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APPLICATION OF THE DIGITAL SLEUTH MODEL TO
MEASURE THE URBAN GROWTH TRENDS OF
GREAT KHARTOUM - SUDAN

Tarig Mohamed Suliman'”

(Recerved [7/06/20/6, accepred 31/03/20/7)

Abstract: The study aimed to identify the most important factors affecting the identification of urban growth
trends in Great Khartoum and to review and analyze the previous urban planning policies through a detailed
study of the structural plans that were applied previously, the bases on which they were based, and the
changes that occurred during the implementation process. At the end, an assessment of the current situation
with modeling the future trends of urban growth was implemented. The study used both the descriptive and
the inductive methods. It also analyzed the data using spatial analysis tools provided by GIS software. A
model of future urban growth trends was developed in great Khartoum City until 2033 using the SLEUTH
model for measuring urban growth trends, as well as outputs of Khartoum State structural chart when
applying the model (2008-2033). The study come out with a number of results, the most important of which
is that if urban growth rates of Khartoum City continue with the same current conditions, urban growth
will be extended to areas outside the ring road, which is set as the limit for future urban growth of the city.
The study recommended the need to update the structural chart of the state of Khartoum and revise it on
scientific grounds, taking into account the human changes and the planning developments of Sudan as a
whole and the state of Khartoum in particular.

Keywords: Spatial analysis; Urban growth; Modeling; Great Khartoum.
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scene. The prevention of SRIs can be challenging,
and individualized prevention efforts should be
targeted towards players. For instance, young
children should be required to use appropriate ball
sizes and sport devices. Furthermore, prevention
efforts should target the playing field environment
in order to reduce the rates of SRIs. In addition,
training the teachers and coaches plays a major
role in reducing SRIs. This can be achieved by
enhancing their knowledge and skills in identifying
risk factors for injury in each sport. These risk
factors can be divided into extrinsic (such as sport
place, weather, shoes) and intrinsic (such as sex, age,
previous injury, body weight) causes. Teachers and
coaches should monitor any modifiable risk factors
for athletic health and safety, and provide directions
for better playing surfaces and sports equipment
that can help in the prevention of injuries.

The dataprovided from this study raise the awareness
of SRIs for the affected players in each of these eight
sports and also give hints about how important it
is to formulate a sports injury prevention program.
In addition, a strategic plan is needed to increase
player awareness on the importance of applying
safety measures while practicing sport to reduce
the rate of injuries. Social media and awareness
campaigns can be powerful and effective tools in
educating the public and athletes in Madinah.
Further studies are required to identify injury
patterns and possible relationships to popular
culture events, with the ultimate goal of enabling
people to safely participate in sports activities.
Future research is necessary to determine the
factors underlying the increase in SRIs and identify
strategies for their further reductions.

CONCLUSION

Orthopedic sports related injuries are a common
source of musculoskeletal trauma in Madinah. The
data provided in this study raise awareness of the
demand for formulating sports injury prevention
programs in schools and sports facilities.
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4.2 Importance of Findings

There have been drastic changes and developments
in sports in Kingdom of Saudi Arabia. This is clear
in the growth of the number of sport clubs in the
country and the profound increase in the number
of individuals practicing sport as a daily activity
(Sadat-Ali & Sankaran-Kutty, 1985; Sadat-Ali &
Sankaran-Kutty, 1987). Adolescents (10-19 years
old) and young adults (20-35 years old) are most
commonly engaged in sports. Moreover, Jeon
et al. reported that the most common age groups
frequently exposed to SRIs are adolescents (50%)
followed by young adults (37%) (Jeon, Lee, Roh,
Kim, Lee, & Lee, 2016). Despite the increase in the
number of injuries, little is known about SRIs in
Madinah, Kingdom of Saudi Arabia.

This study found that orthopedic sports related
injuries in Madinah is a common element for patients
seeking musculoskeletal medical consultation at
KFH. This result agrees with a previous study by
Sadat-Ali & Sankaran-Kutty (1987). Both studies
show that football is the most frequent cause of
SRIs in Kingdom of Saudi Arabia. In addition, the
current study found that most injuries (50%) occur
in patients under the age of 20 - while Sadat-Ali and
Sankaran-Kutty, above, found the same age group
to have a higher (63%) incidence of injury. This
might be related to several factors including bone
strength, not wearing protective gear while playing
contact sports, poor coaching, and lack of sports
guidance. Many of the injured are not professional
players; they are people who are merely practicing
sports for enjoyment and usually have never
received any previous supervised training (Dahab
& McCambridge, 2009). There were no female
patients in either this study or Sadat-Ali and
Sankaran-Kutty (1987), which might be attributed
to the culture in Kingdom of Saudi Arabia. The
study by Sadat-Ali and Sankaran-Kutty (1987)
showed that musculotendinous injuries were the
most common (41%) while the present study found
that fractures accounted for the overwhelming
majority (82%) of injuries. The knee was the most
common location (27%) of injuries in the previous
study but the current study found that the most
common sites of injury were the wrist (40.7%) and
foot (28.7%). Theoretically, this might be linked
to the mechanism of injury by falling down over
players’ hands while running in a football match.
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Several studies have investigated the nature of
SRIs among youth and reported that fractures were
most frequently encountered at the Emergency
Departments (O’Rourke, Quinn, Mun, Browne,
Sheehan, Cusack, & Molloy, 2007; Monroe,
Thrash, Sorrentino, & King, 2011; Mello, Myers,
Christian, Palmisciano, & Linakis, 2009). A
study by Taylor and Attia (2000) determined
that fractures accounted for 29.4% of all SRIs
at their Emergency Unit. However, Kerr and his
colleagues (Kerr et al., 2015) investigated youth
football related injuries in America and found that
contusion, not fracture, was the most common
diagnosis. Apparently, many sports participants
in Madinah play without any protective gear
and support. Some are untrained and others play
without coaching or play in unintended positions,
which might explain the diverse results between
the two studies.

Despite the poor understanding of SRIs among both
players and coaches, the growing trend of SRIs
reported in this study may indicate an increase in
the recognition and subsequent treatment of these
injuries. In addition, an ever-increasing level of
competitiveness and intensity of training, starting
at a younger age, may be contributing to the
increase in the number and degree of the severity
of SRIs (Adirim & Cheng, 2003).

4.3 Strengths and Limitations

This study constitutes the first national study of
SRIs for people treated by KFH-Madinah. There
were some limitations, including the use of a
retrospective approach in collecting and analyzing
the data. In addition, the study excluded any patients
who missed their follow-ups or were unreachable by
phone. This undoubtedly affected the total number
of patients studied. Furthermore, the estimates
of this study may not be representative of SRIs
treated by urgent care centers, family physicians or
pediatricians, athletic trainers, physical therapists,
or other sources of medical care.

4.4 Future Directions

Education among athletes is vital to address the
burden of SRIs and effectively manage them.
Adolescents and young adults must learn how to
avoid injuries and how to deal with them at the
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Table 4: Cross tabulation between sports type and anatomical location.

Site of Injury
Sport Type % _— % Total
Hand | Elbow Shoulder Humerus | Wrist | Knee | Tibia & Fibula | Foot
Football 17 4 2 1 61 8 9 39 141
Swimming 0 0 0 1 0 0 0 1
Horse Riding 0 0 1 0 0 0 0 1
Volleyball 1 0 0 0 0 1 0 1 3
Kung Fu 0 0 0 0 0 0 0 1 1
Judo 0 0 0 0 0 0 0 1 1
Running 0 0 0 0 0 0 0 1 1
Karate 0 0 0 0 0 1 0 0 1
Total 18 4 3 2 61 10 9 43 150
Chi-Square Tests
Asymptotic
Degrees of
Test Types Value Significance
Freedom
(2-Sided)
Pearson Chi-Square 1.516E22 49 0.000
Likelihood Ratio 36.247 49 0.912
Linear-by-Linear Association 1.390 1 0.238
No. of Valid Cases 150
Table 5: Cross tabulation between sport type and age.
Age
Sports Type — - Total
Pediatric Group Adolescent Young Adult Middle-Aged Adult
Football 10 70 53 8 141
Swimming 0 1 0 0 1
Horse Riding 0 1 0 0 1
Volleyball 0 1 2 0 3
Kung Fu 0 1 0 0 1
Judo 0 1 0 0 1
Running 0 0 1 0 1
Karate 0 0 0 1 1
Total 10 75 56 9 150
Chi-Square Tests
Asymptotic
Test Types Value Degrees of Freedom | Significance
(2-Sided)
Pearson Chi-Square 22.6532 21 0.363
Likelihood Ratio 14.720 21 0.837
Linear-by-Linear Association 1.753 1 0.185
No. of Valid Cases 150
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3.6 Sport Type and Type of Injury

Table (3) shows the distribution of injury type
among different sports between the type of
sport and type of injury. The most common type
of sport leading to injury was football and the
most common type of injury was a fracture. The
football related injuries included 117 fractures, 10
sprains, 5 ligamentous tears, 5 dislocations, and
4 contusions. One SRI, a fracture, was related
to swimming. The horse riding injury was also
a fracture. The volleyball related injuries (n=
3) represented one fracture, one sprain, and
one ligamentous tear. The Kung-Fu, Judo, and
Running injuries were one fracture each. Lastly,
the Karate related injury was a contusion.

3.7 Sports and Location
The highest number of injuries was located in the

wrist (n= 61), followed by the foot (n= 39) during
football. Hand injuries presented the highest rate of

injuries in football (17 out of 18 patients), (Table 4).
3.8 Sports and Age

Based on the overall distribution of age groups,
football injuries were seen more often in adolescents
(n=70) and young adult (n= 53), (Table 5).

4. DISCUSSION

4.1 Key Findings

The sport most commonly associated with SRIs
in patients brought to KFH-Madinah was football
(94%). The most frequent type of injury was
fracture (82%), and the most common sites of SRIs
were the wrist (40.7%) and the foot (28.7%). The
most frequent age group exposed to SRIs were
adolescents (50%), followed by young adults
(37.3%).

Table 3: The distribution of injury type among different sports.

Diagnosis
Sport Type : ; : : : : Total
Fracture Sprain Ligamentous Injury | Dislocation Contusion
Football 117 10 5 5 4 141
Swimming 1 0 0 0 0 1
Horse Riding 1 0 0 0 0 1
Volleyball 1 1 1 0 0 3
Kung Fu 1 0 0 0 0 1
Judo 1 0 0 0 0 1
Running 1 0 0 0 0 1
Karate 0 0 0 0 1 1
Total 123 1 6 5 5 150
Chi-Square Tests
Asymptotic
Test Types Value Degrees of Freedom Significance
(2-Sided)

Pearson Chi-Square 40.607¢ 28 0.058

Likelihood Ratio 14.487 28 0.983

Linear-by-Linear Association 4.100 1 0.043

No. of Valid Cases 150
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Table 1: Sport specific types sorted by number
of injuries.

Sports Type | Frequency Pe(r;;snt l():e:‘r'c“e‘:ll:':;;‘;
Football 141 94.00 94.0
Swimming 1 0.70 94.7
Horse Riding 1 0.70 953
Volleyball 3 2.00 97.3
Kung Fu 1 0.70 98.0
Judo 1 0.70 98.7
Running 1 0.70 99.3
Karate 1 0.70 100.0
Total 150 100.0
3.2 Age

Avariety of age groups were represented; the youngest
patient was 6 years old and the oldest was 55 years.
The overall distribution of age groups showed that
the majority of sport injuries (50%; n= 75) were in
the adolescent age group, followed by young adults
(37.3%; n= 56), pediatric patients (6.7%; n= 10), and
middle-aged adults (6%; n=9), (Figure 1).
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Figure 1: Bar graph showing the frequency of sport
injury among different age groups.

3.3 Nationality

The total number of patients according to their
nationality (Saudi or Non-Saudi) dramatically
showed that more SRI patients were Saudi (90.7%;
n= 136) than non-Saudi patients (9.3%; n= 14).
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3.4 Types of Injury

Patients presented with multiple types of injuries.
These injuries were categorized into five types of SRIs
(diagnosis), including: fractures, sprains, ligamentous
tears, dislocations, and contusions (Table 2). The
results showed that injuries consisted primarily of
fractures (82%; n= 123), followed by sprains (7.3%;
n= 11). These were followed by ligamentous tears
(4%) and then dislocations and contusions (3% each).

Table 2: Sports injury specific diagnosis sorted by
number of injuries.

Sports Injury | Frequency | Percent | Cumulative

Type (%) | Percent (%)

Fracture 123 82.00 82.0

Sprain 11 7.30 89.3

Ligamentous Tear 6 4.00 933

Dislocation 5 3.30 96.7

Contusion 5 33 100.0
Total 150 100.00

3.5 Site of Injury

SRIs were encountered in eight major anatomical
locations, including: hand, elbow, shoulder,
humerus, wrist, knee, tibia and fibula, and foot. The
most frequent sites of injuries were the wrist (40.7%)
and the foot (28.7%), followed by hand (12%), knee
(6.7%), tibia and fibula (6%), elbow (2.7%), shoulder
(2%), and humerus (1.3%), (Figure 2).

60

HaLnd Ell::zw Shu‘der Humlerus W;Ist KI’IIEE Tib\i!land Foot
Fibula
Site of Injury
Figure 2: Area chart describing the anatomical
location of the sport injury.
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1. INTRODUCTION

Nowadays, sport is a daily activity for all
age groups, including almost all children and
adolescents. As there is an increase among people
engaging in sporting exercises or games, this will
naturally accompany a parallel increase in the
numbers of sport injuries. A sport related injury
(SRI) is defined as damage that results from sudden
trauma or recurrent stress accompanying an athletic
activity. These injuries may affect bones or soft
tissues such as ligaments, muscles, and tendons
(Timpka, Jacobsson, Bickenbach, Finch, Ekberg, &
Nordenfelt, 2014).

Sport related injuries are a common cause of
morbidity and their treatment is difficult, expensive,
and time-consuming. Unfortunately, SRIs more
commonly affect young adults and may result in
life-long damage that negatively affects community
productivity (Goldberg, Moroz, Smith, & Ganley,
2007; Adirim & Cheng, 2003). Researchers
reviewed the SRI cases in British Columbia
Children’s hospital between 1992 and 2005. Their
results showed a significant increase in SRIs in
the pediatric age population, with a 28% increase
in the number of injuries that result from sports
activity (Pakzad-Vaezi & Singhal, 2011). As the
number of injuries resulting from sport continues
to increase, the likelihood of sustaining an injury
needs to be elucidated. Furthermore, several studies
have reported higher injury rates for boys, but
more severe injuries for girls. However, it remains
unclear whether sex differences as males or females
correlate with specific types of sports injuries and
how these injuries vary by sport (Yaniv & Sever,
2015; Kerr, Marshall, Simon, Hayden, Snook,
Dodge, Gallo, Valovich McLeod, Mensch, Murphy,
& Nittoli, 2015).

Almadinah Almunawwarah (Madinah) is one of the
largest provinces in Kingdom of Saudi Arabia, with
a population exceeding 1.5 million. King Fahad
Hospital (KFH) is the tertiary health care and trauma
center covering the whole region. The purpose of this
study was to identify the most common types of sports
that lead to admission for injury at KFH, Madinah,
and analyze the relationship of these injuries with
different variables including patients’ age, sex,
nationality, site of the injury, and type of injury.
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2. PATIENTS AND METHODS
2.1 Patient Inclusion and Data Collection

Hospital Research and Ethics Board approval was
obtained. A retrospective review of the orthopedic
database at this institution from January 2010 to
December 2015 was performed to identify all patients
with sport related injuries. Any case that involved a
motor vehicle accident or non-sport related fall was
excluded. Detailed clinical information was collected
from patient’s medical records. In addition, patients
were contacted by phone to obtain further details
about the injury. All information about the nature
of the injury, age of patient at time of injury, site
of injury, and type of sport that led to injury were
recorded. The patients’ age groups were classified as
follows: children patients were less than 10 years old,
adolescents between 10 and 19 years, young adults
between 20 and 35 years, middle-aged adults ranged
between 36 and 55 years.

2.2 Statistical Analysis

A descriptive statistical analysis was performed for
each variable. All statistical tests were conducted
with the Statistical Package of Social Sciences
(SPSS) version 16.0 (SPSS Inc, Chicago, IL, USA).
Significance was set at p-value < 0.05.

3. RESULTS

A review of the orthopedic database at KFH-Madinah
identified a total of 150 patients with injuries related
to sport activities. The majority were Saudi citizens
(n= 146). Moreover, the most common type of sport
that led to injuries was football (94%; n= 141). The
most frequent type of injury was fracture (82%;
n= 123), with 117 fractures resulting from football
alone. Furthermore, this study revealed that the most
common sites of injuries are the wrist (40.7%) and
the foot (28.7%). The majority of cases were found in
adolescents (50%), followed by young adults (37.3%).

3.1 Types of Sport

The SRI patients (n= 150) were divided into the
type of sport, as shown in Table (1). The most popular
sport in Madinah is football (94%; n= 141), followed
by volleyball (2%; n= 3). Other sports included
Swimming, Horse riding, Kung Fu, Judo, Running,
and Karate.
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Abstract: The purpose of this study was to identify the most common types of sports injuries treated at
King Fahad Hospital, Madinah, Kingdom of Saudi Arabia and analyze their relationship with demographic
and anatomical variables. Methods: a retrospective review of an orthopedic database from January 2010 to
December 2015 was performed to identify patients with sports related injuries. Data about the nature of the
injury, age of patient at time of injury, site of injury, and type of sport that lead to orthopedic injury were
recorded. Results: The study identified 150 male patients. The most common type of sport that led to injury
was football (94%; n= 141), and the most common type of injury was fracture (82%; n= 123). Fractures
that resulted from football injuries represented 117 cases (83%). The study revealed that the most common
injury sites were the wrist (40%) and the foot (28%). The majority of cases were found in adolescents (50%),
followed by young adults (37%). Conclusions: Orthopedic sports related injuries are common sources for
musculoskeletal trauma in Almadinah Almunawwarah (Madinah). The data provided from this study raise an
awareness of the demand for formulating sports injury prevention programs in schools and sports facilities.

Keywords: Sport; Injury; Almadinah Almunawwarah (Madinah); Kingdom of Saudi Arabia.

* Corresponding Author:

E E (1) College of Medicine, Taibah University, Almadinah Almunawwarah 30001, P.O.Box 344,
Kingdom of Saudi Arabia.

(2) Departments of Orthopedic Surgery, King Fahd Hospital, Almadinah Almunawwarah 2141,
P.O.Box 378, Kingdom of Saudi Arabia.

ul
ejournal.nbu.edu.sa

(3)* Department of Orthopedic Surgery, Medical College, University of Jeddah, Jeddah 21589,
P.O.Box 80327, Kingdom of Saudi Arabia.

DOI: 10.12816/0041990 e-mail: dr_hetaimish@hotmail.com

148



Journal of the North for Basic and Applied Sciences, Vol. (2), Issue (2), Northern Border University, (2017/1439 H)

Temilolu, O.A., & Miller, M. (2009). Cardiovascular disease:

A global problem extending into the developing
world. World Journal of Cardiology, 1(1), 3-10.
doi: 10.4330/wjc.v1.il.3.

Underwood, D.J., Strader, C.D., Rivero, R., Patchett,

Vyas,

A.A., Greenlee, W.J., & Prendergast, K. (1994).
Structural model of antagonist and agonist binding
to the angiotensin II AT, subtype G protein coupled
receptor. Chemistry & Biology, 1(4), 211-221. doi:
10.1016/1074-5521(94)90013-2.

VK., & Ghate, M. (2010). Substituted
benzimidazole derivatives as angiotensin II AT,
receptor antagonist: A review. Mini-Reviews in
Medicinal Chemistry, 10(14), 1366-1384. doi:
10.2174/138955710793564151.

Vyas, V.K., Ghate, M., Chintha, C., & Patel, P. (2013).

3D QSAR studies on substituted benzimidazole
derivatives as angiotensin II-AT | receptor antagonist.
Current Computer Aided Drug Design, 9(3), 433-
445. doi: 10.2174/15734099113099990028.

Vyas, VK., Gupta, N., Ghate, M., & Patel, S. (2014).

Design, synthesis, pharmacological evaluation
and in silico ADMET prediction of novel
substituted ~ benzimidazole  derivatives  as
angiotensin II-AT, receptor antagonists based on
predictive 3D QSAR models. SAR and QSAR in
Environmental Research, 25(2), 117-146. doi:
10.1080/1062936X.2013.868825.

Wang, J.L., Zhang, J., Zhou, Z.M., Li, Z.H., Xue, W.Z., Xu,

Weber,

D., Hao, L.P, Han, X.F,, Fei, F., Liu, T., & Liang,
AH. (2012). Design, synthesis and biological
evaluation of  6-substituted aminocarbonyl
derivatives  as  nonpeptidic
angiotensin II AT, receptor antagonists. European
Journal of Medicinal Chemistry, 49, 183-190. doi:
10.1016/j.ejmech.2012.01.009.

M.A., Schiffrin, E.L., White, W.B., Mann, S.,
Lindholm, L.H., Kenerson, J.G., Flack, J.M.,
Carter, B.L., Materson, B.J., Ram, C.V.S., Cohen,
D.L., Cadet, J.C., Jean-Charles, R.R., Taler, S.,
Kountz, D., Townsend, R.R., Chalmers, 1J.,
Ramirez, A.J., Bakris, G.L., Wang, J., Schutte,
A.E., Bisognano, J.D., Touyz, R.M., Sica, D., &
Harrap, S. B. (2014). Clinical practice guidelines
for the management of hypertension in the
community. The Journal of Clinical Hypertension,
16(1), 14-26. doi:10.1111/jch.12237.

benzimidazole

Wright, J.B. (1951). The chemistry of the benzimidazoles.

Chemical Reviews, 48(3), 397-541. doi: 10.1021/
cr60151a002.

Xu, J.Y., Ran, Q., Hua, W.Y., Wu, M.X., Wang, Q.J.,

& Zhang, J. (2007). Design and synthesis of
2-alkylbenzimidazole derivatives as novel non-
peptide angiotensin II AT, receptor antagonists.
Chinese Chemical Letters, 18(3), 251-254. doi:
10.1016/j.cclet.2006.12.029.

Xu,J.Y., Zeng, Y., Ran, Q., Wei, Z., Qian, Y.B., Qiu, H.H.,

Wang,J.,Hu,S.,Zhang,J., Tang, M. Y., Huaa, W.Y.,
& Wua, X.M. (2007). Synthesis and biological
activity of 2-alkylbenzimidazoles bearing a
N-phenylpyrrole moiety as novel angiotensin
I AT, receptor antagonists. Bioorganic &
Medicinal Chemistry Letters, 17(10),2921-2926.
doi: 10.1016/j.bmcl.2007.02.042.

Yadav, G., & Ganguly, S. (2015). Structure activity

relationship (SAR) study of benzimidazole
scaffold for different biological activities: A
mini-review. European Journal of Medicinal
Chemistry, 97, 419-443. doi: 10.1016/j.
ejmech.2014.11.053.

Zaiken, K., & Cheng, J.W. (2011). Azilsartan medoxomil:

a new angiotensin receptor blocker. Clinical
Therapeutics, 33(11), 1577-1589. doi: 10.1016/j.
clinthera.2011.10.007.

Zhang, J., Wang, J.L., Yu, W.F., Zhou, ZM., Tao,

W.C., Wang, Y.C., Xue, W.Z.,, Xu, D., Hao,
L.P, Han, X.F., Fei, F., Liu, T., & Liang,
A.H. (2013). Nonpeptidic angiotensin I AT,
receptor antagonists derived from 6-substituted
aminocarbonyl and acylamino benzimidazoles.
European Journal of Medicinal Chemistry, 69,
44-54. doi: 10.1016/j.ejmech.2013.08.014.

Zhu, W., Bao, X., Ren, H., Da, Y., Wu, D., Li, F., Yan,

Y., Wang, L., & Chen, Z. (2016). N-Phenyl
indole derivatives as AT, antagonists with anti-
hypertension activities: Design, synthesis and
biological evaluation. European Journal of
Medicinal Chemistry, 115(10), 161-178. doi:
10.1016/j.ejmech.2016.03.021.

Zhu, W., Da, Y., Wu, D., Zheng, H., Zhu, L., Wang, L.,

147

Yan, Y., & Chen, Z. (2014). Design, synthesis
and Dbiological
benzimidazole derivatives as AT, antagonists

evaluation of new 5-nitro

with anti-hypertension activities. Bioorganic &
Medicinal Chemistry, 22(7), 2294-2302. doi:
10.1016/j.bmc.2014.02.008.



Mohd. Imran, N. Nayeem, S. A. El-Feky, A. Bawadekji: Benzimidazole Derivatives: An Important Scaffold for

based on imidazole and benzimidazole bioactive
heterocycles: recent advances and future directions.
Medicinal Chemistry Research, 25, 173-210.
doi:10.1007/s00044-015-1495-5.

Gaetano, S. (2013). Epidemiology of cardiovascular disease
in the 21% century: Updated numbers and updated
facts. Journal of Cardiovascular Disease, 1(1), 1-2.
Retrieved from http://researchpub.org/journal/jcvd/
number/voll-nol/voll-nol-1.pdf.

Guo, X.Z., Lin, S., Rui, W., Xiao-Xiao, L., Bo-Gang, L.,
& Xiao-Xia, L. (2008). Synthesis and biological
activities of novel nonpeptide angiotensin II receptor
antagonists based on benzimidazole derivatives
bearing a heterocyclic ring. Bioorganic & Medicinal
Chemistry, 16(24), 10301-10310. doi: 10.1016/j.
bmc.2008.10.040.

Han, X.F., He, X., Wang, M., Xu, D., Hao, L.P., Liang, A.H.,
Zhang, J., & Zhou, Z.M. (2015). Discovery of novel,
potent and low-toxicity angiotensin II receptor type
1 (AT)) blockers: Design, synthesis and biological

of  6-substituted  aminocarbonyl

benzimidazoles with a chiral center. European

Journal of Medicinal Chemistry, 103, 473-487. doi:

10.1016/j.ejmech.2015.09.010.

M., & Abida. (2016). 6-(4-Aminophenyl)-4,5-

dihydro-3(2H)-pyridazinone An  important

chemical moiety for development of cardioactive

evaluation

Imran,

agents: Areview. Tropical Journal of Pharmaceutical

Research, 15(7), 1579-1590. doi: 10.4314/tjpr.

v15i7.30

A., Schunkert, H., & Radke, P.W. (2011).

Candesartan cilexetil: An update. Expert Opinion

on Pharmacotherapy, 12(11), 1769-1780. doi:

10.1517/14656566.2011.587000.

Kaur, N., Kaur, A., Bansal, Y., Shah, D.I., Bansal, G., &
Singh, M. (2008). Design, synthesis, and evaluation
of 5-sulfamoyl benzimidazole derivatives as novel

Joost,

angiotensin Il receptor antagonists. Bioorganic
& Medicinal Chemistry, 16(24), 10210-10215.
doi: 10.1016/7.bmc.2008.10.056.

Keri, R.S., Hiremathad, A., Budagumpi, S., & Nagaraja,
B.M. (2015). Comprehensive review in current
developments of benzimidazole based medicinal
chemistry. Chemical Biology & Drug Design, 86(1),
19-65. doi: 10.1111/cbdd.12462.

Kohara, Y., Kubo, K., Imamiya, E., Inada, Y., & Naka,
T. (1996). Synthesis and angiotensin II receptor
antagonistic activities of benzimidazole derivatives
bearing acidic heterocycles as novel tetrazole
bioisosteres. Journal of Medicinal Chemistry,

146

39(26), 5228-5235. doi: 10.1021/jm960547h.

Kubo, K., Yasuhisa, K., Imamiya, E., Yoshihiro, S., Inada, Y.,
Furukawa, Y., & Nishikawa, N.T. (1993). Nonpeptide
angiotensin II receptor antagonist synthesis and
biological activity of benzimidazolecarboxylic
acids. Journal of Medicinal Chemistry, 36(15),
2182-2195. doi: 10.1021/jm00067a016.

Naik, P., Murumkar, P., Giridhar, R., & Yadav, M.R. (2010).
Angiotensin II receptor type 1 (AT)) selective
nonpeptidic antagonists - A perspective. Bioorganic
& Medicinal Chemistry, 18(24), 8418-8456. doi:
10.1016/j.bmc.2010.10.043.

Oparil, S., & Schmieder, R.E. (2015). New Approaches
in the Treatment of Hypertension. Circulation
Research, 116(6), 1074-1095. doi: 10.1161/
CIRCRESAHA.116.303603.

Palkowitz, A.D., Steinberg, M.l., Zimmerman, K.M.,
Thrasher, K.J., Hauser, K.L., & Boyd, D.B. (1995).
Synthesis and pharmacological evaluation of a
novel series of 5-aryl benzimidazole angiotensin
IT receptor antagonists. Bioorganic & Medicinal
Chemistry  Letters, 5(9), 1015-1020.
10.1016/0960-894X(95)00159-Q.

Perry, C.M. (2012). Azilsartan medoxomil: A review of its
use in hypertension. Clinical Drug Investigation,
32(9), 621-639. doi: 10.2165/11209600-000000000-
00000.

Rajasekhar, S., Maiti, B., Balamurali, M.M., & Chanda,
K. (2017). Synthesis and medicinal applications
of benzimidazoles: An overview. Current Organic
Synthesis, 14(1), 40-60. doi: 10.2174/15701794136
66160818151932.

Reddy, K.S. (2002). Cardiovascular diseases in the
developing countries: Dimensions, determinants,
dynamics and directions for public health action.
Public Health Nutrition, 5(1A), 231-237. doi:
10.1079/PHN2001298.

Ries U.J., Mihm, G., Narr, B., Hasselbach, K.M., Wittneben,
H., Entzeroth, M., Van Meel J.C., Wienen W., &
Hauel, N.H. (1993). 6-Substituted benzimidazoles as
new nonpeptide angiotensin II receptor antagonists:
synthesis, biological activity, and structure activity
relationships. Journal of Medicinal Chemistry,
36(25), 4040-4051. doi: 10.1021/jm00077a007.

Shah, D.I., Sharma, M., Bansal, Y., Bansal, G., & Singh, M.
(2008). Angiotensin II -AT, receptor antagonists:
Design, synthesis and evaluation of substituted
carboxamido benzimidazole derivatives. European
Journal of Medicinal Chemistry, 43(9), 1808-1812.
doi: 10.1016/j.ejmech.2007.11.008.

doi:



Journal of the North for Basic and Applied Sciences, Vol. (2), Issue (2), Northern Border University, (2017/1439 H)

docking studies of already reported and established
benzimidazole derivatives which have already been
screened for other types of biological activities.
This may also result in the identification of a safe,
potent, and efficacious benzimidazole derivative as
an angiotensin receptor antagonist.
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3. DISCUSSION

The Renin Angiotensin System (RAS) is implicated
in the pathogenesis of hypertension. Three types
of antihypertensive drugs are used that affect this
system. These are renin inhibitors, for example,
aliskiren, remikiren, enalkiren, and zankiren;
Angiotensin Converting Enzyme (ACE) inhibitors,
such as lisinopril, captopril, enalapril, ramipril, and
fosinopril; and angiotensin II receptor antagonists,
for example, losartan, valsartan, irbesartan,
telmisartan, olmesartan, and candesartan. Recently,
benzimidazole derivatives have emerged as an
importantscaffold forthedevelopmentofangiotensin
IT receptor antagonists as antihypertensive agents.
Some of these benzimidazole derivatives, for
example, candesrtan, telmisartan, and azilsartan,
have already been approved by the USFDA for
the treatment of hypertension and related cardiac
conditions. Based on the relationship between
the AT, receptor and blood pressure regulation as
well as the structure activity relationship studies of
benzimidazole derivatives, newer benzimidazole
derivatives as the AT, receptor antagonists are being
developed for the treatment of hypertension. This is
evident by the filing of recent patent applications
related to benzimidazole derivatives as AT,
receptor antagonists, such as United States Patent
Application Number 20120172401 A1, United
States Patent Application Number 20090054502
Al, PCT Publication Number WO 2009/076288
Al, PCT Publication Number WO 2008/153857
Al, PCT Publication Number WO 2004/082621
A1, Russian Patent Number 0002501798, Chinese
Patent Publication Number 102276534, and
Japan Patent Application Number 2011101381. It
has been suggested by researchers that the alkyl
group at C-2 position of benzimidazole moiety is
essential for lipophilic interaction with the receptor
and an ionized acidic group, such as a tetrazole or
carboxyl group, on biphenyl moiety is responsible
for ionic interaction with the AT, receptor (Vyas &
Ghate, 2010; Bergsma, Ellis, Kumar, Nuthulaganti,
Kersten, Elshourbagy, Griffin, Stadel, & Aiyar,
1992; Underwood, Strader, Rivero, Patchett,
Greenlee, & Prendergast, 1994; Carini, Duncia,
Aldrich, Chiu, Johnson, Pierce, Price, Snatella,
Wells, Wexler, Wong, Yoo, & Timmermans, 1991;
Kubo, Yasuhisa, Imamiya, Yoshihiro, Inada,
Furukawa, & Nishikawa, 1993; Ries, Mihm, Narr,
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Hasselbach, Wittneben, Entzeroth, Van Meel,
Wienen, & Hauel, 1993). The N-3 of benzimidazole
is likewise important as it also interacts with these
receptors through hydrogen bonding. Besides these
essential features, other possible variations have
also been reported by the researchers mentioned
above. A carboxyl group at C-7 position, a small
alkoxy group at C-2 position, and an acylamino
group at C-6 position of benzimidazole nucleus have
been reported for better AT, receptor antagonistic
activity. Accordingly, scientists are working to
develop newer AT | receptor antagonists that contain
a benzimidazole nucleus with emphasis in order
to maintain their potency, duration of action, and
bioavailability.

CONCLUSION & RECOMMENDATION

It is evident from the literature, that benzimidazole
derivatives are an important scaffold for the
development of clinically used drugs. Many
researchers and scientist have published and
established important structure activity relationship
studies related to the diverse pharmacological
activities of this chemical moiety. A complete
knowledge and understanding of the structure
activity relationship studies of benzimidazole
derivatives as angiotensin receptor antagonists is
helpingthescientistto developanovel benzimidazole
derivative as angiotensin receptor antagonists.
In this review, the authors have tried to highlight
the potential development of novel benzimidazole
derivatives as AT, receptor antagonists that may
be helpful to the medicinal chemist fraternity for
a target oriented and comprehensive information.
Further, it would be interesting to see how many
newer benzimidazole derivatives will be able to
see the light of future as approved drugs for the
treatment of hypertension.

Keeping in mind the potential of benzimidazole
derivatives as an important scaffold for the
development of newer angiotensin receptor
antagonists for the treatment of hypertension. It is
recommended to design, synthesize, and develop
newer molecules containing this chemical moiety
as angiotensin receptor antagonists. It is also
recommended to perfom in silico toxicity studies,
drug likeliness prediction studies, and molecular
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(19) R= Tetrazole; R, =-Me
(20) R=-COOH; R, =H

Figure 24: The chemical structure of the compounds
19 & 20.

Substituted carboxamido benzimidazole derivatives
with C-5 amino group on benzimidazole nucleus
with different alkyl or aryl carbonyl chains as AT,
antagonists were developed (Shah, Sharma, Bansal,
Bansal, & Singh, 2008). It was observed that the
compounds 21-24 (Figure 25) were non-competitive
antagonists, whereas the compounds 25-27 (Figure
25) were competitive antagonists. It was also
suggested that a methyl group can be accommodated
in the AT, receptor pocket, that a suitable alkyl
group may increase the antihypertensive activity,
and that an increase in the bulk of the alkyl or aryl
moieties retards the activity.

R _NH N
\n/ \>_ o
0 N
COOH

(21) R= -Meg; (22) R = Et; (23) R = -nPr; (24) R = -nBu;
(25) R = -Ph; (26) R = 2-CIPh; (27) R = 2-CIPh

Figure 25: The chemical structure of the compounds
21-27.

The 5-sulfamoyl benzimidazole derivatives as AT,
receptor antagonists have been reported (Kaur, Kaur,
Bansal, Shah, Bansal, & Singh, 2008). This series
of compounds was based on isosteric replacement
of the nitro group at C-5 of benzimidazole moiety
with a sulfonyl group that was further extended with
appropriate alkylamino group. It was suggested that
the sulfonyl group mimics the nitro group, that the
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alkylamino may interact with the H-bond acceptor
group, and that the alkyl group (R) may form a
stronger drug-receptor complex. It was shown that
the tert-butylsulfamoyl analog 28 (Figure 26) has
the maximum antagonistic activity during in vitro
studies, but that the cyclohexyl-sulfamoyl analog
29 (Figure 26) has the maximum decrease in MABP
in hypertensive rats.

0
Il

R S
N N\
| o >—Bu
H N
O COOH

(28) R = tert-Bu (29) R = cyclohexyl
Figure 26: The chemical structure of the compounds
28 & 29.

Some benzimidazoles have been synthesized by
replacing the tetrazole ring of biphenyl moiety with
imidazole, 5- chloroimidazole, 1,2,4-triazol and
imidazoline ring system with an additional methyl
benzimidazole moiety at C-6 of benzimidazole
(Guo, Lin, Rui, Xiao-Xiao, Bo-Gang, & Xiao-Xia,
2008). These compounds were subjected for their
AT receptor antagonistic activity. The in vitro and
in vivo results revealed that imidazoline derivative
30 (Figure 27) having an IC50 value of 2.6 x 10-7
uM had an almost equipotent activity to that of
telmisartan.

CH,
N
b
N
Q\ ! CH3 NQ
H

Figure 27: The chemical structure of the compound
30.

\
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binding with the AT, receptor having IC, value of
of 1.7 pumol. The compound 13 (Figure 20) having
an IC, value of 1.6 umol was found to have a better
affinity to the receptor than pimobendan.

H 0\
N
N 7
N X N
0 CH,

Figure 19: The chemical structure of pimobendan.

N

Figure 20: The chemical structure of the compound
13.

A research group (Palkowitz, Steinberg,
Zimmerman, Thrasher, Hauser, & Boyd, 1995)
reported a series of 5S-aryl benzimidazole
derivatives, wherein the compound 14 (Figure
21) was obtained as the most potent AT, receptor
antagonist.

SO;H

N
>
N
COOH

HyC

Figure 21: The chemical structure of the compound
14.

A study of 5-nitrobenzimidazole derivatives (Bali,
Bansal, Sugumaran, Saggu, Balakumar, Kaur,
Bansal, Sharma, & Singh, 2005) describes the
synthesis of substituted benzimidazole by varying
substitutions on C-2 of benzimidazole ring. These
compounds were designed by a computer aided drug
design with respect to losartan with the expectation
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of having more potent AT, receptor antagonists.

The study concluded that the compound 15 (Figure
22) having the nitro group at C-5 and n-butyl side
chain at the C-2 of benzimidazole moiety was more

potent than candesartan.
CH;

O,N N
oo
N

COOH

Figure 22: The chemical structure of the compound
15.

A series of benzimidazoles, wherein biphenyl
tetrazole moiety was replaced by (phenylamino)
phenylacetic acid moiety has been reported
(Xu, Ran, Hua, Wu, Wang & Zhang, 2007). The
synthesized compounds were subjected for their
AT, antagonistic activity and it was revealed that
the compounds 16-18 (Figure 23) exhibited potent
antagonistic activity of the AT, receptor that was
higher than losartan.

N
R, \>—R3

N

COOH COOH

1
Ry
(16) R, = 5-OMe; R, = -Bu; R, = -Me
(17)R,=H; R, = -Bu; R, = -Et
(18) R, = 6-OMe; R, = -Bu; R, = -Me

Figure 23: The chemical structure of the compounds
16-18.

Similarly, the biphenyl tetrazole moiety was
replaced with phenylpyrole tetrazole moiety in a
series of 2-alkyl benzimidazoles (Xu et al., 2007).
The synthesized compounds were subjected for
their ability to be potentially competitive AT,
receptor antagonist. The results revealed that this
bioisosteric replacement produced extremely potent
compounds 19 and 20 (Figure 24).
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H,

N
\>—¥
NH N cH,
0 H
Figure 14: The chemical structure of the compound 3.

A series of benzimidazole derivatives bearing
sulfonamide group was synthesized and tested
for their antihypertensive activity with respect to
losartan (Figure 15) (Bai, Wei, Liu, Xie, Yao, Wu,
Jiang, Wang, & Xu, 2012). The compound 4 (Figure
16) was identified as the most active compound
(IC,, = 8.5 nM) that antagonized AT, receptor and
showed more potency than losartan (IC, = 95 nM).

N/ NH
AR

N

Figure 15: The chemical structure of Losartan.

N
\>_\_/CH3
H5C
3 \O N

Figure 16: The chemical structure of the compound 4.

Wang et al. reported a  series of
6-substitutedaminocarbonyl  benzimidazoles as
nonpeptidic AT, receptor antagonists (Wang, Zhang,
Zhou, Li, Xue, Xu, Hao, Han, Fei, Liu, & Liang,
2012). The preliminary screening revealed that all
compounds of this series were potent, whereas the
compound 5 (Figure 17) was found to be an orally

active, potent AT receptor antagonist with a low
toxicity; this requires further investigation.
COOH

CH,
/CH3 N\
N h
N CH,
’ O
O

Figure 17: The chemical structure of the compound 5.

A study focused on the replacement of the tetrazole
moiety by other acidic groups to improve the oral
bioavailability and also solve the synthetic and
metabolic problems has been performed (Kohara,
Kubo, Imamiya, Inada, & Naka, 1996). The reported
benzimidazole 7-carboxylic acids containing acidic
heterocyclic rings as novel tetrazole bioisostreres
were checked for their AT, antagonistic activity,
wherein the biososteres of tetrazole compounds
of chemical formula 6-11 were found more potent
than their tetrazole counterpart of chemical formula
12 (Figure 18).

N
- RO S
1
N*& N
N H H S
O R, @) ®)
\(/N\O Z N\N
< /I
N N—N
H 0 H

©) (D)
®)R,=-Bu;R,=C
(1) R, =-OE; R, =C

(6)R,=-Bu;R,=A
(9R,=-Bu;R,=D

(DR, =-Bu;R,=B
(1) R, = -OE; R, = A
(12)R, = -OE; R, =D

Figure 18: The chemical structure of the compounds
6-12.

Novel (6-0x0-3-pyridazinyl)-benzimidazole
derivatives obtained by the derivatization of
pimobendan have been prepared as AT, receptor
antagonists (Dorsch, Mederski, Beier, Lues, Minck,
& Schelling, 1994). Pimobendan (Figure 19), an
inhibitor of phosphodiesterase I11 showed significant
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H;
\
O
\
CH,

A\

N
HOOC

Figure 10: The chemical structure of 2-[4-[[2-n-propyl-
4-methyl-6-(1-methylbenzimidazol-2-yl)
benzimidazole-1-yl|methyl]-1H-indol-1-yl]benzoic
acid.

Some AT, blockers having
6-substitutedcarbamoylbenzimidazoles were
evaluated for their ability to displace [(125)I] Sar(1)
Ile(8)-Ang 11, which was specifically bounded to
the AT, receptor (Han, He, Wang, Xu, Hao, Liang,
Zhang, & Zhou, 2015). The radio ligand binding
assays showed that several compounds have a
nanomolar affinity for the AT, receptor. It was also
observed that the IC_ values of some compounds
for binding with AT, receptor were comparable with
Losartan (IC, = 28.6 nM). The compound 1 (Figure
11) having IC, value of 1.1 nM was identified as a
lead compound with good AT, receptor antagonistic
activity and low toxicity.

Figure 11: The chemical structure of the compound 1.

A series of 5-nitrobenzimidazoles as ARB has been
reported (Zhu, Da, Wu, Zheng, Zhu, Wang, Yan, &
Chen, 2014). The compound, 2-(4-((2-butyl-5-nitro-
1H-benzo[d]imidazol-1-yl)methyl)-1H-indol-1-yl)
benzoic acid (Figure 12), exhibited a high affinity
for the angiotensin II type 1 receptor with IC,
value of 1.03+0.26 nM. It was concluded that this
compound could be an effective and durable anti-

hypertensive agent and must be further investigated
for its therapeutic benefits.

B T
N

Sa

Figure 12: The chemical structure of 2-(4-((2-butyl-
5-nitro-1H-benzo[d]imidazol-1-yl)methyl)-1H-indol-
1-yl)benzoic acid.

COOH

A novel series of substituted benzimidazoles was
designed and its ADMET (absorption, distribution,
metabolism, excretion and toxicity) was predicted
using in silico methods (Vyas, Gupta, Ghate, &
Patel, 2014; Vyas, Ghate, Chintha, & Patel, 2013).
It was reported that some key features in substituted
benzimidazole derivatives, such as lipophilicity
and H-bonding at the 2- and 5-positions of the
benzimidazole nucleus, respectively, for the AT,
receptor antagonistic activity play an important
role.

A series of 6-substitutedaminocarbonyl as well
as acylamino benzimidazoles was prepared as
nonpeptidic AT, receptor antagonists (Zhang,
Wang, Yu, Zhou, Tao, Wang, Xue, Xu, Hao, Han,
Fei, Liu, & Liang, 2013). Some compounds showed
good binding affinity for the AT, receptor. Two
compounds of this series, namely compound 2 (AT,
IC,, = 3 nM, AT, IC, > 10,000 nM, PA, = 8.51)
(Figure 13) and compound 3 (Figure 14) (AT, IC,
=0.1nM, AT, IC, = 149 nM, PA, = 8.43) displayed
good antagonistic activity with the additional
advantage of being orally active.

Hs
N,
\>_\;
HyC /\/NH N CH,

0 O OOH

Figure 13: The chemical structure of the compound 2.
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2.1.2 Telmisartan

Telmisartan (MICARDIS) (Figure 7) is a non-
peptide AT, receptor antagonist. It was approved
by the US FDA for the treatment of hypertension
on April 4, 2000 and was first disclosed in the
European Patent Number 0502314 B1. Telmisartan
is chemically described as 4'-[(1,4'-dimethyl-2'-
propyl  [2,6'-bi-1H-benzimidazol]-1'-yl)methyl]-
[1,1'-biphenyl]-2-carboxylic acid and is available as
tablets for oral administration, containing 20 mg, 40
mg or 80 mg of telmisartan (Bakheit, Abd-Elgalil,
Mustafa, Haque, & Wani, 2015; Frampton, 2011;
Destro, Cagnoni, Dognini, Galimberti, Taietti,

Cavalleri, & Galli, 2011).

O OH

3

IS
N%@N)_LCH
CH,
CH

3

Figure 7: The chemical structure of Telmisartan.

2.1.3 Azilsartan medoxomil

Azilsartan medoxomil (EDARBI) (Figure 8), a
prodrug, is hydrolyzed to azilsartan (Figure 9) in
the gastrointestinal tract during absorption, which
is a selective AT, receptor antagonist. It is also
known as azilsartan kamedoxomil as it is marketed
as a potassium salt and has the chemical name as
(5Methyl-2-0x0-1,3-dioxol-4-yl)methyl-2-ethoxy-
1-{[2’-(5-0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)
biphenyl-4yl]methyl}-1H-benzimidazole-7-
carboxylate monopotassium salt. This drug was first
disclosed in the United Patent Number 7,157,584
B2. Edarbi was approved by the USFDA for the
treatment of hypertension on February 25, 2011
and is available for oral use as tablets which contain
42.68 or 8536 mg of azilsartan kamedoxomil
equivalent to 40 mg or 80 mg, respectively, of
azilsartan medoxomil (Angeloni, 2016; Perry,
2012; Zaiken & Cheng, 2011).

139

%N:q/iijifo
O 0
(.

Figure 8: The chemical structure of Azilsartan
medoxomil.

H3C—\O_</N
N

lCOOH

Figure 9: The chemical structure of Azilsartan (TAK-
536).
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2.2 Recent Benzimidazole Derivatives as
Angiotensin II Receptor Antagonist

The invitro and invivo activity evaluation of
6-substitutedbenzimidazoles as angiotensin II
receptor antagonists are described (Zhu, Bao, Ren,
Da, Wu, Li, Yan, Wang, & Chen, 2016). Many
synthesized benzimidazoles exhibited high affinities
for AT, receptor when compared with telmisartan.
The compound 2-[4-[[2-n-propyl-4-methyl-6-(1-
methylbenzimidazol-2-yl)benzimidazole-1-yl]
methyl]-1H-indol-1-yl]benzoic acid (Figure 10)
was found to cause a significant decrease in blood
pressure. The toxicity study of this compound
revealed that this had a low acute toxicity and
further studies have been recommended for its
therapeutic application.
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omeprazole, esomeprazole, lansoprazole,
dexlansoprazole, pantoprazole, and rabeprazole
(proton pump inhibitor); pimobendan (cardiotonic
agent); lobendazole, mebendazole, oxibendazole,
albendazole, thiabendazole, and oxfendazole
(anthelmintic agent); enviroxime and enviradine
(antiviral agent); bendamustine, veliparib, dovitinib,
(anticancer agent).

In 2010, Vyas and Ghate reviewed benzimidazole
derivatives as antagonists of AT, receptor (Vyas
& Ghate, 2010). They highlighted some important
benzimidazole derivatives, such as telmisartan,

candesartan, TCV-116, CV-11974 (Figure 2), CV-
11194 (Figure 3), BIBR-277 (Figure 4), and TAK-
536 as AT receptor antagonist.

H3C—\O_</N
N

Figure 3: The chemical structure of CV-11194.

N H;C
Pr—N—</ ' \N
N
.P

OOH

Figure 4: The chemical structure of BIBR-277.

2.1 US FDA Approved Benzimidazole
Derivatives as Angiotensin II Receptor
Antagonists

2.1.1 Candesartan cilexetil

Candesartan cilexetil (ATACAND) (Figure 5), a
prodrug of candesartan (Figure 6), was approved
by the US FDA on Jun 4, 1998 and was first
disclosed in the United States Patent Number
5,196,444, The chemical name of this drug is
(¥)-1-Hydroxyethyl 2-ethoxy-1-[p-(o-1H-tetrazol-
Sylphenyl)benzyl]-7-benzimidazolecarboxylate,
cyclohexyl carbonate (ester). Candesartan cilexetil
is a racemic mixture containing one chiral center
at the cyclohexyloxycarbonyloxy ethyl ester group.
Following an oral administration, candesartan
cilexetil undergoes hydrolysis at the ester link to
form the active drug, candesartan, which is achiral.
It is a selective AT, receptor antagonist that is
indicated for the treatment of hypertension and is
available for oral use as tablets containing either 4
mg, 8 mg, 16 mg, or 32 mg of candesartan cilexetil
(Ardiana, Lestari, & Indrayanto, 2012; Joost,
Schunkert, & Radke, 2011).

H3C—\O_</N

N

l COOCH(Me)OCO-Cyclohexy

N
e
N
N
\
N—N

Figure 5: The chemical structure of Candesartan

cilexetil (TCV-116).

HO O
N 2 N
1
VAR H
N,

Figure 6: The chemical structure of Candesartan.
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1. INTRODUCTION

Hypertension is a major cause of death worldwide
as well as one of the main causes of death in the
Saudi population (Imran & Abida, 2016; Gaetano,
2013; Al-Sieni, Baghdadi, & Al-Abbasi, 2014).
This disease is no longer an old age disease as it is
also affecting adults and children. Accordingly, it
has been recommended to establish well-equipped
hospitals for the care of hypertensive children in
many countries, including the Kingdom of Saudi
Arabia (Al-Mendalawi, 2010). Researchers have
also advised that there is a need for further research
in the field of hypertension as the prevalence of this
disease is increasing in all age groups throughout
the world (Temilolu & Miller, 2009; Reddy, 2002).
Therefore, researchers have started exploring
new approaches for the treatment of hypertension
(Oparil & Schmieder, 2015). The current treatment
of hypertension that involves the use of drugs
belonging to the class of Angiotensin-converting
enzyme Inhibitors (ACElIs), Angiotensin Receptor
Blockers (ARBs), Thiazide and Thiazide-like
Diuretics, Calcium Channel Blockers (CCB),
B-Blockers, a-Blockers, Centrally Acting Agents,
Direct Vasodilators, and Mineralocorticoid Receptor
Antagonists (Weber, Schiffrin, White, Mann,
Lindholm, Kenerson, Flack, Carter, Materson,
Ram, Cohen, Cadet, Jean-Charles, Taler, Kountz,
Townsend, Chalmers, Ramirez, Bakris, Wang,
Schutte, Bisognano, Touyz, Sica, & Harrap, 2014).
The ACEIsand ARBs actby interfering with the renin
angiotensin system (RAS), which is implicated in
the pathogenesis of hypertension (Naik, Murumkar,
Giridhar, & Yadav, 2010). The renin angiotensin
system (RAS) is a hormonal cascade which
produces angiotensin peptides. The circulating
renin converts angiotensinogen to Angiotensin I,
which is rapidly converted to Angiotensin II by the
action of Angiotensin Converting Enzyme (ACE).
Angiotensin I causes vasoconstrictor through its
interaction with the AT, receptor. Therefore, drugs
that prevent the generation of Angiotensin II from
Angiotensin I by inhibiting the enzyme Angiotensin
Converting Enzyme (ACE) as well as Angiotensin
Receptor Blockers (ARBs), are clinically used as
antihypertensive agents, for example, captopril,
enalapril and Lisinopril (ACE inhibitors) and
telmisartan, candesartan, olmesartan and azilsartan
(ARBs) (Naik et al., 2010).

Telmisartan, candesartan, olmesartan and azilsartan
are benzimidazole derivatives, potent ARBs, that
are approved by the FDA and commonly used
for the management of hypertension. This review
highlights the development of recent and important
benzimidazole derivatives as potential angiotensin
II, Type-I (AT,) receptor antagonists that may be
able to see the light of the future as approved drugs
for the treatment of hypertension.

Initially, the medicinal importance of the core
structure of benzimidazole and various related
groups of drugs are mentioned briefly. Then, the
structure-activity relationship of benzimidazole
derivatives approved by the US FDA for the
treatment of hypertension is described, followed
by a rather comprehensive review of newer
benzimidazole derivatives that are angiotensin
receptor antagonists and have the potential for the
development of antihypertensive drugs.

2. BENZIMIDAZOLE DERIVATIVES
AS ANGIOTENSIN RECEPTOR
ANTAGONISTS

Benzimidazole has the following general formula
(Figure 1) and this heterocyclic moiety has an
important place in medicinal chemistry (Wright,

1951). N
A\
0

H

Figure 1: General structure of benzimidazole.

Many review articles have been published
that provide the importance of benzimidazole
derivatives in medicinal chemistry and their role
in the development of medicinal compounds
for clinical use (Rajasekhar, Maiti, Balamurali,
& Chanda, 2017; Ajani, Aderohunmu, Ikpo,
Adedapo, & Olanrewaju, 2016; Keri, Hiremathad,
Budagumpi & Nagaraja, 2015; Barot, Nikolova,
Ivanov, & Ghate, 2013; Gaba & Mohan, 2016;
Bansal & Silakari, 2012; Yadav & Ganguly, 2015).
Besides the benzimidazole derivatives clinically
used as antihypertensive agents mentioned above,
benzimidazole derivatives have been approved for
other clinical applications, for example, irtemazole
(uricosuric agent); astemizole (antihistaminic);
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Abstract: Hypertension is a major cause of death worldwide as well as one of the main causes of death
in Saudi Arabia. The prevalence of this disease is increasing in all age groups throughout the world which
advocates that there is a need for more research in the field of hypertension. The renin angiotensin system
(RAS) is implicated in the pathogenesis of hypertension. The renin inhibitors, angiotensin converting enzyme
(ACE) inhibitors, and angiotensin II receptor (AT,) antagonists are the drugs that affect renin angiotensin
system to control hypertension. Recently, benzimidazole derivatives have emerged as an important scaffold
for the development of angiotensin II, Type I (AT)) receptor antagonists for the treatment of hypert. Three
benzimidazole derivatives, namely, candesrtan, telmisartan, and azilsartan, have already been approved by
the USFDA for the treatment of hypertension and related cardiac conditions. Based on the reported structure
activity relationship studies and literature, newer benzimidazole derivatives as AT, receptor antagonists are
being developed to tackle the issues related to hypertension and related cardiac conditions with emphasis to
maintain their potency, duration of action, and bioavailability. Many reviews have been published that provide
the importance of benzimidazole derivatives in medicinal chemistry and in the development of medicinal
compounds for clinical use. However, this review highlights the development of newer benzimidazole
derivatives as potential AT, receptor antagonists that may be able to see the light of future as approved drugs
for the treatment of hypertension.
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compare results. Moreover, according to the SN
ratio, dwell time was insignificant according to this
confidence level (p-value of 0.084). This is true for
a significance level of 95%, but if one considered
a lower significance level “say 90%”, then dwell
time would be identified as a significant factor as
well. However, this does not change the fact that
the most significant factor was the tool rotational
speed (highest F-vale) followed by the pin length.
In summary, in terms of significance, the friction
stir welding parameters can be divided into two
sets. The first consists of the very significant factors
of rotational speed and pin length while the second
comprises the set of the least significant factors,
shoulder width and dwell time.

CONCLUSION

Friction stir spot welding parameters for joining Al
6061 alloys were investigated in this work. There
are four parameters that would affect the quality of
the weld and hence the strength of the weld. These
are tool rotational speed, pin length, dwell time and
shoulder width. In order to accomplish a wide range
of parameter possibilities, a Taguchi experimental
design was implemented. The results of the study
show that tool rotational speed was the most
significant factor for determining the strength of the
welded joints followed by pin length. Also, the study
showed that dwell time was an insignificant factor
in determining the strength of the welded joints.
Finally, optimum parameter settings for FSSW
Al6061 alloys within the factors investigated and
their corresponding levels to achieve high strength
welds are identified. These optimum parameters are
as follows: tool rotational speed of 1120 rpm, pin
length of 4.5 mm, shoulder width of 15 mm and
dwell time 35 sec.
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Figure 5: Residual plots for the mean of the force analysis of the data.

of a verification of the significance of the rotational
speed and that it is the most significant factor. This
result is most reasonable since friction stir welding
in general is a solid-state joining mechanism that
depend greatly on the heat generated by friction.
This generated heat is expected to increase as the
friction increases by means of increasing rotational
speed. In other words, rotational speed and friction
are obviously strongly associated and influence
the welding tremendously. However, there seem
to be an upper ceiling for the effectiveness of this
relationship. As the rotational speed is increased
beyond 1120 rpm, the strength of the weld fell
significantly as shown earlier. This effect may be
due to different possibilities. The first is that the
heat generated by the friction welding was large
enough to cause the metal to melt which causes
severe structural modifications that did not exist in
lower rotational speeds and hence hinder the quality
of the weld causing it to withstand much less forces.
The other possibility may be related to plasticity and
solidification. The high rotational speed increases
the plasticity of the material due to the generated
heat and yet not allow it enough time to go through
a proper solidification process thus not allowing the
material to recrystallize and grow properly leading
to low joint quality and poor strength.
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Considering the insignificant factors in this study,
the most insignificant factor was dwell time. This
factor represents the amount of time that the tool
spends within the joint after reaching the specified
joint depth before being retracted. This factor is of
special importance in the industry. Friction stir spot
welds are used widely in automobile applications as
a replacement to rivets and other joining methods.
Automobile manufacturers for example join metal
sheets and other parts together by different means
of joining mechanisms on a daily basis. Money
and time saving on these procedures dictates the
least allowable processing time. In other words, if
automobile manufacturers would depend on FSSW,
the dwell time has to be reduced significantly. Of
course this has to be achieved while maintaining
high quality and strong welds. Thus, the effect of
reduced dwell time on the strength and quality
of the welds as well as the significance of related
factors would be interesting to investigate.

In view of the confidence level used for the
statistical analysis; the confidence level used in this
experiment was 95% or a=0.05. This means that
there is a 95% chance that the mean of the force
will always be within the specified mean values
(for all factors) if one was to repeat the experiment
or do samples for every different combination and
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Figure 3: Residual plots for the SN ratio analysis of the data.
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4. DISCUSSION

It is clear from the ANOVA results that the most
determining factor that increases the strength of
welds produced by friction stir spot welding is
the tool rotational speed. Also, the variation in the
means of the force for this factor are higher than the
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remaining factors. For example, in the mean of the
shear force analysis, the lowest mean value obtained
was around 1050 kN for a rotational speed of 350
rpm while the largest mean was around 2200 kN for
a rotational speed of 1120 rpm. The variations in
the other factors were much less, mostly between
1200 and 1800 kN. This is an indication and sort
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Table 3: the mean of the shear force according to
the four variables and their corresponding levels
(higher is better).

Level Tool Pin Dwell Shoulder
Speed length time Width
1 1054 1188 1490 1354
2 1173 1467 1425 1451
3 1992 1716 1463 1856
4 2262 1655 1726 1534
5 1243 1699 1621 1530
Rank 1 2 4 3

same level as the SN ratio analysis and produced a
force of 2262 kN), pin length of 4.5 mm (produced
a force of 1716 kN), dwell time of 35 sec (the same
level as the SN ratio analysis and produced a force
of 1726 kN) and shoulder width of 15 mm (also the
same level as the SN ratio analysis and produced a
force of 1856 kN).

Table (3) the mean of the shear force according to
the four variables and their corresponding levels
(higher is better).

The corresponding statistical figures of the mean of
the shear force analysis are discussed next. Figure
(4) shows the means of the force vs all five levels

for all factors considered in this work. It is clear
that the speed setting level 4 corresponding to tool
rotational speed of 1120 rpm had the highest mean of
shear force in the entire experiment and there were
dramatic changes between the five levels of this
factor. On the other hand, pin length results showed
that pin lengths of 4.5 and 5.5 mm had almost the
same mean with a slightly higher value for the 4.5
mm pin length. Although shoulder width and dwell
time were not identified as a significant factors in
the ANOVA of the mean of the shear force results,
this figure shows that the shoulder width of 15 mm
gave the highest mean compared to the other levels
of this factor. In addition, dwell time of 35 sec gave
the highest mean of shear force in the experiment
for this factor.

Normal probability plot, histogram, residuals
vs. fits and residuals vs. order of the mean of the
force analysis are shown in Figure (5). The normal
probability plot and the residuals vs. fits plot show
acceptable normality of the data. Moreover, the
residuals vs. order show good scatter around zero
and hence indicating that the order by which the
experiment was conducted is acceptable. On the
other hand, the histogram plot of the mean of the
force showed that the normality of the data was
somehow acceptable.

Main Effects Plot for SN ratios
Data Means

Speed Pin length

time Width

Mean of SM ratios

350 560 200 1120 1800 35 40 45 50 55 20 25 30 35 40 100 125 150 175 200

Signal-to-noise: Larger is better

Figure 2: Means of the SN ratio for the entire experiment (larger is better).
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3.1 Analysis of the SN Ratio of the Force

ANOVA results for the SN ratio of the force required
to break the welded joints indicated the significance
of the following factors: tool rotational speed, pin
length and shoulder width; all with p-values < 0.05.
Tool rotational speed had the highest significance
with an F=34.19 and a corresponding p-value of
0.000. Pin length was the second significant factor
with an F= 7.97 and a p-value of 0.007. Shoulder
width had an F=4.46 and p-value of 0.035.
According to the ANOVA results, dwell time was
insignificant at this confidence level (p-value of
0.084).

On the other hand, the Response Table (RT) of
the SN ratio showed some interesting results. The
setting that was used for the SN ratio was “larger
is better” since the preference is to achieve the
highest possible shear force required to break the
weld and hence the strongest possible weld. As a
result, the RT indicated that the weld parameters
combination for achieving the strongest weld in
this case are: tool rotational speed of 1120 rpm, pin
length of 5.5 mm, dwell time of 35 sec and shoulder
diameter width of 15 mm, as shown in Table (2).
The column showing “Level” is an indication of
a specific welding parameter level. For example,
tool rotational speed level 1 corresponds to 350
rpm and so on. Moreover, the rank at the bottom of
the table ranks all welding parameters in terms of
significance.

Table 2: SN ratio for the four variables and their
corresponding levels (higher is better).

Level Tool Pin Dwell Shoulder
Speed length time Width
1 60.08 60.78 62.39 61.84
2 61.30 62.47 62.36 62.67
3 65.94 64.12 62.98 64.88
4 67.00 64.07 64.64 62.92
5 61.33 64.22 63.28 63.34
Rank 1 2 4 3

The corresponding statistical figures of the SN ratio
analysis are discussed next. Figure (2) shows the
means of the SN ratios vs. all five levels for all
factors considered in this work. It is clear that the

speed setting level 4 corresponding to tool rotational
speed of 1120 rpm had the highest SN ratio in the
entire experiment. In addition, pin length results
show that pin lengths of 4.5, 5.0 and 5.5 mm had
almost the same SN ratio with a slightly higher SN
ratio for the 5.5 mm pin length. Although dwell
time was not identified as a significant factor in the
ANOVA results presented earlier, this figure shows
that the dwell time of 35 sec gave the highest SN
ratio compared to the other levels of this factor.
Finally, the shoulder width showed that the best
setting for achieving the largest SN ratio would be a
shoulder width of 15 mm.

Normal probability plot, histogram, residuals vs.
fits and residuals vs. order of the SN ratio analysis
are shown in Figure (3). The normal probability
plot and the residuals vs. fits plot show acceptable
normality of the data. Moreover, the residuals vs.
order show good scatter around zero and hence
indicating that the order by which the experiment
was conducted is acceptable. On the other hand, the
histogram plot of the SN ratio showed that the data
was slightly skewed.

3.2 Analysis of the Mean of the Shear Force

ANOVA results for the mean of the shear force
showed that tool rotational speed and pin length
were the only significant factors at alpha = 0.05
with p-values of 0.000 and 0.040 respectively.
It also showed that the tool rotational speed was
the most significant factor since it had the highest
F-value (24.98) compared to 4.19 for the pin length.
These results are similar to the SN ratio analysis
presented in the last section in the sense that tool
rotational speed was the most significant factor in
the experiment. Also, the fact that dwell time was
insignificant in both analyses. However, the mean
of the shear force analysis differs in the fact that the
shoulder width is not significant anymore.

On the other hand, the RT of the means of the
shear force showed somehow similar results to
those of the SN ratio response table presented and
discussed earlier. The same setting “larger is better”
was used here as well since we are interested in
the largest possible force. According to Table (3),
the parameter settings combination that should
be used in order to achieve the strongest weld are
as follows: tool rotational speed of 1120 rpm (the
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Table 1: Details of TED.

Pen Dwell Shoulder Pen Dwell Shoulder

Exp. Speed length time diameter Exp. Speed length time diameter
No. (rpm) (mm) (sec) (mm) No. (rpm) (mm) (sec) (mm)

1 350 35 20 10 14 900 5 20 15

2 350 4 25 12.5 15 900 5.5 25 17.5

3 350 4.5 30 15 16 1120 35 35 12.5

4 350 5.0 35 17.5 17 1120 4 40 15

5 350 5.5 40 20 18 1120 4.5 20 17.5

6 560 35 25 15 19 1120 5 25 20

7 560 4 30 17.5 20 1120 5.5 30 10.0

8 560 4.5 35 20 21 1800 35 40 17.5

9 560 5 40 10 22 1800 4 20 20

10 560 5.5 20 12.5 23 1800 4.5 25 10

1 900 3.5 30 20 24 1800 5 30 12.5
12 900 4 35 10 25 1800 5.5 35 15

13 900 4.5 40 12.5

Figure 1: Lap shear test of one of the FSSW samples.

After conducting all 25 welds, the shear lap force
required to break the welded joint was recorded for
further statistical analysis. Further details about the
actual experimental work and related information
are published in Tashkandi et al/ (Tashkandi, Al-
jarrah, & Ibrahim, 2017).

The force data along with TED were used to
perform the analysis of variance (ANOVA) for the
mean of the force to verify the significance of the
test results, the significance of each variable, and
any possible combinations. Moreover, ANOVA was
performed for the signal to noise ratio (SN ratio) to
obtain more robust statistical results. All statistical
analyses were undertaken at a confidence level of
95%.

3. RESULTS

The results of the experiment are discussed in this
section. There are two main parts to be discussed,
the statistical analysis for the mean of the signal
to noise (SN) ratio and the statistical analysis
of the mean of the shear force. This section will
represent ANOVA results for each part as well as
corresponding figures and tables.
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1. INTRODUCTION

Currently, a principal research objective of the ma-
chine industry is how to develop fast high quali-
ty welds that are both reliable and economical.
Friction Stir Spot Welding (FSSW), a variant of
Friction Stir Welding (FSW; TWI Abington, UK:
1995), has proven to be a most reliable source due
to its superior fast quality welds and energy saving
and cost cutting qualities (Baek, Choi, Lee, Ahn,
Yeon, Song, & Jung, 2010; Jeon, Hong, Kwon,
Cho, & Han, 2012; Yang, Fu, & Li, 2014). The re-
search on FSSW has followed five different strands.
The first relates to the microstructure and failure
mechanisms of welding Al alloys (Babu, Sankar,
Janaki Ram, Venkitakrishnan, Madhusudhan Red-
dy, & Prasad Rao, 2013; Mishra, 2007; Mitlin,
Radmilovic, Pan, Chen, Feng, & Santella, 2006;
Pathak, Bandyopadhyay, Sarangi, & Panda, 2013;
Qiu, Iwamoto, & Satonaka, 2009); the second per-
tains to specific welding phenomena, such as lo-
cal melting and tool slippage (Ahmad & Asmael,
2015; Gerlich, Avramovic-Cingara, & North, 2006;
Gerlich, Su, & North, 2005; Gerlich, Adrian, Ya-
mamoto, Motomichi, North, Thomas H, 2008); the
third strand covers the mechanics of joining dissim-
ilar materials, such as aluminum, magnesium and
steel (Chen, Komazaki, Kim, Tsumura, & Nakata,
2008; Kulekcei, 2014); the fourth area concerns the
various welding parameters, specifically, how the
parameters can be enhanced and/or optimized ex-
perimentally (Bilici, 2012; Bilici & Yiikler, 2012;
Yuan, Mishra, Webb, Chen, Carlson, Herling, & Grant,
2011) and, finally, the recent trend that has shifted
toward friction stir spot welding using refill tech-
niques whereby the key-hole left behind after the
removal of welding tool is refilled with base mate-
rial so as to increase the material’s resistance to cor-
rosion and related effects (Bakavos, Chen, Babout,
& Prangnell, 2011; Paidar & Sarab, 2016; Xu, Li,
Ji, & Zhang, 2017).

In this study, a Taguchi Experimental Design (TED)
system that proved to be the most reliable tool to ex-
trapolate the dimensions of the welding parameters
of FSSW was used. First, as a statistical experiment
design, TED enables the researcher to conduct the
least number of experiments while yet providing
a level of significance for process parameters and
making a solid and sound conclusion about the opti-
mum FSSW welding parameters for the type of ma-

terial being considered. Second, given that FSSW
has four main process parameters (tool rotational
speed, plunge depth (aka pin length), dwell time,
and shoulder width), if one were to undertake a
comprehensive study of each these parameters, the
amount of experiments, time, and costs, that would
be required would be overwhelming. Third, studies
that have investigated welding process parameters
using alternative alloys, such as the 6060-T5 alloy,
and/or other experimental design methods, have not
yielded the results that the machine industry expects
(Merzoug, Mazari, Berrahal, & Imad, 2010). Con-
sequently, TED and A16061 remain the most widely
used design and alloy in the automotive industry,
thus the objects of this study.

2. METHODOLGY

There are four FSSW weld parameters that are of
interest to this study: tool rotational speed, shoulder
diameter, plunge depth (pin length) and dwell time.
In addition, there is one output of interest, which is
the shear force that will break the weld. Each weld
parameters had five levels to be tested. The tool
rotational speed was varied from 350 to 1800 rpm.
The Shoulder diameter was varied from 10 to 20
mm by 2.5 mm increments. The plunge depth was
varied from 3 mm to 5 mm by 0.5 mm increments.
Finally, the dwell time was varied from 20 to 40
seconds by 5 sec increments. Consequently, the
design of the experiment required conducting 25
experiments to account for all variables and any
possible significant combinations. As a result, 25
samples corresponding to the experimental design
were produced for further force analysis. Table (1)
shows details of the experiments that were designed
using parameter variations corresponding to TED.

Aluminum 6061 alloys with a thickness of 3mm
were used in this work. Two rectangular pates of
100*25mm were lap-welded by friction stir spot
welding. A vertical conventional milling machine
was used to produce the welds. A special fixture
was fastened on the milling machine and was
also used to tightly hold the samples in place to
eliminate any vibrational effects. Friction stir
spot welding was produced in each experiment
according to the specified experimental design and
the weld strength was then measured via a universal
tensile testing machine as shown in Figure (1).
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Abstract: Friction Stir Spot Welding (FSSW) is a solid-state multi-parameter welding process that is widely
used especially in the automotive industry. This paper examines the manner in which its four primary
parameters (tool rotational speed, pin length, shoulder width, and dwell time) can be employed to produce
stronger welds for A16061 alloys. A Taguchi Statistical Analysis system was utilized to minimize the number
of experiments, costs, time and energy required for the parameters. Significant valid statistical results
were obtained which suggested that tool rotational speed and pin length are the most significant factors for
determining welded joints strength. Optimum parameter settings for FSSW A16061 alloys within the factors
were also investigated and the corresponding levels required to achieve high strength welds were identified.

Keywords: Friction Stir Spot Welding; Parameters; Taguchi Statistical Analysis; Alloys; Weld strength
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Table 6: MLEs and Information criterion.

Estimates Information Criterion
Model
-2log-
a p y P |Jikelihood | BIC | AIC cale
EWG | 0.00002035 | 8.07047 | 0.5678 | 0.8504 115.311 | 131.88 | 123.311 | 124.00066
WG 0.005356 [4.4103 0 0.000106 | 125983 | 138.41 | 131.983 | 132.3898
w 0.002355 | 5.04942 0 0 123.914 |132.20 | 127.917 128.114
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Moreover, Figure (10) shows that the EWG
model gives the better fit for the data; therefore,
the proposed distribution provides a close fit as
compared to its special cases.

CONCLUSIONS

This research introduces an Extended Weibull
Geometric model; it discusses the expansions
of moments, factorial moments, cumulants and
entropies. The authors derive the moment and MLEs
of order statistics. Simulation outcomes suggest
that the estimation performance is satisfied. A real
data set is used for the new model; it is suggests
that the proposed distribution is better than its sub
models. Consequently, the authors look hope the
proposed model performs better than its class due
to the flexibility and greater applicability of its sub
models.
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Table 3: Estimates, log-likelihood and p-values.

n=100 n=200 n=300
2.29648 1.69358 2.72556
a=2.12 (8.07864) (149.795) (183.092)
6.70782 5.49098 5.11727
p=48 (0.533014) (1.33439) (1.13178)
Parameter
2.16503 1.62326 1.03546
Estimates y=1.15 (0.392509) (0.731233) (0.766765)
0.587932 0.505057 0.000272122
p=02 (0.112324) (0.0505055) (0.0983515)
Log-Likelihood -15.495 -54.669 -56.1007
Anderson Darling 0.430452 0.756026 0.435584
p-values Kolmogorov-Smirnov 0.51079 0.485762 0.516989
Pearson 0.663219 0.368969 0.264803
Table 4: Gauge lengths of 10mm.
1.901 |2.132 [2.203 |2.228 |2.257 [2.350 [2.361 |2.396 [2.397 |2.445 |2.454 |2.474
2.518 |2.522 |2.525 |2.532 |2.575 |2.614 |2.616 [2.618 |2.624 [2.659 |2.675 |2.738
2.740 |2.856 |2.917 |[2.928 |2.937 |2.937 |2.977 [2.996 |3.030 |[3.125 |3.139 |3.145
3.220 |3.223 |3.235 [3.243 |3.264 |3.272 |3.294 |3.332 |3.346 |3.377 |3.408 |3.435
3.493 |3.501 |3.537 [3.554 |3.562 |3.628 |3.852 |3.871 |3.886 |3.971 |4.024 |4.027
4.225 14.395 |5.020
Table 5: Descriptive statistics.
Data Mean Median S.D Variance Skewness | Kurtosis
Gauge lengths (10mm) 3.05930 | 2.99600 | 0.6209 0.386 0.648 0.412

This study takes criteria, such as the -2log-
likelihood, the Bayesian Information Criteria
(BIC), the Akaike Information Criteria (AIC)
and the Consistent Akaike Information Criteria
(CAIC). However, Table (6) shows that the EWG

distribution provides the smallest values than
the WG distribution and Weibull distribution for
these statistics; therefore, our EWG distribution is
better than its sub models. Figure (10) shows the
histogram of the data and fitted EWG, WG and W.
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oL n z o Xl.ﬁ In (xl.) B 2pai xiﬂ In ()C,j )(1 + ]/axl./j )_[Hi] (36)
| i

B B = "=1(1+7axiﬁ) i=l 1—P(1+7ax,:ﬂ)y

x” (1 +yax/ )_[H;j

oL n -ﬂ 1 & n ‘ﬁ 2 n
— = Lﬁ——zzm(l+yaxiﬁ)+g i 7 + paz 3
oy F(lvrex!) 75 7 (rex’) v 3 [I—P(me,-ﬁ) y}
=) (37)
o on e (pax?)”
—_——_—— ) - v .
op (1-p) G [l_p(l_i_},axiﬁ)/y} (38)
The maximum likelihood estimates are obtained simultaneously.
by putting these terms equal to zero and solving The simulation consequences are given in Table (3).
5. SIMULATION OF EWG 6. APPLICATION OF EWG
DISTRIBUTION DISTRIBUTION

The study discusses the simulation of EWG This section demonstrates the flexibility and
distribution, the goodness of fit of the proposed applicability of the proposed distribution using

model tells how well it fits with artificial a well-known data set. The proposed model is
observations. The measures used for this purpose compared with the Weibull Geometric (WGQG)
include the Kolmogorov- Smirnov test, Pearson’s distribution and the Weibull (W) distribution. For
chi-squared test, and the Anderson- darling test. illustrative purpose, the data set in Table (4) are
A Monte Carlo simulation study with sample size gauge lengths of 10mm and the sample size for the
n = 100, 200 and 300, with 1000 replicates, are data set is sixty three from Kundu and Gupta (2006).
considered. Moreover, the study observes that the However, the descriptive statistics is presented as in
estimated value is quite close to the corresponding Table (5).

observed value as the sample size is large as shown Afify, Yousof, Cordeiro, Ortega & Nofal (2016)
in Figures (9a & 9b), and very clear in Figure (9c¢). also used the Transmuted Weibull Lomax (TWL)
The simulation consequences are given in Table (3). distribution for this data.

1EF
151
18k

sl XK HE-1 3
94 1 i i I = A e i) L |b|'—:| 90 L

05 10 18 2 25 W 05 10 15 ] 28 1 2 2 :
Figure 9a: Forn=100 Figure 9b: Forn=200 Figure 9¢: Forn=300.
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A(x):(aﬁ)s1(1_1p)si(zsz—;fl_ljpkB[l(S+k)+%(s—l),s+%(l—s)j REI

}/ (j/a )(S—I)Jrﬁ(l—s) =0 7/

1, ()= Joe | (aB)( i(zs”‘ 1} B(l(s+k)+%(s—l),s+%(l—s)), G2)

1-s 7(}@) ﬁ ) o\ 2s—1 y

1 s
s+ E > E §+—<— s, should not be integer anymore.

1( +k)+_>l l( +k) s %S,k,}/,ﬂ should not be an integer anyone.

y B By
, (f)zﬁ[l—zf~*'(x)dx}

From Eq. (31) the Beta entropy of EWG distribution is given by

1 1_(05/3)S1(1—1p)s i[zszil—ljpkB(l(s+k)+%(s_l),s+%(1_S)j (33)

s—1 }/(7a )(S*WE(I*S) k=0 Ve

The Beta entropy is given as

4. MAXIMUM LIKELIHOOD a,f,y and p. The random sample for size n like
ESTIMATION (MLEs) OF EWG Xypeeneoot, from the EWG (a7, p) distribution.

DISTRIBUTION Through using Eq. (4) the likelihood function is
obtained as

The study presented, MLEs of the parameters

L(a.B.y.p:x)=n[In(a)+In(B)+In(1-p)|+(B- 121nx—(1+;/j21 (1+yax”)

i=1

n 1 (34)
—221n{1— p(l+7ax,.ﬁ) 7}

i-1
the study partially differentiates Eq. (34) get the parameter estimates as

1+ij
oL n ﬂ 1+ yax, [ 4
ROARI) S AN ) A e R o)
@ «a ’:l( trax, ) 1[1 (l+yax ) }
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3.9 Order Statistics of EWG Distribution for the order statistics. Now for minimum and
maximum order , the /' (x)( D and 1(x) () aTC given in
In this subsection, some closed forms are derived Eqgs. (28 & 29).
PO p) (1)
nef(l-p) x + yax
Iy, (%)= 28)

n+l
{1 -p (1 +yax” )_i}

nofB(1-p)x"" (1 +yax” )_[H;) {1 —(1+ yax” )_i T_ (29)

me (x) =

1

n+l
{1 —p(l +yax” )_7}

The order moments for EWG distribution is

x")= n!(l—p)(—l)%ﬁ N\ 1V n—i\&(Jj+itk k% Y %[)’ —yl+1 j+i
) ey 2 ("R e S| P e

j+i m
° (30)
where
(k+1)>yl, (k+1)<yl; k,v, 1 shouldnotbe an integer anymore.
3.10 Measures of Uncertainty of the amount of information. In a communication
system, the higher value of entropy describes the
The entropy is a measure of uncertainty. The larger low information. Statistical entropy has a different
the entropy, the larger the uncertainty in the data. interpretation; the higher entropy of the data shows

As information function is the measure of the that there is high randomness in the data.
amount of information, then entropy is the average

3.10.1 Rényie entropy and Beta entropy

The Rényie entropy of EWG distribution is described as

H,(f) lo—gﬁf" (x)dx}Wheresilands >0

_l—s 0

consider A(x) - J‘f5 (x)dx
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Suppose the random variable ‘X’ has an extended Weibull-geometric distribution X~ EWG (a5, , p), then
its reversed residual function is described as

n

3 W EOIGILS

i=0

ey 53 2oy -y

a-1

) (yeut” )b
(1+7atﬂ )b B(a,b) i

m, ()= (J’O”ﬁ)i ]

o
i (1+7/atﬁ)i (b+i)
(25)

where

e

(n_ij—i_l; _l(j+1)_(n__ij>0 hold for all values
B y P
(j+1)> 20"

B

) : j,i,y,/3 shouldnot be an integer anymore.

The moments of residual life are:

YW 0T

i—0 \ !

1—

(")

(1+yat”) B(a.b)

) ;
1-(1+ yat” 7 nif & . et (a-1 yat”
) a3 oy | S () )
1—p(1+yazf’) y 7=0 i=0 l (1+7at )(b+z)
(26)
3.8 Probability Weighted Moments
The PWM of X is given as
po =E[(x)[F ()] |=[x [F ()] 1 (x)ax
The Probability Weighted Moments (PWMs) of the EWG distribution is
) = /S
P, = { ZZ) Z(r+k+1)(p)k2(—1)’7 A’) (k—yi+1r+1) (27)
) (ay)/ﬁ =0 i=0 i
where

(k + 1) > i, (k + 1) <7i, k,y,i should not be an integer anymore.
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é‘l(X):EﬂX‘M|):2M'F(ﬂl’)_2tl (,u{)andé‘z (X):E(|X_m|):ﬂl’_2t1 (m) where tl(')

is truncated moment of Eq. (19) and F (.) is distribution funtion in Eq. (5). The mean deviation about mean

and median are

0

2(1_p);(k+l)pk 1 11 1-(1+7)7%
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(ra)?y y 1= p(1+Y) 7
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where
) 5 o (a, -1 (Y)l
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() y !
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7(ar)” A
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V= 7ai;1ﬁ;L ¥y (“‘ _IJ(V.—)i _

3.7 Reversed Residual of EWG Distribution

The reversed residual:
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3.4 Quantile of EWG Distribution
The quantile of the Extended Weibull Geometric

Distribution is defined from Eq. (5), which this
study presents

Y z
[“‘ J ~1 (20)

ap—1

ay

by putting in Eq. (20) can get median of x, where
‘a’ is uniformly distributed.

o]

x= (21)
ay

Table 2: Mode of the EWGD.

3.5 Mode of EWG Distribution

This subsection tries to derive the mode of EW («,
p, v, p) G distribution by taking the natural log of
Eq. (4) and taking the derivation with respect to x

bt (o)apet 2appen (i) )

=0
x 1+ yax”

[1— p<1+}/axﬁ );} o)

since it appears, the Eq. (22) does not have
an implicit solution in the general -case.
Consequently, this study discusses numerically
as in (Table 2); therefore, for various values of
the parameters a, £, 7, and p the mode is given
in Table (2).

When increasing o but 3, y and p constant then mode
is decreasing. When £ increases then the mode is
also increases and the remaining parameters are
constant. If y increased and the other parameters
are constant, then the mode is decreased. After
some time, y increasing but the values of the mode
converge. However, when increases and o, f3, y are
constant, then the mode is decreased.

a=1 p=0.1
4
1 2 4 5 6
B
2 0.55 0.48 0.43 0.40 0.37 0.34
3 0.77 0.71 0.67 0.64 0.62 0.59
4 0.86 0.82 0.79 0.77 0.75 0.73
5 0.90 0.88 0.85 0.84 0.82 0.80
6 0.93 0.91 0.89 0.88 0.86 0.85

3.6 Mean Deviations of EWG Distribution

The mean deviation of mean and median is expressed as
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3.2 Incomplete Moments of EWG Distribution

The incomplete moments:
X

m, = Ixrf(x)dx

The incomplete moments denoted by m, is described as

m = U2 ) ()5 (1-(1+ 7)) "_I(—l)i(a_lJ(l_(meﬂ))’ (18)

y(ay)s = B(a,b) 13 i b+i

where

azl—l(k+7/+l);b:%+l and 7/>(/€+7/+1);]/<(/€+}/+1) k,y  should not be an integer
Y

anymore.

3.3 Truncated Moments of EWG Distribution

The truncated moments of the Extended Weibull Geometric Distribution is expressed as
Ix’ f (x) dx

0 (3)=P(¥ I <x<t)=fos—rs

B(a,,b,){l( (706tjﬂ)br Lf(_l)i (a"_lj (}/atzf”)i ]

© 1+yat)" B(a.,b,)i= ‘ 1+ yat,” i b +i
Sty /) Bla.n) (1470 ) 0,1

=0 [ (et )" = C1y (ar -—1j (yar/) ]

1+ yat”) B(a,b)= J ) (teyat?) (b +j
(1+7et’)" B(a,.b,) (b,+))

1 1
Har)h 1—(1+mt2ﬂ)yl ) 1= (14 yat”) 1
1—p(1+7atzﬂ)V 1—p(1+7atlﬂ)7 (19)
where
1 r r ry ry .
a.=—(k+1)——;b.=—+1 and (k+1)>—=; (k+1)<—=;r,y,[,k shouldnot be an integer
(s )~ =t and (k1) (k1) <2
anymore.
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and
K -1=P) {i k+1)p*B(C, D)} Z( ) }k{i k+1)p' "B(C..D,. )} (15)
7/(7/05) k=0 Jj-1 k=0
The coefficient of skewnessis
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Figure (8a) presents change f while a, y, p are fixed
at 5, 0.15, 0.6 correspondingly. The f; and S, -3
cut x-axis for f =7. Therefore, when a = 5, f =
7,y = 0.15 and p = 0.6, the EWG model becomes

symmetrical. Also, Figure (8b) shows that for a =

5, p=35.9 p=0.5, and selected value for y . Thus
when o =5, =5.9y=0.2and p = 0.5, the EWG
model becomes symmetrical. In Figure (8c) f; and
f>-3 cutx-axisona=35,=69,y= 0.15and p =
0.6 the EWG distribution is symmetrical.

1&8-2

ozl
o9&k
osf

Bikd

Figure 8a: Fora=5,y=0.15,p

= 0.6 =05

Figure 8b: Fora=5,=5.9,p

. N
0.2 0.4 05 K3 i

Figure 8c: Foro.=5,[=6.9,y=
0.15

03
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The mean and variance of EWG distribution is

X,
Il
g
|
=
N—
M
bl
_|_
+

(k+1)pkBG( )—%,%Hj )
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The negative moments are

= ()

1
Z (k+1)p [ﬁ+;(k+1),l—%j (11

ES)
k=0

’m\*

y(ya)

7 r .
where 1>—; 1<— 7,8 should not be an integer anyone.

The fractional moments are

E(X%) (-p) Z(k+1) [%(kﬂ)—i,iﬂj (12)

(ya)/ﬂr “ pr’ pr
where (k+1)>lr (k+1)<ﬁ— v, B.r should not be an integer anyone.
The pth descending factorial moment for EWG distribution is
#y = E[ X7 |= E[X (X =1)x..x(X - p+1)]= is m) i,
where s(p.m)=(m1)" {d_’;x(},)}
dx o

is the Striling number of the first kind, and where one can obtain the factorial moments by using the
expression of Eq. (8)

(k+1) p*B| —(k+1)——,—+1
m=0 (70:/2 ' (7’ ),Bﬂ+j (13)

The central moments and cumulants are

yr:i{rj(—l)jw{i(kﬂ) “B(C.,D,) } [,{i} (k+1) "B(er,Drj)} (14)

7/]+1 (}/CZ)/ﬁ =
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Table (1) is presented Sub models of EWG
distribution for the parameters a, f3, y and p with its
crossbonding f{x).

Table 1: Sub models of EWG distribution.

3. PROPERTIES

This section derives statistical expressions for
EWG distribution such as moments, quantile, mode
and entropies, etc.

Model a /] y p fx)
aﬂ l_p -1 —(xx
WG “ ; )0 » f(x)= ( )_axﬁ 2
(1=pe)
1
EW o B y 0 f(x)=apx"" (1 + yox” )7_1
Weibull a B y—0 0 f(x)=apx"’ o
1
EE o 1 Y 0 f(x)=a(l+yax)
Exponential a 1 y —0 0 f(x)=ae™
Rayleigh o 2 y —0 0 r ( x) —2xqe ™
Extended 1
o 2 V 0 =2 1+ 2) y
Rayleigh /(%) =2xa(1+ yax’)
B-1
LL 1 B 1 0 £(x)= Px .
( 1+x” )
3.1 The Moments of EWG Distribution
The moment of EWG distribution is described as
1 0
1 pr2k+1 )p*B(C..,D,) ®)
()i

where

e
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=—(k+1 —L,D :L+1 k+1)> 7 k+1 S , ¥, B>k should not be an integer anymore.
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Figure 2: /5 effects while fixing , y and p
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Figure 4: p effects while fixing o, £ and y.

The Cumulative Distribution Function (CDF) of the
Exponentiated Weibull-Geometric (EWG) distribution
is given as

1
1—(1+yax”) 7
F(x): ( )_1;
1—p(1+;/ax/’) v
x>0,0>0,8>0,7>0,pe(0,1) (6))

The survival and hazard functions of the EWG
distribution are given as;

1

S(x) _ (1+;/axﬂ) " (1—;17) ©

l—p(l+}/axﬂ) v
Bl
h(x)= b L
(1+7axﬁ) 1—p(1+7axﬁ)7

The F(x), S(x) and A(x) with its graph is given as
shown in Figures (5, 6, and 7) respectively.
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Figure7: The graph of the hazard function.
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1. INTRODUCTION

The Weibull Distribution was introduced by the
Swedish physicist Waloddi Weibull (Weibull,
1939) to explain the behavior of the breaking
strength of materials. In statistics, there are many
lifetime distributions but the Weibull Distribution
is much flexible in potential as compared to other
lifetime distributions. This distribution gives
increasing, decreasing and constant hazard rates.
Several researchers have proposed different forms
of the Weibull Distribution to attain non-monotonic
shapes, such as bathtub shapes. The Weibull
Distribution has been used in different fields; some
examples are discussed, such as, Inverse Weibull
model analyzed reliability analysis for commercial
vehicle engines (Keller, Giblin, & Farnworth, 1985).
Further studied used the Exponentiated Weibull
Distribution with some application for bus-motor
failure data and flood data (Mudholkar, Srivastava
& Freimer, 1995; Mudholkar and Hutson, 1996).
By combining the well-known distributions one can
get new distribution with more parameters which
generally have aflexible failure rate with applications
to data modeling. Adamidis and Loukas (1998)
discussed the Exponential Geometric Distribution.
They developed several interesting properties and
its hazard rate function is decreasing. Kus (2007)
explained the Exponential Poisson Two Parameter
Distribution which accommodates decreasing
hazard rates. Barreto-Souza et al examined the
Weibull-Geometric Distribution (WG) and studied
its different properties (Barreto-Souza, de Morais
& Cordeiro, 2011). The WG distribution contains
special sub-models such as extended exponential
geometric distribution, the exponential geometric
distribution and Weibull distribution. Wang and
Elbatal (2015) proposed the Modified Weibull
Geometric Distribution. It is discussed through
compounding the Modified Weibull with the
geometric distributions.

2. THE NEW DISTRIBUTION

Let z be a discrete random variable with the
following probability mass function:

110

f(z)=(1-p)p™" (1

where z=12,3,...and O0< p<1.
(Hashimoto, Ortega, Cordeiro & Pascoa, 2015)
defined probability density and cumulative density

function for the Extended Weibull (EW) model as:

f(x):aﬂxﬁ‘l(l+yaxﬂ)_7 i x>0 (2)

1
F(x)zl—(l+}/axﬁ)7;x>0 (3)

For indicates scale; y > 0, f > 0 indicate shapes
parameters.

The Extended Weibull Geometric Distribution is
defined as

1

1)

/4

aﬁ(l—p)xﬁ*(nyaxﬂ)’(
(1—p(1+}/axﬂ);]2

where o> 0, >0,y>0andp €(0,1); ais scale p,y
are shape parameters.

S(x)= ;x>0 (4)

Figure (1) Plots the WG density for selected
values of parameters a, f, y and p. Figure (2)
shows the g effects while fixing a, y and p. As
same as with Figure (3) y effects while fixing «,
p and p. Figure (4) also presented p effects while
fixing o, f and y.
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CONCLUSION

In conclusion, kefir is an anti-proliferative agent
and an apoptotic agent that induces the killing of
cancer cells. The results of this review suggest
that kefir may be associated with cancer prevention
and that it also has beneficial effects in cancer
treatment. This protection may be associated
with kefir’s bioactive ~ components  including
peptides, polysaccharides and sphingolipids. The
preventive effects of kefir and its product kefiran
have been demonstrated to control several types
of cancer, including gastric, colon, colorectal,
breast, leukemia, and osteosarcoma. The proposed
mechanisms of action include antioxidant effects,
inhibition of growth-factor signaling, cytokines
production, and enhancement of chemotherapy
agents. Therefore, Kefir may be used in our daily
diet as a prophylactic agent (Figure 1). Future
researches are highly recommended to explore the
role of using kefir with different chemotherapeutic
agents in vivo.
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10(+) cells in mammary glands and in tumors and
inhibited IL-6(+) cells in tumor.

de Moreno de LeBlanc, Matar, Farnworth,
& Perdigon (2007) reported that when mice
with breast tumor were fed kefir and KF for 2 or
7 days, they showed different cytokines profiles.
Mice fed KF cyclically for 2-days showed
changes in CD4+ and CD8+ cells balance in the
mammary gland. The CD4+ number increased
while CD8+ number remained constant along with
an augmentation of the apoptotic cell numbers and
decreases in Bcl-2 cell numbers in the mammary
gland. The anti-proliferative effects of kefir was
studied for 6 days by Chen, Chan, & Kubow (2007)
on human mammary cancer cells (MCF-7) and
normal human mammary epithelial cells (HMECs).
The authors found that kefir inhibited the growth of
MCEF-7 cell line in a dose-related manner, reporting
29% depression of proliferation at the dose 0.63%
and 56% depression at the 2.5% dose. No anti-
proliferative effects of kefir extracts were observed
in the HMECs. It also has been demonstrated that
the anti-proliferative effect of kefir, especially on
estrogen dependent cancer cells, is exerted through
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the decreases of IL-6, a pro-inflammatory cytokine
involved in estrogen synthesis. Thus, the decrease
of estrogen level is followed by a decrease in tumor
growth. This may be related to kefir constituents
that specifically inhibit the growth of human breast
cancer cells (de Moreno de LeBlanc et al., 2006 &
Chen et al., 2007).

8. OSTEOSARCOMA

Osteosarcoma is a malignant tumor of bone in which
there is a proliferation of osteoblasts. Osada, Nagira,
Teruya, Tachibana, & Shirahata (1993) demonstrated
that kefir contains an active substance that enhances
IFN- secretion of human osteosarcoma line MG-63
when treated with a chemical inducer, poly I: poly
C. In addition, kefir contains unique sphingomyelins
which can enhance the secretion of IFN-f, an anti-
proliferative cytokine.

Figure (1) shows the mechanism of action of kefir
in fighting different types of cancer that could be
used in our daily diet as a prophylactic agent.

Breast Cancer
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Figure 1: Diagram summarizes the mechanism of action of kefir in fighting different types of cancer.
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lymphoblastic leukemia (ALL) is a malignancy
type that has an overall recovery rate reached
to 85% in children and 40% in adults (Maalouf,
Baydoun, & Rizk, 2011). The human T-cell
lymphotropic virus type 1 (HTLV-1) is the
causative agent of adult T-cell leukemia, which
is a fatal disease with no effective treatment
(Zimmerman, Niewiesks, & Lairmore, 2010). The
maximum cytotoxicity recorded after treatment
with 80pg/uL kefir was only 42% and 39% in CEM
and Jurkat cells, after 48-hours respectively. CEM
cells, acell line derived from human T cells and
Jurkat cells, are an immortalized line of human T
lymphocyte cells that are both used to study acute
T cell leukemia, T cell signaling, and the expression
of various chemokine receptors susceptible to
viral entry, particularly HIV (Rizk, Maalouf, &
Baydoun, 2009). The anti-proliferative activity of
kefir was dose and time-dependent. In CEM and
Jurkat cell lines, kefir exhibited its antiproliferative
effect by decreasing transforming growth factor-
alpha (TGF-a) and upregulating transforming
growth factor-betal (TGF-f1) mRNA expression.
Upon kefir treatment, a marked increase in cell-
cycle distribution was noted in the preG(1) phase of
CEM and Jurkat cells, indicating the proapoptotic
effect of kefir. In conclusion, kefir is effective in
inhibiting proliferation and inducing apoptosis of
CEM and Jurkat cells which are HTLV-1-negative
malignant T-lymphocytes (Rizk et al., 2009;
Maalouf et al., 2011). TGFs are a large family
of cytokines that have various effects on cells,
such as regulating proliferation, differentiation,
and apoptosis. TGF-a is a cytokine that induces
the proliferation and replication of cells through
binding to the epidermal growth factor receptor
(EGFR) (Jorissen, Walker, Pouliot, Garrett, Ward,
& Burgess, 2003). Binding to EGFR induces
autophosphorylation of the receptor, triggering a
phosphorylation cascade with some targets binding
Src and JAK-2. Another consequence of EGFR-
binding is the activation of the proto-oncogene Ras.
It has been reported that Ras overexpression may
lead to the development of skin papillomas in mice
as well as other types of cancer (Harris, Chung,
& Coffey, 2003). TGF-B, on the other hand, is a
proapoptotic TGF. Saeki, You, Kato, Miyazono,
Yazaki, & Takaku (1997) showed that TGF-f led
to the induction of cell density-dependent apoptosis
in human leukemia HL-60 cells. TGF-f was also
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shown to induce Fas-mediated apoptosis in human
T-cells (Cerwenka, Kovar, Majdic, & Holter, 1996;
Chen, Jin, & Wahl, 1998) and to promote apoptosis
in B-cells through the NF-jB/Rel pathway (Patil,
Wildey, Brown, Choy, Derynck, & Howe, 2000).
The cell-cycle inhibition occurred at the GO/G1
phase as a result of the increase in the number
of cells in the Pre-G1 phase. This GO/G1 arrest
may also indicate that kefir induces apoptosis in
malignant cell lines (Maalouf et al., 2011).
Ghoneum & Gimzewski (2014) examined the
apoptotic effect of a probiotics fermentation
technology (PFT) of a kefir grain product on human
multidrug-resistant (MDR) myeloid leukemia
(HL60/AR) cells in vitro for 3 days. PFT is a novel
natural mixture composed of Lactobacillus kefiri
P-IF, a specific strain of L. kefiri with unique growth
characteristics. HL60/AR cells were cultured with
PFT (0.6-5.0 mg/ml). PFT induced apoptosis in
HL60/AR cells in a dose-dependent manner, which
was maximal at 67.5% for 5 mg/ml. Induction
of apoptosis was associated with activation of
caspase-3, decreased expression of Bcl-2, and
decreased polarization of MMP. In addition, PFT
showed a unique characteristic of piercing holes
in HL60/AR cells that may be responsible for
the apoptotic effect on cancer cells. These results
suggest that PFT may act as a potential therapy
for the treatment of MDR leukemia (Ghoneum &
Gimzewski, 2014).

7. BREAST CANCER

This type of cancer is a malignant proliferation
of epithelial cell lining the ducts or lobules of the
breast. Breast cancer is still the most common cancer
among women (Rebecca & Jemal, 2013). de Moreno
de LeBlanc, Matar, Farnworth, & Perdigon (2006)
studied the effects of the consumption of kefir or
kefir cell-free fraction (KF) for 2 or 7 days on the
systemic and local immune responses in mammary
glands using a murine hormone-dependent breast
cancer model. Mice were subcutaneously injected
with tumor cells in the mammary gland. Four
days post-injection, they received kefir or KF on
a cyclical basis. Both kefir and KF induced IL-10
in serum and depressed IL-6(+) cells that were
involved in estrogen synthesis in mammary glands.
A two-day administration of KF augmented IL-
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(2005) concluded that diluted commercial kefir and
pasteurized kefir consumed by BALB/c mice had
the ability to boost the mucosal immune system in
a dose-related manner.

4. GASTRIC CANCER

Gastric cancer is the third most common cause of
cancer-related death in the world (World Health
Organization, 2015),and it remains difficult to
cure, primarily because most patients are usually
diagnosed at an advanced stage of the disease.
Human gastric cell line SGC7901 cells were treated
with Tibetan kefir, which caused an inhibition in
the G1/S phase that induced apoptosis through
up-regulation of Bax and down-regulation of Bcl-2
(Gao, Gu, Ruan, Chen, He, & He, 2013). Bax and
Bcl-2 both play an important role in acceleration
the process of apoptosis (Ibrahim, 2013).
Ghoneum & Felo  (2015)  showed  that
Lactobacillus kefiri (LK) induced apoptosis in
AGS gastric cancer cells in a dose-dependent
manner. Apoptosis was detected at a concentration
of 0.3 mg/ml (20.8%), increased to 25.8% at 0.6
mg/ml, 37% at 1.2 mg/ml, 53.1% at 2.5 mg/ml,
and peaked at 66.3% at 5.0 mg/ml. Apoptosis
is associated with the decreased polarization of
mitochondrial membrane potential (MMP) and
decreased antiapoptotic protein Bcl2 expression.
This may result in the release of pro-apoptotic
molecules that cause the activation of caspases
and eventually lead to apoptosis. LK-treated AGS
cells manifested membrane blebbing, nuclear
condensation, and fragmentation; hence, it may
have the capacity for gastric cancer treatment. The
mitochondrial pathway appears to be the main route
for the induction of apoptosis against gastric cancer
cells by different types of probiotics, such as L.
paracasei IMPC2.1, and L. rhamnosus GG (L.GG)
(Orlando, Refolo, Messa, Amati, Lavermicocca,
Guerra, & Russo, 2012).

5. COLON CANCER

Colon cancer is the second leading cause of cancer
deaths, while colorectal cancer is the third most
common cancer worldwide and the third leading
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cause of cancer mortality in many countries (Parkin
& Bray, 2006). Kifer administration caused an
increase in malondialdehyde (MDA) level in the
stomach, a slight increase in glutathione (GSH) level
in colon, and an increase in NO levels in the colon
and liver. Cenesiz, Devrim, Kamber, & Sozmen
(2008) reported that Kefir has antioxidant activity
in mice with colonic aberrant crypts formed by
azoxymethane. Kefir composed of high amounts of
short chain fatty acids including lactate and acetate
can protect cells from DNA damage associated with
carcinogenesis via promoting the immune system
(Grishina, Kulikova, Alieva, Dodson, Rowland, &
Jin, 2011). Short chain fatty acids, by stimulating
production of T cells, antibodies and cytokines,
have critical roles in immune protection. Also,
they improve the barrier properties of the colonic
mucosal layer by inhibiting adhesion irritant, which
contributes to immune function (Wong, de Souza,
Kendall, Emam, & Jenkins, 2006).

Kefir’s antitumor activity was also tested on
colorectal cancer (CRC) cell lines, Caco2 and
HT29. Khoury, El-Hayek, Tarras, El-Sabban, El-
Sibai, & Rizk (2014) found that kefir exhibits an
antiproliferative effect on Caco2 and HT29 cells.
Kefir has the ability to induce cell cycle arrest at
the G1 phase, decreasing the transforming growth
factor o (TGFa) and transforming growth facto
1 (TGFP1) and p53 independent p21 expression
in HT29 cells. Up-regulation in Bax:Bcl2 ratio
confirms the proapoptotic effect (Ibrahim, 2013)
causing inhibition of proliferation and induction
of apoptosis of tumor cells. It was suggested that
the observed overexpression of p21, which was
seen to be p53-independent, could be the reason for
the cell cycle arrest at the G1 phase observed upon
kefir treatment. The supernatants of kefir contained
high amounts of acetic and lactic acid but only a
very small quantity of caproic and butyric acid,
and they showed significantly greater antioxidant
capacity than milk. These findings suggest kefir can
reduce DNA damage, which might be due to their
antioxidant capacities by arresting cell cycle at G1
phase (Grishina et al., 2011).

6. LEUKEMIA

The type of leukemia depends on the type of
blood cell that has become cancerous. Adult
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D-glucose and D-galactose, and is mainly produced
by Lactobacillus kefiranofaciens (Zajsek et al.,
2011; Prado et al., 2015). Kefiran is a water-soluble
polysaccharide (Micheli, Uccelletti, Paleschi, &
Crescenzi, 1999). It has also been shown to be one
of the substances having few or no side effect in
functioning to retard tumor growth in vivo.
Other bioactive compounds that are found in kefir
are serine and glucose or galactose; these molecules
could be a sphingolipid compound. The ceramide is
a component of sphingolipids that is derived from
serine and sphingolipids, such as cerebrosides, that
contain either a glucose or galactose. Sphingolipids,
such as gangliosides, are sphingosine compounds
that contain several glucose or galactose units
(Chen et al., 2011). Ceramide has been detected
in dairy gangliosides (Colarow, Turini, Teneberg,
& Berger, 2003) and cultured dairy products have
been shown to be a rich source of gangliosides
(Murphy, Dias, & Thuret, 2014). Ceramide is
derived from sphingomyelin (SpM) and can act
as an intracellular second messenger for tumor
necrosis factor-alpha (TNF-a), inteleukin-1beta
(IL-1B), and other cytokines (Chen et al., 2011).
Ceramide and its analogs, such as C2 and C6, are cell
permeable ceramide analogs that have been shown
to induce the cell apoptosis of cancer cells (Fillet,
Bentires-Alj, Deregowski, Greimers, Gielen, Piette,
Bours, & Merville, 2003). Also, Modrak, Cardillo,
Newsome, Goldenberg, & Gold (2004) delineated
that SpM has been shown to enhance the ceramide
formation and ceramide-induced apoptosis when
used with gemcitabine (a chemotherapeutic agent),
in human pancreatic cancer cells.

3. MECHANISM OF ACTION

Bioactive peptides have been defined as specific
protein fragments (Kitts & Weiler, 2003) or
peptides with hormones (Fitzgerald & Murray,
2006) that eventually modulate physiological
functions through binding to specific receptors
on target cells leading to physiological responses.
Bioactive  peptides  possess  antimicrobial,
antithrombotic, antihypertensive, opioid, immuno-
modulatory, mineral binding and antioxidative
activities (Fitzgerald & Murray, 2006). All
these activities have affirmative actions on body
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functions for a good health (Kitts & Weiler, 2003).
Bioactive peptides found in kefir stimulate innate
immunity by activating macrophages, inducing
phagocytosis, increasing nitric oxide (NO) and
cytokine production and strengthen IgG and IgA+
B-lymphocytes levels (Adiloglu, Gondiilates, Isler,
& Senol, 2013). Kefir use increases the immune
response towards Thl helper cells (pathway for
cellular immunity that fight allergy) and decreases
Th2 helper cells response (pathway for humoral
immunity that fight extracellular organisms) (Kidd,
2003; Adiloglu et al., 2013). Interleukin-8 (IL-8)
inhibition due to consumption of 200 mL kefir daily
for 9 weeks controls the inflammatory response
by suppressing neutrophil activation and
chemotaxis. Adiloglu et al. (2013) also concluded
that increased IL-5 stimulate secretory IgA at
gastrointestinal mucosa is responsible for more
efficient immune response in the intestinal lumen
(Adiloglu et al., 2013).

Kefir consumption for seven consecutive days
boosts the immune response in mice by augmenting
IgA+ cells number in the intestinal and bronchial
mucosa and by increasing the phagocytic activity of
peritoneal and pulmonary macrophages. Vinderola,
Perdigon, Duarte, Thangavel, Farnworth, & Matar
(2006) studied the capacity of the two fractions
of kefir (F1: solids including bacteria and F2:
liquid supernatant), on the peritoneal macrophages
and on the adherent cells from Peyer’s patches (as
lines for the innate immunity). Both fractions F1
and F2 induced augmentation TNF-a and IL-6 on
peritoneal macrophages.

IL-1a on adherent cells from Peyer’s patches
was enhanced after F1 and F2 feeding except
for interferon-gamma  (IFN-y) after F2
administration. Moreover, the percentage of IL-
10+cells induced significantly on adherent
cells from Peyer’s patches after consumption
of F2 than F1. Different components of kefir have
in vivo role as oral biotherapeutic substances
capable of stimulating immune cells of the
innate immune system to down-regulate the
Th2 immune phenotype or to promote cell-
mediated immune responses against tumors and
intracellular pathogenic infections (Vinderola et
al., 2006). In another experiment by Vinderola,
Durate, Thangavel, Perdigon, Farnworth, & Matar



Amal Attia EI-Morsy Ibrahim: Kefir's Fighting Mechanism Against Different Cancer Types

1. INTRODUCTION

Fermented beverages and foods have different
nutritional and therapeutic properties. Kefir or keyif
means “feeling good” after its ingestion (Tamime,
2006). It originated in the Balkans, in eastern
Europe, and in the Caucasus (Serafini, Turroni,
Ruas-Madiedo, Lugli, Duranti, Zamboni, Bottacini,
van Sinderen, Maegolles, & Ventura, 2014). Kefir is
a unique fermented milk beverage produced by the
action of bacteria, yeasts and acetic acid bacteria
that stick to a polysaccharide matrix in kefir grains
(Chen, Shi, Yang, Nan, Liu, & Wang, 2015). Kefir
acts as a matrix in the effective delivery of probiotic
microorganisms in different types of products
(Prado, Blandon, Vandenberghe, Rodrigues, Castro,
Thomaz-Soccol, & Soccol, 2015).

Kefir is manufactured by fermenting milk with
commercial freeze-dried kefir starter cultures
(Bensmira, Nsabimana, & Jiang, 2010). After
fermentation, kefir grains break up to new
generation grains that have similar properties as the
old ones (Gao, Gu, Abdella, Ruan, & He, 2012).
The microbial feature of kefir grains have a steady
and specific equilibrium of yeast and lactic acid
bacteria which exist in a symbiotic association
(Guzel-Seydim, Kok-Tas, Greene, & Seydim, 2011).
Kefir has a high nutritional value; it is considered as
a good source of calcium and proteins. Fermented
milks have many health benefits, such as prevention
of gastrointestinal infections, glucose level control,
cholesterol inhibition and antitumor activities.
Lactose intolerant individuals and patients
suffering from atherosclerosis are recommended to
use fermented products (de Oliveira Leite, Miguel,
Peixoto, Rosado, Silva, & Paschoalin, 2013).
Moreover, kefir is a good dietetic beverage; it is of
particular interest to athletes and good for feeding
small babies and pre-schoolers for good tolerance
against disease (Ahmed, Wang, Ahmed, Khan, Nisa,
Ahmed, & Afreen, 2013). The regular consumption
of kefir enhances the body immune system to fight
carcinogenic agents (Ahmed et al., 2013).
Kefiran is the main polysaccharide component in
kefir, which is mainly produced by Lactobacillus
kefiranofaciens (Zajsek, Kolar, & Gorsek, 2011;
Prado et al., 2015). The viscosity and viscoelastic
properties of acid milk gels are improved by
kefiran usage (Rimada & Abraham, 2006). Lactic
acid, ethanol and CO,, are the major products of
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kefir which confer its beverage viscosity, acidity
and low alcohol content. Diacetyl, acetaldehyde,
ethyl and amino acids are the minor components
that contribute to its flavor (Rattray & O’Connel,
2011).

Regular kefir consumption causes lactose
intolerance symptoms inhibition, immune system
boosting, lower cholesterol, anti-mutagenic, and
anti-carcinogenic activities (Guzel-Seydim et al.,
2011). Kefiran has memorable features, such as
anti-inflammatory (Tamime, 2006), antitumor,
antifungal, antibacterial properties (Ahmed et al.,
2013) immunomodulation or epithelium protection
(Serafini et al., 2014), and antioxidant activity
(Chen et al., 2015). In vitro studies on breast,
colon, skin and gastric cancers and leukemia
cell lines and experimental studies on different
sarcomas consistently showed valuable effects
of kefir on cancer prevention and treatment (Rafie,
Golpour Hamedani, Ghiasvand, & Miraghajani,
2015). Administration of soy milk kefirs orally
to mice inoculated with sarcoma 180 tumor cells
resulted in 70.9% inhibition of tumor growth (Liu,
Wang, Lin, & Lin, 2002). In addition, kefir induced
apoptotic tumor cell lysis. Mice fed with soy milk
kefir for 30 days reported increased levels of total
immunoglobulin A (IgA) in the tissue extracted
from the wall of the small intestine. These findings
suggested that soy milk kefir considered as a
promising agent for cancer prevention and boosting
the mucosal resistance to gastrointestinal infection
(Liu et al., 2002).

The target of this review is to explore kefir’s
mechanism of action in boosting the immune
system to fight cancer.

2. KEFIR STRUCTURE

Kefir has a complex mixture composed of peptides,
proteins, organic acids and some small molecules,
such as free amino acids and oligosaccharides (Chen,
Chan & Kubow, 2011). The major components of
kefir fractions have antiproliferative activity which
is composed of lactose and acetic acid, possibly an
end product of fermentation of the milk protein and
sugar by the kefir bacteria and yeast.

The lactose polymer may be fragments of
previously isolated polysaccharides termed as
kefirans. Kefiran, composed of equal proportions of
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Abstract: Over history, people have always been interested in naturally occurring compounds from probiotic,
animal, and plant sources. Different extracts of venoms and flowers have been used for isolating compounds
that could be used for various purposes. Kefir is a fermented milk renowned dairy product that is produced
by the action of bacteria and yeasts in kefir grains. Kefir has a great nutritional value due to the existence of
vital nutrients such as proteins, carbohydrates, minerals, and vitamins. As each type of cancer has a different
etiology, so the fighting mechanism is also different. The fighting mechanism is different in response to the
type of cancer and the type of drug or natural product used to fight. This review reports on kefir’s fighting
mechanism for the different cancer types. This mechanism can be summerized in damaged DNA of cancer
cells, apoptosis induction of tumor cells, and tumor growth inhibition, cytokines production and enhancement
of chemotherapy agents. These mechanisms have demonstrated the ability to control several types of cancer,
including gastric, colon, colorectal, breast, leukemia, and osteosarcoma. Therefore, Kefir may be used in our
daily diet as a prophylactic agent.
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