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The Degree and Differences in Psychosomatic Disorder Related to
the Digestive System of Patients of Primary Health Care
Centers in Taif City- Kingdom of Saudi Arabia

Ahmed Said Al Hariri1*, Rasha Hamed Al Harthi?

(Recerved 03/02/2079 , accepted 05/04/2079)

Abstract: Psychosomatic disorders are psychological causes of the most important disorders affecting the
individual because of psychological stress. Various life pressures may cause physical damage that appear
as physical pain and disorders. This study aims to identify the degree and differences of psychosomatic
disorder related to the digestive system among patients of primary health care centers in Taif City. A mixed
method design with a dominant quantitative approach was applied. The five dimensions quick indicator for
psychological health and the list of new Cornell for psychosomatic disorders on a purposive sample of 1360
patients and applied interview on a sample of 50 female patients. Results showed that the psychosomatic
disorder degree related to the digestive system reached M= 2.53, SD=0.71 and 84% for the Faisaliah Primary
Health Care Center. The recommendations highlighted the importance of having a psychologist, activating
programs for psychological counseling and Cognitive Behavior Therapy (CBT), having a psychological
services clinic and developing the communication skills between doctors and patients at the primary health
care centers.

Keywords: Primary health care centers, Patients, Psychosomatic disorders degree, Taif City.
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7. CONCLUSIONS

TF has an important role in haemostasis and cell
proliferation. TF has coagulant and non-coagulant
functions in the cell. TF is known as the initiator of
clotting with cofactor Vlla. It maintains haemostasis
and removes damage tissue in endothelial cells.
Elevated levels of TF lead to thrombosis and
malignancies. The process involves activation
of the TF signal pathway for proliferation and
migration. TF overexpression increases the risk
of metastasis and cell survival. TF binds to the p1
integrin to form the TF- B1 integrin complex, which
provides integrity to the cell. The TF- B1 integrin
complex also binds to ECM to enable cell signaling.
TF induces signaling pathway for cell proliferation
by activating PAR2. Cancer progression and tumor
angiogenesis are correlated with TF expression.
TF interacts with the Bl integrin to maintain
haemostasis in the cell. Overexpression of the TF-
B1 integrin is considered an abnormal condition
leading to thrombosis in cancer and metastasis.
It has been reported in recent studies that TF
overexpression leads to pathological conditions,
such as angiogenesis and metastasis. In contrast, TF
has been reported to induce apoptosis in endothelial
cells through the TF—B1 integrin complex, as
described in this study. This mechanism involves
an accumulation of TF in the endothelial cells
and knockdown of the Bl integrin which induces
apoptosis as the cells lose their attachment. The
apoptosis process activates P38 MAPK, P53 and
caspases as well as the proapoptotic proteins BAX
and P21. Activation of these proapoptotic proteins
is stimulated by P53.

CONFLICTS OF INTEREST

There are no conflicts of interest.

ABBREVIATIONS

BAX: Bcl-2-associated X Protein, CDK: Cyclin-
Dependent Kinase, ECM: Extracellular Matrix,

FAK: Focal Adhesion Kinase, FI-TF: Full Length,
as-TF: Alternative Spliced, JNK: Jun NH2-
Terminal Kinases, MAPK: Mitogen-Activated
Protein Kinase, MMPs: Metalloproteases, MPs:
Microparticles, P38: Protein 38, P53: Protein 53,
PARSs: Protein-Activated Receptors, SFKs: Src
Family Kinases, SHs: Src Homology, Src: Non-
Receptor Protein Tyrosine Kinase that Plays Roles
in Cell Signalling, TF: Tissue Factor, TGF-p:
Transforming Growth Factor-f, VEGF: Vascular
Endothelial Growth Factor, pl-integrin: Beta-1-
integrin.

REFERENCES

Aberg, M., & Siegbahn, A. (2013). Tissue factor non-
coagulant signaling — molecular mechanisms
and biological consequences with a focus on cell
migration and apoptosis. Journal of Thrombosis and
Haemostasis, 11(5), 817-825. doi: 10.1111/jth.12156.

Aberg, M., Eriksson, O., & Siegbahn, A. (2015). Tissue
factor noncoagulant signaling: mechanisms and
implications for cell migration and apoptosis. Seminars
in Thrombosis and Hemostasis, 41(7), 691-699. doi:
10.1055/5-0035-1564046.

Aberg, M., Johnell, M., Wickstrom, M., & Siegbahn, A.
(2011). Tissue factor/FVIla prevents the extrinsic
pathway of apoptosis by regulation of the tumor
suppressor  death-associated protein kinase 1
(DAPK1). Thrombosis Research, 127(2), 141-148.
doi: 10.1016/j.thromres.2010.11.015.

Ahamed, J., Versteeg, H. H., Kerver, M., Chen, V. M.,
Mueller, B. M., Hogg, P. J., & Ruf, W. (2006). Disulfide
isomerization switches tissue factor from coagulation
to cell signaling. Proceedings of the National Academy
of Sciences, 103(38), 13932-13937. doi: 10.1073/
pnas.0606411103.

Arderiu, G., Espinosa, S., Pefa, E., Crespo, J., Aledo,
R., Bogdanov, V., & Badimon, L. (2017). Tissue
factor variants induce monocyte transformation and
transdifferentiation into endothelial cell-like cells.
Journal of Thrombosis and Haemostasis, 15(8), 1689-
1703.  doi.org/10.1111/jth.13751.

Bianchi-Smiraglia, A., Paesante, S., & Bakin, A. V. (2013).
Integrin B5 contributes to the tumorigenic potential of
breast cancer cells through the Src-FAK and MEK-
ERK signaling pathways. Oncogene, 32(25), 3049—
3058. doi: 10.1038/0nc.2012.320.



Waleed Alabdulmonem, F. Alahaydib, & H. Al Ssadh: An Overview of the Apoptosis Mechanism in Endothelial

Spaargaren, van Bergen en Henegouwen, van
Deventer & Peppelenbosch, 2000). FVlla has been
found to induce Src activation involved in cell
signaling of the TF- B1 integrin.

Src has also been found to regulate the activity of
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Gustafsson, Choy, Quach, Spurkland, & Claesson-
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Feng, Wang, Liao, & Xu, 2011). For example,
Src activity is increased in colon metastasis and
angiogenesis  (Sirvent, Bénistant, Pannequin,
Veracini, Simon, Bourgaux, Hollande, Cruzalegui,
& Roche, 2010). Src upregulation has been found
to inhibit apoptosis and promote metastasis
(Lopez, Hesling, Prudent, Popgeorgiev, Gadet,
Mikaelian, Rimokh, Gillet, & Gonzalo, 2012). The
mechanism involves cell cycle progression and
tumor cell migration. Src upregulation inactivates
tumor suppressor P53 and P38 MAPK. Tsang, Jia,
Parodo, Plant, Lodyga, Charbonney, Szaszi, Kapus,
& Marshall, (2016) found that the hyperactivity
of Src phosphorylation inhibits apoptosis via
phosphorylation of caspase-8. This suggests that Src
activity is correlated with cancer progression and
functions as a prognostic indicator. Src knockdown
reduces cell proliferation by reducing cell adhesion
and FAK (Jin, Nam, Park, Bang, Bang, & Oh,
2017).

Recent studies have found that Src inhibition
induces apoptosis. Targeting Src with an antibody
can bring about apoptosis in sarcoma (Indovina,
Casini, Forte, Garofano, Cesari, lannuzzi, Del
Porro, Pentimalli, Napoliello, & Boffo, 2017). Src
activity has a crucial role in inducing apoptosis
and is a target for cancer therapy and angiogenesis.
Previous studies suggested that Srlc inhibition can
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induce apoptosis via a mechanism involving the
B1 integrin. However, the effect of the B1 integrin
inhibition on Src activity induced by TF is poorly
understood. Recent studies have suggested that Src
activity is mediated by the B1 integrin on the cell
pathway, leading to cell proliferation and migration
(Bianchi-Smiraglia, Paesante, & Bakin, 2013).
Src activation integrates with FAK integration to
stimulate cell attachment. This integration results in
several cellular responses, such as cell migration in
cancer or cell survival and proliferation (Flamini,
Uzair, Pennacchio, Neira, Mondaca, Cuello-
Carrion, Jahn, Simoncini, & Sanchez, 2017).
Reducing Src activity induces ankiosis (apoptosis)
in the cell. B1 integrin inhibition reduces Src at the
same time, as Src is involved in the TF—B1 integrin
pathway.

These are indicators for inducing apoptosis in the
cell, mediated by the TF—B1 integrin. TF—B1 integrin
signalling leads to cell proliferation and migration
via the TF signalling pathway. Src activation is
involved in the TF—B1 integrin. In contrast, the
TF—B1 integrin can induce apoptosis in the cell by
modulating the signalling pathway. As reported
in a previous study, prolonged accumulation of
TF in the endothelial cells can induce apoptosis.
The mechanism involves the complex formation
of TF and the B1 integrin on the cell membrane.
Inhibition of the B1 integrin causes cell detachment
and an attachment loss. As a result, the cell
undergoes apoptosis through a signalling pathway
and an activation of P38 MAPK and P53as well
as caspases. Src is involved in the mechanism of
the apoptosis pathway (Aberg & Siegbahn, 2013).
The activity of Src during an apoptosis induced by
the TF—B1 integrin is still poorly understood. TF
cytoplasmic domains exhibit different patterns of
Src phosphorylation. Mutation of TF in a Ser 253
residue has the effect of TF signalling. An Alanine-
substitution of Ser253 in TF accelerates the
apoptosis rate, whereas, a wild-TF or an Aspartate-
substitution in TF has a low apoptosis rate, compared
to the mutant-TFAla253 (Collier & Ettelaie, 2011).
The mutant-TFAla253 alters the signalling pathway
to induce apoptosis. The mechanism pathways for
both wild and mutant-TFAla253 are different.



Journal of the North for Basic and Applied Sciences (JNBAS), (2019/1440 H), Vol. (4), Issue (1), 77-91

Bai, & Han, 2017). There are three MAPK groups
associated with apoptosis: P38 MAPK, ERKs and
c-Jun NH2-terminal kinases (JNK). Each group
of MAPKs has multiple isoforms, such as ERK1
to ERK8 and p38-a, B and y (Wada & Penninger,
2004). There are factors that affect apoptosis
induction via P38 MAPK activation, for example,
the level of activation and expression of cytokines.
The stimulation of cell survival or apoptosis via
P38 MAPK depends on the external stimuli and
cell type.

ERK and P38 are the most common groups involved
in apoptosis regulation. P38 MAPK is associated
with cell activity as it mediates apoptosis or cell
survival (Koul, Pal, & Koul, 2013). MAPK P38a
has been found to control cell proliferation and
apoptosis through the downregulation of cyclins
and upregulation of cyclin-dependent kinase (CDK)
inhibitors (Cargnello & Roux, 2011). In endothelial
cells, P38 activates the tumor suppressor protein
P53 as well as the proapoptotic BAX protein.
The activation of P38 MAPK stimulates activation
of the caspase-3 cleavage as well as the poly (ADP-
ribose) polymerase (PARP) downstream (Liu, Wu,
Ma, Zhong, Liu, Zheng, & Lin, 2014). caspase-3
activation inhibits PARP. P38 MAPK stimulates
capases-3 cleavage by PARP inhibition to promote
cells death. Hence, the cell undergoes apoptosis
through P38 MAPK; as a result, P38 MAPK
becomes active and able to induce apoptosis if
the cell signal pathway is altered. It activates the
signaling pathway because of cellular activity
change. For instance, inhibition of the B1 integrin
in the cell leads to the activation of the apoptosis
cascade via MAPK P38.

There is a link between TF expression and P38
MAPK (Bohgaki, Atsumi, Yamashita, Yasuda,
Sakai, Furusaki, Bohgaki, Amengual, Amasaki, &
Koike, 2004). The association between TF and P38
MAPK activates cell migration and survival (Ott,
Weigand, Michl, Seitz, Sabbari-Erfani, Neumann,
& Schomig, 2005). The activation of P38 MAPK is
involved in the phosphorylation regulation of serine
or threonine residues in the cell (Zhu, Dahlmans,
Thali, Preisinger, Viollet, Voncken, & Neumann,
2016), as these residues are the main targets for
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MAPK phosphorylation that regulate cell function.
The relationship between P38 MAPK, P53 and
P21 is well established. P21 is a cyclin-dependent
kinase inhibitor which mediates P53 causing cell
arrest in the G phase. Studies have indicated that
P38 MAPK activity is correlated with P53 and
P21 in reducing cell proliferation (Saha, Adhikary,
Kanade, Rorke, & Eckert, 2014). P38a expression
increases mRNA P53 expression; suppressing P38
affects P53 and P21 expressions. All these factors
mediate cell growth control and induce apoptosis.
There is an association between TF and P38 MAPK
involving the phosphorylation of the Ser258 residue
of TF to activate the signaling pathway (Ettelaie
et al., 2013). TF overexpression is induced by the
phosphorylation of P38 MAPK, thereby stimulating
cell proliferation or survival (Oku, Amengual,
Zigon, Horita, Yasuda, & Atsumi, 2013). TF is
correlated with P38 MAPK in the proliferation,
migration and apoptosis pathway. Jia, Tang, Wang,
& Zhu (2012) suggested that modifying the TF-Vlla
and MAPK pathways prevents cell proliferation in
cancer.

6. Src ACTIVITY IN THE CELL

Src (also known as proto-oncogene) is a non-
receptor tyrosine kinase enzyme that has a crucial
role in cell signaling transduction (Parsons &
Parsons, 2004). Its molecular weight is 60 kDa, and
consists of 533 amino acids (Bjorge, Jakymiw, &
Fujita, 2000). Src belongs to the Src kinase family
(SFKs) which has a unique active site (de Miranda
et al., 2013). Src Homology (SHs) is the dominant
site, and has a role in Src activation. These domains
are involved in the phosphorylation region during
cell signaling activation. C-Src and v-Src are the
phenotypes of Src observed in cell proliferation
activity (Oneyama, Hikita, Nada & Okada, 2008).
Studies have found that Src phosphorylation
regulates cell adhesion, migration and proliferation.
It has been reported that c-Src activation is
stimulated by FVlla, followed by small tiny GTPase
Rho, Rac, and CD42 pathways and that it mediates
P38 MAPK (Versteeg, Hoedemaeker, Diks, Stam,
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depends only on FVlla, and this interaction is
inhibited by the antibody against FVlla (Versteeg
et al., 2008). In contrast, Collier & Ettelaie (2010)
reported that FVIla and/or PAR2 accelerate/s the
interaction of the TF—B1 integrin in endothelial
cells, leading to cell proliferation. It induces
apoptosis mediated by the TF—B1 integrin (Furie
et al., 2016). The B1 integrin inhibitor reduces cell
adhesion in the cell. Consequently, inactivation of
the B1 integrin inhibits the effect of TF variants on
endothelial cells (Arderiu, Espinosa, Pefia, Crespo,
Aledo, Bogdanov, & Badimon, 2017). However,
each subunit of a and B expresses multiple pathways
in the cell. An expression of the 1 integrin in the
cell depends on the external stimuli (Quisenberry,
Nazempour, Van Wie, & Abu-Lail, 2016). The 1
integrin can be affected by growth factors, such
as transforming growth factor-p (TGF-B). TGF-p
regulates the B1 integrin expression and signaling.
There are different expressions of the f1 integrin
on the cell surface due to different B1 integrin
dominants on the cell. The B1 integrin can be
affected by growth factor, such as TGF-f. TGF-p
regulates the Bl integrin expression and signaling
activation (Margadant & Sonnenberg, 2010). TF
extracellular domains express different isoforms
of the integrin complex. TF binds to different 1
integrin heterodimers (a3p1, a4pl, a5p1, a6pl,
09pB1). As a result, blocking the B1 integrin requires
specific anti- Bl integrin to inhibit cell adhesion
(Dorfleutner, Hintermann, Tarui, Takada & Ruf,
2004). Also, TF domain phosphorylation affects
B1 integrin expression, as the Bl integrin can be
suppressed if TF is not phosphorylated. Inhibition
of the Pl integrin expresses different matrix
metalloproteases (MMPs) on the cell (Schooley,
Andrews, Zhao, & Addison, 2012).

The upregulation of the TF—B1 integrin has been
found to increase cell proliferation and survival
through the modulation of cell growth via the
expression of the ITGB1 gene (Song, Zhang,
Wang, Cao, Wang, Guo, & Dong, 2014). However,
the mechanism of TF-induced apoptosis via the 1
integrin is still poorly understood. In a recent study,
apoptosis was associated with a low expression of
the B1 integrin (Zhang, Ding, Sun, Sun, Xie, Zhao,
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& Zhao, 2016), as targeting the 1 integrin results
in the loss of cell integrity. Targeting the B1 integrin
is a potential way of reducing cell proliferation in
cancer or angiogenesis. Recent studies have shown
that B1 integrin inhibitors work efficiently to reduce
cell survival and induce apoptosis (Dickreuter, Eke,
Krause, Borgmann, van Vugt, & Cordes, 2016).
This provides evidence that targeting the f1 integrin
induces apoptosis, and its inhibitors are considered
potential remedies for angiogenesis and cancer. An
unbound PB1 integrin can promote cell apoptosis
in endothelial cells. Inhibition of the B1 integrin
on the endothelial cell surface causes attachment
loss (Erdreich-Epstein, Tran, Cox, Huang, Laug,
Shimada, & Millard, 2005) the cells induces P53
and activate apoptotic caspases.

TF and the B1 integrin interact in endothelial cells
to form the TF—f1 integrin complex in tumor
growth. For example, Versteeg et al. (2008) found
the interaction between activated TF-V1l PAR2 and
the B1 integrin by targeting TF-VII with a specific
inhibitory antibody. The inhibition of TF also affects
the Bl integrin via the disruption of the TF—BI
integrin interaction. TF is a key regulator of the 1
integrin in tumors to promote cell proliferation and
metastasis. The regulation of the TF—B1 interaction
is controlled by the TF ligand and PAR2 activity.

5. THE P38 MITOGEN-ACTIVATED
PROTEIN KINASE (MAPK) PATHWAY
IN APOPTOSIS

MAPK belongs to the serine-threonine kinases
that are involved in various intracellular signaling
mechanisms for proliferation, migration and
apoptosis (Kim & Choi, 2010). MAPK mediates a
response to cellular stress due to external cellular
effects. MAPK is expressed due to external stimuli.
According to recent studies, MAPK provides the
balance between proliferation and apoptosis by
activating signaling pathways (Sui, Kong, Han,
Zhou, Zhang, & Pan, 2014). In endothelial cell
apoptosis, MAPK signal activity is increased,
and it has been identified as a potential target of
cardiovascular diseases (Wu, Shen, Wang, Zhang,
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a TF, caspase-3, the expression of P53 and Bcl-
2-associated X protein (BAX) is activated. This
explains why injuries in endothelial cells expose
TF, and cells undergo apoptosis due to elevated TF.

4. INTERACTION BETWEEN TISSUE FACTOR
AND THE p1 INTEGRIN IN ENDOTHELIAL
CELL APOPTOSIS

B1 integrin (CD29) is a transmembrane protein
subunit that belongs to the integrin heterodimer
family on the cell membrane. It attaches the
extracellular matrix (ECM) to the cell cytoskeleton
(Nakayamada, Saito, Nakano, & Tanaka, 2007).
B1 integrin is an adhesion molecule involved in
cell signaling. Integrin mediates cell adhesion,
thereby regulating cell function (Borrirukwanit,
Pavasant, Blick, Lafleur, & Thompson, 2014).
Studies have suggested that the name integrin
derives from ‘integrity’, as it provides integrity
to the cytoskeleton—-ECM linkage (Takada, Ye, &
Simon, 2007). Although there are cell adhesion
molecules other than the integrin complex, integrin
is considered as a major cell adhesion molecule
on the cell membrane. It consists of the two main
chains, o and B that form 24 subunits, heads and
tails. Each o chain has 18 subunits and each B chain
has 8 subunits. Integrin molecules play a role in
cell signaling via receptor sites on their subunits
(Campbell & Humphries, 2011). Each integrin
receptor binds to a molecule for both sites in the
ECM and cytoskeleton. The main function of
integrin is cell adhesion, by which it provides cell
integrity. Cell proliferation, migration and survival
depend on cell adhesion (Mills, Howley, Israel,
Gray, & Thompson, 2008).

Recent studies have shown the multiple roles of the
B1 integrin in the endothelial cells. For example,
B1 integrin activation stimulates cell proliferation,
migration and differentiation, as well as apoptosis,
via P38 MAPK signaling (Seguin, Desgrosellier,
Weis, & Cheresh, 2015). It plays a key role in the
vascular biology during the regulation of factor
haemostasis and proliferation in endothelial cells.
In tumor angiogenesis, the Bl integrin is highly
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expressed in endothelial cells to stimulate the
vascular endothelial growth factor (VEGF). It
has been reported that Bl integrin upregulation
in epithelial cells induces angiogenesis in the
endothelial cells. In endothelial cells, the Pl
integrin provides a balance of cell proliferation and
apoptosis its deletion inactivates pericyte formation
and results in decreasing vascular density. The
release of MPs by rich TF and wild-type TF induces
angiogenesis. This suggests that the Bl integrin
interacts with TF. A TF—f1 integrin complex
disruption reduces cell proliferation and stimulate
apoptosis signaling, which occurs as a result of cell
attachment loss (van den Berg, van Den Hengel,
Mpyers, Ayachi, Jordanova, Ruf, Spek, Reitsma,
Bogdanov, & Versteeg, 2009). The B1 integrin is
a major regulator for cell adhesion, proliferation
and differentiation. It has been reported that the 1
integrin has a crucial role in cell cycle progression
(Moreno-Layseca, & Streuli, 2014), as it initiates
the production of adhesion mediator proteins,
such as focal adhesion kinase (FAK) and Rho
small GTPases, by which they regulate integrin
adhesion with ECM (Wendel & Haier, 2011). The
link between cell cycle and apoptosis pathways
via integrin has been identified. The Bl integrin
mediates signaling for the cell cycle regulation
checkpoint from the G1 phase to the S1 phase.

The interaction between TF and the 1 integrin
for cell survival and apoptosis is well established.
Studies have explained the relationship between TF
and integrin by pointing out that TF lacks tyrosine
kinase in the cytoplasmic domain (Ruf & Samad,
2015). TF is involved in integrin interaction to
regulate the integrin function and P38 MAPK in the
cell signaling pathway. This interaction between
TF and the B1 integrin leads to stimulation of cell
proliferation and can activate the apoptosis pathway.
TF binds to different P1 integrin heterodimers
to regulate the function of the Bl integrin in
cell proliferation and migration (Ruf, Yokota &
Schaffner, 2010). The B1 integrin binding regulates
cell proliferation and cell survival. However, there
has been a debate concerning the mechanism of the
TF—B1 integrin interaction on the endothelial cells.
The interaction between TF and the B1 integrin
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cell proliferation and apoptosis, such as the two
referred to as full length (I-TF) and alternative
spliced (as-TF), which lacks a transmembrane
domain  (Boltzen, Eisenreich,  Antoniak,
Weithacuser, Fechner, Poller, Schultheiss,
Mackman & Rauch, 2012). FI-TF promotes
cell proliferation via PAR2—mediated signaling,
whereas as-TF is independent of PAR2 and
binds to the B1 integrin directly to promote cell
proliferation (Eisenreich, Bolbrinker, & Leppert,
2016). Unlii, Bogdanov, & Versteeg (2017) has
shown that as-TF affects fl-TF. TF isoforms have
different expressions for activation pathways.
Apoptosis is induced more by fI-TF than by as-
TF, but an antiapoptotic effect has mostly been
observed in as-TF.

3. MECHANISM OF TF INDUCING APOPTOSIS

There are different pathways by which TF
signaling can induce thrombosis and metastasis
via activation of PAR2. These functional pathways
are involved in thrombosis, cell proliferation
and survival. The relationship between TF-VII
and diseases other than thrombosis has been well
established (Rao & Pendurthi, 2005). TF-VII
mediates many intracellular signaling activities,
such as angiogenesis, cell migration and metastasis
(Aberg, Johnell, Wickstrém, & Siegbahn, 2011). TF
requires activation of signaling pathways to become
activated. The overexpression of TF is widely
seen in cancer, where it stimulates oncogenes. TF
induced by tumor cells is activated via the cleavage
of PAR2. TF becomes activated for cell signaling
in cell migration and proliferation or apoptosis.
TF is expressed highly in cancer cells, especially
in TF-bearing MPs, which are associated with
metastasis and thrombosis in cancer. For example,
Eto et al. (Eto, Kozai, Cosentino, Joch, & Liischer,
2002) observed a thrombin TF-induced pathway
in human endothelial cells via Rho kinase and the
activation of Akt and P38 MAPK that serve as
protein kinases and regulate cell proliferation and
survival regulation. Protein kinases are involved in
cell pathways, mediated by TF-B1 integrins.

ElKeeb et al. (2015) reported that the accumulation
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of TF can lead to apoptosis in endothelial cells
through the activation of P38 MAPK. Nomura ef al.
(2015) confirmed that apoptosis in endothelial cells
is associated with high levels of TF-bearing MPs;
endothelial cells induce apoptosis via activation of
the proapoptotic pathway. MPs released by TF in
the tumor can also induce apoptosis via apoptotic
bodies.

Apoptosis is accompanied by elevated TF
expression and MP release via the activation of
PARI1 and PAR2 in endothelial cells. However, the
mechanism for TF—B1 integrin induced apoptosis
is still poorly understood; perhaps it is involved
in TF interaction with cell-surface proteins, such
as integrin with tyrosine kinases like Src. The
interaction between TF and the 1 integrin affects
cell migration and survival (Aberg, Eriksson, &
Siegbahn, 2015). Studies have considered the
level of TF expression and its interaction pathway
in apoptosis induction. Wan, Li, Li, Ge, Wang,
Guo, Leng, & Wang (2015) found that apoptosis
is induced by TF knockdown in human vascular
smooth muscle cells. Tang, Fang, Shu, Zhou, Song,
& Lei, (2007) found that overexpression of TF
induces apoptosis in human glioblastoma cells via
the downstream of the Phosphoinositol 3-Kinase
(PI3K/Akt) pathway. This suggests that TF affects
the cell signaling and induces apoptosis by trigging
death receptors during injury (Lopez, Kopec, Joshi,
Geddings, Cline, Towery, Rockwell, Mackman, &
Luyendyk, 2014). Apoptosis activation depends
on intracellular and extracellular signals formed
by integrin interaction in the cell, such as in the
TF-B1 integrin complex formation (Rapisarda,
Borghesan, Miguela, Encheva, Snijders, Lujambio,
& O’Loghlen, 2017).

Apoptosis mediated by TF is involved in the
activation of caspase-3 and 9, Vlla 1 integrin
signaling through Akt, ERK1/2 and the expression
of BCL-2 (Boltzen et al., 2012). Moreover, TF
overexpression is associated with the activation of
P53 and oncogenes, such as K-RAS in damaged
cells (Han, Guo, & Zhu, 2014). Pradier & Ettelaie
(2008) found that the incubation of a high
concentration of TF in endothelial cells can induce
apoptosis. Because of the apoptosis induction by
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the cell membrane would deactivate the cell
communication signal and cause apoptosis (Furie,
Shteynberg, Elkhatib, Perry, Ullmann, Feferman,
Preis, Flugelman, & Tzchori, 2016). Integrin
antagonists have been used in clinical trials for
cancer patients with glioblastoma (Desgrosellier
& Cheresh, 2010). In recent studies, a correlation
has been shown between TF and the B1 integrin
receptor whereby the Bl integrin is involved in
the cell signaling of the plasma membrane that
regulates cell adhesion, migration and survival
(Niaudet, Bonnaud, Guillonneau, Gouard, Gaugler,
Dutoit, Ripoche, Dubois, Trichet, Corre, & Paris,
2017). For example, Src works as a tyrosine kinase
phosphorylation for the Bl integrin. It is thought
that the B1 integrin only mediates cell signalling for
metastasis and survival. Recently, the interaction
between Src and the B1 integrin has been shown to
mediate cell signalling for metastasis and survival
induced by TF (Soung, Clifford, & Chung, 2010).
This suggests that the B1 integrin inhibition
modulates the phosphorylation of Src in the cells.

2. THE ROLE OF TF IN ENDOTHELIAL
CELLS APOPTOSIS

TF is a transmembrane glycoprotein that has a
length of 263 amino acids and a molecular weight
of 47-kDa. It consists of extracellular domains with
two disulphide bonds and a short cytoplasmic tail
with three serine amino acids (Aberg & Siegbahn,
2013). It has been reported that serine residues in TF
sequences, such as serine 253 (Ser253) and Ser255,
are important in the phosphorylation of the cell
signaling pathways for proliferation and migration
(Ettelaie, ElKeeb, Maraveyas, & Collier, 2013).
During injury, TF is expressed in many cell types,
such as fibroblasts, platelets, smooth muscle myeloid
cells and endothelial cells. However, myeloid cells
and endothelial cells require stimulation to express
TF (de Miranda, Lopes, McVey, Bustelo, & Simas,
2013). TF promotes the initiation of thrombosis with
FVII in an injury site in the extrinsic coagulation
cascade (Aberg & Siegbahn, 2013). High levels
of circulated TF increase the risk of thrombosis
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and plays a non-coagulation role in malignancies,
which suggests a relationship between TF and
cancer. TF activates signaling pathways in the cell
leading to cell proliferation, cell migration and
gene expression (Collier & Ettelaie, 2010). TF
overexpression is predominant in many cancers and
its upregulation correlates with metastasis (Shaker,
Harrison, Clarke, Landberg, Bundred, Versteeg,
& Kirwan, 2017) and characterized by apoptosis
resistance. The accumulation of TF in cancer cells
is common, and cancer progression is influenced by
TF expression (Kocaturk & Versteeg, 2013).

The activation of TF is stimulated by triggering
via the cleavage of G-protein receptors, termed
protein-activated receptors (PARs), of which there
are four PAR types (Soh, Dores, Chen, & Trejo,
2010). PAR-1 and PAR2 are the most common
activation factors for TF signaling in the cell.
The cleavage of PAR2 via TF-Vlla activates the
signaling and binding to the B-arrestin (Schaffner,
Versteeg, Schillert, Yokota, Petersen, Mueller, &
Ruf, 2010), which activates extracellular regulated
kinase (ERK and promotes tumour migration.
Ruf et al. (2011) report that the activation of TF-
Vlla through PAR-1 and PAR?2 resists apoptosis
in endothelial tumour cells. The activation of TF
by PAR2 increases tumor growth.

There is a strong relationship among TF types
for inducing apoptosis. Wild-TF and mutant-
TF types exhibit different mechanisms in cell
signaling. Recent studies have found that a
mutation in TF amino acid residues influences TF
expression and cell signaling (Ruf & Versteeg,
2010). Mutants in the TF residue will cause a
defect in coagulation and cell proliferation since
a mutation in a TF amino acid alters its activity
(Ke, Yuan, & Morrissey, 2014). A modification of
the TF structure leads to changes in its signaling
pathway. Substituting Ser253 in TF with alanine
253 (Ala253) affects TF expression (ElKeeb,
Collier, Maraveyas, & Ettelaie, 2015). TF
accumulates in the cell and induces apoptosis.
In contrast, aspartate 253 (Asp253) substitution
causes an increased release of TF leading to cell
proliferation.

TF isoforms have revealed multiple aspects of
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1. INTRODUCTION

Apoptosis or programmed cell death is an essential
process to remove damaged cells via death
receptors (Aberg & Siegbahn, 2013), whether
in a normal process against malignant cells or in
injured endothelial cells (Santos, Sato, Moro,
Bazzoli, & Rizzo, 2008). Apoptosis can occur
because of cell adherence loss (sometimes called
cell anchorage). This type of apoptosis is called
ankiosis, characterized by the loss of extracellular
adhesion features (Ishikawa, Ushida, Mori, &
Shibanuma, 2015). Apoptosis leads to modification
in cell features, such as cell shrinkage, nuclear and
organelles fragmentation, and cell cytoskeleton
degradation (Elmore, 2007). Cell cytoskeleton
dissociates from the plasma membrane causing
cell protrusion. These changes are stimulated by
the cleavage of the protease enzyme caspases-3.
Studies have suggested that apoptosis is triggered
by external stimuli (Bottone, Santin, Aredia,
Bernocchi, Pellicciari, & Scovassi, 2013). It has
two complex mechanisms pathways: extrinsic and
intrinsic apoptotic. Extrinsic pathway initiates
apoptosis via death receptor activation, whereas
intrinsic pathway initiates it via intracellular
signaling within the mitochondrial.

Either the expression of cytokines or the exposure
of the death receptor can induce apoptosis in the
cell (Roberts, Rosen, & Casciola-Rosen, 2004). TF
can induce apoptosis by disturbing the signaling
pathway in the cell (Versteeg, Schaffner, Kerver,
Petersen, Ahamed, Felding-Habermann, Takada,
Mueller, & Ruf, 2008). There has been debate
whether TF induces apoptosis in the cell; however,
it remains unclear how. Versteeg, Spek, Richel &
Peppelenbosch (2004) described the relationship
between TF and cell survival. TF expression
inhibits cell apoptosis in tumors by activating anti-
apoptotic factors (Fang, Gu, Zhu, Tang, Alvarado,
& Zhou, 2008). TF expression in cells controls the
balance between cell proliferation and apoptosis.
Mackman (2004) has suggested that metastasis and
angiogenesis are regulated by TF expression in the
cell. The process involved in the overexpression
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of TF in cancer mediates the intracellular
signaling pathway for proliferation. Apoptosis
in endothelial cells can be induced by the TF—1
integrin complex. TF can interact with cell the 1
integrin and lead to various intracellular pathways,
such as cell proliferation and migration (Collier
& Ettelaie, 2010). In contrast, the interaction of
the TF—B1 integrin complex can induce apoptosis
via cell signaling pathway (Kocaturk & Versteeg,
2013). The mechanism of TF inducing apoptosis
is involved in the signaling pathway of the cell
via cell receptors on the plasma membrane. TF is
known as the initiator of thrombosis, the extrinsic
cascade with cofactor Vlla (FVIla). TF regulates
haemostasis in endothelial cells during injury and
is overexpressed during thrombosis or in cancer
(Mackman, 2009). TF also has a role in tumor
angiogenesis and malignancies via the signal
transduction regulated by the integrin complex (van
den Berg, Osanto, Reitsma, & Versteeg, 2012).
TF-bearing  microparticles (MPs) represent
alternative means by which TF induces apoptosis
in the cells. TF interacts with other cells in the
circulation of the blood during cell proliferation
or apoptosis (Tesselaar, Romijn, Van Der Linden,
Prins, Bertina, & Osanto, 2007). Excessive MPs
have been found in cancer patients with venous
thrombosis. There is evidence that circulated TF-
bearing MPs in cancer are associated with the
metastasis and induced apoptosis of cell activity
(Nomura, Niki, Nisizawa, Tamaki, & Shimizu,
2015) although this association is also still poorly
understood. The association suggests that there
is a relationship between TF and cell proliferation
in endothelial cells whereby certain signaling
pathways control the mechanism of inducing
apoptosis. For example, TF is highly expressed in
tumor cells with activation of the Protease Activated
Receptor-2 and is involved in the TF-B1 interaction
to accelerate cell proliferation. On the other hand,
the disruption in TF signaling or of the Protease
Activated Receptor-2 accelerates apoptosis in cells
(Ruf, Yokota, & Schaffner, 2010).

Targeting the B1 integrin on the cell membrane
can induce apoptosis as a result of cell attachment
loss. For instance, blocking the P1 integrin on
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Abstract: Tissue factor (TF) has a non-coagulant role in cell proliferation, migration and metastasis. An
overexpression of TF leads to a variety of diseases, such as thrombosis in cancer, metastasis and angiogenesis.
In contrast, TF can induce apoptosis in endothelial cells via the mechanism of inhibiting formation of the
TF—B1 integrin complex. The cell undergoes apoptosis due to loss of cell attachment (Anoikis), resulting in
reduced Src activity in the cell. The Bl integrin affects Src activity during TF signalling. The mechanism
involves the activation of a protein 38 (P38) mitogen-activated protein kinase (MAPK) and caspases coupled
with P53 activation. Prolonged overexpression of TF inside the cell induces cell signaling for apoptosis. This
pathway involves activating Src to stimulate cell proliferation. The result reveals a significant effect of Bl
integrin inhibition on the level of Src phosphorylation indicating the relationship between the B1 integrin and
Src during cell apoptosis. Amutation in the TF 253 sequence is capable of inducing apoptosis in endothelial
cells. The Bl-integrin inhibition and the mutant-TF Ala __, are both major factors in inducing apoptosis.
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and proinflammatory cytokines, such as TNF
alpha, interleukin-1 (IL-1B), interleukin-6 (IL-6)
(Colton & Gilbert, 1987). In addition to this brains
of aged animals have enormous amounts of pro
inflammatory cytokines including IL-1p, TNFa and
IL-6 (Terao, Apte-Deshpande, Dousman, Morairty,
Eynon, Kilduff, & Freund, 2002; Weindruch &
Prolla, 2002), (Figure 3).

Impaired Energy
abolism

Figure 3: Oxidative stress in brain cells (Gemma
Vila, Bachstetter, & Bickford, 2007).

Various studies have suggested that oxidative
damage of the brain cells may be due to the hyper
activation of microglial cells, one of the early
events in damaging neurons. Activated microglia
release radicals, such as superoxide and nitric
oxide, and are the most abundant sources of free
radicals in the brain. (Chang & Liu, 1999). Brain
immune cell microglia produce free radicals,
and the byproducts, e.g. hydrogen peroxide and
peroxynitrite, can cause neurological disorders.
Microglial cells also have efficient anti oxidative
defense mechanisms. These cells contain high
concentrations of glutathione, catalase, glutathione
peroxidase, superoxide dismutase, SOD enzymes,
and glutathione reeducates, as well as NADPH-
regenerating enzymes (Dringen, 2005). Oxygen is
a fundamental molecule for survival; however, free
radicals resulting from infection, metabolic disorder
or exposure can result in a vast range of diseases.
Therefore, a long list of disorders is associated
with oxidative damage including Parkinson and
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Alzheimer. The protective capacity of antioxidants
against oxidative stress is gaining attention for its
therapeutic effect. Hence, a diet rich in antioxidants
is recommended to prevent neurological diseases
as well as aging. Although the mechanism of
antioxidants is to neutralize the free radicals,
scientists are looking beyond this effect on cellular
events like upstream and downstream signaling
or its effect at the genetic level. This knowledge
will be exploring the new ways to combat or
prevent neurodegenerative diseases (Uttara, Singh,
Zamboni, & Mahajan, 2009).

8. CONCLUSION

This review clearly implicates the role of reactive
oxygen species (ROS) in different phases of
diseases like chronic inflammation, cancer and
aging, beside the role in bacterial killing. The
study constitutes an important contribution to the
knowledge of the harmful and beneficial effects
of ROS in living organisms. Therefore, targeting
redox-sensitive pathways and inhibiting the free
radical generation by any means can be of great
promise for the prevention and therapy of such
vulnerable diseases. It is also noteworthy to establish
a balance between oxidants and the anti-oxidant
mechanism. Since oxidants are crucial in microbial
killing (and somehow in cancer cell killing), this
process must be controlled or limited to specific
cells. Researchers are keen to develop therapeutic
strategies to increase the antioxidant capacity of
cells to protect themselves from damage by ROS.
It is recommended that oxidant sources, such as
cigarettes, fatty foods and sugar be eliminated in
the diet to ensure well-being.

ABBREVIATIONS

8-OHdg: 8-hydroxy-2'-deoxyguanosine,
CDK: Chronic Kidney Disease, CGD: Chronic
Granulomatous Disease, CSCs: Cancer Stem
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Extracellular Signal Regulated Kinase 1/2, H,0,:
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related to oxidative stress. They used mitrocondrial
DNA mutator mouse indicate that mtDNA
mutation in somatic stem cells may drive progeroid
phenotypes without increasing oxidative stress, in
this manner demonstrating that mtDNA changes
that prompt a bioenergetics deficiency may drive
the aging procedure (Bratic & Larsson, 2013). In
contrast, mitochondrial DNA mutation can cause
excessive release of ROS. This vicious cycle goes
on and augment the process of oxidative damage
resulting in a rapid aging process. In other words, it
can be explained that agents causing mutation like
nutritional, pharmacological and environmental
factors are responsible for inducing oxidative stress
leading to aging (Droge, 2003).

Harman (1956) proposed a “free-radical theory”
of aging that suggested that aging and death
may be caused by free radicals produced during
aerobic respiration that have deleterious effects on
cell components and connective tissues, causing
cumulative damage over time.

Nourishments, for example, berries, spinach,
and other green vegetables having high oxygen
radical absorbance capacity have additionally been
considered widely for neuroprotective activities
(Gemma, Mesches, Sepesi, Choo, Holmes, &
Bickford, 2002). For instance, in the cerebellum
there is a relationship between the loss of ability
of B-adrenergic receptors in the aged mind and the
inability to learn complex skills (Bickford, 1993).
Nourishing aged rodents by an eating routine
rich in spinach enhances cerebellar B-adrenergic
receptor functions and enhances motor learning
that is related to a reduction in oxidized glutathione
and the pro inflammatory cytokine tumor
Necrosis Factor Alpha (TNFa) (Bickford, Gould,
Briederick, Chadman, Pollock, Young, Shukitt-
Hale, & Joseph, 2002). Several mechanisms of
the anti-oxidant defense system have developed
to shield cell components from the assault of
oxidative stress and related oxidative harm. These
components include anti-oxidant enzymes, for
example, SOD, glutathione peroxidases (Gpx),
catalase, and many other proteins. The theory that
life expectancy can be improved by expanding
the antioxidant guarding system has been dubious
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due to conflicting outcomes in a few aging animal
models. For instance, numerous examinations have
demonstrated that endogenous levels of antioxidant
proteins in the brain and different tissues do not
diminish during the aging process (Benzi & Moretti,
2004). Moreover, studies in mammals in which
levels of antioxidants are experimentally increased
have shown that maximum longevity is not affected
(Harris, Weindruch, Smith, Mickey & Walford,
1990; Orr, Mockett, Benes and Sohal, 2003).
Experiments with DROSophila melanogaster have
shown that overexpression of Manganese Superoxide
Dismutase (MnSOD) increases lifespan (Sun, Folk,
Bradley, & Tower, 2002) while overexpression
of Cu/Zn Superoxide Dismutase (CuZn-SOD) has
only minor incremental effects on lifespan (Orr &
Sohal, 1993).

7. ROLE OF ROS IN NEUROLOGICAL
DISORDERS

Agingandage-relateddiseasesarestronglyassociated
with inflammation (Bodles & Barger, 2004; Forsey,
Thompson, Ernerudh, Hurst, Strindhall, Johansson,
& Wikby, 2003; Ye & Johnson, 1999). An ongoing
event of signal transduction during inflammation
in the brain leads to production of reactive oxygen
species by microglial cells and creates degenerative
areas in the brain (David, Ghozali, Fallet-Bianco,
Wattez, Delaine, Boniface, & Delacourte, 1997;
Streit, Walter, & Pennell, 1999). Microglia are the
brain immune phagocytes and resident cells of the
central nervous system responsible for activating
an innate immune response against antigen. These
include cytokine receptors, complement receptors,
chemokine receptors and major histocompatibility
complex II (Aloisi, 2001). In the case of cellular
damage, they respond promptly by inducing a
protective immune response, which consists of a
transient upregulation of inflammatory molecules as
well as neurotrophic factors (Batchelor, Liberatore,
Wong, Porritt, Frerichs, Donnan, & Howells, 1999).
The purpose of an innate immune response is to
fight potential pathogens. However, when chronic
inflammation occurs, microglia activated for a
longer period of time trigger a release of neurotoxin
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cell connection to the basal lamina or the expanded
movement or articulation of proteins that control
cell motility. For example, oxidative pressure
manages the outflow of the intercellular adhesion
protein-1 (ICAM-1), a cell surface protein in
endothelial and epithelial cells (Roebuck, 1999).
The matrix metalloproteinase (MMP) assumes the
focal mechanism, and its increased expression is
supposedly connected with the proliferation and
metastasis of malignant tumors (Westermarck &
Kahari, 1999). The downstream signaling pathway
could be responsible for balancing MMP expression
via activation of transcription factors. These
transcription factors are p38 kinase, jun kinase
(JNK), mitogen extracellular signal regulated
kinase 1/2 (ERK1/2), rat sarcoma viral oncogene
(RAS) and the inactivation of phosphatases that
control these proteins (Storz, 2005).

ROS impact normal cells and they can harm these
cells effortlessly, if not strictly secured by the
anti-oxidant mechanism of cells. Normal cells
are sensitive to free radicals, promoting cancer
development. Cancer cells have upregulated
cancer prevention agent systems (glutathione,
catalase, super oxide dismutase (SOD), and
others) that secure them against ROS, as can be
seen in, for instance, the effect of radio resistance
(Reuter, Gupta, Chaturvedi, & Aggarwal, 2010),
(Figure 2).
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@
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Figure 2: Model of the sensitivity of normal cells
versus cancer cells to ROS (Reuter et al., 2010).
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5. ROLE OF ROS IN COMBATING CANCER

ROS production can be exploited in cancer
chemotherapy to induce cancer cell death or growth
inhibition. Chemotherapeutic drugs, such as vinca
alkaloids, paclitaxel and antifolates cause cell
death through releasing cytochrome c and also
disrupt the mitochondrial electron transport chain
which leads to ROS increase. Some other drugs
may significantly increase ROS like cisplatin and
doxorubicin, which is the basis of their anti-tumor
ability. However, increasing ROS seems not to be
very ideal for cancer therapy as cancer cells adjust
to the ROS scavenging system and become resistant
to chemotherapeutics. Cancer cells have a system to
enhance their anti-oxidant potential.

The combination of two or more therapies
can resolve the problems of the toxicity of
chemotherapeutics to normal cells and can augment
the efficacy of anti-tumor drugs. Metabolic
adjustment is an appropriate candidate for blended
treatment with ROS-generators or ROS inhibitors.
This study focuses on the concession of ROS
control between a diseased cell and a typical cell to
plan combination therapy. For instance, controlling
redox balance, especially through the generation
of reducing equivalents like nicotinamide adenine
dinucleotide (NADH) and NADPH, are required for
the control of ROS release for cancer killing (Raza,
Siraj, Arshad, Waheed, Aldakheel, Alduraywish, &
Arshad, 2017).

6. ROLE OF ROS IN AGING

Oxidative stress linked to age and ROS generation
is relatively small and may not clarify the fairly
serious physiological changes happening to the
development of aging. Predictable with this
hypothesis, the absence of a reasonable relationship
between oxidative stress and life span likewise
suggests that oxidative damage does not assume
a critical role in age-related illnesses (e.g.,
diabetes mellitus, neurodegenerative infections,
cardiovascular maladies) and aging. Bratic and
Larsson explained the aging phenomenon not
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3. ROLE OF ROS IN CHRONIC
INFLAMMATIOM

Indeed, many chronic diseases result from an
imbalance in free radical production and elimination
of infection. This imbalance or overproduction of
ROS and RNS eventually develops into disorders
of the immune system and cancer. Patients with
chronic kidney disease (CKD) demonstrate a
high cardiovascular risk and mortality. This is the
outcome of the cardiovascular risk factors that are
present in CKD patients. Other risk factors, for
example, oxidative stress and acute inflammation
dueto infection, are likewise much more pervasive in
these patients than in typical subjects. Even in early
CKD renal damage is related to enhanced levels of
redox bio markers, for example, nitrotyROSine and
S- glutathionylation. This may be the result of an
increased production of ROS and lesser anti-oxidant
enzymes. This oxidative stress can eventually cause
progressive renal damage (Cachofeiro, Goicochea,
De Vinuesa, Oubina, Lahera, & Luio, 2008).
Among the numerous pathogenicity factors for the
development of Parkinson’s disorder is the death
of neuronal cells. Dopamine dependent oxidative
stress has traditionally been the dominant focal
point because of the abundant proof demonstrating
that dopamine-inferred responsive oxygen species
and oxidized dopamine metabolites damage the
nigral neurons (Hald & Lotharius, 2005). Other
studies suggest that oxidative stress, inflammation
and arterial hypertension participate in a self-
perpetuating cycle which, if not interrupted, can
lead to progressive cardiovascular disease and
renal complications (Vaziri & Rodriguez-Iturbe,
2006).

4. ROLE OF ROS IN DEVELOPING CANCER

Tumor establishment and cancer progression have
been linked to oxidative stress, a condition in which
the imbalance between production and elimination
of free radicals has been observed. Oxidative stress
has a few pro tumorigenic impacts, for example,
enhanced DNA mutation or accelerated DNA
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damage by genome instability and cell proliferation
(Visconti & Grieco, 2009). Interestingly, expanded
levels of DNA based oxidation products, for
example, 8-OHdg (8-hydroxy-2'-deoxyguanosine),
do not generally cause malignancy, albeit that
malignant tumors frequently indicate high levels of
DNA based oxidation. Thus, the extra activities of
reactive species must be critical, perhaps due to their
impacts on p53, cell expansion, intrusiveness and
metastasis. It is obvious that constant uncontrolled
inflammation with the release of ROS inclines to
the danger of establishing malignancy (Halliwell,
2007).

Cancer stem cells (CSCs) can differentiate into
multiple cells and produce tumors by the process
of self-renewal. Porta et al. revealed that tumors
promote the expression of a pro inflammatory
effect by a constant inflow of myelomonocytic
cells (Porta, Larghi, Rimoldi, Totaro, Allavena,
Mantovani, & Sika, 2009). Myelomonocytic cells
are associated with cancer related inflammation and
uncontrolled cell growth leading to disruption of
the immune system, resulting in angiogenesis and
metastasis (Porta, et al., 2009).

Additionally, two studies have shown that CD133+
cancer stem cells impose chemo resistance to
cisplatin and doxorubicin (known ROS generators):
Baba, Convery, Matsumura, Whitaker, Kondoh,
Perry, Huang, Bentley, Mori, Fujii, Marks, Berchuck,
& Murphy (2009) in ovarian cancer cells and Ma,
Lee, Zheng, Chan, & Guan (2008) in hepatocellular
carcinoma. However, undifferentiated cancer
cells or cancer stem cells can even grow in redox
potential. Lethal oxygen species can cause cancer
invasion and metastasis by enhancing the rates
of cell migration. During the process of invasion,
epithelial cells experience morphological changes,
bringing about loss of normal epithelial polarization
and differentiation, and turn out to be more motile,
invasive phenotypes. For instance, mammalian
carcinoma cells treated with hydrogen peroxide
before intravenous infusion into mice improve
lung metastasis arrangement, demonstrating
that a critical capacity for ROS is the seeding of
metastatic tumor cells (Kundu, Zhang, & Fulton,
1995). This may be because of an absence of tumor
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basic tools in the phagocyte capacity. In theory,
superoxide (O,) and nitric oxide can combine to
form a highly reactive peroxynitrite (ONOO"). But
both are temporally and genetically independent
during a Salmonella infection, suggesting that
ONOOr is irrelevant when combating this pathogen
(Slauch, 2011). Some studies provide evidence
of how a bacterium escapes free radical damage
including Salmonella and escherichia coli (E. coli).
Salmonella depends less on free radical release
because of the presence of a set of genes that
control the stress response (Aussel, Zhao, Hébrard,
Guilhon, Viala, Henri, Chasson, Gorvel, Barras, &
Méresse, 2011).

Low levels of antioxidant enzymes, such as
myeloperoxidase concentrations, restrain HOCI
production by permitting additional hydrogen
peroxide to release from the phagosome. The
majority of the HOCI interacts with the granular
protein MPO by enzymatic reaction of H,0, and
halide (CI, Br, I") generates hypohalous acids:
hypochlorous acid (HOCI), hypobromous acid
(HOBYr), hypoiodous acid (HOI). The bactericidal
properties of activated leukocytes have been
attributed to this myeloperoxidase (MPO) activity.
Alternatively, the antibody-catalyzed water-
oxidation pathway gives rise to a new species
more similar to ozone. This species is likewise
produced during the process of oxidative burst of
actual human neutrophils during its aggravation.
These observations suggest that alternate pathways
may exist for the natural killing of microscopic
organisms that are mediated by intense oxidants
already known to science (Winterbourn, Hampton,
Livesey, & Kettle, 2006).

Overall, a range of molecules, either particulate or
soluble, capable of eliciting the immune response
and in turn the phagocytes, releases the extracellular
superoxide as well as the intracellular hydrogen
peroxide. During the process of oxidative burst the
final end product inside a cell is mainly hydrogen
peroxide but it is only toxic at higher concentration.
On the other hand, extracellular super oxide is also
unable to damage the bacterial cell individually.
Subsequently, a variety of secondary oxidants
has been proposed as being responsible for the
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destructive capacity of neutrophils that are produced
at various stages of the oxidation process (Hampton,
Kettle, & Winterbourn, 1998), (Figure 1).

The current knowledge of the possible mechanism
of ROS damage comes principally from Escherichia
coli where ROS is concentrated around cytoplasmic
damage. Superoxide O? and hydrogen peroxide
(H,0O,) are generated incidentally in the cytoplasm
simply when oxygen reacts with different redox
enzymes. Superoxide can experience spontaneous
dismutation to yield H,O,. Since, H,O, and O
can both damage a variety of microorganisms,
the mechanism may be that hydrogen peroxide
primarily reacts with cysteine residue, depending
upon the environmental condition of the sulthydryl
groups, and damage the DNA. The H,O, that
diffuses into the bacterial cytoplasm can possibly
cause harm to the bacterial cell. Superoxide cannot
damage the membrane in microorganisms; since
it cannot enter the cell, it causes the damage from
outside. Superoxide mediated extra cytoplasmic
damage is as effective as the intracellular damage
caused by H,O, (Slauch, 2011).

INTRACELLULAR EXTRACELLULAR

(OR PHAGOSOMAL)
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NADPH
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Figure 1: Possible oxidant generating reactions
with stimulated neutrophils. Nitric oxide synthase
(NOS); myeloperoxidase (MPO) (Hampton et al.,
1998).
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1. INTRODUCTION

The cytotoxic nature of phagocytes is supposed
to be due primarily to the production of reactive
oxygen (ROS) and reactive nitrogen (RNS)
species (Apel & Hirt, 2004), generally known as
oxidative burst. Free radicals produced during
the hypersensitive response to pathogens have
interesting implications for many research fields.
A variety of immune cells, including neutrophils
eosinophils and macrophages, has been identified
as an important constitute of a host defense against
tumors (Adams & Hamilton, 1984) and microbial
killings. Oxidative stress can damage certain
organisms, while different microorganisms appear
to flourish in oxidative conditions. Understanding
the systems by which ROS allow the clearance
of microorganisms and the components by which
specific organisms take advantage of ROS and
avoid their damage are two entirely opposite areas
that are still not fully understood. In this study, we
will examine both the beneficial and deleterious
effects of ROS on pathogen survival and the
establishment of chronic diseases.

Previous studies have shown the toxic effect
of ROS related to establishment of certain
pathologies including, neurodegenerative disease,
atherosclerosis, diabetes, carcinogenesis and
aging. This is why besides microbial killing,
release of ROS is supposed to be a key factor in
the causes of chronic disease, 1.e., ROS can be
both useful and lethal. This delicate balance is
obviously a vital part of life. At low or moderate
levels, ROS utilize beneficial outcomes on cellular
response and the immune system; whereas at high
levels, they harm the cellular structure (Young &
Woodside, 2001).

Living cells have numerous mechanisms to
neutralize oxidative stress, such as by generating
antioxidants or preventing and repairing the
damage caused by ROS and RNS, and therefore
can augment the defense system and lower the
risk of neurodegenerative diseases, cancer and
aging (Valko, Rhodes, Moncol, Izakovic, &
Mazur, 2006).
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2. ROLE OF ROS IN FIGHTING AGAINST
INFECTIONS

There are two types of phagocytic enzymes,
Nicotinamide adenine dinucleotide (NADPH)
oxidase and inducible nitric oxide synthase
(INOS) responsible for Salomella typhimurium
(S. typhimurium) Xkilling. An analysis of murine
peritoneal macrophages discloses a short term
mutual action of ROS and RNS, where bacterial
killing is rapid corresponding with production of
O? by the NADPH oxidase followed by a prolonged
period of inhibition of bacterial growth associated
with the production of iNOS-derived nitrosative
species (Vazquez-Torres, Jones-Carson, Mastroeni,
Ischiropoulos, & Fang, 2000). Averywellestablished
understanding of the disease that lacks the oxidative
mechanism is Chronic Granulomatous Disease
(CGD), where the respiratory burst mechanism
is absent, because of the cytochrome b (b-245)
malfunctioning (Wentworth, McDunn, Wentworth,
Takeuchi, Nieva, Jones, & Babior, 2002) which is
a component of the oxidase system responsible for
the respiratory burst of normal cells that decrease
the potential of microbial killing (Segal, Geisow,
Garcia, Harper, & Miller, 1981). The CGD cell
appears to be normal morphologically as well as
constitutionally even though these cells lack the
functional NADPH oxidase.

Research proves the role of efficient microbial
killing mainly by a process of oxidative burst: if the
enzymes of the oxidative burst and phagocytosis
process are suppressed experimentally, then the
microbial killing will not be efficient. A study
conducted on cigarette smoking (with nicotine as
main inhalant) stated that if a person is chronically
exposed to nicotine, then he is highly prone to
repeated bacterial infections because of neutrophil
associated immune suppression (Xu, Scott, Liu,
Bishop, Renaud, Palmer, Soussi-Gounni, & Scott,
2008).

Understanding how the Kkilling of microbes
comes about from the E. coli infection in repose
to which the immune cell releases H,O, that kills
the bacteria effectively (Imlay & Park, 2003). In
contrast, with a salmonella infection, ROS are
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Abstract: Reactive oxygen species (ROS) are toxic species utilized by phagocytes and other cells of the
body, for example, the lung epithelial tissue, to combat pathogens. Upon activation, phagocytes generate an
enormous amount of reactive oxygen and nitrogen species that are utilized for microbial killing. ROS are
basic parts of the antimicrobial effects of macrophages tasked to fight against pathogens by causing oxidative
damage or by inducing pathogen clearance through different nonoxidative pathways. In contrast, during the
course of chronic release of ROS and imbalance in the antioxidant mechanism, damage to immune cells
may occur that could be a major source for the development of inflammatory disease, cancer and age-related
disorders. ROS are an unavoidable by product of oxygen metabolism and their cellular concentrations are
identified through the production and clearance of free radicals by antioxidant compounds and enzymes. On
one hand, these species are crucial for microbial killing and have beneficial effects for the body; on the other
hand, uncontrolled constant ROS generation is harmful and leads to chronic disease. This study implicates
the role of ROS in different phases of diseases, like chronic inflammation, cancer and aging, beside the role
it plays in bacterial killing.
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usually determined the extent to which individuals
are exposed to direct sunlight. In general, Saudis
have limited exposure to sunlight, with the result
that they do not receive adequate sunlight exposure
even in the hot season. In addition, because
traditional Saudi apparel hinders direct exposure to
sunlight (i.e. only their faces and hands are bare),
this restricts the degree of cutaneous synthesis of
Vitamin D. A similar finding was reported by a
study working with a sample of Turkish women
who had conservative apparel styles and cultures
that identified an association between concentration
of serum 25(OH)D and body apparel (Hatun,
Islam, Cizmecioglu, Kara, Babaoglu, Berk, &
Gokalp, 2005). Another study indicated that skin
pigmentation also plays a role, as darker-skinned
people require higher doses of UV bands in order
to maximize their cutaneous synthesis of Vitamin D
(Ardawi et al., 2011).

A few limitations of the present project should be
mentioned. Firstly, the reliance on a schools-based
sample and a cross-sectional design means that the
findings of the study cannot be generalized to the
entire Saudi Arabia population nor can causality
be inferred. Secondly, the study did not measure
participant exposure to sunlight because the level
of exposure would explain individual differences
in levels of concentration of 25(OH)D. It is also
likely that global climate variations bear some
responsibility for the differences observed by prior
studies in the incidence of Vitamin D deficiencies
globally.

5. CONCLUSION

This study has found that adolescents in the
Kingdom of Saudi Arabia have high levels of
Vitamin D deficiency; prevalent more in the obese
although no decrease in 25(OH)D concentration
was apparent in comparing obese and overweight
adolescents. These findings highlight the need for an
appropriate Saudi response targeting adolescents. It
is vital that the status of Vitamin D of overweight
and obese Saudi adolescents be increased, either
by encouraging them increase their average levels
of sun exposure and/or boost their Vitamin D
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consumption through appropriate dietary changes
or supplements. The research findings also lead to
the recommendation to develop health promotion
programs that encourage healthier lifestyle choices,
such as increased physical activity, weight loss; and
more intake of Vitamin D from dietary sources, as
these actions may be essential to increase overall
Vitamin D levels. Future studies should examine
the role of selected key determinants of Vitamin D
deficiency on Saudi adolescents; more specifically,
factors such as diet, physical activity, educational
status, and season (i.e. the time of the year). Due to
recent trends among the Saudi population towards
more limited sun exposure and sedentary lifestyles,
it is of vital importance that health promotion
campaigns be designed that take Saudi cultural and
environmental factors into consideration in order to
support adolescents in their endeavors to avoid or
rectify their Vitamin D deficiency. This study will
assist for developing health promotion programs
to improve the health situation in the Kingdom
according to the Saudi Arabia’s Vision 2030.
Therefore, the importance of Saudi Arabia’s Vision
2030 is to build a society with a healthy lifestyle
and to live in a positive and attractive environment.
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similar association between overweight or obesity
and a level of Vitamin D deficiency was established
by a review of randomized controlled trials (RCTs)
which found that as BMI increases by one unit, the
25(OH)D also decreases by 1.15% (Lewis, 2013).
Similar results have been reported by prior research
among various samples of adults and children (Al-
Musharaf, Al-Othman, Al-Daghri, Krishnaswamy,
Yusuf, Alkharfy, Moharram, Yakout, Sabico, &
Chrousos, 2012; Lagunova, Porojnicu, Lindberg,
Aksnes & Moan, 2011; Rajakumar, Fernstrom,
Holick, Janosky, & Greenspan, 2008) which
have also postulated that obese individuals are
more likely to have low levels of Vitamin D
than individuals who are within normal weight
categories. The most common reasons given by the
authors were the increased sequestration of Vitamin
D in fat tissues in obese subjects, the low intake
of Vitamin D as part of their food consumption
because of poor nutrition and the lower levels of
sun exposure because of the higher likelihood of
living sedentary indoor lifestyles (Wortsman et
al., 2000). Vitamin deficiency is very common
even in warmer, sunnier countries, especially
those in the Middle East, such as Turkey, Iran and
Kuwait, because the religious and cultural beliefs
of citizens of these countries mean that they cover
their bodies (in some cases, completely), thereby
limiting their exposure to sunlight (Aypak, Tiiredi,
& Yiice, 2014). Another study found a high
incidence of Vitamin D deficiency in India, which
is an extremely hot and sunny country (McCarty,
2009). Severe temperatures, such as those found
there can affect people living in such countries by
discouraging their involvement in outdoor activities
resulting in lower exposure to sunlight in daily life
(Kull et al., 2009).

In accordance with the findings of this study, several
prior studies have found that people living in Saudi
Arabia have generally low serum 25(OH)D levels
because of various reasons, such as limited Vitamin
D intake, low levels of exposure to direct sunlight,
lifestyle and wearing dark apparel (Al-Turki, Sadat-
Ali, Al-Elq, Al-Mulhim, & Al-Ali, 2008; Ardawi,
Nasrat, Ba’aqueel, Ghafoury, & Bahnassy, 1995).
In contrast, as might be expected, other research
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has found that Vitamin D levels among people in
countries with high levels of sunshine where the
accepted cultural practices and apparel habits do
not limit sun exposure are significantly higher than
among those with limited sun exposure (Hollis,
2005). Therefore, various factors may account
for Vitamin D deficiency, including reduced sun
exposure (e.g., because of the use of sunscreens),
climate variations (i.e. cooler vs. warmer countries),
local cultural beliefs and dressing (apparel)
practices and insufficient consumption of Vitamin
D-rich foods (Holick, 2004).

A significant number of prior research researches
have illustrated that low Vitamin D status is
common globally, that have also established that
the major determinants of Vitamin D levels are
sunlight exposure and consumption of Vitamin
D (Choi, Oh, Choi, Choi, Kim, Kim, & Lim,
2010; Suarez-Martinez, Pérez, Cruz, Khorsandi,
Chardén, & Ferder, 2013). Common obesity is
now a prominent public health concern around
the world because of a general lack of Vitamin D,
particularly within industrially developed countries
where the consumption of artificial sources of infra-
red and visible radiations are as common as UV
radiation. Indeed, the natural production of Vitamin
D is actually terminated among organisms able to
receive adequate levels of Vitamin D from food and
further, this dietary source of Vitamin D can allow
such organisms to live in habitats that lack daily
sunlight. The reverse of this is that the food sources
of Vitamin D is unnecessary for organisms with
unlimited exposure to sunlight. The problem is that
for the majority of inhabitants of modern urban-
industrial countries, both the exposure to daylight
and a dietary source of Vitamin D have become
insufficient in maintaining healthy concentrations
of Vitamin D (Foss, 2009).

As discussed earlier in this paper, the cutaneous
concentration of Vitamin D is impacted by many
different factors, such as age, time spent outdoors,
geographic situation, skin pigmentation, skin
coverage, sunscreen usage and season of the
year (Grineva, Karonova, Micheeva, Belyaeva
& Nikitina, 2013; Holick, 2006b). It is claimed
that wearing long apparel by Arabs is restricted,
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4. DISCUSSION

The findings indicate a significant health issue
among Saudi adolescents as all the participants
were revealed to suffer from Vitamin D deficiency
to some degree. A high incidence of Vitamin D
deficiency has already been established in Arab
societies by prior studies (Arabi, Baddoura, Awada,
Salamoun, Ayoub, & Fuleihan, 2006; Meddeb,
Sahli, Chahed, Abdelmoula, Feki, Salah, Frini,
Kaabachi, Belkahia, Mbazaa, Zouari, & Selami,
2005; Mishal, 2001; Saadi, Nagelkerke, Benedict,
Qazaq, Zilahi, Mohamadiyeh, & Al-Suhaili, 2006)
as well as in non-Arab populations (Bhattoa,
Bettembuk, Ganacharya & Balogh, 2004; Holick,
Siris, Binkley, Beard, Khan, Katzer, & de Papp,
2005; Isaia, Giorgino, Rini, Bevilacqua, Maugeri, &
Adami, 2003). For example, a research study on the
Iranian situation measured the prevalence of Vitamin
D deficiency at 75.6% (Taheri, Saedisomeolia,
Djalali, Qorbani, & Civi, 2012). Recently, Muhairi
et al. (Muhairi, Mehairi, Khouri, Nagbi, Maskari,
Al Kaabi, Al Dhaheri, Nagelkarki, & Shah, 2013)
found that 45.4% of children in the United Arab
Emirates (UAE) had some level of Vitamin-D
deficiency; 19.7% were confirmed to have Vitamin
D deficiency. An American project measured
Vitamin D inadequacy and deficiency at levels of
40% and 12.1%, respectively (Gordon, Feldman,
Sinclair, Williams, Kleinman, Perez-Rossello,
& Cox, 2008). A study in the Chinese context
produced figures for the incidence of Vitamin-D
inadequacy and deficiency respectively of 27.4%
and 21.6%. In Turkey, researchers also discovered
that deficiency of Vitamin D was highly common in
children living in cities (Kumar, Muntner, Kaskel,
Hailpern, & Melamed, 2009; Sacheck, Goodman,
Chui, Chomitz, Must, & Economos, 2011). The
present research findings confirm that low levels
of Vitamin D in children represent a public health
concern of significant importance in Arab countries
and across the world (Gordon, DePeter, Feldman,
Grace, & Emans, 2004; Hill, Cotter, Mitchell,
Boreham, Dubitzky, Murray, & Wallace, 2008;
Sullivan, Rosen, Halteman, Chen, & Holick, 2005).
The present study found that obese male adolescents
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had the lowest levels of Vitamin D; however, the
difference between the overweight and obese
groups was found to be not statistically significant.
The low 25(OH)D status of obese adolescents may
be attributed to the higher uptake of their adipose
tissues and augmented metabolic clearances. It
has been suggested that this could be connected
with the generally sedentary lifestyles of obese
individuals, their limited outdoor activity and lower
levels of exposure to natural sunlight (Bolland.
Chiu, Davidson, Grey, Bacon, Gamble, & Reid,
2008; Wortsman et al., 2000). Numerous prior
epidemiological studies have shown a lower serum
level of 25(OH)D among obese people. Results
from this research are therefore similar to previous
studies which have shown obese subjects to have a
lower concentration of 25(OH)D than participants
with normal bodyweights (P < 0.001) (Stokic,
Kupusinac, Tomié-Nagli¢, Zavisi¢, Mitrovic,
Smiljeni¢, Soski¢, & Isenovi¢, 2015). Along similar
lines, research undertaken among Saudi women
concluded that a high incidence of Vitamin D
deficiency existed in obese women who experienced
low sunlight exposure and consumed low amounts
of dietary Vitamin D supplementation (Ardawi,
Qari, Rouzi, Maimani, & Raddadi, 2011). This high
rate of low Vitamin D in obese people may be the
result of the role of subcutaneous fat that stores
Vitamin D and sequesters higher amounts of the
cutaneous manufactured Vitamin D3 in overweight
people than in their non-overweight counterparts;
because high levels of fat is usually needed for this
process to happen. Also, because overweight people
generally have more physical surface areas, their
endogenously produced Vitamin D in the stream is
reduced as a result of the higher levels of Vitamin
stored in their dermal fat (Kang, Kim, Moon, Kim,
Bae, Choi, & Kim, 2013; Wortsman et al., 2000).
Gonzalez et al. (Gonzalez, Ramos-Trautmann,
Diaz-Luquis, Pérez & Palacios, 2015) found in the
Puerto Rican context an inverse association between
obesity and Vitamin D deficiency, as most obese
participants in their sample (41.4%) were found to
have insufficiency or deficiency of Vitamin D and
a higher level than those of normal BMI (33.9%)
and overweight participants (30.3%; P< 0.05. A
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As shown in Table (1), participants’ mean level
of Vitamin D was 11.9+4.41 ng/mL. All the
participants had low Vitamin D levels: 94.4%
were classified as Vitamin D deficient, and 5.6%

difference was evident between obese and non-
obese groups of participants (P-value= 0.651).

Table 2: Comparison of vitamin D status among

as Vitamin D insufficient. Table (2) provides a overweight and obese participants (n= 213).

comparison of Vitamin D status among overweight

and obese participants (n= 213). Mean + P-val
Weight Status (:;;1 vaiue
Table 1: Frequency of Vitamin D based on the
provided categorizes (n= 213). ioh
Overweight 12.0+4.40
(n=131)
Vitamin D Status Results 0.79
Non-overweight
Minimum (ng/mL) 1.78 (n=82) 11.8+4.46
Maximum (ng/mL) 26.48
Mean + SD (ng/mL) 11.9+4.41 Obese (n=78) 11.7+4.59
.. ] 0.65
Vitamin D deficiency 201(94.4) Non-obese (n=135) | 12.0+4.33
N(%)
. . . . Data presented as mean + standard deviation.
Vli‘i)amlll D insufficient 12(5.6) Student’s t test (for normal distribution) or the Mann—Whitney
N(%) U test (for non-normal distribution) were used for statistical
Normal N(%) 0 (0) analysis. Significance at p < 0.05.
Total 213

Further, no association was identified between an
individual being overweight and their Vitamin D

Table (2) comparison of overweight and non-
overweight groups revealed no statistical difference
between them (P-value= 0.790). Similarly, no

status (P-value= 0.48), and none was found between
obesity and Vitamin D status either (P-value=
0.584) (Table 3).

Table 3: Association between vitamin D status and overweight and obesity (n=213)

Vitamin D status
Weight Status Deficiency Tnsufficient | R-value | L 2Mu€
(n=201) (n=12)
Overweight 0.27 0.48
Yes (n=131) 124 (93.9%) 8 (6.1%) '
No (n=82) 78 (95.1%) 4 (4.9%)
Obese 0.12 0.46
Yes (n=78) 73 (93.6%) 5 (6.4%) '
No (n=135) 128 (94.8%) 7 (5.2%)

Pearson’s coefficient (for normal distribution) or Spearman’s coefficient (for non-normal
distribution) were used for statistical analysis. Significance at P < 0.05.
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study inclusion and exclusion criteria were informed
about the aim of the study through flyers and their
school managers. Those who were interested in
participating in the study were asked to read an
information sheet. Written consent was taken
from parents in addition to assent for adolescents
before any children were included in the study.
Participants who had chronic diseases, such as Type
1 diabetes mellitus, asthma, hypertension, a history
of cardiac, kidney or liver disease, psychiatric
conditions, and those using medications known to
have an influence on their body weight (such as
steroids), or who were taking calcium, Vitamin D or
multi-vitamin supplements were deemed ineligible
for the study and were excluded. Ethical approval
was sought and gained from the Ethics Committee
at the College of Medicine, King Saud University,
Riyadh, Kingdom of Saudi Arabia. Overall
approval to carry out the research and gain access to
the students as participants was also requested and
received from the Ministry of Education, Kingdom
of Saudi Arabia.

2.2 Anthropometric Measurements

Participants’ heights and weights were measured
and recorded (to the nearest 0.2 kg and 0.5 cm
respectively) based on an appropriate international
standard scale (Digital Pearson Scale, ADAM
Equipment Inc., U.S.A). The Body Mass Index
(BMI) definition employed in the study used Cole
et al. proposed cutoffs (Cole, Bellizzi, Flegal, &
Dietz, 2000).

2.3 Vitamin D Status Analysis

At each participant school, the school’s nurse took
blood samples from each recruit immediately after
the anthropometrics were completed. A COBAS
e-411 automated analyzer (Roche Diagnostics,
Indianapolis, IN, USA) was used to measure Serum
25(OH)D in a laboratory with DEQAS (Vitamin D
External Quality Assessment Scheme) which had
been accredited by the Biochemistry Department,
College of Applied Science of King Saud University,
Riyadh. The study defined the status of Vitamin
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D as: deficient (less than 25 nmol/L), insufficient
(between 25 and 50 nmol/L), or sufficient (between
50 and 75 nmol/L) following Al-Saleh er al. (Al-
Saleh, Al-Daghri, Khan, Alfawaz, Al-Othman,
Alokail, & Chrousos, 2015).

2.4 Statistical Analysis

A SPSS statistical software package (Version 21.0;
SPSS Inc., Chicago, IL, U.S.A.) was utilized in
this study for statistical analysis. Frequencies
were given as percentages (%) and continuous
variables were expressed as mean =+ standard
deviations. The normality of distribution was
measured via the Kolmogrov—Smirnov test. A data
comparison between two groups was performed
through a Student’s t test (for normal distribution)
and a Mann—Whitney U test (for non-normal
distribution). Correlations were assessed using
either a Pearson’s coefficient (in the case of normal
distribution) or a Spearman’s coefficient (for non-
normal distribution). A P-value of less than 0.05
was set for significance.

3. RESULTS

Figure (1) illustrates the general characteristics
of study participants. As can be seen, most of the
participants lived in an urban environment (83.6%).
About half were 16-17 years old. The majority were
overweight (61.5%); over one third (36.6%) were
obese. The frequency of Vitamin D based on the
provided categorizes (n=213) is shown in Table (1).

Percentage

Living plcace, age, and weight status

Figure 1: Participants’ characteristics (n= 213).
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1. INTRODUCTION

Obesity is prevalent and growing globally,
prompting the World Health Organization (WHO)
to coin the phrase “obesity epidemic” to describe
the situation (Tsigos, Hainer, Basdevant, Finer,
Fried, Mathus-Vliegen, Micic, D., Maislos, M.,
Roman, G., Schutz, Y., Toplak, H. & Zahorska-
Markiewicz, B., & Schutz, 2008). Saudi Arabia
has been experiencing higher rates of obesity and
overweight in recent years as the average body
mass of Saudi adolescents has increased nationally
(Abalkhail, Shawky, & Soliman, 2002; Al-Hazzaa,
Abahussain, Al-Sobayel, Qahwaji, Alsulaiman,
& Musaiger., 2014). With the probability that
there could be an association between obesity and
Vitamin D deficiency, there has been an increased
interestin the role of Vitamin D in epidemic diseases
including obesity (Freedman, Wagenknecht,
Hairston, Bowden, Carr, Hightower, Gordon, Xu,
Langefeld, & Divers, 2010; Lenders, Feldman,
Von Scheven, Merewood, Sweeney, Wilson, Lee,
Abrams, Gitelman, Wertz, Klish, Taylor, Chen, &
Holick, 20009).

Studies have revealed the important role of Vitamin
D level measurements by serum 25(OH)D as main
determinants of obesity and osteoarthritis-related
symptoms (Glover, Goodin, Horgas, Kindler,
King, Sibille, & Bradley, 2012; Gonzalez-Molero,
Rojo-Martinez, Morcillo, Gutierrez, Rubio, Perez-
Valero, Esteva, Ruiz de Adana, Almaraz, Colomo,
Olveira, & Soriguer, 2013). Vitamin D affects the
growth and maintenance of bone tissue as well as
phosphate and calcium homeostasis through direct
effects on important organs like the kidney (Turner,
Anderson, & Morris, 2012). Current research has
also investigated the influences of a low status of
Vitamin D on development during adolescence and
childhood and its future effects with regard to bone
illnesses, such as osteoarthritis and osteoporosis in
adulthood (Holick, 2006a; McGrath, 2001). The
roles of low levels of Vitamin D in cardiovascular
morbidity and mortality (Norman & Powell, 2014),
metabolic syndrome (Khan, Kunutsor, Franco, &
Chowdhury, 2013), and Type 2 diabetes mellitus
(Hossein-nezhad & Holick, 2013) have also been
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investigated. It is clear that Vitamin D deficiency
influences the pathogenesis of the metabolic
syndrome (Liu, Song, Ford, Buring, & Ridker,
2005). Epidemiological studies have found that
Vitamin D deficiency may develop the risk of
increased insulin- resistance and diabetes millets
(Forouhi, Ye, Rickard, Khaw, Luben, Langenberg,
& Wareham, 2012; Pittas, Sun, Manson, Dawson-
Hughes, & Hu, 2010).

Vitamin deficiency as a global health issue that
affects approximately one billion people around the
world (Heaney, 2008; Holick, 2006b). A number of
factors, such as age, season, skin color, and kidney
function are related to an individual’s Vitamin
D status (Han, Kim, Lee, Lee, Kim, Joo, & Kim,
2014; Oh, Kim, Lee, Lee, Kim, Kim, Kim, Oh,
Joo, Lim, Kim, Kim, & Kim, 2012). Inadequate
exposure to sunlight, wearing covering clothes for
long periods of time, sunscreen application and
low food consumption are additional determinants
which raise the chances of low levels of Vitamin D
(Bikle, 2009; Pittas, Lau, Hu, & Dawson-Hughes,
2007). Obese people mostly have lower levels of
Vitamin D. Studies have found that this is generally
due to the sequestration in fat, improved clearance
by a larger body-fat pool and reduced sun exposure
(Kull, Kallikorm, & Lember, 2009; Wortsman,
Matsuoka, Chen, Lu, & Holick, 2009). As no
similar study has yet been carried out in Kingdom
of Saudi Arabia, this study aims to evaluate the
levels of serum 25(OH)D and assess the association
between Vitamin D status and obesity among male
adolescents in Riyadh, capital of Kingdom of Saudi
Arabia.

2. METHODS
2.1 Participants

The present cross-sectional research recruited 213
Saudi boys aged 14-19 years between February
and April 2016. To ensure that all socio-economic
strata were represented, participants were randomly
selected from elementary and secondary schools
in various districts of Riyadh. Participants were
presumed to be healthy. Participants who met the
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Abstract: Saudi subjects of all ages have frequently reported a low vitamin D status, but as yet, no attempt to
examine the association of this status to their weight has been made. This research aimed to generate data on
a male adolescent sample’s vitamin D level and to explore any association to their weight status. 213 Saudi
male adolescents aged 14—19 years were recruited for this cross-sectional project. Their height and weight
and serum 25hydroxyvitamin D 25(OH)D were measured. Possible associations between the participants’
vitamin D status and the prevalence of overweight and obesity among them were statistically analyzed.
The results, the mean serum of 25 (OH)D concentration was 11.9+4.41 ng/mL. The respective prevalence
of vitamin D deficiency and insufficiency were 94.4% and 5.6%. Most study participants were found to
be overweight (61.5%), and one third (36.6%) were obese. No statistically significant association between
overweight and obesity and vitamin D status was found. Saudi male adolescents have a high incidence of
vitamin D insufficiency or deficiency. The results underline the urgent need to identify practical ways to
improve Saudi adolescents’ vitamin D status. These results will help to develop health promotion programs
for improving the health situation in the Kingdom according to the Saudi Arabia’s Vision 2030.
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study areas are generally characterized by high
levels of radiometric measurements. High eU and
eTh concentrations are associated with carbonate
minerals that exhibit the yellow colour of secondary
uranium minerals present as fissure and cavity
fillings of granitic alteration products in the Wateir
zone (branched from Wadi Wateir). These minerals
are present in areas that are predominantly covered
by sediments that resulted from the breakdown of
feldspars, such as clay and iron oxide minerals.
However, in Wadi El-Saada and Um Zariq, there are
no pure uranium minerals separated; only thorium
mineral was recorded as an uranothorite in a fissure
filling shape. Radiometric and mineralogical studies
have revealed that two modes of occurrences of
anomaly present are related to altered granitic rocks.
The first anomaly contains uranophane and
betauranophane that are disseminated in the host
alteration products associated with kaolinite. The
second anomaly occurs as ellipsoidal vugs fillings.
The uranophane and betauranophane minerals
occur as yellow specks and streaks around larger
crystals of complete growths of calcite mineral.
Monazite and its altered variety were identified
during the investigation of rock-forming minerals
of the studied granitic rocks and alteration products
of the area. The process of alteration of monazite
to allanite led to simultaneous leaching of U as
indicated by Th/U ratios, which increased from
monazite to allanite. Selective leaching of U with
respect to Th and its migration during the alteration
of monazite occurs in oxidized conditions. The
distributions of uranium and thorium along shear
zones proved the remobilization of uranium, which
means redistribution of uranium during alteration
processes.

The alteration mineralogy and geochemistry of
altered granitic deposits and their host rocks are
among the most important exploration criteria in
the studied area containing clay with uranium and
REE. Wasyliuk (2002) set the modern template for
exploration using clay mineralogy. Intense clay
alteration zones surrounding deposits, such as Cigar
Lake, also constitute natural geological barriers to
U migration in ground waters (Percival, Bell, &
Torrance, 1993) and are important geotechnical
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factors in mining and ore processing (Andrade,
2002). Thus, the origin of uranium in the Wateir
shear zone may be carried by the surface and
meteoric waters from the host granite rocks and
perhaps during the course of the migrations of
hydrothermal solutions from deeper sources through
the structural weaknesses and redistribution, that are
concentrated;-and then redeposited within the shear
zone. Mineralization may be derived locally in the
structures through the migration of mineralizing
solutions. The hydrothermal fluids responsible for
the observed uranium mineralization within the
alteration products related to the shear zones in the
studied area were activated during the passage of
these fluids through the fractures of the shear zone.
Further work is required to recognize the structure
of the uranium extension in the subsurface of this
area.
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Figure 16: EDAX and BSE of monazite showing alteration from A-monazite to B- allanite.

uraninite, may be mobilized during this alteration.
An altered monazite consists of an Fe-oxide
phase which mimics allanite crystals; however,
alteration reactions have not been clearly observed
in monazite crystals that still contain monazite in
the core, that may remain stable through alteration.
The monazite crystals graduated from the core
to the rime to complete the allanite mineral as an
alteration from monazite (Figure 16A). Corroded
monazite crystals are well mixed with fine-grained
allanite (Ce,Ca,Y),(AlFe),(Si0,),(OH) aggregates
when monazite crystals are completely altered.

Considering Th as an immobile element (Chabiron
et al., 2003), the alteration of the monazite to the
allanite led to the direct leaching of the uranium
as signified by Th/U ratios, which increased from
the monazite to the allanite direction (up to 8.85).
P leaching is also shown by decreasing P contents
from the remaining monazite to the direction of the
altered allanite (Figure 16B) as indicated by Th/P
ratio increase from the monazite to the allanite (up
to 2.29%). Therefore, U and P have been leached
out by the alteration from the monazite to allanite
phases. Discriminating the leaching of uranium
with respect to thorium implies that the alteration of
monazite occurs in oxidized conditions as indicated
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by the presence of Ce anomaly (Ce/Ce*= 1.1) in
the studied fresh monzogranites. In addition, the
association of hematite with monazite and their
overgrowths represents a straight evidence of
oxidizing conditions during the alteration process
of the monazite. Monazite alteration was associated
with clay formation, especially well developed ones
found in the middle part of the alteration zones. This
type of alteration was caused by high-temperature
(about 300° C) acidic and reducing fluids that may
partly be of magmatic origin (Andreeva, Alyeshin,
& Golovin, 1996).

According to that condition and characteristics of
these fluids, uranium is liberated from the mineral
structures during alteration at this stage but probably
not significantly mobilized. Also, uranium liberated
from the accessory mineral structures and other
labile uranium sources were mobilized by oxidized
fluids which infiltrated the granitic rocks, followed
by uranium redeposition that occurred later at a
lower temperature and suitable PH.

8. CONCLUSION

Based on a field ground y-ray spectrometric survey,
the alteration products of the granitic rocks of the
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Table 7: EDAX data of monazite minerals.

Figure 15: Plotting the examined REE obtained from the ESEM of monazite.
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Fresh Altered
Element 1 2 3 4 5 Av 6 7 8 Average
Al 3.35 2.58 5.47 1.76 6.72 3.97 23.1 17.45 9.98 16.8
Si 7.73 6.03 11.2 5.87 15.16 9.19 43,13 | 28.12 | 2543 32.2
P 11.25 | 11.32 | 13.65 16.6 19.18 14.4 2.98 3.72 4.82 3.84
Th 5.31 7.74 4.17 7.51 3.59 5.66 6.83 4.06 7.08 5.99
0] 2.44 1.48 1.01 1.3 0.87 1.42 0.8 1.89 0.8 1.16
Ca 1.19 0.68 0.67 0.81 0.63 0.79 3.04 2.2 6.25 3.83
La 9.1 14.78 | 12.05 - 9.87 11.45 2.1 3.74 6.02 3.95
Ce 39.87 | 29.73 | 27.08 | 304 23.5 30.12 - 8.88 12.26 10.5
Pr 2.53 3.38 4.67 11.79 2.7 5.01 - 0.73 1.67 1.2
Nd 8.73 12.77 11.4 13.26 | 9.47 11.1 5.13 3.45 4.29 4.29
Sm - 1.1 1.83 - 1.51 1.48 - 0.27 1.24 0.75
Eu - - - 2.48 - 2.48 - - 2.16 2.16
Gd - - - 1.45 - 1.45 - - 1.95 1.95
Mg 0.71 1.36 - 1.52 1.19 7.39 5.36 3.21 5.32
S 0.56 0.37 0.12 - 0.18 0.30 - 0.49 - 0.49
K - 0.25 0.42 - 0.33 0.33 - 0.75 - 0.75
Y - 1.17 1.63 - 1.58 1.46 - 2.2 - 2.2
Na - 0.9 0.5 - 0.48 0.62 - 0.92 - 0.92
Fe 2.49 1.52 2.73 - 2.71 2.36 5.39 1522 | 6.33 8.98
Th/U 2.18 5.23 4.13 5.7 4.13 3.97 8.53 2.15 8.85 6.51
Th/La 0.58 0.52 0.35 0.36 0.45 3.25 1.09 1.18 1.84
Th/P 0.47 0.68 0.31 0.45 0.19 0.42 2.29 1.09 1.47 1.61
100
g 10
E
5 1 =
o
o
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Table 6: SEM (EDEX) elemental analysis of different crystals of uranothorite minerals.

Fresh Weak metamict Metamict

Element 1 2 3 1 2 3 1 2 3
Al 1.7 | 2.1 2.4 33 | 03 1.8 4.8 2.2 1.1
Si 9.3 | 12.1 14.2 143 ] 9.9 11.2 13.9 | 10.3 8.7
P 34 |1 09 - 0.8 | 03 0.4 0.7 - 0.2
Th 473 | 51.1 52.2 41.5 | 42.1 42.7 37.1 | 422 455
U 13.8 | 13.7 15.4 12.0 | 13.8 133 104 | 11.6 12.4
Ca 23 | 3.7 2.4 24 | 2.1 2.8 2.0 2.9 2.1
Ce 0.6 | 03 - 5.1 1.1 1.2 - 14.4 4.2
A\ 53 | 0.6 6.4 22 | 78 6.5 54 - 6.0
Nd 0.3 - - - 9.9 0.6 - 0.2 5.0
Sm - - - - 1.8 4.1 4.2 - 1.1
Mg 19 | 14 2.8 1.9 - 2.3 2.5 1.7 1.6
Y 62 | 69 4.2 7.7 | 5.0 7.6 7.7 7.6 4.4

Mn 04 | 03 - 3.1 - - - 1.0 -
Zr 56 | 43 - - 5.9 3.3 4.8 4.4 6.5
Fe 14 |19 - 6.1 - 2.2 6.6 1.1 1.2

Also, this monazite contains a high percent of
Si especially in altered phases. Gramaccioli &
Segalstad (1978) discussed the possible substitution
that allows tetravalent Th* and U* to occupy
the trivalent REE position in a monazite. This
substitution must be balanced by the presence of
a lower charge substitution in the tetrahedral or
octahedral positions.

According to Rapp & Watson (1986), the atomic
substitution within a monazite can take place
through the following reactions:

1. The first is the substitution of silica and

phosphorous due to the equation:

PO** 5 Si0,*
or
REE™ s Si**

2. Th* or U* coupled with that of Ca’*" in
a proportion 1:1 for REE to preserve the
electrostatic balance of the charges according
to the following equation:

2REE*'s Th*" + Ca?"
or
2REE* s U* + Ca?>*

3. The third is a substitution of U*" or Th*' to the
trivalent REE*" coupled with Si*" substitution
to P> in the tetrahedral site according to the
following equation:

P> + REE* s Th*" + Si*
or
P5+ + REE3+ s U4+ + Si4+

Variations in uranium and thorium in monazite
grains (Table 7) indicate magmatic differentiation
and hydrothermal processes that reflect the
differentiation related to the alteration from the
source. The leaching of uranium during monazite
alteration also indicates that the hydrothermal fluids
oxidize and are able to form complex uranium in
the solution. Other uranium minerals containing
more easily leachable uranium, such as pre-existing
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Figure 11: A Uranophane and B-betauranophane minerals around larger well developed calcite crystals.
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Figure 12: XRD pattern of uranophane and beta-uranophane grains.
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Figure 13: Backscattered electron images and the charts of the analyzed grains of (A) Uranophane and (B)
Betauranophane associated with iron oxides and REE.

Figure 14: A- Uranothorite crystals. B-EDAX and BSE of uranothorite in biotite.
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Fe and Mn-oxide alteration products and contain
monazite minerals that have been partially altered
by allanite.

An X-ray diffraction diffractogram shows that
the uranophane and B-uranophane are the main
U-minerals in the studied area matching the ASTM
card No. (8-442) and (8-335) respectively (Figure
12). The ESEM data indicate that the uranium
element varies between 48 and 73wt% (Figure
13A). Some uranophane grains are enriched with
Pb and REE, such as Nd that reach to 2.8 wt%
(Figure 13B) which is associated with iron oxides
and clay minerals.

¢ Uranothorite (Th,U)SiO,

Uranothorite is the most abundant uranium
and thorium mineral in fissure planes around
the alteration products of El-Saada shear zone.
Uranothorite is represented dominantly in the
tetragonal system; it is isomorphous with zircon and
strongly radioactive. Microscopically, uranothorite
is most commonly amorphous, highly metamict
and disseminated in the host alteration product
associated with clay minerals and iron oxides.
Metamictization leads to destruction of its crystal
lattice as a result of its own radiation effects. This
effect is able to destroy a crystal lattice completely
while leaving the outward appearance unchanged.
The colours of uranothorite phases vary from
yellowish to orange while that of the metamict
phase is normally brownish black with vitreous and
resinous luster (Figure 14A). Some uranothorite
phases present embedded in biotite with well short
prismatic crystals and pyramidal terminations and
doses do not exhibit any sign of metamictization
(Figure 14B). The ESEM data (Table 6) show that
the composition of uranothorite is dominated by the
major components such as Th ranging between 37.1
and 52.2 wt%, Si ranges between 8.7 and 14.3wt.%
and U contents range between 10.4 and 15.4 wt.%.
Also V, Y and Zr are always present as considerable
amounts. The REE (Ce, Nd and Sm) are invariably
present in concentrations above their detection
limits; however, Ce was the most abundant LREE
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in the investigated uranothorite. Also, uranothorite
is generally enriched in Y and REE which is due
to the close relationship between REE, thorium
and uranium that has important implications for the
distribution of heat-producing elements in the crust
(Sawka & Chappell 1985).

An analysis of uranothorite in the different alteration
zones (from fresh to highly metamict phases)
shows that the loss of uranium from uranothorite is
probably due to the mobility of U which is affected
by the circulation of fluids. Also, as the indication
of the leaching of uranium by metamict increases,
the appearance of the grains changes from a well
formed uranothorite crystal to a mottled phase
restricted by cracks along which the attacking
solution has passed and leached the uranium.
There is a significant decrease in uranium as
metamictization increases. Selective leaching
of uranium with respect to thorium implies that
the alteration of uranothorite occurs in oxidized
conditions and uranium liberated from the accessory
mineral structures by oxidized fluids which infiltrate
the granite (Chabiron, Cuney, & Poty, 2003).

e Monazite

Monazite is a chief rare earth-bearing phosphate
mineral occurring as an accessory mineral in the
studied granitic rocks and their alterations that are
located in the shear zones. It varies in size from
50pum up to 500um. Monazite presents a particular
alteration phase in the altered granitic products of
the studied area. The monazite surface is strongly
altered by allanite and appears as anhedral
dissolved edges with a reddish brown colour. Some
euhedral and fresh monazite crystals have only been
identified in a few samples. The altered phases were
identified during the investigation of rock-forming
minerals in the alteration products of granitic rocks
of the Wateir and El-Saada zones.

The monazite composition (Table 7) is close to the
REE; it is dominated by light REE and is steeply
inclined toward the heavier REE (Figure 15). The
thorium content of the studied monazite (fresh and
altered) varies from 3.59 to 7.74wt% while the
uranium contents range between 0.8 to 2.44wt%.
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Figure 9: Digrams show the behavior of major elements on both the fresh and altered monzo- and

syenogranites of El-Saada and B-Wateir areas.
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Figure 10: Digrams show the behavior of trace elements on both the fresh and altered monzo- and

syenogranites of El-Saada and Wateir areas.

These elements diagnose hydrothermal activity.
¢ U-Th-REE-bearing mineralization

Uranium and thorium minerals are pronounced
enrichments in the alteration zones of the studied
granitic rocks whereby the alteration zone of Wateir
area has some visible yellow colour of uranium
minerals while El-Saada shear zone has uranothorite
minerals. These minerals are separated using heavy
liquids and a Frantz-isodynamic separator. Their
identification has been done on the basis of their
radioactive and physical properties beside the X-ray
diffraction (XRD) and scan electronic microscope
(ESEM) techniques in the laboratory of the Nuclear

Materials Authority, Egypt.

e Uranophane & betauranophane
Ca(U0,),Si0,(0OH), ((H,0)

Uranophane and betauranophane minerals occur as
yellow specks and streaks around larger crystals of
complete growths of calcite minerals (Figures 11 A
& B) that can be detect by the naked eyes in the field.
The structure of uranophane minerals was originally
determined by Smith, Gruner, & Lipscomb (1957)
and the structure of betauranophane minerals was
determined by Smith & Stohl (1972). They are
present as vugs fillings with yellow to bright lemon-
yellow acicular crystals that are associated with
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are more enriched in LREE relative to HREE due
to the abundance of allanite and apatite. The altered
monzogranitic zone is more enriched in REEs
relative to the syenogranitic one indicating that the
REEs are less leached with the strongest —ve Eu and
Ce anomalies.

7. ELEMENTAL BEHAVIOR DURING
ALTERATIONS

The Zr/Hf ratio in the studied monzogranites ranges
between 32 and 38 and between 28 and 33 in the
syenogranites (Table 3) which is below the charge
and radius control (CHARAC) field (26<Zr/Hf<46)
(Bau and Dulski, 1996). The consistent Zr/Hf ratio
suggests almost undisturbed mutual relationships
of these two HFS elements. The Y/Ho ratio ranges
between 31 and 38 in the monzogranites and ranges
between 28 and 34 in the syenogranites (Table
3), which is higher than CHARAC at 28 (Weyer,
Miinker, Rehkdmper, & Mezger, 2002). The
slightly higher Y/Ho ratio than 28 may be due to
the complexation with fluorite as a major (Bau &
Dulski, 1996) while complexing with bicarbonate
value <28. Also, the studied monzogranites show
Nb/Ta non-chondiritic average ratio (14) and the
syenogranitic rocks have Nb/Ta average ratio (16)
which are lower than the chondiritic ratio Nb/Ta
(17.6) reported by Weyer et al, (2002).

Also, the isovalent twin pair yttrium-holmium (Y-
Ho), niobium-tantalum (Nb-Ta) and zirconium-
hafnium (Zr-Hf) in the studied altered granitic
zones, have non-chondritic values (Table 3) which
refer to high fractionation due to the thermal effect
of high hydrothermal alteration on the granitic
rocks.

In the El-Saada shear zone samples, it has been
noticed that the elements Ti, Fe, Mg, Ca, P, Co,
V are enriched and show a large variation. The Fe
and Ti enrichment resulted from ferrugination and
titanite minerals, the type of alteration common in
representative samples perhaps due to the oxidation
of pyrite and other iron bearing sulfides that resulted
in the formation of sulfuric acid and ferrous sulfate.
These compounds enhanced the breakdown of other
sulfides, the result is the formation of iron oxides
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and hydroxides, such as hematite, limonite and
goethite minerals as new phases. The Co*" (0.72
A% and Mg* (0.66 A% follows the geochemical
behavior associated with Fe** (0.74 A% which is
associated with each other in iron oxides minerals
by a variable percent. Also, Si, K, Ba and Rb are
leached out which may be due to argillic alteration
that introduced the clay minerals which occur in
atmospheric conditions and includes the dissolution
of K-feldspar. The partial dissolution or breaking
down of feldspars by losing the K and partially Si
changes into Kaolinite.

The major, trace and REE behavior in the studied
shear zones will be better understood when
compared with those elements on both fresh
and altered granites. Figures (9 A & B) show the
plotting of the major oxides on both altered and
fresh monzogranites and syenogranites of EI-
Saada and Wateir areas respectively. The altered
monzogranites and syenogranites on both El-Saada
and Wateir shear zones show remarkable decrease
in Al, Na and K, suggesting the breakdown of alkali
feldspars. Ca, Mg and Fe elements show relative
enrichment in the shear zones perhaps due to the
partial alteration of ferromagnesian minerals, such
as biotite and hornblende. Silica shows slight
increase in the altered zone due to silicification
processes.

Figure (10A) displays the behavior of the trace
elements in both fresh and altered monzogranites,
where the later shows remarkable enrichment in
all elements except for Nb and Rb. The enrichment
in Pb and U is mainly attributed to the presence of
Pb- and U- bearing minerals, such as uranothorite.
Hf, Y and Zr are enriched in the shear zone due to
partial alteration of zircon, the liberation of those
elements and subsequent precipitation within the
shear zone.

In the case of the syenogranite, little enrichment is
observed in the contents of Cu, Zn, Co, U, Sr, V, Zr,
Hf, Y and Nb (Figure 10B). U is highly enriched in
the shear zone due to the presence of uranophane.
The intensity of alteration in the El-Saada shear
zone is relatively higher than that affecting the
Wateir shear zone as evidenced from the relative
abundance of Cu, Co, Cr, V, Zn and Pb (Figure 10C).
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Figure 8: (A) Chondrite normalized REE patterns of fresh monzo-( X) and syenogranites (+) (Primitve mantle).
(B): Chondrite-normalized REE patterns of fresh (m) and altered monzogranites (+) (Primitve mantle). (C):
Chondrite-normalized REE patterns of fresh (O) and altered syenogranites (X) (Primitive mantle). (D): Chondrite-
normalized REE patterns of altered monzo- (m) and syenogranites (O) (Primitive mantle).

The average (La/Yb)  ratio (which represents
the measure for LREEs / HREEs, 13.15 & 9.52)
of the monzogranites (average value= 2.23) is
higher than the syenogranites (average value=
1.58). Generally, this is the direction of increasing
differentiation because the HREEs (smaller cations)
prefer entry into the earlier formed crystals leaving
the residual melts progressively enriched in LREEs
(larger cations). Thus, the highly fractionated rocks
(syenogranites) have higher LREEs relative to the
HREE contents, more than the less differentiated
rocks (monzogranites). The increase in the total
concentration of REEs in syenogranites relative to
monzogranites is very good evidence for ascending
hydrothermal fluids.

Normalized REE patterns of the fresh monzo- and
syenogranite rocks relative to primitive mantle
of Nakamura (1974), as in Figure (8A), display
similar enrichment of LREE relative to HREEs,
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as indicated by the presence of monazite, allanite
and apatite over zircon, except for two samples
of syenogranites that are more enriched in REE
contents. The normalized pattern (Figure 8B)
indicates that the altered monzogranite zones are
more enriched in the LREE than the HREE relative
to the fresh monzogranites. On the other hand,
the fresh syenogranite rocks are more enriched in
LREE than in the HREE relative to their associated
altered zones (Figure 8C) which means that the
fresh syenogranite rocks are less affected by the
hydrothermal solutions.

Also, the fresh rocks have a strong negative Eu
anomaly (Figures 8C & 8D) except for two samples
of syenogranites (No. AG30 and AG31) which have
a relatively moderate one, while the altered zone
has a strong one.

Figure (8D) shows the normalized REE patterns of
the two altered zones. Both the two altered zones
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Table 5: Some Geochemical parameters of the REEs in the studied area.

S.No | TREE | LREE |HREE |LR/HR | Y/Ho |(La/Yb)N|(La/Sm)N |(Gd/Yb)N |(Tb/Yb)N |(Sm/Ho)N
AM10 | 81.62 | 73.92 | 7.7 9.6 |[30.75| 1.53 1.9 0.9 0.79 1
AM3 |[220.76 | 187.76 | 33 5.89 |26.88| 0.73 0.4 2.06 1.57 1.43
AM12 | 104.19 | 96.49 7.7 12.53 |35.33 2.25 1.48 1.22 0.92 2.15
AM9 | 123.02|116.22| 6.8 17.1 |32.67| 3.88 2.28 1.2 1.1 2.01
AMI1 | 154.62 | 14492 | 9.7 | 14.94 |37.75 2.9 1.82 1.29 0.98 2.12
AMS8 | 145.51 | 143.41 | 11.1 1292 | 354 2.07 1.52 1.11 0.81 1.74
Average | 138.29 | 127.12 | 12.67 | 12.16 |33.13| 2.23 1.57 13 1.03 1.74
AM1 |384.04 |384.04| 20.8 | 17.49 |28.22 4.38 2.17 1.66 1.14 2.3
AM2 | 827.57 |827.57| 69.1 | 11.01 |26.47 4.6 2.24 2.06 1.18 2.18
AM4 | 149.27 | 149.27 | 12.5 | 1094 | 31 1.91 1.56 1.07 0.92 1.45
Average | 453.63 | 420.16 | 34.13 | 13.15 |[28.56| 3.63 1.99 1.6 1.08 1.98
AG13 | 202.4 | 189.04| 13 14.54 | 33.8 3.02 1.44 1.59 1.02 2.67
AG14 | 163.89|15249| 11.4 | 13.38 | 27.8 2.7 1.38 1.58 1.15 2.23
AG15 |179.39|164.17| 152 | 10.8 [31.43| 1.87 1.15 1.75 1.16 1.56
AG16 |110.65| 99.85 | 10.8 | 9.25 30 1.54 1.3 1.22 0.86 1.43
AG21 |109.81|102.41| 7.4 | 13.84 [30.67| 2.69 1.52 1.39 1 23
AG27 |103.02| 93.82 | 9.2 102 |3226| 197 1.21 1.61 1.22 1.73
AG28 | 159.62|147.02| 12.6 | 11.67 | 28 2.47 1.39 1.57 1.29 1.78
AG30 |229.12209.22| 19.9 | 10.51 |[28.89| 2.08 1.12 1.63 1.17 1.83
AG31 |270.72 |250.82 | 19.9 12.6 | 32.88 3.03 1.42 1.94 1.28 2.17
Average | 169.85 | 156.64 | 13.27 | 11.86 |30.64 | 2.73 1.33 1.59 1.13 1.97
AG3 183.1 | 167.4 | 15.7 | 10.66 |31.14| 1.72 1.29 1.2 0.88 1.69
AG7 |[331.74 (29543 | 364 | 8.12 |2825| 146 0.85 1.82 1.34 1.56
AG8 | 6853 | 61.73 | 6.8 9.08 |30.67| 142 1.02 1.27 1.1 1.63
AG2 97.57 | 88.78 8.7 10.21 | 33.75 1.71 1.77 1.07 0.73 1.28
Average | 170.23 | 153.34 | 16.9 | 9.52 |30.95| 1.58 1.23 1.34 1.02 1.54
0.15). concentration of REEs, (3 LREE/YHREE) N and

Figure (8A) shows that the normalized REE
distribution patterns of the study area are the same.
This reveals that the studied granites are derived
from the same magma. The increase in the total

(La/Yb) N in the unaltered syenogranites relative
to the monzogranites and the altered monzogranites
relative to the altered syenogranites are perhaps due
to ascending hydrothermal fluids.
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Table 4: Rare earth elements concentration of the studied fresh and altered monzo- and syenogranites.

S.No|Sam.No| La | Sc| Ce | Y [Pr| Nd [Sm| Eu|Gd|Tb| Dy |Ho|Er|Tm|Yb|Lu
Fresh monzogranite samples
1 | AM10 | 15.6| 1 |28.02|123|35(11.7|18(04|19]03(1.8|0.4|1.1/0.2|1.4(0.2
2 AM3 | 18.5]2.7|65.06 | 43 | 84| 39.810.3] 0.9 |10.8{1.5/9.5(1.6{42|0.6[3.5/0.4
3 | AM12 | 19.6 | 2.3 |39.09 |{10.6/49|17.129(05]22]03] 2 {03]1]0.1{1.2]0.1
4 AMY9 | 282 |1.5(4892|98|55|19.6|2.7]05]1.8(03]|1.7{03({09]|0.1| 1 |0.2
5 | AMI11 | 316245752 (15172273 ]3.8(05(29(04]|23]04[1.3/0.2(1.5/0.2
6 AMS | 27.1 |19 |53.81 |17.7]/65|235(39]05| 3 [04|29]05(1.6/0.2]1.8|0.2
Altered monzogranite samples
7 AM1 | 924 |4.1(141.64|254| 20 | 704 {93103 |7.2]09|52(09(2.6/0.4(29|0.4
8 AM2 |301.4|9.1 | 83.27 |79.4|52.3|205.6|29.4|<0.1|27.8|2.9|16.8| 3 [7.5|/09] 9 |1.1
AM4 | 27.8 (3.6 5227 |18.6/6.5]24.1[39|0.6|3.2]05]3410.6(1.70.2 0.3
Fresh syenogranite samples
10 | AG13 | 39.5|3.1|7544(169]/9.8|383| 6 [04]|43(05/3.5]|05({1.5/0.2|1.8(0.3
11 | AG14 | 314 (29| 60.69 139 8 |30.6| 5 [04]3.8]05|28(05(1.4/0.2(1.6/0.2
12 | AG1S | 25829737722 |6.7|281({49]06| 5 [06/3.9]0.7{1.9/03|1.9(0.3
13 | AG16 | 19 [2.8|3785| 15 [47|173|32(04]3.1(04]|28(05[1.5/0.2(1.7|0.2
14 | AG21 | 21.5] 2 |4221(9.2(53|19.13.1(0.2]23(03|19(03|1]0.1(1.1|0.2
15 | AG27 | 17226 |3722|129[45|163|3.1104]29(04]|24|04(1.1/0.2{1.2|0.2
16 | AG28 | 30.5|3.1 5572|168 73288 |48(04]| 4 [06/3.4]0.6(1.5/0.2(1.7|0.2
17 | AG30 | 37.8 5.1 7842 |26 [10.5| 44 |74]13]|6.1(0.8] 5 (0.9(2.6/0.4(2.5/0.3
18 | AG31 | 50.6 | 7.4 | 94.42 |26.3|12.4| 51.9 | 7.8 | 1.5 6.7 {0.8| 4.9 0.8{2.3|0.3(2.3|0.3
Altered syenogranite samples
19 | AG3 |313 38| 642 |21.8/83|32.7|53]04|45|06| 4 |0.7(22|/04(2.5|04
20 | AG7 |43.4|25.5|94.54 [45.2|113.6| 619 [11.2| 43 [11.2|1.5] 84 (1.6(4.210.5|4.1|0.6
21 | AG8 [103|22(2283(92|27]123(22|06]1903]1.6(03(09[0.1| 1 |0.1
22 | AG2 | 186253337 (135/41|145(23|03]24(03|2.1(04(13][02|1.5(0.2

LREEs compared to the HREEs. The LREEs have
high degree of fractionation while the HREEs
have limited degree of fractionation. They exhibit
negative Eu-anomalies. The monzogranites show
small negative Eu-anomalies regarding to the
strong negative Eu-anomalies in the syenogranites
(Figure 8).

Schnetzler & Philpotts (1970) stated that the

uptake of Eu™ by plagioclase depends upon the
anorthite content (since Eu™ substitutes for Ca
in the plagioclase structure). This would reduce
the Eu content of the more sodic plagioclase and
consequently the more fractionated rocks. In the
studied granitoids the (Eu)  content decreases
gradually from monzogranites (about 0.87) and
reaches the lowest value in the syenogranites (about
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6. RARE EARTH ELEMENTS
GEOCHEMISTRY

The rare earth elements (REEs) comprise the
lanthanides group, which includes 15 elements
from lanthanum (_La) to lutetium (, Lu). Their
relative immobility during the different types of
rock alteration has been used to deduce the nature
of the primary rocks (Merriman, Bevins, & Ball,
1986; Henderson, 1996). The ionic size of trivalent
REEs decreases gradually from the largest (La
(10.32 nm)), to the smallest (Lu (8.61nm) ). Other
ions have sizes between La and Lu, such as Na*
(10.2), Ca * (10.0) and Y** (9.0). There are ions
somewhat larger than La, such as Sr** (11.8) and
Ba?* (13.5) and others smaller than La, such as
Zr*" (7.2) and Hf* (7.1). During the substitution
between REEs and these cations, some additional
charge balancing is often necessary. The REEs
have a particular oxidation state (+3). However
under reducing conditions, Eu™® can be reduced to
Eu™, and at higher oxidation conditions Ce™ can
be oxidized to Ce™. Eu?* and Ce*" reflect relative
reducing and oxidizing conditions respectively;
so, the REEs can be used to deduce the relative
redox potential of some minerals or rock systems
(Henderson, 1996).

Post-magmatic, deuteric and  hydrothermal
processes show great effects on the distribution
of REEs, U and Th. The low-pH hydrothermal
solutions appear to be richer in REEs than neutral
or alkaline solutions at similar conditions (Michard,
1989). Generally, F, CI'_, _SO/and CO,* are
likely candidates for complexing the REEs in
hydrothermal fluids (Giere, 1996).

The REEs are characterized by their large ionic
radii and charges. They (as well as U and Th)
behave incompatibly during magmatic processes.
However, crystallization of small amounts of
accessory minerals (of larger cation sites), such as
zircon, garnet, monazite, allanite, xenotime, apatite
and sphene, would control the REE contents during
crystallization of the magma and might lead to
depletion of REEs in the residual fluids (Henderson,
1996).

The radioactive accessory minerals (monazite, xe-

41

notime, apatite and zircon) concentrate most of the
trivalent REEs while feldspars contain approxi-
mately 80% of the Eu (Jefferies, 1984). Although
the ionic radius of Eu** is larger than that of Eu*, it
enters some minerals in greater amounts than Eu**
(Henderson, 1996), especially where the exchange
involves other 2* cations (e.g., Ca*"). The early
formed basic crystalline rocks, commonly rich in
calcic plagioclase, show positive Eu-anomaly due
to the reduction of Eu™ to Eu*? at low oxygen fu-
gacities which substitute for Ca*". This explains
why most granitic rocks show negative Eu-anoma-
lies while basic and ultrabasic rocks are character-
ized by positive Eu-anomalies. Zircon is often in-
voked as a major source of HREEs in granitic rocks
(Hanson, 1978). Monazite is the most important
REE-bearing accessory mineral containing approx-
imately 75% of the LREEs while xenotime, apatite
and zircon partition the HREEs between them (Jef-
feries, 1984).

Europium (Eu) anomalies are mainly controlled
by plagioclase fractionation, especially in felsic
magmas. Thus, removal of feldspars from a felsic
melt by crystal fractionation or by partial melting
of a rock in which feldspars are retained in the
source will give rise to negative Eu anomaly in
REE patterns. The REE abundances in the studied
granites and some geochemical parameters are
shown in Tables 4 & 5. Among the studied granites,
the monzogranites and syenogranites display
lower average ZREEs contents (139.28 and 169.85
ppm, respectively) when compared with the world
average of granitic rocks (250 ppm: - given by
Hermann, 1970) and with the high average of the
total rare earth elements in the altered monzogranite
(453.63 ppm) while the altered syenogranites are
characterized by low average XREEs contents
(170.23 ppm).

(La/Yb)N, (La/Sm)N and (Gd/Lu)N ratios are used
to measure the degree of fractionation of REEs,
LREEs and HREEs respectively. The Eu anomaly
is estimated as (Eu/Eu*) N ratio (Tables 4 & 5).
The chondrite-normalized REEs distribution
patterns of the studied granites, using the values
of Taylor & McLennan (1985), show slightly
negative slope with relative enrichment in the
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Figure 7: (A): Chemical classification of granitic rocks; R1-R2 multicationic proportions (De La Roche et.
al. 1980). (B): K70 vs Na,O variation diagram (Wright, 1969). (C): Location of the studied granitic rocks
composition in the classification diagrams of Maniar and Piccolli(1989). (D): Plot of the studied granitic
rocks on the diagram of Batchelor & Bowden (1985). (E): SiO, vs KO of Peccillero and Taylor (1976). The
shaded bands are the fields that define the boundary between series (Rickwood, 1989). Sources of data on
leucocratic peraluminous granite compositions are from Le Fort (1981); Nabelek, Russ-Nabelek, & Denison

(1992); Inger & Harris (1993).
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potassic-sodic affinities (Figure 7B).

The magma type of the studied granitic rocks is
clarified by the classification diagrams Al O,/
CaO+Na,0+K,0 vs ALO,/NaO+K,O from
Maniar & Piccoli, (1989). This relation suggests
that the studied younger granitic samples have a
peraluminous nature (Figure 7C). Batchelor &
Bowden (1985) used the R, and R, multicationic
parameters of De La Roche et al. (1980) to

discriminate the different tectonic settings of the
granite rocks. Figure (7D) shows that the studied
younger granites are related to the Syn-Collision
regime. The SiO»—K,O binary relationship
discriminates between the tholeiitic, calc-alkaline,
high-K calc-alkaline and shoshonitic rocks (Figure
7E). The studied granitic samples were plotted in
the lower part of the calc-alkaline, high-K field
(Figure 7E) of Peccerillo & Taylor (1976).

Table 2: Major oxides (Wt%) of the studied granitic rocks of west- Nuweiba area.

S.N [Sample | Si0, | TiO,| ALO,

|FeO|MnO|Mg0|Ca0|Na,0 |K,0[P,0_|LOI| Total

Fresh Monzogranites

AM3 |74.7110.29|12.52

1.311 038 | 0.75 [ 0.41 | 5.89 {3.66|0.07 |0.01| 100

AM12 {77.09(0.22 | 11.43

1.40( 0.04 | 0.61 [0.80 | 3.63 {4.70]0.08 |0.01 | 100

AM9 |77.57|0.18 | 11.62

1.11] 0.04 | 0.32 1097 3.72 {4.43]0.05 0.01| 100

AMI11 |77.98(0.26 | 11.24

1.35] 0.05 | 0.60 | 0.76 | 3.36 {4.34|0.07 [0.01| 100

N|(E |G| ==

AMS |77.86|0.20 | 11.15

1.121 0.04 | 0.41 {0.49 | 4.13 [4.54|0.050.01 | 100

Monzogranites Average|77.04 | 0.23 | 11.59

1.26| 0.11 | 0.54 | 0.89 | 4.15 {4.33|0.06 [0.01| 100

Altered Monzogranites

AM2 |79.87| 0.64] 6.72{4.63| 0.01| 1.33] 3.93| 1.69| 0.96| 0.21| 0.01| 100

AM4 | 78.53| 0.34] 10.41

2.04| 0.07) 0.93| 1.72| 3.63| 2.23| 0.09] 0.01| 100

8 | AM1 |76.27| 0.21] 12.20{ 1.23| 0.01| 0.28| 0.79] 3.89| 5.07| 0.03| 0.01| 100

Average| 78.22| 0.40| 9.78

2.63| 0.03| 0.85| 2.15| 3.07| 2.75| 0.11| 0.01| 100

Fresh Syenogranites

9 | AG21 |76.42|0.15|11.73

1.20| 0.04 | 0.27 | 1.61 | 4.29 {4.24|0.05 [0.01| 100

10 | AG13 |76.26(0.16 | 12.17

1.3510.05 | 0.22 | 0.88 | 4.16 {4.71]0.04 |0.01 | 100

11 | AG14 [77.29]|0.14 | 11.84

1.261 0.05 | 0.22 [ 0.83 | 4.06 {4.27]0.04 |0.01 | 100

12 | AG15 |76.89(0.14 | 11.66

1.40| 0.15 1 0.30 | 0.84 | 4.47 {4.10]0.05(0.01| 100

Syenogranites | 13 | AG16 |[76.48|0.15 | 12.28

1.3110.04 | 0.23 {0.52| 4.17 {4.76]0.050.01 | 100

14 | AG27 |77.25|0.18 | 11.77

1.5310.09 | 0.46 {0.92| 3.17 {4.41]0.21|0.01 | 100

15 | AG28 [76.96/0.16 | 11.71

1.38(0.05 | 0.28 [ 1.09 | 3.93 {4.37]0.050.01 | 100

16 | AG30 |74.23|0.43 | 12.75

2.0310.09|0.55{1.26| 4.76 {3.80|0.10 {0.01| 100

17 | AG31 |72.08|0.55|12.92

2.5810.12 1 0.75 | 1.75] 5.14 |3.96| 0.13{0.01| 100

Average | 75.98| 0.23 | 12.09

1.56| 0.08 | 0.36 | 1.08 | 4.24 {4.29]0.08 [0.01| 100

Altered Syenogranites

18 | AG2 |79.78| 0.13] 9.29

1.27| 0.04| 0.49| 4.70| 2.06| 2.19| 0.03]| 0.01| 100

19 | AG7 |59.91| 1.59] 13.54

9.71| 0.23] 1.79| 6.04] 3.19|3.23| 0.76| 0.01| 100

20| AG8 |91.21| 0.18] 2.66

0.69| 0.08| 0.27| 4.31| 0.18] 0.34| 0.07| 0.01| 100

Average|76.97| 0.63 | 8.50

3.89| 0.12 | 0.85 | 5.02 | 1.81 |1.92]0.29 |0.01| 100
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as bended and dislocated lamellae crystals. Biotite
is partly to completely altered to a chlorite of
penninite-type where the iron oxides are liberated
to the cleavage planes. The deformation stages
are observed by the flakes which exhibit curved
and kinked-banded flakes (Figure 6E). Zircon
occurs as fine euhedral prismatic crystals enclosed
within biotite (Figure 6E), K-feldspar and quartz.
Most of zircon crystals are surrounded by dark
pleochroic haloes, indicating their enrichment
in radioactive elements. Monazite occurs as
subhedral to euhedral crystals, associated with
microperthite crystals and biotite flakes (Figure
6F). Most of monazite crystals are smaller than
zircon.

5. GEOCHEMISTRY

Some selected samples from the studied granitic
rocks and their altered zones were analyzed for
major oxides, while some trace and rare earth
elements are carried out at the ACME laboratories,
Canada. The obtained data is listed in Tables (2, 3
& 4 respectively).

The fresh studied granitic rock samples have been
classified using the R - R, multicationic proportions
of De La Roche er al. (De La Roce, Letrrier,
Granclaude, & Marchal, 1980). They straddle
between the monzogranite and syenogranite fields
(Figure 7A). On the other hand, the variation
diagram of Na,O against K, O (after Wright, 1969)
shows that most of the studied samples have

Figure 6: Photomicrograph showing plagioclase crystals with; (A) Normal, (B) Oscillatory zoning. C.N.,
(C) Two euhedral crystals of zircon, surrounded by pleochoric haloes. C.N., (D) The perthite boundaries are
reactive and corroded crystals occur at the interface between the adjacent K-feldspar C.N., (E) Curved and
kinked bands of biotite flakes. C.N., and (F) Monazite occurs as euhedral crystals, associated with biotite.

64 x. C.N.
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Table 1: Modal composition of the examined granitoid rocks of the studied area.

No. | Sample | Qz | K-feld | Plag. | Bi. | Mus. | Acc. Q A P Study Area
1 Agll | 300 | 344 | 263 | 64 1.2 1.7 | 33.1 | 37.9 | 29.0
2 Agl15 | 306 | 37.1 | 271 | 2.1 2.1 1.0 | 323 | 39.1 | 28.6
3 Ag 19 28 303 | 322 | 63 2.1 1.1 | 309 | 335 | 35.6 Around
4 Ag28 | 282 | 487 15 4.6 24 1.1 | 30.7 | 53.0 | 16.3 | Wadi Wateir
5 Ag30 | 265 | 468 | 154 | 6.1 3.6 1.6 | 299 | 528 | 174
6 Ag3l | 276 | 467 | 169 | 54 | 2.0 14 | 303 | 512 | 185
7 Am4 | 423 | 208 | 282 | 63 1.2 12 | 463 | 22.8 | 30.9
8 Am5 | 449 | 253 | 269 | 20 | 04 0.5 | 462 | 26.1 | 27.7
9 Am10 | 443 | 226 | 278 | 24 1.6 13 | 468 | 239 | 29.4 v‘:;‘(’l‘l“é‘:
10 Am1 | 259 | 513 | 203 | 1.5 0.3 0.7 | 26,6 | 52.6 | 20.8 Saada
11 | Am11 | 246 | 534 | 196 | 1.3 0.6 0.5 | 252 | 54.7 | 20.1
12 | Am12 | 255 | 541 | 186 | 1.1 0.3 04 | 26.0 | 55.1 | 189

Qz= Quartz, K-feld.= K-feldspar, Plag.= Plagioclase, Bi. = Biotite, Mus. = Muscovite and Acc. = Accessory minerals.

and perthitic textures and made up essentially of
perthite and orthoclase, quartz, plagioclase and
biotite. Zircon, monazite, iron oxides and apatite
represented the accessories, while secondary
minerals are chlorite, sericite and kaolinite.
K-—feldspars are represented by orthoclase-perthite
and microcline-perthite as medium to coarse
subhedral to euhedral crystals. The perthite is the
dominant constituent and mainly represented by
patchy and string types while the boundaries of the
crystals are reactive and corroded crystals occuring
at the interface between the adjacent K- feldspar
(Figure 6D). The high percentage of perthite
is probably ascribed to their exsolution at high
temperature from Na-rich alkali-feldspar crystals
(Goldschmidt, 1962). Sometimes perthite crystals
are fragmented and broken and show undulose
extinction. Quartz occurs as subhedral to anhedral
crystals with different sizes and rarely found as
euhedral with six sides. Occasionally, quartz is
broken and fragmented and show a wavy extinction
and triple-junction boundaries of quartz resulting
from deformation effects. Quartz encloses some
other minerals, such as biotite, zircon and some
opaques.

Plagioclases occur as anhedral to subhedral

Q

O Wadi El-Swada
O Wadi Wateir

\
nonzo-
SYeno- faranite granos

grkaie & \diorite
o
A/ J v v

IV V V\V M

Figure 5: Modal compositions of the granitic rocks
of the studied area plotted in QAP Classification
diagram of Streckeisen (1976). Q = Quartz, A =
K-feldspars, P = plagioclase contents.

crystals, ranging in composition between albite and
oligoclase. They are twinned according to albite
and albite Carlsbad twinning lows. Plagioclases
are corroded by quartz and K-feldspar. They are
partialy altered to epidote. Some plagioclase appear
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1 W A

Figure 3: General view of NNE-SSW El-Saada
shear zone.

Figure 4: The NE-SW shear zone of W. Wateir area.

4. PETROGRAPHY

The nomenclature of the younger granite samples
of Wadi El-Saada and Wadi Wateir areas (Table 1)
are plotted on a Streckeisen (1976) diagram (Figure
5). The younger granitic rocks of the study area are
divided into monzogranites and syenogranites.

Monzogranite is medium- to coarse-grained with
porphyritic, poikilitic, perthitic and myrmekitic
textures. Generally, it is mainly composed of potash-
feldspar, quartz, plagioclases and biotite with
subordinate muscovite flakes and opaques. Zircon

35

and apatite are accessories while epidote, chlorite,
sericite and kaolinite represent the secondary phase.
Plagioclases occur as euhedral to subhedral tabular
crystals exhibiting albite, carlsbad and pericline
twinning. Plagioclase crystals are partly altered to
suassurite and kaolinite especially at their cores while
others are still fresh and show normal, oscillatory
zoning (Figure 6A) and convolute zoning (Figure 6B).
The formation of oscillatory zoning depends largely
on the concentration of water in the melt (Hatch,
Wells, & Wells, 1972). Plagioclase lamellac show
a difference in the degree of bending and cracking
due to stress and cataclastic effect. Intergranular
albite crystals occur at the interface between the
two adjacent K-feldspar crystals, suggesting the
later formation of these albites where they may
have nucleated on one of the grains and grew into
the other. Sodium metasomatism is also suggested
to explain the formation of the intergranular albite.
Sometimes, plagioclase crystals are intergrown with
K-feldspar developing perthitic texture or replaced
by vermicular quartz to form myrmekitic textures.
The potash feldspars are represented by orthoclase-
perthite and subordinate microcline-perthite. The
perthite includes flame, veins, strings and patchy
types. Replacement processes mainly form the
patchy type perthite. The coarse string perthite is
thought to be developed by either deuteric coarsening
at temperature below 400° C or by processes of
replacement (Parsons & Brown, 1984).

Quartz occurs as either coarse-grained exhibiting
undulose extinction or fine-grained present in the
groundmass. Quartz grains are cracked and show
wavy extinctions due to deformation effects. Quartz
is usually intergrowing with K-feldspar to form a
myrmekitic texture. Biotite occurs as subhedral to
anhedral elongated yellowish brown flakes. Slightly
curved flakes and kink bands indicate the deformation
of biotite. Muscovite occurs as rare irregular fine
flakes of secondary origin. Zircon occurs as euhedral
crystals, enclosed within the biotite and feldspar and
sometimes surrounded by pleochoric haloes (Figure
6C). These haloes are formed by the damage of the
crystal lattice due to the alpha decay of uranium and/
or thorium included within the zircon structure.
Syenogranites show hypidiomorphic, porphyritic
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between these granitic rocks and their host rocks
is always sharp and affected by frequent basaltic
and rhyolitic dykes. The exposed granite rocks
are hard, medium-to coarse-grained with pinkish
white colour. It is highly dissected by fractures and
joints of NNE-SSW, NE-SW, N-S, ESE-WNW and
NW-SE trends. The monzo- and syenogranites of
the area are traversed by several shear zones. Two
of them are striking NNE-SSW and NNW-SSE.
The constituent minerals of the granites within
these shear zones are pulverized and extensively
altered with the development of argillic products
and hematite. The NNE-SSW trending shear zone
cutting the monzogranites is intruded by the basic
dyke that has the same trend. Pockets of manganese
and iron minerals are frequently observed along
the contact of the basic dyke with the shear zone
(Figure 3). The width of this shear zone is about 45
m while its length is about 750 m.

Beside the above-mentioned NNE-SSW trending
shear zone that is described by Ayalon ez al. (1985)
and El-Muwafy (1994), another anomalous shear
zone strikes NNW-SSE was recorded in the present
study cutting the monzogranites. The length of
this shear zone is 50 meters while its width is 0.5
meter (Figure 3). This shear zone attains the highest
radioactive measurements recorded in El-Saada
area. It is characterized by alteration products, such
as hematitization. Some dark colour veins occur
along the shear zone that shows high radioactive
anomalies.

At Wadi Wateir area, the shear zone cutting the
monzogranites trending NE-SW are distinguished
by high grinding, friable weathered and altered
rock fragments (Figure 4). In addition, argillic
alteration and hematitization are observed. Some
high radioactive spots of this shear zone contain
calcite associated with yellow crystals of secondary
uranium minerals as fracture fillings. The altered
shear zone has a V-shape and attains 32m width
while its length reaches about 500m (Figure 4).

3. ANALYTICAL TECHNIQUES

A detailed field mapping of the exposed rocks was
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constructed depending on the field relations
and structure observations as well as the
petrographical  studies.

The collected samples, representing the fresh
and altered granites, were crushed and ground
to suitable sizes for chemical analyses and
mineralogical investigation. The remaining
—60 mesh size fraction of the crushed and
sieved samples, obtained by removing the light
minerals, was concentrated by the Wulfley
Table. The heavy fractions were dried and then
subjected to the hand magnet to separate the
magnetite.

The -80 to +120 mesh of the magnetite free
fraction was then sieved and separated by
bromoform (S.P.G. =2.82). The heavy minerals
were separated according to their magnetic
susceptibilities by passing the heavy fraction
through a Frantz Isodynamic separator at 8° side
tilt and 20° forward slope and at different current
intensities (0.2, 0.5, 1.0 and 1.5A%). Then, hand
picking under the binocular microscope was
carried out in order to obtain pure mineral
separates. Samples were then ground to —200
mesh size in agate mortar for XRD analysis.
Themineralogical analysis was done by the X-ray
diffraction (XRD) technique using a Philips PW
3710/31 diffractometer, a scintillation counter,
a Cu-target tube and a Ni filter operated at 40
kV and 30 mA that was connected to a computer
system using an APD program and a PDF 2
database for mineral identification. The scan
covered a 2-theta range from 5° to 65° with a
step size of 0.02 degrees and a 0.5-second count
time per step. More mineralogical studies were
carried out using an Environmental Scanning
Electron Microscope (ESEM) supported by
an energy dispersive spectrometer (EDX) unit
(model Philips XL 30 ESEM). The conditions
of analyses were 25-30 kv accelerating voltages,
1-2 mm beam diameter and 60-120 second
counting times.

The selected samples of chemical analyses were
crushed up to -200 mesh while the major oxides,
some trace and rare earth elements were carried
out at the ACME laboratories, Canada.
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Suez (El-Ghawaby, 1984). On the other hand, the
NNE-SSW, N-S and NE-SW trends are dominant in
the eastern part toward the Gulf of Aqaba. The low
temperature hydrothermal mineralizations, such as
Mn, Ba and Pb, are recorded as lenses in Um Zariq
granite along the brecciated fault planes (Ayalon,
Beyth, Zilberfarb, & Bar-Matthews, 1985). The
granitic rocks of Wadi Wateir area are differentiated
into older granitoids (quartz diorite) intruded by
monzogranites (Khalid, 1988). Some radioactive
pegmatite veins and pockets are recorded in the
monzogranite of the southwest Nuweiba area
surrounding the Um Zariq fault (EI-Mwafy, 1994).
The younger granites along the western coast of
the Gulf of Aqaba are classified into two-mica
monzogranites: biotite monzogranites, myrmekitic
monzogranites and cataclastic monzogranites
(Essawy, El-Metwally, Katta, & Darwish, 1997).

The syenogranites of Wadi Ghazala area are
classified as I-type granites that are emplaced in
a within-plate setting environment (Gabr, 2002).
These granites were affected by hydrothermal
solutions which produced an alteration zone (EI-
Galy, El-Sayed, & El-Feky, 2005). The uranium
that leached from the syenogranites migrated out
and reprecipitated within the Ghazala shear zone
to form secondary uranium minerals, such as
uranophane (Bishr, 2007).

Two areas located to the west and southwest of
Nuweiba City, between Wadi El- Saada and Wadi
Wateir, can be selected to examine the behavior
of U-Th-REE during the alteration of the granitic
rocks. The granitic rocks outcrop at Wadi El-Saada
and Wadi Wateir are classified into monzogranite
and syenogranite respectively (Figure 2) which
form very high relief mountains. The contact
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Figure 2: Geological map of west Nuweiba area, Southern Sinai, Egypt.
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alkaline magmatic rocks are characteristic of this
stage as Katherine Ring Complex, which comprises
alkali rhyolite, quartz monzonite and quartz syenite
of the ring dyke itself, and biotite leucogranite. The
volcanic rocks of Gabal Abu-Durba and the alkali
granite of the Sahara and Serbal plutons also belong
to this stage.

Ali et al. (2009) revealed that the exposed rock
units of Wadi Ghazala area (long. 34° 27" 15" to
34° 36’ 11" E and lat. 28° 58" to 29° 03’ N) consist
mainly from oldest to youngest: (a) biotite schist,
(b) metagabbro—diorite complex, (c) gneissic
granite, (d) quartz diorite, (e) syenogranite and
(f) post-‘younger’ granite dykes. On the Other
hand, the basement rock of Nasb area (long. 34°
15" and 34° 30" E and lat. 28° 25' to 28° 32’ 30"
N consist from oldest to youngest: (a) migmatites,
(b) Feirani Group (felsic volcanics and sub-
volcanics), (c¢) quartz diorite—tonalite association,
(d) monzogranite, (e) Jabal Laiq Ring Dyke, and (f)
syenogranite.
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This study aims to clarify the behavior of U-Th-
REE during alteration in granitic rocks in the West-
Nuweiba area, Southern Sinai, Egypt. This will be
achieved through studying the petrography, major
oxides, trace and rare-earth elements geochemistry
and U-Th- REE-bearing minerals of fresh and
altered granites.

2. GEOLOGICAL BACKGROUND

The study area is located within the northern
extension of ANS in the southeastern part of the
Sinai peninsula between Wadi El-Saada and Wadi
Wateir (Figure 1). The area is covered mainly
with high mountainous terrain of monzo- and
syenogranites, older granites and volcanic rocks.
The main structural lineaments in south Sinai
signify a great dominance of NNW-SSE and
WNW- ESE fault trends where their frequencies
increase to the west as they approach the Gulf of
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Figure 1: Geological map of southern Sinai, Egypt with inset of the ANS (modified after Eyal, Bartov,

Shimron, & Bentor, 1980).
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1. INTRODUCTION

The exposed basement rocks of the Sinai and eastern
deserts of Egypt represent the northern extension of
the Arabian-Nubian Shield (ANS) which is exposed
along Egypt, Eritrea, Ethiopia, Saudi Arabia,
Somalia, Sudan and Yemen. This shield forms
the northern segment of the East African Orogen
(Stern, 1994) and is considered as a Neoproterozoic
accretionary orogen representing one of the largest
tracts of Neoproterozoic juvenile continental on
Earth crust (Patchett & Chase, 2002).

The various tectonostratigraphic terrains of the
ANS are known as younger sedimentary and
volcanic terrains and associated with ophiolite
remnants which are combined during the assembly
of Gondwana (Meert, 2003; Stoeser & Frost, 2006;
Cox, Lewis, Collins, Nettle, Halverson, Foden,
Kattan, & Jourdan, 2012) and late- to post tectonic
plutons and batholiths (Stern, 1994; Stern &
Johnson, 2010; Meert, 2003; Stoeser & Frost, 2006;
Cox et al., 2012).

According to Eyal, Litvinovsky, Jahn, Zanvilevich,
& Katzir, 2010; Be’eri-Shlevin, Samuel, Azer,
RimO, Whitehouse, & Moussa, 2011; Azer, and
Obeid, & Ren, 2014, the ANS was developed through
three main successive phases: pre-collisional (ca.
820-740Ma), characterized by metamorphosed
volcanosedimentary rocks, gneisses and associated
migmatites and amphibolites;  collisional (ca.
670—630Ma), characterized by variably deformed
gabbro-diorite complexes, calc-alkaline granitoids
and their volcanic equivalents, and post-collisional
represented by calc-alkaline (ca. 630-590Ma)
and alkaline (ca. 610-580Ma) rock suites and
characterized by granitoids and Dokhan volcanics
(Samuel, Moussa, & Azer, 2001; Azer & Farahat,
2011; Be’eri-Shlevin et al., 2011).

On the other hand, the alkaline suite includes
alkaline/peralkaline A-type granites and their
volcanic equivalents (Azer, 2006; Samuel et al.,
2007; Eyal, Be’eri-Shlevin, Eyal, Whitehouse, &
Litvinovsky, 2014). The end of the calc-alkaline
plutonic magmatism overlapped with the beginning
of alkaline activity (Azer, Stern, & Kimura, 2010;
Eyal et al., 2010; Be’eri-Shlevin et al., 2011).
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According to Eyal et al. (2014), post-collisional
magmatism started at 635Ma in northeast South
Sinai, and at a younger age (~610Ma), in the
southeast of South Sinai. This indicates that the
closure of the Mozambique Ocean propagated from
northeast South Sinai towards southeast over about
25Ma.

The stabilization of the ANS occurred before the
large-scale erosion and formation of a vast peneplain
around the Cambrian time that was formed after the
stabilization of the shield (Bentor, 1985; Garfunkel,
1999; Avigad & Gvirtzman, 2009) which was
exhumed in the Neogene as a consequence of the
Red Sea rift and flank uplift.

The Sinai massif was uplifted during the late
Neogene-Quaternary as long as fresh exposures of
the late Neoproterozoic (Bentor, 1985; Garfunkel,
2000; Eyal, Litvinovsky, Katzir, & Zanvilevich,
2004).

The exposed Precambrian rocks of the southern
Sinai Peninsula occupy about 20,000 km? and
include metamorphic, plutonic and volcanic types
which are dissected by various dyke swarms.
One of the most striking features of South Sinai
is the abundance of post-collisional plutons
and associated volcano-sedimentary sequences,
whereas older rocks, now comprising parts of
metamorphic complexes, are scarce, and ophiolites
are completely absent (e.g. Bentor, 1985; Stein,
2003; Azer & El- Gharbawy, 2011).

The basement rocks of southwestern Sinai reflect
the events that affected the Eastern Desert, so which
can be classified and grouped into four units (Eyal,
Voznesensky, & Bentor, 1994): Island Arc Stage
(~820-620 Ma), represented by the ‘Metamorphic
Series’, which consists of metasedimentary rocks,
including mica and chlorite schist, calc-silicate
and conglomerate, together with orthogneisses of
granitic and dioritic composition; Cratonization
Stage (~620-580 Ma), characterized by the
distribution of calc-alkaline rocks (intermediate to
acid lava flows and pyroclastics) and associated
sedimentary rocks (conglomerate and arkose), to
the contrary, a wide range in the composition from
gabbro to granite represents the plutonic rocks,
and Intra-Cratonic Stage (~580-540 Ma), where
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Abstract: Younger granite outcrops at Wadi El-Saada and Wadi Wateir areas located in the southwest of
Nuweiba City, are classified into monzo- and syenogranites varieties. These granites have high relief and
are dissected by numerous shear zones. At Wadi El-Saada, two shear zones striking NNE-SSW and NNW-
SSE and cutting the mozogranites are recognized in the southeastern corner of the area mapped. Alteration
products, such as hematitization, kaolinization and manganese mineralization are observed. Uranothorite,
monazite, allanite and U-Th-REE-bearing minerals can also be identified. The shear zone of the Wadi Wa-
teir area strikes NE-SW with V-shape. Intensive alteration, as hematitization and kaolinization of the sy-
enogranitc rocks within this shear zone, is recorded together with secondary uranium minerals as uranophane
and beta-uranophane. The U-Th-REE-bearing minerals within these altered sheared zones are highly affected
by hot hydrothermal solutions, which has resulted in the liberation of U, Th and REE. Secondary and ac-
cessory minerals, such as chlorite, serecite, monazite, zircon and allanite are recorded. The geochemistry of
major elements indicates that the granites originated from peraluminous magma and evolved in a within-plate
tectonic regime. The REE geochemistry studies indicates enrichment of LREE relative to HREEs. This may
have attributed to the presence of monazite and allanite. Also, there is a close relation between the presence
of U-minerals and REE concentration and the alteration of granitic rocks.
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