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ريياعملادحأماعطلالوانتةجيتنةدعملالئاسةجوزلةدايزربتعت:ثحبلافادهأ
اهتيلباقومفلاقيرطنعاهلوانتمتييتلاةيودلأاةباذإىلعابلسرثؤتنأنكمييتلا
فيرعتفلممييقتيفةلأسملاهذهجاردإناكمبةيمهلأانم،يلاتلابو.نابوذلل
نمةفلتخمعاونأ،يملعلالمعلااذهيف.ةيومفلاتابيكرتللةيئاودلاكئارحلا
راوغلاغمصونيتكبلاوزولولسلاليثيميسكوبركنيمضتمت؛ةجوزللاتاززعم
ةبجولادعبةيجولويبلاةلاحللةهباشمةفلتخمطئاسوريضحتيفناثنازلاو
يفهنابوذةيلباقونيسكوربانلاللاحنالدعمىلعاهريثأتصحفيفتكراشو
.عبشتلا

ةيبايسنلااتامسلامييقتل"دليفكورب"ةجوزللاسايقممادختسامت:ثحبلاقرط
دعب.ةيذغتلاةلاحيكاحييوعملئاسيفةباذمةجوزلتاززعملكنمنيتردقل

طسولايفراتخملاءاودلانابوذةيلباقسايقمت،تانيعلازازتهانمةعاس24
متوةيجسفنبلاقوفةعشلأابيئوضلافيطلاسايقممادختساللاخهمييقتمتيذلا
فيذاجملاةباذإزاهجللاخنمءاودلاللاحنافيرعتفلمصحفءارجإ
.لئاوسلانملم200مادختساب

نيسكوربانللعبشتلايفنابوذلاةيلباقيفريبكضافخنانعفشكلامت:جئاتنلا
عمنابوذلايفضافخناىلعأليجستمتوةربتخملاطئاسولاةجوزلةدايزدنع
فيرعتفلمنإف،لثملابو.يوعملالئاسللةيكاحملاةيذغتلاةلاحيفنيتكبلا
.اهصحفمتيتلاطئاسولاةجوزلةدايزعمضفخنينيسكوربانلاللاحنا

لب،بسحفطئاسولاةجوزلنيسحتىلعرميلوبلاةينبلمعتلا:تاجاتنتسلاا
بناجلاةجلاعميرورضلانم،كلذلةجيتن.ءاودلاةباذإعماضيألخادتت
.ءاودلاللاحنافيرعتتافلممييقتءانثأةيربتخملاطئاسولاميمصتيفيبايسنلإا

قيرطنعصاصتملاا؛نيسكوربانلا؛ءاذغلاريثأت؛ةجوزللا:ةيحاتفملاتاملكلا
.نابوذلا؛ةيذغتلاةلاح؛مفلا
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Abstract

Objectives: The increase in viscosity of gastric fluid as a

result of food ingestion is one criterion that can nega-

tively impact the dissolution and solubility of orally

administered medications. Consequently, it is crucial to

address this issue in the pharmacokinetic profile assess-

ment of oral formulations. In this scientific work, various

kinds of viscosity enhancers, namely carboxy methylcel-

lulose, pectin, guar gum, and xanthan, were applied to

the preparation of different media similar to the biolog-

ical condition after a meal, and their impacts on the rate

of naproxen dissolution and its saturation solubility were

evaluated.

Methods: A Brookfield viscometer was used to assess the

rheological features of two potencies of each viscosity

booster dissolved in fed state simulated intestinal fluid

(FeSSIF). After 24 h of samples shaking, the saturation

solubility of the selected medicine in the assessed media

was measured using an ultraviolet spectrophotometer,

and investigation of the drug dissolution profile was

performed with a paddle dissolution apparatus in 200 mL

of fluid.

Results: Great reduction in the saturation solubility of

naproxen was detected when the viscosity of the tested

media was increased and the highest reduction of solu-

bility was observed with pectin in FeSSIF. Similarly, the
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dissolution profile of naproxen decrease with enhance-

ment of the viscosity of investigated media.

Conclusion: A polymer structure not only enhances the

viscosity of media but also interferes with drug solubili-

zation. As a result, it is essential to address the rheolog-

ical aspect in designing in vitro media during the

assessment of drug dissolution profiles.

Keywords: Dissolution; Fed state; Food effect; Naproxen;

Oral absorption; Viscosity

� 2022 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Oral dosage form

Oral formulations are the most prescribed drug dosage
form globally due to their many advantages, including pa-
tient convenience, higher level of stability compared to other
dosage forms, and low cost of the manufacturing

process.1 However, various active pharmaceutical substances
are not suitable for oral administration because of their poor
bioavailability.2,3

The United States Food and Drug Administration (FDA)
defines bioavailability as “the rate and extent to which the
active ingredient or therapeutic moiety is absorbed from a

product and becomes available at the site of drug
action”.2 Consequently, any drug substance used to explore
Figure 1: Schematic illustration the bioavailab
its therapeutic action should be available in an adequate
amount at the target site of action. Many drugs undergo

direct enzymatic degradation when they are administrated
orally, such as insulin. Other drugs experience first pass
metabolism after oral administration, preventing them for

reaching the systemic circulation. The pharmacological
effects of oral formulations can be achieved when the drug
compound has the ability to overcome serious enzymatic

barriers in the liver and gastrointestinal (GI) tract, and is
thereby available at the site action in an adequate
amount.4 The detail of drug release from solid oral
formulation is presented in Figure 1.

Solubility and drug dissolution

After ingestion of a solid oral drug formulation and
release of the drug substance throughout disintegration

of the drug formulation, drug particles should have
enough solubility in GI fluid to change into the solution
phase, causing it to pass through the biological membrane

and reach the systemic circulation.5 The dissolution
process of drug material in the GI lumen is a major
element for drug absorption and as a result exploration of

a pharmacological action.6

Dissolution can be defined as the process of dissolving
drug substance in a solvent. The solubility process of any
compound is directly correlated with the physiochemical

feature of the compound and intended solvent as well. For
example, the distinct extent of water solubility can be
detected between various polymorphs of particular sub-

stance. Furthermore, the solubility element can be affected
by other aspects such as pressure, pH, and temperature. The
United States Pharmacopeia (USP) has classified com-

pounds solubility into seven levels of solubility, which are
shown in Table 16
ility process of orally administered drugs.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1: Classification of compounds solubility according to the

United States Pharmacopeia.
6

Definition of terms Parts of solvent

required for one

part of solute

Solubility

range

(mg/ml)

Very soluble (VS) <1 >1000

Freely soluble (FS) From 1 to 10 100e1000

Soluble From 10 to 30 33e100

Sparingly soluble (SPS) From 30 to 100 10e33
Slightly soluble (SS) From 100 to 1000 1e10

Very slightly soluble

(VSS)

From 1000 to 10,000 0.1e1

Practically soluble (PS) >10,000 <0.1
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Physicochemical factors affecting drug dissolution

During drug formulation, great attention is paid to the
physical and chemical properties of the proposed active

pharmaceutical ingredient. The solubility criterion of a drug
substance can be significantly affected by the characteristic
features of drug compound. Many considerations influence
the solubility aspect of the drug material, which are described

below .7

1. Particle size

It is obvious that the process of dissolution develops at the

particle surface of the drug material; as a result, the active
surface area of a substance can markedly affect drug disso-
lution. As a consequence, enhancement of the effective sur-

face area leads to an increase in dissolution rate of a
compound. Therefore, the high dissolution rate of a drug can
be attained via particle size reduction.

2. Aqueous solubility

There is a great variation in the affinity of compounds for
different solvents; for instance, sugar and salts freely trans-

form into solution form in water, while low water solubility
can be detected with mineral oil, which could be attributed to
the structural diversity of compounds.

3. pH of media

Since there are considerable variations in the pH of the GI
tract, beginning with the low pH of the stomach to the
slightly alkaline environment of the small intestine, extensive

focus on the pH aspect has been highlighted in the formu-
lation process of the oral dosage form. Basic drugs mimic
greater solubility in the acidic environment, whereas acidic

drugs are highly soluble in alkaline medium.

Polymorphism and solvate state

The ability of a compound to exist in various crystalline
forms is called polymorphism. The different polymorphs of a
substance may exhibit differences in physical properties such
as melting point, density, and solubility. Furthermore, some

compounds may present in a solvate state, existence of sol-
vent or water in drug molecules, which markedly affects the
solubility properties of these materials.
The biopharmaceutical classification system

Hydrophilicity and lipid solubility features of compounds

are two basic requirements for a drug substance to reach
blood circulation, allowing exploration of drug action to be
achieved.4 All drug materials do not possess a high level of
solubility and optimum membrane permeability profiles;

thus, the Biopharmaceutical Classification Scheme (BCS)
was developed by Amidon and his colleagues as an attempt
to classify drug compounds according to solubility and

permeability properties.8 In addition, this classification
scheme is efficiently used in the drug development process to
categorize a new active agent from the initial steps of the

process and is markedly implicated in the determination of
proper dosage form for new chemical entities.

Biorelevant media e simulated intestinal fluids

The drug development process is composed of several parts,
and formulation design is considered an important part of the
process. During dosage form design, the in vitro-in vivo corre-
lation is potentially involved in the investigation of dissolution

rate of a new candidate drug and correlate the attained data
from in vitro study to assume in vivo response.8 The medium of
GI tract is described as a multicomponent fluid rather than

clear aqueous environment, which consists of ingested food,
various digestive enzymes, and natural surfactant. The
constituent of GI fluid has been studied by Dressman9 and

co-workers in different conditions to develop a medium that
simulates the GI environment. The authors proposed that
preparation of biorelevant media requires the addition of bile

salt and lecithin with implication of glycerol, fatty acids, and
triglyceride for the simulation of fed state, whereas preparation
of medium simulating fasted condition needs fewer quantities
of these compounds. Another factor that should be taken into

account during development of dissolution media is the pH
variation of GI fluid.

Furthermore, different parameters change between the

fasted condition of GI tract and fed state. Similarly, many
changes can be observed between stomach medium and in-
testine environment such as pH, concentration and occur-

rence of surfactant, osmolality aspect, enzymatic agents, and
rheological properties of the medium. Consequently,
designing medium for testing the drug dissolution rate
should be similar to the normal physiological environment.10

Therefore, many experiments have been conducted to
develop dissolution medium that simulates the GI condition;
these studies recommended that the addition of surfactant,

sodium lauryl sulfate for instance, is needed to design fasted
dissolution medium in order to reduce the surface tension,
similar to the biological environment.9e12 Despite these

developed media, it was later confirmed that they do not
fully simulate gastric dissolution because of the greater
concentration of the containing surfactant.12 Thus,

Vertzoni and colleagues designed Fasted Stated Simulated
Gastric Fluid (FaSSGF) throughout the use of pepsin and
low amount of natural surfactant and lecithin.13

Regarding simulated intestinal fluid (SIF), in the initial stage

the USP Simulated Intestinal Fluid with optimization, the
mediumpHat 6.8was applied for the dissolution study.14After
extensive research by Dressman et al.,9 biorelevent media

representing various states of the upper part of small intestine
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have been developed that comprise both fed State Simulated
Intestinal Fluid (FeSSIF) and FaSSIF.

Viscosity

Rheology is an essential aspect of the processing and

performance of pharmaceuticals. The rheological property
of dissolution media is an important biological parameter
that is greatly influenced by food intake; thus, it is essential

to evaluate this feature, as it may affect dissolution rate of
oral medications.15 The exact definition of viscosity is
resistance of liquid to flow; fluid with greater viscosity has
higher resistance.6 As rheological properties can have

notable effects on the consistency of the final product as
well as its smoothness, different characteristics can
markedly affect several elements, bioavailability, product

stability, and patient perspective.16 Consequently, the
assessment of rheological properties of final drug product
is considered a fundamental prerequisite in pre-marketing

quality control.6

Naproxen belongs to class II BCS, which has features of
high permeability and poor water solubility. Therefore, this

drug has solubility issues, which influences its
bioavailability.17 As a result, naproxen is considered a suitable
drug to study the effect of viscosity on drug bioavailability.

The aim of this study was to assess the impact of viscosity

elevation on the dissolution process of orally formulated
drugs. Naproxen was chosen as the investigational drug to
determine the effects of changing rheological properties on

drug dissolution.

Materials and Methods

Materials

Naproxen (meets USP testing applications), xanthan gum
(from Xanthomonas campestris), pectin (from apple), car-

boxy methylcellulose (meets USP testing applications), and
guar gum were obtained from SigmaeAldrich (St. Louis,
MO, USA). The surface active agent, sodium dodecyl sulfate
(SDS), was purchased from Alfa Aesar Chemicals (Haver-

hill, MA, USA). Naproxen 250 mg tablets were ordered from
a pharmacy.

Naproxen

Naproxen is a non-steroidal anti-inflammatory drug that
belongs to the arylacetic category of cyclooxygenase in-

hibitors. It is broadly prescribed for the treatment ofmoderate
to severe levels of pain in various clinical issues, particularly
rheumatoid arthritis. However, from a formulation point of

view, this compound has low level of solubility in aqueous
media and high permeability properties.18 Consequently, the
drug is categorized as BCA Class II.

Methods and equipment

Calibration curve construction and lambda max (lmax)

measurement

Generally, ultraviolet (UV)/visible spectrophotometry

and high-performance liquid chromatography (HPLC) are
two major analytical procedures involved in the assessment
of drug solubility and dissolution profiles. The most preva-

lent and applicable technique for quantitative analysis is the
UV method, which is widely applied in pharmaceutical
research.19 This type of analytical procedure depends on the

determination of absorbed light by drug molecules in an
investigated sample solution; thus, the measurement of
concentration can be readily performed using Beer

Lambert’s Law, which is presented in the below equation:

A ¼ εbc,

where A is absorbance, ε represents molar absorptivity of the
absorbing species, c is concentration, and b is path length of
the sample.

Practically, with the implication of calibration curve, the
amount of solute can be easily calculated. The technique
includes plotting many concentrations versus their absor-

bance, and throughout use of the obtained graph, the con-
centration of solute in a sample can be easily determined.
Lambda max (lmax) is a wavelength used to explore the high
absorbance of drug particles on the UV spectrum. Exclusion

of solvent, which is to dissolve drug particles, interference
absorption with the solute particle is an essential element and
methanol is generally considered a suitable vehicle for most

drugs.20

Regarding the laboratory procedure, a stock solution of
naproxen was prepared by dissolving 10 mg naproxen pow-

der in 10 mL methanol to produce a stock solution of 1 mg/
1 mL. Then several dilution factors were performed from the
stock solution to prepare different solutions at different

concentrations. Thereafter, the obtained solutions were
scanned over a 200e400 nm range by employing the Jenway
7315 spectrophotometer to measure lmax and the initial
concentration for construction of the calibration curve. As a

result, the best dilution factor was determined to produce
stock drug solutions of 32 and 46 mg/mL. Consequently,
serial dilution was attained for the construction of naproxen

calibration.

Preparation of media

The aim of this experiment was to assess the effect of
rheological alteration due to food ingestion on drug solubi-
lity and dissolution rate, and the medium of interest was

FeSSIF. Preparation of the medium was according to the
procedure proposed by Dressman9 and colleagues; however,
SDS was used instead of bile salt due to economic reasons.

Since the pH aspect should be taken into account, the
solution pH was optimized to 5.0 � 0.05 with 1 N HCl or
1 N NaOH. When blank medium was prepared, 2.95 g

lecithin and 8.25 g SDS were added to the mixture with
continuous stirring. The obtained admixture was
suspended on a magnetic stirrer for 4 h to produce a
micellar solution that was clear to marginally cloudy, and

the obtained preparation was stored in the fridge.

Polymer solution preparation

Various polymeric substances were used in this study,

namely, pectin, carboxy methylcellulose, guar gum, and



Figure 2: Chemical structure of naproxen.
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xanthan. During the study, two polymeric concentrations
were used for each polymer: 0.5% and 1%, in FeSSIF. The

following preparation procedures of all solutions were con-
ducted at room temperature.

1. Two different weights, 0.5 and 1 g of each polymer pow-
der, were weighed on a sensitive balance.

2. The weighed compounds were gradually added to a

beaker containing 100 mL investigational medium fol-
lowed by continuous stirring of the mixture with the use of
a glass rod.

3. To get rid of the sources of contamination, the obtained
admixtures were covered and the complete hydration of
polymeric substances was attained by storing the prepa-

rations for 24 h at room temperature, leading to dissolu-
tion of the polymer.

4. The pH was adjusted to 5.0 � 0.05 using the calibrated
Mettler Toledo pH meter.

Viscosity determination

The used viscosity enhancers in this study do not follow
the Newtonian fluids law and therefore a proper kind of

viscometer should be selected. One precise viscometer that is
applicable for the evaluation of rheological properties of
different liquid properties is the Brookfield viscometer,
which is provided by the Brookfield Engineer of Labora-

tories Inc. The model type of the evolved viscometer for the
assessment of the prepared solutions viscosity was the cup
and bob geometry. Temperature consideration is one of the

intrinsic elements that can severely affect viscosity mea-
surement. Therefore, all processes of viscosity investigation
were performed at room temperature to exclude the impact

of temperature. Furthermore, pH can also affect the readings
of viscosity, and consequently the rheological properties of
the prepared solutions were measured at two distinct pH
conditions (5 and 7) to determine their effects on the

viscosity.
The viscosity measurement was initiated by adding

100 mL of the prepared polymer solution into a 100 mL

beaker with a small dimeter. Then the sample was suspended
on the viscometer and the device was turned on. The fixed
reading shown on the screen was recorded for each polymer

solution.

Solubility tests

Solubility tests were done using the incubator shaker
technique at room temperature. The process included the
addition of excess drug material to 5 mL test media in a glass
vial. The drug powder was uniformly distributed throughout

the investigated viscous media using a glass rod. Thereafter,
all test vials were covered to eliminate any sources of
contamination and suspended on a shaker for 24 h. After

shaking, the specimens were removed from the shaker and
evaluated to assess the dissolution state of the tested drug
substance. The content of each vial was transferred to a test

tube for centrifugation, which was set at 3500 rpm for
20 min. A 3 mL micropipette was used to collect the super-
natant from each vial. Eventually, the obtained samples were
diluted with suitable media and analyzed using a UV
spectrophotometer.

Dissolution tests

The dissolution determinations were performed using the

Caleva dissolution tester, which is apparatus 2 of the USP
dissolution test rotating paddle method. The temperature
aspect was set at 37 �C using a water bath and the speed of

rotating paddles was 50 rpm. The process included the filling
of a round dissolution vessel with 200 mL of the investigated
media and a table of the examined drug was positioned at the
bottom of the round vessel after the fixation of rotating

paddles level. Thereafter, the process was initiated
throughout collection of 5 mL of each investigated media at
predefined time intervals (5, 15, 20, 30, 45, 60, 90, and

120 min). At each time point after the samples were taken,
5 mL fresh media was added to the dissolution vessel to
maintain the volume of studied media at a constant level.

Then the collected specimens were first exposed to the
centrifugation process to facilitate the next step, which was
filtration. Eventually, analysis of the samples was performed

with a UV spectrophotometer (see Fig. 2).

Findings and study of data

Measurement of l max and the construction of calibration
curves

The lmax was assessed in methanol medium, which is used
for most drugs, and the peak absorbance of naproxen was

detected at 232 nm. Then the absorbance of serially diluted
samples was recorded and the attained readings was plotted
against their corresponded concentration to construct cali-

bration curves, which is presented in Figure 3. A linear
relationship was noted between absorbance and
concentration (see Fig. 4).

Viscosity assessments

The rheological properties of prepared polymeric solu-

tions, pectin, xanthan, guar gum, and sodium carboxy
methylcellulose at different concentrations were assessed at
two distinct pH values (5 and 7) using the Brookfield
viscometer. The polymeric materials were solubilized in

FeSSIF. It is worth noting that increasing the concentration
of polymer solutions from 0.5% to 1% led to a significant



Figure 3: Calibration graph of various concentrations of naproxen versus their corresponding absorbance (n ¼ 3, mean � standard

deviation).
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rise in the viscosity of the solutions. However, the findings

showed that the rheological properties of all FeSSIF based
media were markedly affected by pH alterations; for
instance, there was a notable increase in the viscosity of 0.5%

pectin between pH 5 and 7, which was 45.6 and 108 cp,
respectively. In addition, greater viscosity was recorded with
guar gum in FeSSIF-based medium at pH 5, whereas the

lowest viscosity was reported with pectin solution at the same
pH conditions.

Solubility test

Solubility measurement was first performed in FeSSIF
medium alone without inclusion of viscosity enhancer agents
to determine the solubility of naproxen in the medium, and it

was found that the saturation solubility of the drug was
(316 mg/mL) at pH 5. Naproxen was evaluated in FeSSIF
including two distinct potencies of plyometric materials,
Figure 4: Measurement of naproxen dissolution profiles in FeSSIF-ba

viscosity enhancing agents, namely, carboxy methylcellulose (Car), pe
0.5% and 1%. The saturation solubility of the tested medi-

cation was reduced in FeSSIF medium co-existing with
polymer compounds.

Depending on statistical analyses, the induction of poly-

meric compounds led to an observable decline in drug solu-
bility, with the exception of 0.5% guar gum medium.
However, alteration in the concentration of viscosity enhancer

agents considerably affects the drug solubility; for example,
duplication of xanthan concentration resulted in a 52%
reduction in naproxen solubility. Only FeSSIF medium con-
taining pectin showed greater solubility naproxen with a rise in

the polymer concentration. Additionally, the greatest decline
in drug solubility was reported with 1% of xanthan solution.

Dissolution tests

Dissolution assessment was performed in FeSSIF alone
and also with the addition of polymer compounds. The pH of
sed medium and FeSSIF-based media containing 0.5% of various

ctin (Pct), guar gum (Gur), and xanthan gum (Xan).
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the tested media was set at 5, and only FeSSIF-based media
containing 0.5% concentration of polymeric materials was

selected to assess the drug dissolution profiles. Furthermore,
assessment of the drug dissolution rate was carried out at two
distinct time point, t15 and t90, to obtain more understand-

able data. The percentage of naproxen release at t15 in
FeSSIF-based media was 25.7% in the absence of viscosity
enhancer agents, whereas the amount of the drug release in

media containing xanthan and guar gum was 0.3% and
1.9%, respectively. However, the portion of the drug release
in media incorporating pectin and sodium carboxy methyl-
cellulose was 22.3% and 25% accordingly. The greater

decline in naproxen release was shown with xanthan solu-
tion, only 0.7% at t90, and in the case guar gum medium was
5.2%, whereas reduction in naproxen solubility in the pres-

ence of pectin and sodium carboxy methylcellulose was 40%.
On the other hand, roughly 50% of naproxen was released at
t90 in FeSSIF.

Discussion

Viscosity aspect and naproxen consideration

Meal constituents, rheological properties of luminal fluid
and/or a particular window of drug adsorption are all factors
that affect how food changes drug absorption in vivo. The
viscosity of GI fluid is markedly altered by food intake,

which is substantially dependent on the meal content and
location along the GI tract. The alteration in drug dissolu-
tion and absorption due to food viscosity is significantly

correlated with the type of viscosity promoting agent, degree
of rheological changes, and the window of drug absorption.
For example, the consumption of meal containing high

amount of hydrophilic fiber can affect absorption of some
drugs whereas it has no impact on other drugs.21

lmax measurement and calibration curve construction

Methanol was used as a solvent for the preparation of
calibration curves, which was the most applicable solvent for
various drugs. First, lmax was monitored in a methanol-

based preparation and the peak absorbance of naproxen
was 232 nm. However, when FeSSIF-based medium con-
taining naproxen substance was assessed, there was a sig-

nificant shift in lmax, from 232 nm in methanol-based
medium to 274 nm in FeSSIF preparation. This shifting
criterion is called bathochromic shift, which is a shift in

shorter wavelength to longer. The main reason behind this
change in lmax of naproxen can be ascribed to alterations in
the polarity of applied media; water is the applied solvent for

the preparation of FeSSIF, which is considered more polar
than methanol. This outcome is in accordance with an
experiment conducted by Bani-Yaseen et al.22 on the photo
physicochemical characteristic features of fluoroquinolones.

El-badrawy and colleagues reached the same finding during
the study of solvent effects on the UVevisible absorption of
some new chemicals.23
The viscosity stimulator agents

Since the aim of this experiment was to evaluate the effect

of rising viscosity by ingested food stuff on the process of
drug release in the GI tract, three distinct kinds of natural
viscosity inducers, xanthan, guar gum, and pectin, were
selected to simulate foodstuffs. However, sodium carboxy

methylcellulose, which is a synthetic polymer, was also
applied in this study.

The rheological features of the evolved polymer sub-

stances were evaluated in FeSSIF and at two distinct pH
conditions, 5 and 7. Obviously, elevation of polymer con-
centration leads to an increase in viscosity of the polymer

solutions. However, the range of increasing viscosity dif-
fers among the used viscosity enhancer agents. In addition,
it was observed that the viscosity of polymeric substances

in FeSSIF media was significantly greater, which can be
attributed to the occurrence of lecithin and SDS in the
FeSSIF admixture. These findings are in accordance with a
study conducted by Tung et al.,24 which evaluated the

effect of micellar framework on viscosity and showed
that lecithin solution led to a five-fold elevation in vis-
cosity via supplementation of bile salt because of micelles

creation.
Regarding the effect of pH aspect on FeSSIF-based

polymer, it was found that elevation of pH led to an in-

crease in the viscosities of the vast majority of polymer so-
lutions, with the exception of 0.5% xanthan and 1% guar
gum. Silva et al.25 showed that the addition of SDS to
hydroxyl propyl methylcellulose (HPMC) solution resulted

in molecule aggregation around HPMC. Consequently, the
swelling of HPMC was observed because of the negative
charge repulsion between the surface active agent and

polymer chains, leading to an increase in viscosity to a
particular point and critical aggregation concentration.
Thereafter, the viscosity started to decrease due to greater

electrostatic repulsion, exposing polymeric molecule
shrinkage. Depending on this outcome, carboxylic groups
on the polymer chain non-ionized form at low pH condi-

tions due to lower negative charge repulsion with SDS
molecules leads to viscosity reduction of the solution. As a
result, greater viscosity can be reported with higher pH.
However, the reduction of 1% guar gum viscosity might be

ascribed to greater electrostatic repulsion during duplication
of the polymer concentration.

Solubility measurements for naproxen in FeSSIF-based
media

Viscosity aspect can be accounted for the main reason of

decrease in drug solubility, since FeSSIF-based preparations
show higher viscosity. In addition, when viscosities of poly-
mer solutions were elevated, higher decline in naproxen
solubility was observed with most evolved solutions. The

most reduction in drug solubility was recorded with pectin
solutions, and this may be attributed to linear properties of
pectin molecules.26
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Dissolution determinations for naproxen in FeSSIF-based
media

A great decline in naproxen release was observed with
FeSSIF-based media comprising polymer substances. The in-
clusion of the hydrophobic moiety of pectin and carboxy
methylcellulose by SDS reduces the interference ability of

polymeric substances with naproxen
dissolution.27,28 Consequently, the higher dissolution rate of
the drug can be detected with pectin and carboxy

methylcellulose dissolved in FeSSIF. However, formed
micelles in test solutions of xanthan and guar gum do not
show significant effects on the polymeric compounds.

Therefore, great reduction in the drug release noted with
xanthan and guar gum solutions.

The rate of drug release can be markedly influenced by

viscosity aspect.29 In this study, the obvious reduction of
naproxen release was detected. This decline in drug
dissolution rate can be attributed to the ability of
polymeric compounds to produce a coat layer surrounding

naproxen tablets and thereby inhibition of the solvent
diffusion to the drug compound. The mechanism of this
criterion can be explained via implication of Noyes and

Whitney equation after further medication of the equation
by Levich and Nernst-Brunner30:

d Xd

dt
¼ A D

d

�
Cs

Xd

V

�

where A is the effective surface area of the drug substance, D
represents the diffusion coefficient of the drug, d symbolizes

the thickness of diffusion boundary layer, Cs refer to the
saturation solubility of the drug in intestinal lumen, Xd is the
amount of medication in solution state, and V is the volume

of the dissolution media.
The rising of viscosity throughout the addition of various

polymeric substances leads to reduction of the diffusion co-

efficient (D), and as a result, a greater decline in dissolution
rate of naproxen was detected with increasing the viscosity of
evolved dissolution media.

Furthermore, the differences in impacts of viscosity

inducer agents in the reduction of naproxen dissolution rate
can be linked to variation in the capacity of polymeric
compounds to build a barrier layer. Different viscosity en-

hancers have various physiochemical properties, for
instance, the degree of hydration, coil overlap concentration,
and form of polymer chain.26

Moreover, the incorporation of viscosity enhancer agents
in the applied dissolution media not only increases the vis-
cosity of the investigated media but also interferes with the

drug dissolution rate. Guar gum and xanthan gum are hy-
drophilic polymers with high molecular weights, and as a
result, the polymers have the ability to form a thick hydrate
layer upon being present in the hydrophilic solvent. Conse-

quently, the higher reduction of naproxen dissolution rate
was recorded with guar gum and xanthan.31,32
Conclusion

The concomitant administration of oral drugs with food
intake can result in a considerable alteration in the drug
release process by affecting various physiological parame-
ters. The rheological properties GI fluid can be markedly

affected by food ingestion, which could influence drug
pharmacokinetic profiles.

In this experiment, four distinct kinds of viscosity stim-

ulator agents were solubilized in media to simulate foodstuff
impacts. Study outcomes explore that viscosity elevation
may negatively affect the drug dissolution process. However,

the extent of impact on solubility and drug dissolution rate
were different depending onmany factors, such type of tested
polymer and the selected concentration of the used viscosity
enhancer. This finding indicates that viscosity element is an

essential factor, which can affect the drug dissolution process
in GI fluid and its effects considerably depend on type of
ingested food. Consequently, viscosity aspect of designed

biorelevant for in vitro drug dissolution measurements is an
important consideration that required to be taken into ac-
count to simulate the biological conditions.
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