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ABSTRACT

In this study the effect of acidic beverages (Pepsithe bioavailability of theophylline was invgated in healthy
rabbits. Assuming an open one compartment modapthylline suspension (100mg/kg) was administeraitiosia
intragastric tube. Blood samples were withdrawntiate intervals from 0-24hr. after washing period ofdays,
Pepsi (10ml/kg) was administered concomitantly whgmophylline (100mg/kg) and then blood sampleswaken

at similar intervals. Plasma was separated and tiedain a specific manner and assayed for theopteylliy using
high performance liquid chromatography (HPLC). THata calibration curve was constructed and various
pharmacokinetic parameters were calculated. Congmans of data revealed significant differences betwthe
pharmacokinetic parameters for theophylline givéosna and with pepsi. The results suggest a sigmifiicncrease

in the bioavailability of theophylline in preseno€ pepsi that ultimately will lead to the appearanaf unwanted
side effect and toxic response.
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INTRODUCTION

Theophylline with the structure as in Figure 1 isaent bronchodilator, with a narrow therapeutideix in serum
concentration for the therapeutic range of 5-20Ln{d]. Theophylline occurs as a white, odorlessstailine
powder with a bitter taste, structurally is clagsifas dimethylxanthine, used in therapy for ctoooibstructive
pulmonary disease under a variety of brand nantéas.fbund in cocoa beans, as high as 3.7 mg/gTBg first
clinical use of theophylline was in 1902 as diwreH0 years later described in asthma treatmen®&ough, the
bioavailability of theophylline is almost 90-100 ¥&king the drug late in the evening may slow thesoaption
process, without affecting the bioavailability. Dipéylline is metabolized extensively in the liveip(to 70%) by
parallel first order and Michaelis-Menten pathwayketabolism may become saturated even within teeafheutic
range. A number of factors have been identified thake it difficult to predict the dose needed tbiave a desired
plasma level in patients. These factors includéatians due to absorption and distribution. Anyenaction may
result in disproportionately large increases inuseconcentration of theophylline can lead to unwdribxic effect,
whereas a decrease in bioavailability leads to tdtberapeutic effect [4]. Theophylline is exciabtenchanged in
the urine (up to 10%). Clearance of the drug isgased in children 1 to 12, teenagers 12 to 16lt acwokers,
elderly smokers, cystic fibrosis, and hyperthyrsidi It is known that the acidic drugs are rapidiga@bed from the
stomach in unionized form and distributed to theoll circulation [5]. Pepsi is an acidic carbonabeyerage
consuming throughout the word. Other acidic beyesasuch as Coca-Coal have been reported to iectbas
absorption of some drugs such as ketoconzole [Giteeconzole [7]. In theory, if more acidic gastmedia for the
drug is provided by the administration of an aciokwerage (Pepsi) the unionized portion of the dinupe stomach
will be increased and diffusion through the stomauicosal will be easier leading to a high serunceairation of
the drug [5]. Pepsi contains caffeine which is knde work in similar way to theophylline. Since th#fect of both
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components didn't differ significantly, thereforaffeine can reduce the elimination of theophyllisa taking
theophylline with beverage containing caffeine (emay increase its effect. The aim of this studg to correlate
the bioavailability of theophylline in presenceasf acidic beverage on rabbits.
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Fig 1. Chemical structure of Anhydrous Theophylline.
EXPERIMENTAL SECTION

Materials

Theophylline powder from Sigma was a gift from 8tcdyde Institute for Medical Science. Bronchophmgltablets
from Dar Essaysali Sfax (Tunisia) were bought frimtal pharmacy. Lignocaine was from the Arab ca\RE.

Teething gel (Dentinox) was from England-UK, Mi-plus water was from Millipore, Bedford, MA, U.S.Ahe

solvents used were of analytical or HPLC grade.

Animal experiment

Eight female Albino New Zealand white rabbits, weitg 1.9-2.2 Kg were used throughout the studhyimals were
housed in pairs in stainless steel cages with aohs¢mperature environment (23 -33°C) and 12 hotllight each
day prior and through the study. Animals were pitedi with chlorinated tap water through a lixit dttenes and
food by a J-hopper attached to the front of theecaQage cards were utilized to identify and to dvoi
misidentification of the animals and a temporammidfication by pen marks on the fur and ear ofvithal rabbit
were used. Animals were received a high fiber died specified amount to minimize common gastraititeal
disorders and to prevent obesity. To prevent theeldpment of allergies and to provide some safetynfrabbit
scratches the latex gloves were wear through ellstudy. The experiment was initiated after thresntims of
training on how to handle the animal and withdrbes blood from thenarginal vein

Experimental design:

In this study an open, cross over design was adojmdnvestigate the effect of acidic beverage &epn the
bioavailability of theophylline. Animals were weigth and the doses of sedating agent (combistress) an
theophylline were calculated. Theophylline suspamgil00mg/kg) of animal weight was prepared by djrig 28
theophylline tablet using clean dry mortar and lpeshd then the calculated dose was dissolved/sdspein 9 ml
distilled water. Animal was given subcutaneouslgading dose and when it starts to show signs oétsad the
dose of theophylline suspension (100mg/kg) wasrgimally through intra-gastric tube covered withnbieox® gel
to facilitate the entrance into the stomach anarafipraying the mouth of the animal with local dnetic
(Lignocaine). Blood samples (1ml) were drawn via egin at 0, 0.5, 1, 2, 4, 8, 16 and 24 hr of adstiation of
theophylline. After a wash out period of 7 dayshhits were orally given pepsi (10ml/kg) concomitantith
theophylline (100mg/kg) and then blood samples waken at similar intervals and left to stand fd& Bour prior to
centrifugation at 3000 rpm for 7 min. The plasma waparated and pipetted into 2 ml plastic tubdskapt frozen
at -20 °C until analysis for theophylline by revephase high performance liquid chromatography EMB].

Analytical method

High Performance Liquid Chromatography (HPLC), Shilzu Corporation, Kyoto, Japan. was used to
guantitatively detect theophylline in the plasm&eTHPLC apparatus included one pump (LC-6AD, Shiuad
Japan) and a chromatopac (C-R6A, Shimadzu, Japhe)assay employed an Inertsils€olumn (25mmx46mm, 5
um). Chromatographic separation was achieved bgguai mobile phase consisting of acetonitrile andewa
(25:75v/v) with a flow rate of 1.0 ml/min. An UV tixtor was set at 275 nm.
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Plasma samples

Eppendorf tubes contained the plasma were thawéduadis of 200ul of plasma sample transferred toesv
eppendorf tube, acetonitrile (400ul) was addediexaxd for 1 min prior to centrifugation at 3000 rfon 3 min. The
clear supernatant filtered through 0.25 pum pore §irer into another microtube and evaporated tyness by
blowing of nitrogen. The residue was reconstitusgth 100 ul of the mobile phase and 20 of the solution was
then injected into HPLC system.

Standard calibration curve
A stock solution (2 mg/ml) of anhydrous theophydliim water was prepared. From the stock solutigrtentrations
of 0.25-20 pg/ml were prepared. 200uL theophyliokition was spiked into 200uL plasma, vortexedlimin, and
then centrifuged at 3000 rpm for 3 min. 20 pL of #olution subjected to HPLC analysis as descridimm/e to
establish standard curves. The calibration curvesevdrawn after linear regression of the peak-aatias with
correction of theophylline.

pH of beverage

To confirm that the beverages have got acidic mat&pH of most popular beverages use was meassirgd a
digital pH meter (Thermo Fisher Scientific Inc.hél potentiometer was calibrated at pH 4.0 and 3ifigustandard
buffer solutions. The pH of each solution was meagimmediately after the canned beverage was opene

Phar macokinetic parameter s Calculations

The following pharmacokinetic parameters of thedlg were estimated after oral administration asisig an
open one compartment model; the total area unéeplétssma concentration-time curve from time 0 rigetinfinity
(AUC) [9] was calculated using the trapezoidakraktrapolation method [10-12]. The peak plasmaentration
(Chay; the time of Cmax, occurrencd,f,) were directly obtained from the plasma conceittnaprofiles. The
absorption half lifet{,;) was calculated by the residual method; the ekiam half life €...) and the elimination rate
constant Ke were calculated by least square ragressmalysis of the data points in the eliminatfgrase of the
semilogarthmic plot of theophylline plasma concatibn versus time curve.

Data Statistical analysis

Statistical analysis was carried out on the dataguanalysis of variance followed by one-way analysf variance
(ANOVA) in trends of possible clinical importancadapost tests carried out using Fisher’s pair wisgparisons
with the statistical package MinitaB™® windows. P value of less than 0.05 was considered to repreaent
statistically significant difference. Data are repd as means + standard deviations.

RESULTS

The HPLC chromatogram of theophylline in a serumpa is shown in Fig 2. The linearity of calibratiourve Y =
46048 X (R = 0.961) was found within the range 0:25.0 ug/ml.
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Fig 2. Calibration curvefor serum theophylline concentration. Each point represents the mean of triplicate analysis.
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The mean plasma concentration—time curves of thdipd before and after single dose of pepsi inbrebare
shown in Fig 3.
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Fig 3. Plasma concentration of theophylline ver sustime in absence and after single dose of Pepsi.

The plasma theophylline levels were significantigreased at 0.5 to 10h after single dose of pepsipared with
theophylline alone. Double peaks in the serum catnagon were noted following administration of dipdylline

suspension. The first peak occurs at approximdtely h) the time expected for the conventionaletkhihile the
second peak at (2.4 h) is the expected time famniolabsorption. The trough between the two peaksabably due
to poor absorption and thought to be in caecum evtiee pH is low. The mean + SEM of various pharrkaneic

parameters (Cmax, Tmax,f AUCy o, AUC,, and K,) of theophylline before and after single dose ep$ in

rabbits are summarized in Table 1.

Table 1. Phar macokinetic parameters of oral theophylline alone and after giving theophylline along with pepsi in eight rabbits.

Parameters Theophyllinealone  Theophylline + Pepsi

AUC 24 (ng/ml.« h) 128 +11 190+ 10
AUC o (ng/ml.« h) 142.19 210.09

Crna (ng/ml) 129.2+10.3 133.44 +19.27
Tas () 2 4

Ke (h-1) 0.46 0.43
tae(h) 15 1.61

t 12(n) 0.5 1

Results are given as mean +S.E. (n = 8)
p <0.05

A significant difference between the calculated rpfecokinetics parameters of theophylline given aland after
dose of Pepsi was observed. The results indicatgnificant increase in the extent of absorptidi)Cy..4 AUC.,
Cmax) Of theophylline given after pepsi compared to thgdime alone. The administration of pepsi also
significantly (p <0.05) prolonged thg,, from 2 h to 4 h and thi,,from 0.5 h to 1h respectively. These changes
would probably explained on the bases that thei@pid of pepsi (Table 2) lead to an increase inabiglity of the
stomach and consequently an enhancement of thdimghgbsorption.
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Table2: pH values of the most commonly beverages used

Typeof beverage | pH

Pepsi 2.5
Coca-Cola 25
Seven up 3.3
Fanta 2.87
Miranda 3.10
Diet Peps 3.3

Furthermore, presence of caffeine in pepsi whictkriswn to work in similar way to theophylline [13No
statistically significant difference was observedttie elimination half life t{,,,) and the elimination rate constant
(Ke) of theophylline before and after single dogpepsi.

DISCUSSION

Theophylline has maintained a crucial role as dectffe and useful bronchodilator. Nevertheléss use of
theophylline is often restricted by its narrow #geeutic range as a consequence the monitoring axnya
concentration in patients on theophylline treatmsntow current practice. The management of theghglline in
clinical practice is complicated by several factatsch influence the disposition of the drug, edisease, obesity,
age, smoking habits, diet, and drugs all contriltatthe wide inter-individual variability of theopline clearance.
Measurement of plasma concentration of this drugséful in evaluated patient compliance with prisct dosage
and in attaining therapeutic concentration whil@iding symptoms of unwanted side effect. The resaft the
present study show a significant increase in trtergof absorption KUCy.24, AUC.., Cnax) Of theophylline after
single dose administration of acidic beverage (pegsnpared with the control group. It is reportbdt the food
and nutrition are considered to be important factmrth in the absorption and the metabolism of dR&pending
upon the type of food, and degree of interactisngdbsorption might be reduced, delayed, unaffectencreased
[14, 15]. A small alteration in the bioavailability would hmimportant for a drug with a wide therapeutic ixde
however may be vital for a drug with sharp therdigetange[15]. The pharmacokinetics of a single dose of
theophylline was reported to be effected when given along with grapefruit juice [16]. Theophylti is a weak
acid with pKa of 8.8. It has inadequate aqueoustsiitly in water but has the ability to solubilize an acidic
medium [17] which may be a possible explanationtfierincrease in thAUGC;.,4 AUGC,.,, andCp,,, Of theophylline
after single dose of pepsi. It is demonstrated that oral drug bioavailability can be markedly ughced by
physiological factors, such as gastrointestinal gHstric emptying, small intestinal transit timelebsalt, and
absorption mechanism [18]. Thus by understandireg ghysicochemical properties of a compound and biso
recognizing the physiological process affectinggdalbsorption, might be helpful in better managenoérpatient
care.

CONCLUSION

The present study have shown that the administrati@cidic beverage containing caffeine along whigophylline
could increase the bioavailability of the drug asently may lead to an increased incidence ofitiveanted side
effect and the toxic response.

Recommendation

This recent study promotes a further investigatmribe done in healthy human volunteers and patiestmilar
results to those shown here are obtained, clinisfauld either adjust the needed dose or adviseghgent who
are receiving theophylline to avoid consumptiomaiflic beverage such as pepsi to avoid the undesifect.
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