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According to the American College of Cardiology/American Heart Association (ACC/AHA), both aspirin
and statin are used in the primary prevention of cardiovascular diseases. Aspirin (ASA) is contraindicated
if there is gastrointestinal bleeding because it will exaggerate the condition. In this study, the effect of
surfactant; sodium lauryl sulfate (SLS), in enhancing the in vitro dissolution of simvastatin (SIM) and
ASA, as well as gastric irritation and upset, was studied. Oral tablets containing both ASA and SIM with
and without the SLS were manufactured using the direct compression technique. The prepared tablets
were characterized with respect to hardness, friability, uniformity of dosage units, in vitro disintegration,
and dissolution. The effect of the addition of SLS in reducing the in vivo irritation and protection of gastric
mucosa were also investigated. The results showed that the compressed tablets possessed sufficient
hardness, acceptable friability, and are uniform with respect to disintegration, drugs contents, and tablet
weight. The results showed that SIM alone exhibited a gastroprotective effect on the induced irritation. In
addition, the incorporation of the SLS in the tablets containing SIM and ASA significantly enhanced the
dissolution rates of both drugs and significantly decreased the gastric irritation and the ulcer index.
The ulcer index of aspirin was decreased from 2.3 for tablets manufactured without SLS to 0.8 for tablets
containing SLS. In a conclusion, the addition of pH modifier surfactant; SLS could enhance the dissolution
rate of poorly soluble acidic drugs, reduce gastric upset and irritation without any effect on the main
characters of the tablets. Moreover, the addition of SLS is very useful in improving the therapeutic activ-
ities and reducing the side effects of ASA and SIM for patients who require long-term administration of
these drugs.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases (CVDs) are considered one of the
primary causes of death globally. According to World Health Orga-
nization (WHO) survey in 2019, 32% of death in that year is due to
CVDs (cardiovascular diseases, WHO, 2021). Several risk factors
can act as a determinant for CVDs. These are smoking and alcohol
consumption, obesity, and overweight. These factors, separately or
collectively, may lead to some chronic disease such as hyperten-
sion, diabetes, high cholesterol level which all leads to the end of
CVDs (cardiovascular diseases, WHO, 2021). Moreover, several
studies showed that the mortality rate due to coronary artery dis-
ease is higher in diabetic patients than in non-diabetic patients
(Wienbergen et al., 2008). American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) provides protocol guidelines for
primary prevention of CVDs and they recommend the use of statin
with a small dose of ASA (Arnett et al., 2019). Simvastatin is a
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Table 1
Composition of different tablet formulations containing SIM and ASA.

Ingredient Weight (mg)

SA Tablets (without
SLS)

SAS Tablets (with
SLS)

Simvastatin (SIM) 20 20
Aspirin (ASA) 81 81
Sodium Lauryl Sulfate

(SLS)
– 1

Magnesium stearate 2 2
Avicel pH 101� to 200 mg to 200 mg
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member of the statin group, which is classified as b-Hydroxy b-
methylglutaryl-CoA (HMG-CoA) reductase inhibitors that inhibit
the synthesis of cholesterol. High cholesterol level is one of the risk
factors in the development of CVDs. A low dose of aspirin acts as
antiplatelet aggregation by irreversibly acetylating the active site
of cyclooxygenase-1 (COX-1), which is required for the production
of thromboxane A2, a powerful stimulus of platelets aggregation
(Arnett et al., 2019). For the primary prevention, ASA was benefi-
cial in reducing the first cardiovascular disease by 26% in an elderly
woman while statins reduce the cardiovascular risk by 37%. A
meta-analysis done by Hennekens et al. (2004) showed that combi-
nation therapy of the hypolipidemic agent; SIM with ASA had a sig-
nificant effect in reducing the CVDs. More interestingly, aspirin
provides an additional 24% reduction in CVDs when added to sim-
vastatin monotherapy.

For the development of oral dosage forms, the researchers
should provide great attention to the API aqueous solubility and
its dissolution. The aqueous drug solubility is the rate-
determining step in the dissolution process of poorly soluble drugs,
and consequently, affects their absorption and bioavailabilities
(Alshora et al., 2016). According to Noyes–Whitney equation (Eq.
(1)), the dissolution rate is depending mainly on the surface area
(S), saturation solubility (Cs), and concentration of the drug in
the bulk fluid (C).

dc
dt

¼ DS
h

ðCs � CÞ ð1Þ

Additionally, modifying the pH of dissolution fluid could alter
the surface saturation solubility (Cs) and finally affect the dissolu-
tion behavior of drugs with pH-dependent solubility. Modifying
the pH of the environment surrounding the drug could increase
or decrease the saturation solubility of the drug depending on
the physicochemical properties of the drug (Martin, 1993). Based
on these facts, introducing a pH modifier in an oral solid dosage
form containing weakly acidic or weakly basic drugs could pro-
mote the dissolution throughout the gastrointestinal tract by
reducing the degree of supersaturation and thus decrease the rate
of crystallization in the microenvironment (Badawy and Hussain,
2007). Moreover, the incorporation of a solubilizing agent within
the solid dosage form, which increases the microenvironment pH
to be higher than the pKa of the drug, will increase the solubility
of the weakly acidic drug such as SIM and ASA (Gouardhane
et al., 2014)

Sodium lauryl sulfate (SLS) is an anionic surfactant, which is
categorized as Generally Regarded as Safe (GRAS) excipient accord-
ing to the FDA database and EMA (European Medicine Agency,
2015). SLS is mainly used as a lubricant and wetting agent in solid
dosage forms. SLS acts also as a wetting agent with alkalinizing
properties, as it has a pH range from 7 to 9.5. Therefore, incorpora-
tion of a small amount of SLS in semi-solid and solid preparations
may slightly raise the pH of the final preparation during drug dis-
solution from the dosage form (European Medicine Agency, 2015).
SLS is adopted in several functional uses in pharmaceutical formu-
lations as an emulsifying agent, release modifying agent, penetra-
tion enhancer, solubilizing agent, tablet, and capsule lubricant
orally. In addition, it is used externally in several cosmetic prepa-
rations such as skin cleansers, mouthwashes, and shampoos
(European Medicine Agency; EMA, 2015). Moreover, SLS is widely
used as a solubility and dissolution rates enhancer for poorly
water-soluble drugs. Cyclosporin A was dispersed in a system con-
taining SLS and dextrin to improve its bioavailability (Lee et al.,
2001). It was observed that incorporating SLS with a certain con-
centration significantly promotes the dissolution rate of the drug
to reach 100% after 30 min compared with 30% only for pure drugs
(Lee et al., 2001). Several researchers found that incorporating a
surfactant in the formulation could have an enhancing effect on
636
the dissolution of poorly water-soluble drugs (Nokhodchi et al.,
2002; Taupitz and Klein, 2013; Desai et al., 2014; Alizadeh et al.,
2018).

As mentioned previously, the long-term oral administration of
SIM and ASA, as poorly water-soluble and weakly acidic drugs,
can cause gastrointestinal irritation and ulcer. Several techniques
have been developed to enhance solubility and consequently
reduce their gastrointestinal side effects. Co-crystal formation of
aspirin with valine was found to enhance the dissolution rate sig-
nificantly where 100% dissolution was reached after 1 h compared
to only about 59% dissolution was observed for pure drug
(Shanthala et al., 2021). Chaudhari et al., (2015) showed that the
dissolution rate of aspirin prepared by solid dispersion (fusion
method) using polyethylene glycol (PEG 6000) as a carrier was
enhanced compared to the physical mixture and untreated drug
(Chaudhari et al., 2015) Simvastatin (SIM) is an anti-
hyperlipidemic drug belongs to statin group. It is classified as a
Class II drug, according to the Biopharmaceutical Classification Sys-
tem (BCS), which means that the drug is characterized by high per-
meability and low solubility. The oral bioavailability of the drug is
less than 5% which is due to its poor water solubility (Schachter,
2005). Accordingly, enhancement of the aqueous solubility of
SIM will improve the drug bioavailability. Different methods and
techniques have been applied to significantly promote the dissolu-
tion rate of the drug (Margulis-Goshen and Magdassi, 2009; Jiang
et al., 2012).

The current study is aiming to formulate and evaluate directly
compressed tablets containing ASA and SIM and incorporate SLS
as an alkalinizing agent to enhance the dissolution rates of the
two acidic drugs and at the same time, increase the pH of the
media and thus decrease the irritation caused by the two APIs.
The prepared tablets will be tested in vitro for uniformity of weight
and drug content, hardness, friability, disintegration, and dissolu-
tion. Additionally, in vivo studies including gastric irritation,
histopathology and immunohistochemistry, and morphometric
analysis will be performed.
2. Materials and methods

2.1. Materials

Simvastatin (SIM) was obtained from Riyadh Pharma Pharma-
ceutical Company, Riyadh, KSA. Acetylsalicylic acid; Aspirin (ASA)
was obtained from Fluka (Buchs SG, Switzerland) Sodium lauryl
sulphate (SLS) was purchased from WINLAB, Leicestershire, UK.
Microcrystalline cellulose (Avicel� PH101) was purchased from
Serva Feinbiochemica (Heidelberg, Germany). Magnesium stearate
was purchased from Riedel-de Haën (Seelze, Germany). Potassium
dihydrogen orthophosphate and Disodium hydrogen phosphate
were purchased from Merk, Darmstadt, Germany.
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2.2. Methodology

2.2.1. Direct compression of tablets containing SIM and ASA
Table 1 shows the composition of the directly compressed

tablets containing SIM and ASA with and without SLS. The formula
weights of SIM, ASA, Avicel PH101 with and without SLS were
weighed accurately and blended for 10 min using a Turbula mixer
(Erweka, S2Y, Heusenstamm, Germany). Thereafter, the lubricant
(magnesium stearate) was added to the powder mix and further
mixed in the Turbula mixer for 2 min. Finally, the powder mix
was compressed into tablets weighing 200 mg using Korsh single
punch machine (Erweka, EKO, Germany) with 9 mm shallow con-
cave punches.

2.2.2. Evaluation of the prepared tablets
2.2.2.1. Weight variation. Ten tablets from each formulation were
weighed individually (Analytical balance, Shimadzu, EB-3200D,
Tokyo, Japan) and the average weight, the standard deviation
was calculated.

2.2.2.2. Uniformity of drug content. Ten directly compressed tablets
weighing 200 mg and containing 81 mg ASA and 20 mg SIM were
accurately weighed, finely powdered, and transferred into a
250 mL volumetric flask. About 20 mL methanol was added, and
the dispersion was sonicated for 30 min. Thereafter, the volume
was completed using phosphate buffer (pH 6.8) and was then son-
icated and filtered. The drug content was determined spectropho-
tometrically at 268 nm for ASA and 238 mm for SIM. The test was
performed and repeated in triplicates.

2.2.2.3. Hardness. The braking force was determined with the Hard-
ness Tester (Pharma test GmbH, Hainburg, Germany). Ten tablets
(with known weight and thickness) were selected from each batch
and the average hardness, the standard deviation was reported.

2.2.2.4. Friability. The friability of the manufactured tablet was
measured per USP30-NF25. Twenty tablets were cleaned, weighed
(W1), and loaded to the friabilator (Erweka, TA3R, Heusenstamm,
Germany) that was rotated at a constant speed (25 rpm) for
4 min. At the end of the rotation time, the tablets were brushed
to remove fines, and reweighed (W2). The friability % was calcu-
lated from the equation

%Friability ¼ W1�W2ð Þ
W2

� 100
2.2.2.5. In vitro disintegration. The USP30-NF25 guidelines for the In
vitro disintegration test were followed. One dosage unit was placed
into each of the six tubes of the basket (Electrolab, ED-21, Mumbai,
India). The apparatus was operated, using phosphate buffer (pH
6.8) as the immersion fluid, maintained at 37 �C ± 2 �C. Disintegra-
tion time was reported when no tablet residue is left, and the stan-
dard deviation of six tablets was calculated.

2.2.2.6. In vitro dissolution studies. USP dissolution apparatus II,
paddle method, (Caleva Ltd., Model 85 T) with a continuous auto-
mated monitoring system, was used to perform the in vitro disso-
lution test in triplicate. This system consists of an IBM computer
PK8620 series and PU 8605/60 dissolution test software, Philips
VIS/UV/NIR single beam eight cell spectrophotometer Model PU
8620, Epson FX 850 printer, and Watson-Marlow peristaltic pump
using in each flask a 500 mL 0.1 N HCl, pH 1.2, 4.6, and 6.8. The
temperature was maintained at 37 ± 0.5 �C and the dissolution
media were stirred at 100 rpm. At preplanned times intervals (5,
10, 15, 20, and 30 min), the absorbance was recorded automatically
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at 268 nm for ASA and 238 mm for SIM nm, and the percentage of
drug dissolution was determined as a function of time. The disso-
lution efficiency (DE%) was calculated using a trapezoidal rule, by
measuring the area under the dissolution curve at a time and
expressed as a percentage of the area of the rectangle described
by 100% dissolution in the same time (Khan, 1975).

2.2.2.7. Calculation of f1 and f2. The dissolution profiles will be com-
pared to each other in a pairwise model (Moore and Flanner, 1996).
The difference factor (f1) and the similarity factor (f2) will be
calculated.

The f1 calculates the percent difference between the two disso-
lution profiles at each time point. As the value of f1 is close to zero
(0), this indicates the difference between the two dissolution pro-
files and can be calculated as follow:

f 1 ¼
Pn

t¼1 Rt � Ttj jPn
t¼1Rt

� �
ð3Þ

While f2 measure the similarity between the two dissolution
profiles. As the value of f2 is close to 100, this indicates the similar-
ity of the profiles. The f2 can be calculated as follow:

f2 ¼ 100ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ

Pn

t¼1
ðRt�TtÞ2
n

r
2
664

3
775

where n is the number of time points, Rt is the mean dissolution
value for the reference product at time t, and Tt is the mean disso-
lution value for the test product at that same time point (Zayed,
2014).

2.2.3. In vivo anti-ulcer activity
Thirty adult male Sprague Dawley rats were obtained from

Assiut University Animal House, Assiut. Food was not allowed for
18–24 h before the experiment water access was free. The rats
were randomly assigned into five groups, each group consisting
of 6 rats, and the treatment was given by gastric tube. The stom-
achs were removed after the rats were sacrificed and opened along
the greater curvature. The animal study protocol followed the
‘Guide for Care and Use of Laboratory Animals of the Laboratory
Animal Centre at the College of Pharmacy at Al Azhar University
(Assiut, Egypt). The study protocol was approved by Al Azhar
University Ethical Committee for Experimental Animals (IRB
approval number: ZA-AS/PH/7/C/2021). Group I (control gp)
administered Saline solution daily for 7 days. In Group II (ASA
GP), the rats were administered aspirin in a dose of 350 mg/kg
and started on the 5th day of the experiment. The aspirin was sus-
pended in saline just before the administration (Clara et al., 2012).
In Group III (SIM gp), the rats were administered SIM in a dose of
60 mg/kg daily for 7 days (Carvalho et al., 2016). Group IV (SA-
Tablets treated gp (without SLS)), each rat in this group was
administered 60 mg/kg of SIM for 7 days and on the 5th day of
the experiment, they will receive 350 mg/kg of ASA in concomi-
tants with SIM. In the fifth group (SAS-Tablets treated gp (with
SLS)), rats were given (2 cm) sodium dodecyl sulfate (Shay et al.,
1947) and (60 mg /kg) Simvastatin daily for 7 days, and the ASA
was added in the same regimen as gp II.

2.2.3.1. Sampling. At the end of the experimental period, blood
samples were collected, sera were separated by centrifugation
and stored at < -20�c until assaying of the cytokines. Rats were
anesthetized using diethyl ether, their stomach was fixed in 10%
formalin, embedded in the paraffin section for histopathological
and immunostaining.
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2.2.3.2. Methods

2.2.3.2.1. Determination of plasma TNF- a and IL-6 levels. Serum
samples were collected and centrifuged at 1000 � g for 10 min
at 4�C. The levels of IL-6 and TNF- were measured by ELISA using
rat TNF alpha ELISA Kit (ab46070) and rat IL-6 ELISA Kit:
ab100772).

2.2.3.2.2. Gross examination. After sacrificing the rats from dif-
ferent groups, the stomach of rats was removed and opened along
the greater curvature to assess the degree of damage and ulcera-
tion. Different parts of the gastric mucosa were grossly inspected
for the presence of various lesions to record their numbers and
severity.

The grade of lesions for each rat was scored according to the fol-
lowing ulcer score (MacAllister et al., 1997); 0 = no lesions, 1= (1–
2) superficial localized lesions, 2= (3–5) deep localized lesions, 3=
(6–10) Multiple lesions, 4= > 10 or deep hyperemic and/or dark-
ened diffuse lesions. The ulcer index for each group of rats was cal-
culated according to the following equation (Swarnakar et al.,
2005):

Ulcer index ¼ total ulcer score=number of rats

2.2.3.2.3. Histopathological examination. Sections of the stomach
flattened on a piece of photographic paper with mucosal surface up
containing lesions. Stomach fixed in 10% neutral buffered formalin
solution for 24 h. After fixation, all tissue samples were routinely
processed for conventional histopathological examination. Five-
micron sections were cut and stained with hematoxylin and eosin
stain (Bancroft and Stevens, 1982) for histopathological examina-
tion by light microscopy (CX31; Olympus, Tokyo Japan) and pho-
tographed using a digital camera (Toupview, LCMos10000KPA,
china) in the Photomicrograph Lab. of Pathology & Clinical Pathol-
ogy Department, Faculty of Veterinary Medicine, Assiut University
(Suvarna, 2018).

The microscopic findings for each group were presented in a
table to demonstrate the type of lesion, severity, and percentage
of animals.

2.2.3.2.4. Morphometric analysis. The H&E-stained slides of the
stomach in all examined rats were subjected to morphometric
analysis to measure gastric mucosa. The images were obtained
and measured digitally using an Axiostar plus microscope (Carl
Zeiss, Thornwood, NY, USA) interfaced with an Axiostar plus digital
camera and Axiovision 4.1 software (Carl Zeiss). For each rat mul-
tiple gastric segments were examined with a 10x objective lens
and photographs were taken and then 3 fields were selected for
analysis.

2.2.3.2.5. Immunohistochemistry examination. Paraffin sections
from the stomach were used for immunohistochemical detection
of Cox-1 at the end of the study. The tissue sections (3 lm thick)
were deparaffinized and washed by distal water. Heat-induced
antigen retrieval was applied in a water bath using citrate buffer
(pH 6) for 20 min. The endogenous peroxidase activities were
removed with 3% hydrogen peroxide (H2O2). Sections were then
incubated in primary antibody overnight at 4 �C in a humidified
chamber for Cox-1 (obtained from USBiological life sciences)
diluted in phosphate-buffered saline (PBS). The primary antibodies
were detected in all experimental groups. Econo Tek biotinylated
Anti polyvalent was applied and incubated for 30 min. Then the
sections were rinsed four times for 5 min each with Phosphate-
buffered saline, and the sections were incubated in Econo Tek
HRP Conjugate for 30 min at room temperature. A mixture of
DAB chromogen was visualized in the sections, and the DAB sub-
strate was then incubated for 10 min. Sections were washed with
distilled water then counterstained with hematoxylin and dehy-
drated and mounted. Positive immunoreactions looked at the
brown coloration. Negative controls were performed by neglecting
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the primary antibody, which resulted in negative
immunoreactivity.

3.6. Statistical analysis

The software Graphpad Prism version 5 (GraphPad Software,
CA, USA) was used for analyzing data. One-way analysis of variance
was performed to compare means among groups followed by
Tukey’s post-hoc test. Significance was considered at p-
value < 0.05.

3. Results

3.1. Tablet evaluation

Tablets containing 20 mg SIM and 81 mg ASA without SLS (SA-
Tablets) and with SLS (SAS-Tablets) were successfully prepared
using the direct compression method and were evaluated for
weight variation, content uniformity of the incorporated drug,
hardness, and friability. The obtained tablets’ evaluation results
are listed in Table 2.

3.1.1. Weight variation and content uniformity
The weight of SA-tablets prepared without SLS was 199.5 ± 7.

8 mg, while the weight of SAS-tablet containing 0.5% SLS showed
a weight of 205.4 ± 6.5 mg. Moreover, the commercial tablets
(Zocor�) showed an average weight of 200.0 ± 5.4 mg.

The content uniformity for SIM and ASA in the prepared tablets;
based on the calculation of acceptance value (AV) according to USP
Pharmacopeia, (USP 34) was performed, and the results are tabu-
lated in Table 2. The calculated AV values for the SA-Tablets for-
mula were 10.21 for SIM, and 12.76 for ASA. For SAS-tablets
containing 0.5% SLS, the AV values were 8.87 and 13.26 for SIM
and ASA, respectively. In addition, the AV for commercial tablets
product was 9.84. The obtained results for drugs content unifor-
mity for both APIs in the tested tablet formulations revealed AV
values less than 15, indicating that content uniformity meets the
criteria for 10 individual units in the first stage, L1 (USP 34,).

3.1.2. Hardness
The hardness of the SA-tablets formula was 6.87 ± 0.76 KP,

while that of the SAS-Tablets formula was 5.60 ± 0.51 KP, Table 2.
The results showed that SAS-Tablets formulations (that contain
0.5% SLS) exhibited a slightly low hardness value in comparison
to the hardness of SA-Tablets and commercial tablets (9.37 ± 0.37).

3.1.3. Friability
All tested tablet formulations, showed % friability less than 0.55,

Table 2, which meet the compendia guidelines.

3.2. In vitro disintegration

The in vitro disintegration of the prepared SIM-ASA tablets
using phosphate buffer (pH 6.8) was performed and the results
are shown in Table 2. The commercial SIM tablets disintegrated
within 217.33 ± 17.27 s, while the tested SAS-Tablets formulation
containing SLS disintegrated within 165.7 ± 5.7 s compared to 237.
4 ± 10.2 s for the tablet formula SA-Tablets.

3.3. In vitro dissolution

The in vitro dissolution of the prepared tablets containing SIM-
ASA combinations compared with the commercial product were
studied at three different pH values (1.2, 4.6, and 7.4), and the
obtained data are illustrated in Fig. 1a–c.



Table 2
Properties of different tablet formulations containing SIM and ASA.

Tablet Weight
(mg)

Content Uniformity
(AV)

Hardness (KP) Friability (%) Disintegration (s)

SA-Tablets 199.5 ± 7.8 10.21 (SIM) 6.87 ± 0.76 0.49 237.4 ± 10.2
12.76 (ASA)

SAS-Tablets containing 0.5% SLS 205.4 ± 6.5 8.87 (SIM) 5.60 ± 0.51 0.54 165.7 ± 5.7
13.26 (ASA)

Zocor� 20 mg 200.0 ± 5.4 9.84 9.37 ± 0.37 0.34 217.33 ± 17.27

Fig. 1. The in vitro dissolution profiles of treated SIM and ASA from SAS-Tablets
compared with its corresponding untreated drug and commercial product at three
different pH a) pH 1.2; b) pH 4.6; c) pH 6.8.
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In the acidic medium (pH 1.2), SIM exhibited very slow release
from commercial tablet products and tablets containing aspirin
combination in absence of SLS (SA-Tablets)). Only 5.22 % and
7.62 % of the loaded drug were dissolved during the first 60 min
from these formulations, respectively as shown in Fig. 1. Also,
aspirin exhibited slow in vitro dissolution from this tablet formula
where only 39.92 % of the loaded aspirin were dissolved after
60 min. Incorporation of SLS in the SIM-ASA tablet combination
(SAS-Tablets) resulted in enhancement of the dissolution of the
two API (ASA and SIM) in the highly acidic medium (pH 1.2) where
SIM and ASA showed 68.9% and 86.38% dissolution within the first
60 min respectively.

The in vitro dissolution rates of the two APIs in a medium of pH
4.6 followed the same pattern observed in the highly acidic med-
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ium (pH 1.2), but with a slight increment in the dissolution rates
in all tested formulas as presented in Fig. 1b. The results revealed
that 23.48% and 42.47% of SIM and ASA, respectively, were dis-
solved from the SA-Tablets formula. In the case of SAS-Tablets, a
tablet formula that contains SLS, enhanced dissolution rates were
observed for both APIs, in which 75.8% and 89.5% of the loaded
SIM and ASA were dissolved, respectively.

The in vitro dissolution of SIM and ASA from tablet formula
without SLS in pH 6.8 indicated a noticeable increase in the disso-
lution rates of the two APIs, in which 43.48% and 70.02% of the
loaded SIM and ASA were dissolved within 60 min, Fig. 1c.

The dissolution profile of SIM was compared to its innovator
product (Zocor) to determine the difference factor (f1) and the sim-
ilarity factors (f2) in three different pH as shown in Fig. 2. The
results showed that the f1 value was very high at pH 1.2 (565.9)
and decreased to 96.6 at pH 6.8. In the case of similarity factor f2,
the values reach 100 when the dissolution profiles are similar
and decreased when the dissimilarity increase. The f2 value for
SIM was less than 30 at different pH indicating the dissimilarity
between the dissolution profile between the treated and the mar-
keted product.

3.4. In-vivo anti-ulcer activity

3.4.1. Expression of TNF-a and IL-6 in plasma
The serum levels of TNF-a and IL-6 in different groups of rats

are shown in Fig. 3. The levels of TNF-a were significantly high
in the ASA administrated group compared with rats in the control
group and the ASA-SIM treated group. While there was no signifi-
cant change between ASA administrated group and the ASA-SIM-
SLS treated group. The IL-6 levels were significantly higher in
ASA administrated group in comparison with a control group and
ASA-SIM-SLS group. However, there was no significant change
between the ASA administrated group and the AS-SIM.

3.4.2. Gross examination
Gross examination of stomach sections of control rat which

consists of the forestomach and glandular stomach presented in
(Fig. 4). The mucosal surface of the forestomach showed normal
whitish-brown coloration, while the glandular part was divided
into the fundus with reddish mucosa and the pylorus as a relatively
whitish mucosa (Fig. 4a). Hyperemia, small hemorrhagic lesion,
necrotic foci, and ulcers were observed in the glandular part of
the stomach of the ASA administrated group (Fig. 4b& c). In the
SA-Tablets group, the wall of the forestomach was thicker than
usual, while, the glandular area showed slight hyperemia
(Fig. 4d). In addition, stomachs of the SAS-Tablets group showed
slight hyperemic glandular areas (Fig. 4e). Moreover, SIM treated
group showed no injury of the gastric mucosa (Fig. 4f).

The ulcer score and index of all gross lesions observed were
summarized in Table 3.

3.4.3. Histopathological examination
Microscopic examination of H&E stained tissue sections from

the stomach of the control rats’ revealed histological features of



Fig. 2. The difference factor f1 (a) and the similarity factor f2 (b) of treated SIM compared to commercial product Zocor�.

Fig. 3. TNF-a and IL-6 serum levels in different experimental groups, values are expressed as means ± SE (n = 7). P-value indicates significance at p � 0.05.
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the normal gastric mucosa (Fig. 5a). The gastric mucosa lined with
gastric epithelium exhibited normal architecture with gastric pits
(Fig. 5b). Histopathological examination of stomach sections from
the ASA administrated group at different parts of the glandular
gastric mucosa, mostly in the fundic and pyloric regions of the
stomach revealed extensive ulcerative and hemorrhagic gastric
changes in all 6 rats (Fig. 5c, d, and e). The whole mucosal surface
showed the presence of focal areas of deep ulcers including almost
the entire thickness of the mucosa; moreover necrosis and desqua-
mation of the lining epithelium of gastric glands (Fig. 5f). These
changes accompanied by vascular changes include hemorrhagic
inflammation characterized by interstitial hemorrhage infiltrated
with mononuclear inflammatory cells between gastric glands
(Fig. 5g). Intestinal inflammation also presented as the presence
of the focal area of mononuclear inflammatory cells between gas-
tric glands and muscular mucosae (Fig. 5h). The gastric glands lost
their normal histological architecture presented by vacuolar
degeneration of gastric epithelium of lower parts of gastric glands
associated with mucosal hyperemia (Fig. 5i).

Microscopic examination of tissue sections of the stomach in
the SA-Tablets treated group revealed that 5 examined rats out
of 6 showed intact gastric epithelium with mild gastric alterations
(Fig. 5j). These alterations were manifested by slight hyperemia in
mucosa with mononuclear cellular infiltration in the submucosa
(Fig. 5k, l). However, the SAS-Tablets treated group exhibited very
mild gastric changes. These changes are characterized by slight
desquamation of gastric epithelium accompanied by slight muco-
sal and submucosal hyperemia (Fig. 5m, n). Regarding the micro-
scopic examination of SIM, the group showed normal gastric
mucosa with normal gastric epithelium (Fig. 5o, p). The incidence
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of histopathological findings of the stomach in the experimental
groups is summarized in (Table 4).
3.4.4. Morphometric analysis
Data of the morphometrical analysis of the stomach in all

experimental groups confirmed the previously observed results
by H&E stained tissue sections and was shown (Fig. 6). The exam-
ined rats of the ASA administrated group showed a reduction in the
thickness of gastric mucosa compared to the control group and
other treated groups at several microscopic fields. In ASA adminis-
trated group, rats showed the mean mucosal length was (607.10 ±
133.80) compared to that of the control group (957.05 ± 231.20)
indicating a significant decrease. The thickness of mucosa signifi-
cantly increased in both SA-Tablets and SAS-Tablets treated groups
when compared with ASA administrated group, and no significant
differences were found between the two groups. There was no sig-
nificant change in the thickness of mucosa of the stomach between
the control and SIM group indicating also the protective effect of
SIM alone.
3.4.5. Immunohistochemical examination
Immunohistochemical examination of immunoreactivity of

COX-1 in gastric mucosa of control rats showed strong positive
expressions of COX-1 with intense brown color (Fig. 7a &b). Nega-
tive expression of COX-1 reaction was observed in ASA adminis-
trated group (Fig. 7c &d). However, SIM-ASA treated group
revealed mild positive expression of COX-1 reaction (Fig. 7e & f).
Moderate positive expression of COX-1 reaction detected in SAS-
Tablets treated group (Fig. 7g &h). In addition, SIM alone treated



Fig. 4. Gross examination of gastric mucosa a) control rats showing normal gastric mucosa. b) ASA administrated group showing hyperemia. c) ASA administrated group
showing small hemorrhagic lesion (notched arrow), necrotic foci (arrow), and ulcers (white arrow). d) ASA + SIM treated group showing slight hyperemia in glandular part
with thickening of the forestomach wall e)ASA + SIM + SDS treated group showing mild hyperemia in glandular part with the absence of ulcers. f) Control simvastatin group
showing no injury of the gastric mucosa.

Table 3
Demonstrates the ulcer scores and ulcer index in the stomach of the different experimental groups.

Control ASA SA-Tablets SAS-Tablets SIM

Rat1 0 3 3 0 0
Rat2 0 2 0 1 0
Rat3 0 2 0 1 0
Rat4 0 3 2 1 0
Rat5 0 2 1 0 0
Rat6 0 2 2 2 0
Ulcer index 0 2.3 1.3 0.8 0
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rats exhibited moderate strong positive expressions of COX-1
(Fig. 7i &j).

4. Discussion

4.1. Tablets evaluation

The tablets were evaluated for hardness, weight variation, fri-
ability, and content uniformity. The evaluated tablets met the
Pharmacopeia requirement with an AV of less than 15. The
tablet also showed good hardness and friability.

4.2. In vitro disintegration

The time required for tablets to disintegrate into small particles
was evaluated by determining the disintegration time. The disinte-
gration time was ranked as follows; SAS-Tablets < SA-tablets < co
mmercial SIM tablets. The presence of SLS in SAS-Tablets resulted
in decreasing the disintegration time of SAS-Tablets compared to
tablets not containing SLS (SA-Tablets) as well as the commercial
tablet. This finding might be due to increased wettability of tablets
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containing SLS and enhanced the contact between tablet surface
and disintegration media, which in turn allowed rapid tablet disin-
tegration (Duna et al., 2018).

4.3. In vitro dissolution

The dissolution test was performed in three different pH; 1.2,
4.6, and 6.8. It was observed that the presence of SLS significantly
enhanced the dissolution rate of both API; SIM, and ASA in the dif-
ferent pH. In slightly alkaline media (pH 6.8) which might be due
to increased drug solubility in this pH medium (Voelker and
Hammer, 2012; O’Neil, 2013).

On the other hand, the drugs exhibited pronounced enhanced
dissolution rates from SAS-Tablets. SIM exhibited initial dissolu-
tion of 28.5 after min, and 84.5% at the end of the dissolution per-
iod, while ASA dissolution rate was 100% after 60 min, with an
initial dissolution rate of 20.29 after 5 min. The enhanced dissolu-
tion rates of both SIM and ASA might be due to that SLS is a surfac-
tant commonly used in pharmaceutical formulations to improve
drug dissolution (De Waard et al., 2008; Shokri et al., 2008). Israr
et al. (2014) found that cefuroxime dissolution result from tablet



Fig. 5. Histopathological examination of gastric mucosa A) control rats showing normal gastric mucosa bar = 100B) control rats showing normal gastric mucosa lined with
normal gastric epithelium bar = 50C) ASA administrated group showing focal ulcerative necrosis in the gastric mucosa (arrow), interstitial mucosal hemorrhage (star)
bar = 100. D &E) higher magnification showing necrosis and desquamation of the lining gastric epithelial (arrows), interstitial hemorrhage (star) bar = 50. F) ASA
administrated group showing focal areas of deep ulcers with necrosis and desquamation of the lining epithelium of gastric glands (star) bar = 50. G) ASA administrated group
showing mucosal hemorrhage (notched arrow) infiltrated with inflammatory cells (arrow) bar = 50. H) ASA administrated group showing the focal area of mononuclear
inflammatory cells between gastric glands and muscular mucosae (star). G) ASA administrated group showing vacuolar degeneration of gastric epithelium of gastric glands
(arrow), mucosal hyperemia (notched arrow) bar = 50. J) ASA-SIM treated group showing intact gastric mucosa bar = 100. K) ASA-SIM treated group showing mild hyperemia
(arrow) bar = 50 L) ASA + SIM treated group showing mononuclear cellular infiltration in the submucosa (star) bar = 50. M) ASA-SIM-SLS treated group showing slight
desquamation of gastric epithelium (arrow), mucosal and submucosal hyperemia (notched arrow) bar = 100. N) Higher magnification showing slight desquamation of gastric
epithelium (arrow) bar = 50. O) Control SIM group showing normal gastric mucosa bar = 100. P) Higher magnification showing normal gastric mucosa bar = 50. H&E.

Table 4
Incidence of histopathological lesions in the stomach of the experimental groups.

Lesions Control ASA administrated GP SA-Tablets treated Gp SAS-Tablets Gp SIM Gp

A. Mucosal
changes:

Necrosis and desquamation of epithelium -
(100%)

++++
(100%)

++
(50%)

+
(25%)

-
(100%)

Hyperemia -
(100%)

+++
(75%)

+++
(75%)

++
(75%)

-
(100%)

Hemorrhage -
(100%)

++
(100%)

+
(25%)

-
(100%)

-
(100%)

B. Mucosal
glandular
changes:

Degeneration of the lining
epithelium

-
(100%)

+++
(50%)

++
(50%)

++
(25%)

-
(100%)

Loss of histological architecture
of the glands.

-
(100%)

+++
(50%)

+
(25%)

+
(25%)

-
(100%)

C.Submucosal
changes:

Inflammatory cellular infiltration -
(100%)

+++
(75%)

++
(75%)

+
(25%)

-
(100%)

– No lesions; + slight lesions; ++ moderate lesions; +++ severe lesions; ++++ very severe lesions. Percentages represent the no. of affected rats in each group.
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formulation containing 1% SLS in higher pH dissolution media (4.6
and 6.8) was significantly higher in comparison with SA-Tablets.
Levy and Gumtowthe (1963) showed that the enhancing effect of
sodium lauryl sulfate on drug dissolution rate is might not be only
due to tablet microenvironmental pH modification or micellar sol-
ubilization, but rather to the improved solvent penetration into
tablets and their component granules, which causes greater avail-
ability of drug surface.

By calculating the similarity factor f2, the results showed a dis-
similarity between the SAS-Tablets and commercial product of
SIM. This dissimilarity in the dissolution profile is due to the
642
enhancement that occurred in the dissolution of SIM from SAS-
Tablets which retained the presence of SLS.
4.4. In-vivo anti-ulcer activity

4.4.1. Expression of TNF-a and IL-6 in plasma
Aspirin-induced gastric damage accompanied with multistage

pathogenic events plays a role in the development of inflammation
and ulcers such as the development of oxygen species (ROS), vas-
cular permeability, and inflammatory cells (Kato and Takeuchi,
2002; Jainu and Devi, 2006) These pathogenic events indicate that



Fig. 6. The mucosal thickness in different experimental groups, values are
expressed as means ± SE (n = 7). P-value indicates significance at p � 0.05.
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the mucosal tissue injury is accompanied by the induction of
proinflammatory cytokines interleukin-1 (IL-1) and tumor necrosis
factor-alpha (TNF-a) (Slomiany and Slomiany, 2001). The rise in
the production of TNF-a due to an increase in neutrophil-derived
superoxide generation stimulates the production of IL-1, leading
to neutrophil accumulation (Kokura et al., 2000). In the present
study, ASA-SIM treated group decreased the TNF-a level. However,
ASA-SIM-SLS treated group decreased IL-6 level. TNF-a and IL-6
levels showed no significant change between both the control
and SIM groups, suggesting that the gastroprotective effect of
SIM may be dependent on its inhibitory effect on neutrophil infil-
tration and the neutrophil-associated TNF- a and IL-6 response
(Carvalho et al., 2016). These results were agreeing with other
studies on alendronate and 5-fluorouracil-induced gastric mucosal
injury in rats (Carvalho et al., 2016; Medeiros et al., 2018). Several
studies have shown that SIM inhibits cell migration at the site of
inflammation, and this protective effect is associated with
decreased production of pro-inflammatory cytokines (Silva et al.,
2014). In addition, a combination of SLS in ASP-SIM tablets resulted
in raising the environmental pH around the dissolved drugs, result-
Fig. 7. Immunohistochemical examination of immunoreactivity of COX-1 gastric muc
administrated group showing negative expression of COX-1 reaction. E&F) SIM-ASA tre
treated group showing moderate positive expression of COX-1 reaction. J) Simvastatin tre
D, F, H&J are higher magnification bar = 20).
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ing in enhancing their dissolution accompanied with protection
against gastric irritating due to increasing pH of the stomach-
contacting medium.
4.4.2. Gross examination
The gross examination of stomach sections of the ASA adminis-

trated group showed hyperemia, small hemorrhagic lesion, necro-
tic foci, and ulcers. Similar results were obtained by (Mahmoud
and Abd El-Ghaffar, 2019), who reported that the wall of the stom-
ach was thinner with aspirin administration than control, while
the glandular area showed hyperemia and hemorrhagic lesions
covered with coagulated blood which were shallow and linear.
The observed gross lesions in the present work were confirmed
by histopathological examination. Extensive ulcerative and hemor-
rhagic gastric changes were observed at different parts of the glan-
dular gastric mucosa in ASA administrated group. These lesions
were characterized by focal areas of deep ulcers including necrosis
and desquamation of the lining epithelium of gastric glands
accompanied by hemorrhagic inflammation and the gastric glands
lost their normal histological architecture. Moreover, the morpho-
metric analysis of the mucosal thickness in the ASA administrated
group showed a significant reduction in the thickness of gastric
mucosa compared to the control group. These results were consis-
tent with previous studies of the potential of aspirin on gastric
mucosa in experimental animals (Sebai et al., 2014). Aspirin con-
siders one of the ‘‘barrier-breaking” agents that cause intramucosal
histamine release by mast cells, with subsequent vascular conges-
tion, and edema (Kauffman, 1989).
4.4.3. Histopathological examination
Microscopic examination of the stomach in the SA-Tablets trea-

ted group showed intact gastric epithelium with mild gastric alter-
ations. Though, the SLS containing Tablets treated group exhibited
very mild gastric changes. In addition, the thickness of mucosa
increased significantly in both groups when compared with ASA
administrated group. Pretreatment with SIM and SLS protected
gastric mucosa against aspirin-induced injury as mentioned previ-
osa A& B) control rats showing strong positive expressions of COX-1. C&D) ASA
ated group showing mild positive expression of COX-1 reaction. G&H) SIM-ASASLS
ated rats showing moderate positive expressions of COX-1. (A, C, E, G&I bar = 100) (B,
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ously. Several studies confirmed the protective effect of SIM on
gastric mucosa (Heeba et al., 2009). Simvastatin (SIM) is a widely
prescribed statin with anti-inflammatory and antioxidant proper-
ties and also, reduced the free acidity inside the gastric lumen
(Scalia et al., 2001, Franzoni et al., 2003). The gastroprotective
effect of tablets containing SLS appeared due to raising gastric
pH by the presence of the surfactant, in addition to stimulating
the secretion of mucus only causing turbidity of gastric contents
which become viscous (Komarov et al., 1950).

4.4.4. Morphometric analysis
Data of the morphometrical analysis of the stomach in all

experimental groups confirmed the previously observed results.
The gastric mucosa thickness was significantly reduced with ASA
gp due to the irritation caused by aspirin. Other gp showed an
insignificant difference between each other and control gp.

4.4.5. Immunohistochemical examination
An examination of immunoreactivity of COX-1 in gastric

mucosa in the present study showed a decrease of COX-1 expres-
sion in the ASA administrated group. SIM-ASA treated group
caused a mild increase in COX-1 reaction. The amelioration
becomes clearer in the SAS-Tablets treated group as the COX-1
reaction was moderate expression. COX-1 is normally expressed
in the stomach and is responsible for the production of prostaglan-
dins (PGs) involved in mucosal defense (Jackson et al., 2000).
Aspirin causes gastric injury by inhibiting the synthesis of endoge-
nous PGs (Takeuchi and Amagase, 2018) COX-1 is responsible for
the mucosal blood flow, which normally provides an adequate sup-
ply of nutrients and oxygen for epithelial cells to secrete mucous
and bicarbonate so, COX-1 inhibition causes decreases in the secre-
tion of bicarbonate and mucous, and increases the gastric acid
(Fornai et al., 2005). The method by which aspirin inhibits COX
enzyme activity is through acetylating serine deposit in the active
site of the COX enzyme. The covalently adapting is causing a con-
formational change in the COX1 enzyme, making it unable to oxi-
dize arachidonic acid (Mabrok and Mohamed, 2019). The
ameliorative effect of Simvastatin against gastric injuries due to
aspirin may be due to the antioxidant effect of simvastatin which
causes the increase of PGs causing maintenance of gastric mucosa
and increase of mucin concentrations (Heeba et al., 2009).

5. Conclusion

The present study showed the role of SLS in enhancing the dis-
solution rates of SIM and ASA in directly compressed tablets con-
taining the two APIs. In addition, SLS reduced the rats’ gastric
irritation effects of the two drugs even though their dissolution
rates in acidic pH medium have been enhanced. The study also
revealed that concomitant administration of SIM and ASA cold be
achieved with maximized drug dissolution and minimized gastric
irritation.
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