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of Neural Networks and ARIMA Models to Predict
the Number of Injured from Traffic Accidents in Makkah
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Abstract: The study aimed at comparing the use of neural networks and ARIMA models to
predict the number of injured from traffic accidents in the city of Makkah and to reach the
best forecasting model. The sample of the study consisted of the number of traffic
accidents and the number of casualties in the period from 1425 to 1435 (132 cases). The
data were analyzed using the neural network method to identify the optimal model for
predicting the number of casualties in traffic accidents in Makkah in the future. The
Multilayer Perceptron method was used in the design of the model. Relative Error, which
measures the variance or difference between the actual outputs and the estimated outputs,
is 0.545, thus indicating a decrease in the variance level and approximation of the actual
values of the estimated values. The study also found that the best ARIMA model is
ARIMA (4, 0, 2). The results of the study also found that the model of the neural networks
is better in terms of prediction than the ARIMA model. All the values of the MAE, MAPE,
MSE and RMSE prediction criteria indicate that the values of the neural network model are
lower than that in the ARIMA model.
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Parameter Estimates

Predicted
Predictor Hidden Layer 1 ?_l;;il;t
H(1:1) | H(1:2) | H(1:3) | Injured
(Bias) | .246 | .145 | -.284
lag. 2 | .309 | -.101 | -.322
E-% lag 3 | -.309 | -.455 | -422
lag 4 | -514 | -.319 | .088
lag_1 | -539 | -.157 | -.085
(Bias) .026
% :;' H(1:1) -.432
T S| HQ12) -441
H(1:3) -.400
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daal) Ay
Sample Training «,x | 93 72.7%
Ll
Testing _LEaY! 35 27.3%
Valid 128 | 100.0%
Excluded 4
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Model Summaryg sl gaila

Training | Sum of Squares Error 4.686
Relative Error 0.545
Testing Sum of Squares Error 1.421
Relative Error 0.647
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zlxn & Automatic ARIMA Forecasting .l
O AbadY) les o€ Gus o Qaldl laay) Eviews
zsar dumdl (f Gaald) angs (AIC s dajiaal) z 3l
2 LS AIC B cala 4 ARIMA (4, 0, 2) 52
Bl Abladlly .(4) Jsaally (4) IS8 8 s
ot gl

Alasiuly

zisei 5aaall sl i 2 Gl (2) JSA) mag
Adadl) all pa (D3] Cpuladll dae) Luaall I

el Basn ) o Lea ((ledl) (pubiadd) 2ae)
G il e Jia S il daeal aaaily
Ll L) (3) Jsaal) s @) uiall s
GICGA zigal cOAae Jid A Aied) @paial

Hsaall
coate Jiah Al Afial) clpiiall duedl) L) i3 Jean
-g el
Normalized
: Importance
Variable | Importance ) ..
N - Al Liaad)
sadal) | A sl L)
Vi_o 0.082 19.9%
Vi3 0.414 100.0%
Vi-a 0.243 58.8%
Ve 0.261 63.0%

y, =106.161—0.042y, , +0.265y, ,+0.652y, ,+1.208y, , +¢, +0.891¢, , +0.335¢, ,

Normalized Importance
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&5 sl Syl Bl ) Gl ¢ I Bl V) Dl
s (6) JSal 8 mase g LS A @l agaa Jal
4 &l 0.05 e ST Q-stat LasY VLaaY) paes
Lalall Bl o iny 305 daging sl 878 (gl 2253 Y
z3sall dasdle S5 Las ¢ lpde (K 5 2 3sall 3y

Labball sl

bl 1) m3gedl sl ulas Jgir 14 Jgur

Model | AlC* BIC HQ
(4,2)(0,0) | 0.505641 | 0.681225 | 0.576989
(2,3)(0,0) | 0.522041 | 0.675678 | 0.584471
(0,1)(0,0) | 0.539936 | 0.605780 | 0.566692
(1,2)(0,0) | 0.551542 | 0.661282 | 0.596134
(0,2)(0,0) | 0.552215 | 0.640007 | 0.587889
(1,1)(0,0) | 0.552896 | 0.640689 | 0.588570
(0,4)(0,0) | 0.557319 | 0.689007 | 0.610830
(2,1)(0,0) | 0.559113 | 0.668854 | 0.603706
(4,3)(0,0) | 0.560105 | 0.757638 | 0.640371
(0,3)(0,0) | 0.561098 | 0.670838 | 0.605690
(1,4)(0,0) | 0.561121 | 0.714757 | 0.623550
(3,1)(0,0) | 0.564059 | 0.695747 | 0.617570
(2,2)(0,0) | 0.564195 | 0.695884 | 0.617706
(1,3)(0,0) | 0.564514 | 0.696202 | 0.618025
(3,0)(0,0) | 0.568694 | 0.678435 | 0.613287
(4,0)(0,0) [ 0.572225 | 0.703913 | 0.625736
(4,1)(0,0)| 0.573145 | 0.726782 | 0.635575
(3,4)(0,0) | 0.576972 | 0.774505 | 0.657238
(4,4)(0,0) | 0.577364 | 0.796845 | 0.666549
(3,2)(0,0) | 0.579129 | 0.732766 | 0.641559
(2,0)(0,0) [ 0.583371 | 0.671163 | 0.619045
(3,3)(0,0) | 0.590408 | 0.765992 | 0.661756
(2,4)(0,0) | 0.600224 | 0.775808 | 0.671572
(1,0)(0,0) | 0.722872 | 0.788716 | 0.749627
(0,0)(0,0) | 0.894584 | 0.938480 | 0.912421
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Series: Residuals
Sample 2006M02 2016M12
Observations 131

T m Mean 0.000823
- Median -0.007801
| Maximum 0.624637
n | Minimum -0.708690
Std. Dev. 0.287861
Skewness -0.011868
Kurtosis 2.434132
ﬂ H Jarque-Bera  1.750873
e A Probabilty  0.416680
-0.6 -04 -0.2 0.0 0.2 0.4 0.6
.é\},’\ @))5 ] 5 Jg-:'u
Autocorrelation FPartial Caorrelation AC P&C Q-5tat Prob
1 (] 1 0.148 0.148 2.9371 0.087
1o (0 2 0.001 -0.021 2.9372 0.230
N I o 3 -0.018 -0.016 2.9832 0.394
g o 4 -0.150 -0.148 6.0651 0.194
1o 1 5 -0.004 0.041 B6.0677 0.300
g ig 6 -0.097 -0.110 7.3663 0.288
1 1A 7 0.055 0.090 7.7989 0.351
g g 8 -0.030 -0.085 T7.9246 0.441
o L 9 0.010 0.043 7.9395 0.540
1go g 10 -0.030 -0.081 8.0663 0.522
g g 11 -0.075 -0.026 8.8809 0.633
sl [ 12 0.102 0.088 10.401 0.581
1A (i 13 0.074 0.072 11.206 0.594
g i 14 -0.093 -0.158 12.491 0567
g g 15 -0.081 -0.043 13.479 0.565
g g 16 -0.073 -0.049 14.297 0.577
g o 17 -0.033 0.005 14.459 0.534
gt g 18 -0.104 -0.135 16.125 0.584
I I o 19 -0.014 0.015 16.154 0.647
o o 20 0.029 -0.023 16.289 0.699
N I o 21 -0.014 -0.012 16.319 0.751
g 0 22 -0.066 -0.134 17.020 0.762
g Lo 23 -0.045 0.024 17.352 0.792
o g 24 0.015 -0.027 17.391 0.832
1 (sl 25 0112 0110 19443 0.775
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zisalll meas & Multilayer Perceptron dak
Aaidd e (1) des b WS al el s
S (%27.3) 5 el el Abddl oha (%72.7)
Relative ) il Uadll Laugia 3l 35 o(testing)
i) cla il G GAY) s iy N (Error
Rl ) el a5 ¢(0.545) Al clajaall
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=1 oAbl B Adlam ) el 16 Jgur

Lol il KATIRA]
ARIMA Lpanl)
4,0, 2) NN

Criterion ksl

Mean Absolute
Error (MAE)

(athall i) Und da gia

212.225 81.797

Mean Absolute
Percent Error (unit:
%) (MAPE)
) Unkd (el Ja gilal)
()

83.756 28.348

Mean Square Error
(MSE)
il Und ilay ya Jacu gia

73321.8 11893.43

Root of Mean
Square
Error(RMSE)
Lo gilal o 2l 3ad)
il Und il 4

270.78 109.057

Bl ddlasyl Luledl ad of (6) Jsaad) e e
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Hagan, M., Demuth, H. Beale , M. & De jesus, O.
(2014). Neural network Design (2™ ed). ISBN 978-
0-9717321-1-7. Retrieved from
https://hagan.okstate.edu/NNDesign.pdf.

Hamilton, J. (1994). Time Series Analysis. New Jersey,
USA: Princeton University Press. ISBN: 0-691-
04289-6.

Hansen, J., McDonald , J., & Nelson, R. (1999). Time
series prediction with genetic — algorithm designed
neural networks: An empirical comparison with
modern  statistical  models.  Computational
Intelligence, 15(3). 171-184. doi: 10.1111/0824-
7935.00090.

lhueze, C. C., & Onwurah, U. O. (2018). Road traffic
accidents prediction modelling: An analysis of
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Prevention, 112, 21-29. doi:
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Kunt, M.M., Aghayan, I., & Noii, N. (2011) Prediction
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lial cells of sinusoids, smooth muscle fi-
bers, fibrous and elastic tissue around si-
nusoids and arteries. Relaxation of smooth
muscle in the cavernous tissue
for penile erection in males, as well as sex
response in the female genitals.
Involvement of NO-cGMP and PGE1-
CAMP pathways in the relaxation of
smooth muscle of cavernous tissues is
also common in both sexes. Risk factors
which cause male and female erectile dys-
function are also similar, like age, athero-
sclerosis, hypertension, diabetes and hy-
perlipidemia, etc. Consequently, there are
similarities in the drug management of
male and female sex disorders. Both bene-
fit, more or less, from PDE-5 inhibitors
(Like  Sildenafil) and PGEl1 analog
(Alprostadil), NO donar (Arginine) and
central dopaminergic  modulators  (Apo-
morphine and Filbanserin).

is crucial

arousal

ABBREVIATIONS

AA: arachidonic acid, AC: adenylate
cyclase, Ach: Acetylcholine, ATP: adeno-
sine triphosphate, cAMP: cyclic adenosine
monophosphate, c¢cGKI: cGMP-dependent
protein kinase type I, cGMP: cyclic gua-
nosine monophosphate, CGRP:
gene-related peptide, ED:
function, eNOS: endothelial nitric oxide
synthase (endothelial NOS), EP: Episode,
EP-2: Episode 2, ET: Endothelin, ETa:
receptors, ETg: endothelin
receptors, FDA or USFDA: Food and
Drug Administration, FSAD:
disorder, GC: guanylyl cyclase,
GTP: guanosine triphosphate, iNOS: in-

calcitonin
erectile

dys-

endothelin

female sex
arousal
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ducible nitric oxide synthase, IP3: inositol

trisphosphate, L-Arg: Larginine, MED:
Male Erectile Dysfunction, NANC: non-
adrenergic-noncholinergic, NDDI:  nore-
pinephrine-dopamine  disinhibitor, = NEP:
neutral endopeptidase, Nnos: neuronal
nitric oxide synthase (or) neuronal NO
synthase, NO: Nitric oxide (NO), NO-
cGMP: Nitric Oxide -cyclic guanosine
monophosphate, NO-NOS: Nitric  oxid-
nitric oxide synthase, NOS: nitric oxide

synthase, PDE-3:
3, PDE-5:
PDE-6:
phosphodiesterase 11,
PGE:

phosphodiesterase type
phosphodiesterase  type 5,
phosphodiesterase 6, PDE-11:
PG: Prostaglan-
PGE-1
tor, PGE-1: prostaglandin, PGEL:
taglandin E-1, PGEL1-cAMP: Prostaglan-
din E-1-cyclic adenosine monophosphate,
PGF2a: Prostaglandin F2a., PKA: protein
kinase A, PKG: protein kinase G, PLC:
phospholipase C, PO,: partial pressure of
PSA: prostate-specific
SRY: Sex-determining Region of
the Y chromosome, SSRIs:
tonin reuptake inhibitors, VIP: vasoactive

dins, Prostaglandin, recep-

Pros-

oxygen, antigen,

selective sero-

intestinal peptide, VIPR: vasoactive intes-
tinal peptide receptor.
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minerals  (ArginMax for women) has
demonstrated positive results in the treat-
ment of female disorder,
Greven, Case, Nycum, Zekan, Hurd, Bal-
cueva, Ernie, Mills, Zon, Flynn, Biggs,
Shaw,Lesser & Naughton, 2015).

sex arousal

7.2.4 Estrogen

Estrogen plays a vital role in the regula-
tion of female sexual function. Alterations
in estradiol levels can result in vaginal
wall smooth muscle atrophy and increased
vaginal canal acidity, ultimately leading to
discomfort and stress (The Northern
American Menopause Society, 2018).

Topical estrogen preparations have been
shown to improve vaginal dryness and
irritation. However, topical creams are
shown to cause an increase in serum es-
tradiol in postmenopausal women, which
indicate that systemic effects could be
expected after application of these in-
travaginal ~ estrogen  preparations  (Al-
lahdadi et al., 2009).

7.2.5 Flibanserin

Flibanserin is perhaps the only drug so far
approved by FDA (in August 2015) for
hypoactive sex desire disorder in pre-
menopausal women, particularly related to
the use of selective serotonin reuptake
inhibitors (SSRIs) for treatment of depres-
Like Apomorphine, it increases do-
pamine levels in prefrontal cortex and
norepinephrine levels in the brain and is
described as a norepinephrine-dopamine

sion.

disinhibitor (NDDI). The usual side ef-
fects include dizziness, sleepiness
and nausea, (Jaspers, Feys, Bramer, Os-

car, Franco, Leusink, & Laan, 2016).
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An in depth understanding of the similari-
ties in the immunohistochemistry, the
causative factors and the pathophysiology
of male and female sex disorders have led
to the development of new and similar
remedies in their management. For exam-
ple, PDE-5 inhibitors have
the treatment of male erectile dysfunction
and are also being recommended for se-
lected cases of female arousal dysfunc-
tion. Topical alprostadil, a PGE-2 analog
while approved for male erectile dysfunc-
tion is also being investigated and likely
to be approved for female erectile dys-
function (i.e. to enhance female sex desire
and arousal response). Similarly, the com-
bination of arginine, ginseng, ginkgo and
various vitamins and minerals (ArginMax
for men as well as ArginMax for women)
has been reported to improve the ability to
maintain  erection during inter-
course in men with erectile dysfunction
and has also demonstrated positive results
in the treatment of female sex arousal dis-
order.

revolutionized

sexual

8. CONCLUSIONS

The main objectives for the creation of
human spouses are the propagation of race
and obtaining peacefulness and pleasure.
Besides fertility, healthy cavernous tissues
in both male and female genitals play an
important role in the process of fertiliza-
tion and the achievement of pleasure and
contentment during mating. Despite ap-
parent differences, there are basic similari-
ties between the cavernous tissues of both
genders. Important histological features in
cavernous tissues of genitals are endothe-
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7.2 Drugs for Management of Female
Sex Dysfunctions

7.2.1 PDE-5 inhibitors

PDE-5 inhibitors have

revolutionized the

Sildenafil)
of erectile

(e.g.
treatment
dysfunction in men. As mentioned above
the physiological mechanisms involved in
the relaxation of the smooth muscle of the
cavernous tissue in males and females are
essentially the same. But the same effec-
tiveness of PDE-5 inhibitors has not been
found in female sex disorders. Early clini-
cal trials conducted in women with sex
disorders showed that sildenafil improved
the ability to achieve orgasm and arousal,
Lin,
Goldstein & Cantey-Kiser,

(Berman, Berman, Flaherty, Lahey,
2001; Caruso,
Intelisano, Lupo, & Agnello, 2001; Bas-
& Kop-

piker, 2002,). However, another study did

son, Mclnnes, Smith, Hodgson,
not report beneficial effects of the PDE-5

inhibitor in  women suffering from a
broader spectrum of female sex disorders,
(Uckert, Oelke, Albrecht, Stief, Jonas, &
Hedlund, 2007).

the effects of sildenafil between male and

Inconsistent reports on
females may be explained by the differ-
ences in the PDE isoforms (Coleman,
Smith, & Narumiya, 1994). Further stud-
ies are needed to evaluate the effective-
ness of PDE-5 and phosphodiesterase type
3 (PDE-3) inhibitors in various female sex
disorders that could increase cGMP or
cAMP, relax smooth muscle of cavernous
tissue and increase blood flow in vagina,

clitoris and labia majora.
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7.2.2 Prostaglandins

Prostaglandins (PG) are found in virtually
all tissues and organs and are involved in
many physiological functions, including
blood flow regulation. PGE-1 [via Prosta-
glandin  E1 receptortype 2 (EP2
tors)] causes smooth muscle relaxation in

recep-

the penile and vaginal smooth muscle, EP-
2 activation by PGE-1 leads to increases
in cAMP and smooth muscle relaxation
(Anderson, 2011). In a recent randomized,
double blind, placebo-controlled study on
400 patients (pre- and post-
menopausal) with female sex arousal dis-
order (FSAD) the topical application of an
analog of PGE-1, Alprostadil, displayed
an improved sexual arousal rate when ap-
plied prior to wvaginal intercourse (Liao,
Zhang, Geng, Wang, Song, Xia, Lu, Lu,
& Liu, 2008). Topical alprostadil is a po-
tential new therapy for the treatment of
FSAD, however, more studies are needed
to confirm the findings and its approval.

female

7.2.3 Nitric oxide donors

As mentioned above, activation of NO-
cGMP system is a potential site for phar-
macological intervention for management
of female sex arousal disorder. L-arginine
is the substrate for NO production in the
endothelial cells of cavernous tissue in
vagina. NO activates GC enzyme and in-
crease cGMP formation, which relaxes the
smooth muscle of cavernous tissue, in-
creases vascularity and secretions, particu-
larly in the anterior part of vagina. A
combination of arginine, ginseng, ginkgo,
damamiana and various vitamins and
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erectile dysfunction and the response rate
is around 40 to 70%. Overdose may cause
priapism and prolonged use can lead to
fibrosis, (Linet & Ogrinc, 1996; Albersen,
mukonda, Shindel, & Lue, 2011). Recent-
ly, Alprostadil topical cream has been
approved in Europe and Canada (Med-
scape, 2013), and provided an erectile
response in  67%-75%  of  patients
(Anaissie & Hellstrom, 2016) with mini-
mal side effects, only transient local irrita-
tion and erythema in 1-2% of persons.
Alprostadil and  sildenafil  combination
was found to be more effective than indi-
vidual drugs (Mazo, Dmitriev, Gamidov,
& Ovchinnikov, 2002).

7.1.3 Papaverine and phentolamine

Papaverine is a phosphodiesterase-3 in-
hibitor and Phentolamine an alpha adren-
ergic blocker. Both dilate the smooth
muscle of arteriols around the sinusoids of
the cavernosa, increase blood flow and
cause erection. Their vasodilatory effect is

rather non-specific, and arterial hypoten-
sion and orthostatic hypertension are
common complications. Rarely, myocar-

dial infarction may occur in cardiovascu-
lar risk patients (Traish, Gupta, Gallant,

Huang, & Goldstein, 1998; Eardley, Do-
natucci, Corbin, EI-Meliegy, Hatzimoura-
tidis, McVary, Munarriz, & Lee, 2010;

Dinsmore, 1990). They were usually giv-
en in combination directly into cavernous
tissue and are seldom used nowadays.

7.1.4 Apomorphine

The PDE-5 inhibitors (e.g. sildenafil) are
more effective in patients with erectile

dysfunction (ED) of wvascular origin, but

84

are insufficient in around 30% of patients,

particularly, who o have neuronal prob-
lem. Therefore, there is a need to develop
new remedies for such patients. It has

been reported that Dopamine D; (D;, Ds) -
and D, (D, -Dy)-like receptors in the para-
ventricular area, the medial pre-optic area,
the spinal cord, and in the erectile tissue
are involved Dopamine ago-
nists used in the treatment of Parkinson's
in d
which

in erection.
disease are associated with increase
libido. example apomorphine,
is a non-selective dopamine receptor ago-
nist, with relatively greater effect on do-
pamine D,-like receptors in brain, enhanc-

For

es central nervous erectile signals and im-
proves ED. However, nausea and vomit-
ing are its common side effects, (Simon-
sen, Comerma-Steffensen, & Andersson,

2016).

7.1.5 Arginine preparations

L-arginine provides NO in the endothelial
cells of penile cavernous tissue. NO acti-
vates Guanyl Cyclase enzyme and in-
crease cGMP formation, which relaxes the
smooth muscle of cavernous tissue, in-
creases blood flow in the corpora spongi-
0sa, causing erection. A combination of
arginine, ginseng, ginkgo and various vit-
amins and minerals (ArginMax for men),
when evaluated
with
ability to maintain erection during sexual
in 88.9% without significant
side effects (Ito, T., Kawahara, K., Das,

A., & Strudwick, W. 1998).

for efficacy in patients

erectile  dysfunction improved the

intercourse



Journal of the North for Basic and Applied Sciences, Vol. (3), Issue (1), Northern Border University, (2018/1439 H)

7. DRUGS FOR MANAGEMENT OF
MALE AND FEMALE SEX DISORDERS

7.1 Drugs for Management of Male Erectile
Dysfunction

7.1.1 Phosphodiesterase-5 inhibitors

Sildenafil, the first PDE-5 inhibitor was
approved by Food and Drug Administra-
tion (FDA or USFDA) in 1998. Its onset
of action is around 30 minutes, which
lasts for about 2-4 hrs. In 2003, vardenafil
and Tadalafil were approved, offering
patients alternative options. Avanafil was
approved in 2012, offering a faster onset
of action (15 minutes). The oral disinte-
grating tablet formulation of vardenafil
also has a  faster onset of action (15
minutes). Both Vardenafil and Avanafil
are slightly longer acting than sildenafil
(4-5 hours). Tadalafil has similar onset of
action to Sildenafil (around 30 minutes)
but its effect remains for about 36-hours
and is nicknamed as the “weekend pill”.
Tadalafil is also approved for the treat-
ment of Benign Prostatic Hypertrophy
(Huang & Lie, 2013).

The mode of action of PDE-5 inhibitors is
related to the NO-cGMP pathway men-
tioned above. The cGMP is the second
messenger that sets in vascular and sinus-
oidal smooth muscle relaxation, increases
blood flow into the sinusoids of the cav-
ernous tissue and leads to erection of the
penis. PDE-5 enzyme inactivates cGMP
to GMP, causing termination of erection.
PDE-5 inhibitors promote and sustain
erection by increasing the availability of
cGMP (Ferguson & Carson, 2013).

PDE-5 inhibitors currently available are
almost equally effective and the success rate

to achieve erection is around 80-84%.
Common side effects of these drugs include
headache, facial flushing, nasal congestion
and dyspepsia; which are probably related
to moderate vasodilatation they can cause.
For the same reason they have mild hypo-
tensive effect and should not be used in pa-
tients who have arterial or orthostatic hypo-
tension, cardiac failure and other serious
cardiac illnesses. Treatment with PDE-5
inhibitors is also contraindicated in patients
receiving  nitrates  (Nitroglycerine, Iso-
sorbide mononitrate and Isosorbide  dini-
trate, etc) or other NO-donors (Like
Nicorandil), or other vasodilators (Amlodi-
pine, captopril and hydralazine, etc.).
Sildenafil and vardenafil may cause visual
changes, blurred vision and defective color
perception, related to inhibition of phos-
phodiesterase 6 (PDE-6) with higher doses.
Tadalafil can frequently cause back and
muscle pain due to a significant inhibition
of phosphodiesterase type 11 (PDE-11).
Other consequences of PDE-11 inhibition
need further investigations (Gresser & Glei-
ter, 2002).

7.1.2 Prostaglandin E-1 analog,
alprostadil
Alprostadil, like natural PGE-lin cavern-

ous tissue, activates adenylcyclase (AC)
and increases CcAMP, which relaxes
smooth muscle of corpora cavernosa, in-
creases blood flow and produces penile
erection. It is injected directly into the
cavernous tissue of the penis or adminis-
tered as mini-suppository in  urethra.
Alprostadil may be given as a second-line
treatment, once oral PDE-5 inhibitors
have been ineffective for treatment of
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blood circulation to the vulva, the clitoris, and
the vagina, as well as decrease in vaginal secre-
tions. A woman is distressed by a consistent lack
of lubrication and other physical signs of arous-
al, compared to what she used to experience in
the past (at a younger age), she then develops
"Female Sexual Arousal Disorder" (The North-
ern American Menopause Society, 2018).

6.2.2 Orgasm Disorders

Orgasm is a sensation of intense pleasure creat-
ing an altered consciousness state accompanied
by pelvic striated circum-vaginal musculature
and uterine/anal contractions and myotonia
that resolves sexually-induced vasoconges-
tion and induces well-being/contentment.
Delayed or less intense orgasms may be a
natural process of aging due to decreased
genital blood flow and dulled genital sensa-
tions (Faubion & Rullo, 2015).

6.2.3 Sexual pain disorders (Dyspareunia, vag-
inismus and non-coital sexual pain disorder)

After menopause, when levels of estrogen

are low, the wvaginal lining becomes
thinner and has fewer folds, which
makes it less flexible (Figure 9). Dry,

fragile vulvo-vaginal tissues are suscepti-
ble to injury during coitus and ultimately
lead to pain at the time of intercourse
(Dyspareunia), spasm of vaginal muscula-
ture (Vaginismus) and non-coital pains,
(The Northern American Menopause So-
ciety, 2018; Faubion & Rullo, 2015).

To conclude, the pathophysiology of male
and female sex disorders evolves around
the age related wvascular changes and de-
crease in the smooth muscle contents of
the cavernous tissue, which lead to pov-
erty of penile erection in male and inade-
quate engorgement of external genitalia
and vaginal secretions in the female. Be-
cause the smooth muscle relaxation of the
intracavernosal sinuses plays a key role in
achieving and maintaining erection in
males and in the desire, the arousal
sponse and the maintenance of vaginal
lubrication in the females.

re-

(A)

(B)

Figure 9: (A) Vaginal lining with adequate estrogen in younger women & (B) Vaginal lining with
low estrogen in elderly women (The Northern American Menopause Society, 2018).
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functions, the epidemiology and the risk fac-
tors are essentially similar in both genders. To
mention are the age related hormonal defi-
ciencies, atherosclerosis, cardiovascular dis-
eases, diabetes, psychological disorders and
poor health status.

6. PATHOPHYSIOLOGY OF MALE AND
FEMALE SEX DISORDERS

6.1 Pathophysiology of Male erectile dys-
function

The physiology of penile erection basically
involves arterial dilatation, sinusoidal relaxa-
tion & venous occlusion. In the flaccid state,
vascular smooth muscles are normally con-
tracted, allowing only a small amount of arteri-
al flow for nutritional purposes. The blood PO,
is about 35mmHg. Sexual stimulation triggers
release of neurotransmitters (Acetylcholine)
from parasympathetic nerve terminals in the
cavernous tissue. This results in relaxation of
the smooth muscles of arteries and around si-
nusoids, leading to expansion of sinusoids and
erection. Expansion of sinusoids occludes the
emissary veins between the inner circular and
the outer longitudinal layers and decreases the
venous outflow and strengthens erection. That
causes an increase in PO, to about 90 mmHg
and the intracavernous pressure to around 100
mm Hg. The pressure further increases (to sev-
eral hundred millimeters of mercury) with con-
traction of the ischiocavernosus muscles. The
ejaculation and the detumescence are triggered
by contraction of smooth muscle (Dean & Lue,
2005).

Immunohistological studies in patients with
erectile dysfunction have demonstrated a de-
crease in the smooth muscle content of penile
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cavernous tissue (from 49.89% in controls to
28.58% in patients). Whereas, the cavernous
collagen fibres increased (fom 33.78+2.63% in
controls to 62.99+4.13% in patients) and the
elastic fibres in the corpora cavernosa were
also decreased (from 18-.06+1.42% in controls
to 5.819+1.18 in patients). As mentioned
above, smooth muscle relaxation of the in-
tracavernosal sinuses plays a key role in
achieving and maintaining erection. The reduc-
tion of smooth muscle cells results in de-
creased intracavernosal pressure and subse

quently erectile dysfunction, (Radwan &

Kamel, 2011).

6.2 Pathophysiology of Female Sex Disor-
ders

6.2.1 Desire and Arousal Disorders

Desire is usually the initial stage in the pro-
cess of sex and arises from the favorable cir-
cumstances: Sight (of partner), site (bed-room),
smell (perfume), or suggestion by the partner.
Desire usually triggers arousal, which compris-
es the physical signs of sexual readiness and
include; (a) engorgement/or swelling of labia,
clitoris and vagina due to increase in the blood
flow; (b) moistening of the vaginal lining due
to increased secretions, providing lubrication;
(c) the vagina grows longer and the inner and
outer labia pull apart, exposing the vaginal
opening; (d) breathing and heart rate speed up,
muscles become tense, and nipples grow erect
(The North American Society of menopause,
2018).

The vaginal atrophy and dryness associated
with low estrogen that occur in the mid-life,
Peri- and post- menopausal (Figure 9), can
cause arousal to take longer or be harder to
achieve. Less estrogen results in reduced



Mohammad A. Randhawa & Mohamed Soliman: A review of the developmental, structural, biochemical,.......

5. EPIDEMIOLOGY AND RISK FAC-
TORS FOR MALE AND FEMALE SEX
DISORDERS

5.1 Epidemiology and Risk Factors for Male
Erectile Dysfunction

In the 1999 US National Health & Social Life
Survey, overall rate of male sexual dysfunction
was reported to be 31% (Feldman, Goldstein,
Hatzichristou, Krane, & McKinlay, 1994). In
the Massachusetts Male Aging Study, 52% of
men aged 40-70 years had some degree of
erectile dysfunction (ED), (Selvin, Burnett, &
Platz, 2007). The National Health and Nutri-
tion Examination Survey (2001-2002) estimat-
ed that 18.4% of men in the U.S. aged 20 years
and above have ED. The prevalence is lower
(5.1%) at ages between 20 and 39 years and
increases to 70.2% at the age of 70 years and
above, (EI-Sakka, 2012). Several studies in the
Middle East showed that an overall prevalence
of ED was >40% in Arab
(Katka, Domagata, Rakowska, Womperski, Fra
nke, Sylwina-Krauz, Stanisz, Pitot, Gebala, &
Pilecki, 2016).

men,

The etiology of ED involves a combination of
vascular, neurological, endocrinological, and
psychological factors. Common risk factors for
ED are: age, atherosclerosis, hyperlipidemia,
diabetes mellitus, hypertension, coronary ar-
tery disease and cigarette smoking (Nicotine).
These factors are associated with vascular
changes and increased sympathetic activity,
leading to poverty of erection, early ejaculation
and detumescence, (El-Sakka, 2012, Kaltka et
al., 2016; Hamur, Duman, Keskin, Inci,
Kucuksu, Degirmenci, & Topal, 2015; Frank,
Anderson & Rubinstein, 1978).
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5.2 Epidemiology and Risk Factor for Fe-
male Sex Dysfunction

The incidence of female sexual disorders is
generally higher than male sex dysfunctions. In
an earlier study, 76% of women described some
symptom of sexual dysfunction, (Alsibiani
2014). In the 1999 US National Health and So-
cial Life Survey, the rate of female sexual dys-
function was reported to be 43%, while in
males it was 31% as mentioned above (Feld-
man et al., 1994).

Regarding Saudi Arabia, so far, no study has
been reported for an overall prevalence of fe-
male sex dysfunctions. One study only com-
pared the sex activity in pregnant and non-
pregnant sexually active females and reported
no differences in the indices of sexual function
between two groups. However, there was a
significant decline in the indices of sexual
function over time during pregnancy (Alsibiani,
2014). Another study compared sexual activity
in Saudi and non-Saudi female health care
providers in a tertiary hospital and overall
scores of sexual function-indices were found
to be 23.40 + 4.50 and 26.18 + 5.97, respec-
tively; a bit lower in Saudis (Rouzi, Sahly,
Sawan, Kafy, & Alzaban, 2015). Recently, a
study conducted in Arab women (Yemen, Syr-
ia, Lebanon, Morocco and Egypt) residing in
Saudi Arabia reported an overall prevalence of
female sex disorder of 51% (Attaky, 2017).
Common risk factors associated with sexual dys-
function in women include: Cardiovascular
diseases, diabetes mellitus, genitourinary dis-
eases, psychiatric/ psychological disorders, old
age (menopause) and poor general health status
(Lewis, Fugl-Meyer, Bosch, Fugl-Meyer,
Laumann, Lizza, & Martin-Morales, 2004).
Although, the incidence of female sexual dis-
orders is generally higher than male sex dys-
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sponse in the female gentalia are essentially the

same as those of male erectile tissue, mentioned
above. NO produced by the sexual stimuli via
parasympathetic neurons (or by estrogen in en-
dothelial cells) enters the smooth muscle cell and
binds to guanylyl cyclase (GC), which results into
the production of 3-5'-cyclic guanosine mono-
phosphate (cGMP) from guanosine 5'- triphos-
phate GTP). cGMP activates cGMP-dependent
protein kinase G (PKG), which upon activation,
phosphorylates several intracellular proteins,
resulting in decrease of free cytosolic calcium
and ultimately dilation of the vascular smooth
muscle cell. Phosphodiesterase type 5 metabo-
lizes cGMP to 5-GMP, thus reducing cGMP
availability. Moreover, like in males, PGE1-
CAMP pathway and vasoactive intestinal peptide
(VIP) also participate in the relaxation of smooth

muscle of corpus cavernosum (Figure 8), (Al-
lahdadi, Tostes, & Webb, 2009). Figures (7 and 8)
depict the similarities of the biochemical factors
participating in the penile erection in the male
and in the arousal response of the female genta-
lia. In both genders, sexual stimulation enhances
the production of NO via parasympathetic neu-
rons and L-arginine in the endothelial cells. NO
stimulates guanylate cyclase which then converts
guanosine triphosphate (GTP) to cyclic guano-
sine monophosphate (cGMP), inducing an in-
crease in intracellular cGMP, causing smooth
muscle relaxation and increase in blood flow to
the sinusoids. Moreover, there is an increase in
the formation of endothelial PGE1, which acti-
vates adenyle-cyclase enzyme, increasing CAMP
and causing smooth muscle relaxation in the
cavernous tissue of both genders.

NEP} - - NEP
1 inhibitor

smooth muscle cell

PDE5
inhibitors

parasympathetic nerve

Hyperpolarization

¥ Intracellular
[calcium]

Figure 8: Biochemical factors involved in the relaxation of smooth muscle in the cavernous tissues of

female genitalia (Allahdadi et al., 2009).
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vide NO (Via neuronal nitric oxide synthase,
nNOS). Shear stress during coitus also activates
the production of NO (via eNOS and iNOS). NO
stimulates guanylate cyclase which then converts
guanosine triphosphate (GTP) to cyclic guano-
sine monophosphate (cGMP), inducing a sub-
stantial increase in intracellular cGMP, causing
smooth muscle relaxation. PDE-5 breaks down
cGMP, leading to decrease in relaxation of
smooth muscle and termination of erection. Vas-
oactive intestinal peptide (VIP) and calcitonin
gene-related peptide (CGRP) may play addition-
al role in the relaxation of smooth muscle of cor-
pus cavernosum, (Moreland, Hsieh, Nakane, &
Brioni, 2001; Dean & Lue, 2005; Kaminetsky,
2008).

The influx of arterial blood is associated with an
increase in blood partial pressure of oxygen
(PO,) from 20 to 40 mm Hg, when the penis is in
the flaccid state, to 90-100 mm Hg during erec-

tion. This increase in oxygen tension further ac-
tivates NOS as well as prostaglandin G/H syn-
thase (Both utilize molecular oxygen as a sub-
strate). Prostaglandin E-1 (PGE1) synthesized by
the corpus cavernosum endothelial and smooth
muscle cells binds to specific PGE (EP) recep-
tors, increases intracellular cyclic adenosine
monophosphate (CAMP) levels and potentiates
smooth muscle relaxation. The relaxed corpora
cavernosa (via NO-cGMP and/or PGE1-cAMP
pathways) are filled with blood, which increases
intracavernosal pressure and causes occlusion of
subtunical venules, and the penis becomes a
blood-filled capacitor, (Moreland et al., 2001;
Dean & Lue, 2005; Kaminetsky, 2008).

4.2 Biochemical Factors Involved in Cav-
ernous Tissue of Female genitalia

Biochemical factors involved in the arousal re

Cholinergic AGh ¢ | ENDOTHELIUM | é'\”s
~E , 4car, 1P,
TCa++, IP, AA l
L-arg
02_% =
eNOS Prostaglandin
NO PGE, G/H synthase

NANC

ngc

RELAXATION

Es—
hentolamine

Adrenergic

CONTRACTION

Figure 7: Biochemical factors involved in flaccidity (Contraction of smooth muscle) and erection (Relaxa-

tion of smooth muscle), (Moreland et al., 2001).
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sinusoids, leading to male and female erectile
dysfunction.

4. BIOCHEMICAL SIMILARITIES IN
THE MALE AND FEMALE CAVERNOUS
TISSUES

4.1 Biochemical factors of male erectile tis-
sue

Corpus cavernosum smooth muscle tone regu-
lates penile flaccidity and erection (Figure 7).
During flaccidity, the smooth muscle of helicine
resistance arterioles and corpus cavernosum, are
constricted mainly via a-adrenergic mechanisms
(Sympathetic neurons and a-adrenergic recep-
tors). Endothelin (ET), synthesized by the
smooth muscle, may be partially involved
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Figure 5: (A) Endothelial lining of sinusoids and a nerve fiber (Yellow) in anterior part of vagina.

through endothelin receptors (ET and ETg) pre-
sent in corpus cavernosum tissue. Other vaso-
constrictors Prostaglandin F2a (PGFa) and
thromboxane A,, which are elevated in vascular
complications, such as diabetes and hypercholes-
terolemia, may have an important role in Male
Erectile Dysfunction (MED), (Moreland, Hsieh,
Nakane, & Brioni, 2001). While during erection,
smooth muscle in the cavernous tissue is relaxed
mainly thought cholinergic mechanisms (Para-
sympathetic neurons and muscarinin-M; recep-
tors on the endothelium). In this case, Acetylcho-
line increases intracellular calcium via Mj recep-
tors, which in turn activate eNOS and increase
NO production. Besides cholinergic, nonadren-
ergic-noncholinergic (NANC) neurons also pro-

(B)

Staining of endothelial nitric oxide synthase (eNOS) with a specific antibody (Jannini et al., 2005).

(Jannini et al., 2005).
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nis of the male and likewise consists of cavern-
ous tissue. The sinusoids of cavernous tissue are
encased by trabecular smooth muscle and con-
nective tissue. Like men cavernosal smooth mus-
cle fibers decreases and fibrous connective tissue
increases with an increase in age (Jannini et al.,
2005). These changes are associated with the
vascular risk factors and decrease in estrogen
levels with age. The immunohistochemical stud-
ies demonstrate the presence of iINOS isoforms
and phosphodiesterase type 5 (PDE-5) activity in
clitoris tissues, similar to male corpora cavernosa
(Figure 4), (Kim, Jeong, Munarriz, Kim, Gold-
stein, & Traish, 2003).
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Figure 4: Smooth muscle cells around vessels of
cavernous tissue in clitoris. Also showing immuno-
histochemical distribution of PDE-5; (Jannini et al.,
2005).

3.2.2 Cavernous Tissue in Vagina

Microscopic examination of the anterior part of
vagina reveals the presence of sinusoids with
endothelial lining and smooth muscle fibers
around the sinusoids, underneath the thick inner
mucosal epithelium. The mucosal epithelium is
hormone-dependent (estrogen) and its secretions
provide basal moisture. This basal lubrication
needs an enhancement for coitus (Jannini et al.,
2005).  Immunohistochemical studies have
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demonstrated the presence of various isoforms of
NOS [Neuronal (nNOS), endothelial (eNOS) and
induce-able (iNOS)], which are involved in the
enhancement of vaginal blood flow, engorge-
ment of sinusoids and increase in vaginal secre-
tion, seen during the arousal response and coitus.
Some other transmitters may also be involved,
like neuropeptide Y and vasoactive intestinal
peptide, however, Nitric Oxide (NO) plays the
major role (Figure 5), (Jannini et al., 2005; Kim
et al., 2003).

3.2.3 Cavernous Tissue in Skene's Glands

Histologically, Skene's glands strongly resem-
ble the male prostate. In many cases, they re-
main immature throughout life because of a
lack of androgenic stimulus. They are sur-
rounded by a non-glandular contractile system,
composed of smooth muscle cells and fibrous
tissue. Skene's glands smooth muscle is strong-
ly stained when eNOS and PDE-5 -antibodies
are used (Figure 6) (Jannini et al., 2005; Kim
et al.,, 2003). Like male prostate, Skene's
glands are thought to be the principal source of
prostate-specific antigen (PSA) in the fluid of
the so-called female ejaculate produced during
stimulation of the anterior vaginal wall (Janni-
ni et al., 2005; Pollen & Dreilinger, 1984).

To conclude, penile erection in males and the
arousal response in the females depend upon
similar cavernous tissues in their genitals. The
important histological features of the cavern-
ous tissues in the sex organs of both genders
are the sinusoids, smooth muscle and the con-
nective tissue (Elastic and collagen fibers) in a
suitable proportion. Similar age-related factors,
atherosclerosis and hormonal deficiencies, dis-
turbs this proportion and cause inadequate re-
laxation of smooth muscle and poor filling of
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group of cells (Bi-potential  cells),
the mesonephric ducts (Wolffian ducts) and the
paramesonephric ducts (Mullerian ducts).

3. SIMILARITIES IN HISTOLOGY OF
MALE & FEMALE GENITALIA

3.1 Histology of Male Genitals

The cavernous tissue is the major tissue in-
volved in the process of erection of the penis.
The male corpora cavernosa, besides nerves
and blood vessels, consists of three important
basic components (Smooth muscle cells, elas-
tic fibers and collagen fibers), which are pre-
sent in a suitable proportion and participate in
initiation and maintenance of penile erection
(Figure 2).

When smooth muscle cells are relaxed the
blood flow increases into the sinusoids and
have the key role in erection of penis. Collagen
fibers provide structural integrity that permits
the cavernosum to withstand pressure increase
during erection. Elastic fibers allow an energy-
free recoil of the cavernosum during increases
in blood flow and sinusoidal filling. Erectile
dysfunction occurs due to qualitative and quan-
titative alterations in these structures. Morever,

Immuno-histochemical studies on male caver-
nosa have demonstrated the presence of induc-
ible nitric oxide synthase (iNOS) within male
cavernous tissue, (Radwan & Kamel, 2011),
(Figure 3).
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Figure 3: Immuno-histochemical study showing
iNOS, brown in colour, within male cavernous

tissue (Radwan & Kamel, 2011).

3.2 Histology of Female genitals

Like the male external genitals, the cavernous
tissue is also present in the female external
genitalia, and is involved in the arousal re-
sponse and orgasm.

3.2.1 Cavernous Tissues in Clitoris

The clitoris in the female corresponds to the pe-

Figure 2: Histological picture of the male corpora cavernosa. (A) Cavernous tissue section showing vascu-
lar lacunae & smooth muscle cells. (B) Relationship between smooth muscle (red) & collagen (blue) com-
ponents of cavernous tissue. (C) Perisinusoidal shell of elastic fibers, (Radwan & Kamel, 2011).
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or female gonads (Bi-
potential cells). Close
to these bi-potential
gonad cells there de-
velop two rudimen-

tary duct systems in NS Bodviones:
- Testosterone
the embryo, called e

the mesonephric duct
(Wolffian duct) and
the paramesonephric
ducts (Mullerian
ducts). The male gon-
adal cells have XY
chromosomes,
the female gonads
have XX chromo-
somes. In the male,
the Y chromosome has a gene called as Sex-
determining Region  of  the Y chromosome
(SRY). Under the influence of SRY gene the
bipotential gonad tissue develops into the tes-
tis. Soon after the formation of the testis, the
Leydig cells in the testis begin to secrete tes-
tosterone. Under the influence of testosterone
the bipotential tissue develops to male external
genitals, while the Wolffian ducts develop into
the male internal reproductive structures, i.e.,
epididymis, ductus deferens and seminal vesi-
cles. In the absence of the SRY gene and the
testosterone, all fertilized eggs would develop
into females. Thus the female is considered as

b Male gonad
| Epididymis

Y )

Seminal
vesicle

K\

while Vas deferens |

o

the “fundamental” sex. In the female, bipoten-
tial gonad cells develop into ovaries and clito-
ris, while neighboring Mullerian ducts develop
into female internal reproductive structures, i.e.
uterus, uterine tubes and vagina (Figure 1 &
Table 1), (Swami, 2010; Textbook Equity Edi-
tion, 2014; Wikipedia, 2018).

To summarize, the male and the female gonads
and genital organs develop from the same

Testes

a Bipotential gonad
Gonads

— Mullerian duct

Wolffian duct—

No male
hormones

© Female gonad

Figure 1: Development of male and female reproductive organs from bipotential
tissues (Swami, 2010).

Table 1: Embryological precursor tissues and the
corresponding male and female reproductive organs
(Wikipedia, 2018).

Embryo-
logical Male Female
Precursor
Gonads Testis Ovary
Genital tubercle Penis Clitoris
Mesonephr_ic Epididymis,
duct (Wolffian
duct) vas deference, artner’s duct
seminal vesicle
Paramesonphric Anpendix testes. |allopian tubes,
duct (Miillerian [*PPENAIXTESIES, 1 yar s corvix,
Prostate utricle )
(duct vagina

Urogenital sinus

Prostate, urinary
bladder, urethra
Coweper's or bulb-
ourethral gland

Skene's glands,
urinary bladder,
urethra

Bartholin's
gland

Labioscrotal
folds

Scrotum

Labia majora

Urogenital fold

Penile skin

Labia minora
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1. INTRODUCTION

The basic objectives for the creation of human
spouses are described as the propagation of
race and obtaining peacefulness and pleasure
(Randhawa & Alrowaili, 2017). Both of these
objectives have been narrated in very beautiful
verses in Al-Qur'an Al-Kareem (Translation by
Al-Hilali & Khan, 1996) as follows:

423 Wa (3185 Bia g Gl 0 oIS, (o301 440 1585 Qi 45

43l 158 Y ) Laha &

"0 mankind! Be dutiful to your Lord, Who cre-
ated you from a single person (Adam), and
from him (Adam) He created his wife [Hawwa
(Eve)], and from them both He created many
men and women"

(Surah An-Nisa': versus 1),(1 4l :eluill 3 ) 5)
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"And among His signs is that He created for
you from yourselves wives (Spouses) that you

may find repose (Peacefulness, pleasure) in

them; and He placed between you affection
and mercy. Indeed in that are signs for a peo-

ple who give thought"

(Surah Ar-Rum: versus 21),(21 4 ;a5 11 3 ) o)
To achieve these objectives both genders of
human beings need some important qualities.
In males, these qualities are fertility (ability to
produce enough healthy sperms) and potency
(be able to place these sperms at the proper site
in the female genitals). In females, these quali-
ties include: fertility (i.e. ability to produce
healthy ovum) and competency to appropriate-
ly receive the sperm from the male spouse,
transport the ovum and the sperm to a proper
place for fertilization, implantation of the ferti-
lized ovum in the uterus, then growth of the
embryo and finally delivery of the baby.
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The ability of the male to place the sperms at a
proper place in the female and the competency
of the female to properly receive them both
depend upon the healthy cavernous tissue and
mucous membranes in the male and female
genitals. Pleasure and contentment during mat-
ing also depend upon the healthy cavernous
tissues in both the male and female.

The present article aims to highlight important
similarities in the development, histological
structure, biochemical factors and the pharma-
cotherapy of dysfunctions of the male and fe-
male genitals with particular reference to the
cavernous tissues in both genders, which is the
key component in the potency of males and
competency of females, both for the propaga-
tion of race and the achievement of pleasure
and contentment. For the convenience of the
readers, the manuscript has been structured
into: A) Similarities in the development of
male and female reproductive organs; B) Simi-
larities in the histology of male and female
genitalia; C) Biochemical similarities in the
male and female erectile tissues; D) Epidemi-
ology and risk factors for the male and female
sex dysfunctions; E) Pathophysiology of male
and female sex disorders; F) Drug management
of male and female sex dysfunctions; G)
Summary.

2. SIMILARITIES IN THE DEVEL-
OPMENT OF MALE AND FEMALE
REPRODUCTIVE ORGANS

The development of the reproductive
systems starts around 4-6 weeks after
fertilization. In both male and female
embryos, the same group of cells have
the potential to develop into either the male
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A Review of the Developmental, Structural, Biochemical,
Pathophysiological and Pharmacological Similarities
between Male & Female Genitals

Mohammad A. Randhawa® & Mohamed Soliman?
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Abstract: The primary objectives for creation of human spouses are the propagation of race and obtaining
peacefulness and pleasure, which are mentioned in AlQuran Alkarim as: Your Lord (Allah) created you from a
single person (Adam), and from him (Adam) He created his wife [Hawwa (Eve)], and from them both He created
many men and women; ... and He created for you spouses that you may find peacefulness and pleasure in them. To
attain these aims, both genders of human beings need some important qualities: Fertility, i.e. ability to produce
enough healthy sperm and ovum, as well as potency and competency to place and transport the sperm and ovum to
the proper place for fertilization, development of the embryo and delivery of the baby. Healthy cavernous tissues in
both male and female genitals play an important role in the transference of the sperm to achieve pleasure and
contentment during mating. Despite apparent differences, there are basic similarities between the cavernous tissues
of genital organs of both genders. Important histological features in cavernous tissues in both male and female are
the endothelial cells of sinusoids, smooth muscle fibers, fibrous and elastic tissue around sinusoids and the arteries.
Similarly, risk factors like atherosclerosis, hypertension, diabetes and hyperlipidemia cause male and female
erectile dysfunction. Consequently, there are similarities in the pathophysiology and drug management of sex
derangements in both genders. The present article aims to highlight important developmental, structural and
biochemical similarities in male and female genitals as well as summarize the pathophysiology and drug treatment
of their erectile dysfunctions.

Keywords: Similarities; Developmental; Histological; Pathophysiological; Pharmacological; Male and female
genitals.
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It has been suggested in previous studies that
Nigella Sativa brings down body weight by
decreasing appetite. Decrease in appetite can be
related to the neural circuits that regulate
catecholaminergic, serotonergic and peptidergic
system or via circulating leptin hormone which
signals the brains satiety center to produce a
hypophagic effect (Bano, Wajeeh, Baig, Naz, &
Akhtar, 2009).

The olive Olea European is possesses several
therapeutic applications. The main active active
components of olive oil include oleic acid,
phenolic constituents, and squalene. The major
phenolics include hydroxytyrosol, tyrosol, and
oleuropein. These substances are known for
their antioxidant activity. Antioxidants are said to
be responsible for many of olive oil's
pharmacological activities. Oleic acid is a
monounsaturated fatty acid that contain cancer
prevention and squalene has been identified as
having anticancer effects.

Olive and its constituents have been very widely
studied for their effects on coronary heart
disease (CHD), blood pressure and low-density
lipoprotein (LDL) ,antimicrobial activity, obesity
(Waterman & Lockwood, 2007), diabetes
mellitus and hepatoprotective effects. Many of
the researchers have found in studies that Olive
is very effective in reduction of obesity (Ebaid,
Seiva, Rocha, Souza, & Novelli, 2010; Shen,
Song, Keum, & Park, 2014).

7. CONCLUSION

Even though the incidence and prevalence of
fatty liver disease and its complications are
increasing day by day, due to the change in
lifestyle and dietary habits, unfortunately, no
proper treatment is available that can cure the
disease. Morbidity and mortality due to the
ailment and its complications are affecting
human population globally without
discrimination. The failure of current approaches
for the ailment emphasizes that some serious
efforts should be made to discover a proper
treatment/cure. Some herbals, like Allium
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Sativum, have shown promising results in curing
the ailment. It is suggested that comparative
clinical trials using the Allium Sativum active
ingredient Allicin and the currently available
drug for the treatment of fatty liver, i.e
Silymarin, should be conducted with a large
sample size to observe the comparative efficacy
of both substances in fatty liver disease.
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abovementioned substances gave beneficial
results but Allium Sativum was found more
effective in comparison to other substances
(Figure 1).

Allium Sativum L. family Liliaceae (Garlic)
contains the very highly active ingredient Allicin
(Diallylthiosulfinate) (Reiter, Levina, van der
Linden, Gruhlke, Martin, & Slusarenko, 2017).
Derivatives of Allylthiosulfinate (allicin) include
ajoenes and vinyldithiins, both of which are
pharmacologically active substances. These
compounds possess wide ranging antibacterial
(Viswanathan, Phadatare, & Mukne, 2014),
antiviral, (Tabassom Mohajer, Shojai, Arash,
Ghalyanchi Langeroudi, Vahid Karimi, Abbas
Barin & Naser Sadri, 2016), antioxidant
(Capasso, 2013) ,and anti-carcinogenic effects
(Islam, Kusumoto , & Abdulla Al-Mamun,
2011) .Several studies have revealed that Allium
Sativum also possesses antidiabetic (Badole,
Ghule, & Wagh, 2013), antihypertensive (Dubey,
Singh, Patole, & Tenpe, 2017), anti-thrombotic,
lipid lowering and anti atherosclerotic effects as
well (Bhandari, 2012). In many animal model
studies, it has been observed that the use of

Allicin or Garlic extract ameliorates the effects
of high fat diet induced effects on the liver
(Qamar, Usmani, Waqar, Siddiqui, & Kumar,
2016). Although the exact mechanism of action
of Allicin is not known regarding the
amelioration of fatty liver effects, the majority of
researchers hypothesize that it may be due to its
antioxidant (Banerjee, Mukherjee, & Maulik,
2003) and lipolytic effects.

Tymoquinone is the active ingredient of Nigella
Sativa (black cumin) (Amin & Hosseinzadeh,
2016). Previous studies show that Nigella Sativa
contains extensive pharmacological activities

like bronchodilative (Koshak, Koshak, &
Heinrich, 2017), anti-inflammatory,
antinociceptive,  antibacterial,  hypotensive,
hypolipidemic, anti-cancer, antioxidant,

antobesity, antidiabetic (Sangi, Sulaiman, El-
wahab, Ahmedani, & Ali, 2015), learning and
memory (Sahak, Kabir, Abbas, Draman, Hashim,
& Adli, 2016) and hepatoprotective (Sangi, El-
feky, Ali, Ahmedani, & Tashtoush, 2014) effects.
It also ameliorates the effects of opioid
dependence (Sangi, Ahmed, Channa, Ashfaq, &
Mastoi, 2008).
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Figure 1: Pathogenesis of Fatty liver and curative effects of Allium Sativum (Sangi, 2016).
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approaches have been recommended and tried
but none of these specifically target the disease
after its occurrence. The treatment approaches
tried include, weight loss (Kim, Lee, Jeon, Kim,
Park, Lee, Kim, 2009; Harrison, Fecht, Brunt, &
Neuschwander-Tetri, 2009) , Bariatric surgery
(Mathurin, Gonzalez, Kerdraon, Leteurtre,
Arnalsteen, Hollebecque, Louvet, Dharancy,
Cocq, Jany, Boitard, Deltenre, Romon, & Pattou,
2006), Orlistat (Mehta, 2010), Sibutramine
(Sabuncu, Nazligul, Karaoglanoglu, Ucar, &
Kilic, 2003), Omega-3 Polyunsaturated Fatty
Acids (Lu, Sainan Li, Li, Wang, Zhang, Zhou,
Yin, Zheng, Wang, Xia, Chen, Liu, Lu, Zhou, &
Guo, 2016), Pioglitazone (Belfort, Harrison,
Brown, Darland, Finch, Hardies, Balas,
Gastaldelli, Tio, Pulcini, Berria, Ma, Dwivedi,
Havranek, Fincke, DeFronzo, Bannayan,
Schenker, & Cusi, 2006), Rosiglitazone
(McCullough, 2006), Metformin (Schwimmer,
Middleton, Deutsch, & Lavine, 2005), statins
(Pastori, Polimeni, Baratta, Pani, Del Bena, &
Angelico, 2015), Ursodiol (Gitto, Vitale, Villa, &
Andreone, 2015), Vitamin E (Pacana & Sanyal,
2012), Betaine (Abd El-Kader & El-Den
Ashmawy, 2015) etc.

All of the above-mentioned drugs work aim
either to reduce weight (Browning, Davis,
Saboorian, &  Burgess, 2006), target
dyslipidemias, work as antioxidant or promote
Insulin sensitivity.

As oxidative stress has principally been blamed
for its noxious role in pathogenesis of fatty liver
disease therefore use of abovementioned
treatments have been found beneficial.

Some of the treatments like Vitamin E have been
found effective only in non-diabetic and non-
cirrhotic disease states. Some studies have found
that the approach of weight reduction is not very
much helpful in curing the NAFLD (Dudekula,
Rachakonda, Shaik, & Behari, 2014).

Although no single mechanism of action have
been correlated with the decrease in body fat
content but three mechanisms are usually
associated with this effect and currently available
drugs act via one of these. The effects are, either
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metabolism is  stimulated like, Ephedra
(Hackman, Havel, Schwartz, Rutledge, Watnik,
Noceti, Slohs, Stern, & Keen, 2006), Slimax
(Ignjatovic, Ogru, Heffernan, Libinaki, Lim, &
Ng, 2000), impede digestion of lipids like,
Pomegranate leaf (Ignjatovic et al., 2000),
Oolong tea ( Han, Takaku, Li, Kimura, &
Okuda, 1999), or inhibit appetite like, tree-Peony
(Nagasawa, Iwabuchi, & Inatomi, 1991).

Orlistat reduces body fat by binding covalently
with the serine residue of the active site of
gastric and  pancreatic  lipases.  After
administration with fat-containing foods, it
partially inhibits hydrolysis of triglycerides,
therefore significantly reducing the consequent
absorption of monoaclglycerides and free fatty
acids (Guerciolini, 1997).

Silymarin is an antioxidant currently in use for
the treatment of alcoholic and non-alcoholic fatty
liver diseases and drug- and chemical-induced
hepatic  toxicity. It produces membrane-
stabilizing and antioxidant activity; along with
that it promotes hepatocyte regeneration,
reduction in inflammatory reaction, and inhibits
the fibrogenesis in liver (Féher & Lengyel,
2012).

6. NEW EFFORTS

Fatty degeneration of the liver is a reversible
condition and can be treated if proper treatment
is given in time (De Angelis, Markiewski, Taub,
& Lambris, 2005). In recent years, some efforts
have been made to discover new and novel
therapeutic agents It has now been established
that a high caloric value or high fat intake leads
to insulin resistance and puts a person on
increased risk of developing Type-2 DM. The
deposition of fat results from an imbalance
between intake and consumption /oxidation of
fatty acids that leads to impaired energy
biotransformation. After identification of the
cause some herbals, like, Olea European (Olive),
Nigella Sativa (Black seed) and Allium Sativum
(Garlic) have been used in animal studies that
have found promising results. All of the
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At the same time, changes in hepatic
bioavailability of long chain n-3 polyunsaturated
fatty acids alter the expression of transcriptional
factors which are involved in fat breakdown and
lipogenic mechanisms in the liver (Pettinelli,
Obrego6n, Videla, 2011).

3. COMPLICATIONS

Accumulation of fats into the hepatic cells leads
to very severe complications like steatosis,
steatohepatitis (Inflammation of the liver) that
may result in scarring with superadded fibrosis
and nodular regeneration of hepatocytes; this
condition is commonly termed as cirrhosis of the
liver that is an irreversible and permanent
condition leading to loss of function and hepatic
cancer (Nje, Rotman, Ditah, & Lim, 2015;
Matteoni, Younossi, Gramlich, Boparai, Liu, &
McCullough, 1999; Preiss & Sattar, 2008).
These complications markedly increase the rate
of  mortality  (Dam-Larsen,  Franzmann,
Andersen, Christoffersen, Jensen, Serensen,
Becker, & Bendtsen, 2004; Heron, 2016;
Ballestri, Romagnoli, Nascimbeni, Francica, &
Lonardo, 2015).

4. PATHOGENESIS

The Phathogenesis of fatty liver and consequent
complications are associated mainly with diet,
life style and inflammatory changes, which play
main role in the severity of the disease. Insulin
resistance (IR) has also been blamed to play a
noxious pivotal role in the pathophysiology of
fatty liver (Petta, Gastaldelli, Rebelos, Bugianesi,
Messa, Miele, Svegliati-Baroni, Valenti, &
Bonino, 2016).

Circulating Free Fatty Acids, which are said to
be the main source of deposition of fat in liver, in
patients with NAFLD, are derived mainly from
fat tissue breakdown and partly from lipoprotein
spill over and are the major source of energy for
all the tissues. Fee Fatty Acids are known to
cause many metabolic disorders related with
insulin resistance (Lafontan & Langin, 2009;
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Ferrannini, Camastra, Coppack, Fliser, Golay, &
Mitrakou, 1997). The process of delivery and
removal determines the amount of fatty acids in
the liver. In some patients, fatty liver may be
accompanied by hepatic inflammation and liver
cell death (steatohepatitis).

Steatosis is common term used for the buildup of
fat in the hepatic cells sometimes it is
accompanied by Steatohepatitis i.e inflammation
of liver cells (Guy, Suzuki, Zdanowicz,
Abdelmalek, Burchett, Unalp, & Diehl, 2012).
Steatosis promotes the hepatic fibrosis even
when the hepatocellular injury is not present
(Reeves et al., 1996; Bergqvist, Skoien, Horsfall,
Clouston, Jonsson, & Powell, 2012).

Regarding imbalance between the uptake of
lipids and their oxidation and export that leads to

Hepatic steatosis, most consistent underlying
pathogenic factor is the Insulin resistance,
predisposing to breakdown of fat in peripheral
tissues with mobilization to and uptake of fatty
acids by the liver. Majority of the patients
suffering from NAFLD are symptomless or
complain of mild fatigue or mild discomfort in
right upper quadrant of abdomen especially right
hypochondriac region. The proper diagnosis can
be made in patients with the conditions
mentioned in (Table 1). Although the gold
standard for diagnosis of NAFLD, still remains
the biopsy, however ultrasound and Magnetic
Resonance Imaging (MRI) are of great help
regarding diagnosis of the disease. Three main
goals of evaluation have been mentioned in the
studies, to establish a diagnosis of NAFLD, to
determine the etiology, and to determine whether
there is any progressive disease (Tolman &
Dalpiaz, 2008).

5. AVAILABLE TREATMENT

Although fatty degeneration of liver, falls in the
category of most common prevalent diseases,
unfortunately no recognized FDA approved
treatment is available. However, many non-
pharmacological and pharmacological
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1. INTRODUCTION

Fatty Liver Disease (FLD) can be alcoholic or
nonalcoholic. The occurrence of nonalcoholic
fatty liver disease in the western part of the
world population is around 20-30% (Perumpeail,
Khan, Yoo, Cholankeril, Kim, & Ahmed, 2017).
Nonalcoholic fatty liver disease (NAFLD) is one
of the most common liver ailments in the world.
It is surfacing as the most prevalent liver disease
worldwide. Some studies have mentioned that
almost one billion people are suffering from
NAFLD globally. The Middle East is second to
South America with one of the highest NAFLD
prevalence rates, at 31% and 32% respectively
(Loomba & Sanyal, 2013).

NAFLD has different clinical features in
different population groups and it is found in
both genders i.e. male and female (Younossi,
Koenig, Abdelatif, Fazel, Henry, Wymer, 2016).
It has been found that prevalence of NAFLD is
higher in male in comparison to female
(Browning, Szczepaniak, Dobbins, Nuremberg,
Horton, Cohen, Grundy, & Hobbs, 2004).
Although females in the age of fertility have
been found at a low risk of NAFLD in
comparison to men, postmenopausal women
were found at par with males in prevalence of the
disorder (Yang, Abdelmalek, Pang, Guy, Smith,
Diehl, & Suzuki, 2014). Even though Hepatic
steatosis is one of the the most frequently
diagnosed chronic liver diseases, (Bellentani,
Tiribelli, Saccoccio, Sodde, Fratti, De Martin, &
Cristianini, 1994) little heed has been given to
find proper treatment for the disease.

2. ETIOLOGY

Multiple causative factors have been associated
with NAFLD which include the combination of
genetics, race, different  diseases and
environmental factors (Table 1). The etiology of
the disorder involves obesity and sedentary life
style, Type 2 Diabetes Mellitus,
Hypertriglyceridemia and Metabolic syndrome.
Metabolic syndrome is characterized by
hypertension, hyperglycemia, dyslipidemia and
central abdominal obesity. Fatty liver is so much
concomitant with metabolic syndrome that it has
been believed by some investigators that it is the
hepatic manifestation of metabolic syndrome
(Tarantino & Finelli, 2013). The abovementioned
conditions lead to associated diseases like
metabolic and cardiovascular disorders too.
(Hamaguchi, Kojima, Takeda, Nakagawa,
Taniguchi, Fujii, Omatsu, Nakajima, Saru, &
Shimazaki, 2005; Clark, Brancati, & Diehl,
2003; Yu, Kim, Kim, Yoon, Lee, Kim, Cho, Lee,
Kim, & Kim, 2015).

According to the researchers more than one
etiopathogenic mechanisms are involved in
NAFLD related to the accumulation of
triglycerides in the liver and consequent
hepatocyte degeneration, which are yet to be
understood  completely.  However, some
metabolic changes like insulin resistance (IR)
develops as a major factor in the retention of
fatty acids, in the hepatocytes with oxidation and
superadded production of free radicals at the
mitochondrial  level, that causes lipid
peroxidation, cytokine production, and cell
death.

Table 1: Causes of NAFLD (after Reeves, Burt, Wood, & Day, 1996).

Nutritional Metabolic Drugs Miscellaneous
Starvation Insulin resistance Glucocorticoids Inflammatory Bowel Disease
Obesity Dyslipidemia Tamoxifen Halogenated Hydrocarbons
Bariatric Surgery ofzil}:gﬁzzzy Amiodarone Toxic Mushrooms
Parenteral Nutrition Valproic Acid
Celiac Disease Zidovudine
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Abstract: Fatty liver disease (FLD) leading to fatty degeneration of liver and its complications are
emerging as one of the prevalent hepatic disorders, worldwide, affecting all age groups and genders. About
one hillion people are suffering from the disease worldwide. With the change in lifestyle from active to
sedentary, the incidence of fatty liver disease has increased in the past few decades. Fatty liver disease occurs
mainly due to accumulation of fat including triglycerides in the liver. The aim of this review is to find
currently available treatment options and approaches. The present review of the literature revealed that
proper treatment is yet to be found and at present, reduction of weight, oxidative stress, fat and glucose
metabolism are being targeted regarding the disease. Some studies have shown that even after accumulation
of fat, changes can be revised to normal; these studies have found positive results with the use of herbals like
Allium Sativum (Garlic), Olea Europaea (Olive), and Nigella Sativa (Black Seed).

Keywords: Fatty degeneration of liver, Nonalcoholic Fatty Liver Disease (NAFLD), Allium Sativum
(Garlic).
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Figure 13: The chemical structure of isothymusin.
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Figure 14: The chemical structure of catechin.
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Figure 15: The chemical structure of pinocembrin.
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Figure 16: The chemical structure of liquiritigenin.
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Figure 17: The chemical structure of butin.
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Figure 20: The chemical structure of quercetin.

4. CONCLUSION

Flavonoids with their widespread occurrence,
diversity and vast array of biologically active
compounds can prove to be indispensable
moities for further development and design of
novel therapeutic agents for mycobacterial
infections. In this review an attempt was made to
give an insight into the structural aspects, the
plants and the individual isolated constitiuents
that have shown promising anti-mycobacterial
activity against the various tested mycobacteria
and the various probable mechanisms of action
of the flavonoids. The data also suggest that the
flavones and flavonones were the class of
flavonoids that have exhibited significant
antimycobacterial activity. It is evident from the
review that most of the data that is available is
for Mycobacterium tuberculosis. There is a
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Figure 9: The chemical structure of artocarpin.
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Table 2 (Cont.)
. Botanical
N | Chemical Class Source Phytoconstituent Mycobacteria Reference
0
5-hydroxy-3,7,4'- (Murillo,
trimethoxyflavone. Encarnacion,
Haplopapr_)us 5,4'-dihydroxy-3,7- . Malmstrgm,
23 Flavones sonorensis di M. tuberculosis. ;
imethoxyflavone Christophersen,
(Asteraceae) i
5,7-dihydroxy-3,4'- & Franzblau,
dimethoxyflavone. 2003).
(Odumosu,,
: Lough, Yakubu,
24 Flavonoid Pavetta_crassmes Rutin M.aurum Thomas,
(Rubiaceae) Williamson, &
Haroune, 2016).
eaconer
25 Isoflavone tuberosa Puerarone M. tuberculosis. -
(Fabaceae) Anthonisamy,
2012).
5,4'-dihydroxy-
3,7,8-
Larrea tridentate | trimethoxyflavone (Favela, Garcia,
26 Flavone (Zygophyllaceae 5,4'-dihydroxy- M. tuberculosis | Garza, Rivas, &
) 3,7,8,3- Camacho, 2012).
tetramethoxyflavon
e
5,7-dihydroxy-8-C-
methylflavanone
7-hydroxy-5-
methoxy-6-C- (Pavan, Leite,
Campomanesia methylflavanone _Coelho,
. 5,7-dihydroxy-6-C- . Coutinho, Honda,
27 Flavanone adamantium M. tuberculosis .
(Myrtaceae) [ne’thy_lflavanone, Card_oso, Vilegas,
2,4 -dihydroxy-6"- Leite, & Sato,
methoxychalcone, 2009).
5,7-dihydroxy-6, 8-
di-C-
methylflavanone

OH
Figure 2: The chemical structure of amentoflavon.

Figure 3: The chemical structure of luteoline.
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Table 2 (Cont.)
S. Botanical
N | Chemical Class Source Phytoconstituent Mycobacteria | Reference
0
Pelargonium myricetin and ; : cec
. . o M tubercul
13 Flavonoids reniforme quercitin-3-O-B-d- Muf ertCL.jt osIs é??lcﬁn(f;gg;)
(Geraniaceae) glucoside - rortuitum yior. '
Trifolium . . (Lechner
- Biochanin A . ; :
14 Oil\gfl?\x:iteed pretense M. smegmatis Gibbons, &
(Fabaceae) Bucar, 2008).
Trihydroxy Pisonia aculeate - .| (Wu, Peng, Chen,
15 flavanone (Nyctaginaceae). Pisonianone M. tuberculosis & Tsai, 2011).
: Lant o | (Begum, Wahab,
16 Flavonoids antana camara Linaroside M. tuberculosis & Siddiqui,
(Verbenaceae)
2008).
cycloartocarpin (Boonphong,
. artocarpin Baramee
Artocarpus altilis . . ’
17 | Prenylated flavones M P M.tuberculosis Kittakoop, &
(Moraceae) cudraflavone B Puangsombat,
cudraflavone C 2007).
Pelargonium (Sannah, Jacobus,
18 Flavan 3-ol sidoides Catechin M tuberculosis Ahmed, &
(Geraniaceae) Namrita, 2007).
(Suksamrarn,
Chotipong,
Chromolaena isosakuranetin (5,7- SBL:)?)\?}?Q’
19 Flavanones odorata dihydroxy-4'- M. tuberculosis 00ngIre,
(Asteraceae) methoxyflavanone) .T'meUksa"
Vimuttipong, &
Chuaynugul,
2004).
7,34
trihydroxyflavone (Chokchaisiri,
four, (-)-butin, (-)- Suaisom.
Al Al Butea butrin, (+)- Sriphota,
20 avfsgilavi\géones monosperma isomonospermoside | M. tuberculosis Chindaduang,
(Fabaceae) and (-)- Chuprajob, &
liquiritigenin, Suksamrarn.
formononetin, 2009).
afrormosin
Couroupita >4 —3D7|h§/ gf?xy' (Aravind,
21 Flavone guianensis tetrame’tﬁo;( flavon M. tuberculosis Karthikeyan, &
(Lecithydaceae) o Y Babu, 2017).
Galenia Africana - M. smegmatis (Mativandlel_a,
22 Flavone >,7,2 g Meyer,Hussein,

(Aizoaceae)

trihydroxyflavone.

M. tuberculosis

& Lall, 2008).
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Table 2 (Cont.)
> Botanical
N | Chemical Class Source Phytoconstituent Mycobacteria Reference
0
. M. (Christopher,
Cinnamolyglico Heritiera . 3 . . madagascarien Nyandoro,
3 . littoralis cinnamoyltribulosid I
Flavonoids (Sterculiaceae) e ce M. indicus Chacha, &
pranii. Koning, 2014).
Spondias . .
4 Flavonoids mombin momblncqne, and M. tuberculosis (Olugbuyiro, &
(Anacardiaceae) mombinol, Moody, 2013).
(Prawat,
Dasymaschalon 7-hydroxy-6,8- Chairerk,
5 Flavanone dasymaschalum | dimethoxyflavanon | M. tuberculosis | Lenthas, Salae, &
(Annonaceag) e, Tuntiwachwuttik
ul, 2013).
Cryptocarya . . (Chou, Chen,
6 Flavonones chinensis Cl:m(t)gg;?bg:e M. tuberculosis | Peng, Cheng, &
(Lauraceae) P Y Chen, 2011).
(Mutai,
. Heydenreich
3- Dalbergia A
7 hydroxyisoflavanon melanoxylon kenusrz:lnlon(:] FT M. tuberculosis MThOItE"
o (Fabaceae) methyl ether ugumbate,
Chibale, &
Yenesew, 2013).
. : 2S)-5,7,2-
Galenia Af (25)-5,7, .
8 Flavone a e’?'a ricana trihydroxy M. tuberculosis .
A
(Aizoaceae) flavanone (Mativandlela,
2009).
(Birdi, D'Souza,
. Tolani, Daswani,
9 Flavone OcTum sanctum Luteolin M. tuberculosis Nair, Tetalib,
(Lamiaceae) Toroc, &
Hoffnerc, 2012).
Garcinia Amentoflavone and :
10 Biflavonoids livingstonei 41monomethoxy M.smegmatis (Kalk;t())olf; Floft
(Clusiaceae) amentoflavone :
genistein
: prunetin (O- (Chen, Cheng,
11 IFSECZXSQE F('K/Lljgrr;:\;(ga methylated M. tuberculosis Peng, & Chen,
isoflavone), and 2010).
(2S)-naringenin
(Suksamrarn,
Limnophila Poomsing,
geoffrayi nevadensin . Aroonrerk,
12 Flavones (Scrophulariacea isothymusin M. tuberculosis Punjanon,
Yy
e) Suksamrarn, &

Kongkun, 2003).
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lapreae. Review reports the use of Humulus
japonicas, Calliandra portoricensis, Cassia
nigricans, Manilkara hexandra, and Bauhinia
variegate for the treatment of Mycobacterium
lapreae was due to the presence of flavonoids
(Gadekar,Singour,Chaurasiya, Pawar, & Patil,
2010).

3.4 Anti Mycobacterial Activity of Plant
Extracts against other Mycobacteria

The flavonoid and alkaloid fractions Dioscorea
oppositifolia,Corallocarpus epigaeus, Dioscorea
bulbifera, Dioscorea hispida,Dioscorea
pentaphylla, Amorphophyllus sylvaticus,
Andrographis paniculata, Morinda citrifolia,
Enicostema axillare, Gloriosa superba were
screened for their activity against two
mycobacteria i.e. M. smegmatis and M. phlei.
The results revealed that the chloroform extract
of A. paniculata was most effective growth
inhibitor of M. smegmatis. (Rajesh & Archana,
2017)  i.e.,  methanol, n-hexane and
dichloromethane of rhizomes of Zingiber
officinale and Curcuma longa were evaluated for
mycobacterial activity against Mycobacterium
abscessus, Mycobacterium smegmatis,
Mycobacterium  phlei and  Mycobacterium
fortuitum. The methanol and n-hexane extracts of
Curcuma longa showed the highest zone of
inhibition for M. abscessus (Ogudo, Lawal, &
Adeniyi, 2014).

3.5 Anti Mycobacterial Activity of
Isolated Flavonoids

The literature review also reports the
antimycobacterial activity of several isolated
flavonoids. The antimicrobial activity of the
ethyl acetate extract of Argyreia speciosa was
reported by Habbu et al. This activity was
attributed to quercetin 3'7 di-O methyl 3-sulphate
and kaempferol 7-O methyl 3-sulphate which
was found to be synergistic with the usual
antimycobacterial agents (Habbu, Mahadevan,
Shastry, & Manjunatha, 2009). The methanolic
extract of Bromelia balansae showed moderate
activity and the various flavonoid glycosides
identified from this extract were kaempferol-3-
O-a-Lrhamnopyranoside,quercetin-3-O-a-L-
rhamnopyranosyl-(1—6)-p-D-glucopyranoside
kaempferol-3-O-a-L-rhamnopyranosyl- (1—6)-
B-D-glucopyranoside, and kaempferol 3,7-di-O-
a-L-rhamnopyranoside (Coelho, Honda, Vieira,
Brum, Pavan, Leite, & Cardoso, 2010).

The review reveals that most of the flavonoids
active against mycobacteria belong to the classes
of flavones and flavonones. Some of the
flavonoids that have been reported to be
responsible for the antimycobacterial activity are
as depicted in Table (2). The table also gives

information regarding the botanical source,
chemical class and the mycobacteria.
The structures of some of the isolated

compounds that have exhibited activity against
mycobacyteria are as shown in Figures (2-20).

Table 2: Flavonoids responsible for the antimycobacterial activity.

S. .
N Chemical Class Bg(t;l;l;al Phytoconstituent Mycobacteria Reference
0
isobavachalcone, .
kanzanol C. - (Kuete, Ngameni,
. Dorstenia barteri ; .| M. tuberculosis, Mbaveng,
1 Flavonoid hydroxylonchocarpi . o
(Moraceae) n, stipulin M. smegmatis Ngadjui, Meyer,
amentoflavone & Lall,2010).
7- (Moreira,
Paepalanthus i i i
Methoxylated p : methylguercetagetln M. tuberculosis, Martins, Pietro,
2 Fl id Latipes -4'-0-B-D- M. avium Sato, Pavan,
avonol (Eriocaulaceae) glucopyranoside,7- ‘ Leite, Vilegas, &
methylquercetagetin Leite, 2013).
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phytochemical investigation) / flavonoid rich
fractions have been investigated for their anti-
mycobacterial activity by various groups of
researchers. Most of the literature reported the
anti-mycobacterial activity against
Mycobacterium tuberculosis H37Rv, while a few
reported activity against other mycobacterial
species.

3.2 Anti Mycobacterial Activity of Plant
Extracts against Mycobacterium
Tuberculosis

Mycobacterium tuberculosis H37Rv strain was
used to evaluate aqueous extracts i.e.
RhoeoSpathacea,Centella  asiatica, Annona
muricata, Pluchea indica, and Andrographis
paniculata. The results revealed that Pluchea
indica, and Rhoeo spathacea showed the best
activity when compared to the other extracts
(Radji, Kurniati, & Kiranasari, 2015).

The activity of petroleum ether, ethyl acetate,
and methanol extracts of Stachys thirkei, Stachys
tmolea, Thymus sipthorpii, Satureja aintabensis,
Ballota acetabulosa and Micromeria Juliana was
reported in another study. The extracts
containing favonoids i.e., T. sibthorpii, S.
aintabensis, and M. juliana developed significant
activity against M. tuberculosis with the
minimum inhibitory concentration of 12.5-100
pg/ml. (Askun, Tekwu, Satil, Modanlioglu, &
Aydeniz, 2013). The petroleum ether extract and
chloroform extract of Leucas marrubioides
exhibited significant activity against M.
tuberculosis (Gowrish, Vagdevi, & Rajashekar,
2015). The crude ethanolic extract of the
Morinda citrifolia fruits was subjected to a
preliminary qualitative screening of
phytoconstitiuents which revealed the presence
of flavonoid, scopoletin, anthraquinone and
alkaloids. The anti-mycobacterial activity was
attributed to these constituents (Novie, Mauliku,
Hendro, Suharyo, & Tri, 2017). The methanolic
extracts of the seeds of Peganum harmala were
reported to exhibit significant activity and this
was attributed to the flavonoid content of the
plant ( Davoodi, Ghaemi, Mazandarani, Shakeri,
Javid, & Klishadi, 2015). Several other plants
have been evaluated for their antimycobacterial
effect some of them are as follows Euphorbia
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hirta (Rajasekar, Anbarasu, Manikkam, Joseph,
& Kumar, 2015), Acalypha indica, Allium cepa,
Allium sativum, Adhatoda vasica and Aloe vera.
All plants showed good antimycobacterial
activity (Gupta, Thakur, Singh, Singh, Sharma,
Katoch, & Chauhan,2010), Quercus infectoria,
Citrus aurantium, Caesalphinia pulcherima,
Mimosa  pudica, Mentha spicata and
Chysanthemum parthenium (Sheeba, Gomathi, &
Citarasu, 2015). Eucalyptus camaldulensis,
Ocimum basilicum, Calpurnia aurea, Artemisia
abyssinica, Croton macrostachyus (Gemechu,
Giday, Worku, & Ameni, 2013), Cissampelos
owariensis (Rebecca, Koma, Ibrahim, & Otu,
2013), Glycyrrhiza glabra (Nair, Pharande,
Bannalikar, & Mukne, 2015), Syzygium
aromaticum, Aegele marmelos, Glycyrrhiza
glabra,Piper nigrumand Lawsonia inermis.
(Kaur & Kaur, 2015), Rubia cordifolia
(Makgatho, Nxumalo, Ndaba, Masilo, Tsindane,
& Sedibane, 2017) Artemisia afra, Dodonea
angustifolia, Drosera capensis and Galenia
africana against Mycobacterium smegmatis
(Mativandlela, 2008). A study by Khlifi et al.
who have evaluated the activity of G. alypum
leaves have reported the presence of
anthocyanins,polyphenols,  flavonoids  and
tannins in methanolic and petroleum ether
extracts. The petroleum ether extract was
particularly active against M. tuberculosis.
(Khlifi, Hamdi, El
Hayouni,Cazaux,Souchard,Couderc, & Bouajila,
2011).

The methanolic extracts of nine plants i.e.
Salvadora persica, Acacia senegal, Acokanthera
friesiorum, Plumbago dawei, Loranthus acacia,
Cordia sinensis, Acacia horrida, Albizia
anthelmitica and Euphorbia scarlatica were
evaluated against the M. kansasii,
M.tuberculosis, M. smegmatis, M. fortuitum. The
extracts of S. persica and C. sinensis exhibited
antituberculosis activity against M. tuberculosis
and M. kansasii (Richard, Callistus, Nick, &
Paul, 2010).

3.3 Anti Mycobacterial Activity of Plant
Extracts against Mycobacterium
Lapreae

Very little data is available about plants being
evaluated for the activity against Mycobacterium
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Rv0636 which is present in the fatty acyl
synthase complex II (Brown, Papaemmanouil,
Bhowruth, Bhatt, Dover, & Besra, 2007).
Myricetin and quercetin-3-O-$-D-glucoside were
isolated from the aqueous extract of Pelargonium
reniforme and have been reported to increase the
intracellular uptake of mycobacterium by
macrophages and thereby bringing about the
removal of bacilli (Kim, Griffiths, & Taylor,
2009). Fushiya et. al have reported that the

flavone 5,4’-Dihydroxy- 6,7,8,3"-
tetramethoxyflavone  isolated  from  the
methanolic extract of Cleome droserifolia

suppressed the nitric oxide production and
decreased the oxidative stress in activated
macrophages (Fushiya, Kishi, Hattori, Batkhuu,
Takano, Singab, & Okuyama, 1999).

Currently, research is being focused by various
researchers to throw light on the various
mechanisms of action of flavonoids in inhibiting
Mycobacteria (Ramachandran &
Balasubramanian, 2014).

Various mechanisms of the flavonoids against
mycobacteria reported in the literature are as
depicted in Table (1).

Table 1: Mechanism of action of certain
flavonoids.

DNA gyrase | & Santhosh,
2013).
(Zheng, Jiang,
Myricetin, Mtb Gao, Song,
kaempferol, | proteasome Sun, Wang,
biacalein inhibitors Sun, Lu, &
Zhang, 2014).
(Xiao, Wang,
Wang, Zhou,
Fluoroquino Inhibiti_on & Zhang,
lone- properties Zhang, Zhou,
flavonoid against Zhou, .
(hybrid) efflux Ouyang, Lin,
pumps Mustapa,
Reyinbaike, &
Zhu, 2014).
Inhibit the | (£hand Sun
Baicalin phosphorylat g, He,
ion of NF- Wang, Zheng,
<B Wu, Zhang, &
Jiang, 2017).
Inhibiting Soh, Pan,
Epigallocate | Mtb enoyl- | Chee, Wang,
chin gallate acyl Yuan, & Koh
reductase (2017).
Inhibit de
novo _fatty (Brown,
acid
biosynthesis P_apaemmanou
N . il, Bhowruth,
Fisetin in
mycobacteri Bhatt, Dover,
a as well as & Besra,
S 2007).
mycolic acid
biosynthesis

;’0 Compounds | Mechanism | References
(Tran, Marks,
Effective Duke,
1 Chrysin - inhibitors on Bebawy,
flavone multidrug Duke &
transporters Roufogalis,
2011).
Effective
5 Genistein - | inhibitorson | (Jaganathan,
isoflavone multidrug 2011).
transporters
Inhibit the (Brown
fatty acid ’
Papaemmanou
Lo synthase Il :
3 Ispllqmrtl_ge responsible il, Bhowruth,
nin, Butein - Bhatt, Dover,
for mycolic-
acid & Besra,
synthesis 2007).
Toprim (Suriyanaraya
4 Quercetin domain of nan,
subunit B of | Shanmugam,

3. ANTIMYCOBACTERIAL
ACTIVITY

3.1 Anti Mycobacterial Activity of Plant
Extracts

It has been reported that when the individual
isolated compound is tested at a particular
concentration it is often less active than the
whole plant itself, which may imply that crude
plant extracts may be exerting their activity
through synergistic or additive effect (Wagner &
Ulrich-Merzenich, 2009). Hence, many plant
extracts containing flavonoids (in the preliminary
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(Balogun & Ashafa, 2018). It has been reported
that for a significant antitubercular activity, if the
positions C-5 and C-7 are substituted with
hydroxyl group there is loss of activity while
hydroxyl group at C-5, C-6, C-7 or C-3 and C-4
are important for activity (Paragas, Gehle,
Krohn, Franzblau, & Macabeo, 2014).
Furthermore, another important aspect has been
reported with reference to the structure activity
relationship of the flavonoid i.e. O-methylation
i.e. methylation at the oxygen atom or
glycosylation at any of the hydroxyl substitutions
inactivates the anti-tubercular activity of the
flavonoids (Yadav, Thakur, Prakash, Khan,
Saikia, & Gupta, 2013). The objective of this
review article is to highlight and to outline the
biological origin of flavonoids that have been
evaluated for their anti-mycobacterial activity

along with their mechanisms of action.

2. MECHANISM OF ACTION OF
FLAVONOIDS

Flavonoids exhibit a number of pharmacological
and anti-bacterial activities. Flavonoids harm the
bacterial cells in various ways like their ability
against microbial adhesins, cell-wall or transport
proteins restriction activation in drug metabolism
etc. (Kumar & Pandey, 2013).

The general chemical structures of different
classes of flavonoids are as shown in Figure (1).
The literature review reports several mechanisms
of action of flavonoids in mycobacterium
species. These compounds effectively inhibit the
targets which are important for the growth and
virulence.  Scientists have reported that
flavonoids have the ability to inhibit the enzyme

General structure Flavan-3-ol o
Anthocyanidin
(0]
. | 0
| I |
| | OH
o Isoflavone o
Flavone
Flavonol
O \\\\\
(e}
Flavanone

Figure 1: The chemical structures of different classes of flavonoids
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1. INTRODUCTION

Nature is the important source of medicinal
plants having bioactive principles. The last few
years have seen a surge of interest in herbals as
they are considered to be safe and more
dependable when compared to synthetic drugs
which are expensive and may possess various
side effects. The phytoconstituents present in
plants have been reported to possess various
activities, some of them being anti-oxidant, anti-
microbial, anthelmintic, etc. Furthermore, there
is a large scope for research in the field of herbal
medicines as traditional knowledge can be
utilized for the development of drugs of
medicinal importance (Chew, Jessica, &
Sasidharan, 2012; Vinayaka, Nandini, Rakshitha,
Martis, Shruthi, = Hegde, Prashith, &
Raghavendra, 2010).

Mycobacteria are pathogens that cause a range of
mycobacterioses in humans and animals. Due to
the composition of their cell walls and ability to
adapt to their habitat they can survive for years.
Mycobacterial diseases are caused by a member
of the Actinobacteria family. Mycobacterial
infections like leprosy, tuberculosis etc are
chronic diseases and hence it is challenging to
control these diseases. Symptoms of diseases are
fever, weight loss and fatigue. There are several
mycobacterial species like Mycobacterium
leprae, Mycobacterium tuberculosis,
Mycobacterium smegmatis Mycobacterium bovis
etc. Several important antibiotics have originated
from plant products and have received
considerable attention as potential anti-
mycobacterial agents. Many other compounds
that have been reported and proven to be of use
as leads for newer drugs for treatment of
Tuberculosis (TB) have been obtained from the
natural sources (Nguta, Appiah-Opong, Nyarko,
Yeboah-Manu, Addo, Otchere, & Kissi-Twum,
2016).

From time immemorial traditional herbs have
been enormously used in various regions of the
world for treating mycobacterial diseases. Lately,
efforts have been made by various researchers to
probe and investigate the knowledge obtained
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about herbal medicines from traditional healers
from different parts of the world. It has been
reported that secondary metabolites of plants can
affect the microbial cell in several ways. They
may bring about a change in membrane function,
interfere with the process of Deoxyribonucleic
Acid (DNA) replication and Ribonucleic Acid
(RNA) transcription, they may disrupt protein
synthesis and coagulation of cytoplasmic
contents and to a certain extent interrupt the gene
regulation and quorum sensing (Radulovié,
Blagojevi¢, Stojanovi¢-Radi¢,&  Stojanovic,
2013).

A significant amount of literature is available
which report the reistance of bacteria to the
effects of the antibiotic. Hence, plant based
medicine is being implemented in recent times as
therapy for anti-mycobacterial diseases; so as to
decrease the occurence of these infections in
humans as well as animals, (Tiwari, Chakraborty,
Dhama, Rajagunalan, & Singh, 2013). Plants
serve as the main source of natural compounds as
a result of their vast biodiversity. Plant secondary
metabolites like alkaloids, flavonoids,
phytosterols, saponins, tannins etc. have been
screened for anti-mycobacterial properties.

Flavonoids consist of a group of polyphenolics
that contain a benzo-y-pyrone ring structure and
are synthesized by phenylpropanoid
pathway. The literature reports several studies
indicating the effects of flavonoids against
microbial  infections and certain  non-
communicable diseases i.e. cardiovascular
diseases, cancers, and other age-related diseases.
The structure of flavonoids consists of a fifteen-
carbon skeleton inclusive of two benzene rings
linked by a heterocyclic pyran ring. They can be
divided into a variety of classes based on the
variations in the structure; such as flavones,
flavonols, flavanones, anthocyanidines, flavans,
flavonolignans, isoflavones, isoflavanones, and
chalcones (Pandey, 2007; Cook & Samman,
1996; Rice-Evans, Miller, Bolwell, Bramley, &
Pridham, 1995).

The activities and chemical nature of flavonoids
depend on the structure, pattern of hydroxylation,
polymerization, conjugations and substitutions
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Abstract: Phenolic compounds form one of the main classes of secondary metabolites. Flavonoids
constitute one of the most important groups of plant phenolics. Several flavonoids are reported to possess
various activities, such as antioxidative, wound healing, hepatoprotective, antibacterial, anti-viral, anti-
inflammatory, and anticancer. They are classified as flavanes, flavones, flavanols, flavanones, flavonols,
flavonolignans, isoflavones, isoflavanones, chalcones and anthocyanins, depending on their structural
differences, which are known for their antimycobacterial activity. Mycobacterial diseases like leprosy,
tuberculosis, bovine tuberculosis, paratuberculosis, etc., are caused by a member of the Actinobacteria
family. Mycobacterial infections are chronic due to the composition of the cell wall and their adaptability and
hence can survive in different habitats for years. The control of these diseases is a challenging task in several
ways. A plethora of data is available on the plants which have been screened for their antimycobacterial
activity. Some of them report the active phytoconstituents while others report the mechanisms of action of
these phytoconstituents. Furthermore, many researches have evaluated and reported the anti-mycobacterial
activity of the extract containing flavonoids and fractions of plants extracts rich in flavonoids. In this paper,
an attempt is made to summarize and highlight the plants that have been evaluated for anti-mycobacterial
activity, the various mechanisms of action, the various flavonoids involved and their biological sources.
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sensing system along the pipelines.
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low pressure in-service pipe

1 A monitoring applications.
4. CONCLUSION
o] e
£ An important task of strain
%m """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" monitoring is the assurance of
0 T S SO U O NN S S proper  operating  conditions,
z which usually occur at elastic
'§m IESSOR PSSO AU AU strain values of pipes. This
£ measurement  requires  good
e Tt linearity of the strain gauge
output at small strain values,
which is a feature of the
i optical fiber Bragg grating
o o 0 = ™ ™0 ,5;, confirmed by  the work

1550
Wavelength {nm)

Figure 4: The spectrum detected from 5 FBG sensors with different
Bragg wavelengths separated by 5 Km of single mode communication

fiber.

Apart from the reporting on the use of FBG and
electrical strain gauges to monitor the damage in
pressure vessels at relatively high pressures (Hao
et al., 2007) and a later comparison between the
two sensors for dynamic vibration-induced strain
measurements (Wang, Huang, Liu & Zhou,
2016), other available contributions do not
provide a comparison of the performance of the
two sensors at low static strains. Other FBG
measurement schemes proposed the use of the
FBG sensors in elaborate mechanical sensing
arrangements to improve their sensitivity. While
these sensing schemes were applied to measure
the hoop strain of pipes, they do not provide a
comparison of the performance of the FBG and
electrical sensors when directly applied to the
pipe walls, which we confirm by the experiments
reported here to favor FBG sensors especially for

41

reported here. FBG sensors are

also not subjected to a
considerable  transverse  strain
sensitivity, which adds more
complications to the measurement of

electrical strain gauges. Thus, in addition to
their other benefits, such as being immune
to electromagnetic interference and
electrical and fire hazard-free, optical FBG
sensors  can accurate linear

provide an

measurement of strains, especially at low
strain values, which is very important for
the proper prediction of pipeline working
conditions. A comparison of FBG sensors to
electrical strain gauges for use to measure
strain in a simple direct attachment to the
pipe wall would then favor FBG sensors for
the above reported features. Networking of
the optical sensors with optical fibers can
further provide a reduction in wiring and

offer cost effective installation of the
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This deviation in the calculated value of
the gauge factor of the sensor can be due
to the actual hoop strain being less than
the values calculated theoretically as a
result of the short pipe length and end caps
effects. This in addition to any
inaccuracy in the values of the material
parameters used in the calculation. For a

is

RELATIVE CHANGE

temperature variation of * 1.40C, the
expected relative detuning in the FBG

Bragg wavelength can be calculated to be
about +13x1070 (Haase, 2007), while that
due to the strain produced in our
experiments for a step of 10 psi is about
250x107. Therefore, the effect of
temperature variation on the measurements
conducted with such coarse pressure steps
can be neglected.

For the electrical strain gauge, a direct
application of Eq. (3) to the most linear
part of the graph in Figure (3.a) (from 70
to 100 psi), considering the calculation of
strain based on Eq. (4), would give a value
of the gauge factor of about 1.2, which is
40% far from the nominal gauge factor
value of 2. This large deviation in the
gauge factor could partly be due to the
presence of the axial pipe strain acting
transverse to the gauge axis, which affects the
measurement through the transverse sensitivity of
the gauge. A correction of the gauge factor based
on the gauge transverse sensitivity coefficient and
the ratio of the transverse to axial strains can be
obtained using methods described in the
literature  (Micro-Measurements, 2011). The
transverse sensitivity coefficient of the gauge
used here was however not available. Expected
negative values of the transverse sensitivity

RELATIVE CHANGE

Electrical Gauge
Relative Change in Resistance

0.35%

0.30% R? =0.9848

0.25%

0.20%

0.15%

0.10%

0.05%

0.00%

0.05% 0 1020 30 40 50 60 70 80 90 100

PRESSURE, PSI
@ Increasing Pressure B Decreasing Pressure
—— Linear (Decreasing Pressure)
(A)
FBG Relative Change (Detuning)
in Bragg Wavelength
0.30%
0.25% R2=0.999 ‘\’/":i
."/"

0.20% ~
0.15% /"/Q/
0.10% R
0.05% < J/?f/"
0.00% ¥—""
005% 0 10 20 30 40 50 60 70 80 90 100
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(B)

Figure 3: The results of pressurizing the PVC pipe: (A)
Electrical strain gauge relative change in resistance, (B) Fiber
Bragg grating relative detuning.

coefficient of the gauge would result in smaller
actual values of the gauge factor of the sensor.

For example, a value of the transverse sensitivity
coefficient of the straingauge of Kt = - 0.5 would

give a value of the gauge factor Kg = 1.65, which
is closer to the value obtained in our experiments.
A direct use of the nominal gauge factor of the
electrical sensor of 2.0 would thus lead to a
significant underestimation of the values of
strain.
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Based on a simple static analysis of a pressurized
long pipe, assuming elastic behavior of the pipe
material, the hoop strain is related to the pressure
inside the pipe by:

e=P D (2-v)/ 4E t @)

where P is the increase in pressure inside
the pipe, D is its diameter, vis the material
Poisson’s ratio, E is its Young’s modulus
and t is the pipe wall thickness. For a pipe
with given parameters, an in the
measured hoop strain could thus indicate an
its working pressure or a

increase

increase in

SMF

SLED Driver SLED

thinning of its wall thickness. The linearity
of the strain measurement technique is very
important for the proper prediction of either
condition.

Assuming the Poisson’s ratio of the pipe
PVC material to be 0.41 and its Young’s
modulus to be 3 GPa (Professional Plastics,

Inc., 2016), the FBG gauge factor obtained
from the graph in Figure (3.b) is Ky= 0.68,

which is within a 13% deviation from the
nominal gauge factor of FBG sensors of
about 0.78 (Black, Zare, Oblea, Park,
Moslehi & Neslen, 2008).
%) FBG Analyzer Computer

SMF

FBG

(A)

(B)

Figure 2: The optical setup used to measure the fiber Bragg grating wavelength detuning: (A) Block diagram;
SLED=Super luminescent light emitting diode, SMF=Single mode fiber, (B) Photo (with the FBG and computer

not connected).
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experiments. Both ends of the pipe were sealed
and an air valve was attached to one side to
facilitate pipe pressurizing with compressed air.
An FBG was mounted on the
circumference of the pipe at 20 cm from its
center point so as to measure its hoop strain and
a 5 mm 120Q electrical strain gauge (RS
Components Ltd.) was similarly mounted on the
same distance from the center of the pipe. A
photo of the pipe with both sensors attached to it
is shown in Figure (1). Air pressure inside the
pipe was gradually increased and measured using
a mechanical barometer. For the experiments
reported here we used unpackaged 10 mm length
FBG sensors (3L Technologies, Inc.) and
performed the experiments isothermally in a
constant temperature air-conditioned laboratory
within a relatively short period of time.

outer

The setup used to measure the FBG detuning
consists of a super-luminescent light emitting
diode (SLED) with a current driver and
temperature  controller  (Superlum Co.), a
circulator and an FBG analyzer with software
program (BaySpec, Inc.), and a personal
computer. A block diagram and a photo of the
optical setup are shown in Figure (2). The optical
output of the SLED is coupled to the FBG
through the circulator, which then directs the
light reflected from the FBG to the FBG analyzer
for spectral analysis. All optical connections are
made using single mode fiber (SMF) cords. The
output of the analyzer is electrically coupled to
the computer using a universal serial bus (USB)
cable for spectrum display and Bragg wavelength
determination.

A 5-digits electronic multimeter (Agilent
U1272A) was used to measure the resistance of
the electrical strain gauge. Five successive
readings of the electrical strain gauge resistance

38

and the FBG Bragg wavelength were taken at
every pressure value in steps of 10 psi, upon
increasing and decreasing of the pressure. The
maximum pressure used in this experiment was
100 psi, which is within the safe operating
pressure limit of the pipe. The temperature
variation during the course of measurement was
about + 1.4°C.

Strain Gauge FBG

Figure 1: The pipe used with the strain sensors
attached to it.

The resulting electrical strain gauge relative
change in resistance and FBG relative detuning
are presented in the graphs of Figure (3).
Comparing the graphs of the electrical and
optical strain measurements, considering that the
strains measured are linearly dependent on the
pressure values applied to the pipe, it can be seen
that the linearity of the optical sensor output at
small values of strain is better than that of the

conventional electrical strain gauge.

A series of 5 FBG sensors of Bragg wavelengths
separated by 6 nm was then connected to the
FBG sensing system with a 5 Km single mode
communications fiber to explore the possibility
of optical sensors multiplexing using optical
fibers along pipelines. The individual reflections
of the 5 FBG sensors were unambiguously
identified. Figure (4) the

received using this arrangement. The variation in

shows spectrum
the peak strength of the Bragg reflections from
the 5 FBGs mainly followed that of the emission
spectrum of the SLED source used.
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during the same tests. The networking of
different FBG sensors using optical fibers along

pipelines is also examined.

2. THEORY

FBG sensors are made of glass optical
fibers with photosensitized cores,
periodic variations in the refractive index of
the fiber core waveguide are made using
ultra-violet exposure  of a
photosensitized core section forming 1-D
Bragg diffraction gratings of a specified
periodicity A. The Bragg gratings then
induce strong reflections of the light
propagating through these fiber sections at
selective  wavelengths the Bragg
condition  for interference  of
partial reflections holds. The wavelengths at
which this condition is satisfied are known
as the Bragg (resonant) wavelengths. The
first order Bragg wavelength is related to
the grating periodicity by the relation (Hill
& Meltz, 1997):

where

selective

where
constructive

Qg = 2 Nett A @)
where Ag is the Bragg wavelength in free space
and ng is the effective refractive index of the
optical mode propagating in the fiber core. Any
environmental effect that changes the value of ng;
or A produces a change in the Bragg
wavelength, which can be used as a base for
sensing. In particular, when the fiber section with
the FBG suffers an elongation, the Bragg
wavelength is detuned, from which the fiber
relative elongation can be measured. In addition
to the change in the grating period with fiber
elongation due to strain and/or thermal
expansion, changes in the optical mode effective
refractive index are also induced by strain and
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temperature variations through the elasto-optic
and thermo-optic effects. Thus, both the grating
period and the modal refractive
sensitive to stain and temperature. This correlates
both strain and temperature variations to changes
in the Bragg wavelength (Haase, 2007). To
effectively measure the strain without the
interference of temperature variations, either a
dual FBG setup or a temperature-compensated
single FBG is to be used. Alternatively, strain
measurements are to be all done at a constant
temperature.

With proper thermal compensation, or under
isothermal conditions, the relative detuning in
the FBG Bragg wavelength is related to the
strain applied on the sensor by the relation:

index are

Mgl Ag = Koe )

where Adg is the change in the Bragg
wavelength, K, is the FBG gauge factor and ¢ is
the strain coupled to the FBG. A similar relation
holds between the relative change in the
resistance of an electrical strain gauge and its
applied strain:

AR IR =Kee 3)

where 4R is the change in the strain gauge
resistance, R, and K, is its gauge factor, which
nominally has a value of 2. The temperature
sensitivity of electrical strain gauges to
temperature variations is however about an order
of magnitude better than that of FBG sensors
(Kleckers, 2009).

3. EXPERIMENT AND RESULTS

A prototype Polyvinyl Chloride (PVC) pipe with
a 3 mm thick wall, standard dimensional ratio
(outside diameter to wall thickness ratio, SDR)
of 41 and a length of 1 meter was used for the
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1. INTRODUCTION

Pressurized pipelines are vital to many
commercial and civil ventures. Their damage or
failure is very undesirable and their in-service
monitoring to avoid the occurrence of such
events is an important task (Kishawy & Gabbar,
2010). Fulfilling such a task requires the
installation and networking of sensors along the
pipelines to continuously check their strain
status, which can indicate many abnormal
operating conditions of the pipelines, such as
overpressure, wall thinning, or pipeline leak,
for the
occurrence of failure events (Morison,
Cherpillod, Al-Taie & Mutairi, 2005; Jiang, Ren,
Jia, Li & Li, 2017).

Different types of sensors have been suggested

providing possible early warnings

and investigated for pipeline monitoring,

including electrical strain gauges (Atta &
Ahmad, 2014), acoustic sensors (Cho, Seo, Jung,
Kim & Jung, 2007; Képpe, Bartholmai & Prager,
2012) and optical sensors (Hao, Leng & Wei,
2007; Zhang, Bao, Ozkan, Mohareb, Ravet &
Du, 2008; Mishra & Soni, 2011; Ren, Jia, Li &
2014).
techniques have also been proposed, which
include wireless networking (Kouche &
Hassanein, 2012; Lynch & Loh, 2006) and
optical fiber distributed networking (Zhang et al.,
2008; Mishra et al., 2011; Rajeev, Kodikara,
Chiu & Kuen, 2013). The use of optical fiber

sensors for pipeline monitoring is of a special

Song, Several sensor networking

interest as it offers many advantages over other
techniques, including a hazard and interference-
free operation and the possibility of sensors
networking by fibers to achieve unambiguous
data read-out from individual sensors (Kleckers,

2009; Sohn, Farrar, Hemez, Shunk, Stinemates,
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Nadler & Czarnecki, 2004; Mendez, Turner &
Costantini, 2013). The use of fiber Bragg grating
(FBG) sensors for strain measurements is a well-
developed technique which has been adopted in
many applications (Rao, 1999). Their use in
pipeline strain monitoring is investigated in this
project to find out their possible performance
advantages that would support their use for in-
service pipeline monitoring.

Further to the work previously reported on the
use of FBG sensors to evaluate pressurized
vessels and pipelines (Hao et al., 2007; Ren et
al., 2014; Mendez et al., 2013; Jiang et al.,
2017), this study reports on their use to monitor
in-service strains occurring at relatively low
pressures with emphasis on measurement
performance at low strains of the pipelines. The
study complements previous work (Hao et al.
2007) on the use of FBG and electrical strain
gauges to monitor the damage growth in a
fiberglass reinforced plastics pressure vessel.
However, it distinguishes itself by providing a
detailed

performance at low pressures. Moreover, unlike

more evaluation of the sensors’
previous studies, such as those cited above, this
study compares FBG sensors to electrical strain
gauges when used to measure hoop strain in a
simple direct attachment to the pipes and
examines the complexity of the measurement
introduced by the transverse strain coupled to the
electrical gauge, which is apparently not
significant in the optical fiber sensor. The study
investigates the properties of the FBG as a strain
sensor by attaching an FBG sensor to a prototype
pipe and using an optoelectronic system to
enable hoop strain measurements on the pipe
during pressurizing stress tests. The results are
then compared to those obtained using an

electrical strain gauge mounted on the pipe
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installations. In this work, optical fiber Bragg grating sensors are used to measure the hoop strain
of pressurized pipes for the purpose of their in-service condition monitoring. The motivation is to
make use of the advantages of the optical sensors and investigate their performance characteristics
and suitability for pipeline strain monitoring at relatively low operating pressures. Strain
measurements using the optical fiber sensor are compared to those obtained using an electrical
strain gauge, showing better sensor linearity and simplicity of strain measurement. This
comparison justifies the choice to use the optical sensors for the proposed application. The
possibility of optical sensors networking using optical fibers along pipelines is also demonstrated.
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in most distributions. Alamm et al. (2007)
demonstrated it in the exponential distribution.
Alamm et al. (2007) presented a confidence
interval at the 95% Bayesian prediction interval
using the iterative algorithm until the difference
between two consecutive iterations was less than
10710, They compared their performance and the
classical Gibbs and Metropolis intervals for
different choices of prior parameters. Both
methods provided a close lower and upper limits
of the 95% prediction intervals, but the
prediction intervals were wider when the order
statistics increased in the future sample because
the prediction led to wider intervals when the
future order statistics increased. This means that
the last observed value has less accuracy than the
other future order statistics, and there is
agreement between Alamm et al (2007) and
Abd-Ellah & Sultan (2005) with respect to the
width of the intervals with increasing order

statistics.
10. CONCLUSION

This paper has discussed the Bayesian prediction
for the standard generalized power function
distribution. A specific distribution, prior
distribution, loss function and level of
confidence were chosen to obtain narrow lower
and upper limits for the predictive value, and the
predictive densities were obtained in an
intractable form and could not be used to
determine the prediction intervals for unobserved
order statistics for a two-sample prediction. As a
result, in special cases, the Bayesian prediction
intervals were alternatives to the intractable
formula derived by Bayesian prediction methods,
although the special cases could be more suited

to the intractable prediction formula.

ACKNOWLEDGEMENTS

The authors are thankful to the referees for their
valuable comments that improved on the original

version of the manuscript.

REFERENCES

Abd-Ellah, A. H. & Sultan, K. S. (2005). Exact Bayesian
prediction of exponential lifetime based on fixed and
random sample sizes. Quality Technology and
Quantitative Management, 2(2), 161-175. doi:
10.1080/16843703.2005.11673091.

Alamm, A. A., Ragab, M. Z. & Madi, M. T. (2007).
Bayesian prediction intervals for future order
statistics from the generalized exponential
distribution. Journal of the Iranian Statistical Society,
6(1), 17-30. Retrieved from http://jirss.irstat.ir/article-
1-218-en.html.

Al Mutairi, A. O. (2017). Transmuted Weighted Power
Function Distribution: Properties and Applications.
Pakistan Journal of Statistics. 33(6), 491-498.
Retrieved from
http://www.pakjs.com/journals/33(6)/33(6)06.pdf.

Fernandez, A.J. (2000). Bayesian inference from Type II
doubly censored Rayleigh data. Statistics and
Probability  Letters,  48(4), 393-399.  doi:
10.1016/S0167-7152(00)00021-3.

Omar, A. (2015). 4 Modified Method for Bayesian
Prediction of Future Order Statistics from
Generalized Power Function. Unpublished Ph.D.
Dissertation, Penang, Malaysia: Universiti Sains
Malaysia. Retrieved from
http://eprints.usm.my/32266/1/ALMUTAIRI_ANED
_OMAR.pdf.

Hogg, R. V. & Craig, A. T. (2013). Introduction to
Mathematical Statistics. 7™ ed., New York, USA:
Macmillan Publishing Co., Inc. ISBN: 978-0-321-
79543-4.


https://doi.org/10.1016/S0167-7152(00)00021-3
http://eprints.usm.my/32266/1/ALMUTAIRI_ANED_OMAR.pdf
http://eprints.usm.my/32266/1/ALMUTAIRI_ANED_OMAR.pdf

Journal of the North for Basic and Applied Sciences, Vol. (3), Issue (1), Northern Border University, (2018/1439 H)

et al. (2002). The data set represents the failure
times, in minutes, of an electrical insulation
device modelled as a standard generalized power
function distribution:

-,-,24.4,28.6,43.2,46.9,70.7,753,95.5, -, -, -.

The first two observations are censored because
the conductor of the experiment failed to observe
these failure times, and the experiment was
terminated before the failure times of the last
three devices were observed. The Bayesian
prediction intervals from the two-sample method
depend on the present sample of sizen and the
future sample of size m, and both samples have
the same distribution.

The paper begins with the present sample. The
present sample was generated from the standard
generalized power function distribution with the
probability density function pdf given in Eq. (3)
and the cumulative distribution function cdf
given in Eq. (6). Then, the random variable u
from the uniform distribution was used to find
the inverse cumulative distribution by employing
the double-precision subroutine DRUN from the
IMSL statistical library (Kupferschmid, 2009):

1

F'u)=uP—a (65)

Suppose thatn = 15,p = 1,2,3,a =0,b = 1.

Second, suppose that r = 10 observed order
statistics are available from a sample of size
n = 15. Assume that there is another sample of
size¢ m =4 (future sample) from the same
distribution. The double-precision subroutine
DZREAL from the IMSL statistical library and
the iterative algorithm are used to find the root X
that Pr(X, > x|y) =y = 0.975
y = 0.025 in Eq. (48) for the lower and upper

solves and

limits, respectively. The iterative process stops
when the difference between two consecutive
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iterations is less than 1071, This process allows
us to compute the 95% Bayesian prediction
intervals of X (k = 1,2,3,4). Furthermore, the
99% Bayesian prediction intervals of X, are
considered. For both confidence intervals (95%
and 99%), the values of the prior parameters are
based on Sultan et al. (2002).

h = 0.25, g =0.5, h=1, g=1,

h =4, g=2

This study can then predict the first order statistic
X; given a failure-censored sample by
substituting k=1in to Eq. (48), which
represents the predictive function. When
a =0.05, h=0.25 and g = 0.5, as:

0.4237 < X; < 0.5258 (66)

Additionally, current paper can predict the last
order statistic X, given a failure-censored sample
by substituting k =4 into Eq. (48). When
a =0.05,h =0.25 and g = 0.5, as:

1.0147 < X, < 1.2657 (67)

The interval of X, is wider than the interval of
Xj.

The performance of different values of k, h, g.

If « =0.01, root X can be found by solving
Pr(X, > x|y) =y =0.995 and y = 0.005 in
Eq. (48) for the lower and upper limits,
respectively.

The performance of different values of k, h, g.
Although both confidence intervals (95% and
99%) provide close lower and upper limits of the
Bayesian prediction intervals, the prediction
intervals tend to be wider when k increases. This
is expected because the prediction of a future
order statistic far from the last observed value
has less accuracy than that of the other future

order statistics. In general, this situation occurs
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v (57)

eh>(1<-72)g+")

Uly) = (—

b. Bayesian Prediction Intervals for
the Last Order Statistic

Here, the paper modifies the Bayesian prediction
on the last failure time X, in the future sample.
There are two cases:

1) r <n (prediction of X,, given a failure-

censored sample). By substituting k = m into
Eq. (43),

Pr(X,, = x|y)
_ m(m)z

[h—In(vzi(x + a)™D]
' m+j

n-r

5720

i=0

( 1)i+j

(g+7r)

(g+7)

- _ Tl T'(Tl T‘)( 1)[ [h ln(vzl(x+a)m)] (58)
Therefore, the modified method of the lower
and the upper bound for the 100(1 — a)%
Bayesian prediction interval is the solution of
the equation, as follows:

n-r

n—r [h— In(vzi(x + a)™)]~W+"
> (") e .

i=0

=Y (59)

wherey =1 —% and % for L(y) and U(y),

respectively. The modified method has a
tractable Bayesian prediction by Eq. (59) and it
is solved numerically for different values of
g,m, h,r and n.

2)r =n (prediction of X,, given a complete
observed sample of size n ). Solving Eq. (48) for

the given values of r =n and k =m, study

30

obtain:
Pr(Xy, = x|y)
m(m)m_m m—m\ s mn—n i
-TTT Z( j )Z( i ) =D
7=0 i=0
[h = In(vzi(x + a)™)] "™
' m
3 min(x + a)] 9™
T [1 " h—In(v) (60)
By solving the Equation
min(x + a)7” @™
- [1 T Th—In() =y (61)
o (-]
X = <7> —-a (62)

Therefore, the 100(1 — a)% Bayesian prediction
interval of X,,is (L(y),U(y)), such that the
modified equations are as follows:

L) = <§)<m<l(iz)>> —a  (63)
Uy = <§><m1<1(;2)91”>> —-a (64)

Hence, the modified method for the Bayesian
prediction intervals yields Eq. (63 & 64), which
give values of the lower and upper limits for x;,
if study give the prior parameters h, g values and
if study assign the confidence intervals 100(1 —
a)%.

9. NUMERICAL EXAMPLES OF
BAYESIAN PREDICTION
INTERVALS FOR THE k' ORDER
STATISTIC: A TWO-SAMPLE CASE

In this Section, Fortran is used, and the paper
considers a data set that was analyzed by Sultan
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cases where r =n and k = 1 to permit explicit
solutions, as will be shown in the next section.

8. SPECIAL CASES FOR
BAYESIAN PREDICTION INTERVAL
OF Xk

In this section, the paper modifies the Bayesian
prediction method using special cases for n and
k, which allows it to obtain new forms of the
predictive densities and the survival function of
X, giveny. The modified method can be
obtained by the following steps:

a. Bayesian Prediction Interval for the
First Order Statistic

1) For r < n, the paper predicts X; given a
failure-censored sample. By substituting k = 1
in to Eq. (48), the following has been obtained
Pr(X, = x|y) =

-z () 2 ()0

—-g-r

[h —In ((vzi)(x+a)1+j) ]
’ 1+j

—a<x<1l—a,r<n

6D

Eq. (51) has the same setup as Eq. (48), and it is
still computationally intractable. Generally,
the 100(1 — @)% Bayesian prediction
interval (L(y), U(y)), can be obtained by solving
the equation:

Pr(X; = x|y)

-1

n-r
m

S YY)

j=0 i=

(-1

[h —In ((vzi)(x+a)1+j) ]_g_r
’ 1+j

)

—a<x<l-a,r<n (52)

2) Forr = n, the paper predicts X; based on a

29

complete sample of size n. Substituting r =n
into Eq. (52)

Pr(X, z x|y) =
_ mz;n:_ol(mj_l)(—l)j [h—ln(v(x+a)1+j)]_(g+n)
(h=lnv)~9-n 1+j ’

—a<x;<1-—a

(53)

The Bayesian prediction bounds (L(y), U(y))
for the k" order statistic can be calculated using
the survival function Pr[L(y) < x < U(y)|y] =
y, where y = 1 — a and a the confidence level
where ¢ = 0.01 and 0.05. Then, the 100(1 —
a)%
constructed numerically by solving the survival

Bayesian prediction intervals can be
function Pr(X; = x|y) = y. A modified special
case of this setup is used to predict the failure
time of future components. By setting m =1 in
to Eq. (53), the following has been obtained

Pr(X, = x|y)

_ —[h —In (v(x + a)) ]
B (h —Inv)—9-" ’

—-(g+n)

—a<x;<1—a (54)
By solving the Equation

—[h = Inv — In(x + a)] @™
(h—=Inv)-9-n

=vY

(55)

Therefore, the 100(1 — )% Bayesian prediction
intervals of X; is (L(y), U(y)) such that

eh>(1<;2>gin)

Lly) = (7 —a (56)

and
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7. BAYESIAN PREDICTION
BOUND FOR x;,

The predictive density function P(x,|y) can be
used to find the Bayesian prediction bound for
x. To find Pr(X, = x|y), Eq. (34) is integrated

with respect to x;, from x;, = xtox; = oo,

Pr(X, = x|y)
B foo k(r;') Zjn=_0k (m]—k) n;or(nzr)(_ 1)i+j
X=X Q(y)(xk + a)
rg+r+1)
' ; N19+T+1 dxk
[h —In((vz!)(x) + a)k+T)]
k(TI?) Z?]’rL:—Ok (mj—k) n;or(nljr)(_l)iﬂ'(g + T')N
T 7
—a<x,<1l—-agk<m (41)
(Alamm et al., 2007)
where
n-r
T = Z D) (Dt~ InvzteT (42)
t=0
and
— J'OO dxy
X=X [h_ln((vzi)(xk+a)k+j) ]g+r+1(xk+a)
(43)

Here, N is simplified as a function of x;,. Let

= [h=In((vz!) (xx + @)*H)] (44)
Differentiating m with respect to x;,
dm _ (vz')(k + ))(x + )2 45
dx, (wz?) (e + a)kti (45)
That is
d +
dx. _ (e +a) (46)
dm (k+ j)

Consequently, N can be expressed by N as a
function n of xp,
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m-9-71
dm

N=L_

(k+))
[h—In((vz))(x + a)**/)] 79"
(k+/)(g+1)

(47)

Given y, the survival function of x is reduced

to:
Pr(Xy = x|y)
(m) m—ky n—r i
Z( )ZO SICHE

[h —In ((vz )(Cx + a)k+f) ]_g_r
k+j

’

—a<x<1l-agk<m (48)

From Eq. (48), one can obtain the 100(1 — a)%

Bayesian prediction interval for the k" order

statistic ~ xj,. This interval is of the
form (L(y), U(y)), such that:

PrXe = L) = 1-73 (49)
And

PriXe 2 UWIy) == (50)

where L(y)is the lower prediction bound and
U(y) is the upper prediction bound for the
interval (Alamm et al., 2007). In practice, lower
and upper prediction bounds in Eq. (49 & 50)
cannot be found. Eq. (49 & 50) are required to
modify the predictive density function by
focusing on the size of the sample n and the
number of order statistics k. Now, the task is to
find a solution for Eq. (48) before finding a
solution for Eq. (49 & 50), but Eq. (48) does not
have an explicit solution for the Bayesian
prediction bounds for x;. Therefore, the paper
must use a modified method for the Bayesian
prediction intervals by assuming some special
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P(xly) =
(m) Zm k(m k) 2111 Or(n r)( 1)1+](xk+a) w
o) ’

—a<x,<1l—a,k<m

(32)

where
o

w = f p9tTe
0

= f pg+re_hp(vzi)p(xk + a)p(k+J)dp
0

~hP ZPiyP (% + a)PR*PIdp

- f p9+7e=plh=-In(@z)Cxt ) )] gy
0

_ r(g+r+1)
B [h— ln((vzi)(xk + a)k+j)]g+r+1 ’

(33)

The predictive density function of x;, given y for
the informative prior function is:

P(xily)
k(T;l) Z;n:—ok (mj—k) :Lz—or(n;r)(_l)iﬂ'
() (xy + a)
'g+r+1)

[h — In((vz?) (x) + a)k+i)]g+r+V

—asx,<1l—-agk<m (34)

Now, let us consider the non-informative prior
function of p. By substituting Eq. (24), which
represents the posterior distribution for the non-
informative prior function, and Eq. (27), which
represents the pdf of x;, into Eq. (28) then, the
following has been obtained:

P(xyly) =

oo pk() g+ a)P* 1 [1-(ag+a)P™F Pr1 _
Jo 5:0) prvr(d
Zp)n—rdp (35)

27

Using the binomial theorem,

[1- (g + )P "

m—k
—k . .
—Zx )~ G + )P (36)
and
1— 77 ; e @7

The predictive density function of x;, given y for
the non-informative prior function is:

P(xkly) =

Zm k(m k) ?:_or(nTT)(_l)Hjﬂ
m 1 i
k(k)(xk +a)” 220 ,
—asx,<1—-agk<m (38)
where

u=fp%m+awwmwfwm
0

_ rr+1)
" [~In(xy + @)k Dpzi]r+Y

r<n (39)

By substituting p into Eq. (38)

PO ly) =
() BT O ey

eI ln(xk+a)(""+1')vzi]r+1
—a<x,<1—ak<m,

(xp+a)’

rsn (40)

the predictive density function P(x;|y) given by
Eq. (40) can be used to fulfill the main objective
in this thesis (Bayesian prediction bound for the
two-sample case). This contribution provides
close lower and upper bounds of the 95%
Bayesian prediction intervals and 99% Bayesian

prediction intervals for the two samples.
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the non-informative prior function can be

rewritten as:

Hi(ply) =
S P [ it )P [1-Gr+ )P 1"
e ;(nnr).p M7=, vi+a)P~[1-(yr+a)P]""dp
_ " H =1 (i + P11 = (v + )P
Jy o M=y (s + @P][1 = G + @)P]" " dp
(22)
Using Eq. (16 &17)
Lo) = [ - pyTd @)
0
then,
Ml = 2T s
= , rsn
1Py 0,0
From the binomial theorem,
_ n-r _ = N=TY ot qn-r-t
2+ =3 (") =
t=0
A=z =35 ()@ (=D (25)

where (zP)t = zPt

P1(y) = fo“’ p" P ; (n ; 7") (—1)*zP*dp
nzr ( D =Invzt]"" (1), (26)

t=0

From Eq. (26), the role of Bayes’ theory ends
here. Now, the predictive density function, which
is the main function in Bayesian prediction of

this study, is discussed.

6. PREDICTIVE DENSITY
FUNCTION FOR THE k* ORDER
STATISTIC: ATWO-SAMPLE CASE

Let x = (xq,x3,...,%,) be an independent

26

future order random sample from the standard
generalized power function distribution with the
pdf given by Eq. (3). The predictive density
function of x; depends on the prior and
posterior distribution of p. Let x; be the k"
order statistic from the future sample of size m
from the standard generalized power function
distribution. The pdf of x; is given by:

fGalp) = G f (o IF God <11 -

Fx)m*
(Hogg and Craig, 2013).

f(xxlp)
= pk () Goi + @PE 11 = (v + OPI™

—ax,<1—a k<m

(27)

The predictive density function of x;, given y is:

PCaly) = f f Gl H 1Y) dp (28)

(Fernandez, 2000).
Eq. (28) merges two main functions. The first
function is the pdf of xy, f(xx|p) where xj is
the k" order statistic from the future sample,
and the
distribution H(p|y) of the present sample. Eq.
(15,27, and 28) lead to:

second function is the posterior

P(xly) =
oo pk(R) G PR 1-Ce+@)PI™ K o g
fo 2(») p e P (1
zP)"dp (29)
Using the binomial theorem,
[1 = o + Pk =
e (M) (1T G + @) (30)
n-r
n—r -
1—zo] Z C)Ent @
i=0
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n! r
eEsd [1_L=1()’i + a)”‘l] [1
— Gy + P
a<y; <y, <y, <l—ar<n

(12)
From Eq. (12), the statistic U = [[[=;(y; + a) is

derived as a sufficient statistic for parameter p
when = n because U does not depend on p for
,Y,). The role of a
sufficient statistic specifies the family of the
Then, a
distribution that matches the likelihood function
of the standard generalized power function

every fixed value of (Y3,Y, ...

prior distribution. suitable prior

distribution given by Eq. (12) is chosen. The
Bayesian prediction is derived through the prior
distribution and the posterior distribution (Hogg
& Craig, 2013).

4. POSTERIOR DISTRIBUTION
FOR INFORMATIVE PRIOR: A
TWO-SAMPLE CASE

Suppose the information about the parameter p
fits the informative prior distribution that has the

function of the Gamma distribution given by:
h9
h(p) = (13)

r(g
(Alamm, Raqgab, & Madi, 2007).
then the formula of the posterior distribution

p9~te”", p>0

from Bayes’ theory is:
f(y160)h(6)
[ f(16)h(6)de
(Hogg & Craig, 2013).

H(6ly) = (14)

Hence, the posterior distribution of p given Y for

the informative prior function can be rewritten

as:
h9 nl!
e g—le—hp— r
Hooly) = L@" (n-nt”
pIY) = —"ha 9—1p—hp n! .
o T(g)P n—m)1P
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M= i+a)P ) [1-r+a)P]* T
M-, (yi+a)P~1][1-(yr+a)P]*Tdp

pg+r—1e—hpvp(1 _ Zp)n—r

50) , r<n (15)
where
v=]]oi+w (16)
i=1
z=r+a) 17)

[oe]

0(y) = f pI+T1e=ROpP(1 — ZP)Tdp (18)
0

Using the binomial theorem,

n-r

-z =y (")

t
t=0

(19)

Thus,
o) = [ pIT e PuP Yizr (") (1) 2P dp

3
|
=<

(‘f'l—r) (_1)tf pg+r—1e—hp(vzt)pdp
t 0

t=0

3
=

(n ; T) (—=Dt[h = Invzt]797"T' (g + 1),

t

]
=]

=
IA
3

(20)

o. POSTERIOR DISTRIBUTION
FOR NON-INFORMATIVE PRIOR: A
TWO-SAMPLE CASE

This section addresses the limited information
about the parameter p, and the paper chooses a
non-informative prior distribution that has a

uniform distribution

1
h(p) x o P> 0 (21)
(Soliman, 2000).

Hence, the posterior distribution of p given Y for
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+ 2
oo [Pt2
p

the following is obtained:

f)=—L S (x+p@+ D)
(P )

_P p—1
=17 (x+a)

Thus, this study obtained the generalized power
function distribution in Eq. (3). The generalized
power function distribution takes on two forms
with the following probability functions:

the cumulative distribution function for Eq. (4)

1S:

1
FY)=F—x50-a)f, asys<b

(b — a)? °)

the cumulative distribution function for Eq. (3)

1S:
FO) == +aP, —a<ys< b—a (6)

the reliability function for Eq. (4) is:

1
(b—a)p

Sy)=1- y—a),p>1,a<y<b

(7
the reliability function for Eq. (3) is:

1
SM=1-50+a)f,—asys b-a (8)

the failure rate function for Eq. (4) is:

_ py—ap!
N R

and the failure rate function for Eq. (3) is:

h(y) =

a<y<b (9

p(y+a)P~!

—Grap @ <y<b-a

(10)
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3. BAYESIAN PREDICTION
INTERVAL FOR THE k*" ORDER
STATISTIC: A TWO-SAMPLE CASE

In this section, the Bayesian prediction interval
for a two-sample case is presented. This case has
two separate samples in accordance with the
properties of the Bayesian prediction. The first
sample is the present sample and the second
sample is the future sample, which is only
available in the two-sample cases, according to
the nature of Bayesian prediction, but in the one-
sample or multi-samples cases, there are
complex samples that entail long mathematical
steps before the presentation of the Bayesian
prediction. The Bayesian prediction for the k"
future order statistic from a future sample size
mX = (X1, X5, ..., X;,) based on the observed
Y =W,Y,...Y.), r<n from the
standard generalized power function distribution
Y=Y, .., V) with

; <Y, <--<Y, a failure-censored sample

sample
is presented. Let

from the standard generalized power function
distribution with pdf and cdf given in Eq. (3 &
5), respectively. The likelihood function is given
by:

! —
L(ply) = 2 T f Grlp) [1 = FOylp) I,

(1)

where p is the shape parameter for the standard

p>0

generalized power function (Khan, Haq, &
Provost, 2005). If the paper considers b = 1 and
a constant, the likelihood function is obtained as
follows:

L(ply) = f(yIp)

n!
(n-nr)!

M= p(i + )P~ [1 = (v + )P
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1. INTRODUCTION

The Bayesian statistical method, which is widely
used in many fields, such as the medical and
social and applied sciences, is presented in Omar
(2015). This the
prediction methods for two-sample predictions

study modifies Bayesian
and predicts future order statistics based on the
observed ordered data and predictive densities
provided by the Bayesian prediction intervals for
future order statistics. The standard generalized
power function distribution serves as the basis
for the modified methods by applying Bayes'
theory to achieve close lower and upper limits
for the 95% and 99% Bayesian prediction
intervals. The proposed intervals contribute to
increasing the precision of the predictive value.
Two types of prior functions are used in the
Bayesian prediction: informative and non-
informative priors, both of which use Bayes'
theory. The numerical analysis illustrates the
lower and upper limits for the 95% and 99%
Bayesian prediction intervals using the modified
method. However, the transmuted generalized
power function distribution can be a better model
than the generalized power function. This form
was discussed in Al Mutairi (2017).

2. DIFFERENT FORMS OF THE
PROBABILITY DENSITY FUNCTION
FOR THE GENERALIZED POWER
FUNCTION DISTRIBUTION

(a) The generalized power function distribution
was identified as the generalized geometric

distribution given by;

=2 0a)

p=21,0—-ac<y<6+(b-a), (D

23

where a and b are defined as:

+ 2
b=((@+1) pr,

a=\p(p+2), p=1 2

(Sultan, Moshref, & Childs, 2002). By setting
6 =0ando =1 in Eq. (1), the probability
density function for the standard generalized
power function distribution is obtained. This

form was discussed in the above reference.

f0) = +ar,

—a<y<b-—a, p>1,a, b=1 (3)
(b) The second form is given by;

p

f(X) = m(x - a)P—l’
p>1, a<x<h,
ab >0 (4)

(Johnson, Kotz, & Balakrishnan, 1994) which
the
distribution. It can be proven that this equation is

expresses generalized power function
equivalent to Eq. (3), which also represents the
standard generalized power function distribution
after setting the parameter a* = —a and the

parameter b* = b — a in Eq. (4), as follows:

2
b'=b—a=(+1) /—”; )

This paper considers Eq. (4) by a *, b* by which
the following can be obtained:

_ 4
)= Gt a

By substituting

a’=—/pp+2),

(x —a*)Pt
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