling schedule. No food was permitted for 3 h after

taking the tablets. Each volunteer received a 200 mg single

dose of products A, B, C and D in a complete cross-over

design. The interval between each studied dosage form was

2 weeks. The respective dose of the drug was given with 200

ml of water.

2.2.2. Sample collection

Three milliliters of blood was taken from the forearm

vein just prior to dosing and at 0.5, 1, 2, 3, 5, 7, and 9 h

after dosing. Each blood sample was allowed to stand for

about 1 h and then serum was separated by centrifugation.

The serum samples were kept frozen (2208C) until the time

of analysis.

2.2.3. Assay

The serum theophylline concentrations were determined

by a TDx analysis (TDx
w System Analyzer Abbotte Labora-

tories, Dallas, TX) based on a ¯uorescence polarization

immunoassay analysis (FPIA) method [10].

2.2.4. Bioavailability parameters

The area under the serum concentration-time curve from

time zero to time t (AUC0!t) was calculated using the linear

trapezoidal rule. The area from time t to in®nity was esti-

mated by Ct/Kel, where Ct is the serum theophylline concen-

tration observed at time t, and Kel is the apparent elimination

rate constant of theophylline obtained from the slope of log-

linear portion of the curve by least square regression analy-

sis. Moreover, the area from time zero to in®nity was calcu-

lated by:

AUC0!1 � AUC0!t 1 Ct=Kel �1�
The fraction of the dose absorbed in time t (Ft) was calcu-

lated from the Wagner-Nelson equation [11].

Ft � �Ct1Kel:AUC0!1�
Kel:AUC0!1

�2�

2.2.5. Statistical analysis

A one-way ANOVA post hoc multiple comparison LSD

test with P , 0:05 was used for statistical analysis using

SPSS computer software. The correlation coef®cients of

the regression lines between in vitro dissolution parameters

and in vivo parameters were obtained by the linear least

square method. The correlation coef®cients were examined

for their signi®cance with the t-test.

3. Results

3.1. Bioavailability results

The results of bioavailability and pharmacokinetic studies

of four theophylline and aminophylline tablets; A, B, C and

D in six volunteers are shown in Table 1. Fig. 1 indicates

that an open one compartmental model best describes the

disposition of oral theophylline and its ethylenediamine

derivative in human body [9,12±14]. A great difference

can be seen between the absorption (Ka) and elimination

rate (Kel) of this drug (Table 1). The average elimination

half life (T1/2) in six volunteers showed no signi®cant differ-

ence between different studied products (Table 1). The

differences between bioavailability (expressed as the area

under the time-concentration curve until in®nity, i.e.

AUC0!1) of products A and C (P , 0:01) and also between

C and D (P , 0:05) were signi®cant so that C was greater

than A and D (Table 1). The results of in vitro dissolution

tests also showed that the dissolution rate of C is faster than

others [15].

4. Discussion

The great difference between Ka and Kel of the studied

products shows that theophylline absorbs rapidly from the

studied dosage forms while its elimination happens slowly.

However, as it shows a one-compartmental pharmacoki-

netic model (Fig. 1), it may be concluded that its elimination

rate from the central compartment (i.e. blood) is slow [9,12].

This suggests the necessity of constant monitoring of this

drug in the blood of the patients under long treatment with

theophylline to prevent any intoxication.

However, the great variations between T1/2 in different

subjects probably indicates the interindividual differences

in hepatic metabolism rate of theophylline [14,16±19].

Different types of sustained release theophylline dosage

forms also show a great interindividual variation in extent

and absorption rate [20].
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Similar results for Tmax of the studied products suggests

that there may be a problem in the formulation of product A.

As this tablet is an enteric coated form, it needs a

3.61 ^ 1.47 h to be evacuated from the stomach [13]. In

vitro dissolution studies also showed the rapid release of

the drug from tablet A [15].

4.1. Quantitative correlation of bioavailability and

dissolution parameters

Some bioavailability parameters showed a good degree of

correlation with some dissolution parameters. For example,

Fig. 2 shows a very high correlation (r � 0:990, P , 0:05

for paddle method and r � 0:984, P , 0:05 for rotating

basket method) between the fraction absorbed in 0.5 h

calculated by Wagner±Nelson Eq. (F0.5%) and the percen-

tage dissolved in 30 min (D30%) for four products. Some

pairs of parameters showed signi®cant correlations, as

shown in Table 2. The percentage of dissolved drug from

studied dosage forms by rotating basket method showed

better correlations with some serum bioavailability para-

meters than did paddle method, except in one case, i.e. the

correlation coef®cient between F0.5% and D30% which was

greater by the paddle method (Table 2). Using the equations
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Fig. 2. Quantitative correlation between percentage of theophylline

absorbed (F0.5%) and dissolved (D30%) after 30 min by two methods of

dissolution studies (Rotating Basket and Paddle Method).

Table 2

Correlation coef®cients between in vitro dissolution and in vivo pharmacokinetics parameters

Dissolution test method In vitro parameter In vivo parameter Correlation coef®cient (r) Slope y-Intercept

Ia D30% F0.5% 0.984 1.014 252.229

IIb D30% F0.5% 0.990 2.058 2158.636

I D30% AUC0!1 0.956 0.047 21.504

II D30% AUC0!1 0.882 0.880 25.707

I D60% AUC0!1 0.797 0.079 24.853

II D60% AUC0!1 0.669 0.137 210.788

I D60% AUC0!1 0.693 1.287 237.492

II D60% AUC0!1 0.680 2.598 2170.327

I t25% Cmax 0.699c 0.053 6.255

II t25% Cmax 0.701c 0.061 6.254

a Rotating Basket method.
b Paddle method.
c Not signi®cantly different.

Fig. 1. Mean log of theophylline serum concentrations of human healthy

volunteers after oral administration of a single dose (equal to 200 mg of

pure theophylline) from aminophylline (A±C) and theophylline (D) tablets

(n � 6).
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obtained from the linear regression quantitative correlation

between in vitro and in vivo parameters denoted in Table 2,

the amount of in vitro parameters obtained by each dissolu-

tion study method were ®tted in each equation of Table 2

and the amount of in vivo parameters were predicted (Table

3). For example, the mean amounts of D30% for product A

by rotating basket method and paddle method were 93.778

and 98.142%, respectively, which were ®tted in the equa-

tions obtained from the correlation studies between F0.5%

and D30% (Table 2 and Fig. 2), i.e. y� 1.014 x 2 52.229

(rotating basket method) and y� 2.058 x 2 158.636 (paddle

method), and the amount of F0.5% was predicted by each of

the two methods. This gives 42.90% for rotating basket

method and 43.33% for paddle method (Table 3). As the

studied products are immediate release and not sustained-

release products, it is not surprising that about 44% of

the administered dose is absorbed during the ®rst 30 min

of the administration. Chung and Shim [9] also reported a

Tmax of 1.30 ^ 0.98 h for a commercial rapid release theo-

phylline dosage form in which 87% of the drug was

absorbed after 1 h.

In this way as shown in Table 3, D30% was used for

prediction of F0.5% and AUC0!1, D60% for prediction of

AUC0!1, and t25% for prediction of Cmax. The amount of

D30%, D60%, and t25% for each product are shown in Table

3. The predicted amounts were too close to the actual values

(Table 3). Therefore, it seems that the two methods of in

vitro dissolution tests of theophylline solid dosage forms

i.e., rotating basket and paddle method [15] are capable in

predicting the in vivo pharmacokinetic parameters in

human.

5. Conclusions

In conclusion, it was found that some blood bioavailabil-

ity parameters of theophylline dosage forms, like F0.5%,

AUC0!1, AUC0!1 and Cmax may be predicted from in

vitro dissolution data, like D30%, D60% and t25%, by consid-

ering the correlation among in vitro and in vivo studies. It

seems convenient and advantageous to use D30% or D60%

instead of blood data, which needs frequent venepuncture

for sampling, in the development, evaluation and quality

control of theophylline dosage forms.

Both methods of dissolution studies of four commercial

tablets of theophylline and aminophylline, i.e. rotating

basket and paddle method were capable to predict the phar-

macokinetic parameters of this drug in human blood which

may be routinely used in quality control laboratories to omit

the time consuming and dif®cult in vivo bioavailability

studies in human. This correlation was best shown between

the drug absorbed after 30 min (F0.5%) and the drug

dissolved after the same time.
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