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By 

Rand Khalil Abdel-latif Jayyousi 
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Dr. Asma Radwan 

Abstract 

     Background: Food may affect the oral absorption of drugs by inducing 

physiological changes in the gastrointestinal physiology, such as: 

gastrointestinal pH, gastric residence time, bile salt secretion and drug 

metabolism.  

     Purpose: The aim of the present study was to investigate the influence of 

food on the oral absorption of Clarithromycin by evaluating the effect of 

media parameters such as; pH, bile secretions and food composition, on the 

release of the drug from immediate release tablet, using in vitro and in silico 

assessments 

     Method: The solubility, disintegration and dissolution profiles of 

Clarithromycin 500 mg immediate release tablets in compendial media 

with/without the addition of homogenized FDA meal as well as in 

biorelevant simulated intestinal media mimicking fasting and fed conditions 

were determined. These in vitro data were input to GastroPlusTM to make 

computational simulation in order to anticipate the effect of food on 

Clarithromycin absorption profiles under fasted and fed states. In vivo 

plasma concentration curves were used for compartmental modeling of 

pharmacokinetic data. Level A in vitro – in vivo linear correlations were 

established using mechanistic absorption modeling based deconvolution 
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approach. Gastroplus™ was used for developing a physiological absorption 

model for Clarithromycin, which is capable of predicting the in vivo 

performance 

     Results: Media pH has a profound effect on drug solubility, tablet 

disintegration and drug release. Clarithromycin has lower solubility in the 

biologically biorelevant media compared to other media, due to complex 

formation with bile salts. Clarithromycin tablets exhibited prolonged 

disintegration times and reduced dissolution rates in the presence of the 

standard FDA meal. The simulation model predicted no significant food 

effect on the oral bioavailability of Clarithromycin. The developed IVIVC 

model considered SIF, acetate, and FaSSIF buffer media to be the most 

relevant from the physiological standpoint. 

     Conclusion: the intake of standard FDA meal with Clarithromycin may 

have no significant effect on oral bioavailability of Clarithromycin from 

immediate release tablets. This may suggest that the dissolution conditions 

recommended by ICH are sufficient to demonstrate interchangeability 

between generic and brand Clarithromycin, a class II drug, especially during 

the developmental phase of the generic product. 
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Chapter One 

1. Introduction 

     Oral administration is the most convenient route of drug delivery, because 

of its safety, effectiveness and feasibility. Immediate release tablet is the 

most popular dosage forms given by this route. For these formulations, tablet 

disintegration and drug dissolution are essential steps in the absorption 

process.  

     Drug release from the solid dosage form into the GI (Gastrointestinal) 

fluids is the first step in the absorption process. After being dissolved, the 

active pharmaceutical ingredient (API) will be absorbed from the GI into the 

systemic circulation before reaching the target site. 

     In this thesis, the effect of food on CLM bioavailability (BA) is 

investigated. The study is prepared to evaluate the effect of media parameters 

such as; pH, bile secretions and food composition, on CLM release from 

immediate release tablet. 

     In the introduction, a description of food effect on the gastrointestinal 

tract (GIT) physiology is presented, with a special concern of the 

mechanisms underlying positive food effect. Furthermore, in silico and in 

vitro modeling for predicting the in vivo performance of the drug are 

discussed. 

1.1 Food effect 

     Food may affect the rate and extent of drug BA by inducing physiological 

changes in GIT such as: lumen pH, gastric emptying time, bile salts 
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secretions and drug metabolism [1]. Food effect may have clinical 

significance in term of drugs’ safety and/or efficacy [2]. Food may have 

positive or negative or no effect on drug absorption [3]. 

Positive food effect 

     A drug exhibits positive food effect if its extent of absorption -area under 

plasma drug concentration-time curve (AUC) - is enhanced by 25% or more 

when administered with food. Biopharmaceutical classification system 

(BCS) class II, for which drug dissolution is the rate limiting step, are likely 

to have positive food effect. About 71% of BCS II drugs have shown to 

exhibit positive food effect while 29% have no effect [4]. Several 

mechanisms have been identified for the observed positive effect on BCS 

Class II drugs, which include the enhanced solubility of these agents by high 

fat meal and micelles formation. 

Negative food effect  

     A drug is described of having negative food effect if the rate and extent 

of its absorption were reduced by 20% -or more upon its administration with 

food. This can be attributed to delayed tablet disintegration and drug 

dissolution, prolonged drug transit time and enhanced metabolism of the 

drugs [5]. 

     The positive food effect and the mechanisms behind it depend on: 
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1.1.1 Gastrointestinal pH 

     The pH along the human GIT varies greatly. In fact, in the upper part, 

acidic conditions dominate, whereas; in the small intestine, the conditions 

are more alkaline. The luminal pH is largely affected by the fed state. In fact, 

food intake would induce changes in the luminal pH by inducing acidic 

secretion in the stomach as well as the pancreatic bicarbonate secretion in 

the small intestine. The gastric pH was shown to be elevated to pH close to 

6.7 after meal ingestion [6], due to the foods' buffering capacity of the gastric 

secretions [2], while the duodenal pH was shown to decrease to reach a pH 

value of 5.4 [6]. 

     Table 1 shows the pH of the different regions of the GIT in the fast vs. 

fed state. Such variability in the GI pH may have impact on the rate of drug 

dissolution and absorption. This is of especial importance for both acidic and 

basic drugs having pH dependent solubility. Weak basic drugs readily 

dissolve in the acidic media, whereas weak acidic drugs dissolve more in the 

alkaline environment of the small intestine. 

Table 1: The pH of the different parts of the GI in the fasted and fed 

states 

GI part pH in the fast state pH in the fed state 

Stomach 1.5-2 4.3-5.4 [6] 

Duodenum 6.5 4.5-5.5 [7] 

Jejunum 6-7 5.2-6 [7] 

Ileum 6.5-8 6.8-8 [8] 
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1.1.2 Gastric residence time 

     Food intake may delay the gastric emptying rate, the degree of which 

depends on the composition and the volume of the ingested meal. Fiber rich 

food was shown to retard the gastric emptying and prolong the residence 

time to a great extent [9,10]. Solid components of food have larger residence 

time than liquids. Whenever meal size become greater the residence time 

increased [11]. Prolonged residence time may enhance the dissolution of low 

soluble drug. 

1.1.3 Drug metabolism 

     Certain types of food may influence drug metabolism due to its effect on 

the metabolic enzymes, especially Cytochrome P450 enzyme, which is 

highly expressed in the intestine and has a broad substrate specificity [12]. 

Broiled food or cruciferous vegetables can induce the metabolism of some 

drugs, where grapefruit juice may interfere with the metabolizing enzymes, 

this increase the bioavailability of this enzyme substrate [13]. 

1.1.4 Bile salts secretion 

     Bile salts, which are excreted from the gall bladder, are important in the 

digestion and absorption of nutrients [14]. The concentration of bile salt in 

fast state is in the range of 0.6–17 mM [15]. Food intake stimulates the 

secretion of bile salts, and increases its concentration to become in the range 

of 1.6–40 mM [16, 17]. 
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     Bile salts may affect drug absorption by different mechanisms; bile may 

enhance the solubility of poorly soluble drugs and enhance the absorption 

through micelles formation, on the other hand, bile salts may form complex 

with some drugs, such as atenolol reducing its BA [18]. 

     In the fasting state, bile salts play a role in wetting more than the 

solubilization effect, while in higher concentration like in fed state the 

solubilization effect was predominant [19]. 

1.1.5 Food composition 

     Food composition is one of the important parameters controlling food-

drug interactions. The intake of fatty meal was shown to improve the 

solubility and the bioavailability of lipophilic drugs by simulating bile salts 

secretions. For instance: The bioavailability of griseofulvin was enhanced by 

intake of a fat rich meal, however, no effect was observed when protein or 

carbohydrate rich diets were ingested [20]. Another study on the effect of 

food on ketoconazole dissolution has shown that protein components of food 

may have positive food effect on BCS class II drug, due to dissolution 

enhancement. The dissolution rate of ketoconazole in medium containing 

whole fat milk was better than that in semi-skimmed milk, and skimmed milk 

[21].Another mechanism that was recently estimated by Radwan et al, 

consists of the effect of viscous food such as Jute [28]. 
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1.2 Models for predicting Food Effect  

     Several Approaches have been used for prediction of food effect on drug 

absorption. These include:  

- Biopharmaceutical Classification Systems (BCS) approach, which 

predicts food effects based on the physicochemical characteristics of 

the drug such as solubility and drug permeability.  

- In vitro dissolution testing: Physiologically based media approach 

- In silico method using GastroPlusTM software 

1.2.1 Biopharmaceutical Classification Systems (BCS) 

     Biopharmaceutical classification system (BCS), was firstly introduced by 

Gordon Amidon in 1996. It is a scientific framework that classifies the drugs 

according to their solubility and permeability into 4 classes (Figure 1):  

 BCS Class I: High solubility-high permeability drugs,  

 BCS Class II: Low solubility-high permeability drugs,  

 BCS Class III: High solubility-low permeability drugs, and  

 BCS Class IV:  Low solubility-low permeability drugs.  

     The BCS is based on recognizing that drug dissolution and GI 

permeability as the basic parameters controlling drug absorption. It classifies 

the drugs in a way to ease correlating in vitro drug dissolution and in 

vivo bioavailability. 

     BCS system helps in prediction food effect on drug [22]. Accordingly, 

BCS Class I drugs are predicted to have no food effect, since gastric 

emptying is the rate limiting step for their absorption. While, BCS Class II 
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are likely to have positive food effect, since the dissolution is considered as 

the rate limiting step for their absorption. On the other hand, BCS Class III 

drugs would be expected to exhibit negative food effect, especially that drug 

permeation is the rate-controlling step. For BCS Class IV drugs, food effect 

is unpredictable [4]. 

 

 

 

 

 

 

 

 

 

 

Fig 1:  Biopharmaceutical Classification System 

1.2.2 Dissolution test 

     Dissolution testing is an important tool, which is useful in many 

pharmaceutical fields such as: drug development, for quality control and, 

determination of bioequivalence. It is important in the regulation of post-

approval changes [23].  In addition, it can be used to compare the release of 

same active ingredient for different formulations [24]. 

     In vitro dissolution profiles give information about the rate of drug release 
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performance of drugs. Since In vivo BA and bio equivalence (BE) studies 

are expensive and invasive, dissolution could be used as a surrogate for 

bioequivalence (BE) studies in certain cases, especially for class I drugs. 

1.2.2.1 Dissolution media 

     The available compendial media are not representative of the in vivo 

environment of the GI physiology. These include three different pH media 

that cover the entire pH of the GIT 1.2, 4.5 and 6.8. Various physiologically 

biorelevant media were developed to simulate the gastric and intestinal fluids 

under fed conditions. These systems were reported to be superior in 

predicting in vivo performance especially for low soluble drugs [25]. 

     They were suggested as an alternative to the homogenized standard meal. 

These models consider factors such as: media pH, osmolality, surface 

tension, bile salts, lipolytic enzymes and phospholipids contents. However, 

the effect of standard food composition on drug release was not well defined. 

An overview of the composition of the compendial and biorelevant media 

and their applications follows: 

1.2.2.2 Compendial Dissolution Media 

 Simulated Gastric Fluid (SGF): is a medium that simulates the pH of 

gastric environment in the fast state. It consists of hydrochloric acid 

and sodium chloride, pepsin and water, the pH of this media is 1.2 

[25]. 
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 Simulated Intestinal Fluid (SIF): is a medium simulates the small 

intestinal (SI) conditions in the fast state. The pH of this medium is 

6.8 [25]. 

1.2.2.3 Biorelevant Dissolution Media 

- Fasted State simulated Gastric Fluid (FaSSGF): 

     This medium was developed to simulate the gastric conditions under 

fasted state. It contains pepsin, lecithin, and bile salt in the physiological 

concentration [25]. 

- Fasted State simulated Intestinal Fluid (FaSSIF): 

     This medium was proposed to mimic the fasting conditions in the 

proximal small intestine. FaSSIF consists of phosphate buffer with a pH of 

6.5, it contains bile salts and phospholipids (lecithin) in a ratio of 4:1. Sodium 

taurocholate was selected to represent the bile salts in concentration about 

3–5 mM. These compounds enhance the solubility of lipophilic drugs more 

than the observed value in simple aqueous solutions. 

     The buffer capacity in fed state or in SIF is much higher than the fast state. 

The volume of dissolution test is ≤500 ml, because the maximum total 

volume of proximal SI is 300–500 ml according to pharmacokinetic (PK) 

studies of drug absorption in the fasted state [25]. 

- Fed State Small Intestinal Fluid (FeSSIF) 

     This system was designed to mimic the conditions in the SI after meal 

ingestion. The pH of FeSSIF is 5 since the pH of chyme is less than that in 

the fast state, while the osmolality, buffer capacity and bile concentration 
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increased sharply, taurocholate and lecithin are present in FeSSIF in higher 

concentration compared to FaSSIF. The volume of the dissolution media is 

up to 1 L; because the food induce the secretions [25].
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Table 2: Sample Composition for Biorelevant Dissolution Media 

      

FaSSGF 

Sodium 

taurocholate 
Lecithin Pepsin NaCl HCl conc. 

Deionized 

water 
pH 

Osmolality 

(mOsmol/kg) 

Buffer capacity 

(mEq/pH/L) 

Surface tension 

(mN/m) 

80 µM 20 µM 0.1 mg/ml 34.2 mM 
qs ad  pH 

1.6 
ad  1 L 1.6 120.7 ± 2.5 ______ 42.6 

FaSSIF 

Sodium 

taurocholate 
Lecithin NaH2PO4 NaCl NaOH 

Deionized 

water 
pH 

Osmolality 

(mOsmol/kg) 

Buffer capacity 

(mEq/pH/L) 

Surface tension 

(mN/m) 

3 mM 0.75 mM 3.438 g 6.186 g 
qs ad pH 

6.5 
qs  ad 1 L 6.5 ∼270 ∼12 54 

FeSSIF 

Sodium 

taurocholate 
Lecithin 

CH3COO

H 
NaCl 

NaOH 

pellets 

Deionized 

water 
pH 

Osmolality 

(mOsmol/kg) 

Buffer capacity 

(mEq/pH/L) 

Surface tension 

(mN/m) 

15 mM 3.75 mM 8.65 g 11.874 g 4.04 g qs  ad 1 L 5.0 ∼670 ∼72 48 
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These media neglected food composition and its effect on drug absorption, 

so in vivo fed BA or BE studies recommended to be conducted using meal 

that provide the greatest effect on GI physiology. A high- fat (approximately 

50 percent of total caloric content of the meal) and high-calorie 

(approximately 800 to 1000 calories) meal is recommended as a test meal for 

fed BE studies. An example test meal would be two eggs fried in butter, two 

slices of toast with butter, four ounces of hash brown potatoes and eight 

ounces of whole milk [26]. 

     Simulation of the in vivo conditions is important for the prediction of drug 

absorption. Food effect can be predicted by using in vitro dissolution in a 

medium simulates the luminal composition following food intake. 

Accordingly, these tools could be of great importance in the IVIVC studies. 

1.2.3 In silico method 

     Simulation technology has proven its usefulness in many fields of 

pharmaceutical sciences during the process of developing formulation. 

Simulation technology was effective in predicting food effect on the GI 

absorption of many poorly soluble drug [27,28]. Gastroplus™ software is an 

example, which has applications based on BCS theory and the advanced 

compartmental transit and absorption model. Gastroplus™ can aid in the 

development of new formulations and the selection of biorelevant 

dissolution conditions with IVIVC, as well as in the assessment of waiving 

BE studies and the determination of IVIVC for class II and III drugs, 

reducing both research time and the cost of developing new generic 
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medicines [29]. In silico method, was used to predict the in vivo behavior of 

many drugs and establish IVIVC for them, such as; etoricoxib, and 

montelukast (Singulair®) [30]. 

     In silico modeling can be coupled with in vitro dissolution test for better 

prediction of the in vivo performance under fed conditions.  In fact, Food 

effect on the absorption of low soluble celecoxib was better predicted by 

coupling the in silico simulation with biorelevant dissolution testing 

compared to compendial media [27]. Another study on the in vivo delivery 

of nifedipine previous reports suggested the potential of coupling in silico 

method with in vitro dissolution data for identification of the in vivo drug 

product behavior under fed condition [31]. 

1.3 In Vitro In Vivo Correlation (IVIVC) 

     IVIVC is defined by (FDA) as ‘a predictive mathematical model 

describing the relationship between an in vitro property of a dosage form and 

an in vivo response’.  

     Generally, in vitro dissolution test can be used as the in vitro property, 

whereas, the in vivo plasma drug concentration or amount of drug absorbed 

as the in vivo response [32]. There are four levels of IVIVC:  

-Level A correlation: is considered as the most useful and informative 

type. It provides a point-to-point relationship linking the in vitro 

dissolution and the in vivo absorption rate of a drug from the dosage 

form. This level can be used as a surrogate for in vivo performance of a 

drug product [33]. 
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-  Level B correlation: This level of correlation involves a relationship 

between in vitro mean dissolution time (MDT) with either the mean in 

vivo residence time (MRT) or mean in vivo dissolution time. It is 

considered the least useful among the different types for regulatory 

purposes since it is not a point-to-point correlation [33]. 

-  Level C Correlation: This type represents a single-point relationship 

between a dissolution parameter (e.g., t1/2) and a pharmacokinetic 

parameter (e.g., AUC, Tmax, Cmax). A Level C correlation does not reflect 

the complete shape of the plasma concentration time curve [33]. 

-  Multiple Level C correlation: A multiple level C correlation compares 

one or more pharmacokinetic parameters of interest (e.g., Cmax, AUC) to 

the amount of drug dissolved [33]. 

     Many researchers aim to develop IVIVC for drugs in order to predict the 

in vivo performance according to in vitro dissolution test [32]. Developing 

such an IVIVC would reduce the number of BE studies required during the 

drug approval process [34,35,36], which is time consuming and very costly.  
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1.4 Clarithromycin 

Figure 2: CLM  chemical structure 

     CLM is a broad-spectrum antibiotic belongs to macrolide group [37]. It 

is used in treatment of lower respiratory tract infection, sinusitis, pharyngitis, 

and skin infections [38]. 

     CLM is rapidly absorbed, it take 2 h after oral administration to reach the 

peak concentration. Its protein binding about 72%, but with increasing the 

drug conc. the binding decreases. CLM conc. in the lung are higher than in 

the serum by 5 times [39]. 

     CLM oral BA is 52 to 55%, and it has an active metabolite, which is 14-

hydroxy due to first-pass metabolism. CLM is eliminated by nonlinear PKs, 

such that with increasing the dose, the total clearance decreases, while the 

elimination half-life and AUC increases. The volume of distribution ranges 

from 191-306 L. The drug is excreted out the body in faeces (40%) , and 

(53%) in the urine, Therefore, there is no need for dose adjustment in elderly 

or hepatic disease patients, however, it is necessary in renal failure patients 

due to the increased level of the parent drug and its active metabolite. CLM 
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is excreted in nursing mothers milk, who treated with the drug [40]. The t1/2 

of CLM is from 3.3-4.9 h [41]. 

     CLM metabolism is affected by drugs inducing CYP450 enzyme, therefore, 

it has several drug-drug interaction, since it increases the plasma conc. of these 

drugs due to its effect on their metabolic enzymes: with theophylline, 

cyclosporin, tacrolimus, carbamazepine, digoxin and rifabutin [40]. 

     CLM classified as BCS class II due to its very low solubility and good 

permeability [42]. This drug has low bioavailability and its absorption is 

dissolution rate limited [37]. It is a weak basic drug with a pka value of 

approximately 9 [43], with pH-dependent solubility; highly soluble at low 

pH and low soluble at high pH. The variability in the GI pH may have 

significant effect on this drug solubility. Food was shown to have positive 

effect on CLM absorption [44]. 

     CLM antibiotic presents in Palestinian market in different trade names 

and pharmaceutical dosage forms like:  Klaricare 500 tab, Klaricare XL 500 

tab, Klaricare 125 mg susp, Klaricare 250 mg susp, Klacid 500 tab, Klacid 

XL 500 tab, Klacid 125 mg susp, Klarimax 500 tab, Klarimax 125 mg susp, 

Klarimax 250 mg susp, Laricid 500 tab. We used Klaricare 500 tab as a 

model drug in our experiments.  

1.4.1 Clarithromycin stability and solubility 

     The stability of CLM was studied in aqueous solution and in human 

gastric juice, CLM was stable at pH range 5-8 in aqueous solution study, but 

it rapidly degrades at gastric pH (1-2). At pH below 5 the degradation rate 
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increased. About 90% of the drug lost from aqueous sample at pH 1.2, while 

41.1% was lost at pH 2.0. The kinetic of degradation of CLM was pseudo-

first order [45]. The T1/2 of CLM degradation at pH 1.39 was 17 min, and 10 

min at pH 1.2. CLM was stable at pH 3.0 [46]. 

     The solubility of CLM was shown to be pH-dependent, i.e.: it decreases 

with increasing pH and kept constant at pH 9.The solubility of CLM in water 

is affected by temperature increasing, it decreased with increasing 

temperature [46]. CLM was freely soluble in chloroform and sparingly 

soluble in methanol [47]. 

1.4.2 Food effect on Clarithromycin 

     Literature data on food effect on the oral BA for CLM is contradictory. A 

preclinical study in dogs demonstrated a pronounced decrease in Cmax and 

AUC values in fed state compared to the fasted state.  In vivo human study 

reported an increase in the bioavailability of CLM by 25% upon co- 

administration of CLM immediate-release tablets with food. However, this 

increase was considered to be non-clinically significant effect. They concluded 

that immediate-release CLM could be taken with or without food [44]. 

     Positive food effect on CLM extended release (ER) has been 

demonstrated in several studies. In Guay et al study, the oral bioavailability 

(AUC) of an extended release tablet containing 500 mg of CLM 

administered in the fasted state was found to be 30% lower than in the fed 

conditions [48]. Similarly, Sanjay J. Gurule reported significant positive-

food effect on the rate and extent of absorption of CLM 500 mg extended 

http://www.tandfonline.com/author/Gurule%2C+Sanjay+J
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release tablet when comparison is made between fasting and different types 

diets (high-fat and low-fat vegetarian and non-vegetarian) [49]. Moreover, a 

bioequivalence study on CLM extended 500 mg tablet under fasting and 

fatty meal conditions in 38 Jordanian volunteers has shown an increase in 

both Cmax and AUC for the test and reference formulations in fed condition 

compared to the fasting conditions [50]. 

1.5 Aims of the study 

     The general aims of this work were to get an insight on the effect of food 

on the oral absorption of CLM from immediate release formulations as well 

as to study the influence of media related parameters on CLM release such 

as: food composition, bile salts concentration and media pH.  

The specific goals were to:  

1. Characterize the effect of food composition on the release process by 

conducting in vitro dissolution study in media containing standard 

meal.  

2.  Check the feasibility of biorelevant media in predicting food effect by 

comparing drug release profiles in these systems with that in 

compendial buffers with/without homogenized fatty meal. 

3. Develop a physiological absorption model for CLM capable of 

predicting the in vivo performance of the drug using computational 

technology.  

4. In an attempt to develop a correlation between the in vitro data and in 

vivo profiles. 
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5. Select the most suitable dissolution test that could be used as surrogate 

for in vivo bioavailability testing.  
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Chapter Two 

2. Methodology 

2.1 Materials, Equipment and tools. 

     Hydrochloric acid (Israel), glacial acetic acid (Frutarom), monobasic 

potassium phosphate (Israel), sodium acetate (Israel),  phosphoric acid 

(Frutarom),  methanol HPLC-grade  (LAB-SCAN, Ireland) , sodium 

hydroxide (Israel),  sodium hydroxide  (pellets) (Israel),  sodium chloride 

(Israel), sodium phosphate monobasic monohydrate (Sigma-Aldrich), 

Acetonitrile HPLC-grade (Sigma-Aldrich) and Biorelevant media  powder 

(Biorelevant Company, UK) were used during the study. 

     Klaricare® 500 mg immediate release tablets were purchased from local 

Pharmacies. CLM API was obtained as a gift sample from Pharmacare 

Company, Palestine. 

- Equipment and tools: 

The equipment that were used during this work include: Centrifuge (Hettich 

zentrifugen universal 320), thermo shaker (BOECO TS-100), pH meter- 

JENWAY 3510, dissolution tester BTC-9100 (Hsiang taimachinery industry 

co, ltd), tablet disintegration tester (µP, 1901), rotational rheometer 

(Brookfield DV1 viscometer), GastroPlus™ software (version 9.0, 

Simulations Plus Inc., Lancaster, CA, USA). 
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2.2 Media composition and preparation. 

   Different types of media with various pH were used to simulate the fasted 

state: 

-  Simulated Gastric Fluid (SGF) without pepsin, which has pH=1.2, was 

prepared by diluting 9.7 ml of 32% HCl in one Liter distilled water.   

- Acetate buffer (pH=4.5) was prepared by mixing 2.99 g of sodium 

acetate, and 1.66 g of glacial acetic acid, then distilled water added up to 

1 L, the pH adjusted to 4.5. [64] 

- Simulated Intestinal Fluid (SIF), which has a pH =6.8, was prepared by 

dissolving 40.83 g monobasic potassium phosphate and 2.4 g sodium 

hydroxide in 1000 ml distilled water. [64]  

- FDA standard breakfast was prepared to investigate the effect of food 

composition on the in vitro release of CLM. FDA standard meal was 

selected as a test meal since it is the recommended food to be 

administered to the healthy volunteers in Fed bioequivalence and Fed 

bioavailability studies. FDA food were prepared by mixing: two strips of 

hot dogs (44g),  two eggs fried in a butter, two slices of toast with butter, 

eight ounces of whole milk (226.8 g), four ounces of hash brown potato 

(113.39 g),  and 240 ml of tap water in a mixer until being homogenized 

[26]. Then, 100 ml of this homogenized meal were mixed thoroughly 

with 800 ml of the different buffers (SGF, acetate buffer, SIF) using a 

mixer. 

- FaSSIF (pH=6.5), was prepared in two steps. In the first step, Phosphate 

buffer was prepared by dissolving 3.95 g of NaH2PO4*H2O 
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(monohydrate), 0.42 g sodium hydroxide (pellets) and 6.19 g of sodium 

chloride in 0.9 L of purified water. The pH was adjusted to 6.5 with either 

1 N HCl or 1N NaOH. Purified water was added to make the volume up 

to one Liter. The second step entailed dissolving 2.24 g of biorelevant 

powder in 500 ml of the buffer, and stirring until the powder has 

dissolved and the volume was made up to one Liter. FaSSIF was left to 

stand for 2 h before being used. [65] 

- FeSSIF media (pH=5), was prepared using acetate buffer, in which 8.65 

g of glacial acetic acid, 4.04 g of sodium hydroxide (pellets),  and 11.87 

g of sodium chloride were dissolved in 0.9 L of purified water. The pH 

was adjusted with 1N HCl/1N NaOH to the desired value (pH=5). 

Purified water was added to make the volume up to one L. 11.2 g of the 

biorelevant powder was then added to 500 ml of the acetate buffer, and 

stirred until all the powder has dissolved, then the volume was made up 

to one Liter with purified water. [65] 

2.3 pH measurement 

     All measurements of pH values of different media were determined using 

pH meter- JENWAY 3510. The pH meter was calibrated between pH (4) and 

pH (7). 
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2.4 Solubility study 

     Flask shake method  was used to determine the equilibrium solubility of 

CLM in the different media. CLM powder was added in excess amount to 

10 ml of the investigated media in test tubes, which were kept in a shaker 

(memmert, Germany) at 37 ºC for 48 h. Thereafter, the samples were 

centrifuged, filtered by using 0.45 µm PA membrane filter, and analyzed by 

HPLC. Samples containing homogenized FDA meal were treated by the 

same method used in drug release study. 

2.5 Rheological measurement 

     The rheological behavior of the diluted FDA meal was characterized 

using a rotational rheometer (Brookfield DV1 viscometer) spindle 7, within 

the shear rate range (0-100 rpm). The measurements were made in triplicates 

at 37°C.  

2.6 Disintegration test 

     Tablet disintegration rates in the different media were determined using 

tablet disintegration tester (µP, 1901) at 37°C. All the tests were carried out 

according to the USP, in 800 ml of the various media, using six tablets, one 

per vessel, for each test. Individual disintegration times were measured and 

means ±SDs were reported.  



24 

2.7 Drug release study 

    CLM release from the IR tablets was determined using apparatus type II 

(BTC – 9100, Hsiang taimachinery industry co, ltd) with a paddle rotating at 

a speed of 50 rpm. The tests were conducted in 500 ml dissolution media at 

37ºC. Five ml samples were withdrawn at predetermined time intervals: 0, 

5, 10, 15, 30, 45, 60, 90 and 120 minutes, filtered using a 0.45-µm PTFE 

syringe filter and assayed for CLM concentrations using HPLC. Samples 

containing FDA meal were treated before further analysis in order to 

precipitate protein. The samples were centrifuged at 4000 rpm for 5 min, 

then 100 µl of acetonitrile was added to precipitate protein after which, 

centrifuged again at 15000 rpm for 10 minutes. The supernatant layer was 

taken for analysis, and subsequently analyzed using HPLC. 

     Klaricare product which has a batch number of 117K15 and expired in 

Nov 2018 was used in this study. 

2.7.1 The HPLC analysis 

     The HPLC analysis of CLM in the various samples was performed using 

a Waters HPLC system, equipped with Waters 1525 binary pump, and a 

Waters 2998 photodiode array Detector. 

     The chromatographic separation of CLM was achieved using stainless 

steel column (25 cm x 4.6 mm) packed with base-deactivated octadecylsilyl 

silica gel chromatography (5µm). The mobile phase was prepared by mixing 

methanol and 0.067M monobasic potassium phosphate (650:350), the pH 

was adjusted to 4 by phosphoric acid. The mobile phase was filtered by using 
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0.45 μm microporous PTFE filter and was degassed by sonication for 5 

minutes prior to use. A wavelength of 210 nm was used. The flow rate was 

set at 1.1 ml/minute and the injection volume was 20 μl. The standard 

solution was prepared by dissolving 150 mg accurately weighed of CLM in 

50 ml acetonitrile, and then diluted with water up to 100 mL [64]. 

   The retention time for CLM was about 8 minutes. The concentrations of 

CLM in the unknown samples were determined by comparing the peak areas 

to the response of the standard curve.  

2.7.2 Statistical analysis 

     Drug release data in the different media were assessed using similarity and 

difference factors (f2 and f1) respectively as reported in equations 1 and 2. f2 

factor measures the closeness between two profiles while f1 measures how much 

different difference the two profiles: 

      ………① 

             …………②   

 

     Where Rt and Tt are the percentages of drug dissolved at each time point 

for the reference (fast state) and test products (fed state), respectively. An f1 

value greater than 15 indicates non-similarity, and an f2 value greater than 50 

indicates significant similarity between the two analyzed products 
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2.8 Simulation using GastroplusTM 

     GastroPlus™ software (version 9.0, Simulations Plus Inc., Lancaster, 

CA, USA) was used for building an absorption model for CLM under fasted 

and fed states. This software is based on the Advanced Compartmental 

Absorption and Transit (ACAT) model and is comprised of three modules: 

compound, physiology, and pharmacokinetics. For the compound and 

pharmacokinetics modules, the input parameters were either taken from the 

literature or determined experimentally such as solubility and dissolution 

results. The in vivo concentration-time profile under fast state of the product 

(Klaricare®) was obtained from Pharmacare Ltd. Due to the lack in BE data 

at fed state for Klaricare, the in vivo data in fed state was taken from Chu et 

al article [44].  The summary of the input parameters used in the simulation 

is given in Table 3. In the physiology module, the Human Physiology Fasted 

mode was selected for predicting the absorption profile under fasted state, 

while the Human Physiology Fed mode was used when conducting the 

simulations upon the concomitant intake of FDA meal. All the physiological 

parameters were fixed at default values in both states. The simulations were 

conducted using the Johnson model as a dissolution model and the “IR tablet 

mode” to refers for immediate (IR)-release tablets. The predictability of the 

simulation was measured by the percent prediction error (% PE) between the 

predicted and in vivo observed data, which can be calculated using the 

following equation: 

 %100%
 observed

 observed





PK

PKPK
PE

predicted
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Table 3: Input Data for Simulation 

Parameters Value 

Molecular weight (g/mol) 747.95 [51] 

Log P 1.7 at pH 7.4[51] 

pKa 9 [52] 

Dose (mg) 500 

Formulation Tablet 

Dose volume 250 (a) 

Solubility At pH 4.5= 1.04 mg/ml (b) 

     pH 6.8= 0.8 mg/ml (b) 

Precipitation time (s) 900 (a) 

Particle density (g/mL) 1.2 (a) 

Physiology Fasted 

Peff (cm/s*10^4) 2.91 (a) 

Body weight (kg) 70 

Clearance (L/h) 25 [53] 

Volume of distribution 

(L/Kg) 

1.8 [45] 

t 1/2 (h) 3.49(c) 

Bioavailability (F) 55% [41] 

Cmax (µg/ml) 3.12 (d) 

Tmax (h) 2.85 (d) 

AUC (ng-h/ml) 26020 (d) 
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(a): Gastroplus standard 

(b): Solubility test data 

(c): Estimated by Gastroplus software 

(d): Pharmacare in vivo data 

2.8.1 In Vitro–In Vivo Correlation 

     Level A IVIVC was developed using the IVIVC Plus ModuleTM 

integrated within the GastroPlusTM Software. The in vivo fraction of CLM 

absorbed was estimated using the mechanistic absorption deconvolution 

approach. The fraction of drug absorbed at specific time points were plotted 

against the percentage of drug dissolved in vitro at the same time points. 

Regression analysis was used to evaluate the obtained correlations. 
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Chapter Three 

3. Results  

3.1. Solubility study 

     The results of the solubility determinations of CLM in the different media 

are presented in Table 4. The solubility of CLM, which is a weak base 

(pka=9), was shown to be pH dependent; i.e.: An increase in the pH, lead to 

a decrease in the solubility of the drug. Food has an apparent effect on CLM 

solubility. The solubility of CLM in the presence of food was greater when 

comparing results in buffer media alone. The high fat content in the FDA 

meal would play a crucial role in enhancing the solubility of lipophilic drugs, 

such as BCS class II drug.  Interestingly, the solubility of CLM in FeSSIF 

was lower than that in FaSSIF, despite the higher bile salts content in this 

medium, which would be expected to aid solubility of this lipophilic drug.  

 

 

 

 

 



30 

 Table 4: the solubility of CLM in fast and fed media 

3.2. Rheological measurement 

     The viscosity of the buffer media (SGF, acetate buffer and SIF) was 

shown to follow Newtonian behavior (0.8mPa.s). The rheogram of the 

diluted FDA meal (in acetate buffer and SIF) at the different shear rates is 

shown in (Figure 3 and table 5). The rheological behavior of this food is 

pseudo-plastic, i.e, the viscosity decreases with an increase in the shear rate. 

At low shear rate (0.3 rpm), the viscosity was 13330 mPa.s as the shear rate, 

increased  

 

 

 

Media  pH S1 S2 S3 

Average 

Solubility 

mg/ml 
SD 

SGF  1.2 * * * * * 

SGF with FDA 

meal  
1.4 3.1 1.1 1.2 1.8 0.95 

Acetate Buffer  4.5 1.3 0.8 0.9 1.04 0.22 

Acetate Buffer 

with FDA meal 
4.6 1.4 1.4 1.5 1.5 0.05 

SIF 6.8 0.9 0.9 0.6 0.8 0.15 

SIF with FDA 

meal  

6.7 4.2 5.5 3.7 4.5 0.77 

FaSSIF 6.5 1.3 1.5 1.4 1.43 0.09 

FeSSIF 5 0.98 1.3 0.95 1.07 0.16 

* The solubility of the drug was not be determined at pH 1.2 due to its 

decomposition at that pH  
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Table 5: average viscosity for FDA food containing media at different 

shear rate 

shear rate 

(RPM) 

Acetate buffer 

with FDA 

food 

SIF medium  

with FDA 

food 

 Average 

viscosity (cP) 

Average 

viscosity (cP) 

0 0 0 

0.3 13330 13330 

0.5 8000 800 

0.6 6667 6667 

1 4000 4000 

1.5 2667 2667 

2 2000 2000 

2.5 1600 1600 

3 1333 1330 

4 1000 1000 

5 800 800 

6 666.7 666.7 

10 400 400 

12 333.3 333.3 

20 200 200 

30 133.3 133.3 

50 80 80 

60 66.67 66.67 

100 40 40 
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Fig 3: The viscosity of  FDA food containing media 

the viscosity decreased to 40 mPa. Elevated viscosity within the GI tract 

would be expected to reduce drug release and delay tablet disintegration.             

The rheogram for FDA meal in both SIF and acetate buffer were 

superimposed. However, the viscosity of homogenized FDA meal (pH=1.2) 

was lower than that at pH= 4.5 and 6.8 at the various shear rates. This 

viscosity–pH dependent behavior is in line with the previous reports [55, 28] 

who demonstrated reduced viscosity of polymeric solutions and soups at low 

pH [55]. 

3.3. Disintegration study 

     The average disintegration times of the CLM tablets in the different media  

are shown in (Figure 4 and table 6). Media pH showed significant effect on 

tablet disintegration, were Pvalue = 0.0022, 0.43 and 0.0002 for SGF, acetate 

buffer and SIF respectively. In acidic media, CLM tablet exhibited longer 

disintegration times compared to more alkaline media. The mean  
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 Fig 4: CLM tablet disintegration in the various media 

disintegration times were increased from an average value of 0.8 and 3 min 

in SIF and Acetate buffers to 33.4 min in SGF media. These findings are in 

agreement with a previous report, which reported a delay in the in vitro 

disintegration of CLM tablet in media of acidic pH [56,57]. This delay in 

tablet disintegration in acidic media was attributed to gel formation on the 

tablet surface. Inclusion of FDA meal in the different buffers has delayed  

Table 6: average disintegration time for different media 

 
HCl 

buffer 

HCl buffer 

with food 

acetate 

buffer 

acetate buffer 

with food 

phosphate 

buffer 

phosphate 

buffer 

with food 

Av. Time 

(min) 
33.38 48.12 3 3.22 0.806 2.4 

SD 1.89 7.17 0 0.59 0.24 0.49 

 

 



34 

tablet disintegration. Prolonged disintegration times in media containing 

FDA food reflect the high viscosity of the media. 

3.4. Dru g release study 

3.4.1. The effect of media pH on the release of Clarithromycin 

     The in vitro release of CLM from immediate release tablet was 

investigated in media with different pH (1.2, 4.5 and 6.8). Media pH has a 

profound effect on the drug release profiles (Figure 5 and table 7). In SGF 

(pH=1.2), the total amount of CLM released was less than 20% within 120 

minutes. However, the dissolution rate of the drug was higher than 88% in 

SIF (pH =6.8) and almost complete in the acetate buffer (pH=4.5).            

Table 7 : The average percentage release for CLM in different media 

% Released in different media at different time 

Media GIF SD 
Acetate 

buffer 
SD SIF SD 

5 min 12.55 5.64 55.2 11,0 37.34 6.095 

15 min 10.69 3.55 76.88 8,4 72.85 2.61 

30 min 11.72 3.97 75.8 3,2 85.53 8.68 

45 min 11.86 3.07 87.2 13,3 88.32 1.87 

60 min 13.82 2.72 88.5 5,3 88.83 3.44 

90 min 13.38 1.54 93.2 0,9 88 0.83 

120 min 44.18 1.53 94.3 4,8 88.93 8.41 
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Fig 5: The effect of media pH on the release of CLM 

 

3.4.2.The effect of food on the release of CLM 

     FDA food presence in the media was shown to have a marked effect on 

CLM release. A great difference was obvious between the in vitro drug 

release profiles under fed conditions at the various pH.  In SGF at fed state, 

the percentage of CLM released (after addition of FDA meal to SGF) was 

higher compared to that in the fasted state, because of the slower degradation 

rate. However, at higher pH (pH=4.5 and 6.8), the release of the drug in the 

presence of FDA meal was negatively affected as can be shown in Figures 

(6,7 and 8) . The dissolved amount of CLM in the dissolution medium with 

added FDA diet did not reach 60% or 74% of the total tablet content of the 
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drug at (pH=4.5 and 6.8) respectively. This delay in dissolution rates reflects 

the slower disintegration. Results of similarity were lower than 50 at the 

various dissolution conditions 

Table 8: The average percentage release for CLM in different fed state 

media 

 

 

 

Fig 6: The effect of food on CLM release in SGF media 

% Released in fed state media at different time 

Media 
GIF 

+food 
SD 

Acetate 

buffer 

+food 

SD 
SIF 

+food 
SD 

5 min 14,5 17 19,5 10,3 38.9 31.17 

15 min 17,7 10 59,92 1,1 60.2 14.63 

30 min 18,7 9 60,48 0,3 67 3.38 

45 min 19,5 7 60,8 0,46 68.2 2.097 

60 min 21,06 7 60,97 0,95 68.8 7.33 

90 min 22,36 5 62,87 0,39 69.2 1.35 

120 

min 
22,8 3 62,09 0,33 69.5 1.24 
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Fig 7: The effect of food on CLM release in acetate buffer media 

 

 

Fig 8: The effect of food on CLM release in SIF media 

     CLM release from immediate release tablet was determined in biorelevant 

media and compared to that in compendial buffers. The percentages of drug 

released in FaSSIF and FeSSIF were lower than that in blank buffers. In 
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FaSSIF (pH= 6.5), 60% of the drug was dissolved within 120 minutes 

compared to 88% in SIF (pH=6.8). Obviously, there is a great difference 

between the release profiles of the drug in FaSSIF and SIF, despite the small 

change in the pH between FaSSIF and SIF (difference in pH=0.3). In FeSSIF 

(pH=5), the dissolution rate was very poor, i.e., only 10 % of the drug 

dissolved within 120 minutes however, the drug release was almost complete 

in acetate buffer (pH=4.5). (Figure 9 and table 9) 

Table 9: The average percentage release for CLM in FaSSIF and 

FeSSIF media 

  
% Released in FaSSIF and FeSSIF media at different time 

Media FaSSIF SD FeSSIF SD 

5 min 21,8 4,4 2,06 1,4 

15 min 33,9 6,8 3,26 1,5 

30 min 41,1 8,2 3,8 1,7 

45 min 42,1 8,4 3,83 2,8 

60 min 54.0 10,8 5,06 3,6 

90 min 54,3 10,9 9,67 4,3 

120 min 59,9 12,0 10 3 
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Fig 9: The percentage of drug released in FaSSIF and FeSSIF media 

 

     f1 and f2 value were calculated for each medium, were the fast state in 

each buffer was the reference and the fed state was the test medium, the 

results are shown in table 10 

 

 SIF Acetate buffer SGF FaSSIF 

f1 value 160.28 198.35 52.37 763.83 

f2 value 14.40 15.93 45.22 21.52 

 

 

 

 

Table 10  : f1 and f2 value for the various media 
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3.5.  Gastrointestinal simulation 

3.5.1. Drug absorption simulation 

     The results of the in silico simulation for CLM using GastroPlus™ are 

shown in Figures (10 and 11). The simulated plasma concentration time 

profile was in good agreement with the in vivo absorption curve following 

the intake of 500 mg oral dose CLM immediate release tablet under fasting 

conditions. The simulated pharmacokinetic parameters and those observed 

in vivo are presented in Table 11. The percent prediction errors obtained were 

less than 10% for all pharmacokinetic parameters, indicating good 

predictability. The simulated absorption profile predicted a prolonged Tmax 

in the fed state compared to that observed in vivo under fasted state. This can 

be attributed to the delay in tablet disintegration. However, no significant 

changes in the AUC (0-infinity) values were associated with CLM 

administration with FDA meal. 

Table 11:  In silico predicted and in vivo observed Pharmacokinetics 

parameter  

Study Cmax (µg/ml) AUC 0-t(µg h/ml) 

Observed Simulated %PE Observed Simulated %PE 

Fasted  

2.48 2.5576 3.1 18.366 19.922 8.5 

Fed  

2.5 2.35 6.4 15.67 16.65 6.2 
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Fig 10:  CLM simulation in fast state 
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Fig 11: CLM simulation in fed state 

     The regional absorption distribution simulated by GastroPlusTM 

suggested that the majority of CLM was absorbed in the Jejunum 55%, while 

23% of the dose was absorbed in duodenum, and 13% absorbed in ileum and 

regions (Fig12).  
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Figure 12: The regional absorption distribution of CLM 

3.6. IVIVC 

     GastroPlusTM was used to establish an in vitro–in vivo correlation using 

mechanistic absorption model based on deconvolution approach to correlate 

the in vitro dissolution data and the corresponding in vivo plasma 

concentration. Figure (14) shows that in vivo correlation was successfully 

established in SIF acetate and FaSSIF media, since the value of correlation 

coefficient (r2) was close to 1 Table 12.The correlation value (r2) showed 

that using the HCl medium resulted in a low correlation coefficient (r2=0.3). 

whereas, the in vitro dissolution data were not correlated with in vivo 

dissolution values in HCl media. The mechanistic absorption model was the 

most suitable model for use in the simulation of the convolution. which 

indicated that it was the preferable method for establishing in vitro–in vivo 

correlation for the CLM tablet. 
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Fig 13: IVIVC plot for CLM dissolution in acetate buffer 

  

Fig 14:IVIVC plot for CLM dissolution in SIF  
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Fig 15:IVIVC plot for CLM dissolution in FaSSIF 

 

Table 12.:  Statistical Parameters of the Obtained IVIVC 

Media  Slope r2  Value 

SGF 1.451 0.346 

Acetate buffer 1.445 0.721 

SIF 0.889 0.942 

FaSSIF 1.694 0.927 

FeSSIF 0.026 0.093 
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Chapter Four 

4. Discussion 

     In the present work, the effect of food on the release of CLM antibiotic 

from immediate release tablet has been investigated. FDA standard breakfast 

was used as a model meal, especially that it is the recommended food in the 

fed bioequivalence and bioavailability study. In silico modeling was 

employed to build `model describing the in vivo performance of CLM under 

fasted and fed conditions 

     Media pH had a pronounced effect on CLM release from the 

formulations. The acidic environment dominating in the stomach reduced the 

released fraction of the drug available for absorption. The cumulative 

percentage of drug released at pH=1.2 was not more than 20% within 120 

minutes. This can be explained by the decomposition of CLM under acidic 

pH conditions. These findings are in agreement with Fujiki et al 2011 , who 

investigated the effect of the media acidity on the stability and release of 

CLM from immediate release tablets. Fujiki reported rapid decomposition 

and slow dissolution of CLM with no more than 20% of the API was 

dissolved at pH 1.2 [56], Similarly, Manani et al, 2014 have reported a 

degradation of 64% of CLM active ingredient within 1 h at pH=1.2 [58]. 

Delayed tablet disintegration under acidic condition can be another 

explanation which can be attributed to the gelling tendency of tablet 

ingredient at pH 1.2 results in increasing the viscosity around drug particles 

and hence retarding the dissolution [56]. 
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     Therefore, the intake of the CLM under fasted state could reduce the 

fraction available for absorption and hence, drug bioavailability. The 

decrease in the dissolution rate of this drug at the low pH confirms the 

potential of the gastric acidity on reducing the bioavailability of CLM. At 

the luminal pH, CLM is presumably stable and did not undergo degradation 

(pH more than 3). The cumulative amount of drug released at pH =4.5 and 

pH=6.8 was more than 94% and 88%, respectively.  

     FDA food has a significant effect on the dissolution and disintegration 

rates of CLM tablet. In media simulating the fed gastric conditions, the 

dissolution rate of the CLM was enhanced. In fact, FDA meal has a 

neutralization capacity for the acidic secretions of the stomach. A previous 

study reported a rapid rise in the gastric pH from an initial value of 1.2 under 

fasted state to about 3-7 following food intake [6]. Postprandial elevation in 

gastric pH could reduce CLM degradation in the stomach and enhance its 

dissolution rate. Based on this, CLM bioavailability is expected to increase 

when dosed in the fed state. On the other hand, at the luminal pH (pH= 4.5, 

6.8), the homogenized FDA meal caused a marked reduction in drug 

dissolution and prolonged tablet disintegration rates compared to that in the 

fasted states. These observations can be explained by the high viscosity of 

the medium contains FDA meal. These results are in line with previous 

reports, which ascribed the reduced disintegration and dissolution rates in 

various types of beverages, soups and FDA food to the elevated viscosity, 

slow water uptake rates into tablets and film precipitation on tablets 

[28,59,60,61,62]. 



48 

     Biorelevant systems contain bile salts in concentration within the 

physiological range. Bile salts are responsible for solubilization of lipid 

soluble drugs and their transport. In contrast to expectation, CLM release in 

the presence of bile salts was much lower than that in compendial media. 

This can be attributed to the complexation interaction between macrolide 

antibiotic and bile salts. CLM was reported to strongly bind to bile acids 

cholate and deoxycholate micelles, which form a complex of low solubility 

and diffusivity but faster uptake through the body [63]. This complex 

formation between the drug with bile decrease the release of the drug, but 

bile re-uptake increase the CLM particle that inter the blood. Dissolution 

study in biorelevant media does not reflect the in vitro dissolution in media 

containing FDA meal or simple buffers. This makes the feasibility of using 

these models on predicting food effect questionable. 

     GI simulation was used to build an absorption model for predicting the in 

vivo performance of CLM from immediate release tablet under fasted and 

fed states. The simulated concentration- time profile under fasted and fed 

conditions matched well with the in vivo observed data. The calculated 

percent prediction error values for the in silico data indicates good 

predictability. These findings are in agreement with a previous clinical data 

showing that the concomitant intake of FDA food with CLM caused a delay 

in the onset of action with no significant effect on the extent of absorption 

[44]. 

     A level A Linear correlation was established between the actual in vivo 

data and the in vitro dissolution data in the acetate and SIF media. The 
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developed IVIVC model considered SIF, acetate, and FaSSIF buffer media 

to be the most relevant from the physiological standpoint. 

Conclusion 

     Food effects on the oral absorption of CLM from an IR tablet, is most 

likely to be as a result from a complex combination of many factors, which 

include: media pH, bile salts, viscosity, and food composition. Food may 

retard the in vitro disintegration and dissolution rates of the drug product, but 

increase the drug uptake through bile. The intake of standard FDA meal may 

have no significant effect on oral BA of CLM IR tablet. The effect of food 

on CLM BA was possible to predict using in silico and in vitro methods 

without the need for conducting fed BE studies, which may increase the cost 

and time required for development of a new generic CLM solid products. In 

fact, FDA is attempting to revise the guidelines that are currently in use to 

reduce the obstacles and to encourage the development of new generic 

products.  For this purpose, FDA implemented a new policy to accelerate the 

review of generic drug applications where competition is limited.  
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 الملخص

، الجهاز الهضميييرات فسيولوجية في امتصاص الدواء عن طريق تحفيز تغ قد يؤثر الغذاء في

ات الأيضية العملي، و العصارة الصفراءفراز يير درجة الحموضة، ومدة بقاء الدواء في المعدة، وإكتغ

 .للدواء

ايسين، امتصاص دواء الكلاريثرومسة هو التحقق من تأثير الغذاء في الهدف: الهدف من هذه الدرا

ات ن، ومكو  عصارة الصفراءفراز الإ: درجة الحموضة، وعن طريق تقييم تأثير بعض العوامل مثل

 فراز المادة الفعالة من قرص الدواء.الطعام في إ

 ؛لتقليديةالأوساط املغم في  500والانحلال للكلاريثرومايسين  ،والتحطيم ،الطريقة: فحص الذائبية

م اوالصي فطارالإلمحاكاة حالتي   Biorelevant mediaو عدمه، وفي ال أ، FDA foodبإضافة ال

مج خدمت كمدخلات لبرناخارج الجسم است   فحوص   هذه البيانات التي تم جمعها منفم. في الجس

TMGastroplus امتصاص  ع تأثير الغذاء فيتوق؛ لعمل نمذجة فسيولوجية تهدف إلى

عمل نموذج لما منحنى تركيز الدواء في البلازاست خدم م. والصيا الإفطارتي  الكلاريثرومايسين في حال

 ،in vitro-in vivoنشاء المستوى أ في العلاقة الخطية مابين وتم إ ،بناءً على بيانات الحركة الدوائية

تم وقد . deconvolutionعلى أسلوب ال  معتمداً  mechanistic absorptionنموذج  باستخدام

 وثرومايسن، وهتصاص فسيولوجي للكلارينموذج ام لتطوير،  TMGastroplusاستخدام برنامج ال 

 الدواء داخل الجسم.بسيْر بدوره قادر على التنبؤ 

من  غيرهامقارنة مع  Biorelevant mediaالنتائج: الكلاريثرومايسين له ذائبيه قليله في ال 

 ت التجارب أن. أظهرالعصارة الصفراءوذلك بسبب تكوين مركب مع ال  ؛الأوساط

 . FDA foodوبطء في الانحلال عند وجود ،تحطمفي اليستغرق فترة طويلة الكلاريثرومايسين 

 يتوافر البيولوجأهمية للغذاء على ال وذج الفسيولوجي عدم وجود تأثير ذيالنم وكما بي ن

  .للكلاريثرومايسين



 ج

 توافر البيولوجيمع الكلاريثرومايسين قد لايكون له تأثير على ال FDA foodخاتمة: تناول ال 

 لأقراص الكلاريثرومايسن.


