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Abstract: Microalgae breeding media must be cost-effective, enable high growth, meet exact re-
quirements and be readily available. The effect of different levels of urea [25, 50, 75, and 100%] in
the growth medium on the biochemical constituents (protein, carbohydrates, lipids, fatty acids, and
amino acids) of the Nannochloropsis oculata, was assessed compared to the F/2 Guillard standard
medium. The obtained results revealed that the chemical constituents of N. oculata were influenced
by the different levels of urea. The highest total protein was obtained by A4 medium (100% urea)
(26.44%) and A3 medium (75% urea) (25.84%). The maximum percentage of essential amino acids
(EAA) (51.54%) was obtained by using the A4 medium (100% urea) as compared to the control
(100% F/2). The highest total lipid content was achieved by using the A1 medium (25% urea) pro-
ducing (17.33 %) and A4 medium (100% urea) (16.98%). Accordingly, the highest total saturated
fatty acids percentage (TSFA) of N. oculata was recorded by the A3 medium. In conclusion, the
addition of urea is an excellent policy to increase chemical composition and lipid accumulation.
The present study recommended taming results for aquaculture feeding through using the proposed
Al medium as a lipid promoter or A4 medium as a protein promoter.

Keywords: Amino Acids, Fatty Acids, Nannochloropsis oculata, Proximate Composition

INTRODUCTION While diatoms are considered the principal
group contributing to primary production and

Algae are a diverse group of eukaryotic organ-  carbon export in coastal areas, dinoflagellates

isms with important roles in marine, freshwa-
ter, and even terrestrial ecosystems. For in-
stance, 30-50% of the planetary net photosyn-
thetic productivity (the difference between au-
totrophic gross photosynthesis and respiration)
is of marine origin and dependent on phyto-
plankton biomass (Boyce et al., 2010; Field et
al., 1998). Unicellular microalgae are capable
of harnessing sunlight and CO; to produce en-
ergy-rich chemical compounds, such as lipids
and carbohydrates, which can be converted into
fuels (Hu et al., 2008; Rodolfi et al., 2009;
Wijffels & Barbosa, 2010). Marine phytoplank-
ton is often categorized into groups based on
taxonomic traits, its abundance role in biogeo-
chemical fluxes, and/or primary production.

are important contributors to biomass in strati-
fied or silica-limited areas, and microalgae are
the dominant group in the marine continental
shelf and oceanic waters (da Silva et al., 2009).
Microalgae strains are fast-growing microor-
ganisms with very high growth rates under op-
timal culture conditions. It is rapidly growing,
along with great chemical diversity, it opens up
applications in many fields, such as aquacul-
ture, biotechnology, and food science (Spolaore
et al., 2006; Templeton & Laurens, 2015).

Applications involving microalgae are ex-
pected to increase and diversify as a result of
the ongoing search for more productive sys-
tems to supply the community with food, feed
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stock, and high-value biochemical products
(Lee Chang et al., 2013; Zeng et al., 2011) Par-
ticularly in foodstuffs, microalgae are benefi-
cial in improving the nutritional content of tra-
ditional foods, and thus, have a positive effect
on human health due to their proper chemical
composition.On the other hand, biological is-
sues include the domestication of promising
strains (Lim et al., 2012) and successful uses of
mechanisms stimulating microalgae to grow
and produce target substances (Kaye et al.,
2015).

All possible applications of microalgae are di-
rectly associated with high growth and a fa-
vourable chemical profile of the species
(Borges-Campos et al., 2010). Fluctuations in
the chemical profile of microalgae in cultures
are a key issue in their study and applications
(Lourenco et al., 2002). The chemical content
of microalgae can vary with culture age and
with changes in culture conditions (Carvalho et
al., 2009). Nannochloropsis is considered the
main algal species cultured in marine hatcher-
ies and plays an important role in aquaculture
development (Bondioli et al., 2012). The effect
of variation of culture parameters on many mi-
croalgae species has been studied in order to
better understand their physiology, as well as to
answer specific and relevant questions for mass
culture (Grobbelaar, 2014). In the industrial
production scale in marine hatcheries, it is very
important to optimize a suitable nutrient culture
media for culturing this species (Ashour &
Kamel, 2017). The microalgae nutrient media
should be easy to prepare, economical, achieve
high growth, and satisfy all the microalgae
quality and quantity. Although the F/2 Guillard
medium is considered the most commonly used
medium in the culturing of Nannochloropsis in
marine hatcheries, it has some disadvantages,
such as being difficult to prepare and set up for
outdoor mass culture and being expensive
(Ashour & Kamel, 2017). The objective of this
study is to determine the effect of adding a per-
centage of CH4N,O on the chemical composi-
tion, fatty acid, and amino acid of Nannochlo-
ropsis oculata.

MATERIALS AND METHODS

Microalgal strains and culture condition:
The Nannochloropsis oculata strain was from
an algae unit of the marine hatchery at the kilo
21 Alexandria - Egypt.

The experiment was conducted in the marine
hatchery of the National Institute of Floating
Seas and Fisheries Alexandria (NIOF), Egypt.
N. oculata were kept and cultured under con-
trolled conditions of temperature (22+ 2C"), sa-
linity (35 + 2 ppt), and illumination (750-3000
Lux /24 h.) using F/2 Guillard standard medi-
um (Guillard & Ryther, 1962), with continuous
aeration.

Experiment design: The experiment was con-
ducted in plastic bottles of 1.5 liters filled with
1 liter of sterile saline water (35 = 2 ppt). Com-
paring to F/2 standard media as a control
treatment (CO), four treatments (Al, A2, A3,
and A4) were conducted with different levels
of urea as a replacement of nitrogen source, as
presented in Table 1. To prepare a stock solu-
tion of urea (CH4N,0), 4 g was dissolved in
250 ml of distilled water and used in propor-
tions as shown in Table(1) with 24 hours light-
ing for eight days and then harvested using
NaOH.

Table (1): Present of media F/2 and urea.

CO Al A2 A3 A4
F/2 100 0.75 0.50 0.25 0
urea 0 0.25 0.50 0.75 100

Biochemical Analysis

Dry matter: Approximately 2 g of sample
was added into a pre-weighed porcelain cruci-
ble and oven-dried at 60°C for 24 h. It was then
cooled in a desiccator and then weighed to a
constant weight. The moisture content and dry
matter (DM) content was calculated as follows:
DM (%) = 100 — Moisture (%)

Crude ash: After moisture measurement, the
crucible was incinerated at 500°C for 2 h. Once
cooled in a desiccator, the crucible was re-
weighed.

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Crud proteins: Extraction and determination
of total protein were conducted according to
the methods of (Hatree, 1972; Rausch, 1981),
respectively.

Crude fiber: Crude fiber was determined ac-
cording to the method (Chemists & Horwitz,
1995).

Crude carbohydrates: Extraction and deter-
mination of total carbohydrates were conducted
according to (Dubois et al., 1956; Myklestad &
Haug, 1972), respectively.

Total lipid fatty acids profile: Total lipid and
fatty acids were extracted as described by
(Bligh & Dyer, 1959; Folch et al., 1957). Prep-
aration of fatty acids methyl ester from total li-
pids was performed according to the procedure
of (Radwan, 1978).

All analyses for the identification of fatty acid
fractions were performed on GS-MS model HP
(Hewlett Packard) 7890 GC equipped with a
flame ionization detector. GC Conditions: De-
vice Model: HP (Hewlett Packard) 6890GC,
Column: HP-INNOWax (Polyethylene glycol),
60m, 0.25mm ID, 0.2pum film thickness. Detec-
tor: FID (Flame Ionization Detector). Detector
temperature: 250°C. Injector temperature:
220°C, injection volume 3ul, split ratio 50:1.

Amino acids determination: Amino acids of
N. oculata were analyzed by hydrolysis in 6N
HCL for 22hrs at 110°C; after hydrolysis, the
acid was evaporated in a vacuum oven. The
residue of the algal sample was dissolved in 1
ml of sample dilution (diluting buffer) (0.2M,
pH 2.2) to complete the sample dissolving. An
automatic amino acid analyzer was used for
amino acid determination (Dionex ICS3000)
(Block, 1948).

Statistical analysis: Data were presented (n=3)
as meant standard deviation (SD). Statistical
analysis was performed using analysis of the
one-way (ANOVA), followed by Duncan’s test
was used to test for statistically significant dif-
ferences between all treatments at p <0.05
SPSS (2007).
RESULTS

The effect of different experimented media on
the biochemical composition of N.oculata was
presented in Table2. The total protein, lipid,
and fiber content were significantly (p<0.05)
higher in all treatments comparing to control,
while the carbohydrates were significantly
higher in control. In addition, the highest pro-
tein and lipid were in treatment A4 (26.44%)
and A2 (17.330%) respectively, while the low-
est fiber (6.18%) and carbohydrate (19.74%)
were in treatment A1 and A4 respectively.

Table (2): The effect of different levels of urea on the chemical composition of marine microalgae Nannocloropsis

oceanica

Dry matter Protein Lipid Carbohydrate Fiber Ash
Cco 1027 £0.01Y 2228 +0.01° 14.03+0.01° 26.44+0.01° 6.18+0.01° 20.74 +0.01°
Al 10.68+0.01°>  24.12+0.00° 17.33+0.01° 22.29+0.01° 6.35+0.01° 19.18 £ 0.01¢
A2 10.92+0.01°  25.50+0.01° 16.46+0.01° 21.17+0.01° 6.37£0.01° 19.52 +0.01¢
A3 1022 +0.00°  25.84+0.01° 1546+0.01° 20.49+0.01¢ 6.65+0.01° 21.29+0.01°
A4 1034 +0.01°  2644+0.01* 16.98+0.01° 19.74+0.01° 6.20+0.01¢ 2024 +0.01°

Mean different between CO, Al, A2, A3, A4, significant at P<0.05.

Fatty acid profile: The highest total fatty acid
profile (TFA, ng/100g/DW) of N. oculata was
obtained by CO (252.38), followed by A4
(248.26), and A3 (247.83), as presented in Ta-
ble 3.The highest total saturated fatty acids
(TSFA) was obtained by A2 (33.18%), fol-
lowed by A3 (33.12%), A4 (32.69%), and CO

(32.37%), while the lowest TSFA were ob-
tained by Al (32.24%). The highest Palmitic
acid C16:0 percent was obtained in CO
(22.13%) followed by A2 (21.89%), Al A3
(21.78%), and A4 (21.36%). Myristic acid
C14:0 percentages were high in A3 (4.19%),
A2A4 (4.17%), CO (3.64%) and A1 (3.29%).

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Stearic acid C18:0 percentages of CO, Al, A2,
A3, and A4 were 3.29 %, 3.70 %, 3.68 %, 3.59
% and 3.72 %, respectively, as shown in Table
3. On the other hand, the lowest unsaturated
fatty acids (UFA) were obtained by CO
(51.34%), presenting monounsaturated fatty ac-
ids (MUFA) of 24.87%, and polyunsaturated
fatty acids (PUFA) of 26.47%. The highest
UFA was obtained by Al (55.39%), and con-
sisted of MUFA of 30.25% and PUFA of
25.09.

In addition, CO obtained the highest HUFA
(3 U-3 and > U-6), (26.47%), whereas the high-
est MUFA was obtained by Al (30.25%), fol-

lowed by A3 (29.17%), A4 (28.28%), A2
(27.81%), and CO (24.87%), respectively. The
lowest n-3 (HUFA) was achieved by Al
(10.96%), and the highest was obtained by CO
(13.71%), followed by A3 (11.40%), A4
(11.32%) and A1 (11.13%). Table 3 showed
that the highest 2 U-3/2X U-6 ratio was record-
ed at CO (1.07), followed by A4 (0.88), A2
(0.85), A3 (0.83), and the lowest ratio was ob-
tained by Al (0.79). As well as the highest
Docosahexaenoic acid (DHA) was achieved by
(8.17%), A3 (7.64%), A4 (7.58%), and Al
(7.39%), while the lowest was achieved by A2
(7.21%), as shown in Table 3.

Table (3): Fatty acids profiles (% total fatty acid) TFA (ng/100g/DW) of selected N.oculata.

Fatty acid CcO Al A2 A3 A4
TFA (ug/100g/DW 252.38 245.78 244.78 247.83 248.26
C14:0 ( Myristic acid) 3.61£0.04° 3.28+0.01¢ 4.16+0.01° 4.18+0.01° 4.16+0.01°
C15:0 (Pentadecylic acid ) 0.57+0.01¢ 0.64+0.02° 0.64+0.01"  0.68+0.01° 0.63+0.01°
C16:0 ( Palmitic acid ) 22.12+0.01*  21.7740.01°  21.88+0.01°  21.77+0.02°  21.35+0.01¢
C17:0 ( Margaric acid) 0.23+0.01¢ 0.43+0.01° 0.38+0.01° 0.45+0.01° 0.38+0.01%
C18:0 ( Stearic acid ) 3.28+0.02° 3.60+0.01° 3.68+0.01° 3.58+0.01¢ 3.71£0.02°
C21:0 ( Heneicosanoic acid ) 0.92+0.01° 0.85+0.01¢ 0.91+0.02° 0.86+0.01° 0.83+0.01°
C24:0 ( Lignoceric acid ) 1.56+0.01° 1.5140.02° 1.47+0.01¢ 1.5340.02° 1.56£0.01*
Y'Saturated (SFA) 32.29 32.08 33.12 33.05 32.62

C14:1 ( Myristoleic acid ) 0.13£0.01° 0.14+0.01° 0.16+0.02° 0.12+0.01¢ 0.12+0.01%
C15:1 (cis-10-pentadecenoic acid) ~ 0.06+0.01° 0.07+0.01° 0.09+0.01° 0.06+0.01° 0.06+0.01°
C16:1 (Palitoleic acid) 4.77+0.02° 5.16£0.01° 5.09+0.01¢ 5.14+0.01° 5.18+0.01°
C17:1(cis-10-Heptadecenoic acid) ~ 0.40+0.01° 0.42+0.01¢ 0.46+0.01° 0.43+£0.01° 0.45+0.01°
C20:1 (Paullinic acid ) 2.92+0.01° 1.47+0.02° 1.52+0.01° 1.41£0.02¢ 1.44+0.01¢
C18:1n9 (Oleic acid) 15.86+0.01°  22.54+0.01°  20.04+0.01°  21.53+0.01° 20.55+0.01°
C22:1 (Erucic acid methyl ) 0.68+0.01* 0.40+0.01° 0.38+0.01 0.42+0.01° 0.40+0.01°
Y Monosaturated (MUFA) 24.82 30.20 27.74 29.11 28.20
C18:2n6 (Linoleic acid) 11.68+0.01°  13.40+0.01°  12.35+0.01°  13.51+0.02° 12.26+0.01¢
C18:3n6 ( y-Linoleic acid) 0.15+0.01° 0.22+0.01° 0.20+0.01° 0.22+0.01* 0.20+0.01°°
C18:3n3 (a- Linoleic acid) 1.42+0.01° 0.86+0.01¢ 0.90+0.01° 0.83+0.02° 0.9120.02°
C20:2n6 (Eicosadienoic acid) 0.90+0.01° 0.37+0.01° 0.32+0.01° 0.36£0.01° 0.34+0.02¢
C20:5n-3 (Ecosapentaenoic acid)  4.12+0.01° 2.86+0.01° 2.83+0.01¢ 2.91+0.02° 2.81+0.02°
C22:6n-3 (Docosahexaenoic acid) ~ 8.16+0.01° 7.38+0.01¢ 7.20+0.01° 7.63+0.01° 7.57+£0.01°
> Polyunsaturated (PUFA) 26.45 25.09 23.80 25.46 24.09

Y Usaturated 51.27 55.29 51.54 54.57 52.29
Sat./Monosat. 1.30 1.06 1.19 1.14 1.16
Sat./Polsat. 1.22 1.28 1.39 1.30 1.35
Sat./Unsat. 0.63 0.58 0.64 0.61 1.35

YU-3 13.70 11.10 10.93 11.37 11.29

YU-6 12.76 13.99 12.87 14.09 12.80

Y U-3/3U-6 1.07 0.79 0.85 0.81 0.88
EPA/DHA 0.51 0.39 0.39 0.38 0.37
DHA/EPA 1.98 2.58 2.54 2.62 2.69

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Amino acids analysis: Amino acid profiles of
different experimented media were presented in
Table 4. The present study revealed that there
is no change in the amino acid profile between
the different media. In contrast, there is a clear
variation in the content of each individual ami-
no acid between the different treatments. The
results showed that N. oculata recorded the
highest percentage of essential amino acids
EAA (51.54%) by A4 medium (100% urea),

while the lowest value was achieved by CO
medium (100% F/2). The results showed that
the highest four EAA in the A1 medium were
arginine (5.67%), leucine (7.92%), phenylala-
nine (5.64%), and threonine (5.30%), as pre-
sented in Table 4. The most abundant four
NEAA in the CO medium were glutamine
(11.89%), aspartate (9.70%), proline (7.90%),
and alanine (6.60%), as presented in Table 4.

Table (4): Amino acids profiles (%) in N.oculata of different level urea and F/2 media.

Amino acid CO Al A2 A3 A4
Essential amino acids ( EAA)
Arginine 5.09+0.01° 5.63+0.017 5.21+0.02° 5.30+0.01° 5.67+0.01°
Histidine (HIS) 1.69+0.01° 2.27+0.01¢ 2.73+0.02° 2.88+0.02° 2.92+0.01°
Isoleucine (ILE) 5.09+0.01° 4.49+0.01° 4.66+0.01¢ 4.42+0.01° 5.05+0.02°
Leucine (LEU) 8.19+0.01° 6.51+0.02° 6.66::0.02¢ 6.64+0.01° 7.92+0.02°
Lysine (LYS) 4.09+0.01° 4.70+0.01¢ 5.12+0.01° 4.35+0.02° 4.51+0.02°
Methionine (MET) 2.49+0.01° 3.44+0.02¢ 3.83+0.02° 4.80+0.01° 4.92+0.01*
Phenylalanine (PHE) 5.69+0.01° 5.47+0.01° 4.62+0.01° 5.36+0.02° 5.46+0.01°
Threonine (THR) 4.59+0.01° 4.06+0.01° 4.43+0.01° 5.26+0.02° 5.30+0.01°
Tryptophan (TRP) 2.49+0.01° 3.40+0.01¢ 4.25+0.01° 4.32+0.01° 4.43+0.01°
Valine (VAL) 5.09+0.01° 4.69+0.01° 5.18+0.01¢ 5.25+0.01° 5.36+0.02°
Total EAA 44.50 44.66 46.69 48.06 51.54
Alanine (ALA) 6.60+0.02° 5.76+0.02° 5.39+0.02¢ 5.36+0.02° 5.41+0.02°
Aspartate (ASP) 9.70+0.01? 9.61+0.01° 9.43+0.01° 7.57+0.01¢ 6.63+0.01°
Cystine (C-C) 3.64+0.01° 4.41+0.01¢ 5.01+0.01° 5.62+0.01° 5.52+0.01°
Glutamate (GLU) 11.89+0.02° 11.63+0.02¢ 12.27+0.02°  12.5440.02° 10.710.02°
Glycine (GLY) 5.27+0.01° 5.31+0.01° 5.42+0.01° 4.72+0.01¢ 4.75+0.01°
Proline (PRO) 7.90+0.01° 7.57+0.01° 7.34+0.01° 6.58+0.01° 7.13+0.01¢
Serine (SER) 5.20+0.01° 5.63£0.01° 4.29+0.01¢ 4.68+0.01° 4.24+0.01°
Tyrosine (TYR) 5.30+0.01° 5.42+0.01° 4.16+0.01° 4.93+0.01° 4.07+0.01°
Total NEAA 55.5 55.34 53.31 51.94 48.46
EAA/NEAA 0.80 0.81 0.88 0.93 1.07
NEAA/EAA 1.25 1.24 1.14 1.08 0.94
DISCUSSION urea achieved biochemical composition (such

The production cost of microalgae utilized as
live food in marine hatcheries is nearly 30% of
the total cost of the fish larva production
(Borowitzka, 1997). However, if stable and
economical microalgae production can be de-
veloped, the production cost of marine fish lar-
vae will decrease. The present study showed
that additions of urea to replace F/2 medium, to
reduce the cost production of marine fish larvae
production enhance the medium culture of N.
oculata (the most important species used in
marine hatcheries). Using N. oculata grown on

as lipid, protein, fiber, and carbohydrates), and
the amino acids from the fatty acids are close to
those cultured on F/2 Guillard medium.

Although F/2 Guillard medium has been wide-
ly used in the cultivation of microalgae for
more than fifty years, nowadays, due to differ-
ent applications of microalgae in biotechnology
fields, F/2 Guillard medium has some disad-
vantages, such as its price and materials used
for installation. Additions of urea in all re-
placement levels could increase protein while
carbohydrate contents were decreased in N. oc-

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 36 (1): 01-11, 2021

ulata. Simultaneously to the increase of protein
quantity, carbohydrate amount tended to de-
crease in the microalgal species studied (Otero
& Fabregas, 1997). High microalgae protein
content can be explained by the intake of nitro-
gen internally from urea media.

The results of this study indicated that some
urea formulas obtained significant (P <0.05)
biochemical composition higher than F/2, to
optimize the production of N. oculata for aqua-
culture purposes in marine hatcheries. A possi-
ble explanation for the protein content in mi-
croalgae is that it results from nitrogen con-
sumption, which is assumed to have arisen due
to the abundant absorption of nitrates. Protein
in all ratios was close to the result (Lourencgo et
al., 1998; Millan-Oropeza et al., 2015; Paes et
al., 2016).

The accumulation of high concentrations of
carbohydrates may contribute to enlarge cells.
(Dean et al., 2010; Lourengo & Vieira, 2004;
Millan-Oropeza et al., 2015; Paes et al., 2016;
Traller & Hildebrand, 2013).

As for lipid concentrations, these results are
similar to those found by (Li et al., 2008;
Machado & Lourengo, 2008; Millan-Oropeza
et al., 2015; Paes et al., 2016). Fiber was higher
than CO and was, therefore, higher than what
was found by (Kalpa W et.al., 2015).

Fatty acids: Several pieces of research con-
cluded the presence of UFAs in algae lipids;
they have been considered as wellsprings of
PUFAs for the aquaculture industry, as stated
by (Patil et al., 2005).

Oleic acid was recorded in N.oculata, and these
results are also consistent with those of his
findings (Otles & Pire, 2001). Furthermore,
(Gerasimenko et al., 2010) stated that algal li-
pids could be a source of polyunsaturated fatty
acids (PUFAs) of ®-3 and -6 series. In this
current study, PUFAs ®-6 have been detected
with nearly high concentrations in N.oculata.
These results were higher than the results of
(Cavonius et al., 2015; Malakootian et al.,

2015; Olofsson et al., 2014), who revealed that
the PUFAs contents in N.oculata were low,
which is due to the type of media used.

Typical amino acid analysis of experimented
microalgae is shown in Table 4. It indicated the
presence of essential amino acids in the profile
of screened microalgae. Essential amino acids
cannot be made by the body, as a result, they
must come from food. From the nine essential
amino acids, seven are found in the profile of
algae: Histidine, Leucine, Methionine, Phenyl-
alanine, Threonine, Tryptophan, and Valine.

The high protein content of various microalgae
species is one of the main reasons to consider
them as an unconventional source of protein
(Soletto et al., 2005) which is well-illustrated
by the great interest in microalgae as a single-
cell protein (SCP) during the 1950s. In addi-
tion, the amino acid pattern of almost all algae
compares favorably with that of other food pro-
teins. Since the cells are capable of synthesiz-
ing all amino acids, they can provide the ones
essential to humans and animals (Guil-
Guerrero et al., 2004). As other bioactive com-
pounds are synthesized by microalgae, amino
acids, especially the free amino acids, vary
greatly between species as well as with growth
conditions and growth phase (MA, 1988). The
amino acid profile of the experiment showed a
good pattern including essential amino acids
which cannot be produced by the human body.
These are needed to be absorb by external
sources. The results were higher than what was
reached by (Safi et al., 2013) for the same algae
with a different type and ratio of nitrogen
source, and also with the results of (Safi et al.,
2014).
CONCLUSION

The study showed that the percentage of pro-
tein was higher in A4, fat percentage was high-
er in Al, fiber was higher in Al, and carbohy-
drates were higher in A3.

In summary, using urea as a source of nitrogen
at different rates gives high protein and fat rati-
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os as well as the essential amino acids and fatty
acids content of the microalgae.
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Abstract: Concentrations of radionuclides in sediments and granite samples were determined by v-
ray spectrometer using High Pure Germanium Detector; HPGe, with a specially designed shield.
Six different rock samples were collected from different sites: four samples of sediments from Um
Bogma southwest Sinai, and two granite samples from Gabal Gattar, the northern part of the East-
ern Desert of Egypt, where all samples were subject to investigation. Their samples were selected
because the activity before being dissociated in sulfuric acid was less than after dissociation. The
samples were dissolved in sulfuric acid with the same parameters of solid to liquid ratio; S/L, acid
concentration, and leaching time. After the leaching process, the pregnant solution was separated
from the residual, and the latter was dried. The two units, named the pregnant solutions and residu-
als, were also measured radiometrically using the HPGe detector to determine the activity concen-
trations (Bg/kg) of the different radionuclides of the six samples. The results showed that the rela-
tion between the sum of activities of both pregnant solutions and residuals with the originals have
different categories. In the sediment samples; the activity of solution+ residual was 72.37% from
the original of siltstone, the activity of solution + residual was 90.02% from the original claystone
sample, the activity of solution + residual was 92.6% from the original of shale, the activity of solu-
tion + residual was 74.07% from the original claystone. In the granite samples, the activity of solu-
tion + residual was 130.39% from the original of the first granite sample and 142.3% from the orig-
inal of the second granite sample. This phenomenon varied in magnitude due to the different radio-
nuclides in each sample. These variations depend mainly on the nature of the grain surfaces in the
different rock types and their Pb content. As for leachability analysis, leaching experiments have
been performed using sulfuric acid. The leaching efficiency (%) of uranium is estimated by the
measurements of the HPGe detector. The result showed almost constant values for leachability. The
non-frequent appearance of attenuation of gamma activities during leaching processes indicates that
the acid solutions may have led to clean the grain surfaces and thus permit gamma activities of the
inner grains to be measured. The treatment of the samples before measurements may have been
needed.

Keywords: Natural Radioactivity; HPGe Detector; Sediment; Granite; Leaching

INTRODUCTION main radionuclide in the tailings after leach-
ing process for uranium extraction and is
highly active with its solid decay products.

The main danger is not during the radioactive

In the leaching process, oxidation potential,
temperature, and pH of the solution are im-

portant parameters, and are often manipulated
to optimize the dissolution of the desired
metal component into the aqueous phase
(Merritt, 1971). The radium-226 (**°Ra) is the

releases in the leaching processes only but
remains for many years after the end of oper-
ations (Metzler, 2004). Sulfuric acid (H,SO,)
as an acidic reagent is widely used for urani-
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um leaching because of its availability and
low cost. In addition, nitric and hydrochloric
acids are not only effective in uranium disso-
lution but also produce undesirable impurities
in the leach liquor ore. Nitric acid appears to
be attractive as an oxidizing agent, being
suitable for later recovery processes by sol-
vent extraction. In addition, the acid may also
be generated autogenously by treating ore
that has appreciable sulfides content with air
or oxygens under pressure before leaching
(Mahdy et al., 1996).

The physical and chemical processes used to
extract uranium from ore, such as crushing
and acid treatment, produce large amounts of
mill tailings. In France today, approximately
50 million tons of uranium mill tailings
(UMT) are stored on the surface in specific
areas. They contain 99% of the radium pre-
sent in the original ore and have much higher
porosity and permeability than that of the
rock from which they were derived. The av-
erage activity of 226Ra for French UMTs lies
between 4000 and 60,000 Bq/kg. (Ferry. et
al., 2002) studied the behavior of most of the
different radionuclides in the uranium-238
(238U) series and thorium-232 (232Th) series
during acidic leaching. They concluded that
the nuclides preceding 226Ra in the 238U
decay series are easily released in the preg-
nant solution, compared with the 226Ra itself
and its solid daughters: lead (214Pb) and
bismuth (214Bi) (El Aassy, et al., 2012).

Aim of the work: First to study the transfer
of different radionuclides from a solid mate-
rial (ore) to the liquid phase (leachate). Then
to measure the activity concentrations and
activity ratios of radionuclides in original,
leachate, and residual using an HPGe detec-
tor.

MATERIALS AND METHODS

Samples Description and Preparation: Four
samples of sediments were collected from
Um Bogma, southwest Sinai, Egypt (Fig.1),

and two Granite samples were collected from
Gabal Gattar in the northern parts of the
Eastern Desert (Asma, 2018) in fig(2). The
collected samples were crushed and then
quartered and packed in 250 ml bottles. The
bottles were completely sealed for one month
to allow radioactive equilibrium to be
reached. This step is necessary to ensure that
radon gas is confined within the volume and
that the daughters will also remain in the
sample. Four samples (Table 1) of different
varieties were collected from the sedimentary
rock in Um Bogma, southwest Sinai, Egypt.

Table (1): Description of the collected of sedimentary
samples

Samples Description

28 Shale from the middle member of the
Um Bogma Formation yellowish-brown,
soft, fissile ferruginous with 2m thick-
ness 6900 cps.

3S Siltstone from the middle member of the
Um Bogma Formation and overlying the
previous sample, violet with brown
patches, and ferruginous 0.2 m, 4200
Ccps.

7S Claystone from the middle member of
the Um Bogma Formation (MUF), red-
dish to yellowish-brown, soft to medium
hard, highly ferruginous, 3500 cps.

178 Gibbsite — bearing Shale, from the mid-
dle member of the Um Bogma For-
mation, yellow to brown with black
patches and concretions of carbona-
ceous organic matter, 0.5 m, 4000 cps.

Fig. (1): Geologic map of the Um Bogma area (El
Aassy et al.,1986; Omar., 2016).
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Fig. (2): Location map of G. Gattar (2). (Shalaby, et
al., 2001).

Leaching experiments:The leaching process
was carried out by using Sulfuric acid
(H2S04), acid leaching on 150 g sample
weight under the conditions; solid/liquid ratio
1:3, acid concentration 30%, stirring time of
one hour, and at room temperature. Filtration
was carried out to separate leachate from re-
sidual that was then dried. The leachate was
packed well in 250 ml Marinelli beakers. Al-
so, the residual was left for one month to be
measured by an HPGe-detector.

The vertically mounted HPGe detector was
coupled with a multichannel analyzer card
which is pre-installed on a PC. The radiation
measuring system is also composed of the
usual electronic components; a preamplifier,
an amplifier, and power supply units. The
detector has a resolution (FWHM) of 1.85
keV for the 1332.5 keV y-ray line of cobalt
(60Co). The y-ray spectrometer energy cali-
bration was performed using 60Co, 226Ra,
and americium (241Am) point sources. The
detector was surrounded by a special heavy
lead shield of 10 cm thickness with an inside
diameter of 28 cm and height of 40.5 cm. The
absolute detection efficiency of the HPGe
detector was determined by using three well-
known reference materials obtained from the
International Atomic Energy Agency for U,
Th, and K (potassium) activity measure-
ments: RGU-1, RGTh-1, and RGK-1 (IAEA.,
1987; Anjos et al., 2005). The sample con-

tainers were placed on top of the detector for
counting. The same geometry and size were
used for both the samples and the reference
materials (Turhan et al., 2008). The Uranium
standard (RGU-1) is U-ore diluted with silica
with 4940 Bq/kg of 238U, 228 Bq/kg of ura-
nium-235 (235U), a negligible amount of
40K (less than 0.63 Bqg/kg), and some traces
of 232Th (less than 4 Bq/kg). The thorium
standard (RGTh-1) is Th-ore diluted with sil-
ica having 3250 Bqg/kg of 232 Th, but con-
taining some 238U (78 Bg/kg) and 40K (6.3
Bqg/kg).

The potassium calibration standard (RGK-1)
is produced from high purity (99.8%) potas-
sium sulfate with 14000 Bq/kg of potassium
with uranium and thorium contents lower
than 0.001 and 0.01 ppm (parts per million),
respectively (Anjos et al., 2005).

The y-ray transitions used to measure the
concentration of the assigned nuclides in the
series are as follows: 238U was determined
from the gamma rays emitted by its daughter
products (Sutherland and de Jong., 1990),
234Th and 234mPa activities determined
from the 63.3 and 1001 keV photo peaks, re-
spectively, 214Bi (609.3, 1120.3, 1238.1,
1377.7, and 1764.5 keV), 214Pb (295.1 and
352.0 keV). The specific activity of 226Ra
was measured using the 186.1 keV from its
own gamma-ray (after the subtraction of the
185.7 keV of 235U). The specific activity of
232Th was measured using the 338.4, 911.2,
and 968.9 keV from 228Ac, and 583 keV
from 208Tl and 40K was measured using
1460.8 keV for potassium.

In order to determine the background contri-
bution due to naturally occurring radionu-
clides in the environment around the detector,
an empty polyethylene beaker of the same
250 cm3 volume was counted with the same
geometrical conditions as the sample. The
measurement time for both activity and back-
ground set at 70,000 seconds. The back-
ground spectra were used to correct the net
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gamma-ray peak areas for the studied iso-
topes.

X-Ray Fluorescence (XRF) Spectrometry:
XREF is used to determine the chemical analy-
sis of major and trace elements in the sam-
ples. Detection limits for major and trace el-
ements are typically of the order of a percent
and part per million (ppm). Six samples were
chosen for processing this application within
the Scale of the laboratory:Four sediment
samples from Um Bogma (siltstone (3S),
claystone (17S), shale (2S), and (7S) clay-
stone), and two samples of granite from
Gabal Gattar. The collected technological
sample had intermixed with organic-rich
earthy soil materials and were crushed to a
size of 200 mesh. Proper quartering of the
technological sample was performed after its
grinding to less than 200 mesh size to obtain
a representative sample which was subjected
to a complete chemical analysis of both ma-
jor and trace elements content which were
analyzed at the laboratories of the National
Research Center (NRC), Cairo, Egypt, by the

XRF technique, using Philips Unique II unit
fitted with an automatic sample changer PW
1510 (30position),connected to a computer
system using X-40 controlling program for
spectrometry. The detection limit of the
measured elements by the XRF technique
was estimated to be Sppm.

RESULTS AND DISCUSSION

The results of gamma-detector of radionu-
clides in original samples (Bqg/kg), leachates
(Bg/1), and residuals (Bq/kg) are presented in
table (2, 3, 4, 5, 6, and 7) and fig (3). From
this table, it is noticed that there is a differ-
ence between the sum of activities of residu-
als and leachates with the activity of the orig-
inal sample. This difference in gamma activi-
ty is sometimes positive (+ve); the sum is
greater than the original, and in other times is
negative (-ve); the sum is lower than the orig-
inal. This difference varied mostly with the
variation of the lithological type and /or geo-
chemical composition.

Table (2): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of

shale sample No. (2S)

Sediment sample (25)

Radionuclide Original [Orig.] (Bq/Kg) Residual [Resid.] (Bq/Kg) Solution [Sol.] (Bg/l)
80 series

234™ 6159.5+£31.6 7754.0£60.3 1996.8+11.2
234mPa 6483.8+152.1 5735.7+£283.8 1682.6+46.1
Average 6321.7£91.9 6744.8+172.1 1839.7+£28.6
234U 6127.6£674.2 6917.2+184.7 1327.4£124.5
230™ 4746.4+182 1042.6+£736.7 591.4+42.9
226Ra subseries

226Ra 4841.9+14.93 7711.9+£34.0 25.9+0.8
214Pb 4279.4+9.8 5536.3+£18.23 17.8+0.8
214Bi 4107.1+£25.4 4945+45.3 29.2+2.4
Average 4409.4+16.7 6064.4+32.5 24.3+1.3
235U 328.847.8 288.8+13.1 95.8+2.0
“Th series

228Ac 55.9+3.7 91.9+8.4 6.2+0.9
208T1 60.7£2.3 64.93+4.9 6.7£0.6
Average 58.3£3 78.4+6.7 6.5+0.7

40K 342.8+13.3 619.4+28.1 143.0+4.8
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Table (3): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of
Siltstone sample No. (3S)

Sediment sample (35)

Radionuclide Original [Orig.] (Bq/Kg) Residual [Resid.] (Bq/Kg) Solution [Sol.] (Bq/l)
“¥Useries

234Th 2610.67+22.5 2094.3+102.4 759.1+4 .4
234mPa 2032.9£107.3 1817.7+£527.6 568.1+21.6
Average 2321.7+64.9 1656.0+315 663.6£13.0
234U 3946.5+£91.9 1346.2+401 513.1£97.5
230Th 2230.0+158.8 2972.2+218.4 92.3+7.6
2°Ra subseries

226Ra 2385.8+12.2 2645.4431.1 15.5+£0.6
1*pp 2099.3+7.2 2008.2+10.8 8.6£0.5
214Bi 2001.7+18.6 1807.0£31.6 2.7+0.3
Average 2162.2+12.6 2153.5+24.5 8.94+0.5
235U 114.8+5.1 94.6+9.4 28.5+1.4
“Th series

228Ac 67.8+3.5 116.1+7.8 1.4+0.01
208T1 68.5+2.1 81.6+4.5 5.1£0.4
Average 68.2+2.7 98.9+6.1 3.2+0.2
40K 562.4+13.5 906.34+28.5 92.1+3.4

Table (4): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of
claystone sample No. (7S)

Sediment sample (7S)

Radionuclide Original [Orig.] (Bq/Kg) Residual [Resid.] (Bq/Kg) Solution [Sol.] (Bg/l)

28U series

234™ 2941.5+22.9 3097.4+£61.8 865.9+£5.9
234mPa 3318.5+124.9 3345.24+28.3 518.3+£25.8
Average 3130.0+73.8 3221.3445.1 692.1+15.8
234U 3333.2+£79.7 1124.3£91.1 390.9+84.3
230™ 2264.7+161 1565.7+118.1 133.5+£10.7
226Ra subseries

226Ra 2448.7+11.3 3230.84+32.1 62.9+1.8
214Pb 2081.9+6.94 2164.2+15.8 19.1+£0.7
214Bi 1983.2+17.8 1898.1+37.2 20.6+0.8
Average 2171.2+12.0 2431.0+28.6 34.3+1.1
235U 155.8+£5.3 70.9+8.2 34.5+£1.8
232Th series

228Ac 59.243.2 54.1+£6.8 8.5+1.0
208Tl 59.1+2.1 45.1+4.7 7.5+£0.6
Average 59.1£2.6 49.6+5.8 8.0+0.8
40K 352.5+£11.3 609.4+31.2 106.6+4.1
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Table (5): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of
Gibbsite sample No. (17S)

Sediment sample (17S)

Original [Orig.]

Residual [Resid.]

Solution [Sol.]

Radionuclide (Bq/Kg) (Bq/Kg) (Bq/l)
BUseries

234 3724.3+£30.2 3862.7+47.7 1212.349.5
234mPa 4482.5£150.5 2907.8+274.7 1304.7+44.6
Average 4103.0£22.5 3385.3+161.1 1258.5+£27.1
234U 4198.9+86.3 3276.0+£121.2 760.6+107.3
230™ 3722.84213.9 1631.1+£119.9 250.6+£19.22
*2%Ra subseries

226Ra 4102.9+14.3 6048.5+30.6 20.2+0.8
214Pb 3322.84+8.8 3860.7+16.1 36.2+1.1
214Bi 3232.6+22.9 3299.0+38.9 40.9+£3.0
Average 3552.7+15.3 4402.7£28.5 32.4£1.6
235U 190.0+6.9 161.9+13.7 54.7+£2.3
*2Th series

228Ac 73.9+4 .4 18.5+£5.3 7.3+£1.2
208TI 57.5£2.3 29.0+£4.3 5.2+0.6
Average 65.7£3.4 23.7+4.8 6.3+0.9
40K 523.9+14.4 759.1+£30.7 106.5+5.1

Table (6): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of
granite sample No. (2G).

Granite sample (2G)

Radionuclide Original [Orig.] (Bq/Kg) Residual [Resid.] (Bq/Kg) Solution [Sol.] (Bq/l)
P¥Useries

234Th 2589.5+£21.8 1176.6+£40.1 872.8+6.5
234mPa 2363.5£111.1 2043.2+£23.8 727.2+30.1
Average 2476.5+£66.4 1609.9+31.9 800.0+8.3
234U 2397.1+£54.8 8155.3+£208.2 1336.3+£105.5
230Th 2269.8+£109.2 3870.3+85.9 483.74£35.2
26Ra subseries

226Ra 2258.9+9.0 4293.0+31.5 2.5+0.2
214Pb 1925.9+5.8 3936.7£17.2 17.9£0.7
214Bi 1901.6+15.1 3651.3+43.4 17.9£0.4
Average 2028.8+9.9 3960.3+£30.7 12.7£0.4
235U 115.1£5.5 54.5+6.3 33.0+1.5
22Th series

228Ac 88.7+£3.8 132.3+11.5 3.9+0.3
208TI 74.542.1 56.7£7.0 12.7+0.6
Average 81.6+£2.9 94.549.3 8.3+0.5

40K 1195+14.6 2096.4+37.3 100.6+3.6
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Table (7): Gamma radioactivities for different radionuclides in pregnant solution and residual (in percentages) of

granite sample No. (5G)

Granite sample (5G)

Radionuclide Original [Orig.] (Bq/Kg) Residual [Resid.] (Bq/Kg) Solution [Sol.] (Bg/l)

P8Useries

234Th 2705.3+19.4 1076.7+37.4 950.5+11.4

234mPa 2660.0+118.5 1049.6+31.9 992.9+49 .4

Average 2682.6+68.9 1063.1+34.6 971.7+30.4

234U 2958.0+64.8 7016.0+£196.1 1330.1+150.2

230"h 2549.7+180.5 3906.2+17.3 772.1£56.1

“**Ra subseries

226Ra 2316.7+£9.7 4100.6+31.9 23.5+0.9

214Pb 2020.1+6.3 3868.7+15.1 34.4+1.3

214Bi 2016.2+16.5 3474.94+46.6 47.2+3.6

Average 2117.6+10.8 3814.7£31.2 35.1+1.9

235U 123.7+4.8 56.245.8 42.4+2.5

2T series

228Ac 95.1+4.1 112.2+7.8 13.4+1.5

208T1 83.1+£2.2 56.4+4.3 25.3+1.1

Average 89.1£3.2 84.3+6.1 19.3£1.3

40K 1264+15.8 2092.5+£37.5 189.44+6.3

10000 lease of **U and the variability of »*U/**U
ms 8000 was observed before by several authors who
U mentioned that the release of excess ‘U
4000 could arise from preferential release from
R 20m damaged lattice sites (Bourdon et al., 2009).
B 214gb 2 0w o o o o o 7 0 B It is worth noticing that the values of leacha-
B 21481 gigb SEEEHEEEHEEREEE g bilities for **°U and **®U are about the same
B 235 5|8 %: HEE: é _§ 7; e for most samples, and they are almost identi-
2 cal for samples (2S and 7S).

Fig. (3): Activity concentration of 238U, 234U,
226Ra, 214Bi and 235U in the original samples
(Bg’kg), leachate (solution) (Bgq/l) and residual
(Ba/kg)

The measurements of leachability (leach-
ing efficiency %): The chemical behavior of
each radionuclides clearly varies in the same
sample. The measurements of leaching effi-
ciency % by using the HPGe detector showed
that leachability is the highest (55.7%) for
24U in sample (2G) table (8), while the ***U
is 36.2% in (5G) and **°U is 34.3% in (5G).

The variation of leachability was also accord-
ing to the type of sample, the increased re

2*U and ***U have similar chemical behav-
ior. However, in Table (8) it is noticed that
the leachability % for ***U is more than ***U
for samples (7S, 3S, 5G, 2G). So these sam-
ples have physical transfer alongside the
chemical transfer of »**U. The physical trans-
fer is due to a-recoil and the natural >**U de-
cay.
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Table (8): The leachability of the chosen samples measured by HPGe.

Radionuclide

Concentration Original Residual Solution Leachability sum %
>3U(ppm) 509.8+7.4  543.9+13.8  148.4+23 29.1 692.3 135.8
2S  P*U(ppb) 26.542.6 29.9+0.1 5.740.5 21.6 35.6 134.5
23U(ppm) 4.1+0.7 3.6+1.1 1.240.2 29.1 4.8 116.7
28U(ppm) 252.4+5.9  259.743.6 55.8+1.3  22.1 305.6 121.1
7S *U(ppb) 14.4+0.3 4.840.4 1.74£0.4 11.7 6.5 45.4
33U(ppm) 1.95+0.4 0.8+0.4 0.4+0.1 22.2 1.3 67.3
28U(ppm) 187.241.8  133.5+12.9  53.5£2.2  28.6 187.1 100
3S  *U(ppb) 17.1+0.4 5.8+0.5 2.240.5 13.0 8.1 47.7
23U(ppm) 1.4+£0.6 1.2+1.1 0.4+0 24.9 1.5 107.6
28U (ppm) 330.8+5.2  273.0425.4  101.5£1.0 30.6 374.5 113.2
178 **U(ppb) 18.2+0.4 14.2+1.7 3.3+0.3 18.1 17.5 96.1
33U(ppm) 2.4+0.4 2.0+0.8 0.7+0.1 28.8 2.7 113.9
28U (ppm) 190.6+5.3  94.842.5 64.5+0.7  33.85 159.4 83.6
2G  **U(ppb) 10.4+0.2 35.340.9 5.740.5 55.74 41.1 396.1
33U(ppm) 1.4+0.4 0.3+0.5 0.4+0.1 28.66 0.8 52.4
Z8U(ppm) 216.3+5.6  86.88+2.8 78.4+2.4  36.22 165.3 76.4
5G  **U(ppb) 12.80+0.3  30.37+0.8 5.7+0.6 44.96 36.12 282.2
33U(ppm) 1.54+0.0 0.35+0.4 0.5+31 34.32 0.88 57.1
ppm = part per million ppb=_part per billion

Table (9): Major elements in sediment and granite samples

Major 3S % 17S % 28 % 7S % 2G % 5G %
Si0, 39.57 28.608 21.451 20.998 70.755 70.45
AL O; 26.38 16.31 14.297 12.66 13.041 13.092
TiO, 0.199 0.927 0.529 0.454 0.115 0.107
Fe,04 4.063 23.195 41.024 35.696 3.536 3.654
MnO 0.014 2.168 0.069 0.099 0.055 0.055
CaO 1.963 0.246 0.247 0.612 1.458 1.504
MgO 0.772 0.763 0.459 0.537 0.293 0.334
Na,O 4.999 3.587 1.575 7.434 5.344 5.475
K,0 0.132 2.004 0.859 0.765 5.094 4.973
P,0s 0.132 0.069 0.062 0.06 0.032 0.034
SO; 2.22 0.427 0.389 0.129 0.094 0.083
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Fig. (4): The concentration of major elements in the
selected sample

From Table (9), it is obvious that the sample
of siltstone (3S) has a high level of loss on
ignition. Silica, alumina, and iron oxide con-
tents are 39.57, 26.38, and 4.06% respective-
ly.

The claystone sample (17S) has a high level
of loss on ignition. Silica, alumina, and high
iron oxide contents are 28.60, 16.31, and
23.19% respectively. The shale sample (2S)
has a high content of loss on ignition. Silica,
alumina, and iron oxide contents are 21.45,

14.29, and 41.02% respectively. The clay-
stone sample (7S) has a high loss on ignition,
attaining silica, alumina, and high iron oxide
contents of 20.998, 12.66, and 35.69% re-
spectively.

The chemical analysis of the two granite ore
samples (2G, 5G) shows they are mainly
composed of Si02 and Al203 as 70.7% and
13% respectively for 2G, and 70.35% and
13.09% respectively for sample 5G. Mean-
while, a total ignition loss of about 1% was
obtained at 1000 °C for the two samples 2G
and5G.

Table (10) presents the trace element analysis
in the samples. The more interesting detail in
these results is that the sedimentary samples
contain a high concentration of CI, Cu, Zn,
Ni, Pb, U, Co, Cr, and some REEs which af-
fect the characterization of these samples and
their behavior during the radioactivity meas-
urements process as will be seen later.

Table (10): Trace elements in sediment and granite samples.

Trace 3S (ppm) 17S (ppm) 2S (ppm) 7S (ppm) 2G (ppm) 5G (ppm)
Ni 416.0 1742.7 1138.2 7300.5 0 0

Cu 127.6 718.2 0 287.2 63.8 0

Zn 2192.1 25760.2 21777.3 16573.9 176.6 168.6
Rb 91.4 164.5 0 0 329.0 319.9
Sr 591.5 371.8 321.1 202.8 0 42.2
Y 78.7 393.5 259.7 165.2 0 0

Zr 651.2 984.2 466.2 310.8 266.4 259
Nb 55.9 0 0 0 167.7 146.7
Ba 143.2 349.0 0 0 0 0

Ce 230.3 3684.9 0 0 0 0

Pb 798.1 1688.9 1865.2 204.1 111.3 102.1
CL 2887 22510 11570 33240 0 630
U 250 1020 1050 300 280 280
A% 0 5488 5488 0 0 0

Co 0 2130.0 0 550.2 0 0

Rh 0 110 0 0 0 0

Mo 0 0 226.4 159.8 0 0

Nd 0 0 0 154.2 0 0

As 0 0 0 332.0 0 0

Cr 465.1 0 362.5 259.9 143.6 157.3
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From Tables (2 and 5), the lithological type
played its role as in sample 7S in which the
sum of gamma activity is lower by 20% than
the activity of the original sample. The geo-
chemical composition is very clear in sam-
ples 2S, 3S, and 17S. In these samples, the
lead (Pb) content is 1865.3 ppm, 798 ppm,
and 1689 ppm respectively, as shown in Ta-
ble (10). The sum of y- activity in leachate
and residual is higher than the original sam-
ple. The sum is higher by 26.3% than the
original in the sample 2S, while it is higher
by 11.6% in the sample 17S respectively. The
relation between the gamma attenuation and
(Pb) concentration is very clear in Fig (5), in
which the gamma attenuation increases with
the increase of the Pb concentration in the
measured sample.

% 304 2
5178
20 -
15 A 175
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0 500 1000 1500 2000
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Fig. (5): Correlation between y — attenuation and Pb
concentration on sediment samples.

CONCLUSION

The results showed that the sum of activities
of both pregnant solutions and residuals in
four samples is higher than that of the origi-
nals. Two samples (siltstone sample 3S) and
(granite 5G) showed lower summation than
the original. This phenomenon is varied in
magnitude within the different radionuclides.
The type of samples plays its role in these
variations. The none-frequent appearance of
the gamma attenuation activities is inevitable
during the leaching process. In other logical
cases, no attenuation or other causes for alter-
ing the measured activities are observed. In

the leaching process, using acid solutions
may have led to clean the grain surface and
permitted gamma activities of the inner
grains to be measured, which means that the
treatment of samples before measurements
may have been needed.
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Abstract: Wadi Alkuf is one of the richest of all the phytogeographical regions of Al-Jabal Al-
Akhder. The present work aims to study the size structure of Cupressus sempervirens L. and Pista-
cia lentiscus L. populations in relation to their physiographic and soil conditions in Wadi Alkuf,
northeast of Libya. Eighteen terraces (25 m x 25 m) were selected at Wadi Alkuf of Al-Jabal Al-
Akhder at three different levels (six downstream, midstream, and upstream). The number of indi-
viduals of each species was counted while the height (H) and mean crown diameter (D) were meas-
ured. The size index of each individual was calculated and then used to classify the population into
7 size classes: 1 m to 7 m. The height, mean diameter, height to diameter ratio, size index, and vol-
ume per individual in each size class were determined. Generally, the height to diameter ratio was
more than unity for C. sempervirens L., this means that the diameter of these species tend to expand
vertically rather than horizontally, while the height to diameter ratio was less than unity for P. /en-
tiscus L, this means that the diameter of these species tends to expand horizontally rather than verti-
cally. The total size structure of C. sempervirens L. in the study area is characterized by the prepon-
derance of the young individuals comparing with the old ones, while that of P. lentiscus L. showed
a reverse pattern (i.e., preponderance of mature individual compared with the young ones). Five
forms of size distributions along the different elevations were recognized: more or less inverse J-
shaped distribution, positively skewed distribution, bell-shaped distribution, more or less J-shaped
distribution, and more or less stationary size distribution biased to large size. The study’s results
show that density histograms of size distributions are good indicators of future trends in population
numbers for the studied species. The field observations were consistent with the results of the inves-
tigation of soil properties. The soil downstream has the highest values of pH, EC, HCO'3, SO4-2, Cl
and Na', while that of the upstream has the lowest values except for K.

Keywords: Population Dynamic; Size Distribution; Cupressus sempervirens L.; Pistacia len-
tiscus L.; Wadi Alkuf, Libya.

treme biodiversity destruction and degrada-

INTRODUCTION

The human impacts and their effects on plant
vegetation and biodiversity became a field of
major interest in the last few years. Many
human activities occurred in the AL-Jabal
AL-Akhdar area as a result of an increase in
the development activities and growth of the
population (Kamal Shaltout et al., 2014).

Although this region is one of the important
areas of wildlife in Libya, it suffers from ex-

tion. It is imperative now, more than ever, to
begin extensive environmental studies and
conservation programs, including not only
soil and biodiversity conservation but also
beauty conservation and attention to local
inhabitants because they play an important
role in the ecological systems throughout the
whole area (El-Barasi & Saaed, 2013). The
main natural reasons affecting these degrada-
tion processes are often climate and aridity,
which lead to a reduction in the plant cover
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and soil depth. Besides these, the human-
induced reasons leading to this process are
fires, felling, and overgrazing (Kosmas,
Kirkby, & Geeson, 1999); Desertlinks, 2001).

There is no doubt that these activities ad-
versely affected not only size structure but
also species diversity in the area under study.
The structure of plant populations can be de-
scribed in terms of the age, size, and forms of
the individuals that compose it (J. Harper &
White, 1974). Since the fecundity and surviv-
al of plants are often much more closely re-
lated to size than to age (Caswell, 1986; J. L.
Harper, 1977; KH Shaltout & Ayyad, 1988;
Watkinson & White, 1986; Weiner, 1986), it
is better to classify the life history of plants
by size rather than age which is the most
widely used classification for unitary organ-
isms (Caswell, 1986; Kirkpatrick, 1984;
Werner & Caswell, 1977)

The present study aimed at analyzing the
population structure of Cupressus sempervi-
rens and Pistacia lentiscus populations in
Wadi Alkuf. Cupressus sempervirens, the
Mediterranean cypress, is a species of cy-
press native to the eastern Mediterranean re-
gion, in northeast Libya, southern Albania,
southern coastal Croatia (Dalmatia), southern
Greece, southern Turkey, Cyprus, northern
Egypt, western Syria, Lebanon, Israel, Malta,
Italy, western Jordan, and also a disjunct
population in Iran. Cupressus sempervirens is
a tall tree (usually 15 - 20 m high but can
reach 30 - 40 m) with a well-developed trunk
(up to 3 m in circumference). It grows quick-
ly until the age of 20 and can live to be 500.
Its leaves are evergreen, dark green, acicular
(in young stages), or very small, scale-like,
and overlapping in four ranks. The female
cones are globular (2 - 4 cm.), shiny, with 6-
12 woody, peltate, unequal scales, opposed
crosswise on a short axis (Zohary, 1973). The
seeds are jagged, shiny brown, and narrowly
winged. Flowering takes place in spring; the
cones mature the following spring. The Cu-
pressus genus includes, for the sake of con-

venience, an aggregate called Cupressus
sempervirens aggr, formed by a group of
three species that are often confused and usu-
ally very close to each other (Greuter, Burdet,
& Long, 1984); Farjon, 2013).

Pistacia lentiscus is a shrub or dioecious
tree, with separate male and female plants, an
evergreen from 1 to 5 m high, with a strong
smell of resin, growing in dry and rocky are-
as in Mediterranean Europe. It resists heavy
frosts and grows on all types of soils, and can
grow well in limestone areas and even in
salty or saline environments, making it more
abundant near the sea. It is also found in
woodlands, Dehesas (almost deforested pas-
ture areas), oak and Kermes oak woods, Gar-
rigue, Maquis, hills, gorges, canyons, and
rocky hillsides of the entire Mediterranean
area. It is a very typical species that grows in
Mediterranean mixed communities of myrtle,
Kermes oak, Mediterranean dwarf palm,
buckthorn, sarsaparilla, etc., and serves as
protection and food for birds and other fauna
in this ecosystem. It is a very hardy pioneer
species dispersed by birds. When older, it de-
velops large trunks and numerous thicker and
longer branches. Within appropriate areas,
when allowed to grow freely and age, it often
becomes a tree of up to 7 m. However, log-
ging, grazing, and fires often prevent its de-
velopment (Mohannad G & Duncan M, 2011;
Zohary, 1952).

The present work aims to study the size struc-
ture of Cupressus sempervirens L. and Pistacia
lentiscus L. populations in relation to their
physiographic and soil conditions in Wadi
Alkuf, northeast of Libya.

MATERIALS AND METHODS

Wadi Alkuf is located at 32° 41' N latitude
and 21° 38' E longitude, at an altitude of 360
m in Al Jabal Al Akhder of Libya (Figure. 1).
The valley is about 22 km long, starting from
Benghazi-Albayda road towards the north
and ends in the Mediterranean Sea. The soil
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varies from clay to clay loam at different lo-
cations. It is rich in calcium carbonate (25%)
with pH 8 and nitrogen. Organic matter con-
tent were about 0.33 and 7%. The average
annual rainfall in the valley is 450.5 mm,
most of which is received during the months
from December to February. The temperature
shows significant fluctuations in summer and
winter. The minimum temperature drops to
12° on cold frosty nights of January, and the
maximum rises up to 27° in June. Relative
humidity ranges from 50-55 (May and June)
to 65-70% (November to January) Source:
Meteorological data of Shahat station (Fig-
ure.2).

= Wadi Alkuf

Algeria
CYRENAICA

Egypt

Sudan

Figure: (1). Location map indicating the study area.
(Source: Google Earth, 2016).
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Figure: (2). Metrological data recorded at Shahat
from January 2018 to January 2019.

A total of 18 sample plots were selected
along the Wadi Alkuf under study (upstream,
midstream, and downstream parts, including
the different wadi tributaries) in the period
from January 2018 to January 2019. Vegeta-

tion was sampled using a transect/quadrant
method. A stratified sampling technique was
utilized. The stand size was 25 X 25 m (ap-
proximate the minimal area of the plant
communities). In each stand, the following
data were recorded: 1- a list of species, 2-
first and second dominant species, and 3- a
visual estimate of the percentage total cover
and the cover of each species according to the
Braun-Blanquet dominance abundance scale.
Voucher specimens of all plant species were
collected. Species identification followed
(Ali & Jafri, 1976; Jafri, 1977, 1993;
Tackholm & Boulos, 1974), and the Latin
names were following (Boulos, 1972, 1977;
Boulos, 1979; Boulos, 1995; Boulos, 2005,
2009; Loutfy & Boulos, 1979).

The population structure of these species was
evaluated in terms of size distribution. For
achieving this, the height and mean crown
diameter of each individual in the whole lo-
cations were measured (based on 2-4 diame-
ter measurements / ind.) and its volume was
calculated as a cylinder. The size index of
each individual was calculated as the mean of
its height and diameter [(H+D)/2]. The size
estimates were then used to classify the popu-
lation into nine size classes. The size classes
(m / ind.) are (1=0< 1, 2=1.1-2, 3=2.1-3,
4=3.1-4, 5=4.1-5, 6=5.1-6 and 7= 6.1-7).
The soil was analyzed following (Richards,
1954; Ryan, Garabet, Harmsen, & Rashid,
1996). The data were statistically treated us-
ing ANOVA and the simple linear correlation
coefficient (SPSS, 1999).

RESULTS

The relationships between the individual
heights and diameters of Cupressus and Pis-
tacia species are simple linear with r values
of 0.335 for Cupressus sempervirens and
0.279 for Pistacia lentiscus (Figure 5). Gen-
erally, the height to diameter ratio was more
than unity for Cupressus sempervirens. This
means that the diameter of these species
tends to expand vertically rather than hori-
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zontally, while the height to diameter ratio
was less than unity for Pistacia lentiscus.
This means that the diameter of these species
tends to expand horizontally rather than ver-
tically.

Cupressus sempervirens
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Figure: (3). The relationships between the individual
heights and diameters of Cupressus sempervirens.
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Figure: (4). The relationships between the individual
heights and diameters of Pistacia lentiscus species.

Regarding the variation in relation to habitat
type, both the height and diameter of Cupres-
sus sempervirens (8.4 and 4.1 m) and Pista-
cia lentiscus (4 and 5.23 m) have the highest
values downstream, respectively, and the
lowest values upstream were for Cupressus
sempervirens species (3.6 and 2.7m respec-
tively). Pistacia lentiscus shows the lowest
value for height and diameter in midstream (2
and 4.5m, respectively) (Table .1).

Table: (1) Mean (+) standard deviation of some demographic variables: (H: Height, D: Diameter, r simple linear
correlation coefficient between height and diameter and size index.

Species site H (m) D (m) H/D r Size index (m)
Downstream 8.4 +3.130 4.1 +0.962 2.4 +0.645 0.964 6.75+0.966
Cupressus  sempervirens Midstream 5.1£0.629 3.1+0.751 1.6 £ 0.387 0.696 4.6 +0.784
L. var. horizontalis (Mill.)  Upstream 3.6+£0.401 2.7+£0392 1.3+0.111  0.534 2.5+0.588
Gord.
Downstream 4 +0.719 5.23+0.582 0.8+0.253 0.551 4.5+0.774
Pistacia lentiscus L. Midstream 2 +£8.21 4.5+£6.69 0.75+0.301 0.263 3.15+5.51
Upstream 3+ 0.326 3.5+0.787 0.4+0.292 0.243 3.25+0.703

The diagrams illustrating the size distribution
of Cupressus and Pistacia populations in the
three different levels could be classified into
(Figure 5).

1) More or less stationary size distribution
for Cupressus sempervirens populations in
the downstream and J-shape for Pistacia len-
tiscus populations in the downstream level.

2) Inverse J shape for Cupressus sempervi-
rens populations upstream and Bell shape for
Cupressus sempervirens populations in the

midstream level.

3) More or less stationary size distribution
for Pistacia lentiscus populations down-
stream and Bell shape for Pistacia lentiscus
populations in the midstream level.

4) Positively skewed distribution towards the
small individuals (i.e saplings) of Cupressus
sempervirens populations in the downstream
level.
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Figure: (5) Size frequency distribution of Cupressus sempervirens and Pistacia lentiscus populations from three
levels. The mean volume within each size class is also indicated. The ranges of size classes are: 1>1 , 2=1.1-2,

3=2.1-3 ,4=3.1-4 ,5=4.1-5, 6=5.1-6, 7=6.1-7

The soil of the downstream level has the
highest values of pH, EC, HCO™ SO,7?, CI,
and Na" (8.20, 0.337, 3.81, 3.26, 1.9, and
1.55, respectively) while that of the upstream
has the lowest values except for K. Calcium
and magnesium have the highest values in the
soil of midstream (0.28 and 0.26 respective-
ly), while the lowest values were for Na' and

K" (0.67 and 0.12, respectively). Soil of the
upstream level has the lowest values of pH,
EC, HCO™ SO42, CI, Ca*, Mg™, and Na”
(7.89, 0.226, 2.54, 1.88, 1, 0.12, 0.13, and
1.12, respectively). (Table 2).
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Table: (2) Means =+ standard errors of some soil variables in each of the three habitats recognized in the study area.

Sites Downstream Midstream Upstream
= = Sand (%) 10.33 +£0.02 11.38+ 0.017 12.34 + 0.002
2 5 Silt(%) 41.28 £0.02 30.88 + 0.03 31.02+ 0.01
£ Clay (%) 42.31+0.03 42.72+0.01 48.54+ 0. 01
Soil texture Clay-Silt Clay Clay
pH 8.20 £ 0.01 8.16+ 0.03 7.89+0.01
" E.C ds/m 0.337+£0.01 0.263 £0.01 0.226+ 0.02
‘2 _HCO® 3.81+0.01 3.33+0.03 2.54+0.01
Tg SO, " 3.26+£0.2 2.11+£0.01 1.88+ 0.1
© CI~ g m.eq./L 1.9+ 0.01 1.30+0.1 1£0. 1
s Ca*? g
2 < 0.25+0.1 0.28 £0.1 0.12+0.1
% Mg*? 2 0.16 £ 0.001 0.26 +0.01 0.13+£0.01
Na* s 1.55+0.02 1.33+0.04 1.12+0.01
K* S 0.18£0.1 0.12+0.1 0.28 £0.01
The distribution of plant species along eleva-
DISCUSSION

The height/diameter ratio gives an idea about
the growth habit of the plant. In the present
study, the height to diameter ratio was more
than unity for Cupressus sempervirens, which
means that the diameter of these species
tends to expand vertically rather than hori-
zontally. While the height to diameter ratio
was less than unity for Pistacia lentiscus, this
means that the diameter of these species
tends to expand horizontally rather than ver-
tically. On average, its height and hence indi-
viduals of these species tend to expand hori-
zontally rather than vertically.

This may be a strategy of the desert shrubs in
order to provide safe sites for their self-
regeneration, as the horizontal expansion
usually provides shade, which leads to a de-
crease in the severe heating effect and an in-
crease in the soil moisture (KH Shaltout &
Mady, 1993). On the other hand, the height to
diameter ratio in some species was exceeding
unity, such as Cupressus sempervirens, which
means that their individuals tend to expand
vertically rather than horizontally. This may
be attributed to the high density or conse-
quently high intra-specific competition of
these plants (Galal, 2011).

tion gradients is governed by a series of in-
teracting biological, environmental, and his-
torical factors (Colwell & Lees, 2000). Our
results show that density histograms of size
distributions are good indicators of future
trends in population number for the studied
species, especially for C. sempervirens L.
Furthermore, (Gray, 1975) reported that the
positively skewed distribution is indicative of
a self-perpetuating species, with markedly
more frequency of the smaller (younger) size
classes. A similar conclusion was made by
(KH Shaltout & Ayyad, 1988).

In the present study, there was more or less
stationary size distribution for Pistacia len-
tiscus populations in the downstream level
and Bell shape for the Pistacia lentiscus pop-
ulations midstream. This distribution charac-
terizes a declining population; because the
population has a large proportion of larger
individuals than smaller ones (i.e., limited
regeneration capacity). This may indicate that
the recruitment of these species is rare, which
may be related to hyper-aridity and low fertil-
ity (Kamal Shaltout et al.,, 2014; K. H.
Shaltout et al., 2015).

The study endeavors to establish factors re-
lated to local management; that may have
caused the declines that we can observe. It is

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 36 (1): 24-33, 2021

recognized that there are undoubtedly many
reasons for such degradation in the natural
vegetation. These include the nature of the
soils, the extreme weather, alongside human
land use. Assumptions are often made in
terms of landscape change, desertification,
and climate change, but the role of local in-
habitants and their impacts may outweigh
other influences. This may be due to the soil
in Wadi El-Kouf. The nature of the soil sur-
face characteristics is one of the most im-
portant factors influencing the floristic rich-
ness of the landforms along with the climatic
variations.

CONCLUSION

In conclusion, the total size structure of C.
sempervirens L. in the study area is charac-
terized by the preponderance of the young
individuals compared with the old ones.
While that of P. /entiscus L. showed a reverse
pattern (i.e., the preponderance of mature in-
dividuals compared with the young ones).
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Abstract: Dry eye disease (DED) is a common clinical condition that challenges ophthalmologists.
Topical Cyclosporine A is an anti-inflammatory therapy being approved by the Food and Drug
Administration (FDA) for the therapy for DED. This study aimed to evaluate the efficacy and pa-
tient tolerability of topical Cyclosporine A 0.05% for the treatment of DED. A total of 87 patients
diagnosed with DED were included in this study. Dry eye symptoms (foreign body sensation, burn-
ing, and pain) were scored. As a baseline measurement, the tear break-up time test (TBUT) and the
Schirmer’s test were performed for all the patients. Cyclosporine A 0.05% was given topically
twice daily to all the patients for four months. They were followed up every month for a period of
four months. The clinical signs (Schirmer’s test, the TBUT), and the symptoms scores, were record-
ed for each visit. The mean age of the patients was 57.25+9.70 years (Range 32 - 80 years); 25
males (28.7%) and 62 females (71.3%). Out of them, 23 (26.4%) cases had Sjogren’s syndrome,
and 12 (13.7%) cases had previous LASIK (laser in-situ keratomileusis). The symptoms score of the
cases improved from (4.95+1.73) pretreatment to (0.40+.70) four months after treatment (P
<0.001). The Schirmer’s test results improved from (4.10 £1.089) pretreatment to (10.80+2.40) four
months post-treatment (P <0.0001), and the TBUT test results improved from (5.54£1.77 s) pre-
treatment to (12.95+3.12 s) four months post-treatment (P <0.0001). Only seven patients (8%) de-
veloped ocular side effects in the form of redness, pain, and systemic side effects in the form of
headache. In conclusion, Cyclosporine A 0.05% eye drops is an effective treatment for DED, im-
proving both signs and symptoms of DED with few ocular side effects.

Keywords: Cyclosporine A, Dry Eye Disease (DED), Anti-inflammatory

INTRODUCTION

Dry eye disease (DED) is a common clinical
condition challenging ophthalmologists and
affecting 14% to 33% of the population
(Brewitt & Sistani, 2001; Pei-Yu et al., 2003;
Schaumberg et al., 2003; Schein et al., 1997).
The 2007 International Dry Eye Workshop
(DEWS) updated the definition of dry eye
disease to incorporate inflammation as an as-
sociation with DED (Definition, 2007). The
definition of dry eye disease was revised by
(Craig et al., 2017) as follows:

“Dry eye is a multifactorial disease of the ocu-
lar surface characterized by a loss of homeosta-

sis of the tear film, and accompanied by ocular
symptoms, in which tear film instability and
hyperosmolarity, ocular surface inflammation
and damage, and neurosensory abnormalities
play etiological roles.” (P. 278)

DED was classified pathophysiologically into
two overlapping groups; evaporative dry eye
and aqueous deficient dry eye (Lemp et al.,
2012). In DED, the tears variations initiate
positive feedback of ocular surface inflam-
matory response, damaging the surface in
which T-cell lymphocytes play a role
(Definition, 2007; Javadi & Feizi, 2011). To
interrupt the inflammatory cascade in the
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management of DED, the usual trend of using
tear replacement therapy, punctal occlusion,
and environmental control is now changing
toward anti-inflammatory therapy like corti-
costeroids, tetracyclines, and cyclosporine
(Javadi & Feizi, 2011; Kymionis et al.,
2008). Cyclosporine is an anti-T-cell immuno-
suppressive drug used systematically to prevent
rejection after organ transplantation (Barbarino
et al., 2013). It has been reported that the anti-
inflammatory effect of Cyclosporine im-
proves Schirmer’s test results, increases the
goblet cell number, with therapeutic benefits
being achieved in about a month (Behrens et
al., 2006; Phogat et al., 2019). Cyclosporine
could be a better alternative to corticosteroids
because of lacking steroid-related ocular side
effects such as glaucoma and cataract (Phogat
et al., 2019; Strong et al., 2005). Cyclospor-
ine A (Restasis®) is approved by the Food
and Drug Administration (FDA) for the ther-
apy of DED (De Paiva et al., 2019).

This study aimed to assess the efficacy and
patient tolerability of topical cyclosporine A
0.05% for the treatment of moderate to severe
dry eye disease (DED).

MATERIALS AND METHODS

A prospective study was conducted at the
Ophthalmology outpatient department in
Benghazi/ Libya during a one-year period
from January to December 2019; patients
with dry eye disease of both genders were
included. Written informed consent was ob-
tained from the patients before their enrol-
ment in the current study, which adhered to
the tenets of the Declaration of Helsinki for
research in human subjects.

Inclusion criteria: Patients aged > 21 years
presented to the outpatient department com-
plaining of dry eye-related symptoms; burn-
ing, pain, or foreign body sensation were
evaluated, including patients having DED as-
sociated with Sjogren’s syndrome or previous
LASIK (laser in-situ keratomileusis), and

those with a tear film break-up time <10 s,
and Schirmer tear test with anesthesia <5 mm
in 5 minutes were included. Schirmer’s test
was done under topical anesthetic eye drops, by
inserting the Schirmer strip into the lower con-
junctival sac at the junction of the middle and
outer third of the lower eyelid without touching
the cornea, then informing the patient to keep
the eyes gently closed. After 5 minutes, the
strip was removed and the amount of wetting
from the fold was measured (Li et al., 2012).
For the tear break-up time test (TBUT); fluo-
rescein strips were introduced into the conjunc-
tival sac with minimal stimulation, the patient
was asked to blink several times, then the tear
film over the cornea was examined with a co-
balt-blue filter. The time between the last blink
and the appearance of a random dry spot was
recorded in seconds as the tear film breakup
time (Isreb et al., 2003). Grading the severity
of the symptoms of burning, pain and a for-
eign body sensation was done for each symp-
tom as follows: 0 (none), 1 for mild (occa-
sional symptoms), 2 for moderate (frequent
symptoms), and 3 for severe (constant symp-
toms), consequently, the total ocular symp-
toms were given a score from 0 to 9. The
complete evaluation was based on both eyes’
examination. All patients were instructed to
stop all topical eye drops for two weeks. Cy-
closporine 0.05% (Restasis) eye drops were
prescribed as monotherapy twice daily for
four months, and the patients were instructed
to keep in contact any time they feel any
problem. The patients were followed up after
the first, second, third, and fourth months.
They were examined and scored for ocular
symptoms, amount of wetting on Schirmer
paper, and for the TBUT at each visit. Addi-
tionally, they were examined for any ocular
side effects of the drug.

Exclusion criteria: Patients who were not
willing to give consent, or unable to buy the
drug due to its cost were excluded. In addi-
tion to patients with ocular surgery/ trauma
within the previous six months, patients with
active lid margin inflammation, blepharitis,
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Meibomian gland disease, or ocular allergy,
and any structural abnormalities on external
eye examination e.g., entropion, trichiasis, lid
scarring and many more, any systemic or top-
ical medication other than artificial tears.
Pregnant or lactating mothers and patients
with a history of hypersensitivity to cyclo-
sporine were also excluded.

Statistical analysis: Data were presented as
frequencies and mean +SD. Statistical anal-
yses were performed using SPSS (Statistical
Package for the Social Sciences) version
23.0. The data were analyzed statistically for
the treated eye or the mean data for both eyes
(if the patient was given treatment for both
eyes). A nonparametric paired-samples test
(Wilcoxon signed-ranks) was used to statisti-
cally analyze the changes in the results of
Schirmer’s test, TBUT tests, and the symp-
toms’ score after treatment with Cyclosporine
A 0.05 %. P-values of 0.05 or less were con-
sidered statistically significant.

RESULTS

A total of 87 patients diagnosed with dry-eye
syndrome were included in this study with a
mean age of 57.25+9.70 (Range 32 - 80
years). There were 62 female cases (71.3%)
and 25 males (28.7%). (tab.1)

Table: (1). Showing demographic data of the patients
included in the current study.

Age group No. of Females No. of Males
(years) (%0) (%0)

30-40 4 (4.6%) 0 (0%)
41-50 17 (19.5%) 3 (3.4%)
51-60 19 (21.8%) 9 (10.3%)
61-70 17 (19.5%) 9 10.3%)
71-80 5(5.7%) 4 (4.6%)
Total 62 (71.3%) 25 (28.7%)

Out of the 87 patients, 52 (59.8%) patients
only had dry eye with no other associations.
23 (26.4%) patients had DED associated with
Sjogren’s syndrome, and 12 (13.7%) patients
had previous LASIK.

There was a statistically significant differ-
ence (Z = -8.122, p < 0.0001) between
Schirmer’s test results pretreatment compared
to Schirmer’s test results four months after
the initiation of the therapy.

Similarly, the TBUT test showed a statistical-
ly significant difference (Z = -8.110, p <
0.0001) of pretreatment results compared to
the results 4 months after the initiation of the
therapy.

The symptoms’ score showed a significant
improvement (Z = -8.134, p < 0.0001) 4
months after the initiation of the therapy
compared to the pretreatment score. The im-
provement in Schirmer’s test, TBUT test, and
symptoms’ score results over four months of
treatment are shown in table 2.

Only seven patients (8%) had ocular side ef-
fects in the form of redness, pain, and sys-
temic side effect in the form of headache.
Two of them discontinued the study.

DISCUSSION

The symptoms of DED affect the patient’s
daily activities, so patients should be treated
appropriately. The advancement in the under-
standing of the pathophysiology of DED and
the inflammatory role in the reduction of tear
film production led to the emergence of new
therapeutic drugs (Definition, 2007; Stern et
al., 1998).

Cyclosporine A is an immunomodulatory
drug having anti-inflammatory properties
(Barbarino et al., 2013; Matsuda & Koyasu,
2000). It improves tear production as meas-
ured by the Schirmer’s test, decreases elevat-
ed tear osmolarity (Sullivan et al., 2012), de-
creases the numbers of activated lymphocytes
within the conjunctiva (Kunert et al., 2000),
in addition to an increase in goblet cell densi-
ty in the conjunctiva of subjects with DED
(Pflugfelder et al., 2008).

The benefits of topical Cyclosporine A eye
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drops on DED are noticed both; subjectively
by the improvement of symptoms and objec-
tively as measured by Fluorescein staining

tests, TBUT, and Schirmer's tests (Tuan et
al., 2020).

Table :(2). Showing pre-treatment and post-treatment (one, two, three and four months), Schirmer’s, TBUT, and

symptoms’ score with respective P -values.

Test parameter  Pre- One-month Two-months Three- Four-months  P-value
Mean +SD treatment months

Schirmer’s test 4.10+1.08  7.01+2.28 8.434+2.65 9.71+2.57 10.80+2.40 < 0.0001
(mm)

TBUT (s) 5.54+1.77 6.76+ 2.23 8.99+2.54 11.22+£2.84  12.95+3.12 <0.0001
Symptoms 4.95+1.73 2.49+1.75 1.74£1.12 .83+.89 0.40£.70 < 0.0001

SCOre

P-values based on Wilcoxon signed-ranks test.

TBUT (s) = Tear break up time test (seconds); SD = standard deviation

In the present study, the Schirmer’s test re-
sults improved from (4.10 £1.089) pretreat-
ment to (10.80+2.40) four months after the
initiation of Cyclosporine A treatment
(P<0.0001). The TBUT test results improved
from (5.54+x1.77s) pretreatment to
(12.95+£3.12s) four months post-treatment
(P<0.0001). These results are comparable to
the results of a study conducted by AL-Nashar
(2015) on 35 eyes of 20 patients of DED, in
which the Schirmer’s test results improved
significantly (P = 0.001) from (1.15 £ 0.58)
pretreatment to (5.86 = 0.29 mm) 3months
after treatment and the TBUT increased from
(5.57 £ 1.36 s) before treatment to (9.9 + 0.92
s) after 3 months of treatment (P = 0.001).

Another study was done by (Othman et al.,
2018), who evaluated 32 cases of DED and
yielded significant improvement in all the
evaluated indices including TBUT and
Schirmer’s test (P<0.0001), which were also
similar to the present study.

Similarly, the significant improvement in the
objective clinical signs in the present study
was associated with a parallel improvement
in the symptoms’ score of the patients, which
changed from (4.95+1.73) pretreatment to
(0.40+.70) four months after treatment
(P<0.001). This is similar to a study done by
Byun et al. on a large number of patients;

(362 patients) with DED who were studied

prospectively and treated with Cyclosporine
A 0.05% for three months, they showed a
significant reduction in all ocular symptoms
scores from baseline values (Byun et al.,
2011).

There is no detectable systemic absorption
associated with the topical application of Cy-
closporine A due to its low concentration and
low solubility in water, resulting in less pene-
tration into the bloodstream and no systemic
side effects (Baudouin et al., 2017; Leonardi
et al., 2016; Yavuz et al., 2012). However,
few ocular side effects are reported. In the
current study, only seven patients (8%) had
ocular side effects, which are similar to the
previous reports by (Al-Nashar, 2015; Phogat
et al., 2019), but less than what was reported
by other studies (Mah et al., 2012;
Prabhasawat et al., 2013).

The present study shows the capability of
Cyclosporine A in improving the signs and
symptoms of DED with different etiology,
supporting the hypothesis of the role of in-
flammation in the process of DED irrespec-
tive of the cause (Byun et al., 2011;
Definition, 2007).

One of this study‘s difficulties was that Cyclo-
sporine A topical eye drops were not always
available in pharmacies, in addition to its high
cost, making its prescription to the patients oc-
casionally limited.
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CONCLUSION

Cyclosporine A eye drops improve both sub-
jective symptoms and objective clinical pa-
rameters of DED. They are effective in the
treatment of DED regardless of the etiology,
with few ocular side effects.
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Abstract: This paper studies the concept of the a-quasi-*-IFP (resp., a -*-reflexive) *-rings, as a
generalization of the quasi-*-IFP (resp., *-reflexive) *-rings and every quasi-*-IFP (resp., *-
reflexive) *-ring is a -quasi-*-IFP (resp., a-*-reflexive). This paper also discusses the sufficient
condition for the quasi-*-IFP (resp., *-reflexive) *-ring in order to be a-quasi-*-IFP (resp., a-*- re-
flexive). Finally, this study investigates the a-quasi-*-IFP (resp., a-*-reflexivity) by using some

types of the polynomial rings.

Keywords: *-reduced; *-rigid; a-*-rigid; a-*-IFP; a-quasi-*-IFP; a-*-reversible; a-*-reflexive

*_rings.

INTRODUCTION

Throughout this paper, R denotes an associa-
tive *-ring with unity and @ denotes a nonzero
nonidentity endomorphism of a given *-ring,
unless specified otherwise. IFP stands for “in-
sertion-of-factors property”, R is semicommu-
tative or has IFP if the right annihilator r(a) =
{x € Rlax = 0} of every element a €R is a
two-sided ideal. A *-ring R is said to have IFP
when all ab € R,ab = 0 which implies that
aRb = 0 by (Kim & Lee, 2003). In both stud-
ies (Baser & Kwak, 2010) and (Baser et al.,
2008) discussed an endomorphism a of a ring
R, the endomorphism « is called semicommu-
tative if ab = 0 implies aRa(b) = 0 for a €
R. Also, aring R is called a- semicommutative,
if there exists a semicommutative endomor-
phism « of R.

Another study (Zhao & Zhu, 2012) shows that,
an endomorphism a of a ring R is called reflex-
ive whenever aRb = 0 for a,b € R, bRa(a) =
0. A ring R is called a-reflexive if there exists
a reflexive endomorphism a of R.

A *-ring R is said to have *-IFP if all a,b €
R,ab = 0 implies aRb* = 0. For more details

see (Aburawash & Saad, 2014). By
(Aburawash & Saad, 2019) R has quasi-*-IFP
ifall a,b € R,ab = ab™ = 0 implies aRb = 0,
a *-ring R is called *-reversible (resp., *-
reflexive) if for all a,b € R,ab =ab* =0
(resp., aRb = aRb* =0) implies ba =0
(resp., bRa = 0).

According to (Abdulhafed, 2019), a *-ring R is
said to be *-rigid if for a, b € R, ab? = abb* =
0 implies ab = 0, an a be a *-endomorphism
of R. a is called a *-rigid *-endomorphism if
aa(a) = aa(a*) =0 implies a =0 for all
a € R. A *-ring R is called a-*-rigid if there
exists a *-rigid *-endomorphism a of R and a
*-endomorphism a of a *-ring R is called *-
reversible if whenever ab = ab* = 0, then
a(b)a(a) =0, for a,b €R (also,
a(b)a(a) =0). A *ring R is called a-*-
reversible if there exists a *-endomorphism «
on R. A *rigid *-rings are equivalent to *-
reduced *-rings.

In view of the studies mentioned above, this
paper introduces the class of a-quasi-*-IFP
(resp., a-*-reflexive) *-rings, which is the *-

*Corresponding Author: Muna E. Abdulhafed muna.am2016@gmail.com, Department of Mathematics, Faculty of Science, Azzaytuna University,

Tarhuna-Libya


mailto:muna.am2016@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v36i1.22&amp;domain=pdf&amp;date_stamp=2008-08-14
https://doi.org/10.54172/mjsc.v36i1.22

Al-Mukhtar Journal of Sciences 36 (1): 42-56, 2021

version (and also a generalization) of the quasi-
*-IFP (resp., *-reflexive) *-rings.

Moreover, some properties and results of these
classes of *-rings are investigated. The class of
a-*-reflexive *-rings is introduced as a gener-
alization of *-reflexive and *-reduced *-rings,
since, by definition, *-reflexive *-rings are a-
*-reflexive *-rings and a-*-reversible is a-*-
reflexive.

Also, other relative results are given. Here, fi-
nally, we conclude the results of the paper by
explaining the diagram and the relations among
the corresponding classes.

a-*-1FP rings

In this section, a-*-IFP *-rings are introduced
as a generalization of *-IFP *-rings.

Definition 1. A *-endomorphism a of a *-ring
R is called *IFP if whenever ab = 0, then
a(arb*) =0 for all a,b,r € R. A *-ring R is
called a-*IFP if there exists a *-
endomorphism a on R.

It is clear that a ring R is *-IFP if R is [p-*-
IFP, where I is the identity *-endomorphism
of R. It is easy to see that every *-subring S
with a(S) € S of an a-*-IFP *-ring is also « -
*-IFP.

Obviously, in general, the reverse implication
in the above definition does not hold by the fol-
lowing example which also shows that there
exists *-endomorphism a of a -*-IFP *-ring R
such that R is not a -IFP.

Example 1. Assume both [ to be a field, the *-
ring R =F@®F with exchange involution
(a,b)" = (a*,b") and *-endomorphism
a:R - R is given by a((a, b)) = (b, a) for all
a,b € F. Since Since A=(1,0), B=(0,1),A =
(1,0 ),B=(0,1)R clearly a-*-IFP, but it
does not have a-IFP.

Proposition 1. Let R be a- *-IFP *-ring and o
is *-monomorphism on R, then R *-IFP.

a-quasi-*-1FP rings

In this part of the paper the focus is on the a-
quasi-*-IFP *-rings and how to introduce a
generalization for quasi-*-IFP *-rings.

Definition 2. A *-endomorphism « of a *-ring
R is called quasi-*-IFP, when ab = 0 = ab”,
then a(arb) =0, for all a,b,r € R (conse-
quently a(arb™) = 0). A *-ring R is called a-
quasi-*-IFP if there exists a *-endomorphism
aonR.

It is clear that it is needed to exclude the identi-
ty *-endomorphism I, because the *-ring R is
Ig-quasi-*-IFP if and only if R is quasi-*-IFP.
In general, a-quasi-*IFP *-ring R is quasi-*-
IFP if  is a *-monomorphism on R.

Proposition 2. Let R be a-quasi-*-IFP *-ring
and o is *-monomorphism on R, then R quasi-
*IFP.

Proposition 3. Let R be a is *-monomorphism
a *ring. If R is a-quasi-*-IFP and it has *-
IFP, then R is [FP.

Proof. It is obvious, since ab = 0, implies
aRb* = 0, by the *-IFP property and R «a -
quasi-*-IFP, we have a(arb) =0, for all
a,b,r € R. Hence, aRb =0 since a is *-
monomorphism. Thus R is IFP.

It is clear that, a ring R is quasi-*-IFP if Ris Ip-
quasi-*-IFP, where Ip is the identity *-
endomorphism of R. It is easy to note that eve-
ry *-subring S with a(S) € S of an a-quasi-*-
IFP *-ring is also a-quasi-*-1FP.

Notice that, in general, the reverse implication
in the above definition does not hold by the fol-
lowing example, which shows also that, there
exists *-endomorphism a of a-quasi-*-IFP *-
ring R such that R is not a-IFP.

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Example 2. The *-ring R = Z,®Z,, with the
changeless involution * defined as (a,b)" =
(a*,b*) and *-automorphism a:R — R given
by a((a,b)) = (b,a) is not a-IFP but, it is
IFP, since the nonzero element A(0,1),B =
(1,0) satisfies that AB = AB* =0, while
a(A)RB # 0 and also ARa(B) # 0, ARB =
0. Moreover, R is a-quasi-*-IFP.

Proposition 4. Let R be an a-*-reversible *-
ring, then R is a-quasi-*-1FP.

The converse to Proposition 4 is not true ac-
cording on the following example:

Example 3. The *-ring R = (g E) over a

field F, with the adjoint involution * is a-
quasi-*-IFP. Moreover, R with the *-
endomorphism a:R - R defined by

a b a
(G )=
by (Abdulhafed, 2019). The following example
declares that, T,(R) is not an @-quasi-*-IFP *-
ring, even if R is an a-rigid *-ring. Since *-

endomorphism a of a *-ring R is also extended
to the *-endomorphism & of T,(R) defined by

@ ((aiy)) = (a(ay)).

Example 4. Consider R be a commutative a-
rigid *-ring. Then, the *-ring T,(R) is not &-
quasi-*-IFP, since the matrices

—-b\ . .
), is not a-*-reversible
c

01 -1 0
[0 0 0 O
A= 00 0 O0f
0O 0 0 O
0O 0 0 O
_ [0 0 0 1
0O 0 0 O
satisfy AB =AB* =0 while,
a(Ad)a(C)a(B) # 0, while,

a(A)a(C)a(B) % 0 for

0 0 0 O
(o 0 1 0
0 0 0 O

where a(e) = e, by (Abdulhafed, 2019). Thus
a(A)a(T,(R))a(B) # 0 and so T,(R)is not &-
quasi-*-IFP. Similarly, it can be proved that
T,,(R) is not &-quasi-*-IFP forn > 5.

Furthermore, the class of the a-quasi-*-IFP *-
rings is closed under the finite direct sums
(with changeless involution). In addition to as-
sume R be a *-ring. Then, both eR and
(1 —e)R are a-quasi-*-IFP for some projec-
tion e in R with a(e) = e, if and only if R is a-
quasi-*-1FP.

a-reflexive rings with involution

In this section, a-*-reflexive *-rings are intro-
duced as a generalization for *-reflexive and *-
rigid *-rings.

Definition 3. A *-endomorphism a of a *-ring
R is called *-reflexive when aRb = aRb* = 0,
then, a(bra) =0, for all a,b,r € R (conse-
quently a(b*ra) = 0). A *-ring R is called a-
*-reflexive, if there exists a *-endomorphism «
on R.

Every *-reflexive *-ring is clearly a-*-
reflexive, but, on the opposite side it is not true
as shown by the following example.

% %), with the

*-endomorphism

Example S. The *-ring R = (

adjoint involution * and
a:R — R is defined by

(@ D)= )

is a-*-reflexive, since if the matrices

_ (a1 by ) bz)
a=(G 2)e=(5 2)er

satisfy ARB = ARB* = 0, then, we get the
equations: a,aa, = a,ac, = 0,a,ab, +

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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aleZ + b1CC2 = _alabz + albaz + blcaz =
0 and ¢;cc, = c;ca, = 0, which implies that:

a(Brd) = (azaa1 0 )

0 C,CCq
Moreover, R is not *-reflexive, since

0 aybcy + byccy
0 0

Next, here it is also deduced that, it excluded
the identity *-endomorphism I, because the *-
ring R is Ip-*-reflexive if and only if R is *-
reflexive. In general, a-*-reflexive *-ring R is
*-reflexive if @ is a *-monomorphism on R.

BRA = ( )#0.

Proposition 5. Let R be an a-*-reflexive *-ring
and o is *-monomorphism on R, then R is *-
reflexive. It is clearly visible that, there is no
connection between either a- reflexive or a-*-
rigid and a-*- reflexive *-rings. According to
the example 5, there exists an a-*-reflexive *-

ring R = (Z Z) which is not a- reflexive.

0 Z
Since
BRa(A) = <a2(c)ta1 azabclz-ci-cilzbq) £0,
and
BRa(A) = <a2(c)ta1 aZbcclz-;CTZCCl) 20

Example 6. Consider R = Zg @ Zg with usual
addition and multiplication with exchange in-
volution (a,b)* = (a*,b*), and let a: R —
R be an *-endomorphism is defined by
a((a,b)) = (b,a). For a = (4,2),b(2,0) €
Zg @ Zg, we get aRb = aRb™ = 0.

However, ba(a) = (4,0) # 0 and a(b)a =
(0,4) # 0, entailing neither bRa(a) = 0 and
nor a(b)Ra = 0. Hence, R is neither right nor
left a- reflexive, but, it is a-*-reflexive.

Proposition 6. LetR be a *-reflexive *-ring.
Then the following are equivalent.

1. Ris a-*- reflexive.
2. If arb=0=arb*for all ab,r €R, then
a(arb) = a(arb*) =0.

Proof. 1 = 2. Let arb = arb™ = 0, where
a,b,r € R, then «a(arb)= alarb*)=0.
Hence, a(b)a(r)a(a) =0 =a(b)a(r)a(a)
for all r € R, since R is *-reflexive, then, we
get that a(a)a(r)a(b) =0 = a(a)a(r)a(b®)
which implies a(aRb) = a(aRb™).

2=>1. Let arb=0=arb* for a,b,r €R
which implies by 2 that a(arb) = a(arb*) =
0. Since R is *- reflexive, then a(bRa) = 0.

Proposition 7. Let o be a *-monomorphism on
a *ring R. Then, R is an o-*- reflexive *-ring if
and only a(a)a(r)a(b) =0 = a(a)a(r)a(b®)
if implies bra = 0 = b*ra for all a,b,r € R.

Proof. Let a(a)a(Ma(b) =0 =
a(a)a(r)a(b®) for a,b,r € R, then

a(a))a(a())a(a(a)) = a?(bra) =0 =
a(ad?))a(a())a(ala)) = a?(b*ra)Since,
R is a-*-reflexive and « is a *-monomorphism
imply bRa = 0 = b*Ra.

Conversely, let arb=arb* =0, where
a,b,r € R, then, a(arb) = a(a)a(r)a(b) =
0 =a(a)a(r)a(b*) = a(arb™) by hypothesis
so bRa = 0 = b*Ra.

It is easily to show that the class of a-*- reflex-
ive *-rings is closed under finite direct sums
(with changeless involution).

Proposition 8. The class of o-*- reflexive *-
rings is closed under finite direct sums.

The next step, an example is needed to explain
that *-reflexivity is not closed under taking *-
subrings. The full matrix ring M,,(R) over a *-
ring R with adjoint involution and the *-
endomorphism a: M,,(R) = M,,(R) is defined

by

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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a b\ _(a -—-b
(@ D)-(2 D
It is not a-*-reflexive for n > 2, according to
the following example:

Example 7. The ring R = M(Z,) is prime and
*-reflexive. The upper triangular matrix ring

4, 7
T,(R) = ( 02 Zi) over Z, is a *-subring of

R. R is clearly a-*-reflexive, but T,(R) is not,

since both matrices A = (8 (1)) and B =

(8 (1)) of R satisfy

ARB = ARB* = 0,but a(B)Ra(4) =

0 -1 /1 —-1\/0 0y_(0 -1

o )G )k 1)=( o)=0
According to the study by [(Abdulhafed,
2019)] every *-reduced equivalence *-rigid,
[(Aburawash & Saad, 2016), Example 4.2 and
Proposition 4.6 ] and [(Aburawash & Saad,

2019), Example 7 and Corollary 3], we deduce
the following important results.

Corollary 1. Every *-rigid *-ring is a-*- re-
flexive.

The opposite of the previous Corollary 1 is not
true since, by Examples 5 it is obtained a-*-
reflexive and it is not *-reduced.

Corollary 2. Every *-Baer *-ring is a-*- re-
flexive.

Corollary 3. Every *-domain is o-*- reflexive.

Corollary 4. Every *-ring with semiproper in-
volution is a-*- reflexive.

Now, in contrast to the previous corollary, it is
not necessary to be true as shown in the follow-
ing example.

Example 8. From [(Aburawash & Saad, 2019),
Example 9], if F is a field, then the ring
R = F®F°P, with the exchange involution * is

defined by (a,b)* =(b,a) and the *-
endomorphism a =x for all a,b € R, it is ob-
vious that an a *-reflexive but, * is not semi-
proper. Indeed, the element 0 # A = (0,a) for
some nonzero element a of F satisfy ARA™ =
0.

The following proposition and example show
that the class of a-*-reflexive *-rings general-
izes strictly that of a-*-reversible *-rings.

Proposition 9. Every a-*-reversible *-ring is
a-*- reflexive.

Proof. Let aRb = aRb* =0, then, ab =
ab® = 0 implies rab =rab® =0 for every
r € R. So that a(bra) = a(b*ra) =0, from
the a-*-reversibility of R. Thus a(bRa) =
a(b*Ra) = 0, hence, R is a-*- reflexive.

The question that, when a a-*-reflexive *-ring
is a-*-reversible is answered by the following
proposition.

Proposition 10. 4 *-ring R is a-*-reversible if
and only if R has quasi-*-IFP and a-*- reflex-
ive.

Proof. The necessity is clear to sufficiency,
let’s consider ab =ab* =0, for some
a,b € R. Since R has quasi-*-IFP, then,
aRb = aRb* = 0. The a-*-reflexivity of R
implies aRb = aRb* = 0. Hence a(ba) =
a(b*a) =0, and R is a-*-reversible. By the
Corollary 1, we can get the following result.

Corollary 5. Every a-rigid *-ring is a-*- re-
flexive.

The following example can show that the con-
verse of Corollary 5 is not true.

Example 9. By looking to the study [(Baser et
al.,2009), Example 2.7 (i)], the trivial extension
*-ring T (Z4,Z,), with the adjoint involution *
and the *-endomorphism a =* is not semi-
prime (so not a-*-rigid), but it is a-*- reflex-
ive.
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Proposition 11. Let’s consider a to be a *-
monomorphism on a *-ring R, the following
Statements are equivalent:

i. Ris a-* reflexive.
ii. 7.(aR) = L,(Ra) for every element a € R.
iii. For any two nonempty subsets A and B
of R, ARB = ARB*implies a(BRA) =0
(consequently a(B*RA) = 0).

Proof. (i) = (ii). Let x €r.(aR), then,
aRx = aRx* = 0. Since R is a-*- reflexive,
we have a(x)a(Ra) = a(x*)a(Ra) = 0, but
a is a *-monomorphism, so xRa = x*Ra =0,
for every a € R. Hence, xRa = x*Ra = 0 im-
plies x € [,(Ra), and we get 1,.(aR) S L,(Ra).
Similarly, [,(Ra) € r.(aR) and so r.(aR) =
l.(Ra) follows.

(ii) = (iii).Let ARB = ARB*for some subsets
A and B of R. Then B €1,(AR) and so
aRb = aRb* =0 for all a € A and b € B and

hence b €rnr(aR)=1,(Ra) and bRa=
b*Ra =0. which implies «a(BRA) =
a(B*RA) = 0.

(iii) = (iv). is obvious.

From Proposition 11, we have the following
corollary.

Corollary 6. Let a be a *-monomorphism of a
*ringR, then the following statements are
equivalent:

i. R is *- reflexive.
ii. R is a-*- reflexive.
iii. r,(aR) = l,(Ra) for every element a € R.
iv. For any two nonempty subsets A and B of
R, ARB = ARB* =0 implies a(BRA) =0
(consequently a(B*RA) = 0).

Again, a *-domain *-ring is *- reflexive
[(Aburawash & Saad, 2019), Example 4], then,
we have:

Corollary 7. Every *-domain *-ring is a-*- re-
flexive.

The converse of Corollary 7 is not true, since
T(Z4,Z,) is not a domain *-ring in the Exam-
ple 9

Proposition 12. Let’s assume o be *-
endomorphisms of a *ring R. If Ris a-*- re-
flexive *-ring, then aRb = 0 = aRb* for
a,b €R  implies a®(a)Ra*(b) =0=
a®(a)Ra®(b*) and a*(b)Ra*(a) =0 =
ak(b*)Ra*(a)for all k > 1.

For *-endomorphism a and projection e of a *-
ring R such a(e) =e, that, we have *-
endomorphism &:eRe = eRe is defined by
d(ere) = ea(r)e, one can show that *- reflex-
ive property is extended to the *-corner.

Proposition 13. Let R be a a-*- reflexive *-
ring, then, the *-corner eRe for every projec-
tion e of R is also a-*- reflexive.

Proof. Let R be a-*-reflexive and a = exe,
b=eye €eRe such that a(eRe)b =
a(eRe)b* = 0. Then exeReye = exeRey*e =
0 implies
a(eye)Ra(exe) = d(ey*e)Ra(exe) = 0,
since R is a-*- reflexive. Therefore
a(b)(eRe)a(a) = a(b*)(eRe)a(a) =0 and
so eRe is a-*- reflexive.

Proposition 14. Let R be a *-ring with *-
endomorphism o such that a(e) =e for
e2 =ee* =e €R If e is a central projection
R, then, eR and (1 — e)R are a-*- reflexive if
and only if R is o-*- reflexive.

Proof. It is enough to show the necessity by
Proposition 8. Suppose that eR and (1 —e)R
are a-*-reflexive for a central projection e € R.
Let aRb = 0 = aRb* for a,b € R. Then,

ea(eR)eb = 0 = ea(eR)eb”,
and

(1—-e)a(l1—e)R(1—e)b =0
=(1- e)a(l- e)R(1
— e)b”.
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By hypothesis,

0 = @(eb)eRia(ea) =
ea(b)ea(a) = ea(b)Ra(a)
and

0=a&((1—e)b)(1—e)Ra((1—-e)a) =
1-e)alb)(1—e)R(1 —e)ala) =
(1-e)a(b)Ra(a) = 0.

For a ring R and an endomorphism, a:R — R
the skew polynomial ring (also called on Ore
extension of endomorphism type) R[x; «] of R
is the ring that is obtained by giving the poly-
nomial ring over R with the new multiplication
xr = a(r)x forall v € R.

Proposition 15. [If R and R[x;a]
(resp., R[[x; a]]) are *- reflexive, then, R is a-
*_rigid.

Proof. Let us consider aa(a) = aa(a*) =
Oandp = ax,q = a € R[x; a] for a € R, then

pRq = axa = aa(a)x = 0,pRq" =

axa® = aa(a*)x = 0. Since R[x; a] is *- re-
flexive, hence qRp = aax = a’x = 0

,@'Rp = a*ax = aax = 0 and so
a’ = a*a = 0. Since R is *-reduced, we get
a = 0.

According to (Abdulhafed, 2019) and Proposi-
tion 15 the following results are straightfor-
ward:

Corollary 8. If both R and R[x; a]
(resp., R[[x; a]]) are a reflexive *-ring, then,
R is a-*-rigid.

Corollary 9. If R is an a-*-rigid *-ring and
R[x; a] (resp., R[[x; al]) is a reversible *-ring,
therefore, R is *-reflexive.

Corollary 10. If R is an «a-*-rigid *-ring, then,
R[x; a] (resp., R[[x; a]]) is *-reflexive.

If the *-ring R[x; «] is *-reflexive, then, R is *-
reflexive and the converse is not correct. Also,
the converse of Corollary 9 is wrong accord-
ing to studying the example in (Abdulhafed,
2019).

Next, the a-*-reflexivity and a-quasi-*-IFP do
not imply each other.

Example 10. For a commutative *-ring R,

a b c
T3(R) = {(0 a d)
0 0 a

it has quasi-*-IFP, but, it does not have *-
reflexive by [(Aburawash & Abdulhafed,
2018a), Example 5]. Thus, R is idg-quasi-*-
IFP, but it is not id-*-reflexive.

ab,c,dE€ R},

As, a consequence from Example 10, T,,(R) is
not a-*-reflexive for n > 4. Clearly, if R is a
commutative *-ring, hence, the *-ring:

Tn(R) =

(/@ Qi Q13 Qip \
1[0 a ay - aZn\ |
4k0 0 a - agn) a,a;; eR,nz3$
L 0 O 0 0 a J
, 1t is not a-*-reflexive according to
(Abdulhafed, 2019) and is quasi-*-IFP. How-
ever, it is clearly evident that T,(R) is not « -
quasi-*-IFP and so T,(R) is not quasi-*-IFP
forn > 4 as reported in Example 4.

We get the same results as stated in both stud-
ies [(Aburawash & Abdulhafed, 2018a), Corol-
lary 11(2)] and (Abdulhafed, 2019).

Corollary 11. If R is a semiprime *-ring, then,
the trivial extension T (R, R), with adjoint invo-
lution is a-*-reflexive.

Corollary 12. Let’s assume R to be a reduced
*ring and a is the *- endomorphism on R,
then, the *-ring T(R,R), with componentwise
involution * is a-*-reflexive.
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Corollary 13. Suppose R be an a-rigid *-ring,
then, the *-ring T(R,R), with componentwise
involution * is @-*-reflexive.

Corollary 14. Let R be a rigid *-ring, then, the
*-ring T(R, R), with componentwise involution
* s a-*-reflexive.

The trivial extension T(R, R) of a *-ring R can
be extended to a *-ring

a b c
T3(R) = (0 a d),
0 0 a

and *-endomorphism « of a *-ring R, it also is
extended to the *-endomorphism @&: T5(R) —
Ty(R) is defined by &(ay;) = (a(a;;)) with

involution defined as:

a b c\" a d c
(0 a d) =(O a b)
0 0 a 0 0 a

The following example shows that T;(R) can-
not be &-*-reflexive even if R is a-rigid-*-ring.

Example 11. Let R be a commutative a-rigid
*-ring. Then, the *-ring T3(R) is not @&-*-
reflexive, since the matrices

1 0 0 0 00
A=<O 1 o>,3=<o 0 1>and
0 0 1 0 00

01 0
cz(o 0 0)eT3(R),
0 0 0

Satisfy

ABC = ABC* = 0,
while,
a(C)a(B)a(A) # 0,

where a(e) = e, according to (Abdulhafed,
2019).

Extensions of a-quasi-*-IFP and a-*-
reflexive *-rings

In this section, recall that R be a *-ring and S
be a multiplicatively closed subset of R consist-
ing of nonzero central regular elements, then,
the localization of R to Sis S7IR=
{u™lalu € S,a € R}, and it also is a *-ring
with involution o defined as: (u™'a)’ =
uVa*=u""a* see for more details
(Aburawash & Abdulhafed, 2018b). A *-
endomorphism & on R can be extended to & on
S7IR, the mapping @:S R - S7IR is de-
fined by @ la)=a(@w Hala) see
[(Abdulhafed, 2019)]. Then, the following
proposition is obtained.

Proposition 16. 4 *-ring R is a-quasi-*-IFP if
and only if S™1R is @-quasi-*-IFP.

Proof. Assume that Sy =0=py° with
B =u"ta and y = v~1h, where a,b € R and
u,v € S. Hence,

By =utav b =u"lvlab = (vu)tab =0
and

By* =u"ta(w)'b* =u'(v)ab’
= (v*u)"tab* =0,

since S exists in the center of R, and so
ab = ab* = 0. By hypothesis acb = 0 for all
¢ € R, which implies

apEvy)=
o (u'law'lcv'lb) =« ((un)'l)a(acb) =0

for every § = w~lc € STIR. The converse
is clear.

Proposition 17. 4 *-ring R is a -*-reflexive if
and only if ST1R is @-*-reflexive.

Proof. It is enough to show that S™1R is @ -*-
reflexive if R is a *-reflexive. Let R be an a-
*-reflexive and Bé&y =0 =pL&y° with
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f=ula, E=wlc and y =v"1bh, where
a,b,c € Rand u,v,w € S. Hence,

1

p&y =utaw lcv b = ulw v tach =

(vwu)~tach = 0,
and

B¢y =utaw e (w*) bt =
u tw t(w")tach* = (v*wu) tach* = 0.

Since S exists in the central of R so
acb =0 = acb”.

By hypothesis a(b)a(c)a(a) = 0, which im-
plies that:

aa)ap) = awb)awc)@au'a)
=a(w Haw Haw Ha®)al(c)a(a)
= a((uww) Ha)a(c)ala) =0

It is important here to discuss the *-ring of
Laurent polynomials in x, with coefficients in a
*-ring R, consists of all formal sums

fl) = i a;x’,
i=k

with obvious addition and multiplication,
where a; € R and k, m are (possibly negative)
integers, and with involution * defined as:

m

f*(x) = Z a;x'.

i=k

It is denoted as usual by R[x; x™1]. If a is *-
endomorphism of a *-ring R, then, the map
a@: R[x] = R[x] is defined by

> ata)x

for all i, is *-endomorphism of the polynomial
*-ring R[x], and it is clear this map extends a.

m

@ (Z aixi>

i=k

Corollary 15. Let R be a *-ring, then, R[x] is
a-quasi-*-IFP if and only if R[x;x" '] is &-
quasi-*-IFP.

Proof. It is sufficient to show the necessity.
Clearly S ={1,x,x%,...} is a multiplicatively
closed subset of R[x]. Since R[x;x7!]
S71R[x], it follows that R[x; x 1] is @-quasi-*-
IFP by Proposition 16.

Corollary 16. Let’s suppose R is a *-ring, then
R[x] is o -*-reflexive if and only if R[x;x 1]
is @-*-reflexive.

Proof. The important thing is to prove the ne-
cessity, since R[x] is a *-subring of R[x;x~1].
Clearly, S = {1,x,x2,..} is a multiplicatively
closed subset of R[x]. Since R[x;x7']=
S7IR[x], it follows that R[x;x~1] is @&-*-
reflexive by Proposition 17.

A *-ring R is *-Armendariz (resp., quasi-*-
Armendariz), when the polynomials

f(x) = Z aixi
i=0
and
gx) = z bix’ € R[x],
j=0
Satisfy
f)g(x) = f(x)g™(x) =0

(resp.,  f(OR[x]g(x) = f()R[x]g"(x) =

0), then, a;b; = 0 (resp., a;Rb; = 0) for all i, j
(consequently a;b; = 0 (resp.; a;Rb; = 0)).

Theorem 1. Let R be a *-Armendariz *-ring.
Then the following statements are equivalent

1. R is a-quasi-*-IFP.
2. R[x] is &-quasi-*-IFP.
3. R[x;x71) is G-quasi-*-IFP.
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Proof. It is enough to prove (1) to obtain (2).
Let’s consider

m n

fG) = ) aix,g() = ) byl € Rlx
. £,

i=0

Therefore,

fOIR[x]g(x) = 0= fFOOIR[x]g"(x).
By hypothesis,

aibj =0= al-b]’-k

and

a(a;)a(r)a(b;) €R foralli,jandr € R.
Hence, a(f(x))R[x]a(g(x)) =0, and hence
that R[x] is a-quasi-*-1FP.

Theorem 2. Let us assume R is a quasi-*-
Armendariz *-ring, then the following state-
ments are equivalent.

1. R is a-*reflexive.
2. R[x] is &-*-reflexive.
3. R[x;x7 1) is @-*reflexive.

Proof. It suffices to show that (1) = (2). As-

sume
m n
f&) = z aix',g(x) = » bjx’ € R[x]
i=0 =0

leads us to obtain:

fIR[x]g(x) = 0 = fF(X)R[x]g" (x).

Since R is quasi-*-Armendariz, it is given
a;Rb; = 0 for alli,j. But, R is a-*-reflexive,
SO a(bj)Ra(ai) = 0 forall i, j.

Consequently a(g(x))R[x]a(f(x)) = 0, and
hence R[x] is @-*-reflexive.

The following corollaries are obtained by The-
orems 1 and 2.

Corollary 17. Let R be an Armendariz *-ring.
Then, the following relations are equivalent:

1. R is a-quasi-*-IFP.

2. R[x] is &-quasi-*-IFP.

3. R[x;x71)is @-quasi-*-IFP.
Corollary 18. Let R be a quasi-Armendariz *-
ring. Then, the following relations are equiva-
lent:

1. R is a-*- reflexive.
2. R[x] is &-*-reflexive.
3. R[x;x"1] is &-*-reflexive.

It is known that, the Dorroh extension
D(R,Z) ={(r,n):r € R,n€Z} of a *-ring
R is a ring with componentwise addition and
multiplication:

(r, 1) (12, p) = (12 + nyry + N1y, nyny).

The involution of R can be extended naturally
to D(R,Z) as (r,n)*=(@"n) (see
(Aburawash, 1997)). A *-endomorphism a on
Rcan be extended to & on D(R,Z)by
a@(r,n) = (a(r),n) (see (Baser et al., 2009)).

Proposition 18. A *-ring R is a-quasi-*-IFP
with a(1) = 1, if and only if its Dorroh exten-
sion D(R, Z) is @-quasi-*-1FP.

Proof. Let (r,ny),(r,n,) €D  with
(r, n)(ry,nz) = 0 = (1, ny) (13, 12).

Then,

"y +nrn +nn, =0=nr, +
nr, +n,r + nyn,.

Since Z is a *-domain, we have ny =0 or
le = 0. If Tll S 0 then 0 = T17‘2 + TlZT'l S
r(p+ny,) and 0=mnrr, +n,r, =r(y +
n,). Since R is a-quasi-*-IFP with a(1) =1,
0 = 07(7'1)07(7')07((7'2 + nz)) = a(r)a(r)
a(ry) + a(r)a(r)n, and
0 = a(r)ama((r; +ny)) =
a(r)a(r)a(r,”) + a(r))a(r)n, for all r €
R. This yields
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0 = a((r,n))a((r,n))a((rz,nz)) =
(a(ry)a(r) + na((ry)) alry) +

(a(ry)a(r) + na(ry))n, for any (r,n) €D,
and hence a&((r,nq))Da((r,,ny)) = 0.
Now, let n, = 0. Then, (r; +n,)r, =0, and
s0 0 = (a(ry) + ny)Ra(r,) = 0. It is similar to
obtain d((rl,nl))Dd((rz,nz)) = 0, and thus,
the Dorroh extension D (R, Z) is &-quasi-*-1FP.

Proposition 19. 4 *ring R is a-*-reflexive
with a(1) = 1, if and only if its Dorroh exten-
sion D(R,Z) is &-*-reflexive.

Proof. Suppose that (ry,n,), (r,,n,) € D with

(ry,ny)(r,n)(ry,n,) =0 =
(ry,ny)(r,n)(ry,n,). For any (r,n) € D. The
claim here is

d((rz,nz))&((r, n))o?((rl,nl)) = 0.

In fact, we have

(ryrry + nyrry + iy, + nunry, + Ny +
nn,r + nnyr,nnny) = 0 = (rrry + nyrry

+nrry, + nnry +nyrr +nyn,r +
nn,ry, Nnn,), "Iy + nyrr, +nnr, +
nnry, + nyryr + nynyr +nnyry =0

* * * *
=r4qIT, + nqI1, + Ny, + nqnr, + Nyryr
+nn,r + nn,n

and
nnn, =0,

since Z is a *-domainn; = 0,n =0 orn, = 0.
If ny=0, then, mrr,+nnr,+n,nr+
nn,r; = 0, and so we have:

0 =nrrry, + nryry, + nyrr + nnyry = ry(r,n)
(r,n3) = (a(r2),n2) (a(r), M)a(r) = a(ry)

a(r)a(r) + a(r)na(r) + npa(ra(rn) +
n,na(ry), since R is @&-*-reflexive *-ring.
This shows that

'b'(((rz,nz))d((r, n))&((rpnﬂ) =
a(r)a(r)a(r) + a(r)na(r) +

nya(r) a(ry) + nyna(ry) =
a(rp)a(ma(r) + nya(r)a(r) +
na(ry)a(ry) + nyna(ry) + na(ry)a(r) +
nyny,a(r) + nyna(r) =0, nynn, = 0.

If n, =0, then,

nrry + nrry, + nnry, + nynr,
= (r,n)(r,n)ry = a(ry)

d((r, n))d((rl,nl))
= a(r)a(r)a(r)
+ a(r)a(r)n, + a(r)na(r)
+ a(ry)nn, =

a(r)a(r)a(r) + npa(r)a(r)
+ na(ry)a(r) + nyna(ry)
+na(ry))a(r) + nyn,a(r)
+ nyna(ry) = 0.

Therefore, we get 0 = 07((7‘2, nz))&((r, n))
d((rl, nl)), then, D is @-*-reflexive.

Conversely, assume that D is @-*-reflexive. Let
a(r)Ra(r;) = 0 = a(r))Ra(ry), for r,ry €
R.  Then, a(r)(a(r) + n))a(r) =0 =
a(ry)(a(r) + n))a(ry) for any(r,n) € D, this
implies:

0= d((rl, O))o?((r, n))o?((rz, O)) =
d((rl,O))o”z((r, n))o?((rz*, 0)),for any (r,n) €
D. Since D is a@-*-reflexive, we have 0 =
d((rz,O))d((r, n))o?((rl,O)) =
@((r3,0))a((r,n))a((r, 0),

and hence, a(ry)(a(r) + n)a(r;) =0 =
a(ry)(a(r) + n)a(r,), thus,
a(ry)Ra(r) = 0 = a(ry)Ra(ry).

Recall that, a ring R is called right Ore, if it is
given a,b € R with b regular, there exist
a,,b; € R with b; regular such that: ab; =
ba,. Left Ore is defined similarly, and R is Ore
ring, whether it is both right and left Ore. For
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*-rings, right Ore implies left Ore and vice ver-
sa. It is a known fact that R is Ore if and only if
its classical quotient ring Q of R exists and for
*_rings, * can be extended to Q by (a"1h)* =
b*(a*)"t. A ‘*-automorphism a« on Q by
@(ab 1) = a(a)a(b)™! (see [(Martindale &
3rd, 1969), Lemma 4], (Hong et al., 2006)).
The following theorem is generalized by
[(Aburawash & Abdulhafed, 2018a), Theorem
5].

Theorem 3. Let R be an Ore *-ring, o the *-
automorphism of R, and Q be its classical quo-
tient *-ring, then, R is o-*-reflexive if and only
if Q is a-*-reflexive.

Proof. Let R be an a-*-reflexive *-ring and
pyE =0=pyé* with B=au™l, y=bv?
and &=cw™1€Q. By hypothesis for
a,b,c,d,u,v,w €RR, there exist by,u; €ER
with u, regular

ub; = bu;,u™bh = bjus?t, (1)

then, 0 = By¢ = autbvtcw™?! = abjuj?
v-iew™ . Also, for c,v € R there exist
€1, V1, €1 € R with v, regular such that:

ve, = cvy, v ic = gt
and
* % -1 % _ *.,—1
Ve, = v, v ct = cvg o, (2)

so, we have 0= py& =abu;lc;viiwh
For c,u € R, there exist cj, c,, 5, U, € R with
u, regular such that:

_ -1, _ -1
UiCy = CqlUy, U] €1 = CoU5 3)

ko % -1 % __ . %,,—1 4
U1C; = CilUy, Uy € = CUy,  (4)
and hence, it is obtained

0 = By¢ = abycouy v tw!

= abyc,(Wviuy) ™t
which implies ab;c, = 0. Similarly,

0 =yB&¢ = au thv I (cw™1)* = authv?

w) lc* = abju; v (w1t =
ab; (w*vu,)"1c*,

where g = w*vu; €R. For ¢,g € R, there
exist g1,¢; € R with g, regular such that:

* Lk -1 % _ % -—1
gc; =€ g1, g € =Cg91 -

Thus,
0 = yBE" = abyc3g;,

for which implies that ab;c; =0, then,
abic, = 0 = ab,c;. In the following computa-
tions, the condition that R is a-*-reflexive can
be used freely. Since ab;c, =0, we have
c;bia =0, and so cy,bjau = 0. This implies
that:

aub;c, = abu,c, = 0 by (1), then, u,c,ba =
0, and so cjuy,ba = 0 by (3). This leads to
abciu, =0, and abc; = 0. Hence, ¢c;ba = 0,
and thus vci;ba = 0, so abcv; = 0. Hence, we
get abc =0, and so cbha =0. Similarly,
abic; =0, we have c;b;a=0, and so
c;biau = 0. This implies that aub;c; =
abu,c; =0 by (1), then, u;c;ba =0, and so
ciuzba = 0 by (4). This shows that abciu, =
0 and abcy = 0. Hence, c;ba = 0, and thus
vciba = 0, so abc*v; = 0 by (2). Hence, we
get abc® =0 and so c*ab=0. On the other
hand, é&yp = @(cw Ha(bv Ha(au™!) and
similarly there exist as, a4, b3, w3, v3,v, € R
with ws, v3, v, regular such that:

a(w)a(bs) = a(b)a(ws),  a(w Ha(b) =
a(bs)a(wsh),
a(a(as) = a(@a(vs),  a@ Hala) =

a(az)a(vsh)

and

a(w)a(a,) = a(az)a(vy), alwsHalas) =

a(aga(v, ™).

Then, we get

§yB = a()a(bs)a(ws Ha(az)a(vs Ha™)
= a(c)a(bs) a(a)as Da(vs Haw™) =
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a(cb3a4)a((uv3v4)'1). Since a(cha) = 0, we
obtain a(w3)a(cha) = 0, and so

a(a)a(b)a(ws)a(c) =0 =
a(a)a(w)a(bz)a(c).

This implies that:
a(c)a(bs)a(a)a(w) = 0,

and thus
a(c)a(bs)a(a) = 0.
Then,
a(c)a(bz)a(a)a(vs) =

a(c)a(bs)a(v)a(as) = 0 and so,
a(v)a(az)a(bs)a(c) = 0.

Hence, a(asbsc) = 0 = a(cbsas) and then

a(c)a(bs)a(az)a(v,) =
a(c)a(bz)a(w) ala,) =
a(way)a(bs)a(c) = 0.

It follows that a(a,)a(bs)a(c) = 0 and we get
a(c)a(by)a(as) = 0. Therefore,

&yp = a(ew hvtau™?t) =
a(chza,)(uvsv,)~t = 0.Then
reflexive.

Q  ar

Finally, according to the study (Abdulhafed,
2019)], [(Aburawash & Abdulhafed, 2018a),
Theorem 5], and Theorem 3, the following
corollaries are deduced.

Corollary 19. If R is reflexive *-ring, then Q is
a-*-reflexive.

Corollary 20. [f Q is reflexive *-ring, then R is
a-*-reflexive.

Corollary 21. If R is a-*-reversible *-ring,
then Q is @-*-reflexive.

Corollary 22. If Q is &-*-reversible *-ring,
then R is a-*-reflexive.

Conclusion And Future Directions

All the results of the paper are summarized by
using a diagram explaining the relations among

the corresponding classes.It is possible to fol-
low implications in the class of rings with invo-
lution.

o-"IFP &=="IFP == 1IP

a-*1igid e————=0- nﬂll quasi-*-IFP = a-quasi-*-IFP

\ r101(l<=>r(ductd=>- —reversible == o-*-reversible

A\
\ ,
\ *rigid === *-reduced == *-reflexive == a-"-reflexive
\

semiprime

Most importantly, the study has explored the
following several new results.

1. Every a-rigid is a-*-reflexive.
2. Every *-rigid is a-*-reflexive.
3. Every a-*-reversible is a-*-reflexive.
4. Each a-*-reversible is a-quasi-*-1FP.

Finally, these results pave the way for further
research into some classes of *-rings which
generalize that of a-*-reflexive *-rings and in-
vestigate their properties.

Based on the above results, we strongly rec-
ommend studying the *-rings independently by
using both morphisms and structures presiding
its involution. However, it is good to join the
involutive structures with their non-involutive
counterparts. Future work will be concerned
with deeper analysis of *-rings, new properties
of the created structures and new several struc-
tures in the involutive sense. The following
questions should be an inception for new
works:

1. Studying the extensions over *-Baer *-rings
as polynomials, skew polynomials,
and matrices is very important. What are the

hypotheses needed to do that?
2. How are the extensions of a -*-reflexive
possible?

3. Is there a possibility to get a definition for

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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central a-*-reflexive *-rings analogously to
central *-reflexive rings?
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Abstract: A field study was conducted in the fall of 2019 to investigate the potential of Arugula
(Eruca sativa Mill) aqueous extract as a growth stimulant in enhancing the growth and yield of Fa-
ba Bean (Vicia faba L). The study was conducted using sandy soil at a farm in Abo Esaa town in a
plot size of 3X5 m? with a row spacing of 25cm,which based on a complete randomized design
(RCD) with four replications, three treatments were carried out, including no foliar spray with E.
sativa extracts (control) and foliar sprayed with 20% and 40% aqueous extracts of E. sativa. Ac-
cordingly, Faba Bean (Vicia faba L) plants were foliar sprayed six times with the aqueous extracts
of E. sativa at rates of 20 and 40% at vegetative and reproductive stages. The result showed that
among these concentrations, the foliar spray of faba bean plants with 40% of E. sativa extracts po-
tentially were increased all measured growth and yield traits. The results pointed out that plant
height increased by 32%, number of branches by 73%, number of leaves by 95%, number of seeds
plant by 89%, leaves, stems, pods and roots dry weight by 92%, 80%, 74%, and 89%, respectively.
Thus, the study concluded that E. sativa aqueous extracts could potentially be used efficiently by
crop producers as a growth enhancer for faba bean crops because of their productivity, great nutri-
tive value, low cost, and environmentally friendly nature.

Keywords: Vicia faba L; Eruca sativa Mill; Aqueous Extracts; Growth; Yield.

INTRODUCTION Maci’as et al., 2006). In addition, over-
applying of chemicals may cause human health
problems, ground water contamination, and
may lead to toxicity in foods (Hong et al.,

2004).

Faba bean (Vicia faba L) is a main legume crop
grown in Libya due to its high nutritional value
of the seeds. Humans in all over the world con-
sume Faba been seeds as a substantial source of

vegetable protein (El-Dabaa et al., 2019). Also,
some faba bean varieties make significant live-
stock feed for animal feeding (Crépon et al.,
2010; Cherif et al.,2018). Likewise, growing
this legume is valuable to other crops as it in-
creases soil fertility by biological nitrogen fixa-
tion and increases the soil content of nitrogen
(El-Dabaa et al., 2019). In Libya, soil fertility
is one of the principal production limitations,
especially nitrogen deficiency. Hence, im-
mense quantities of chemical fertilizers are ap-
plied for crop production. However, artificial
chemical fertilizers are potentially toxic and
may harm the environment (Khanh et al., 2004;

Eruca sativa is an herb vegetable and a peren-
nial plant belonging to the Brassicaceae family
(Koubaa et al., 2015). Arugula (Eruca sativa
Mill) is a highly valued plant distributed in
many countries worldwide. It has an impressive
range of medicinal uses and high nutritional
value. The health benefits of E. sativa leaves
and seeds were widely investigated, however,
considering to the literature available, little in-
formation is currently available about the bi-
ostimulants effect of E. sativa on plant growth
in general, and on faba bean specifically. Bi-
ostimulants are plant extracts that contain some
kinds of bioactive compounds that able to im-
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prove some physiological processes that stimu-
late growth and development of crops with in-
creasing nutrient use efficiency, and reducing
synthetic chemical fertilizers without affecting
the quality and crop yield (Bulgari et al., 2015;
Elzaawely et al., 2017). Biostimulants possibly
offer a new approach for the regulation of
physiological processes in plants to stimulate
growth, alleviate stress, and increase yield
(Yakhin et al., 2017). Foliar application of bi-
ostimulants and micronutrients could be a bet-
ter way of fast action in improving plant
growth and yield (Khan et al..,2021). Another
work, investigated the effect of some natural
plant extracts include garlic, moringa, and lico-
rice extracts on the yield and fruit quality of
pear trees. The work is reported that extracts of
these plants could be recommended to be used
effectively as natural plant extracts for improv-
ing the growth of various crops due to its high
nutritive value, antioxidant effect, easy prepa-
ration, and environmentally friendly (Abd El-
Hamied and El-Amary, 2015). To reduce de-
pendence on synthetic chemical fertilizers, an
alternative source for nutritional components is
required for improving crops and faba bean
production that minimizes environmental pol-
lution. Therefore, this study aimed to highlight
the potential of arugula (Eruca sativa Mill)
aqueous extract as a green fertilizer in enhanc-
ing the growth and yield of faba bean (vicia
faba L).

MATERIAL AND METHODS

Plant Materials: Faba bean (Vicia faba L)
seeds and Arugula (Eruca sativa Mill) obtained

from the local market.

Experimental and treatment conditions: A
field experiment was conducted in sandy soil at
a farm in abo Esaa town based on a randomized
complete design (RCD) with four replications
in a plot size of 3X5 m” with a row spacing of
25 cm. Seeds of faba bean were sown in sandy
soils in November 2019. Di-Ammonium phos-
phates ((NH4),HPO4) 46P, 18N were applied
twice, the first application was around the veg-

etative stage, and the second application was
around the flowering stage of plant growth.
The plants were irrigated as needed and were
under monitoring.

Eruca sativa extract: Plant materials were ob-
tained from the local market, and the leaves of
the plant were first washed and left to dry. Eru-
ca sativa aqueous extract was prepared follow-
ing modified methods of (Phiri, 2010). Briefly,
100 g of fresh leaves of E. sativa were mixed
with 100 ml of distilled water in a household
blender for 15 minutes. The solution was fil-
tered through filter paper Whatman No. 1 and
stored at 4C° until used the next day.

Application of Eruca sativa extract: At the
spray time, 20% and 40% of plant extract were
prepared by taking 20 and 40 ml of plant ex-
tract and diluted by adding fresh water to make
100 ml of plant extract, which almost immedi-
ately was foliar sprayed to growing faba bean
plants. The same procedure was repeated every
ten days with a total of six times. The control
plants were sprayed with tap water, and plants
were harvested after 150 days of sowing.

Data collection: At harvesting, a random sam-
ple of four plants were randomly taken from
each treatment and the following data were
recorded:

1. Plant height (cm)

2. Number of branches / plant.
3. Number of leaves / plant.

4. Number of pods / plant.

5. Number of seeds / pod.

6.

Number of seeds / plant.

Subsequently, plants were dried and the follow-
ing data were recorded:

1. Leave dry weight / plant (g)

Stem dry weight / plant (g)

Root dry weight / plant (g)

Pods dry weight / plant (g)

Weight of 10 seeds (g).

Yield of seeds (g) / plant.

SISl e

The 10 seed weight was recorded in g of the
weight of 10 randomly selected seeds from
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each replication after threshing, and seed yield
was calculated. Seeds yield was estimated in g
per plant with total weight of seeds after
threshing.

Statistical Analysis: The experimental design
was a randomized complete design (RCD) with
four replications. Analysis of variance per-
formed using generalized linear model (GLM)
procedure in SAS 9.4 (SAS Institute Inc., Cary,
NC, USA) for growth and yield-related traits.
Separation of means was carried out using the
least significant differences (LSD; P < 0.05).
The means were compared using Duncan's
multiple range test.

RESULTS

The P-values for growth and yield-related traits
obtained with SAS PROC GLM are presented
in table 1. The effects of the application of E.
sativa aqueous extract were significant (P <
0.05) on plant height, number of branches,
number of leaves, number of pods, number of
seeds, leaves, stems, pods, and roots dry

weight, dry weight of 10 seeds and yield of
seeds (Table 1). Data presented in Table 2
shows the effect of the application of E. sativa
extract at different concentrations on the
growth and yield of faba bean plants.

Table:1. Probability values of the effect of Eruca sativa
aqueous extract on the growth and yield of faba bean
(Vicia faba L) Plants

Traits Treatments
Plant height (cm) 0.0420
Number of branches plant 0.0395
Number of leaves plant™ 0.0372
Number of pods plant™ 0.0376
Number of seeds pod™ 0.0467
Number of seeds plant™ 0.0245
Leave dry weight plant™ (g) 0.0460
Stem dry weight plant™ (g) 0.0443
Root dry weight plant™ (g) 0.0478
Pods dry weight plant™ (g) 0.0309
Weight of 10 seeds (g) 0.0455
Yield of seeds plant™. (g) 0.0013

Table:2. The effect of (Eruca sativa Mill) aqueous extract on the growth and yield of faba bean (Vicia faba L) Plants.

Traits Treatments

Control 20% 40%
Plant height (cm) 55° 56° 73°
Number of branches plant™ 3.7° 5.5% 6.5
Number of leaves plant” 69" 117* 135°
Number of pods plant™ 9P 10.5%® 14°
Number of seeds pod™ 3.4° 4% 4.2°
Number of seeds plant™ 31.7° 42 60°
Leave dry weight plant™ (g) 5.5 7.9 10.6"
Stem dry weight plant” (g) 10° 13% 18°
Root dry weight plant” (g) 4° 5.6 7
Pods dry weight plant™ (g) 25" 31% 47°
Weight of 10 seeds (g) 9.7° 13.8% 16.8°
Yield of seeds plant™. (g) 32.6° 57.5 97.8*

* Individual value is the mean of 4 plants under different salinity levels. Values followed by different letters are significantly different according to

Duncan’s multiple range test (P < 0.05

The results were showed that the low concen-
trations (20%) of E. sativa extract did not
have a significant effect on the plant height of

faba beans. Whereas the high concentrations
(40%) of E. sativa extract exhibit a significant
effect on the plant height of faba bean, which
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increased plant height by 32% compared to
control plants (Fig. 1A). Concurrently, the
number of branches plant-1 increased under
both concentrations of E. sativa extract. The
result indicated that the application of 20% of
E. sativa extract increased the number of
branches plant-1 by 47%, and the application
of 40% of E. sativa extract increased the
number of branches plant-1 was by 73% (Fig.
1B). Likewise, the number of leaves plant-1
was increased by the application of E. sativa
extract at both concentrations. Figure 1C
showed that the number of leaves plant-1 in-
creased by the application of 20% and 40% of
E. sativa extract by 69% and 95% respective-

ly.

§ § §

L, 140 69T% 95]%‘ C
% 105 N %
N NN
A0\ \ S\
Control 20% AAE  40% AAE
Treatments

Figure 1. The effect of Eruca sativa aqueous extract
treatments on (A) plant height (cm), (B) number of
branches and (C) number of leaves / plant of faba bean
plant. Each datum indicates mean value and vertical
lines on top of bars indicate standard error of means (n
= 4). Values in parenthesis indicate the percent in-
crease from control.

Also, the result indicated that both concentra-
tions of E. sativa extract induced a significant
increase in the number of pods plant-1 of faba
beans. The highest values of the number of
pods plant-1 were noted at a concentration of
40% of E. sativa extract, which increased
plant height by 54% compared to control
plants (Fig. 2A). The same trend is found in
the number of seeds pod-1 and the number of
seeds plant-1. The application of 20% and
40% of E. sativa extract increased the number
of seeds pod-1 by 19% and 24% respectively
Fig. 2B. The number of seeds plant-1 was in-
creased by 33% and 89% as a result of the
application of 20% and 40% of E. sativa ex-
tract respectively Fig 2C.

.Y N\ N

Figure 2. The effect of Eruca sativa aqueous extract
treatments on (A) Number of pods™ plant, (B) number
of seeds pod-1 (C) number of seeds plant™ of faba bean
plant. Each datum indicates mean value and vertical
lines on top of bars indicate standard error of means (n
= 4). Values in parenthesis indicate the percent in-
crease from control.
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In addition, Eruca sativa aqueous extract
treatments created significant stimulation in
biomass accumulations plant-1. This stimula-
tion was displayed by an increase in dry
weight of the plant’s stem, leaves, and roots.
Leaves dry weight was increased by 43% and
92% due to the application of 20% and 40%
of Eruca sativa aqueous extract respectively
Fig. 3A. The 20% of Eruca sativa aqueous
extract treatments increased stems dry weight
by 29% and 40% of Eruca sativa aqueous ex-
tract treatments increased stem dry weight by
80% Fig. 3B. Similarly, the 20% of Eruca
sativa aqueous extract treatments increased
plant roots dry weight by 40% and 74% of
Eruca sativa aqueous extract treatments Fig.
3C.

Pt I N\
N X D
§4 T\\ \7

Figure 3. The effect of Eruca sativa aqueous extract
treatments on (A) leave dry weight (g), (B) stem dry
weight (g) (C) roots dry weight (g) of faba bean plant.
Each datum indicates mean value and vertical lines on
top of bars indicate standard error of means (n = 4).
Values in parenthesis indicate the percent increase
from control.

Moreover, spraying of faba bean plants with
20% and 40% of Eruca sativa aqueous extract
resulted in a significant increase in pods dry
weight plant-1 (g), weight of 10 seeds, (g) and
yield of seeds plant-1 (g) Fig 4.

%40 25T% §
2307 1 N \
22T \ \
e N
N
Egljj 76% §\0
%50 - § §

Figure 4. The effect of Eruca sativa aqueous extract
treatments on (A) pods dry weight plant’ (g), (B)
weight of 10 seeds (g) and (C) yield of seeds plant™” (2)
of faba bean plant. Each datum indicates mean value
and vertical lines on top of bars indicate standard error
of means (n = 4). Values in parenthesis indicate the
percent increase from control.

The result illustrated that both concentrations
of Eruca sativa aqueous extract increased
pods dry weight plant-1 (g), which was in-
creased by 25% and 89% when plants of faba
bean were sprayed by 20% and 40% respec-
tively of E. sativa aqueous extract Fig.4A. At
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the same time, the weight of 10 seeds (g) as
increased by 43% and 74% as a result of the
application of 20% and 40% of E. sativa
aqueous extract respectively Fig.4B. The
highest increase was found in the yield of
seeds plant-1 (g), which increased by 76%
and 200% when faba bean plants were treated
with 20% and 40% respectively of E. sativa
aqueous extract Fig 4C.

DISCUSSION

This work was conducted to study the effect
of foliar spray with aqueous extract of Eruca
sativa Mill plant at concentrations of 20% and
40 % on the growth and yield of faba bean
(Vicia faba L). The results showed that foliar
application with 20 % Eruca sativa Mill
aqueous extract showed significant effects on
vegetative growth and yield components of
faba bean. However, foliar application with
40% Eruca sativa aqueous extract showed
highly significant improvement effects on
vegetative growth and yield of faba bean, as
shown in table 2. This may be due to the phy-
tochemical properties of Eruca sativa aque-
ous extract and their biostimulate and antioxi-
dant potential (Sadiq et al., 2014). It is notice-
able from the results that all implemented
concentrations of Eruca sativa aqueous ex-
tract (20% and 40%) concentrations signifi-
cantly stimulated the growth and yield com-
ponents of faba beans.

Currently, concerns are growing about human
safety and the environmental impact of con-
ventional synthetic fertilizer commonly used
to improve plant growth. Some plant aqueous
extracts may enhance plant growth, increase
plants’ tolerance against biotic and abiotic
stresses and improve nutrient use efficiency
(Posmyk and Szafranska, 2016). An increase
in growth and yield components of faba bean
was achieved when faba bean plants were
sprayed with 40% of Eruca sativa aqueous
extract. This observation is comparable to that
reported on the effect of moringa plant ex-
tracts on enhancing growth, yield, biochemi-

cal, hormonal contents of snap bean plants
(Elzaawely et al., 2017). Data also showed
that high concentrations of Eruca sativa
aqueous extract are directly proportional to
increased shoot growth. This agree with an
early study that concluded the irrigating basil
plants with Moringa leaf extracts resulted in
an increase of shoot length, shoot fresh
weight, and shoot dry weight and recom-
mended Moringa as bio-organic fertilizer for
various crops (Abdalla, 2013; Hassanein et
al., 2019). According to the results obtained
herein, the number of seeds pod-1 was the
least affected trait and followed by plant
height. Whereas the number of leaves plant-1,
leave dry weight, and seed yield plant-1 were
the most affected traits.

This finding is in agreement with a study
which indicated that Crofon macrostachyus
and Plectranthus barbatus leaf extracts in-
creased shoot length and leaf number per
plant, and these two plant species were a
source of cheap soil nutrients and may substi-
tute the use of inorganic fertilizers (Odhiambo
etal., 2019).

In the current study almost all growth and
yield traits investigated were significantly
improved with the application of E. sativa
aqueous extract. This outcome was similar to
other studies including: Moringa extract im-
proving growth and yield of tomato plants
(Culver et al., 2012), Moringa oleifera leaf
extract improving growth and yield compo-
nents of snap beans (Emongor, 2015), and
foliar application of Moringa leaf extract en-
hancing growth, yield and nutritional quality
of cabbage (Hoque et al., 2020).

The same result was reported in a previous
study that showed that the application of mul-
berry, brassica, and sorghum leaf extracts im-
proved growth and enhanced biochemical and
antioxidant activities of radish plants (Ashraf
et al., 2016). This improvement of faba bean
growth after foliar sprayed with E. sativa ex-
tracts was because Eruca sativa plants have

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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been reported a rich source of important nu-
trient elements such as (N, P, K, Ca, Mg, Na,
Fe, Cu, Mn, and Zn (Bukhsh et al., 2007; Bar-
las et al., 2011), that may have benefits in en-
hancing plant growth. Eruca sativa plant may
increase plants to uptake more and more val-
uable elements, which increased the nutrient
status and ultimately accomplish optimum
growth and yield of faba beans.

CONCLUSIONS

With regard to yield parameters: seed yields™
compared to control were significantly in-
creased, especially that obtained from 40% of
E. sativa. The study indicated that to improve
faba bean production, the application of 40%
of E. sativa showed the best plant perfor-
mance. Therefore, using E. sativa aqueous
extract as commercial fertilizer is recom-
mended for improving the production of faba
beans. Plant fertilizers that degrade quickly
are safer than persistent synthetic chemical
fertilizers, less harmful to the environment,
decrease production costs, and are not causing
chemical resistance in the environment.
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Abstract: Without four-wave mixing terms in birefringent fibers, the extended trial function
scheme was used to obtain optical soliton solutions for the coupled system corresponding to the
Gerdjikov-Ivanov equation. The procedure reveals singular soliton solutions, bright soliton
solutions, and highly important solutions in terms of Jacobi’s elliptic function. And in the limiting
case of the modulus of ellipticity, singular and singular-periodic soliton solutions, along with their
respective existence criteria.

Keywords: Birefringent Fibers, The Coupled Gerdjikov-Ivanov Model Without Four-Wave Mixing
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INTRODUCTION

The Gerdjikov-Ivanov (GI) model without
four-wave mixing terms (FWM) is one of the
varieties of models that study the dynamics of
optical soliton propagation for transmission
technology, the transcontinental and
transoceanic distances, optical fibers, data
transmission, and the telecommunications
industry. This model has been studied for
polarization-preserving fibers along with
strategic algorithms such as modified simple
equation scheme, the c¢sch method, the

!
extended tanh — coth method, %—expansion

method, sine-cosine method, trial, and the
extended trial equation method, trial equation
integration architecture, extended
Kudryashov’s method, and the exp(—(¢))-
expansion method (Arshed, 2018; Arshed et al.,
2018; Biswas, Ekici, Sonmezoglu, Majid, et al.,
2018; Biswas, Ekici, Sonmezoglu, Triki, et al.,
2018; Biswas, Yildirim, Yasar, Triki, et al.,
2018a, 2018b; Biswas, Yildirim, et al., 2018;
Ekici et al.,2017; Jawad et al.,2018; Kadkhoda,
N.; Jafari, 2016; Yildirim, 2019d, 2019a,
2019b, 2019c) and the extended simplest

equation method (Hassan & Altwaty, 2020).
Although there are many advancements, the
solitons were taken into account only along one
model component. The extended trial function
scheme has been applied to the coupled GI
model without FWM given in two-component
forms in birefringent fibers which gives rise to
improving the model further. The strategy of
the method reveals singular and bright soliton
solutions. Furthermore, highly important
solutions in terms of Jacobi’s elliptic function,
and in the limiting case of the modulus of
ellipticity, singular and singular-periodic
soliton solutions have been gained and listed
with their respective existence criteria.

GOVERNING MODEL

The (GI) equation (Arshed, 2018; Arshed et al.,
2018; Biswas, Ekici, Sonmezoglu, Majid, et al.,
2018; Biswas, Ekici, Sonmezoglu, Triki, et al.,
2018; Biswas, Yildirim, Yasar, Triki, et al.,
2018b, 2018a; Biswas, Yildirim, et al., 2018;
Jawad et al., 2018; Yildirim, 2019d, 2019b,
2019c) is represented as

iYe+ath +b [Pl Y +icy? ;=0 (1)
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The first term is referred to as the temporal
evolution of pulses when the existence of group
velocity dispersion is supplied by the
coefficient of a in this quite important
governing model. The complex-valued function
Y(x,t) is referred to as the wave profile. The
coefficient of b is named as the nonlinear term
that signifies quintic nonlinearity. Once and for
all the existence of a form of dispersive
phenomenon is ensured with the coefficient of
C.

The GI model without FWM in birefringent
fibers (Yildirim, 2019) is described by

iy + ayhy + (b1 [P1* + 1 [W1?1D1* + dildp|)y +
i(B1? +y10*)x = 0,

i + aprx + (b2||* + 21 P12[WP1* + da Y| +
i(B29* + v2¥*) s = 0. (2)

The coefficients of a; correspond to group
velocity dispersion when the coefficients of b;
stem from self-phase modulation in this
coupled GI system. Once and for all, the
coefficients of ¢; as well as d; correspond to
cross-phase modulation, whilst the coefficients
of B, y; account for other forms of dispersive
phenomenon along with j = 1,2.

MATHEMATICAL PRELIMINARIES

The starting hypothesis for solving the
considered coupled system is given by

(x,t) = wy ({(x, £))e ™D, 3)
P(x,t) = wy(§(x, ))e ™D, “4)
where w; represent the amplitude component of
the soliton and 6; for j = 1,2 is the phase
component of the soliton that is described as
(x,t) = kyx —vt, (5)
O(x,t) = —k,x + ut + k. (6)
Here, v is the velocity of the soliton, k, is the
frequency of the solitons in each of the two
components while w is the soliton wave
number and k; is the phase constant. By
putting (4) and (5) into (2) we get:

—(u+ a k®wy + a k2w + bywy + cowiw? +
dywywy — kyiwi — kyyawiwy + i(—v — 2a.kk, +
kiprwi + kyywiwy =0, (7)

—(u + ayk2)w, + ayk?wy + byw; + cwiwi +
desz - k2ﬁ2W23 - kz)/szWz + l(_v - 2a2k1k2 +
kifow3 + kyy,wi)wy = 0. (8)

Equation (7) and (8) can be gathered as
—(u + ajk2)w; + a;kiw + biwP + cwiw? +
dywjwit =k, Biwi — kpyjwiw; + i(-v- 2ajkk, +

ki Biw} + kyyywi )wj =0, ©)

where j=12 and [=3—j ,
balancing principle we get w; = w;

using the

ko (B +vj)wi +i(—v — 2ajk k;, + ki (B +
vi)wi)wj =0, (10)

Splitting into real and imaginary parts we get:

—(u + ajk2)w; + a;kiw’ + (b; + ¢ + dj)w} —
v = 2a;kik; + ki (B + v)wf = 0. (12)

Equation (12) presents the velocity of the
soliton solution, balancing w’ with w® in
equation (11) gives N = %,

since N is not real, we set w; = [o; .
Substituting into (11) and multiplying by
49;.[p; we get

Own®; + 0@nPi®; + 0an (@D + owne) +

o @ =0, (13)
where o, ;) = —4(u + a;k3) , 02y = 2a;k} , 035y =
—a;kf , oy =40+ +d), os) = —4k (B +
}’j)-

Balancing @@} with ¢* gives N = 1

EXTENDED TRIAL EQUATION
SCHEME

The traveling wave solution with extended trial
function scheme is:

@j =Xy Agjut, =12, (14)
where

"2 = _ 0 _ Tiohu!
W) =T =1 =5 (15)
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where 4;, x;, A;j are constants and A;, x,,
Ay,j are non-zero. Equation (15) can be

formulated as

@ =0 =f =1 Jougdw (16)
The balancing principle applied to (13) implies
T=p+2N+2, (17)
Since N = 1 and setting p = 0, we get 7 =4
consequently, from (14) we have

= Ao + A ju, (18)
(A1,)? Zl At

( ])2 ”X—OO (19)
17 (A ,')Z‘itz iliui_l

pf = CaTatte, 20)

where 4, # 0 and y, # 0. Substituting Egs.
(18) — (20) into Eq. (13), we obtain a system
of algebraic equations. Solving the system, we
get

Ao = 2o, A =44, Ao,j = Ao,ja Al,j = Al,ja Xo = Xo»
Ay =

4 3 2
AO./XO (4bj_2+4cj+4dj)+2AO,jk2X0 (,Bj+y]-)+A1_1-a]-k1 (AO,]'Al _Al,]'AO)

2
AoJajkl
2
641 jkaXo(Bj+Yj)—4Ag jA1,jX0 A7 jXo
5/13: 3a:k2 514:_3,](27
a] 1 a] 1
H =
443 jxo(bj+ci+d)—4A3 ikyxo(Bj+Y ) +A1jajki (Ao jA1—Ay jAo)—4A ja;k3 xo
447 ixo

Substituting into (15) and (16), we get
+({—4) = Qf m

where Q = \/E rw) =Xt /1"

Therefore the traveling wave solutions to
Eq.(2) are
When ['(u) = (u — 9,)*

Y(x,t) =JA01+A11191 iLX
’ ’ k1x-2

21

—2a1k1kzt—0o

ei(—k2x+ut+k3)’ (22)
= 4+ %20

d(x,t) = \/Aoz + A0, Kxx—2agk kot —lo X
ei(—k2x+p.t+k3)' (23)

When I'(w) = (u —9;)%(u —9,), and 9, > 9,

_ 4A1,Q%(9,—9,)
Y0 = \/Ao'l T A G0, ta-2arka et o
ei(—k2x+ut+k3)

24)

441,20Q%(9,-91)
4Q%-[(91-92) (kyx—2azk1kat—{o)]?

(25)

o(x,t) = JAo,z + A9 +
ei(—k2x+ut+k3)

When (u — 9;)?(u — 9,)?

(-DE*14; 1 (91-97)
Ao1 + A9 + sy tra kgt X
e Q -1

(26)

P(xt) =

ei(—k2x+ut+k3)
)

_ (=DE*1A1,,(91-92)
d(x,t) = \/Ao,z + 4129, + @1-9) (kix—2a1k1kzt0)

e Q -1

27

ei(—k2x+ut+k3)

where L = 1,2.
Whel’l F = (u - 191)2(11. - 192)(‘“. - 193),211’1(1 191 > 192 >
U3

Pxt) =

J Ao + Ay 18y — Paaa00@i=0s)

R1
ei(—k2x+ut+k3)' (28)

— _ 241291 -92)(¥1-F3)
P(x,t) = \/Ao,z tAp —— X
ei(—k2x+ut+k3)' (29)
Where R1 = 209, — 9, — 95 + (95 — 9,) X
cosh ((kn/ (91—92)(01—-93)) (k1 x—2a1k1k; t—{o))

0 .

When T = (u—9)u—9)(u—9;)u—-1>9,),
191 > 192 > 193 > 194

_ 241,1(91-92)(94—0>)
Y(x, t) = \/AO,1 + A9, + — X
ei(—k2x+ut+k3)' (30)

_ 241 2(91-92)(91—7>)
dx,t) = \/Ao,z +A;,09, + — X
ei(—k2x+ut+k3)' (3 1)
Where
R2=19,-9,

(¥, — 9,)sn? <J_r\/(z91 —93) (9, — 94) (kyx — 2ayke; kot — {0),m)
+ = )
and m? = $279)¢1-92)
= 01030, —08)

Note that 9;, i =1,...,4 are the roots of
['(uw) =0.
When Agj=-A4,;9; and {, =0, the

solutions (22) —(31) are reduced to the
following plane wave solutions:

Y(x, t) = / ﬁ x el(—kox+uttks) (32)
o(x,t) = [_m x pil-kax+put+ics) (33)

P(x, t) =

\/4Q2—[(ﬁjf;zl)Q(jciiz—_Z{jlljklkzt)]z elThaxtuttka) - (34)
d(x,t) =

\/4Q2—[(ﬁjf;j)Q(jciiz—_Z{jzll)klkzt)]z el(Thaxtuttis) (35)
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singular soliton solutions:
Y(x,t) = \/@ (1 F coth(X)) x ell-kex+ut+ks) - (36)

P(x,t) = J@(l F coth(X)) x eiCkex+uttks) - (377)

and bright soliton solutions:

D ) x el(-kavtut+is)  (38)

Y t) = (\/C+cosh(B(klx—zalklkzt—('o))

D ) x ei(—k2x+ut+k3)‘ (39)

P t) = (\/C+cosh(B(k1x—2a1k1k2t—{n))

where D = \/W B = Y(¥1792)(91=%5)
b

(¥3-92) Q >
, J=1,2.

20109, —03
93—,
The amplitude of the soliton is given by D
where the inverse width of the soliton is given
by B. The solitons will exist for 4;; <O0.
Furthermore, when Ay; = —A;; and {, =0,
Jacobi’s elliptic function solutions (30), (31)

are written as:

C =

— Dy
Yl t) = (\/C1+5n2(BL(k1X—2a1k1k2t—(o))> X
ei(—k2x+ut+k3)’ (40)
$(x, ) = = X
JCl+sn2(BL(klx—Zalklkzt—{o))
ei(—k2x+ut+k3)’ (41)

Aq i(91=92) (940
whereD, = /—1" ( Eﬁl—zéi; 2,

— L\/f -
p, = CONCIE0) o 2970 anq ) gy

2Q 9109, °
Remark-1: When the modulus m — 1, the
singular optical soliton solutions are obtained
as:

— Dy
Y0 = (\/C1+tanh2(BL(k1X—2a1k1k2t—(o)))
ei(—k2x+ut+k3)’ (42)
— Dy
¢, 0) = (\/C1+tanh2(BL(k1X—2a1k1k2f‘(o)))
ei(—k2x+ut+k3)’ (43)
where U5 = U,.
Remark-2: When the modulus m -0 ,

singular-periodic solutions are obtained as:

_ Dy
Yl t) = (Jc1+sin2(BL(klx—Zalklkzt—zo))) %
ei(—k2x+ut+k3)’ (44)

_ Dy
P66 = (Jc1+sin2(BL(klx—Zalklkzt—co») %
ei(—k2x+ut+k3)’ (45)

where 9, = ;.

CONCLUSION

The coupled system corresponding to the
Gerdjikov-Ivanov equation, without FWM in
birefringent fibers, was considered on account
of acquiring optical soliton solutions. Bright
soliton, and singular soliton solutions, were
presented by the extended trial function
scheme. Additional solutions, which are
singular and singular-periodic soliton solutions,
were obtained using the limiting of the
modulus of ellipticity of the Jacobi elliptic
function. Subsequently, by virtue of this paper,
four-wave mixing terms (FWM) will be added
to the model discussed in this article, and
results will be reported accordingly.
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Abstract: In Cognitive Radio Networks (CRN), the main aim is to allow the secondary users (SUs)
to identify the empty bands and use them to transmit or receive data opportunistically. Primary us-
ers (PUs) have the priority to use a channel, while the secondary users must vacant this channel
once a primary user requests it. An attack known in cognitive radio networks as a Primary User
Emulation Attack (PUEA) aims to prevent the SU from using the empty bands. In this paper, an an-
alytical and experimental approach is presented to mitigate the PUEA. This approach is based on
obtaining the Probability Density Functions (PDFs) of the received powers at the secondary users
from malicious nodes and also from the primary transmitter in the cognitive network. Then, these
obtained PDFs are used in Neyman-Pearson composite hypothesis test to measure the performance
metrics (probability of false alarm and miss detection in the network). The results proved that the
performance metrics were greatly influenced by the network area, where the secondary user is lo-
cated, and the threshold value A used in the decision rule. Also, there are boundaries for the A choic-
es that cannot be overtaken.

Keywords: Cognitive Radio (CR); Probability Density Function (PDF); Primary User Emulation
Attack (PUEA).

(FCC 2003). The reasons that make the cog-

INTRODUCTION

The four main functions of cognitive radio
are spectrum sensing, spectrum decision,
spectrum sharing, and spectrum mobility. Via
these functions the secondary users in the CR
must be able to distinguish between the
available channels and used channels. For
example, if a TV transmitter acts as a primary
user, then the users that can use the white
spaces (available channels) in the TV band
are called cognitive users (Buddhikot &
Ryan, 2005).

The major challenge in spectrum sensing is
the ability of the cognitive radio to recognize
the spectrum bands that are not used by the
primary users so the secondary users can co-
exist with the primary users without any in-
terference to their communication. Recently
the operational aspects of CR and its security
aspects have gained a great deal of attention

nitive radio vulnerable to new kind of securi-
ty threats are as follows :-

- The open and dynamic features of the cog-
nitive radio network make the CR systems
more vulnerable to various malicious attacks.
The new threats such as jamming, primary
user emulation (PUE), and Spectrum Sensing
Data Falsification (SSDF) (Jin et al., 2009).

- Because the cognitive radio network shares
some features of the conventional wireless
networks, we have to deal with the conven-
tional wireless security risks in addition to
the threats targeting the cognitive radio fea-
tures. The conventional risks include MAC
spoofing, Denial of Service ...etc. (Akyildiz
et al., 2006).

Based on these vulnerabilities, countermeas-
ures are needed to make the cognitive radio
networks robust and secure against any type
of threat.
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Cooperative spectrum sensing can be vulner-
able when some malicious nodes share false
local sensing reports with others. In such cas-
es, the fused decision may be altered, hence
the reliability of cooperative spectrum sens-
ing. Such phenomenon where local sensing
results are manipulated is known as spectrum
sensing data falsification or Byzantine attack.
A malicious radio can advertise ‘occupied’ as
‘available’ inducing a policy violation or ad-
vertise ‘available’ as ‘occupied’ causing a
denial of spectrum usage. The environment
and changing the parameters in order to im-
prove the quality of service are achieved
based on the main functions of the cognitive
radio. In adversarial, military, and heteroge-
neous competitive networks, such actions are
not surprising where an adversary wants to
cripple the operation of others in the network.
Apart from this, there are also cases where a
node’s permanent spatial orientation is such
that its reports are not suitable for use by oth-
er nodes. The adversary may vary attack
strategies based on different objectives.
Hence there is a need to evaluate the trust-
worthiness of radios before considering their
local spectrum sensing reports (Chen & Park,
2006).

The main aim of this research is to obtain the
performance metrics in cognitive radio net-
works. These metrics are crucial in the spec-
trum detection process to mitigate the attacks
that are presented in the cognitive radio net-
works. Mitigating these attacks leads to im-
proving the spectrum sensing in the cognitive
radio network.

OBJECTIVE OF ADVERSARIAL AT-
TACKERS

The objectives of an attacker have a direct
correlation with the way the attacks are
launched, and therefore they determine the
nature of attacks. Selfish attacks The attack-
er’s motive is to acquire more spectrum for
its own use by preventing others from com-
peting for the channels and unfairly occupy-

ing their share. In this type of attack, adver-
saries will defy the protocols and policies on-
ly if they are able to benefit from them
(Bhattacharjeea 2013; Mathur &
Subbalakshmi, 2007).

Malicious attacks: The attackers’ only ob-
jective is to create hindrance for others and
does not necessarily aim at maximizing their
own benefits. They do not have any rational
objective and identify protocols and policies
to just induce losses to others (Jakimoski &
Subbalakshmi, 2008).

IMPACT OF PUE ATTACKS ON CR
NETWORKS

The presence of PUE attacks causes several
problems for CR networks. The list of poten-
tial consequences of PUE attacks is:

1. Bandwidth waste: The ultimate objective
of deploying CR networks is to address
the spectrum under-utilization that is
caused by the current fixed spectrum us-
age policy. By dynamically accessing the
spectrum “holes”, the SUs are able to re-
trieve these otherwise wasted spectrum
resources (Cabric et al., 2004).

2. QoS degradation: The appearance of a
PUE attack may severely degrade the
Quality-of-Service (QoS) of the CR net-
work by destroying the continuity of sec-
ondary services (Cabric et al., 2004).

3. Connection unreliability: If a real-time
secondary service is attacked by a PUE
attacker and finds no available channel
when performing spectrum handoff, the
service has to be dropped. This real-time
service is then terminated due to the PUE
attack. In principle, the secondary ser-
vices in CR networks inherently have no
guarantee that they will have stable radio
resources because of the nature of dynam-
ic spectrum access. The existence of PUE
attacks significantly increases the connec-
tion unreliability of CR networks.

© 2021 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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SIMULATION MODEL

In practice, the SU aims to identify the signal
source, whether it is from a primary transmit-
ter (PT) or malicious users. This scenario
model is simulated using Matlab software.
Figure 1 shows the cognitive radio network
users’ distributions where the SUs and mali-
cious users are located in a circular area with
radius R.

Some assumptions are considered as follows:
The primary user is at a distance d,, from the
secondary user. The malicious users are dis-
tributed randomly around the good user, as in
Figure 1. This model aims to analyze the per-
formance metrics under long-distance d, =
160 km to the SU. At the same time, the net-
work radios R and R, are too small, R = 300
m and Ry = 30 m. such parameters for analy-
sis in CR networks are chosen as a novel
study of the model under these low -
parameters to prove the efficiency of the ana-
lytical model.

Pemosy e

Figure: (1). Radio network users’ distributions

If M denotes the number of malicious users
in the system, Pi: Primary transmission pow-
er, Pn: Malicious transmission power, op:
Variance of Primary users, oy,: Variance of
Malicious users. The simulation model novel
parameters are as in Table 1 below.

Table: (1).The simulation model parameters

Parameter  d, R Rb M P P, o, On

160 300 30 100 10 8 55

Value v m o om 20 kw w dB dB

MATHEMATIC FUNCTIONS OF THE
RECEIVED SIGNALS

To calculate the probability density functions
PDFs and use them in the simulated model.
The received power Pr is determined first
based on the relation below:

Vad oodj/ :

7

vy is the path loss exponent. Thus, the re-
ceived power from the primary is:

Cro —=2 2
PF 77 a0
Where k is the path loss
Klegp/lo

Thus the probability density function of the
received power is:
(101og,  x— )2

1

Pr(y) — p

P (x)= exp| - 3
Aop N2mx 20-]%

Wp, 6p are the mean and variance of the distri-
bution and given by

,up =lOlog10 P, —ZOloglo cﬁj

Secondly, the received power from each ma-
licious user P ™ at the secondary user is cal-
culated according to the equation below:

p(mi) =(P),, di_4K A

Where k is the path loss. d; is the distance
from the secondary user.

Based on the above equations, the decision
variable A that is used to find the false alarm
and miss detection probabilities can be calcu-
lated as follows:

A=P™ () PP (7) 5

Where P and P”are the pdf of re-

ceived powers from the primary and all mali-
cious users respectively.

After performing A, it is compared with a
threshold A that can be chosen to guarantee a
fine false alarm and miss detection probabili-
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ties as follows:

IFA<A then

The decision is that the transmission is from
a primary user.

IF A>X then

The decision is that the transmission is from
a malicious user.

RESULTS DISCUSSION AND ANALY-
SIS

The results obtained using Matlab simulation
are presented in this section. The perfor-
mance of the cognitive network under the
PUE attack is studied in terms of probability
of miss detection and false alarm.

Both the probability of miss detection and
false alarms are calculated for 1000 times of
simulations to be averaged to offer accurate
results. The result obtained first was based on
the threshold value A=0.45. The network is
assumed to be under a high number of mali-
cious attackers M=20. In this case, it is no-
ticed that when A is too small, the achieved
false alarm probability is very small, which
in this case is about 0.05 as shown in Figure
2 below. At the same time, the miss detection
probability is high and is about 0.325, as
shown in Figure 3. These values are averaged
out of 1000 runs.

0.08
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0.065

0.06

Probability of False alarm

0.055

0.05 ‘ '

0.045

0 100 200 300 400 500 600 700 800 900 1000
Number of simulation times

Figure :(2). False alarm probability for A=0.45
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0 100 200 300 400 500 600 700 800 900 1000
Number of simulation times

Figure: (3). Miss detection probability for A=0.45

Furthermore, the model is justified under a
high value of A, A=2.2. Thus the false alarm
probability is high, which in this case is 0.43,
opposed to the miss detection probability
which is very small and is 0.17. These results
are summarized in Table 2 as follows.

Table: (2). Miss detection and false alarm for differ-

ent A
Parameter False Alarm Miss Detection Prob-
Probability ability
Averaged for ~ Averaged for 1000
1000 runs runs
A =0.45 0.05 0.325
A=2.2 0.43 0.17

These results mean that the threshold value of
the simulated mathematics model must be
chosen so that it doesn’t exceed 2.2 and not
less than 0.45. These boundaries of the
threshold value A can guarantee acceptable
values of the performance metrics (miss de-
tection and false alarm). In addition, it has
proved that at least one of these performance
metrics is low because of the mathematic re-
lationship, which forms an inverse correla-
tion. Specifically, there is an inverse correla-
tion between A and miss detection, while a
positive correlation exists between A and the
false alarm, i.e. as A decreases, false alarm
decreases, and miss detection increases.

To sum up, choosing the value A out of the
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boundaries leads to increasing one of these
probabilities, which leads to a wrong decision
about the presence of the primary user.

CDF OF FALSE ALARMS AND MISSED
DETECTIONS

In order to testify these results, the cumula-
tive distribution function (CDF) is calculated
to display both the false alarms and the
missed detection probabilities on the same
graph as shown in Figure 4. Notably, the
CDF plot is a non-decreasing function, and
this indicates that the parameters and assump-
tions that were considered in the simulation
are well-chosen and the results are accurate
because these cumulative distributions func-
tions in Figure 4 match and follow the gen-
eral appearance of the CDF of the continuous
variable of the simulated model.

{
Probability of False Alarm
0.9 Probability of Miss Detection

0.8

0.7

0.6

0.3

0.2

01

0 L ; . i i ;
0 0.05 0.1 0.15 0.2 025 0.3 0.35
Probability of miss detection and false alarm M=5, R=500m, R0=40m

Figure: (4). Cumulative distribution functions for
miss detection and false alarm

CONCLUSION

Due to the limitations and problems in the
conventional spectrum sensing and radio
network approaches, this paper focused on
one of the major threats in the radio networks
which is the primary user emulation attack. In
this proposed model and using an analytical
approach, the security against primary user
emulation attacks in radio networks was dis-

cussed. The proposed analytical model and
its impact on the PUEA attack were investi-
gated.

The performance metrics results (the proba-
bility of false alarm and missed detection in
the network) proved that the number of mali-
cious nodes in the system has a great impact
on the network, and this has led to a reduc-
tion in the quality of service due to the
transmission from a high number of mali-
cious users.

Also, it has proved that at least one of the
performance metrics is low as a result of the
inverse correlation between A and miss detec-
tion probability. In other words, there is an
inverse correlation between A and miss detec-
tion, while a positive correlation exists be-
tween A and the false alarm. This means if A
decreases, false alarm decreases and miss de-
tection increases. For each model, there is a
boundary for the value of A depending on the
parameters used in the model.
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Abstract: Groundwater represents one of the main constraints to develop successful sustainable
agricultural activity in Libya. Good management and proper planning of this resource requires
knowledge of water quality to reduce the problems which may face the users of that resource. This
study aims to identify the chemical composition of groundwater in the south of Tripoli area and to
assess the quality of groundwater for irrigation purposes. In order to achieve the objectives of this
study, 31 samples of groundwater were collected from wells scattered around southern Tripoli
during July of 2016. Many chemicals analyze were conducted on these samples to estimate the
electrical conductivity(EC), pH and the concentration of some dissolved ions which included
sodium (Na"), potassium (K), calcium (Ca*"), magnesium (Mg>"), chloride (CI), bicarbonate
(HCO3) and sulfate (SO4%). The adjusted percentage of absorbed sodium (SAR®) was also
determined. The five-parameters irrigation water quality index was used. These parameters included
EC, Na', CI', HCOj3, and SAR®. The inverse distance weighted to the power 2 was used to obtain
the maps of the spatial distribution of chemical properties and irrigation water quality index. The
results showed that the values of the electrical conductivity were high in the middle of the study
area and decreased at its east and west, and the spatial distribution pattern was very similar to the
spatial distribution of sodium and chloride ions. The results also indicated that the average relative
abundance of dissolved anions as expressed in units of (meq/l) were 65.8, 20.4, and 13.8% for CI,
SO4*, and HCO5, respectively. The average relative abundance of dissolved cations was 49.3, 28.1,
21.7 and 0.9% for Na", Mg*", Ca®", and K, respectively. The irrigation water quality index values
ranged between 41.2 and 76.6. The spatial distribution map of the irrigation water quality index also
showed that 62% of the area of the study area was classified as having moderate restrictions and
limitations for use for irrigation purposes, and that 37.5% were classified as having high restrictions
and limitations.

Keyword: Groundwater, Meireles index, IWQI, IDW, Southern Tripoli.
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Abstract: Diabetes mellitus has become increasingly common worldwide, with many serious com-
plications. Diabetic nephropathy is one such complication that affects the kidney and leads to end-
stage renal failure worldwide. Microalbuminuria represents an abnormal elevation in urine albumin
levels, which is an early marker of diabetic nephropathy. It is likely to be found in one-third or
more of diabetic patients. Early recognition of microalbuminuria in diabetic nephropathy permits
successful therapeutic intervention and significant postponement of terminal renal failure. This
study aimed to estimate the prevalence of microalbuminuria and the potential risk factors among
patients with type 2 diabetes mellitus who attended Bergin General Hospital-AL-Shati, Southern
Libya, as a sign of diabetic nephropathy. 75 men were recruited for this study: 50 of them had type
2 diabetes, and 25 men were healthy and used as a control. Morning fasting blood samples were
collected from all of them to estimate the concentration of plasma glucose and creatinine, and first
morning urine samples were collected for microalbinurea and creatinin estimation. The results show
that 48% of the diabetic patients attending Bergin Hospital had Microalbuminuria, and 8% had Mi-
croalbuminuria. A positive correlation was found between the concentration of microalbumin and
both duration of diabetes and the age of diabetic patients, r value was 0.32, 0.39, and the P-value =
0.034, 0.008, respectively. In addition, a positive correlation was found with the concentration of
creatinine in both blood and urine where the value of r = 0.59, 0.313, and P-value = 0.000 and 0.033
respectively. In conclusion, about 48 % of diabetics in this study are at risk of developing kidney
disease due to their high microalbumin level. Early diagnosis and monitoring of this condition
could prevent nephropathy in this group of patients. Also, for 8 %, the risk is higher and gradually
increases with the length of time they have diabetes.

Key words: Diabetes, Kidney Failure, Diabetes Complications, Microalbumin, Creatinine in Blood
and Urine.
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