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Abstract

This research focuses on the study of the relations between Mr. Ahmed Al-Sharif Al-Senoussi and Al-Majabrah between
(1902 and 1933), through an unpublished local documentary sample, which lies in a series of letters sent by Mr. Ahmed Al-
Sharif from various places inside Libya and Al-Hajaz to Jalu. This correspondence was therefore part of it during Mr.
Ahmed al-Sharif's leadership of the Senussian Movement and Jihad against the French invasion in middle-Sudan (1902 and
1911). Others correspondence during his leadership of jihad in northern Libya against the Italians - then his campaign on
the English colony in Egypt and his renunciation of the leadership of the Senussian movement - (1912 and 1918), the last
remainder of which was during the development of internal events in Libya travelling to Istanbul from August 1918, and
then staying in his last exile in Hijaz until his death in Al-Madina Al-Munawara on March 10th, 1933.

Previous studies on these relations are rare and are only referred to by some brief references. This has led us to delve into
the details of these relations by searching for unpublished local documents and addressing the difficulty of accessing their
sources in the hope of revealing new content, unveiling their truth and details, and trying to evaluate them and compare
them with some of the other trajectories of Senoussian leaders.

The importance of this research is based on highlighting the cumulative experience inherited by Al-Majabrah in trading
through Egypt and Benghazi to Ojelah and Jalu and from Kufra to Wadi and Berno. Their expertise has resulted in
important social alliances and business networks that have linked the roads' terminals and trading centers. We have
therefore found an important documentary sample of fifteen letters sent to the witnesses and their men, nine of which were
sent to Mr. Ahmed Al-Sharif and they preserved in the archives of Jalu Heritage association during the period under
consideration. The importance of the topic lies in highlighting the crucial role played by Al-Majabrah in their support of the
movement against the French and Italian colonizers by reaching out to Mr. Ahmed al-Sharif and fulfilling their obligations
under the circumstances at the time. It also highlights the impact of the Senoussian movement in Jalu. The subject also aims
to reveal the new aspects of the parties' social and jihadist relations, as contained in the documentary correspondence
obtained.

It is a new, unexamined point that we seek to highlight and publish for the first time in this research. We will try to
overcome the complexity of the problems as well as many other difficulties through the historical analytical approach; to
elaborating its detailed findings at the conclusion of this research along with its recommendations.

Keywords: Ahmad Al-Sharif Al-Senoussi — Al-Majabrah - Relations - Correspondence - Jalu.
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Abstract

The law assumes that (The Verdict Is The Title Of Truth) is an expression of the fact established by the judicial ruling,
which implies that the ruling was correct in terms of its procedures, and that it is right in terms of its subject matter.

However, this supposed fact may be shaken, and with it confidence in the entire judicial system, if the litigants find
themselves facing cases in which the judicial rulings issued by it contradict, so the prestige of the judiciary is lost, and
social security and peace are disturbed, not to mention the obstacles that impede the compulsory implementation of these
conflicting rulings.

Therefore, the legislator was required to find effective technical tools whose implementation would prevent the risk of
potential conflict between judicial rulings, whether during the course of the judicial litigation or after its end, which is what
the first requirement of this study deals with.

While recognizing that no matter how keen the legislator is and organizing these tools, the possibility of access to them
and the occurrence of conflict remains present and expected, which requires that the treatment extend to the hypothesis of
the occurrence of conflict to ensure its removal and lifting, so the second requirement of this study focused on examining
the mechanism prescribed for lifting the conflict after it breaks.

The importance of this study lies in examining the effectiveness of the treatment adopted by the Libyan legislature as well
as the judiciary in facing the conflict, and shedding light on the shortcomings and making recommendations in this regard,
leading to a judiciary that protects the rights of litigants and facilitates the means for them to obtain them.

Keywords: Judicial Ruling, Conflict, Authenticity, Focus of Jurisdiction, Supreme Court.
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Abstract

This paper aims to recognition of the requirements of knowledge management and their impact on job performance in the
Libyan National Commercial Bank. The proportional stratified sample technique was used to collect data for this research
study. The number of (235) questionnaires were distributed and the number of valid questionnaires that entered for
processing and analysis were (195). To check the association between requirements of knowledge management and job
performance, Pearson correlation statistical technique and regression analysis were applied on the data. The results of the
study indicate that the bank operates within a regulatory environment that includes many elements and variables that help
in the application of knowledge management in the National Commercial Bank was high, and the requirements of
knowledge management, organizational structure, organizational culture, organizational leadership, and information
technology have a positive impact on job performance. Also, the study showed that the performance of employees in the
bank under study was not high, and the results of testing the main hypothesis and its sub-hypotheses, showed that there is a
statistically significant effect of the requirements of knowledge management (organizational structure, organizational
culture, organizational leadership, information technology) on the job performance at the National Commercial Bank at a
significant level (0.05 > o). The study recommended investing in the positive relationship between the variables of the
study, because there is a correlation between them, and the positive impact of knowledge management requirements on the
job performance of the bank, which will be positively reflected in improving the performance of the bank in general, as this
relationship should be maintained and improvements made in line with the changes. environmental.

Keywords: Knowledge Management Requirements, Job Performance, National Commercial Bank.
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Abstract

This Study Analyzed The Impulse Responses Function And Variance Decomposition In Order To Identify The Effect Of
Shocks On The Relationship Between The GDP And The Trade Balance In Libya< And Based On Time Series Data For
The Period (1990 - 2020)¢ Using The Vector Auto Autoregressive Methodology. The Results Indicated That The Time
Series Contain The Unit Root¢ But It Stabilized After Taking The First Differences¢ In Addition To The Absence Of A
Long-Run Equilibrium Relationship Between The Two Variables¢ While The Results Showed The Existence Of A Causal
Relationship In Two Directions Between The GDP And The Trade Balance Variablec And By Analyzing The Response
Functions Revealed The Results Showed That The GDP Shock had a Positive Effect On The Same Variable In The Short
And Long Run¢ While Its Impact On The Trade Balance Variable Was Negative In The Long Run. In Contrast¢ The Trade
Balance Shock Had a negative Impact On the Same Variable In The Long Run¢< While Its Impact Was Positive On The
GDP Variable. Finally¢ the results of the analysis of the Variance Decomposition indicated that a large part of the
fluctuations in the GDP and the trade balance caused by random shocks could be explained by the GDP variable in the
short Run¢ while the trade balance variable contributed to explaining part of those fluctuations in the long Run.

Keywords: Response Functions¢ Variance Decomposition« GDP« Trade Balance« Libya.
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233,40 Phillips-Perron test ( PP) il dalal) milaill ya s
A (s TB «GDP (ssciall Aia 1 JuSldl o) (N (2) g8 Jsaal)
Al saall Aaill (he ial g pund) t LR dilian) dad of ani 4 aall
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Phillips-Perron test aladiuls sas gl sia g duia 3l Judbad) ) jial A3 il (2) Al Jgo

ds¥) @AY e 6 Sasal) 2ie il
LAl
e oladl g el aa LLREN e oladl g bl aa LPLNEN
-8.548078 -8.717305 -2.778972 -2.533335 *
1(1) -3.580623 -2.971853 -3.574244 -2.967767 *x GDP
0.000 0.000 0.2156 0.1183 Fxk
-10.63088 -9.418265 -2.704796 -2.751993 *
L) -3.580623 -2.971853 -3.574244 -2.967767 *x B
0.000 0.000 0.2420 0.0778 faleed

a3l AL i s aaad jlaa (3) o o2

Eviews10 gebin cla s o alaie Wl Caldl dae o/ jbiaall
0.05 Ay sinall (5 siuna®™ % Ly gunall Aall¥ 23] paall Aoll*
a3 JaShall (alill) pUaty) ) 8 ayans

5 5ha el il juriall el Al B e LR o LI a5 (3) ) saadly Aam s alas B2 13Tl (S il sllnY) 8 e sumall
(VAR) 3 laai¥) glad il s

Lag LogL LR FPE AlC SC HQ
0 -1279.301 NA 2.19E+40 98.5616 98.65838 98.58947
1 -1259.072 35.7903 6.29E+39 97.3132 97.60353* 97.3968
2 -1254.792 6.913369 6.20E+39 97.29168 97.77556 97.43102
3 -1246.628 11.93240* 4.58e+39* 96.97135* 97.64879 97.16643*
4 -1243.103 4.609658 4.91E+39 97.00789 97.87888 97.2587

Eviews10 G.AL.I)..I Gl jha o aldie YU Enlll Jae (e / jaaall

O 9~aild g2 L) — Co-Integration & sidall J-alSil) Apagia — 3
Johansen

a3l bl Gl o) ya) o5 g3 Baa gl J3a LR s e 1okl
e S (5 lal ol alls Jany) Asall o) Al all (5 pkial
o Lo Led (Y G35l Al amy i) LS5 (5 ginnall e 2SLu
e JalSia Led J5W1 Gl ol 5 1(1) sV da Ll e A LlSia Ll
1(0) s sinaall

Dl L i 31 L) 5% 5 B3 (3) w5 paadl DA e
3 o dad alaie Hannan-Quinn (HQ) ¢« Akaike( AIC)
asly 5alis )8 Y s Schwarz (SC ) Dlume ey die ) il yié
b6 3 e sl Al clagy) @l 58 sse O i B (s

)
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Y ey dadd o peie dga g dlla 8 i @l yidall JalSill 3 ga g e
sy eibadall o Je 8 Reddiosall il urial) o ) Ol sy
a8 e 3 sen) Engle-Granger A—s b = 0 >y L
e oyl A0lS4) Johansen Jlia) mah Guaa (1540242018
(  trace)Trace Test ,3Y) dfliaa) aladinl 3y yh (e JolSill Cilgaia
Maximum Eigenvalues (A max) skl 3 }saall sy @ll 2iilias
t Y sl e b gl Ly

rodaal Gyl Qe & yide JalSSaa oY 1= 0 A jiall s all
=1

g 55,88 ac2y Co — integration & idall JwlSill o sba o) Caa
oda & liiely ol a®@V) el psiall cpy JaW Al ga 4y 31 g 48e
Jie daa ()5 pandl lpans (e 20l Y Jyshall gaal) e 5 &l il
e 5 () 5<E ALY (g 58 BLa o 51l 8 (DRI ) aclill 1aa
e aiaas o (14022018 « e ) 2aa (e o)) 53l 3ale)
Q83 b5 g salll ldeay ) (Lag Length) slkaY) <l 8
I Gl amy il Leapan Al all 8 sl o Cam g 5adl
Lenlie ()55 @l yitiall Jal€all lgial s 1) daall (pe AlalSia g ]t
i€ i daedle JS) ey 53 Johansen Test ¢ swils sa 44y ylal L

(Trace test) — Cigmdt s dipa (389 & idial) Jalsill HLEA) @il (4) ad) Jg2a

_ _ Trace 0.05
Hypothesized Eigenvalue Prob
Statistic Critical Value
None 0.323643 12.23549 15.49471 0.146
At most 1 0.076479 2.068607 3.841466 0.1504

(M ax — Eigenvalue Test ) g sl 8 jpaall ailll diua (389 & jidial) Jalsil) JLd) @il (5) pd) Jgoa

Eviews10 gt » Ol jie e alaie YU Gl dee e/ ybaal)

Hypothesized . Max-Eigen 0.05
No. of CE(s) SRR Statistic Critical Value S
None 0.323643 10.16688 14.2646 0.2012
At most 1 0.076479 2.068607 3.841466 0.1504

sl i) & puall Gl QI Jadl i i) Qe (gl o) Sl
@il O el 8 ) 8 s sUanll <l ) 8 Jlaa)
VAR(3) Sl syl Eb}.a B sl o) aall Aalaa JIA (e
Tb = C(8) * GDP(—1) + C(9) » GDP(—2) + C(10)
* GDP(—3) + C(11) * TB(—1) + C(12)
* TB(—2) + C(13) x TB(—3) + C(14)

lag3) does not cause TBdag2 <GDP( lagl :i_iuall du jll
lag3) cause TB dag2 GDP( lagl :dwdl (el Jiaa

. C(8)*GDP(-1) = C(9)*GDP(-2) = C(10)*GDP(-3 ) =0
Hy

H; :C(8)*GDP(-1) = C(9)*GDP(-2) = C(10)*GDP(-3 ) # 0
UK RUVIIVS B ERN, | PN [P W[ -1 P [P U [ PP B
Wald Test sy Lad =l cailS (sl ol el = <l yazdl)
N RSPYER U

Eviews10 gt n Sla e o dlaie Y Saldl dae (o / gl

(M trace) & smaall Y Lal) dad O Laadl (4) o8 Jsaall DA (1
<0.05 iy sinal) 5 siuse 2ie (15.49 > 12.24) 4 saall Liad oy Jil
sl @yt JalS3 3 g 5 pany BN aall (o i) (iad ) ke Y 4le
Al sda ey el puriall Grr Ja¥ Al 4 ) 5 ABDe aa i Y
Maximum  —laall 5 ) saall andll HLidly paldll (5) a8 Jsaal)
J3 (1 max ) A sl 53 ddlas) dad el Cus Eigenvalues
A ptall i il Jod YL 5(14.26>10.17 ) 4 saall Leiad (1

Al pall Gl jaie G el e JalST AN 3 ga g a2 ) pds A

VAR Wald Test Causality 4l jLil- 4

Sa gz sail) (& il Gay o idie JalSE 3 sa g aae (e SE 2ay
() piall (s Apad) AR andy o s Bl il ol 8 apaas
DAl A glan) 4y 5 (385 Lagi Jo yi Alia i (S 13) Lee ST
SO Ellia g caaiall SLEEN jlaaiyl ye sl e pliy )
s A5 e A 5 ¢ gl 1agd W 5 il puiiall (p A85all Y Laia
doad jall 2y eidl i WA EBNe aa g Y gl slat dalald
Sl LA & jiaal) A il Gandy o 58 Wald Test S alasinlys
= <l ot g Y ABL &yl 8 GDP (AleaY) (Al bl
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TB 5 GDP i dpaad) &8l sl Wald Test SIS (6) a2 d s>

Wald Test:

Null Hypothesis: C(8)=C(9)=C(10)=0

Test Statistic Value df Probability
Chi-square 13.97002 3 0.0029
Normalized Restriction (= 0) Value Std. Err.
C(8) -0.879031 0.247241
C(9) 0.220221 0.343401
C(10) 0.237747 0.255082

() L e i il Reln Ky

lag3) does not cause dag2<TB ( lagl DAl a4l
GDP
lag3) cause<dag2+ Tb (lagl GDP i) el Qe

Y igeally Al 5 atal) (i S Bl (g

Hy: C(4) *TB(~1) = C(5) * TB(=2) = C(6) * TB(—3)
=0

Hy: C(4)*TB(—1) = C(5)* TB(—2) = C(6) * TB(—3) # 0

Candl Wald Test i) il casla (7 ) s Jsaall JNA (e
laa ¥l aall il sladly (s adl o eall (po

Eviews10 gebin cla s o Aaie Wl Caldl dae o / jbiaall

idy Chi-square = 13.97 4w (8 (6 ) a8 Joaadl IR 4w
by o585 S 50,05 o J81 o8 (P-value = 0.003 ) ddlaiaY)
Slaa ¥ Aaall il L B Gl il sl & jieall dpa il
LJ‘J ‘dJIA.\n U\M\éu\)ﬂ\@wwu\wj\u\)ﬂ\é

L;JL*..\” U‘).\AH clA.:\ u,ﬁ ‘_‘_J\A;\}“ é;.q“ C.!L\j\ uA 4_\.\.\“\ 43)\.: d\.&h

el il ol (g jlail) (o) Sl (e Ayl JLial S Jlially
Agjhall A 6l pasd g daull Wald Test Jlis) aladiuly Jeay)
C"U\ u\)qu o Y wL.J\ u\).zsn ‘_g B LSJIA-‘M U‘J*“‘” UL‘ Al
O ) 8l il Gl Jiadl (sl Jie GDP JeanY) (sl
LALA;‘}“ éa.d\ c_:\_d\ L_é k_l‘)J’_m ‘_g u.m.u 4.\.1\..» A_||J45 d)\a LSJ\A.J\
@\JJ\ J\JAJ\J\ CJ}_AJ Lﬁ L_ALAAY\ ‘r\;d\ C_:\_\l\ PEAKIPON d)\A X

VAR(3)

GDP = C(1) * GDP(—1) + C(2) * GDP(=2) + C(3)
* GDP(—3) + C(4) * TB(—1) + C(5)
*TB(=2) + C(6) * TB(=3) + C(7)

GDP () TB (3 Al Wald Test Juis) il (7) ady Jsaadl

Wald Test:

Null Hypothesis: C(4)=C(5)=C(6)=0

Test Statistic Value df Probability
Chi-square 14.12372 3 0.0027
Normalized Restriction (= 0) Value Std. Err.
C(4) 1.196802 0.568472
C(5) 0.860409 0.766951
C(6) -1.039505 0.494469

@l O Juall g (Alaay) aal) LY Cuy ALllal) ABNal) paEs_ 5
(VAR) g:.\lm Jaiy) zigad 3y

Ay <y (elday) il yid 3) Aiall eUayyl <y 23 3aat day
VAR (3) ‘?J\AJI Jlaasy) &L,_:.. plasinly Al all f el
@31\ Jsaall A Al 0l e Juasti

Eviews10 G.AL.I)..I Glajha o aldie YU Enlll Jae (e / jaaall

et 5 Chi-square =14.12 dad o) Laadl (7) ad Jsaall A (e
U 3 o585 25 (a5 0.05 (e J8 o (P-value = 0.0027) dullaiay)
o Al el ol Gl QA Q) a5l il 4y jaall Ay jall
LA\ ).:...n.:\.n.« G‘ALAAY‘ LA;A\ C_L\.“ ‘_g J.uuﬂ @ n_u...u Lg‘)\a.d\ u\).l.d\
Seaa ¥ sl il ) TB sl ol el e s A8Me 253

.GDP
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VAR(3) 1 s 43 el il i 8) o dosa

Vector Autoregression Estimates
Included observations: 27 after adjustments
Standard errors in () & t-statistics in [ ]
GDP B

GDP (-1) -0.315429 -0.879031
0.36313 0.24724
[-0.86865] [-3.55536]

0.134998 0.220221

GDP(-2) 0.50436 0.3434
[ 0.26766] [ 0.64129]

0.6202 0.237747

GDP(:3) 0.37464 0.25508
[ 1.65545] [ 0.93204]

1.197180 1.486805
TB(-1) (0.56847) (0.38706)
[ 2.10596] [ 3.84133]

0.860028 0.190036
TB(-2) (0.76695) (0.52219)
[1.12136] [ 0.36392]
-1.039419 -0.157370
TB(-3) (0.49447) (0.33667)
[-2.10209] [-0.46743]
1.85E+10 1.51E+10
c (L1E+10) (7.3E+09)
[1.72282] [ 2.05745]

R-squared 0.662187 0.598762
Adj. R-squared 0.560844 0.478390
Sum sg. resids 3.12E+21 1.45E+21
S.E. equation 1.25E+10 8.51E+09
F-statistic 6.534073 4.974282
Log likelihood -661.9771 -651.5987
Akaike AIC 49.55386 48.78509
Schwarz SC 49.88982 49.12105
Mean dependent 4.35E+10 6.74E+09
S.D. dependent 1.89E+10 1.18E+10
Determinant resid covariance (dof adj.) 2.64E+39
Determinant resid covariance 1.45E+39
Log likelihood -1293.938

Akaike information criterion 96.8843

Schwarz criterion 97.55622

Number of coefficients 14

Eviews 10 gl s jae 38y Caldl Jas (40 / siuaall
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kiall da A 5 GDP(-1) Akl 5Ll 5 laaY) Aaall il
i) 3l & gina ) ALl TB (1) bl 3 SR 3 s ) ¢ adl
slay) oy 2o Aploan] Ay yina (5l Sliial e T el o Lk

. 0.05 A¥a (5 sise i (3¢ 2)

GDP(- ) 32als e il Jlaay) sl i) 455 ye cialy 2-2-5
@l Ao Ao o Jay Lea Al e )L8)5 (10.879031 ) s 1
O el palasl ) (55 %1 ey ey sl gl 52 &)
1.486805 Vs TB (-1) &5 e cuily LeS ¢(0.879) deas 5 ylail
800 O (i Lae )b A8 dpay o AWV A se s Ll e
O el 3305 (A 5252 %1 ke ALl Al 8 g )l ) Sl
(1.486) ) NP Jlall 4 A 4 s )k Al
A ppnadill 3,080 N (R2 =0.598 ) 1asill Jslaa iy -3-2-5
0.59 Jrudi Sy TB gl ) el Aldalaay palall 23 gaill
il A Alalall < adl) A e bl o Saall 3l sl g
e a8 )yl GRS ALl <yl 8 dleal) sl
e el ) 8 i o laall o) Sl

On JSS i paill Ay ginn ) (F = 4974282 ) b dad &3 -4-2-5
e TB bl o) el Aol J 58 1Sy ale 5 ddiliany) Aalll)
L Aglany) alil

SNV gasall (8 alladl) (mad Alas ) 4, ginall dpaal (ga o2 ) e
2 il (e g s 138 e (o st Cargll O 23 5l allae (e
¢ laall) cleraall Jlas ) ddla) <l joaiall S all o Ll 4l 5
( 87 b=a2019 (Grua

VAR(3) #1l sy glad zdgall duadial) ol LAYl - 6

¢) a) 0Sa VAR(3) I iVl g lasdi 23 s dadla (e 25Ul
.( Residuals ) 8 sl (Ao Al @l JLia¥) e de sans

Bl sall (I Sl 1 LEs) -1-6

Serial (LM ) Ja) 08 cpw (63 (9) a8 Jsaall JAA (4w
Aol Al gy I3 LU ) 2 ga 5 (s34 48 =l Correlation Tests
Bl a5 g ol G il ik iy s (3) Ll el
Cian llaadl 3 L) 3 pa s e Q) aall (pim el

( P-value > 0.05 ) dbasy) 4 gindll

GDP  =18515346006.8  -0.315199907292*GDP(-1)  +
0.134679555893*GDP(-2) + 0.62028606236*GDP(-3) -+
1.19680154324*TB(-1)  +  0.860408782959*TB(-2) -
1.03950522379*TB(-3)

TB  =15054636204  -0.878981460077*GDP(-1)  +
0.220258244372*GDP(-2) + 0.23766708374*GDP(-3) +

1.48677552829*TB(-1)  +
0.157276325461*TB(-3)

o Aiad AV | ke joudi AlEie Ao 5ee S Jiagy & TB

i O aral HAY) siall el a@l) Y A8l Al el sl

(S OLS (s prmall il jall 48yl aladi s ol (84 )
(YIS il il il

GDP (lueay) ol il Aslaal g uaBY) g ilas) aydill- 1-5

o= olnall il il Al ) Al aall a8 ina a2 e 1145
TB il dagd Caelas Lty «GDP(-3) « GDP(-2) ¢« GDP(-1) <l yidll
Lsina AASG TR (-3) TB(-1) sldasl (i 158 SIS Lilian 4 sina

.0.05 &y sine (5 slse e Gl g Ul aal)

el ) i sl A doleal g pall Jolad 50 -2-1-5
Lol 51.197180 sl TB (-1) 4550 O o GDP (e
Yol ey A5ludl 5,58l (5 ladll o) saall (B oail G iy Law 50
O A Ala) 1,19 Ay Aaa¥) Asall i) & 5oad) ) a5
e e Lo i Ll e Jy Lae Al L)L) Cels TB (-3) As e

(-1.039419) eiad cialy s  laaY) aall &)

zisaill dgiasiga M (RZ =0.66 ) 2=l Julas july -3-1-5
) i (S Crm GDP MleaY) aal) il dlstasy alil
2 AL Gyl ¢ sam (e %66 Aty Jlaa) sl il
O ) il A8l ) 8l il GlIAS g 4 it GDP il

.TB skl

O gisaill Ay gine AN (F = 6534073 ) b dad i -4-1-5
GDP Jlea Y ) il dlslas J 5 (Say 4le 5 ¢ Ailany) dalil
Aflan Yl dald e

TB il o) el Adslaal s abaidy g sy apdll) -2 -5
el dales e (ge JS) dilian) 4 gine i (f il iy -1-2-5

0.189920391524*TB(-2) -

VAR(3) zisail Serial Correlation LM Tests & sl Abealad 5130 Bl ) Ui guilii (9) ad; Jga>

VAR Residual Serial Correlation LM Tests

Null hypothesis: No serial correlation at lag h

Lag LRE* stat Df Prob. Rao F-stat df Prob.
4.960815 4 0.2913 1.294331 34.0)<«(4 0.2917
6.278876 4 0.1793 1.670208 34.0)«(4 0.1796
2.891283 4 0.5762 0.731987 34.0)«(4 0.5765
Null hypothesis: No serial correlation at lags 1 to h
Lag LRE* stat df Prob. Rao F-stat df Prob.
4.960815 0.2913 1.294331 34.0)«(4 0.2917
8.417513 0.3938 1.0896 30.0)«(8 0.3971
12.12701 12 0.4355 1.037281 26.0)¢(12 0.4465

*Edgeworth expansion corrected likelihood ratio statistic.

EViews10 gl Cla e o Saie YU Enldl dae (o / Jiaall
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VAR(3) Easal 43,0 i) Joid) - 7
oY 55kl ) 5w VAR(B) S sV 23 sad juafiy oLl aay
Inverse ) dxsSall ) saad) HLial aladinly z3 sill 4y ) jEiul (e 2SED
e O Lalls sl ) il Ja g ol 81658 (M s 63) (Roots
e O (A Adlz) (12) ad dsaall 8 LS aal gl (e JB) o8 53al)

(4) 85 JSEIL praa sa s LS Baal 1 3 a0l ja) Jals i Lalail

ld Ll (o A8 3 saa Jals a5 81l () (3) ady JSil) (o LS
Ol G s 3 Ll dilan) 4y sine

Endogenous variables: GDP TB
Exogenous variables: C

Lag specification: 1 3

Root Modulus

0.880690 - 0.186192i 0.900157

0.880690 + 0.186192i 0.900157

0.218827 - 0.779538i 0.80967

0.218827 + 0.779538i 0.80967

-0.513829 - 0.132117i 0.530542
-0.513829 + 0.132117i 0.530542

No root lies outside the unit circle.

VAR satisfies the stability condition.
Eviews10 gl cila s o alaie Wl Caldl dee (e / jbaall
Elsaill L0Gel) A a8

Impulse Responses ) (Al Llaiad) J) g9) clasal) Jalas1-8

Function (IRF
Ll i) J) s Gl oy ¢ 28l VAR 72 s gl ) 3
sludl e o yaill Cargs Impulse Responses Function (IRF )

Inverse Roots of AR Characteristic Polynomial S e
15 ] l : ] S SR [ 1 l |
04, || b s
. (Bl (IR Jalg ) ) sl Alad) Jadll (3) aby JS)
0.5 4 Js8 Al Jarque-Bera Jloal #5055 (10) o8, Jsasdl IS e
. el O Con oalal) a5l i Bl G (e &y jiall A il
004 ’ O LS Jarque-Bera S &y sl dail) (e ST (o A 2
. . 0.05 = US| o8 (Prob) dsbasy) llaayl
05 B sal) Aol ol 2 5680 AN il (10) o8, d gt
. VAR Residual Normality Tests
1.0 4 .
0 Orthogonalization: Cholesky (Lutkepohl)
15 Null Hypothesis: Residuals are multivariate normal
T T T T T
15  -10 -05 0.0 0.5 1.0 1.5 Component | Jarque-Bera df Prob.
VAR(3) gisaill 4y ) j&iuy) JLad) gilis (4) b Joid 1 0.856514 2 0.6516
VAR(3) gisaill 4 ) jiiad) L) gl (12) oy Jses 2 0.967663 2 0.6164
Roots of Characteristic Polynomial Joint 1.824177 4 0.7681

*Approximate p-values do not account for coefficient

estimation

Zas—ail) b B o) Al wdiad cpl il il adar e L83 -3-6
( Heteroskedasticity Tests)

o O el Gla pae LA il a3 (1) o) Jsaal S e
0.05 dqsixall (5 sima (e S) 225 0.32 <zl (Chi-sq) Aallaial
Jai g o Bl gl Aliabis 8 ol (il adey ALl Ay Jall (yoad yi 4le
sl s uilaia ol <l 81 gl Al G AL &y jdiall D jdl)
ol ane 215 (e ey Y JSS

Heteroskedasticity Tests ¢uilaill ase JLA3) milds (11) a8y Jgal)

VAR Residual Heteroskedasticity Tests (Levels and
Squares)

Sample: 1990 2020

Included observations: 27

Joint test:

Chi-sq df Prob.

39.49463 36 0.3166

Eviews10 gablin Gla e e alaie YU Ealll dee (4o / jiaall
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el Ll araal (5l o) yaall sate Aulaiad cailS S
(1) 8580 5 (7542.464) asly sl s2al) i 50 Jlan)
(3) 5 Ga ie) sl (saall b Al dilaid ) J s of Jd

O aal) surie 8 40 sdie daria S il (14) a8 Jsaall s
Ll Alaiud da pa ClS i a5 (5 lne Bl il lasay (gLl
sl N Joas of G (1) 80 8 Lt A gane e ol
Aad el il Cun (110) 32 J) sk (ailiia Jamay ColS o) 5 A 50
G AT al e 5 ¢(9138.166 ) ) lay (3 ) bl il
i yariall e Ada L S (TB) gotadl) o) jed) era
Lorall yaial) Alaiud A )y Ciliay G Jass giall 5 sl ) b
Of J8 (2) 5 B elldy (6230.893 ) Led dad (Aol gl sial

i shall 52l 8 Alas Al ) J g8

TB il Laia) JIga (14) ad) Jo>

Response of TB
Period GDP B

1 0.0000 4309.439
2 5088.474 6230.893
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Variance Decomposition of GDP:
Period S.E. GDP B

1 12688.68 100.0000 0.0000

2 14619.78 87.88584 12.11416
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Abstract

The study used the descriptive analytical approach and aimed to identify the relationship of ELECTRONIC
MANAGEMENT with its four dimensions (Electronic Planning, Electronic Regulation, Electronic Guidance, Electronic
Control) on the EDUCATIONAL SERVICES QUALITY, as well as to determine the correlation of statistical significance
between ELECTRONIC MANAGEMENT and the EDUCATIONAL SERVICES QUALITY in the Faculty of Economics,
University of Benghazi.

To achieve this study, a questionnaire was designed and distributed to a sample of the study population consists of (340)
Faculty of Economics, University of Benghazi teaching members, which is located in Benghazi. (85) questionnaires were
distributed, and (68) questionnaires valid for statistical analysis were retrieved.

This study reached several results, the most important of which is that the strong impact of ELECTRONIC
MANAGEMENT on the EDUCATIONAL SERVICES QUALITY, as well as the existence of a strong correlation with
statistical significance between ELECTRONIC MANAGEMENT and EDUCATIONAL SERVICES QUALITY in the
Faculty of Economics.

The most important recommendation of this study is keeping the college abreast of modern environmental changes, hiring
experts to develop electronic plans and control all its operations and improve teaching staff capacities through training
programs and securing all resources in information processing.

Keywords: Electronic management - educational services quality - Faculty of Economics - University of Benghazi.
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Abstract

This study aims to find out the impact of cloud computing on the development of the effectiveness and efficiency of
accounting information systems, which is "a general concept that includes a new type of infrastructure, and software, which
is provided by the system that stores information or applications on the Internet in a way that allows the user to access them
from any computer.” (Misikh, 2018, p. 11), where the hypotheses of the study were tested on (102) random samples, to
include the opinions of different functional segments of faculty members in Libyan universities, and professionals
(accountants and auditors) who practice this profession from faculty members, where data was collected for this study
using a questionnaire form. The researcher concluded through the statistical results that dealing with electronic systems
leads to ease of performance and reducing time, cloud-computing technology contributes to increasing the efficiency of the
performance of institutions. The uses of cloud computing applications also affect the effectiveness of providing accounting
information. The use of cloud computing technology in the field of accounting is important to keep pace with contemporary
technological developments. Reducing the large building space for the size of institutions by reducing the size and number
of offices because they allow access anywhere without the commitment of management to a specific place. Cloud
computing as a core technology is becoming more important with big data, as it provides a significant increase in
productivity and cost-effectiveness for businesses.

Keywords: Cloud computing, effectiveness of accounting information systems, online applications.
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Abstract

The study aimed to formulate a proposed model for non-financial disclosures for integrated business reports, according to
the needs of stakeholders in Libya, to achieve the goal of the study. The descriptive approach was adopted as a research
method; This approach is ideal for understanding the different aspects of the problem under study. The study also collected
its data through a list of questionnaires addressed to several categories of stakeholders in the Libyan business environment,
represented by commercial banks, investors, financial analysts, and external auditors.

The study concluded that the proposed disclosure requirements for non-financial information for integrated business reports
were accepted by the majority of stakeholders; Where the degree of acceptance of non-financial disclosures for risks was
100%, followed by disclosures of non-financial information related to information about the company, including its
management and strategy, by 91.6%, and non-financial disclosures related to governance information came in the third
rank with 55.5%, followed by disclosures in the fourth rank. Non-financial information related to social information came
in at 44.4%, and disclosures about non-financial information related to environmental information came in last place with a
rate of 40%. The study also found that there was no difference in the degree of acceptance among all categories of
stakeholders for the proposed disclosures of non-financial information for integrated business reports. Since 33 disclosures
were accepted and 16 were rejected, However, this does not mean that they are unimportant; Rather, this is due to the lack
of knowledge of it in Libyan accounting practice, especially since the disclosures related to governance, environmental and
social disclosures have weakness in knowing their importance, and insufficient awareness of them by stakeholders in the
Libyan environment.

Finally, the study made several recommendations, the most important of which is the necessity of issuing a special standard
for integrated business reports to suit the economic, social, and environmental conditions in Libya, taking into account the
experiences of previous countries that obligated their organizations to integrated business reports. The study also
recommended conducting more research in this field using methodologies other; It may contribute to increasing knowledge
on this topic.

Keywords: integrated business reports, non-financial information, stakeholder groups.
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Abstract

This study aims to measure the extent to which the financial authorities in Libya maintain to the requirements of the time-
restriction of the public budget during the time period (1980-2020) . In purpose to achieve the objective of the study, the
Distributed Autoregressive Linear (ARDL) technique is applied on the annual data of the Libyan economy. Results
obtained revealed an existence of an inverse relationship between the public budget surplus and public debt, as well as, an
existence of the same relationship between temporary government expenditure and the business cycle indicator and
between the public budget surplus, which contradicts an assumption of the (BOHN) model on fiscal sustainability.
Therefore, this results confirm an unsustainability of fiscal policy of the Libyan economy during the study period, in other
words, the failure of the financial authorities in Libya to comply with the requirements of the time-restriction of the public
budget, which indicates the growing levels of public debt in a way that could threaten the solvency of the state in meeting
its financial obligations. In the future.

Keywords: public debt, public budget, fiscal sustainability.
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Ol (5 sinnn (3l paill Aaladl 4550 gall I 631 (atlal) Aol (530 (3
a5 28 ALl bl S 1) Le A jea ) ALYl 13a calal)

sl Slaa B9
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Abstract

The objective of this research is to identify the voter segments that comprise Libyan political marketing, the characteristics
of each segment, and the most important voter segment in order to assist each election candidate in presenting his ideas to
the targeted segments throughout his election campaign. The research also attempted to determine the most important
market segments within Libya. The author concluded that the use of marketing strategies and activities in Libyan elections
was extremely limited. The research additionally revealed that critical sectors for candidates to focus on in their
programmes include youth and sports, security, agriculture, livestock, and education. The author suggests further research

into Libya's political market.

Keywords: Libya, political marketing, voters, market segmentation, target market.
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Abstract

The kidney plays an important role in getting rid of urea and excretory materials, and when its functions weaken or become
infected with diseases such as salts, stones, ureteral obstruction, or others, then kidney failure is the inevitable end of all
kidney diseases. Hence, 827 samples were collected, 46% of the females were 54% of the males. The high percentages for
the analyzes were 44.25%, the low percentages were 55.75%, the high percentages for females were 41.8%, and for males
were 58.2% of the total high percentages. The low percentages in females were 49.3% and 50.7% of the total low
percentages. Data of 259 creatine, 256 urea, 76 uric acid, 87 samples for albumin analysis, 62 chlorine, 32 sodium samples,
and 44 potassium samples were collected from those who attended the analyzes laboratories in the study area Gallo during
the period of 2021. The results showed a higher percentage of creatine in males than females, which is attributed to the
presence of creatine in the muscles. As for the percentages of urea, uric acid, and albumin, they are about twice as high in
females than in males, which indicates that they are more susceptible to kidney disease and then kidney failure. As for the
sodium and potassium salts, they are much higher in males than in females, and the low numbers of low values in them
warn that More than half of the cases are exposed to kidney disease and then kidney failure, and what reinforces this
hypothesis from laboratory results and statistical indications is the high rates of albumin in females compared to males. The
study showed the statistical processes of the high and low rates of the analyzes. The results show that the average mean of
the high values is 68 years for both sexes, while the average of the low values is 42 years for both sexes, and that the
skewness coefficient for most of the high results is negative skew, which indicates the high ages of the owners and vice
versa in most of the low results. The coefficient of skewness is positive.

Keywords: Renal Failure - Creatine - Urea - Uric Acid - Albumin.
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Abstract

The Kuwayfiyah district is located northeast of Benghazi, Libya. It includes some agricultural areas. In this study, an
attempt was made to assess the quality of irrigation water in Siret Najem by collecting and identifying water samples to
represent the study area from 3 main stations during the month of May 2022. The quality characteristics that were
examined in this study were: Total Dissolved Salts (TDS), pH, conductivity, positive ions (K*, Na*, Mg?*, Ca?*), and
negative ions (HCOs3, CI-, SO4, and CO3) to estimate the sodium adsorption index (SAR) and the sodium adsorption index
(Adjusted). The results in the study area showed a reduced risk of sodium using both the sodium adsorption index (SAR)
and the Adjusted sodium absorption index as they were (5.167, 4.54), respectively. However, some of the groundwater

samples were observed to be of good quality for irrigation in the study area.

Keywords: SAR- adjusted, Siret Najem, Kuwayfiyah.

1. INTRODUCTION

Groundwater is the main supply of water for domestic,
agricultural, and industrial sectors in many countries.
Approximately one-third of the world's population obtains
consuming water from groundwater [N, The type of surface
water and groundwater is dependent on a number of things, e.g.
geological, biological, meteorological, hydrological, and
topographical factors such as minerals, temperature, duration of
contact with minerals, water-soluble carbon dioxide, etc. That
being the case, any change and conversion of water when it
infiltrates the ground is unavoidable as it frames one of the
stages to improve groundwater quality 2. Salts found in
irrigation water can affect both soil structure and crop yield
[3451 The irrigation water quality is generally specified by its
salt content, bicarbonate concentration, and the presence of
potentially toxic elements. Irrigation water can also contain
ratable amounts of nutrients that should be factored into the
overall nutrient management plan [©. Irrigated agriculture is
based on an adequate water supply of usable quality. irrigation
water evaluation, emphasis is placed on the chemical and
physical characteristics of the water, and any other important
factors. Sodium absorption ratio (SAR) is the most serious
Salinity indices that are considered for determining the
suitability of irrigation water according to [,

*Correspondence: Idris Basher Imneisi
idris.imneisi@uob.edu.ly

The sodium adsorption ratio (SAR) is often utilized as an index
for assessing the sodium endanger related to an irrigation water
supply. SAR ratio for soil extracts and irrigation waters is
utilized to state the relative activity of sodium ions in swap
reactions with soil ["8l. Sodium can additionally have an effect
on crop growth not directly through inflicting nutritional
imbalances and by degrading the physical situation of the soil.
High sodium levels can reason calcium, potassium, and
magnesium deficiencies — and high sodium levels relative to
calcium concentrations can severely minimize the price at
which water infiltrates the soil, which can affect the plant due to
the fact of terrible aeration [°1. The Benghazi Plain is mainly
covered by limestone, and partly covered with red clay, sand,
and gravel deposits. Karst (dissolution) features are prominent
in this area, and dissolution channels may exist at some depth
below sea level [%, Here an attempt has been made to assess the
irrigation water quality of Siret Najem in Kuwayfiyah - North
Libya, which includes several underground wells used for
drinking and agricultural activities. In the evaluation of
irrigation water, emphasis is placed on the chemical and
physical properties of the water as follows: total dissolved salts
(T.D.S), pH, electrical conductivity, positive ions (K* Na*,
Mg?*, Ca?*), negative ions (HCOs, Cl,, SO4?, and COs?), to
calculate the Sodium adsorption ratio (SAR) and SAR-adjusted
index.
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2. MATERIAL AND METHODOLOGY
2.1. The Study Area.

Siret Najem is located in the Kuwayfiyah area in Northeastern
Libya. It is around 15km east of Benghazi and about 103 meters
above sea level. Groundwater is considered the main source of
water supply in the study area. Three governmental wells in the
Siret Najem area feed the Kuwayfiyah area with drinking water
and irrigation. They have been approved as the main sampling
points to represent the study area. Table 1 shows the coordinates
of water samples and location names. While figure 1. Shows the
geological map of the study area.

Table 1 shows the coordination of the sampling site

N Name N E
Station 1 G°Verr,{lrgf”{a' well 1 3 16,5734 | 20.26.8160
Station 2 Go"erm'f”;a' well 1 35 16.2537 | 20.27.2403
Station 3 G°"e”,'\|r2.e”§a' well 1 3 16.1340 | 20.27.5080

! Siret Najem in Kuwayfiyah- North Libya
\Wite s description for your mep.

Figure 1 shows the study area and the sampling points in
Siret Najem

2.2. Sampling and Analysis.

The study was conducted during the summer season of 2022 to
study groundwater quality(water well) in Siret Najem in the
Kuwayfiyah area to explain its suitability for agricultural
exploitation in the region. The study included three sites in Siret
Najem to assess the validity of irrigation. The pH, Electrical
conductivity (EC) and temperature (T) were measured locally
by (Multifunction Portable pH, Conductivity, and temperature)
field instruments (water quality tester Company). The positive
ions (K*, Na*, Mg?*, Ca?*), and negative ions (HCOs, CI-, SOa)
and COs were determined using a HACH-DR 3900 UV-Vis
Spectrophotometer using standard methods given by the
American Public Health Association!l at the laboratory of
agriculture faculty at Benghazi university. These data were used
to compute SAR and the Adjusted SAR Index.

2.3.Computational Technique.

The SAR procedure includes infiltration problems due to an
excess of sodium with calcium and magnesium. It does not take
into account changes in calcium in the soil water that take place
because of changes in the solubility of calcium resulting from
precipitation or dissolution during or following irrigation [,
According to Suarez*? the SAR adjusted calculation included

five main steps. In this study, it will be calculated according to
these steps. Leschl® and Suarez'? describes how to compute
the adjusted SAR by utilizing the step-by-step technique to
calculate the adjusted SAR as:

2.3.1.  Step 1: the cation and anion measurements
were in mg/L units; these values can be
converted to meg/L units using the atomic
weight and valence conversion factors

shown in table 2.

Table 2. Atomic weights, valence numbers, and conversion
factors for common ions

lon Element | Atomic Weight (AW) | Valence (V)
Na* Sodium 22.99 1
Ca? Calcium 40.08 2
Mg?* | Magnesium 24.31 2
Cl- Chloride 35.45 1
S04 % Sulfate 96.06 2
HCOs- | Bicarbonate 61.02 1

2.3.2. Step 2: Calculate the sum of cations (SC) and ionic
strength (IS) as:

Sc=Na+Ca+ Mg

_ (1.3477+ Sc+0.5355)
1000

IS . eq(2).

2.3.3. Step 3: Calculate the log(X) value (using meg/L ion
measurements) as:

logx = % [4.6629 + 0.6103 log(IS) + 0.0844{ (logIs)? +
Ca )
2HCO3
HCOs and Ca represent the bicarbonate and calcium
concentrations (in mmol/L) in the irrigation water. Hence, given
the HCOs3/Ca ratio and the estimated IS value, Table 3 of (12)

Can be conveniently used to determine the approximate X value
for input into the equation.

2log

Table 3. Exact versus equation 3 approximated X values
(approximations shown in parentheses). (8)

lonic HCOs/Ca Ratio (Mmol/L Basis)
Strength 0.1 1.0 10.0
0.001 73.4(73.1) | 15.8(15.8) | 3.41(3.39)
0.010 84.1(845) | 18.1(18.2) | 3.90(3.92)
0.100 112.0 (111.1) | 24.1(23.9) | 5.20 (5.16)
0.500 144.0 (145.3) | 30.9(31.3) | 6.66 (6.74)
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2.3.4. Step 4: Calculate the equilibrated Ca concentration (on
a meg/L unit basis) as:

1
Caeq = 2% 10%09% « (PCOZ)§ eq “)

Pco- is the partial CO2 pressure in the near-surface soil, which
is assumed to be 0.0007 atm as an average in this zone(the near-
surface soil)Lel.

2.3.5. Step 5: Calculate the adjusted SAR as

Na

\/m """
2

Table (4) General classifications of irrigation water based
on SAR

SAR,qj =

3. RESULTS AND DISCUSSION
3.1. Water Quality Criteria.

Cations such as sodium (Na*), calcium (Ca®"), magnesium
(Mg?*) and the anions such as nitrates (NOs"), bicarbonates
(HCOs"), sulfates (SO472 ), chlorides (CI") naturally occur in
water and are usually determined in water quality evaluation
tests. The total dissolved solids are the general nature of the
salinity of the water. In all wells, the TDS values ranged from
735 to 905 ppm with an average of 804 ppm (Table 5). The pH
in the groundwater varied from 7.79 to 7.8 (Table 5) in all the
groundwater samples of the study area and is within the safe
limit (131, The high content of bicarbonate in the irrigation water
of 500 mg /I or more may lead to the appearance of iron
deficiency in the plant even if it is found in the soil. The results

SAR Sodium of the chemical analysis of water well samples used for
VEIUES hazard Comments irrigation in the study area showed the concentrations of
Use of sodium-sensitive crops calcium cations, where the average of those values ranged
1-9 Low must be cautioned. between (85 — 95 mg/l) The presence of calcium is considered
) Amendments (such as gypsum) in the range for groundwater, as its sources are varied according
10-17 Medium and leaching are needed. to the components of the layers of the earth, and that the
i Generally unsuitable for increase in its concentrations may be a result of the presence of
18-25 High . ——— groundwater in layers. Sodium is an important cation that, in
- - excess, can damage soil structure and reduce crop yields. If the
>26 Very High Generally unsuitable for use sodium concentration in the irrigation water is high, it is easily
absorbed by the clay particles, displacing Mg?* and Ca?* ion [24],
Table 5: Chemical composition of groundwater Siret Najem in the Kuwayfiyah area
. . Station Standard of
Parameter Station 1 Station 2 3 Mean (FAO) Irrigation
E'ec”o‘(:g(guc“‘”ty 1467 pS/em 1574 ps/em 1805 ps/em 1615.3 pS/cm
Total Dissolved 905 804.3 0-2000
Soiled 735 mg/l 773 mg/l mg/l mg/l mg/l
pH 7.79 7.78 7.8 7.79 6.5-8.5
Temperature (C) 26.2C 27.2C 26.7C 26.7C -
Total Hardness 365 mg/l 388 mg/l e EEEE -
mg/I mg/I
Ca- Hardness 188 mg/l 205 mg/l 235 209.3 -
mg/l mg/l
. 212 213
Sodium (Na) 212 mg/l 215 mg/l mg/l mg/l 0-40 meg/I
. 85 85 95 88.3
Calcium (Ca) mg/l mg/l mg/l mg/l 0- 20 meq/I
. 46 46 55 49
Magnesium (Mg) mg/l mg/l mg/l mg/l 0-5 meg/I
243 240.3
HCOs 239 mg/l 239 mg/l mg/l mg/l 0- 10 meq/I
. 385 347.3
Chloride (CI) 317 mg/l 340 mg/l mg/l mg/l 0- 30 meg/I
. 1 0.5 1 0.83
Nitrite (Noz ) mg/l mg/l mg/l mg/l i
. 2.6 14 1.3 1.76
Nitrate (No3) mg/l mg/l mg/l mgl 0-10 mg/I
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The average concentration of cation and anion of irrigation water in the

study area.

12

10

meq/I|
IS o

N

M Cations Na  m Cations Ca

m Cations Mg

9.78

meq/I

Anions C| ® Anions SO4 H Anions HCO3

Figure 2: The average concentration of cation and anion of irrigation water in the study area.

3.2. SAR -unadjusted and SAR adjusted.

The sodium adsorption ratio (SAR) is commonly used as an
index for evaluating the sodium hazard associated with an
irrigation water supply. The sodium hazard is typically
expressed as the sodium adsorption ratio (SAR). This index
quantifies the proportion of sodium (Na*) to calcium (Ca**) and
magnesium (Mg**) ions in a sample. Numerous guidelines for
the assessment of the sodium adsorption ratio (SAR) of

irrigation water have been published [*3 in table (4). The actual
values of SAR (irrigation water) were calculated from chemical
analysis using the step-by-step procedure to calculate the
adjusted SAR 8. The computed value of SAR -unadjusted is
4.54 for the groundwater collected from the study area. The
SAR- adjusted is 5.167 of the groundwater collected from the
study area. Table 6 summarizes the results obtained from the
process of applying the previous equations.

Table 6: Computed values of SAR, and SAR-adjusted in the study area

Cations Anions
Na Ca Mg Cl SO4 HCOs
mg/I 212 88.3 49 347.3 141.6 240.3
meq/I| 9.26 4.4 4.03 9.78 2.94 3.93

Sum of Cations (SC) 17.69
lonic Strength (1S) 0.0243
log(X) value 1.131
Ca., 2.398
SAR- adjusted 5.167

4. CONCLUSION.

The results of the chemical analysis of water well samples used
for irrigation in the study area showed the measured value of
EC varied from 1467 to 1805 uS/cm. The pH in the
groundwater varied from 7.79 to 7.8 in all the groundwater
samples of the study area and is within the safe limit 5131, The

average of the values of the concentrations of calcium cations
ranged between (85 — 95 mg/l).

The sodium adsorption ratio (SAR) is commonly used as an
index for evaluating the sodium hazard associated with an
irrigation water supply. The computed value of SAR -
unadjusted is 4.54 for the groundwater collected from the study
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area. The SAR- adjusted is 5.167 of the groundwater collected
from the study area. They are located in a low sodium hazard
area by using both the adjusted SAR and SAR.

The results of the chemical analyses showed that the
groundwater is generally of a chemical quality suitable for
agricultural use. All groundwater samples were observed to be
of good quality for irrigation in the study area. The soil
receiving this water is not particularly susceptible to developing
sodicity-related problems. Agricultural systems must be
monitored in terms of the quality of irrigation methods to ensure
the least use of water and the greatest return on production to
protect the soil from excessive water.

5. RECOMMENDATIONS.

In the future, there should be a detailed monitoring of
groundwater quality in Siret Najem of Kuwayfiyah; this should
be given the main priority of using the microbiological
parameters with physic-chemical parameters in irrigation water
quality index (IWQI) calculations.
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Abstract

4-Amino naphthalene-1-sulfonic acid-alginate (AmMNS-ALG) bacterial polymer flakes were synthesized and their
spectroscopic properties were investigated. The solvatochromic behavior of the fluorescent polymer was monitored in
solvents of diverse polarity using the excitation and emission fluorescence spectra combined with fluorescence lifetime
measurements. The AmMNS-ALG exhibited a positive solvatochromism with regard to the change of solvent polarity from
high polar (water) to low polar (butanol). The excitation and emission intensities of AMNS-ALG increased markedly in
water compared with alcoholic solvents. Measuring the quantum yield indicated that the highest values of quantum
efficiency were obtained in more polar solvents. For AmMNS-ALG in water and butanol, the greatest lifetime value was
reduced from 11 to 7 ns. The obtained spectroscopic data suggest that the AmMNS-ALG could be used as a medium polarity
Sensor.

Keywords: Fluorescence spectroscopy; Solvatochromic behavior; Spectral parameters; AmNS, bacterial polymers.

The polarity gradient of the solution can straightforwardly be
sensed by using the well-known solvatochromic effect, which
consists of the distinct shift of the longest wavelength

1. INTRODUCTION

In order to monitor additives in situ, such as alcoholic content in

an aqueous system, analytical methods that operate in real-time
and in completely safe conditions must be developed. The use
of polymer in conjunction with chemical indicators has lately
resulted in the development of a new class of polarity sensors
known as Solvatochromic sensors (SS) [ 4. A fluorescent
molecule having possible optical properties such as absorption
or fluorescence is covalently attached to a polymeric system in
the solvatochromism phenomenon Bl When an SS is placed in a
liguid medium to be investigated, the fluorescent probe
undergoes a photophysical reaction and generates an optically
detectable modification which is characteristic of the chemical
composition of the fluorescent molecule [ 51, In an absorption-
based SS, for example, the absorption of an input light beam by
the fluorescent molecule is recorded after the reflection of the
beam on a mirror as an output absorption signal. Since alcohol-
water mixtures improve the solubility of hydrophobics in an
aqueous medium and consequently, these mixtures play a
significant role in the examination of the stability of a
hydrophobic solution and protein folding [,

*Correspondence: Fateh Eltaboni
elfateh.belkasem@uob.edu.ly

absorption band of a fluorescent molecule following a minor
difference in the polarity of the solventl” 8 9 10, 111 The effect of
numerous parameters in addition to possible applications of
organic solvatochromism has been widely explored in literature
[12,13,14,15,16,17, 18, 19] Ag 3 result, we have decided to create an
SS based on the solvatochromic effect. Preparing a
solvatochromic molecule that can be attached to a polymer-
producing polymeric flake.

For some biophysical studies, the biomolecule must be labeled
with a tiny foreign molecule with distinct photophysical
properties that forms covalent or noncovalent bonds with the
macromolecule [ 5 20, 21 221 Thjs fluorescent molecule, referred
to as a spectroscopic probe, functions as a sensor for changes in
the biomacromolecule, translating them into changes in the
photophysical characteristics of the biomacromolecule 231, In
scientific studies, labeling biomacromolecules with fluorescent
probes is a frequent procedure. This technology enables the
investigation of a wide range of structural characteristics,
structural change dynamics, and molecular interactions 241,

In this study, since alginate is non-fluorescent, 4-amino
naphthalene-1-sulfonic acid (AmNS) was selected as a
fluorescent probe (see Scheme 1). The fluorescently labeled
alginate was studied by absorption and fluorescence
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spectroscopy. With the aim of introducing a molecular-level
detection of solution polarity, this paper examines the influence
of alcoholic chemical composition on the spectral behavior of
alginate using fluorescence spectroscopy. An approach was
established involving the synthesis of fluorescently labeled
ALG, and the use of fluorescence lifetime to monitor the
conformational behavior of this biopolymer up on altering the
alcoholic solvent. This was achieved using the fluorescent-
labeled 4-amino naphthalene-1-sulfonic acid (AmNS), which
was covalently bound to the ALG backbone.

2. EXPERIMENTAL

2.1 Materials

Alginate  (Sigma-Aldrich)  Methanol  (Aldrich), butanol
(Aldrich), glycerol (Aldrich), N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC) (Fluka, >99.0%) Used
as received, without any further purification. N-
hydroxysuccinimide (NHS) (Aldrich, 98%). Used as received,
without any further purification, Water (double distilled),
Hydrochloric acid (Fluka, > 37%), Sodium hydroxide (Sigma-
Aldrich, > 97%), Tri ethylamine (Aldrich, 99.5%). All other
solvents utilized in this work were of spectroscopic grade. 4-
amino naphthalene-1-sulfonic acid (AmNS) (Aldrich, 97%)

HO4S

MWH-

4-Amino naphthalene-1-sulfonic acid (AmNS) was purified by
extraction with hexane, the residue was detached, and the
produced material had a melting point in the range of 300-302
°C, which had been dried under vacuum over CaCl.. Then it was
kept in a dark-colored container, in a cold place. The yield of
pure AmMNS was 74 %.

2.2 Synthesis of AmNS-labelled alginate

Firstly, ALG was purified by dissolving 5 g in 0.5 M NaOH and
stirring for about two hours. Then 0.5 M HCI was dropped to
pH 2-3 and stirred for a whole day. The formed gel was filtered
and washed with ethyl alcohol. The produced solid was then
dried in a vacuum oven at 40 °C overnight. Secondly, ALG was
fluorescently labelled with AmNS according to a protocol taken
from the literature 21, 18 mmol monosaccharide was mixed
with 80 ml water, 30 ml of 1,4-dioxane, 0.15 mmol 4-Amino
naphthalene-1-sulfonic ~acid and 7.8 mmol N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride.
The mixture was stirred for 180 minutes and left overnight till
an orange solution was observed. The mixture was filtered and
washed with acetone until the acetone was colorless. The yellow
powder was dried to yield a constant weight of the product.

HO,5

n

O ¢
HM HO OH
] K ]
O {0
o
- HO ZH COoH
m n

Scheme 1. Chemical structure of AmNS-labelled alginate, where n is significantly larger than m.

2.3 Ultrafiltration

Typically, ultrafiltration was used to remove substances with
low molecular weight. A 300ml stirred cell (Millipore, UK)
with 70mm cellulose 1000 and 3000 MWCO filters was used
for ultrafiltration at 400 kPa nitrogen pressure. The procedure
took about an hour and resulted in a final volume of 20-50ml.
The procedure was repeated several times with more solvent,
and the solvent was removed from the concentrate by freeze-
drying.

2.4 Freeze-drying

Freeze-drying is a technique used to remove residual solvent
from a polymer, resulting in a dry powder that can be safely
stored. Liquid nitrogen was used to freeze the dissolved
polymer. The solvent sublimated and was vacuumed away,
leaving behind a dry powder polymer.

2.5 Ultraviolet spectroscopy (UV)

UV spectra were obtained with a Hitachi U-2010 spectrometer
to measure the amount of fluorescent label ((mol
%)fluorophore) in the polymers. With a scan speed of
400nm/min, the scan ranged from 450 nm to 200 nm. The slits

were made at a depth of 2 nm. Fluorophores were tested at
various concentrations in spectroscopic grade methanol,
whereas polymer solutions containing 10"t wt% of polymer in
deionized water and measured at room temperature. The
following equation was used to compute the fluorescent label's
mol percent [26];

c:“m' =
(mol%)morophare = PR = x100

S:omstoretiMocmer

()

Where, Ctiuorophore and Cwmonomer are the molar concentration of
the fluorescent label and the native monomer, respectively. A
more accurate concentration (C) can be determined
mathematically from Beer-Lambert's law for the calibration
curve as flows [23;

A= &C ?)

Where A is the absorbance value of fluorophore, £ is the molar
absorptivity; b is the bath length of the cell, equal to 1 cm and C
is the concentration of fluorescent label in solution.
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2.6 Fluorescence Analysis

Fluorescence steady-state measurements were carried out on a
Perkin-Elmer ~ LS50  Luminescence  Spectrometer  or
Spectrofluorometer FluoroMax®-4. To detect AmNS the
samples were excited at 320 nm and the emission range was
360-510 nm. Excitation scans from 260-380 nm were applied
with 420 nm emission wavelength. Emission and excitation slits
were set between 2.5 and 4nm depending on the analyzed
sample. Ten accumulation scans were made ten times for each
reading to ensure smooth spectra. Fluorescence excited state
lifetime was carried out via an IBH 5000 system and Edinburgh
Instruments 199 Fluorescence Spectrometers, respectively.
Samples were excited at 370 nm with the monochromator set to
detect fluorescence at 450 nm. The range was 100ns, and
30,000 counts were obtained for each sample in lifetime
measurements. A prompt was run after each sample to take into
account scattered light from the source during fluorescence
analysis. Fluorescence measurements were all made using 10
wt% polymer solutions.

3. RESULTS AND DISCUSSION

The condition for the development of a solvatochromic sensor
made from biopolymer flakes is the attachment of a
chromophore like AmNS and generating wavelength scan in
which the chromophore moiety has distinguishable peaks

compared with native biopolymer. The condition is met here, as
shown in Fig. 1, because AmNS-alginate spectra contain
distinct bands when compared to alginate, and AmNS-alginate
has two peaks at 243 nm and 315 nm. Because of the clear
influence of the alginate band, which has a peak at 216 nm and
might be assigned to the carbonyl group of ALG, the 243 nm
peak was excluded from the computation. For the attached
chromophore analyses based on UV spectroscopy, only the
absorbance values at 315 nm were considered. It is worth noting
that the second peak (315 nm in AmNS-alginate) was shifted to
a shorter wavelength compared to AmNS alone in solvent,
which has a maximum absorbance at 320 nm for the second
peak (see Fig. 2), this supports that a covalent attachment might
occur between the chromophore and biopolymer molecule.
Fluorescent label content: (mol %)amns = 0.96 mol% was
calculated by using equation (1), this small value is preferred to
prevent excimer formation!23l, Moreover, these analyses suggest
that the molar absorptivity of the AmNS group in the ALG is
close to that of AmNS chromophore alone. The concentration of
AmMNS group in 10'wt% AmNS-alginate solution was
calculated from the measured absorbance (A) at 315 nm
according to equations (2). The molar absorptivity of the AmNS
group, which can be calculated from Beer-Lambert's law for the
calibration curve as shown in Fig. 2, a typical linear relationship
was plotted with slope equal to 0.107, by applying an equation
(2) that gives a molar absorptivity equal to 10700 L mol-t-cmL.
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Fig 1. UV-Absorption spectra of 10-1 wt% AmNS-labelled alginate and alginate

©2022 University of Benghazi. All rights reserved. ISSN:Online 2790-1637, Print 2790-1629; National Library of Libya, Legal number : 154/2018

147



SJUOB (2022) 35 (2) Applied Sciences: 145 — 151

Eltaboni et al.

12
023
1 0.25
0.2
0.8 S
- = 015
3 :
= z
- = 0l
£ 06 -
T 0.05
Eﬁ 0
04 0 0.5 1 15 2 24
Concentration x 105 M
02
0 . . . : . . . —
200 220 240 260 280 300 320 340 360 380 400
Wavelengths (nm)
—45E6M =——0E-6M 135E5M =———18E-5M =——225E-5M

Fig 2. Beer-Lambert’s law of AmNS at different molar concentrations in an alcoholic solution. (Amax = 320 nm)

The photophysical behavior of AMNS-ALG under study in
terms of fluorescence absorption maxima (lex), €mission
maxima (Aem), Stokes shifts (81), and fluorescence quantum
yields (®) were examined in solvents with different polarities.
The fluorescence excitation and emission spectra are depicted in
Figs. 3 & 4, and corresponding spectral results are listed in
Table 1. The excitation spectra of AmMNS-ALG show a broad
absorption band in the ultraviolet range, with its maximum
excitation wavelength located at 325 nm in water and 429 nm in
butanol. This absorption band could be assigned to a m-m*
transition owing to the naphthalene group 271, Overall, a shift to
a shorter wavelength of the excitation band was observed as the
solvent polarity decreased as shown in Table 1. While a redshift
of the position of the excitation band of AmMNS-ALG was
observed for glycerol relating to less polar solvents (methanol

and butanol). As can be also noted from the data included in
Table 1, the effect of solvent polarity is more obvious on the
emission bands than on the absorption bands. The fluorescence
emission spectra of AmMNS-ALG generated by excitation in the
absorption band maximum exhibit an emission band in the
range 350-550 nm depending on the solvent polarity (Figure 4
and Table 1). Specifically, AmMNS-ALG shows a maximum
emission at 420 nm in water, which is blue-shifted to 409 nm in
butanol. The AmNS fluorophore exhibits very strong emission
in alcoholic solvents (methanol, ® = 0.954 and butanol, ® =
0.957, while in more polar solvents like water, the quantum

efficiency of emission decreases considerably (water, @ = 0.773
(Table 1).
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Table 1. The relation between the relative polarity of solvents with the maximum excitation and emission wavelengths.

Solvent Relative polarity” ex (NM) Aem (NM) O\ (nm) ¢ 7 (ns)
Water 1.000 325 420 95 0.773 11.40+0.02
Methanol 0.762 328 408 80 0.954 6.00£0.02
Butanol 0.586 329 409 80 0.746 7.00£0.02
Glycerol 0.812 331 413 82 0.957 7.80+0.02

Obtained results are in agreement with the literature [ 281 since
several chromophores' fluorescence has been studied in a
variety of solvents and solvent combinations. Transferring a dye
from a non-polar to a polar solvent causes a red shift in the
fluorescence emission maxima, an increase in bandwidth, and a
swift decline in the quantum vyield, while fluorescence
absorption is only slightly affected by solvent polarity. Based
on a hypothesis presented by Lippert 281 and independently by
Mataga [?8], the dependency of emission maximum on solvent
can be understood %81, Solvent molecules can relax around the
excited state before emission if the dipole moment of the
excited state is greater than the dipole moment of the ground
state. As a result, the energy of the excited state will tend to
decrease, resulting in a red shift in fluorescence emission. This
procedure is depicted in Scheme 2.
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Scheme 2. A Jablonski transition state diagram showing
solvent relaxation and intersystem crossing.

To find out more information about the excited state dynamics
of AmMNS-ALG, a fluorescence lifetime experiment was carried
out on polymer in solvents of different polarities. Demonstrative
decay profiles of AMNS-ALG in water, methanol, butanol, and
glycerol are presented in Fig. 5. The values of the fluorescence
lifetimes generated from exponential decays are listed in Table
1. As can be observed, the lifetime values were markedly
influenced by the solvent polarity. All decays were
mathematically fitted by a single-exponential decay. The gained
lifetime was around 11 ns for AmNS-ALG in the high-polar
solvent (Table 1). This value was quenched to 7 ns in a low-
polar solvent (butanol).

Filenames:-
1t235.ibh

1t239. ibh

40 =
Tine,/10~9 sec

Figure 5. Fluorescence decay lifetimes of AmNS in different
solvents.

4. CONCLUSION

Fluorescent 4-Amino naphthalene-1-sulfonic acid-alginate
bacterial polymer (AmNS-ALG) was synthesized and its
spectral excitation and emission properties were examined.
AmMNS-ALG had high fluorescence intensity in a high polar
solvent (water) and the excitation and emission intensities
decreased sharply in less polar solvents (methanol and butanol).
When AmMNS-ALG was dissolved in water, the quantum yield
() was steadily quenched compared with methanol and
glycerol. The spectral parameters such as fluorescence
absorption maxima (kex), emission maxima (Aem), and Stokes
shifts (8)1) revealed that the solvent polarity had a significant
influence on the solvatochromic shifts of the excitation and
emission maxima. The fluorescence excited-state lifetimes of
AMNS-ALG were noticeably affected by the solvent polarity.
The highest lifetime value declined from 11 to 7 ns for AmNS-
ALG in water and butanol, respectively. The gained
spectroscopic results propose that the AmMNS-ALG can act as a
possible sensor detecting medium polarity.

5. REFERENCES

1. Mcgill, R. A, Paley, M. S. & Harris, J. M. (1992).
"Solvatochromic characterization of polymers. Effects of
relative humidity". Macromolecules, 25, pp. 3015-3019.

Rankin, J. M., Zhang, Q., LaGasse, M. K., Zhang, Y.,
Askim, J. R., & Suslick, K. S. (2015). "Solvatochromic
sensor array for the identification of common organic
solvents”. Analyst, 140(8), pp. 2613-2617.

Gstrein, C., Zhang, B., Abdel-Rahman, M. A., Bertran, O.,
Aleman, C., Wegner, G., & Schliter, A. D. (2016).
"Solvatochromism of dye-labeled dendronized polymers of
generation numbers 1-4: comparison to dendrimers".
Chemical science, 7(7), pp. 4644-4652.

©2022 University of Benghazi. All rights reserved. ISSN:Online 2790-1637, Print 2790-1629; National Library of Libya, Legal number : 154/2018

150



SJUOB (2022) 35 (2) Applied Sciences: 145 — 151

Eltaboni et al.

10.

11.

12.

13.

14.

15.

16.

Eltaboni, F., Caseley, E., Katsikogianni, M., Swanson, L.,
Swift, T. & Romero-Gonzalez, M. (2020). "Fluorescence
Spectroscopy Analysis of the Bacteria-Mineral Interface:
Adsorption of Lipopolysaccharides to Silica and Alumina”.
Langmuir, 36, pp. 1623-1632.

Eltaboni, F., Swanson, L., Elayatt, A., Romero-Gonzalez,
M. (2013). "Photophysical studies of biologically produced
macromolecules”. Goldschmidt Conference, p.680.

Eltaboni, F., Hemdan, S. & Khairallah, F. (2017). "Spectral
Parameters of Methyl Orange Interacted with Ethanol-
Water Mixtures". Global Libyan Journal, 27, pp. 1-7.

Kamlet, M. J., Abboud, J. L. & Taft, R. (1977). "The
solvatochromic comparison method. 6. The. pi.* scale of
solvent polarities". Journal of the American Chemical
Society, 99, pp. 6027-6038.

Mao, N., Chen, Y., Liu, D., Zhang, J., & Xie, L. (2013).
"Solvatochromic effect on the photoluminescence of MoS2
monolayers”. Small, 9(8), pp. 1312-1315.

Suppan, P. (1990). "Invited review solvatochromic shifts:
The influence of the medium on the energy of electronic
states”. Journal of Photochemistry and Photobiology A:
Chemistry, 50, pp. 293-330.

Mai, S., Ashwood, B., Marquetand, P., Crespo-Hernandez,
C. E., & Gonzalez, L. (2017). "Solvatochromic effects on
the absorption spectrum of 2-thiocytosine". The Journal of
Physical Chemistry B, 121(20), pp. 5187-5196.

Pazin, W. M., Almeida, A. K. A., Manzoni, V., Dias, J. M.
M., de Abreu, A. C. F., Navarro, M., ... & de Oliveira, I. N.
(2020). "Thermal and solvatochromic effects on the
emission properties of a thienyl-based dansyl derivative".
RSC Advances, 10(48), pp. 28484-28491.

Cha, S., Choi, M. G,, Jeon, H. R., & Chang, S. K. (2011).
"Negative  solvatochromism of merocyanine dyes:
Application as water content probes for organic solvents".
Sensors and Actuators B: Chemical, 157(1), pp. 14-18.

Kirandeep, Husain, A., Kumar Kharwar, A., Kataria, R., &
Kumar, G. (2019). "Co (ll)-based metal-organic
frameworks and their application in gas sorption and
solvatochromism". Crystal Growth & Design, 19(3), pp.
1640-1648.

Lu, Z. Z., Zhang, R., Li, Y. Z., Guo, Z. J., & Zheng, H. G.
(2011). "Solvatochromic behavior of a nanotubular metal-
organic framework for sensing small molecules”. Journal
of the American Chemical Society, 133(12), pp. 4172-
4174.

Mellein, B. R., AKI, S. N., Ladewskl, R. L. & Brennecke,
J. F. (2007). "Solvatochromic studies of ionic
liquid/organic mixtures". The Journal of Physical
Chemistry B, 111, pp. 131-138.

Zhang, Y., Li, D., Li, Y., & Yu, J. (2014). "Solvatochromic
AIE luminogens as supersensitive water detectors in
organic solvents and highly efficient cyanide chemosensors
in water". Chemical Science, 5(7), pp. 2710-2716.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Sun, C. Y., Wang, X. L., Qin, C, Jin, J. L., Su, Z. M.,
Huang, P., & Shao, K. Z. (2013). "Solvatochromic
behavior of chiral mesoporous metal-organic frameworks
and their applications for sensing small molecules and
separating cationic dyes". Chemistry—A European Journal,
19(11), pp. 3639-3645.

Ding, L., Zhang, Z., Li, X., & Su, J. (2013). "Highly
sensitive determination of low-level water content in
organic solvents using novel solvatochromic dyes based on
thioxanthone". Chemical Communications, 49(66), pp.
7319-7321.

Nigam, S. & Rutan, S. (2001). "Principles and applications
of solvatochromism". Applied Spectroscopy, 55, pp. 362A-
370A.

Sparks, D. J., Romero-Gonzéalez, M. E., El-Taboni, E.,
Freeman, C. L., Hall, S. A., Kakonyi, G., ... & Harding, J.
H. (2015). "Adsorption of poly acrylic acid onto the
surface of calcite: an experimental and simulation study".
Physical Chemistry Chemical Physics, 17(41), pp. 27357-
27365.

Gongalves, M. S. T. (2009). "Fluorescent labeling of
biomolecules with organic probes". Chemical reviews,
109(1), pp. 190-212.

Toseland, C. P. (2013). "Fluorescent labeling and
modification of proteins". Journal of chemical biology,
6(3), pp. 85-95.

Lakowicz, J. R. (2006). Principles of Fluorescence
Spectroscopy, New York, (Springer Science+Business
Media, LLC, 233 Spring Street, New York, NY 10013,
USA).

Suzuki, T., Matsuzaki, T., Hagiwara, H., Aoki, T. &
Takata, K. (2007). "Recent advances in fluorescent labeling
techniques  for  fluorescence  microscopy”.  Acta
histochemica et cytochemica, 40, pp. 131-137.

Blonk, J. C. G., Vaneendenburg, J., Koning, M. M. G.,
Weisenborn, P. C. M. & WinkeL, C. (1995). "A new
CSLM-based method for determination of the phase
behaviour of aqueous mixtures of biopolymers".
Carbohydrate Polymers, 28, pp. 287-295.

Eltaboni, F., Imragaa, A., Khuzkhaz, M., Ali, N., Baayu,
N. (2019). "Critical Association Concentration of Dansyl-
Poly (acrylic acid) Synthetized by Redox Polymerization
Followed by an Esterification in Aqueous Solution:
Spectrophotometric and Tensiometric Studies”. Advanced
Materials Letters, 10, 10, pp. 741-745.

Tigoianu, R., Airinei, A., Georgescu, E., Nicolescu, A.,
Georgescu, F., Isac, D. L., Deleanu, C. & Oancea, F.
(2022). Synthesis and solvent-dependent fluorescence of
some piperidine-substituted naphthalimide derivatives and
consequences for water sensing. International journal of
molecular sciences, 23, p. 2760.

L Brand, A. & Gohlke, J. R. (1972). Fluorescence Probes
for Structure. Annual Review of Biochemistry, 41, pp.
843-868.

©2022 University of Benghazi. All rights reserved. ISSN:Online 2790-1637, Print 2790-1629; National Library of Libya, Legal number : 154/2018

151



The Scientific Journal of University of Benghazi

\IIIHIII‘\III
]

T |n|||n||u
‘|_||ﬂ L

lon-Selective Electrodes for the Determination of Periodate 104 Using
Periodate - Tetrazolium Chloride (TTC) as an lon-Pair and its
Applications
Hamdy AB. Matter 12", Tariqg M. Ayad !

1 Chemistry Department, Benghazi University, EI-Wahat, Libya.
2 High Institute of Engineering and Technology, El-Arish, Egypt.

Received 08 / 11 / 2022; Accepted 22 / 01/ 2023

gadlal)

s duid el ae (TTC) - KIOg 258 o5l s 518 Jaid 51 55— 5 63 €2 e 058l (PVC) (il 235 55) (g elie and s ¢ jpinai o
La 515 (K104 J (A @S Jany s ale 338 (DOS) S S5l L5 (DOP) YL S 5f (A5 5 ¢ 5l 32iaa (NATPB) s sl
NaTPB s100mg: PVC s - (200mg) (DOP) cles «(5mg) ( KIO4 - PVC-TTC) e 4 55 Laul 5l 5ala e (5 53my o3 eliall el Juail
Jledd e (55.0-50) o (MF10 % 1.0 7610 % 1.5) gy 5085 e (Ao aua JS e (ll 5 (BMQ: oo sl S50 Jid 2l
e Lgaladind o35 Al 15 (N5 (e Gy s el a8 400 5eSH LLEY) oda < yedl pH (10 -3) (e 5ol Ll G Bl (e <l 58 55 de
O S 220 Ao bl [0 8 e Agilaml ) el 5l Al 5 salSall Apalal il 55 3 A0ERY) Jalra s s Ll 4L e diasn 90 2
oyl olye & G g Ll / a5l Al il g o la ol it 3 eluall HUT 8 U sl [0 aad] jaiiasall aladind &3 il 53Y)

b _yal) olaa ca sl 5 515 2 ) 5IS el sl ) ¢ 51 ALY Al yeSU e Apalidal) cilalsl)

Abstract

Poly (vinyl chloride) (PVC) membrane-based of 2, 3, 5 —Triphenyltetrazolium Chloride (TTC)- KIO4 with sodium
tetraphenylborate (NaTPB) as an anion excluder and dioctylphthalate (DOP) and dioctylsebacate (DOS) as plasticizer were
prepared and studied as a KIO4 selective electrode. The best performance was observed with the membrane having the
ligand (TTC KIO4 — PVC - plasticizer (DOP) — NaTPB (sodium tetraphenylborate) composition 5: 100: 200: 5mg,
respectively, which worked well over a wide concentration range (1.5x10°% M — 1.0x107*M) with a Nernstian slope of 50—
55.0 mV per decade of activity between pH 3 and 10.0. These electrodes showed a fast response time of 5 — 15 s and were
used over a period of 90 dyes with good reproducibility. The selectivity coefficient for monovalent and divalent anions
indicated excellent selectivity for 104 ions over a large number of anions. The sensor has been used to determine 104 ions
from Ojela and Jalu /Libyan water wells and wastewater.

Keywords: lon-selective electrodes, Periodate, Tetrazolium chloride, Wastewater.

IrO2 nanoparticles are grown on a glassy carbon electrode by
electrodepositing method, lodate and periodate are reduced and
the electrochemical properties and electrocatalytic activity of
the modified electrode are investigated [, Dopamine was
determined in pharmaceutical preparations based on its
oxidation with (1047) using a new 104 -selective electrode 12,

1. INTRODUCTION

Triphenyltetrazolium chloride was used for determining iodate
and periodate [, lodonitrotetrazolium chloride and tetrazolium
violet were used for determining chromium
spectrophotometrically [2 B, Triphenyltetrazolium chloride was

used for determined mercury in soils spectrophotometrically 1.
2, 3, 5-Triphenyl-2H-tetrazolium chloride was used as a reagent
for sugar determination 1. Neotetrazolium chloride formed the
ion-pair of tetrathiocyanatocobaltate (1) to determine cobalt (I1)
spectrophotometrically I8, Tetranitro-blue tetrazolium was used
for determined selenium spectrophotometrically [, An
electrochemical sensor for determined iodate and periodate (€1,
Methylene blue was used for determining periodate and iodate
spectrophotometrically ], periodate and iodate were determined
spectrophotometrically by calculating the rates of reactions in
acidic media with iodide [,

*Correspondence: Hamdy AB. Matter
hamdy.matter@uob.edu.ly

and (1047) oxidation constrict to the development of selective
devices methods of micro-analysis in several fields like
electrochemistry, spectrophotometry, chromatography,
luminometry, are successful manufacturing of sensors or
labeling techniques 3. The ion-associate of (1047) extraction
balance with HCI was studied spectrophotometrically 4.
Liquid-membrane for determining (1047) by the ion-selective
electrode and its implementation to the potentiometric titration
of a-diols and a-amino-alcohols occurred 1, (1047) -selective
electrode was utilized for determining tartaric acid €], and
(1047) -sensitive ClO4 by the ion-selective electrode in the
kinetic ultra-micro-determination of manganese (II) was used
(171, Fluorometric analysis of (1047 based on the oxidation of 2-
acetylnaphthol phenyl selenoether and application to the assay
were regenerated of (1047) (81, The ion-selective membranes
were made of PVC with ionophore porphyrin-based sensing
systems and cation lipophilic as additive materials was used to
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calculate (1047) concentration [, A method for the

determination of reducing sugars in serum was studied; the
sample reacted with an excess of (1047) in a flow system and the
decrease in (1047) 2%, and the tubular (1047) electrode for flow-
injection determination of glycerol was devolved 21, Sucrose
C12H22011 was determined in milk products and soft drinks by
the acid hydrolysis of sucrose and lactose with the rate of the
reaction of (1047) with quenched aliquots of the solution in
which hydrolysis takes place [?2, and used nickel (1) Schiff
bases, as a neutral carrier to made ion-selective membrane
electrodes for the determination of (I047) [, Riboflavin
immobilized multi-walled carbon nanotubes amendment
electrode GCE/MWCNT-RB was prepared and proved as an
electrochemical selective sensor for (1037) detection 24, and
oxalate was determined by the kinetic spectrophotometric
method and based on it improved the effect on the oxidation of
Mn (1) to MnO4~; by KIO41, 104 consumption by use of an
iodide-selective electrode was calculated 61, An excited state
intramolecular proton transfer (ESIPT) fluorescent probe for
highly selective and ratio-metric was used for the detection of
104" 271, Jodate and 104" at the microgram level were determined
by a kinetic method (28],

This study used 2, 3, 5-Triphenyl-2H-tetrazolium chloride with
periodate as an ion-pair sensor electrode for determining
periodate by the ion selective electrode method and applied this
method for determining the periodate in wells water, juices, and
wastewater.

2. EXPERIMENTAL

2.1. Reagents and Materials

All chemicals were of analytical reagent grade unless otherwise
stated and doubly distilled water was used throughout. Periodate
KIOs (M. wt. = 230) was obtained from Aldrich Chem. Co.,
polyvinyl chloride PVC powder of Mwt~10000 (THF)
tetrahydrofuran solvent 99%, inhibited by 0.025% butylate di-
hydroxy toluene, dioctylsebacate DOS, sodium
tetraphenylborate (NaTPB) as an anion excluder, and
dioctylphthalate DOP as a plasticizer with a purity of ~99%. 10~
1 M solution of KIO4 was prepared by dissolving 2.3 g of KIO4
in 100 ml of (0.05 M) PO4* buffer solution pH 7. 104 ion (10!
M — 10-% M) solution was prepared then, dilution of the 104" ion
solution by 0.05 M PO4%, buffer solution of pH 7, and 2, 3, 5
Triphenyltetrazolium chloride TTC or simply
Triphenyltetrazolium chloride as a redox indicator commonly
used in biochemical experiments specially to indicate cellular
respiration. It is a white crystalline powder, soluble in water,
ethanol and acetone but insoluble in ether.

2.2 Apparatus

All Potentiometric Apparatus at 25 + 1 °C with an Orion pH /
mV meter. A double junction Ag / AgCl reference electrode
was used, and an electrode (Model 90 — 02) filled with 10%
(w/v) KCl was used in the outer closet. A glass electrode (Orion
81— 02) was used for pH measurements.

2.3. Synthesis of (TTC- KI104) ion pair

1g of TTC was dissolved in 100 ml distilled water + 1g KIO4 in
100 ml distilled water; white precipitate was formed.

2.4. Preparation of Membrane

Homogeneous membranes of TTC - KIO4 ion pair were
prepared by using PVC as a binder, DOP and DOS as a
plasticizer and NaTPB (sodium tetraphenylborate) (anion
excluder) were mixed and dissolved the membrane components
in diluent THF. Then it was stirred vigorously until the result
was a homogeneous syrup. After all the air bubbles were
removed, it was poured into glass casting rings resting on a
smooth glass plate. The solvent was evaporated at room
temperature. After waiting for about 48h, a transparent
membrane of about 0.5 mm thickness was obtained from which
about 5 mm in diameter was cut away from the inner edge of
the cyclic ring and stuck to one end of the polyethylene tube
with the membrane by THF.

2.5. Potential Measurement

The membranes were equilibrated with 102 M KIO4 solutions
for two days and the potential across the membranes was
measured with potential membrane used in the outer of
reference electrodes in a tube; (102 M KIOj4 solution + 102 M
KCI) as an internal solution. All the measurements were made
at a constant temperature of 25 + 0.1°C. Response time was
determined after the potential of one solution of 10¢ M KIO4
solution became constant and similar measurements were
carried out in another solution of 10—fold higher concentrations.
The response time is measured as the time taken to reach an mV
of 90% of the potential difference in the two following
measurements. Reproducibility can be known as the deviation
from the average potential value in the same four dips
measurements data.

3. RESULTS AND DISCUSSION

TTC is a redox indicator commonly used in biochemical
experiments specially to indicate cellular respiration. The
crystalline powder (white) was soluble in water, ethanol and
acetone but insoluble in ether 29,

The reaction involves (TTC) with KlOg; the white precipitate
was formed from the TTC-KIO4 complex used as an ion pair in
an ion-selective membrane with (NaTPB) as an anion excluder
and (DOP) as a plasticizer. PVC and THF were prepared and
studied as a KIOs—selective electrode for the calculation of the
concentration of KI1O4 in water or wastewater or other samples
using a calibration curve, and the time of response recorded
quadrate the IUPAC recommendation [39,

An electrode membrane contains a solvent mediator (DOP) and
DOS; the electrodes achieved an equilibrium response within 15
— 20 s over a whole concentration range of 1.41x10°% M —
1.0x107* M. The potentials obtained must be still constant for
more than 5 min, after a slow variation of data is observed. All
potentials were measured periodically and the standard
deviation of about 50 mV corresponding measurements was +
0.4 mV. The lifetime of electrodes based on ion pairs in solvent
polymeric membranes depends on the distribution coefficient of
the ion pairs and plasticizer between the aqueous and membrane
phases. Hence, the lifetime of electrodes must depend on the
compositions of the solution and the measured compounds with
electrodes. The results experimentally explain that the lifetime
of the present electrode was about 15 weeks, the detection limit
was stable, and the slope of the electrode was observed to be
constant, and remained constant, during this time. The
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electrochemical demeanor of the electrodes gradually
degenerates after 15 weeks, which can be due to the senility of
the (PVC), DOP plasticizer and ion pair (TTC) (1047) [33,

Periodate calibration curve

6- 5- 4- 3- 2-
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Fig. 1. The relationship between log C in the X- axis and mV
in the Y- axis for 104

KIOs -TTC membrane contains the DOP as a plasticizer and
shows linearity at the concentration range between 1.0 x 1075
M, and 1.0 x 10~* M a slope of about 55 mV + 0.4 mV per (10)
decade. Hence, the membrane electrode was investigated as a
KIO4 selective electrode and all further were studied with this
membrane electrode. The salts which incorporated, and which
consisted of a hydrophobic cation and a lipophilic anion, e.g.,
(NaTPB), based on TTC-104 have proved to be beneficial in
several respects 32,

Sodium tetraphenylborate (NaTPB) reduces interference by
lipophilic anions in the sample by bringing about significant
changes in selectivity and boosting the anion selectivity in the
case of carriers with poor extraction capability and decreasing
the electrical membrane resistance considerably [334, When
preparing the electrode without NaTPB, the sensitivity of the
electrode and selectivity for KIOs was decreased, due to the
high resistance of anions in the solution. NaTPB acts as an ion
exchanger [35; hence NaTPB was used, leading to drastic
changes in the shape of the slope, and in more response, the
membrane electrode becomes more selective.

The electrode potential was investigated over the pH range 2.0 —
12.0 for 1.0 x10° M and 1.0 x 10* M of KIO4. The pH
changed with HNO3 acid or ammonia hydroxide solution. The
potential is still stable between pH 3.0 — 9.0 (Fig. 2) and the
same can act in this working range of pH of the electrode
perfectly.

Effect of pH

1 23456 738 9101112
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Fig.2. Effect of pH in X- axis and — mV in Y- axis at
concentrations 10 M and 10 M of 104

This paper used the Matched Potential Method (MPM) to
calculate the selectivity coefficients KP°t 104~ 38 at a 1.0 x1072
M concentration of some interfering ions. By studying
interfering ions and periodate, the electrode was selective to
determine KIO4 concentration (Table 1); the reversibility of the
membrane electrode which can be calculated in a similar step in
the opposite direction was done. The data was placed in the
sequence from high values to — low values, i.e., from 1.0 x1072
to 1.0 x10° M concentrations of samples, and the results
explained that the potentiometric response of the membrane
electrodes was reciprocal; although the equilibrium values were
reached at the time about (50 s) which is a longer time than that
of low to — high concentrations of samples. The lifetime of a
membrane or membrane electrode is nearly 2 months
[37.38,39.40.41] ‘and the reproducibility of the electrode was studied
by using six similarly constructed TTC — KlO4 electrodes under
several conditions. The results explained a good Nernstian slope
of about 50 mV (+ 0.4 mV) for the membrane electrode.

Tablel. Selectivity coefficient data (K" 104°) for 104
selective membrane electrode contain TTC- 104 ion-pair.

Interfere | KPt 104 Interferes KPot 1Oy
K104 2.3x10°° K2COs3 1.3x104
K103 2.2x10° KHCOs 1.4x10°

KCIO4 2.1x10* KMnOg4 1.1x104
KCIOs 1.2x104 K2CrO4 2.3x10*
K2S04 1.3x10* K2Cr207 1.2x104
K2S0s3 1.2x10-° KH2PO4 1.3x10°
KHSO4 | 1.4x10°° K3POq4 1.4x10°
KNOs3 1.1x104 CH3sCOOK 1.1x104
KNO2 1.2x10* |(OH)2(CH)2(COOK)2.5H20| 1.3x10*
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3.1. Application of 104- Sensor Electrodes

Table 2: Determination of 104 in the well water from Ojela

and Jalu wells, juices, and wastewater.

Sample Concentration (ppm)
(Water well 1) 230
(Water well 2) 23
(Water well 3) 12
Orange juice 4
Beetroot 12
Carrot juice 8
4, CONCLUSION

The TTC-10s membrane electrode incorporating an ion-pair
can be seen in the expansion of the 104 ion—selective electrode.
The data shows that the (DOP) plasticizer electrode proved to
be a good solvent mediator for electrode construction. The
suggestion electrode showed high selectivity and sensitivity to
104 ions, and a fast time response with a Nernstian slope of
about 55.0 mV/decade to 104 for a large scale of the
concentration range of 1.5 x10°M —1.0 x10™* M. The proposed
electrode revealed excellent selectivity towards 104 and was
used to determine 104 in water, wastewater, and different juice
samples which may contain 104"

5.
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Abstract

Pluchea dioscoridis (L.) DC. is a species native to Eastern Africa that has been recorded for the first time in northern
Libya. It was discovered growing around the city of Benghazi in populations of more than 100 plants beside roads and
inside city gardens, and also on the edge of the salt marshes in a typical wet habitat of halophyte plants about five
kilometres east of Benghazi and not far from the shoreline in north-east Libya. Populations of this plant were first noticed
in 2018 once the civil war was over in Benghazi and confirmed during an investigative research project that aimed to

evaluate the state of vegetation four years after the evacuation of the city.

Keywords: Pluchea, new record, Compositae, Libya, North Africa.

1. INTRODUCTION

The composite (Asteraceae) is the largest plant family within
the Libyan territory and, based on Jafri and El-Gady (1983) [,
consists of 97 genera and 240 species.

The genus Pluchea consists of about 80 species that are mostly
native to tropical and warm temperate areas around the globe,
distributed primarily in east Africa, northern and southern
America, Asia and Australia . Pluchea dioscoridis has been
known by several synonyms (see below). The species of this
genus have been used in phytotherapy as an anti-inflammatory,
a diaphoretic in fevers, an antipyretic, an astringent, as nerve
tonics, laxatives, a treatment of dysentery and in many other
ways [, Pluchea is named after the French naturalist Noel
Antoine Pluche, whereas the species dioscoridis is named after
the Greek herbalist Dioscoridis [,

Plutchea dioscoridis is native to eastern Africa and the Middle
East, including Egypt and Chad adjoining Libya. In its native
habitat, P. dioscoridis is a richly branched hairy perennial shrub
that grows up to 3 m high and inhabits moist habitats such as
banks alongside waterways and marshes, depressions along
roads and deserted houses [* 5. In Egypt, a country bordering
Libya, P. dioscoridis is commonly found along the banks of the

Nile and islands, and also as a pioneer of moist rocky habitats
6]

*Correspondence: Tarek A. Mukassabi
tarek.mukassabi@uob.edu.ly

It is also found in fine loamy soils along the banks and canals
within the Nile Delta region, depressions between the terraces
of roads and railways, saline and non-saline abandoned fields,
waste moist ground, solid and liquid refuse and near demolished
houses ["- 8],

Pluchea dioscoridis was first recorded (as Conyza dioscorids)
in Wadi Tanezzuft southwest of Libya in 2004 where only a few
individuals were found 1. Another study in 2012 mentioned
this first discovery using the accepted scientific name 1%, This
paper documents its discovery in northeast Libya for the first
time.

Benghazi is a southern Mediterranean city. The mean maximum
monthly temperature ranges between 21°C in January and 41°C
in June. The lowest minimum monthly temperature is normally
recorded in December and January at 7°C and 6°C, respectively.
The climate is very dry in summer (June to August) and wetter
in winter (November to April). The highest mean monthly
rainfall is c. 65 mm and is usually recorded in December and
January. Within the last two decades, the mean annual rainfall
was 300 mm but was spatially very erratic (14,

2. MATERIALS AND METHODS

Plant specimens were first collected around Benghazi between
latitudes (32° 05' 41.65" and 32° 08' 25.13" N) and longitudes
(20° 04' 01.13" and 20° 05' 22.09" E) at less than 5 m above sea
level. Plants were collected between January and May 2020.
The whole city, which is located between the eastern main
checkpoint in Sidi Khlaifa to the western city main access in
Alquarsha (30.4 km) and along the sixth ring road between
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Alquarsha and Sidi Khlaifa (40.5 km) (Fig. 1), with an area of
approximately 291 km?, was assessed.

The first taxonomic check of these samples was made using the
Flora of Libya (Jafri & El-Gadi 1983) followed by consulting
specimens held in the Cyrenaica Herbarium (CHUG) based on
the Flora of Egypt [!2 131 Plant specimens are held in the
Cyrenaica Herbarium (CHUG), Department of Botany, Faculty
of Sciences, University of Benghazi (Fig. 2a,b).

3. RESULTS
Pluchea dioscoridi (L.) DC., Prodr. (DC.) 5: 450 (1836).
Synonyms:

Baccharis dioscoridis L., Cent. PI. 1:27 (1755), Conyza odora
Forssk., Fl. Egypt. Arab. 148 (1775), Conyza dioscoridi (L.)
Desf., Tabl. Ecole Bot., ed. 2, 114 (1815), Baccharis aegyptiaca
Forssk. Ex DC., Prodr. 5: 450 (1836) and Pluchea dioscoridis
(L.) DC. var. glabra Oliv. & Hiern, Fl. Trop. Afr. 3: 329 (1877).

Common names:

Ploughman’s spikenard, Conyza and Marsh fleabane (English),
Ddrrkraut (German), Conyze (French), Barrnuf and Kenevir otu
(Turkish) and Barnuf and Kush (Arabic) (Shaltout and Slima,
2007).

Description of the species:

This bushy shrub is distinctive in being a tall (1-3 m), evergreen
perennial shrub, pilose and glandular. Leaves are oblong or
elliptic narrowing at the base which is auriculate. Leaves range
from 2-7 cm long x 2-4 cm wide, dentate or entire, attenuate
and auriculate at the base. It forms plentiful and easily noticed
densely corymbose panicle inflorescences, peduncles up to 1-
1.5 cm long, with hairy leaves which are glandular and
puberulent, slightly simple lanculate, serrate and sessile. The
flowers are pale purple. The 4 to 12 disc flowers are normally
tubular and hermaphrodite but functionally staminate. By
contrast, the marginal flowers are in several rows, pistillate and
filiform. The receptacle is flat and naked. The flowering season
is between April and June.

Habitat and sites of Pluchea dioscoridis and associated species
in Benghazi:

Pluchea dioscoridis was collected from more than 44 locations
around Benghazi, mostly located in the west, north, and middle
and up to the east of the city, in areas such as Garyounis,
ElBerka, AlKish, City Centre, EISabry, BuDzira and EIKwifia.

This new record plant species was found in relatively small
populations ranging from 5 to more than 100 individuals and
occasionally isolated single individuals. It was very abundant
beside roads within some areas of the city (Fig. 3a).
Interestingly, local people in the city’s main car scrapyard east
of the city stated that the plant was first seen five years ago after
the arrival of certain imported cars, which suggests that cars
being scrapped were a possible source of seeds of this species.

Pluchea dioscoridis was also very abundant at ElSabry at the
edges of demolished houses where the whole area was
destroyed in the armed civil conflict between 2014 and 2017,
(Fig. 3b). It was also found growing in the middle of the city
(AlKish area) close to the Lakes Project (salt marshes covering
an area of 20 hectares) associated with Phragmites australis

(Cav.) Trin. Ex Steud. (Fig. 3c). Regionally, this shrub can be
found in abandoned fields, abandoned pastures, demolished
houses and depressions between the terraces of roads and
railways 8. However, it was concluded that this shrub is
generally establishing in wet areas with a massive effect of
environmental variables such as chloride, electrical
conductivity, nitrogen, carbonate, and calcium since such
variables have an impact on the distribution of this shrub [24],

4. DISCUSSION

It seems that evacuating huge areas of the city between 2014
and 2017 was the main reason for this particular plant species to
be successfully growth and distribute, since this species is
known to be mostly found in abounded areas and close to
demolished buildings . Also, dominance of wet environment
in those areas as a result of the evacuation of the city and the
overflow of sewage was another factor assisted this species to
grow and bloom quite easily [). Currently and up to the time of
submitting this manuscript, it has been noticed that this plant is
still sweeping new areas in the whole region. It is very likely
that Pluchea dioscoridi has arrived to this region through some
kind of carrier [*4l. Nonetheless, it has not been mentioned in
any plant checklists or as outcome of any field observations in
this region before 2018 [ 1. However, by recording this
species in this area, it has now been distributing in the whole
north of the continent [2,

It is clear that while P. dioscoridis is newly recorded in northern
Libya, its abundance and spread across the landscape indicate
that it is likely to persist and spread in the future.
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Figure 2. Pluchea dioscoridis collected in Benghazi, a - herbarium sheet specimen, b = leaves and flowers of the bwt (Photos
by T. Mukassabi)
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Figure 3. Distribution of Pluchea dioscoridis collected around Benghazi, a = alongside roads close to Benghazi Medical Centre,
b = beside demolished houses in Alsabry area, ¢ = in wet areas associated with Phragmites australis. (Photos by T. Mukassabi)
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Abstract

Glasses based on B,0O3—Na,O—NaF doped with Er,O3 and ErF; were prepared by the melt quench technique. Density was
measured and molar volume was calculated. The density and molar volume increased with the increase of Er,O3z and ErFs;
content. Optical absorption spectra were measured to study the optical properties and their dependence on the Er,O3; and
ErFs. The refractive index is estimated and correlated with the wavelength, Er,Os, ErFs, density, and O/F ratio. Nonlinear
refractive index, optical and magnetic susceptibilities, Abbe number, molar refractivity, electronic polarizability, and
energy gap were also calculated and correlated with Er,Os and ErFs contents.

Keywords: Borate oxyfluoride glass, Absorption spectra, rare earth ion, refractive index, optical constants.

Optical methods like UV-visible and infrared spectroscopy can
give the average coordination number, bond lengths, local
symmetry, or covalency of bonds between the rare-earth ion and
the first shell neighbors 91, Borate glasses are structurally
more intricate as compared to silicate or phosphate glasses due
to two types of coordination of boron atoms with oxygen (3 and
4). 1t is well established that the addition of metal oxides
converts the boron coordination and the structural groups from

1. INTRODUCTION

Oxide glasses are attracting hosts for obtaining efficient
luminescence in rare-earth ions. In them, borate glass is a
suitable optical material with high transparency, low melting

point, high thermal stability, and good rare-earth ions solubility
[1.23]

The research for excellent hosts still attracts much attention

from scientists. At present, heavy metal oxyfluoride glass [456.7]
is considered to be one of the most promising materials because
it can well combine good optical, mechanical and thermal-stable
properties of the oxides with lower phonon energy of fluorides
which can effectively reduce multiphonon decay of excited
states in rare-earth ions and thus enhance the optical quantum
efficiency (89101,

Rare-earth ion-doped glasses are technologically important
materials as they can be applied in lasers, white light-emitting
diodes, light-converting, and optoelectronic devices [t 121314,
The optical properties of rare-earth ions in various glass systems
like silicates, phosphates, borates, germinates, tellurites,
fluorides, etc. have been studied and reviewed in the literature
[1415.1617.18]  These ions can exist in different environments in
the glass matrix; the study of the environment around the rare-
earth ion is essential to understand the optical absorption and
luminescent properties of rare-earth ion-doped glasses.

*Correspondence: Ibrahim Z. Hager
E-mail: izhager@yahoo.com

one to another depending on the type and concentration of the
metal oxides [2921.22, For special optical applications, the role
of glasses as ultraviolet (UV) transmitting materials has
increased in the last decade. The real UV transmission is limited
by extrinsic charge transfer and s-p absorption bands due to
trace impurities of metal ions such as Fe®'/Fe?*, Pb?, etc.,
which are influenced by the glass matrix [23 241,

The refractive index as a function of wavelength is a critical
design parameter for advanced photonic systems. Thus, the
ability to estimate the refractivity of glasses based solely on
their composition is of great value to both photonic designers
and the materials scientists supporting those designs. Usually,
the refractive index is known or measured, and then the
polarizability is calculated, such as with the Lorentz—Lorenz
equation [25 261,

In the present oxyfluoroborate glasses doped with Er.O3 and
ErFs, the refractive index is calculated and correlated with the
wavelength in the UV-VIS range. The molar refractivity,
nonlinear refractive index, electronic polarizability, Abbe
number, energy gap, and absorption cross-section of the glasses
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were calculated for different wavelengths. The effect of Er203
and ErFs on the determined optical properties is discussed.

2. EXPERIMENTAL TECHNIQUES:

The glasses were prepared from appropriate mixtures of HsBOs,
Naz0, NaF, Er20s, and ErFs. The batches were inserted into the
furnace at 950 °C for 30 min in a platinum crucible and then
poured into a brass mold to obtain bar samples with dimensions
of 1 x 1 x (0.6-0.65) cm®. Each glass sample was annealed near
its glass transition temperatures, which depend on its
composition for 1 h. Then the furnace was switched off and the
sample was taken out after 24 h and prepared for measurements.

The densities of the prepared samples were measured by the
Archimedean method using CCls as an immersion liquid. The
molar volume was calculated by the equation Vm = (M/p), where
p is the density and M is the molecular weight of the glass
sample which is calculated as follows: M = Ji (xi)(wi), where Xi

and wi are the mole fraction and molecular weight of component
i, respectively. The error of the density measurements was not
more than +0.001 gm/cm?.

The optical absorption spectra of the samples were recorded
using T80 UV/VIS double beam spectrophotometer (PG
Instruments Ltd) in the range from 190 to 700 nm. The
refractive indices of the obtained glasses were calculated from
the UV absorption spectra.

3. RESULTS:

The values of the glass composition, density, average molecular
weight, molar volume, Er ion concentration per cmd and
oxygen/fluorine O/F ratio of the present glasses are reported in
Table 1. Fig. 1 shows the increase of the density and the molar
volume with the increased of both Er.O3 and ErFs instead of
NazO contents [2728],

Table 1 Glass composition in mol%, density in gm/cm3, average molecular weight, molar volume in cm?, the concentration of
Er ion per cm3, and oxygen/fluorine ratio of the present glasses.

B20s | NaF Na:O | Er:0s | ErFs Vi n(Er)
Sample No. p . M O/F
mol% | mol% mol% | mol% | mol% | gm/cm cm®/mol x10%0 cm3

BNN-1ErO 70 15 14 1 2.387 67.535 28.293 4.257 15.15
BNN-2ErO 70 15 13 2 2.481 70.740 28.513 8.448 15.27
BNN-3ErO 70 15 12 3 2.601 73.945 28.430 12.709 1541
BNN-1ErF 70 15 14 1 2.310 65.952 28.551 2.109 12.50
BNN-2ErF 70 15 13 2 2.355 67.575 28.694 4.197 10.64
BNN-3ErF 70 15 12 3 2.399 69.198 28.844 6.243 9.26

* Er203

—
265 " B 288
© Er203
0O ErF3
26 286

p (gmicm’)
N
&
(em®)

Vi

05 1 15 2 25 3 35
X (mol%)
Fig. 1 Variation of density and molar volume with Er,0, and ErF of the studied glasses.

Fig. 2(A and B) shows the UV-VIS absorption spectra at room
temperature in the range from 190-700 nm of the present
glasses undoped and doped with both Er203 and ErF3
respectively. Absorption rises abruptly around a photon
wavelength of 190 nm in all glasses depending on its
composition. This wavelength is taken as optical absorption cut-

off Ao. The most intense absorption is produced by electronic
transitions from the valence band to the conduction band of the
crystal. These transitions give rise to absorption in the
ultraviolet and are visible in the present oxyfluoroborate glasses
doped with erbium ions (like silicates); they lead to intrinsic
semiconduction when thermally excited. Several weak peaks
were found at energies near those of the ultraviolet absorption
edges; these correspond to energy in exciton absorption i.e. to
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transitions involving levels between the valence and conduction
bands. They are too weak and at too high frequencies to be
interpreted as due to lattice vibrations.

7

= BNN-pure
A — BNN-1% Er203
6 — BNN-2% Er203
— BNN-3% Er203
5
S4
<
4
<3
2
1
0
190 290 390 490 590 690
Wavelength (nm)
7
) — BNN-pure
— BNN-1% ErF3
6 —BNN-2% ErF3
— BNN-3% ErF3

190 290 390 490 590 690
Wavelength (nm)
Fig. 2 Absorption spectra of: [A]JEr,O; and [B]ErF; doped glasses.

The absorption peaks are at the same wavelength positions for
Er203 and ErF3 doped glasses while their intensity is higher for
Er203 than ErFs doped glass. The increase of the intensity of
the observed absorption bands with the increase of both Er.O3
and ErFs is shown in Fig. 3.

12

—&— 365 nm
—=- 380 nm Al
—&— 405 nm

450 nm
== 488 nm
——523 nm
=+ 544 nm
—6—651 nm

10

®

Intensity (a. u.)
o

IS

Er,05 (Mol%)

——365 nm
—=—380 nm 81

405 nm
5 450 nm
—¥—488 nm
—e—5231m
—+—544 nm
——651 nm

Intensity (a. u.)
®

0.5 1 15 2 25 3 35
ErFs (mol%)

Fig. 3 Variation of the absorption intensity with: [A]Er,Os and [B]ErF; content of the present glass.

The refractive index, n, of a material is an important parameter
for the design of glass-related devices [*%. According to the
theory of reflectivity of light (Fresnel's theory), the real part of n
of the complex refractive index as a function of reflectance, R,
and extinction coefficient, K, in the UV-VIS range is given by
the quadratic equation,

R (-1 +K?
(n+1)* +K?

where the appropriate root of the above equation is considered

as the refractive index. The

extinction coefficient, K, is determined by,
al
4

where A is the wavelength and o is the absorption coefficient of
the material which is given by,

K

2.303
o =—
d

where A is optical absorption and d is the sample thickness in
cm.

A

The correlation between n and the wavelength in the UV-VIS
range is shown in Fig. 4(A and B). The values of n
corresponding to the spectral line element are calculated and
given in Table 2.
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Table 2 Refractive index according to the spectral line element and the dispersion of the present glasses.

Spectral line Refractive index
(nm) BNN1EroO BNN2EroO BNN3Ero BNN1ErFs BNN2ErF2 BNN3ErF3

C (656.3) 3.19538 2.63006 2.25549 343121 2.98382 2.76532
C' (643.8) 3.31329 3.45202 3.49017 3.66358 3.45549 3.35838
D (589.3) 3.50751 3.72254 3.76763 3.70520 3.57341 3.46243
d (587.6) 3.51445 3.72601 3.77457 3.70173 3.56994 3.47630
e (546.1) 3.42428 3.36185 3.18844 3.61156 3.40694 3.21272
F (486.1) 3.07746 2.80000 2.58150 3.43815 3.06358 2.90405
F (479.9) 3.46243 349711 3.46936 3.62890 3.42081 3.29942
g (435.8) 3.53526 3.68786 3.71561 3.70867 3.58035 3.41387
h (404.6) 3.35491 3.28902 3.19191 3.62890 3.38266 3.16416
i (365.01) 2.88324 2.55723 2.29364 3.34451 2.84509 2.63353

Vd 16.021 8.489 389.798 32.264 17.749

Ve 6.447 5.9364 5.393 29.5171 16.9893 19.1505

Vb 6.5424 6.5536 6.4605 30.1931 17.8643 20.9129

35

15

— Pure sample

— 1 mol% Er203
— 2 mol% Er203
— 3 mol% Er203

190 290

390 490
Wavelength (nm)

590

690

— Pure sample
— 1mol% ErF3
——2mol% ErF3
—3mol% ErF3

190 290

490
Wavelength (nm)

590 690

Fig. 4 Variation of refractive index with the wavelength of: [A]JEr,0, and [B]ErF, doped glasses.

The variation of the refractive index, n, at the different spectral
line elements with the composition of Er.Os and ErFs is shown

in Fig. 5.

Fig. 6 shows the variation of the refractive index with the

density.
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Fig. 5 Variation of refractive index at different wavelengths with the composition of the present glasses.
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Fig. 6 Variation of refractive index at different wavelength with density of the glasses.

Fig. 7 [A and B] shows the variation of the refractive index at
different wavelengths with the O/F ratio B4, It is seen that n
increase with the O/F ratio for Er.O3 while the decrease for ErFs
glasses (remember that O/F decreases in ErFs doped glass,
Table 1). It is known that in oxyfluoride glasses, the
oxygen/fluorine (O/F) ratio is the most important effect
parameter for determining the glass structure and physical
properties. The incorporation of F~ ions creates, more network
terminating sites and in turn produces interstitial spaces for
accommodating large cations (e.g. La®, Pb? in silicate [* and
Er®* in the studied borate glasses). The incorporation of
fluorides was therefore a means to enhance the solubility of
lanthanides in the silicate and also the present oxyfluoroborate
matrix, which is why the effect of F- ions (referred to as the O/F
ratio) is the best way to represent the network modifying
parameter, on which many of the physical, structural, and
spectroscopic properties depend. Since F- creates interstitial
spaces, so by doping Er20s instead of Na:O of the present
glasses the fluorine ion decrease (or oxygen ion increases) and
the interstitial spaces will decrease, and the packing increase.
This will decrease the velocity of the penetrating light across the
glass, therefore the refractive index increase.

3.8

—&-643.8 nm
—&—589.3 nm
==587.6 nm
—6—435.8 nm

[A]

3.7

3.6

3.4

3.3

3.2
15.1

—4—643.8 nm
—#-589.3 nm
—&—587.6 nm
—435.8 nm

125 12 115 11

O/F
Fig. 7 Variation of refractive index with O/F ratio of [A] Er203 and [B] ErF3 doped glasses.

10.5 10 9.5 9

The refractive index of a glass is related through dielectric
susceptibilities of cation-anion pairs present in the glass host.
On the other hand, the presence of ionic bonds, such as those
found in fluorides; reduces the refractive index due to the
localization of electrons. This can be supported by calculating
theoretically both optical, y, and magnetic, ya, susceptibilities
as follows (32331,

7 =0.08{[~In(0.102A7 ") - 13

where Ay "= (electronegativity of anion) — (electronegativity of
cation).

4 =—(8.82x10% xar, +5.02x10°°)
where e is the electronic polarizability is given by,
4.207+k |M

7.207+k | p

a, =0.395x107**

and

k=InAy (InAy~ —4.564)

The above parameters were calculated and their values are
reported in Table 3.
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Table 3 Optical susceptibility, polarizability, magnetic susceptibility, nonlinear refractive index, and non-linearity refractive
index coefficient of the present glasses.

N - -
BNN-1ErO 0.1710 4.1158 -41.3127
BNN-2ErO 0.1714 4.1428 -41.5455 3.9099 4.397
BNN-3Ero 0.1717 4.1697 -41.7783 10.5259 11.697
BNN-1ErF 0.1706 4.0845 -41.0413 0.03224 0.0366
BNN-2ErF 0.1704 4.0801 -41.0027 1.16479 1.365
BNN-3ErF 0.1702 4.0757 -40.9641 2.49245 3.014

The values of y and y# of the present glasses are acceptable n? -1

compared with those obtained for other glasses (%1 The where ( 5 called the molar refraction loss,and Vi is

refractive index of a glass depends on individual ions present in n°+?2

the glass and also the polarizability of cations. In general, the
refractive index increases for highly polarizable cations. So that,
the polarizability, [Tme, of the present glasses is calculated to

confirm this interpretation. Firstly, the molar refraction Rm is

the molar volume of the glass. As the refractive index and
molar volume increase, the corresponding increase in the molar
refractive index can be predicted from Eq. (7). The calculated
values of Rm at different spectral line elements are given in

calculated and then ctme 1% as follows, Table 4.
2
n° -1
R, = Vv @)
" {n*+2) "
Table 4 Molar refractivity (cm3.mol-1) and polarizability (cm3) at C', d, e, F' and g lines of the present glasses.
Rm (cm3.mol?) Polarizability x 102* (cm?3)
Sample No. c' d e F g c' d e F g
(643.8) (587.6) (546.1) | (479.98) | (435.8) (643.8) (587.6) (546.1) | (479.98) | (435.8)
nm nm nm nm nm nm nm nm nm nm

BNN-1%Er.0s | 21.669 | 22.356 | 22.065 | 22.127 | 22.502 8.586 8.877 8.756 8.804 9.125

BNN-2%Er.0s | 22.208 | 23.179 | 22.062 | 22.402 | 23.009 8.791 9.175 8.742 8.899 9.125

BNN-3%Er.0s | 22.062 | 23.106 | 21.431 | 22.159 | 22.836 8.811 9.165 8.516 8.811 8.901

BNN-1%ErFs | 22.956 | 23.094 | 22.858 | 22.917 | 23.094 9.098 9.151 9.061 9.061 9.166

BNN-2%ErFs | 22.527 | 22.873 | 22314 | 22.394 | 22.819 8.924 9.077 8.825 8.879 9.077

BNN-3%ErFs | 22.166 | 22.694 | 21.837 | 22.079 | 22.496 8.829 8.986 8.630 8.769 8.907

235

The molar refractive index is related to the structure of the glass
and it is proportional to the molar electronic polarizability of the
material, ame, (in cm3 x 10-24) through the following Clasius-
Mosotti relation,

23

N
N
2

& 3
ez
AR for EpR2 dlese
215 —A—at for Er203 glass
=@ at 435.8 nm for Er203 glass
ST a8aE 1 o s e i i i ;
ZaiEm i e where N is the number of polarizable ions per mole and is
2 assumed equal to Avogadro's number NA.
0.5 1 15 2 25 3 35 ) N
X (moie) The calculated values of ame at different spectral line element
Fig. 8 Variation of molar refraction with Er,0; and EFF: of the present glasses. wavelengths are given in Table 4.
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It is observed that ame at different wavelengths increases with
Er203 while it decreases in the case of ErF3 doped glass as
shown in Fig. 9.

9.3

9.2

9.1

o
© ©

[
©

Olme X 1024 (cma)

o
3

—&—at 643.8 nm for Er203
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-5—at 546.1 nm for ErF3
—A—at 479.9 nm for ErF3
—6—at 435.8 nm for ErF3

d
o
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o
o
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Fig. 9 Variation of molar electronic polarizability with Er,O3 and Erf; of the present glasses.

The energy gap Eg can calculate from [39401,

2
E, =2o(1—ﬁj
v

m
2

E, = 1.23(1—&j +0.98
Vv

m

The energy gap, see Table 5 and Fig. 10 34,

Table 5 Energy gap at different wavelengths of the present glasses.

Ez (eV), Eq.(9) Eg (eV), Eq.(10)

Sample No. C e F Y c e F Y

(643.8 (546.1 (479.98 (435.8 (643.8 (546.1 (479.98 (435.8

nm) nm) nm) nm) nm) nm) nm) nm)
BNN-1%Er,03 1.2030 0.9266 0.8203 0.8356 1.6427 1.5494 1.5107 1.5164
BNN-2%Er,03 2.0055 0.9341 0.7309 0.7309 1.6078 1.5521 1.4766 1.4766
BNN-3%Er,03 1.1144 1.0903 0.7309 0.7114 1.6128 1.6058 1.4766 1.4689
BNN-1%ErF; 0.7957 0.7741 0.7309 0.7234 1.5015 1.4933 1.4766 1.4736
BNN-2%ErF; 1.0009 0.9413 0.8678 0.8236 1.5754 1.5546 1.5282 1.5119
BNN-3%ErFs; 1.1224 1.1319 0.9954 0.9605 1.6164 1.6196 1.5735 1.5614

—8— Er203 at 546.1 nm
—&— Er203 at 479.9 nm
11 —e—Er203 at 435.8 nm
—O~ErF3 at 546.1 nm

—6—ErF3 at 479.9 nm
—&—ErF3 at 435.8 nm

0.5 1 15 2 25 3 3.5
X (mol%)
Fig. 10 Variation of energy gap at different wavelengths withEr,O3 and ErF; of thr studird glasses

The most important quantities for applications in the visible
spectral range are:

e the central relative refractive index for the d line ng
(formerly also np or ne had been chosen),

o the central dispersion (nr-nc),

e and the inverse of the dispersion relative to the refractive
power, i.e., the Abbe number, vq, which is given by,

ng -1
Ng —Ng

Formerly, also ve= (ne-1)/(nr-nc) and wo=(np-1)/(ne-nc)
were used. All the above optical quantities are calculated and
given in Table 2. The interpretation of the Abbe number is
quite simple: It quantifies in the visible range how many times
the average deviation angle of a prism is larger than the spread
angle of the white light. Thus, a large (small) Abbe number
characterizes a relatively small (large) spread. There is an
inverse relationship between the Abbe number and the
refractive index in the optical glasses, which means the glass
with a relatively high refractive index, has a relatively low Abbe
number.

Vy =
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Another interesting matter is the non-linearity refractive index,
n2, which is evaluated from 411,

68(ny —1)(nZ +2)°

n, (10 esu) = —
(nZ +2)(n, + v,

6n,

v,|1517+

On evaluating this factor, it is easy to compute the non-linearity
refractive index coefficient, 7, as follows 42 ;

7
y(cm? /W) =249

cn,
where ngq is the refractive index at 589.3 nm,and c is the velocity
of light. The values of n2 and yare given in Table 3.
4. Discussion

n, (esu)

The values of the glass composition, reported in Table 1. Fig. 1
shows the increase of the density is attributed to the molecular
weight of both Er203 and ErF3 being higher than that of
Na20, while the increase in molar volume is attributed to the
increase of the B-B and then B-O bond length as discussed in
our previous work 2],

From Figs. 2 (A and B) that the obtained absorption peaks are
due to the electronic transition of the Er3+ ion from the ground
state 4115/2 21 since the pure sample lacks any absorption
peaks. These absorption bands which observed at 230 nm
(43478 cm-1), 255 nm (39216 cm-1), 365 nm (27397 cm-1),
381 nm (26246 cm-1), 405 nm (24691 cm-1), 450 nm (22222
cm-1), 488 nm (20492 cm-1), 520 nm (19231 cm-1), 544 nm
(18382 cm-1) and 655 nm (15267 cm-1) respectively are due to
the transitions from the 4115/2 ground state of Er3+ ion[?"], to
the various excited states of Er3+ ion which are: 4G9/2,
4G11/2, 2H9/2, 4F3/2, 4F7/2, 2H11/2, 4S3/2 and 4F9/2
respectively. We see shown in Fig. 3. increase of the intensity
of the observed absorption bands with the increase of both
Er203 and ErF3 This behavior is attributed to the increase of
the Er3+ ion concentration per cm3 from 4.257-12.709x1020
and 2.109-6.243 x1020 cm-3 for Er203 and ErF3 doped glasses
respectively (see Table 1), which may absorb more energy to
pumps from the ground energy state to the higher excited
energy states.

The variation of the refractive index, n, is shown in Fig. 5. Itis
observed that the refractive index increases with the increase of
Er203 content while it decreases with ErF3 content. This may
be due to that by adding Er203 instead of Na20 the
concentration of oxygen ions is increased while adding ErF3
will decrease O2- and increase F- ions (see Table 1). Since O2-
has high polarizability (3.88) than that of fluorine ion (1.04),
therefore refractive index increased in the case of Er203 while
it decrease in the case of ErF3 doped glasses. Fig. 6 shows the
variation of the refractive index with the density.

It is observed that the refractive index increase in the case of
Er203 doped glass while it decreases with the density of ErF3

doped glass. This is due to the effect of the packing density of
the glass 291,

Therefore the relationship between the refractive index and the
OJF ratio, as shown in Fig. 7 [A and B], is a combination of the
two effects: the structural packing of the glass networks with
large and small cations and the localization/ delocalization of
electrons due to the nature of local bonds[2. (12

The values that both optical and magnetic susceptibilities are
increased from 0.1710-0.1717, (-41.3127)-(-41.7783)x10-6
(cm3.mol-1) for Er203 containing glass while decrease from
0.1706-0.1702, (-41.0413)-(-40.9641) x10-6 (cm3.mol-1) for
ErF3 doped glass. This is another reason that the refractive
index is increased in Er203 doped glass while it decreased in
ErF3 doped glass.

The value of Rm , ame and n is increased with the increase of
the Er203 in the glass while it decreased in thél&)e of ErF3
doped glass. The optical energy gap decrease with increasing
cationic size (or anionic size). Referring to the O/F ratio its
value is higher in the case of Er203 doped glass than in ErF3
glass. And since the ionic radius of 02 — (1.40 A) is greater
than F- ion (1.26 A). Therefore E, is decreased by increasing

Er203 than ErF3 contents. The values of nz and yare increased
with increasing of both Er203 and ErF3.Their values are
acceptable compared with the other glasses 4344,
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Abstract

The morphology of pelvic girdle and the hind limbs skeleton of Jardina roof rat were studied. The girdle has one pair of os-
coxae, each os-coxae consisted of anterior-dorsal illium, posterior dorsal ischium and ventral posterior pubis. The
construction of the bones is generally similar to other rodents. There were differences between the acetabulum, obturator,
ischium and pubis of the jardina roof rat and African giant rat. The hind limbs are comprised of the single proximal bone,
the femur and the distal paired bone, the tibia-fibula. The three trochanters of the femur were the same as other rats. The
fibula was shorter than the tibia and separated proximally with a large interosseous space and fused with its distal third
length to the tibia. The tarsals are the proximal bones that formed the ankle and the metatarsals are the distal bones that
form the sole of the foot. The five metatarsals ended with three phalanges except the first one which has two phalanges.
The fifth digit is characterized by an s-shaped phalanx.

Keywords: Jardina roof rat, Pelvic girdle, Femur and Tibia-fibula.

The pelvic girdles and limbs of the African giant pouched rat
(Cricetomys gambianus) have been observed by Sulaiman et al.,

1. INTRODUCTION

Rat is a genus that belongs to rodents which includes about 50
species, the most common of which are the brown rat (Rattus
norvegicus) and the grey roof rat (Rattus rattus). The Jardina
roof rat is categorized under the order Rodentia, family Muridae
and subfamily Cricetidae (1. It is a wild rat wildly distributed
around Jardina. It is a nocturnal animal that inhabits a variety of
habitats and thus prefers a burrow to rest during the day [
Their hind feet are used to push the excavated soil away and can
support their bodies by standing on their hind limbs and raising
the forelimb from the ground Bl Kind of the African giant
pouched rat (Cricetomys gambianus) is currently being
domesticated in Nigeria [. In their preliminary work on the
appendicular skeleton of the African giant pouched rat
(Cricetomys gambianus), Olude et al., ! were able to identify
its specific bones.

*Correspondence: Abdelgader K. Youssef
Abdulgaderkhalifa4@gmail.com

%1 to have a total of 106 bones that form the the skeleton of this
species of rat. They found that the weights of the rats positively
affect the size of each bone in the skeleton. According to ABC
Encyclopedia Britannica [l Rudolf had observed that the equal
length of fibula and tibia is one of the characteristic features of
rodents but that there was an exception in beavers where they
are close to each other distally. Romer [ reported that generally
there is no fourth trochanter in the femur of mammalia. This
study will give more information about the bones that form the
pelvic girdle and the hind limb of the Jardina roof rat (Rattus
rattus).

2. MATERIALS AND METHODS:

A total of three adult Jardina roof rats (Fig. 1) were used for this
study. Some of the external characteristic features of these rats
were as mentioned in the results. These rats were captured alive
in the wild around Jardina village in Benghazi city-Libya, by
using metal cage traps. The rats were euthanized using gaseous
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chloroform in a confined container. The specimens were buried
for about two months. The samples were then cleaned with
different dissecting tools to remove skin, decayed viscera and
muscles; they were teased carefully to leave the skeleton
without any debris or tissue attachments. The pelvic and hind
limb bones were then rinsed in running water, air dried,
bleached with a hydrogen peroxide solution and photographed
individually in the laboratory of Zoology department. The total
number of bones were selected and labeled. To prevent their
destruction from bacteria, the bones were stored in vital small
bottles with naphthalene.

whiskers

Figure 1. Lateral view of Jardina Roofrat ( Rattus rattus )

| nferio spin

acetabulu

fissur

Ischium

3. RESULTS:

Some of the external characteristic features of the Jardina rat
were noted, their color was dorsally grey and ventrally white;
their eyes and ears were large in sizes and the length of the tail
was longer than the length that includes the head and the trunk.
Their weights were less than the Norway’s brown rat (Rattus
norvegicus) which has been mentioned above. The
measurements of the lengths taken were as follows: trunk = 17
cm, tail = 23.5 cm, and hind limbs = 6 cm. The pelvic limb
bones of the Jardina rat were found to be generally similar to
other members of the rat family with some differences in the
morphology and number of some bones.

1. Pelvic girdle

The pelvic girdle (ossacoxarum) (Figs. 2, 3) of the Jardina rat is
comprised of os-coxae on both sides. Each os-coxae consisted
of anterior-dorsal illium, posterior dorsal ischium and ventral
posterior pubis.

uperio spin

Iliopectinea eminenc

obturato

Pubis

D escendin ar

Figure. 2. Right os-coxae —lateral view
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A. Theilium

The ilium (Fig. 2, 3) has a thin shaft (wing) and it is longer than
the ischium. Its half proximal portion is wide and flat than the
rest of its distal portion. Its proximal, lateral face has a long
groove that extended between the superior and nearly the
inferior lateral spines. The aforementioned groove is limited
with dorsal and ventral ridges. The proximal, medial portion of
the ilium has a wide, long concave area that ends anteriorly with
a pointed lateral crest. The concave area is the place that
articulates with the sacrum and is surrounded by thin dorsal and
thick ventral edges. The posterior end of the ilium fuses the
dorsal and the ventral aspects of ischium and pubis respectively,
to form the acetabulum that articulates the head of femur. The
acetabulum is deep and supported anteriorly with a prominent
inferior spine and posteriorly with a small fissure in the edge.

B. Theischium

The ischium bone (Figs. 2, 3) has a large surface triangular-
shape with a head beside the acetabulum and a curved base
posteriorly. Its dorsal side has a sharing extending edge between
the ilium and the caudodorsally eminence of the ischium. The
lateral face of the ischium is convex but the medial one is
concave. The ventral edge of the ischium that forms the dorsal
side of the obturator foramen meets the posterior curved edge to
form a pointed area. The later narrowed area of the ischium is
fused to the posterior end of the descending arm of the pubis.

C. The pubis

On the ventral side of the acetabulum, the distal ventral edge of
the ilium has an iliopectineal eminence which is the fusion area
between the ilium and pubis ventrally. The pubis (Figs. 2, 3)
consists of an ascending and descending arm, in-between them
there is the angle of the pubis. The ascending ramus is straight
and wider than the thin, curved descending one

Concave

ilionectineal

ascendine

Pub

ahturat
I Ischi
ang

‘oncave

Lescendi ar

Curve bas

Figure3. Right os- Medial View

The bean-shape foramen of the obturator is limited ventraly and
caudaly with the upper edges of ascending and descending arms
of pubis respectively. The dorsal and the anterior curved edges
of the obturator foramen are limited by the ischium and the
distal end of the ilium. The distance which is between the distal
end of the ilium and the angle of the pubis appeared as a V-
shaped space in front the pubis symphysis ventrally.

In the ossa coxarum (Fig. 4), the space between the two medial
faces of the iliums embraces the sacral vertebrae of sacrum. In
the posterior of the pelvic girdle bones, the opposite of the left
and right descending arms of pubis leads to forming the pubis
symphysis. The distance of the later symphysis is short when it
is compared to the lengths of other bones.

Sacral vertebrae

V-shaped space

obturator

Pubis symphysis

Figure 4. Dorsal view of ossacoxarum

2. The hind limbs

The hind limbs (Figs. 5, 6, 7, 8) are comprised of the single
proximal bone, the femur and the distal paired bone, the tibia-
fibula. The limbs are ended with the tarsas that form the ankle
and the metatarsas that present the sole; the digital foot
appendages consist of different sizes of phalanges.
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shaft

ateral condyle

Figure 5. Cranial view of left femur

A. The femur: It is the first hind bone that articulates with the

extrinsic skeleton (pelvic girdle). It consists of several
prominences, three trochanters and the head. The caudal
view of the femur (Figs. 5, 6) directs the position of its head
towards the medial side and the head is branched medially
from the proximal end of the femur with a neck that bears a
round bead-shaped head with a top middle pit to articulate
with the acetabulum. The proximal side of the neck is
shorter than the distal one. The lateral greater trochanter is
separated from the head with a narrowed deep space. The
medial side of the greater trochanter has a small
intertrochanteric fossa, which is in between the three
prominences. The lesser trochanter is located medially at the
base of the neck and is connected to the greater trochanter
caudally with a clear L-shaped ridge. Laterally the greater
trochanter bears an aspera line that leads to an obvious
convex ridge called trochanter tertious that makes the upper
proximal portion of the femur wider than the rest of the
shaft. The thin surface of the latter ridge is compressed on
both sides and has a small pit on the proximo- caudal side.
The line of the latter ridge extends posteriorly on the length
of the two third cylindrical shaft of the bone to reach the
distal lateral condyle. Caudally, the distal end of the femur
has two condyles; the medial condyle is larger than the
lateral one. There is a deep intercondyloid fossa between the
two condyles, the fossa leads cranially to the trochlea. The
shallowly grooved trochlea is limited with two small curved
ridges and it is the articulation place with the patella. The
dorsal aspect of each condyle contains a rough area that
supports the articulation between the femur and tibia-fibula
bones.

greater trochanter

&~ head

Intertrochanteric fossa

pit

% lesser trochanter
trochanter tertious

ridge

shafi

intercondyloid fossa

wdial condyle
lateral condyle

Figure: 6. caudal view of left femur

B. The tibio-fibula: It consists of paired bone, the tibia and

fibula (Figs. 7, 8). This distal bone is longer than the
proximal femur, on the other hand the tibia is thicker than
the fibula, and both of them form a shape that looks like a
safety pin.

Medial condyle

Kl.ulcrul condyle

€& Fibuls head

groove

Caudal ridge e & fibula

Interosseus space

Interosseus crest

Fibula base

Medial malleolus

Figure: 7. Medial view of left tibio- fibula
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the patella. The two condyles meet caudally at a pointed angle
(tuberosity) that is connected to the shaft ridge line which
separates the medial aspect from the lateral one. The two-thirds
lateral face is covered with a shallow concave surface while the
medial face is smooth and nearly convex at the upper portion.
The curved proximal shaft of the tibia is thicker than the short
straight distal end that contains a different kind of prominent
called malleolus. The medial malleolus which has two small
heads is bigger than the lateral malleolus that is fused with the
distal base of the fibula.

11-The fibula: The fibula is the delicate thinner hind bone, it has
two triangle-shaped bones that present the proximal head and
the distal base. The distal third length of fibula is fused beside
the last straight portion of the tibia and its base articulates near
the lateral malleolus. The distal two-thirds length of the fibula-
shaft is separated clearly with a wide long V-shaped space
(interosseus space) opposite to the cranial ridge line (interosseus
crest) of the tibia. The cranial surface of the fibula head is
concaved and its top end meets the lateral condyle with a
narrowed space between them. There is a small narrowed notch
between the base of the fibula and other condyles of the tibia
that leads to the articulation of the tarsals bones.

C. Tarsals and metatarsal bones: They are distributed in two
proximal and distal groups (Fig. 9). The tarsals are the
proximal bones that formed the ankle and the metatarsals
are the distal bones that form the sole (instep) of the foot.
Each of the two groups contains four small pieces of bones.
There are different numbers of small seasemoid bones that
are located between the articulations of digital segments.

Lateral condyle.

~

tuberosity
Fibula head

ateral face
Interosseus space

X Caudal ridge
fibula

tibia

£ Medial malleolus
Fibula base ko

Figure8. Lateral view of left tibio — fibula

A. The tarsals:-

I-The proximal tarsals are various pieces of different sizes of
bones that form the ankle. Their locations are in irregular sites
and the large piece of them is the calcaneus which is under the
lateral malleolus and beside it medially is the talus (astragalus).
The other two pieces of the proximal row, the navicular
(centralia) and the tibiale are mixed above the bones of the

distal row.
| o '\K fibula

£

tibia

calcaneum

. tarsals

. metatarsals

2 1¥ phalanx

2™ phalanx

<€ 3" phalanx

Figure 9. Tarsals — Metatarsals and Phalanges of left hind
limb

I1-The distal tarsals: Some of the distal tarsal bones as in the
first, second and third cuneiforms are basically arranged
regularly from the medial to the lateral side respectively. The
navicular which is a compound of the fourth and fifth cuneiform
is medially under the distal end of the calcaneus.

B. The metatarsals and the phalanges: They are long, thin
cylindrical shaft of bones that form the skeletal region
(instep) which is between the tarsals and the phalanges. It is
the longest region in the foot and is comprised of five bones
that are arranged from internal to external as follows: first,
second, third, fourth and fifth metatarsals. They have
different lengths and number of phalanges. The short
metatarsal is the first one and after that comes the fifth. The
second is longer than the first and the fifth. On the other
hand the third and the fourth are the longest metatarsals. Not
all the digits have the same number and length of phalanges;
the first has two and other four each has three phalanges.
Consistently, the proximal phalanx is the first, the distal one
is the third and in-between them the second. Usually, in the
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Jardina roof rat usually the distal phalanx is presented as a
small pointed claw. There are small seasemoids between the
articulation of the metatarsals and the phalanges.

The length of first phalanx is always the same for all digits. The
second phalanx of the second and the fifth digits are the same
length. The second phalanx of the third and fourth digits are
nearly equal in length. The phalanges of the fifth toe take an S-
shape appearance which is always far away from the fourth digit
and with a space that makes a characteristic mark for this rat.
From the number of toes and their phalanges in rat, the
phalangeal formula of hind limb is as follow:

[ LI | I AVARAVS
2 3 333

4. DISCUSSION:

The morphological study of ossa coxarum and hind limb
skeleton of the Jardina rat shows many similarities to and
differences from other rodents used in researches by Greene [,
Yilmaz et al. 1% and Ozkhan 1, There are many differences
that has been found between the Jardina roof rat and the African
giant rat used by Sulaiman et al. ! namely: The acetabulum of
the African rat was with a posterior notch; however in the
Jardina roof rat it is with a fissure outside its diameter. The
obturator shape of the African giant rat had a curved back
beside the ischium whereas in the Jardina roof rat it was flat and
like a bean-shape. In the African giant rat the posterior region of
ischium was with angles, whereas it was round and thin in the
Jardina roof rat. In the Jardina roof rat the ascending and
descending ramus of pubis are thick and thin respectively while
those in African giant rat pubis were of the same thickness. The
posterior edge of symphysis in the African giant rat was like the
shape of desert tent, on the other hand in the Jardina roof rat it
seems to be V-shape. The other structures of the pelvic bones
are nearly the same in both rats but with large size in the
African giant one. Saunders and Manton (2 observed in
Erinaceus and Centetes the presence of three trochanters around
the head of femur and this was similar to what had been found
in the Jardina roof rat. Sulaiman et al.,[®1 noted that the proximal
end of the fibula has an attachment to that of the tibia. It agreed
with what was found by Yilmaz et al.,[*® in porcupines (Hystrix
cristata). These observations were contrary to the case of Olude
et al.,[®l and to the present study where the two bones have a
space between them. Saunders and Manton [ reported that the
tibia and fibula in Erinaceus were fused distally. This later case
is similar to the result of the Jardina roof rat where the third
distal end of fibula is fused with the distal extremity of the tibia.
As noted in ABC Encyclopedia Britanicca [1, Rudolf revealed
that the fibula has the same length and the tibia in rodents which
contradicts with this paper, where the fibula is thin and shorter
than the tibia.

The position of the tarsal bones in the Jardina roof rat ankle are
similar to what was found in the Wistar rat by Hebel and
Stromberg %1 and in the African rat by Sulaiman et al., [61. This
case differed from the result of Hedgehog study by Ozkan [,
where the medial tibial tarsal was absent. The arrangement of
seasemoid bones in this paper is applied to all rats and
resembles the African giant rat by Sulaiman et al., ¢l The
complete five digits of the Jardina rat agreed with different
authors like: Hebel and Stromber %1 in studying the Wistar rat;
Rudolf and Stromberg 91 in laboratory rat; Ozkan et al., (161 in

Rabbit; Dursum and Tipidamaz [ in Mink (Mustelavison);
Dinc 81 in Badger ( Melesmeles ) and (Ozkan 1 in Mole rat
(Spalaxleucodon Nordmann). However, Kuru 1 observed that
the pedis of the family Ernaceidae were comprised of four
digits. Olude et al., [ revealed that the shape of the distal
phalanx was attributable to the rat’s burrowing habit. The latter
case is similar to what has been found in the Jardina roof rat
where the third distal phalanx is presented with a pointed claw.

5. CONCLUSION:

The pelvic girdle and hind limbs of the Jardina roof rat (Rattus
rattus) were studied; it has been found that the ossacoxarum is
comprised of both left and right os coxae. The hind limbs are
comprise of a single proximal- and a paired distal- bones, each
ended with the tarsas which forms the ankle and the metatarsas
that presents the sole. It has been observed that the digital foot
appendages consist of different sizes of phalanges ending with
claws.
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Abstract

The proposed method provides a good tracking performance through detecting the variation in the wind speed rapidly. In
addition, the implementation does not require prior information on the wind turbine parameters, air density, or wind speed.
By investigating the change directions of the mechanical output power of the wind turbine and the rotor speed of the
generator, the proposed MPPT algorithm can determine an optimal speed to achieve the maximum power point (MPP).

Then, this optimal speed is set to the reference in the speed control loop to force the system to operate at the MPP. The
DC-DC boost converter has been used to boost up the low AC voltage generated by the PMSG directly driven by the wind
turbine. The mechanical output power of the wind turbine is calculated from the mechanical torque which is measured
directly by sensor.

The proposed scheme is modeled and simulated under SIMULINK/MATLAB. The simulation results are accurate and
validate the wind energy conversion system.

Keywords: Wind Turbine, maximum power point tracking (MPPT), permanent magnet synchronous generator (PMSG),
wind energy conversion system (WECS).

1. INTRODUCTION

Wind energy sources, along with solar energy sources, are

Falling costs per kilowatt-hour are making wind energy more
competitive. However, due to the inherent variability of the
wind, integration of wind power with the grid has brought

considered to be the most promising renewable energy sources.
Wind turbines (WTS) and wind power plants do not produce
pollution or emissions, so wind energy conversion is one of the
cleanest and safest methods for generating electricity. In 2019,
wind energy provided an estimated 6 % of the world's and 15 %
of the EU's annual electricity generation (47 % in Denmark, the
leading wind energy producer) [ Under the current rate of
progress, wind energy will be able to meet about 29 % of the
world's electricity consumption needs by 2030, with this figure
reaching 34 % by 2050.

*Correspondence: Eddawi Ali Elhatmi
eddawi_elhatmi@yahoo.com

various challenges, including power quality, system stability
and planning. Contemporary wind energy conversion systems
(WECS) for the commercial production of electric power most
often use wind turbines with horizontal rotational axis
(HAWTS) and a three-blade rotor. In this work, we consider a
Type 4 WECS, in which an induction or synchronous generator
is connected to the grid through a full power converter (2. As
the Permanent Magnet Synchronous Generator (PMSG) is the
most preferred wind generator due to its reliability and size for
stand-alone wind energy conversion, system MPPT control
algorithms can be employed to capture the maximum power
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from available wind by maintaining the optimum steady voltage
across the load.

2. LITERATURE REVIEW

In this paper, a model of a wind turbine using a permanent
magnet synchronous generator (PMSG) is presented and the
control schemes are proposed. The model presents the
Maximum Power Point Tracking (MPPT) algorithm used to
extract maximum power from a PMSG direct-driven wind
turbine. The DC-DC boost converter has been used to boost up
the low AC voltage generated by the PMSG directly driven by
the wind turbine B3I,

This work proposes a method for modeling and simulation of a
wind turbine driving low-speed Permanent Magnet
Synchronous Generator (PMSG) based on a DC-DC Boost
converter using the MPPT Algorithm which consists of a wind
turbine, PMSG, maximum power point tracking (MPPT) and a
DC-DC Boost Converter. In the wind turbine model, the best

performance coefficient has been determined according to the
variable wind speed with MPPT control. The gearbox has been
eliminated by the low-speed PMSG to achieve high efficiency.
The AC power output from PMSG extracts maximum power
through closed-loop regulation of generator speed. The current
source PMSG is used to interface the system with the electrical
utility which gives the torque, speed characters and efficiency of
the system and output power and input power 41,

3. MODELING OF THE WIND ENERGY
CONVERTER SYSTEM

The simulation models of wind turbines, PMSG and power
electronics converters which comprise the whole WECS system
are explained in this section. It will discuss the application of
MPPT in a wind energy generation system. An A12.3 kW Wind
turbine and a PMSG machine will be used, while drive train
will not be used, so this will be a direct driven PMSG-based
wind energy system with MPPT.
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Figure.1. modeling of a wind energy conversion system considering variable wind speed.

3.1 Wind turbine system modeling

The modeling of the wind turbine is the greatest part of a wind
energy conversion system. The modeling of the turbine must be
made to collect the maximum kinetic energy of the wind with
lower costs [,

The equation gives the mechanical power, captured by the
turbine:

Pn

> *p* A x* V3
LY O/ O SN
Where,

€y

P = Power generated by the wind turbine

v = the wind speed

p =air density

A = tip speed ratio

A =the area swept out by the turbine blades
S = pitch angle

Where, p, A and V stand for, respectively, air density, the area
covered by the blades, and wind speed. In our situation, the
variations are approximated by the following exponential
functiont®!:

C,(4, B) = (0.44 — 0.0167 * B)sin[m(A — 2)/130.3 B]
—0.0018(A —2) . ccc .. (2)
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Where: offers the following expression for the relationship Tm
between the wind's speed and the linear velocity of the pale: _pm )

A
R +Q

Where: wm is the rotor speed of a wind turbine. The input
torque for the generator is obtained from the formula:

pitch angle controller

Variable speed

Qe
= [Vwind]

From the above equation, it can be determined that the
performance of the wind turbine is highly dependent on wind
speed.

[beta]

~» Generator speed (pu)
Tm (pu) |

» Pitch angle (deg)

cp
» Wind speed (m/s) L

wind turbine

Figure. 2. wind turbine

3.2 Mathematical modeling of PMSG

PMSG is widely used for stand-alone small wind turbines
because they have high efficiency and require less maintenance.
The PMSG is modeled in the dq reference frame. Both the d and
g axes contain a voltage induced by the armature. The generator
is implemented with DC voltage and current. The current of the
d-axis and the g-axis is determined by equations 5 and 6
respectivelyt®l,

d.

dt '

1 R

TLd" T Ld'

Ly
+ 7 b Bt R R, )

d. 1 R . +Ld .
dtldq_quq quq qurlq

A,w
_rr
L, SRR (5)

The electromagnetic torque obtained from the rotor of PMSG is
given by the equation

T, = 1.5p[Aig + (Lg —

Where: L_q = q axis inductance, L_d = d axis inductance, R_s =
resistance of the stator windings, i_q = g axis current, i_d =d
axis current, v_q = g axis voltage, v_d = d axis voltage,

[ ) _r=angular velocity of the rotor, A = amplitude of flux
induced and p = the number of pole pairs.

Figure. 3. permanent magnet system generator

Table 1. PMSG and wind turbine parameter

Parameter Value
Rated Power 5KW
Stator Resistance 0.0485 ohms
Stator Inductor 0.395e-3 mh

No. of pole pairs 4
System Inertia 0.0027
Rated wind Speed 12m/s
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3.3 Modeling of DC/DC Converter

The DC-DC converter employed here is a boost converter used
to step up the input DC voltage. By varying the duty cycle the
output voltage can be controlled. This converter regulates the
input voltage through the switch to reach the reference voltage
which consists of maximum power. The Boost converter
operates in mainly two different modes [°1:

Mode I: Switch is ON, Diode is OFF
Mode II: Switch is OFF, Diode is ON

" Repeating
Sequence

de-deboost converter
L

) G e bty 1 D—[\O,mn Sy . T I A N
l) IDC T
:t\’; | ::_:' }
¢ - oo I < Lo
! o (v
’I' voC Rl o
Vou
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Figure.4. DC-DC boost converter.
3.4 Control strategy of a wind energy converter system

The MPPT-based control strategy is used here to obtain the
maximum power. Even though wind energy is available in

abundance, wind speed varies rapidly. The efficiency of the
WECS depends upon the accuracy with which the maximum
power is extracted by the MPPT controller. The PMSG-based
MPPT control mainly focuses on converting variable voltage
and frequency to fixed voltage and frequency. The most
commonly used power electronics converter configuration is
analyzed in this project. Three MPPT techniques such as the
conventional Pl controller, the P&0O method and the FLC
MPPT method are utilized. A comparative study is conducted to
choose the efficient and appropriate MPPT technique so that the
maximum power is extracted from the available wind. In this
project, the P&0O MPPT method is used to extract maximum
power from the available wind [7],

@ Perturb and Observe Control

The P&O method is used to search for the maximum optimal
point for the given wind speed. The P&O method does not
require any prior wind turbine knowledge. It is an independent,
flexible and simple technique. Here the P&O method uses the
perturbed output voltage across the load to determine the
optimal operating point that will extract the maximum power. If
the power of the current cycle is greater than the previous one,
then the voltage is modified in the same technique as the
previous one. Whereas, if the power is lesser than the previous
technique the voltage must be varied in the opposite direction.
The only disadvantage of the P&O technique in wind energy
conversion is that the rapid variation of the wind speed cannot
be tracked thus affecting the efficiency of the overall system
and the speed of convergence ["]
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Figure. 5. Flowchart of MPPT algorithm wind turbine for the boost converter (€]
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4. SIMULATION RESULT AND DISCUSSION

According to the simulation results of the wind power
conversion system on PMSG, the PMSG is connected to the
network via an uncontrolled three-phase diode rectifier that
converts the output voltage of a permanent magnet synchronous
generator to a DC voltage, which is then followed by a DC-DC

boost converter to maintain the output voltage. Constant DC
with output power by MPPT control technique is dependent on
the output and input voltage on the operating ratio with a
constant value of D, as shown by the curves in the scope.

For the calculation of the DC-DC boost converter following, the
Live Editor program is used:-

Table 2. boost converter Parameter

Set Parameters

Input Voltage (DC Link Voltage) Vdc 50-339V
Output Voltage (DC Grid Voltage) Vdcgrid 400V
Switching Frequency fs 20kHz
Converter Power P 5kwW
Output voltage peak percentage ripple Avo 0.5%
Inductor Resistance RL 13.333Q
ESR of Capacitor Rc 0.005Q
Calculated Values
Duty Cycle D 0.8813
Inductor L 4.5573e-5H
Capacitor C 6.6094e-4F

Table 3. An illustration of the effect of variable load on the (voltage—power)

S. No. R load Vin Vout Pac Pdc
1 13.33 58.32 279.84 7.324 5.875
2 135 56.82 281.29 8.131 5.861
3 14 58.33 284.86 7.367 5.796
4 145 0.11 0 5.17e2 0.3014

Figure (6) shows the outcomes of the simulation: (A) the power
coefficient is displayed, and we can see that it rises until it
reaches its maximum value of 0. 45. When the pitch angle is
zero and the velocity rate ratio is 8.1, it decreases as the wind
speed increases(c): displays the changeable wind speed, and we
can see that it rises gradually from 8 m/s to as high as 13. (b):
Pitch angle control displays the presence of (Pl), which
modifies the rate of change of velocity pitch angle and modifies
the value of the angle that stops the turbine from turning, and
(f), which displays the DC input voltage. We observe that it
fluctuates initially, reaching its maximum value in less than a

nanosecond and that it rises with wind speed. (g) Displays the
output voltage of the DC, which drops until it reaches a
minimum of 57.59 volts. (d) Displays the strength of the
alternating current in PMSG. We come to the conclusion that
the PMSG's alternating current power swings initially,
increasing and decreasing along with the wind speed until it
stabilizes at 7.794 kw. (e) Displays the DC output power. It can
be observed that the power rises and falls according to the wind
speed before stabilizing at 5.768 kw.
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Figure. 6. Simulation results: (a) shows the power coefficient,(b) The pitch angle control (c) shows the variable wind speed,(d)
shows the power of the alternating current in PMSG,(e) shows the output power,(f) shows the input voltage of the Dk8C,(g)
shows the output voltage of the DC.

5. CONCLUSIONS

1-In this paper, the MPPT controller P&O controller is modeled
and the output is compared for wind energy under varying speed
conditions. The performance of the controller is analyzed, and it
is verified that the controller is more efficient and reliable; the
P&O-based technique is suitable for the condition where the
system is stable with minimum variance. Wind speed being
high non-linear, the P&O algorithm oscillates around the
optimal point thus making it difficult to track the next point. It
is concluded that the P&O-based MPPT method is the best
option for stand-alone WECS.

2-When the wind speed increases, the output voltage and input
and output power increase and the power factor decreases if the
wind speed is changed.

3-The MPPT algorithm controls the current of the boost
converter according to the differences ink8 the DC correlation
power to obtain the maximum power output.
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Abstract

The purpose of the study is to examine the extent of compliance with accreditation criteria in the pharmacy departments at
Benghazi hospitals are matched.

Objectives: To assess the extent that the pharmacy conforms to organizational structure standards as well as to measure the
extent to which prescribing standards are available and the extent to which pharmacists understands the standards of their
duties as pharmacists and to assess the adequacy of drug storage standards. Research methodology: This descriptive study
reviews the extent to which the accreditation criteria for the management of pharmacy in Benghazi city hospitals are being
met.

Study population: Hospital pharmacies in Benghazi; the Galaa Hospital, the Jumhuriya Hospital, the Psychiatric Hospital,
the Sadriya Hospital, the Hawari Hospital, Benghazi Medical Center and the Children's Hospital.

Research methodology: A cross-sectional descriptive study to assess compliance with quality standards at the pharmacies
of hospitals in Benghazi.

Results: The pharmacies in question differed in the level of accreditation for all standards of services provided, as the
accreditation was complete (above 80% of benchmark points) in conforming to standards for the Sadriya hospital pharmacy
(98.8%) and Hawari (80.6%) while the remaining pharmacies at the Children's Hospital (58.7%) and Benghazi Medical
Centre (67%) and the Psychiatric hospital (54.3%), for which the level of dependency was estimated to be partial (50% -80%
of benchmark points). Al-Galaa Hospital (45.8%) and Al-Jumhuriya Hospital (41.6%) were the lowest in accreditation.
Recommendations: This study recommends establishing standard accreditation measures for hospital pharmacies in
Benghazi, where the pharmacy must have a clear organizational structure. Additionally, a hospital pharmacy must operate
24 hours for emergency patients, hypnotics and outpatient prescriptions to provide better services to patients.

Keywords: pharmacy accreditation, standards, pharmaceutical service.
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Abstract

Background: Hepatitis B virus (HBV) infection is a global public health problem, with about 240 million people affected
worldwide. Serologic techniques are typically used to diagnose it. However, the decision as to which patient to treat or not
remains challenging due to the poor sensitivity of serologic markers as prognostic or severity markers. Viral load (VL)
determination using polymerase chain reaction techniques is a useful tool in decision-making.

Aim: The aim of this study was to determine the pattern of HBV viral load levels in people of different age and sex groups,
to predict the risk of hepatocellular carcinoma and liver cirrhosis in HBsAg positive patients in the east of Libya.

Materials and Methods: This is a retrospective and descriptive study. Only one HBV VL test carried out on patients
attending the Benghazi university center (from east of Libya) for specialized medical services prior to any HBV targeted
therapy were included in the study over a period of 40 months (January 2014 to April 2018) . Hepatitis B DNA VL
determinations were analyzed using Microsoft Excel 2010 and Minitab version 17.

Results: A total of 431 patients, of whom 51.3% (210) were males and 48.7% (221) were females, were included in the
study. Of the 431 patients, 31.3% (135) were below 30 years old, while 68.7% (296) were 30 years old or above. Around
31.1% (134) had measurable assay levels (20 - 2000 (Taq) 1U/mL); 21.8% (94) had below 20 1U/mL; and 13.2% (57) had
above 2000 1U/ml approximately 21.1% (91) had no detectable HBV DNA in their samples. 12.8% (55) of the patients had
levels greater than 20000 IU/mL. The distribution of HBsSAg positivity among the patients shows an increasing trend from
the lower age group 0-10 to 21-30 in males and from 31-40 in females, then a decreasing trend from 31-40 to 81-90 age
group in males and from 41-50 to 81-90 age group in females. A total of 431 patients were investigated for hepatitis B viral
load, of whom 90.2% were HBeAg negative and 9.8% were HBeAg positive. The highest HBeAg positivity was between 21
and 30 years of age in males and 31- 40 years in females. There is association between the positivity of HBe antigens and
high concentration of HBV VL and opposite relationship between the positivity of HBe antibodies and concentration of HBV
VL Conclusion: HBV DNA assays used in accordance with existing treatment guidelines will improve the quality of care
and help avoid unnecessary liver biopsies.

Keywords: Hepatitis B, Surface antigen, Viral DNA assay.
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1. INTRODUCTION

Hepatocellular carcinoma and liver cirrhosis are two of the most
common worldwide health problems and an important cause of
cancer-associated death(1). Areas where the Hepatitis B virus is
highly prevalent develop hepatocellular carcinoma (2). They
reported that chronic HBV and HCV are the major causes of
worldwide hepatocellular carcinoma. Over 2 billion people
worldwide have some evidence of current or past hepatitis B
virus infection, and 350 million of them are chronic carriers (1).
West Africa has high endemicity rates, particularly among
infants, due to vertical transmission (3). In Nigeria, the infection
rate is between 7.3% and 24% (2, 4, 5). Diagnostic investigations
for hepatitis B virus infection (HBV) include hepatitis B surface
antigen (HBsAg), hepatitis B core antigen (HBcAg), hepatitis B
envelope antigen (HBeAg), antibodies to HBsAg (HBs-ab),
antibodies to HBeAg (HBe-ab), and HBV DNA. While the levels
of HBV DNA are associated with a higher risk of developing
liver complications, HBeAg is measured as well in some
strategies (1, 4).

Usually, HBV DNA levels above 2 x 10% lU/mL are linked with

an increased risk of hepatocellular carcinoma (HCC) and liver
cirrhosis (6, 7). The treatment decision usually depends on the
level of viral load (VL) in addition to liver function tests, liver
histology, and age at presentation. Still, liver function tests and
histological results do not always correlate (8-10). Persistent
suppression of hepatitis B DNA is important to avoid the
development of hepatitis B virus complications (4).

To study the markers of HBV infection changing aspects and
their influence on the progression of the disease risk, a follow-up
study with repeated quantitative of these markers is the best way
(11). C Chronic HBV infection is variable from patient to
patient, depending on the age of the infected patient and the time
of infection. Perinatal infection occurs in a state of immune
tolerance, where the patient lives with the virus without any
problems. The HBV DNA load is high at this age. Later,
progressing to an immune clearance phase followed by a
tolerance phase where the hepatitis B virus becomes active, the
immune system makes efforts to clear infected hepatocytes.
During this phase, hepatic inflammation, elevations in liver
enzymes, and a reduction in the level of circulating HBV DNA
load occur. The frequency and duration of the immune clearance
phase vary greatly, but recurrent acute liver inflammation
episodes may occur as a result of repeated cycles of injury and
regeneration, resulting in an increased risk of developing
hepatocellular carcinoma and liver cirrhosis (12).

Using real-time PCR for molecular analysis has made a great
impact on HBV viral quantification. Quantification of HBV
DNA load plays an important role in defining the infection phase,
determining the exact treatment, and monitoring the responses to
the therapy (13). As stated in the prevention, care, and treatment
guidelines for chronic hepatitis B patients from the WHO and
China, quantification of hepatitis B DNA is recommended in the
management of chronic hepatitis B infections (13, 14). The real-
time PCR for molecular analysis for the diagnosis of viral
infections has been stated to have high sensitivity and is
considered the standard viral load quantification method (3, 15).
There is inadequate information on Hepatitis B viral load
detection in developing countries due to its cost. Although the
hepatitis B viral load test is important for the management of
hepatitis B, due to the cost of the assay and the availability of

highly trained staff, HBV DNA technology is not always
available. The aim of this study was to determine the pattern of
HBYV viral load levels in people of different ages and sex groups,
to predict the risk of hepatocellular carcinoma and liver cirrhosis
in HBsAg positive patients.

2. MATERIALS AND METHODS

A retrospective descriptive study was done among chronic
hepatitis B patients attending the Benghazi university center for
specialized medical services. All patients were referred for HBV
DNA viral load (HBV DNA VL) testing following a positive
HBsAg screening test. Age and gender were involved in the
analysis, and those without documented age and gender were
excluded from the analysis. Only one HB VL test was carried out
on a patient prior to any HBV targeted therapy was included in
the study. The laboratory records of all 431 patients who met the
inclusion criteria and had HB VLs test done from January 2014
to April 2018 were accessed for biodata (age, gender), and VL
results. The data were analyzed using Microsoft Excel 2010
(Microsoft Corporation, Redmond, WA, USA) and Minitab 17.
Patients’ undergoing VL testing had 5 ml of venous blood
collected into ethylene diamine tetra acetic acid containers, and
then the blood samples were shipped to Bioscientia laboratory,
Germany to undergo viral load determination. Ethical clearance
was obtained from the Benghazi university center for specialized
medical services.

3. RESULTS

A total of 431 patients, of whom 51.3% (210) were males and
48.7% (221) were females.. Males had higher VVLs than females
[Table 1]. Regarding age, 31.3% (135) were below 30 years old,
while 68.7% (296/) were 30 years old or older. Around 31.1%
(134) had measurable assay levels (20 — 2000 (Taq) [U/mL );
21.8% (94/431) had below 20 IU/mL; and 13.2% (57) had above
2000 1U/mL. Approximately 21.1% (91) had no detectable HBV
DNA in their samples. Around 12.8% (55) of the patients had
levels greater than 2000000 1U/mL [Table 2]. Distribution of
results of presences Hepatitis B Viral Load in different Age
Categories was summarized in Table3. Distributions of the
presences of HBeAgs (Hepatitis B envelope antigens) as well as
the presences of HBe-antibodies among males and females were
shown in Tables 4 and Table 5. Meanwhile, the distribution of
measurable viral load parameters by age groups (n=90) was
summarized in Table 6. The distribution of HBsSAg positivity
among the patients shows an increasing trend from the lower age
group 0-10 to 21-30 in males and from 31-40 in females, then a
decreasing trend from 31-40 to 81-90 age group in males and
from 41-50 to 81-90 age group in females as shown in Figure 1.
Atotal of 431 patients were investigated for hepatitis B viral load,
of whom 90.2% were HBeAg negative and 9.8% were HBeAg
positive. The highest HBeAg positivity was between 21 and 30
years old in males and 31-40 years old in females (Figure 2). The
distribution of positive HBeAgs and positive HBe Abs results
among different age groups shows the highest positivity rate of
HBeAgs was in the age group 21-30, while HBe Antibodies at
this age group was zero as shown in Figure 3.The high
concentration of HBe antigens was associated with high hepatitis
B viral load, and high concentration of HBe antibodies were
associated with low HB viral load as shown in Figure 4 and
Figure 5
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Table 1: Age and sex distribution of hepatitis B surface antigen positive (HBeAgs) patients

Age (Years) Male. No. (%0) Female No. (%)
0--10 3(1.43) 2(0.9)
11--20 11 (5.2) 12 (5.4)
21--30 54 (25.7) 55 (24.9)
31--40 44 (20.95) 57 (25.79)
41--50 47 (22.4) 46 (20.8)
51--60 30 (14.3) 27 (12.22)
61--70 10 (4.76) 19 (8.6)
71--80 11 (5.24) 3 (1.36)
total 210 (51.3) 221 (48.7)
Table 2: - Association of hepatitis B viral load with gender (431 case)
HBV-DNA (Taq) IU/mL | Number of Male | Frequency | Number of Female | Frequency OR P. value
Not detected 54 25.7 37 16.74 1.5359 0.06
<20 38 18.09 56 25.34 0.7141 0.14
20-2000 63 30 71 32.13 0.9190 0.67
2001-20000 26 12.38 31 14.02 0.8826 0.65
>200000 29 13.80 26 11.76 1.1738 0.57
Total 210 221
Table 3: Distribution of hepatitis B viral load results into age categories
Male Female
HBV-DNA Less than 30 More than 30 Less than 30 More than 30 OR P. value
(Taq) IU/mL years years years years
Not detected 14 40 13 24 0.6462 0.34
<20 11 27 14 42 1.2222 0.67
20-2000 20 43 20 51 1.2143 0.60
2001-20000 12 14 11 20 1.5584 0.41
>20000 9 20 11 15 0.6136 0.38
Total 66 144 69 152 1.0097 0.97

Pearson Chi-Square = 8.059, DF =5, P-Value = 0.153
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Table 4: Distribution of HBeAgs (Hepatitis B envelope antigens) in HBsAg Positive Patients

HBe antigens Total No.(%0) Male. No.(%) Female No.(%)
Negative 81 35 (89.7) 46 (90.2)
Positive 9 4 (10.3) 5 (9.8)

Pearson Chi-Square = 0.522, DF = 2, P-Value = 0.770

Table 5: Distribution of HBe-antibodies Results among Males and Females

HBe antibodies

Total. No. (%)

Male. No. (%)

Female No. (%)

Negative

9

4(10.3)

5(9.8)

Positive

75

29 (74.4)

45 (88.2))

Pearson Chi-Square = 2.277, DF = 2, P-Value = 0.320

Table 6: Distribution of measurable viral load parameters by age groups (n=90)

Age Males No. (%) Females No. (%)
10--20 4 (10.26) 6(11.8)
21--30 10 (25.6) 9 (17.65)
31--40 7 (17.95) 16 (31.37)
41--50 7 (17.95) 10 (19.6)
51--60 9(23.1) 7(13.7)
61--70 2(5.1) 3(5.9)
total 39 (43.3) 51 (56.7)
14
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Figure 1:- Association between presence of Hepatitis B Viral Load and Hepatitis B envelope Antigens

(HBeAgs ) among age groups
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4. DISCUSSION

Hepatitis B virus infection and its outcome are determined by the
replication degree of the virus and the status of the immune
system. The prevalence of HBV infection is lower in developed
countries in comparison to developing countries (15). In this
study, the HB-viral load pattern was studied in plasma of patients
attending the infectious care Centre, in the East of Libya.
Samples were received from different cities in this region. The
number of male participants was slightly higher but not
significantly different. In contrast to this study, previous studies
(16, 17) found that females with detectable Hepatitis B viral load
in blood donors were more. Also, it was in contrast with study by
Okwuraiwe and his colleagues. (12) , they found that males had
a higher detectable hepatitis B viral load and proposed that it
might be due to the higher financial incomes available to males
to do the tests than females. To determine whether females
acquire the infection more than men, a well-designed study may
be needed. The distribution of HBsSAg positivity among the
patients shows increasing trend from the lower age group 0-10 to
21-30 in males and from 31-40 in females, then a decreasing
trend from 31-40 to 81-90 age group in males and from 41-50 to
81-90 age group in females. The positivity rate of HBsAg in
different age groups shows that the higher and lower age groups
are not as exposed to risk factors when compared to the
intermediate age groups. This study found similar results for 30-
39 year olds in Lagos (12) and 36-50 years in Bangladesh (18).
This may be due to the higher prevalence of activities related to
hepatitis B virus acquisition or existing HBV infections
reactivation in this age group (19, 20). Therefore, the results
indicate that the positivity rate is directly related to the exposure.

The highest positivity rates were seen in the age group 21-30
(25.7%) in males and in age group 31-40 (25.79%) in females,
which related to sexually active age groups. The result of the
hepatitis B DNA load is the same as concluded in the previous
studies of the other countries. In the contemporary WHO
hepatitis B virus standard and consent, one IU/mL is equivalent
to five genome copies. Previous studies stated that risk for liver
cirrhosis and hepatocellular carcinoma outcomes was statistically
significant at more than or equal to 10,000 copies/mL (21-25). A
study in Hong Kong for a followed-up 1006 patients for more
than 7 years showed similar results, that serum HBV DNA load
are associated significantly with later development of
hepatocellular carcinoma (26).

In the current study, 9.8% were HBeAg positive. The highest
HBeAg positivity was between 21-30 years of age in males and
31-40 years in females. The number of patients with HBeAg
positive proportionally to concentration of viral load . The highest
number of patients (64%) was found in the range more than
20000 1U/mL, and 36% of them were in range 2001-20000
IU/mL. None of the patients were found to be in the undetectable
range or less than 2000 IU/mL. On the other hand, high
concentration of HBe antibodies was associated with low
hepatitis B viral load, and opposite relationship between HBeAgs
and HB viral load with HBeAbs. A current recommendation
established by the Society for Gastroenterology and Hepatology
considers HBeAg status a major factor (13).

In patients with positive HBeAg, the critical viral load level is
20000 IU/mL. Hepatitis B DNA load exceeding this level with
abnormal liver function tests is an warning sign for
chemotherapy, while Hepatitis B DNA load less than 2000
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IU/mL with normal liver function tests on two repeated times,
need abnormal results of liver biopsy prior considering
chemotherapy (23).

The Lowest measurable Hepatitis B DNA load range was
recorded in the 1-10 years age group, which may due to
childhood vaccination against HBV infection. This was in
contrast to a study in Nigeria which found that highest viral load
was found in 1-10 age groups (22).

5. CONCLUSION

Hepatitis B viral load testing is vital in the management of HBV
infection. It may aid in avoiding unnecessary therapies and
saving money. The strong correlation between HBeAg levels and
viral load suggests that we can rely on HBeAg measurements
when following up on patients infected with the hepatitis B virus.
More research is needed to further fine-tune the local guidelines.
Access to HBV viral load as well as HBeAgs assays needs to
improve the quality of health care and research.
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Abstract

Background: The effect of blood transfusion on cardiac surgery patients is dependent on other factors such as demographics,
type of open heart surgery and hemoglobin level before surgery.

Aims: to determine the risk factors that lead to a blood transfusion during cardiac surgery, and to find out the effect of blood
transfusion on mortality in cardiac surgery patients.

Methods: A cross-sectional survey study that included 240 patients who underwent cardiac surgery between 2014 and 2017
in Benghazi. All the data was collected from adults (> 18 years). The association between blood transfusion in patients of
cardiac surgery and other pre-operative variables was assessed using the Chi-square test. Descriptive statistics such as mean,
mode, median and standard deviation were used.

Results: The database included 240 patients whose mean age was 57.9 + 11.5 years and the male-to-female ratio was 2:1.
197 (82%) patients underwent a coronary artery bypass graft, 178 (74.2%) were anemic, and 74 (30.8%) patients received
blood. The mortality rate was 9.2%. The outcome of surgery according to blood was statistically significant( p< 0.003).

Conclusion: The outcome of cardiac surgery is affected by blood transfusion. There is no relation between blood transfusion
and other factors ( age, sex, type of surgery, hemoglobin level of patients) in cardiac surgery

Keywords: blood transfusion, cardiac surgery patients, cross-sectional survey

1. INTRODUCTION

Cardiovascular disease (CVD) is an important contributor to the
total costs of medical care worldwide, where 30% of people die

Blood transfusion is one of the most common medical
procedures, and a major part of these are performed during
cardiac surgeries. The incidence of perioperative transfusion in

from CVD in the world every year. The most common cause of
death in the UK is coronary heart disease and it is the leading
cause of death in New York. Cardiac surgery is carried out to
treat complications of ischemic heart disease, valve surgery, and
congenital heart surgery including heart transplantation. Cardiac
surgery includes many types of procedures, but the most common
cardiac surgery procedure is coronary artery bypass graft and
valve surgery-(123:45)

*Correspondence: Nuria Mohammed Ali Eltajuri.

nora.eltaguri@gmail.com

cardiac surgeries varies from 40 to 90%, according to the
complexity of the procedure and the protocols adopted in each
institution.®

Blood transfusion plays a role in complications that arise in
patients undergoing CABG surgery, where cardiac surgery
increases blood transfusion usage more than other surgeries.
However, transfusion-related complications in patients are
dependent on other factors such as demographics. Types of open
heart surgery including coronary artery bypass graft (CABG)
surgery, valve surgery, and combined CABG and valve
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procedures are considered intraoperative risk factors, which have
effects on the outcomes of cardiac surgery.

Anemia is defined as hemoglobin level ( Hb<12.0 grams per
deciliter) for non-pregnant adult women, and anemia for men
(Hb< 13.0 grams per deciliter).(78910.11.12)

Due to the lack of information on this subject, this study has
undertaken the following aims:-

1. To determine the risk factors that lead to blood transfusion
during cardiac surgery.

2. To find out the effect of blood transfusion on mortality in
cardiac surgery patients.

The risk factors associated with patients who underwent cardiac
surgery included the patient's characteristics ( age, gender), pre-
operative hemoglobin level and type of surgery.

The outcome of cardiac surgery is measured by mortality rate,
and postoperative risk factor blood transfusion is associated with
the outcome of cardiac surgery.

Moreover, because there is a link between blood transfusion and
outcomes of cardiac surgery, this work will include variables
related to blood transfusion (type of cardiac procedure, age of
patients, sex of patients, and preoperative hemoglobin level).

In 2017, Carlos Arias-Morales et al published a study concerning
the relationship between blood transfusion and outcomes of
cardiac surgery. They found that the relationship between these
two factors is still poorly understood, where it differs among
patients in characteristics, demographics, type of procedure, and
preoperative status of patients.®

In the United Kingdom, a study was conducted concerning the
incidence and significance of anemia in patients undergoing
cardiac surgery. The aim was to look at the significance of pre-
operative anemia, which explains the strong association between
pre-operative anemia and morbidity and mortality.®?

Many risk factors are associated with preoperative anemia in
cardiac surgery; preoperative anemia is considered one of the
highly effective risk factors and is a highly prevalent condition
that is independently associated with adverse outcomes. Anemic
patients had more complications of adverse outcomes (death,
stroke, or acute kidney injury) than non-anemic patients. Another
found that many risk factors and preoperative patient
characteristics ( such as age, sex, diabetes, hypertension and
smoking) were associated with cardiac surgical mortality.(415)

In 2002, Zindrou et al published a study concerning preoperative
hemoglobin concentration and mortality rate after coronary
artery bypass surgery. They found that the patients with
preoperative lower hemoglobin concentration had higher in-
hospital mortality rates after surgery than those with a higher
hemoglobin concentration.6)

Most previous studies agreed that blood transfusion has an effect
on the outcome of cardiac surgery, with a higher mortality rate in
patients who received blood transfusion than other patients, in

addition to other factors (age, sex, type of procedure, and
preoperative hemoglobin concentration).

2. METHODOLOGY
Place: Benghazi Medical Center (BMC), Benghazi-Libya.

Study design: A descriptive (cross-sectional study) retrospective
study.

Population: All patients who underwent cardiac surgery in
BMC from the 1% of October 2014 to the 3t of December 2017
were included in the study.

Data were collected from the medical records database in the
Cardiovascular Surgery Department at BMC.

Information was extracted from the database of BMC, Cardio-
Vascular-Thoracic Surgery Department (CVT). All records of
adult cardiac surgery in Benghazi from the 1% of October 2014 to
the 3t of December 2017, were included in the sample which
included 240 surgical procedures.

The dataset consisted of demographic characteristics, details on
the intervention, in-hospital mortality and risk factors for
mortality after cardiac surgery.

All the data was collected from adult (> 18 years) cardiac surgery
patients. Data elements collected included patients'
characteristics (age, gender), pre-operative blood tests (Hb) and
details (diagnosis, type of surgery), postoperative risk factors,
blood transfusion and the outcome of surgery.

Data were analyzed by using SPSS version 23.

Descriptive statistics such as mean, mode, median and standard
deviation were used.

Inferential statistics: Chi-square was used to find if there is a
statistical difference between variables and data was considered
significant when the P value is < 0.05.

The association between the outcome of cardiac surgery and
other pre-operative variables was assessed using the Chi-square
test.

The association between the outcome of cardiac surgery and the
post-operative variable blood transfusion was assessed using the
Chi-square.

Data is presented in form of tables and figures. the figures were
created by Microsoft Excel 2010.

3. RESULTS

The risk factors of cardiac surgery in this study included
demographic factors such as age, sex, weight and family history.
The distribution of patients according to age in this study is
illustrated in Table 1 and Figure 1.
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Table 1: Distribution of patients according to age

Age /year No. %
21-30 7 2.9
31-40 14 5.8
41-50 29 12
51-60 70 29.2
61-70 99 413

>70 21 8.8
Total 240 100

Mean=57.9 years. Std. Deviation=11.49 years. median=60.5years. minimum=21 years. maximum=85years.

%

21-30 31-40 41-50 51-60 61-70 >70

Fig. 1: Distribution of patients according to age
The distribution of patients according to sex in the current study

is illustrated in Table 2 and Figure 2. Female
T . . 33.8%
Table 2: Distribution of patients according to sex
Sex NO. %
Male 159 66.2 Male
Female 81 33.8 66.2%
| |
Total 240 100 Male Female

Male: Female = 2:1 Fig 2: Distribution of patients according to sex
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The distribution of patients according to procedure in this study is illustrated in table 3 and figure 3.

Table 3: Distribution of patients according to procedure

Procedure No. %
Coronary artery bypass graft 197 82
Valve surgery 33 13.8
Coronary artery bypass graft & valve surgery 10 4.2
Total 240 100
82.1
- 80
- 70
- 60
0
50 %
- 40
- 30
13.8
- 20
4.2
T T T O
CABG& Valve surgery Valve surgery CABG

Fig. 3: Distribution of patients according to procedure

The distribution of patients according to preoperative hemoglobin level in this study is illustrated in table 4 and figure 4.
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Table 4: Distribution of patients according to preoperative hemoglobin level

Hemaoglobin (g/dl) No. %
<125 178 74.2
>12.5 62 25.8
Total 240 100

Mean= 11.1. Median= 10.95. Std. Deviation= 1.75. Minimum=7.40. Maximum=15.00

212.5

<12.5

Fig. 4: Distribution of patients according to preoperative hemoglobin level

Blood transfusion is a treatment for anemic patients, where
bloodtransfusions play a role in complicated patients. The Yes %
distribution of patients according to their history of blood 30.8
transfusion is illustrated in table 5 and figure 5. )
Table 5: Distribution of patients according to their history ON
of blood transfusion o
Blood transfusion No. % M Yes
No 166 69.2 No %
Yes 74 30.8 .
blood transfusion
Total 240 100
Fig. 5: Distribution of patients according to their history of

blood transfusion
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The distribution of patients according to the outcome of surgery

is illustrated in table 6 and figure 6.

Table 6: Distribution of patients according to the outcome of

Table 7: Distribution of patients according to blood
transfusion and age

Age of patients |
surgery Tota
traﬁl?ﬁgion <60 -
Outcome of surgery No. %
No. % No. % No. | %
survived 218 90.8
No 91 | 548 | 75 | 45.2 | 166 | 100
Died 22 9.2
Yes 29 | 392 | 45 | 60.8 | 74 | 100
Total 240 100
Total 120 | 50 | 120 | 50 | 240 | 100
X2=5.002 df.= 1 p=0.025 (Not significant).
Table 8: Distribution of patients according to blood
transfusion and sex
. Sex
W survived Total
Blood
transfusion MELE Famel
B died
No. % No. % No. | %
No 110 | 36.3 | 56 | 33.7 | 166 | 100
% 90.8 Yes 49 | 662 | 25 | 338 | 74 | 100
Total 159 | 66.3 | 81 | 33.8 | 240 | 100
Fig. 6: Distribution of patients according to the outcome of X2= 00 df=1 p=0.994 (Not significant).
surgery
Table 9: Distribution of patients according to blood transfusion and type of surgery
Type of surgery
Total
Blood transfusion| Coronary artery bypass graft Valve surgery CABG + valve surgery
No. % No. % No. % No. %
No 134 80.7 28 16.9 4 2.4 166 | 100
Yes 63 85.1 5 6.8 6 8.1 74 100
Total 197 82.1 33 13.8 10 4.2 240 | 100
X2=7.91 df.=2 p=0.019 (Not significant).
Table 10: Distribution of patients according to blood transfusion and hemoglobin level of patients
Hemoglobin level (g/dl)
Total
<125 >12.5
Blood transfusion
No. % No. % No. %
No 124 74.7 42 25.3 166 100
Yes 54 73 20 27 74 100
Total 178 74.2 62 25.8 240 100

X2=0.080 df.=1 p=0.77 (Not significant).
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Table 11: Distribution of patients according to blood transfusion and outcome of surgery
Outcome of surgery
Total
survived died
Blood transfusion

No. % No. % No. %

No 157 94.6 9 5.4 166 100

Yes 61 82.4 13 17.6 74 100

Total 218 90.8 22 9.2 240 100

X2=9.068 df.=1 p=0.003 (Significant).
4, DISCUSSION

These findings show (Table 1) that the age of patients ranged
between 21 years and 85 years and the mean age was 57.9 +11.5
years, compared to a previous study published in 1999 where the
mean age was 62.5 + 10.7 (range= 17- 94 years).(t)

These findings show that males constitute 66.3%, while females
were 33.85%; male to female ratio was 2:1 ( see Figure 2). These
data are opposite to Fortes's study in Brazil where 54 (36.5%)
were male and 94 (63.5%) were female.(4

These findings show that 197 (82%) underwent coronary artery
bypass graft, 33 (13.8%) had valve surgery, and 10 (4.2%) had
CABG & valve. The highest percentage of patients receiving
blood underwent CABG procedures because these procedures are
the most common (Table 3). Different figures were recorded by
Mazzeffi in Georgia; 22% CABG, 12 % valve, 5.6% CABG &
valve, and 60.3% other.®

The findings show that hemoglobin levels were between 7.40 g/dI
and 15.00 g/dl, and the mean Hb was 11.1 + 1.75 g/dl. 178 were
(74.2%) anemic, and 62 (25.85%) non-anemic (see Figure 4). In
a study conducted on UK patients by Klein, 31% were anemic,
and 69% were non-anemic.*?

The findings show that a history of blood transfusion was
recorded in 74 (30.8%) of the patients receiving blood, and 166
(69.2%) had not received blood (see Table 5). These findings
were similar to the findings of a study conducted in the United
States, in which 34 % of cardiac surgery patients had received
blood.*?

The findings show that the mortality rate of patients who
underwent surgery was 22 (9.2%) of the patients died, and 218
(90.8%) survived (see Figure 6). These findings were similar to
the findings of a study conducted in the UK, in which (6.1 %) of
the patients died after cardiac surgery.®

The distribution of patients according to blood transfusion and
age in this study is illustrated in Table 7. These findings show
that blood transfusion was 39.2% in the age group of < 60 and
60.8% in the age group of > 60, which was not statistically
significant (p-value 0.025).

The distribution of patients according to blood transfusion and
sex in this study is illustrated in Table 8. These findings show
that 66.2% of males and 33.8% of females were statistically not
significant at p-value = (0.994).

The distribution of patients according to blood transfusion and
type of surgery in this study is illustrated in Table 9. These
findings show that blood was received in 85.1% of coronary
artery bypass graft procedures, in 6.8% of valve surgery
procedures, and in 8.1% of CABG & valve surgery procedures,
which was not statistically significant at p-value =0.019.

The distribution of patients according to blood transfusion and
hemoglobin level in this study is illustrated in Table 10. These
findings show that of patients who received blood, 73% had pre-
operation hemoglobin levels of < 2.5 g/dl, and 27% had pre-
operation hemoglobin levels of > 12.5 g/dl, with a statistically
not significant ( p value=0.77).

The distribution of patients according to blood transfusion and
outcome of surgery is illustrated in Table 11. The death rate was
17.6 % of patients receiving blood and 5.4 % of patients not
receiving blood, with a high significance statistically ( p
value=0.003).

Previous studies found that many risk factors and preoperative
patient characteristics ( such as age, sex, diabetes, hypertension
and smoking) were associated with cardiac surgical
mortality.(1415)

A previous study in the United States found that the relationship
between these two factors is still poorly understood, where it
differs among patients in characteristics, demographics, type of
procedure, and preoperative status of patients.®

Another study concerning the preoperative hemoglobin
concentration and mortality rate after coronary artery bypass
surgery found that patients with preoperative lower hemoglobin
concentration had higher in-hospital mortality rates after surgery
than those with a higher hemoglobin concentration.16)

5. CONCLUSION

o When reviewing the results of this study, it is concluded that
a high percentage of patients receiving blood are advanced in
age (> 60 years), male (sex), and anemic (> 12.5 g/dl).

e The outcome of cardiac surgery is affected by blood
transfusion.

e There is no relation between blood transfusion and other
factors (age, sex, type of surgery, hemoglobin level of
patients) in cardiac surgery.
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6.

RECOMMENDATIONS

An analytical cohort study is needed to explain if there is a
relationship between cardiac surgery and blood transfusion.

Patients admitted to undergoing cardiac surgery are asked to
monitor blood analysis before operations.

Use of cell saver machines to avoid blood transfusions.

Use hemofiltration during cardiopulmonary bypass in on-
pump surgery.
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Abstract

Background: Chlorpyrifos (CPF) is one of the most common pesticides that is extensively applied in agriculture and animal
houses. Several experimental studies on rats demonstrated that exposure to CPF elicits a group of deleterious effects including
hepatic dysfunction, immunological defect and neurotoxicity. Moreover, there is concern regarding their deleterious effects
on human life. This study investigated the influence of chlorpyrifos on the hepatic tissue of adult male rabbits in long-term
exposure and evaluated the protective role of vitamin E in ameliorating toxic impacts.

Methods: Twenty adult male rabbits were used in the study. Their average weight was (27.6 +1.891) Kg. They were divided
into four groups, five animals in each. The control group received only distilled water. The CPF-treated group was
administrated 33.3mg/Kg of insecticide orally by gastric gavage. The vitamin E group received only Vit E; 150mg/kg body
weight. Animals in the combination group were treated with CPF and given Vit E at the same time. The treatment was
applied once daily in the morning after a food supplement for 12 weeks. Animals were then anesthetized with chloroform,
their livers were removed, placed in formalin, processed and stained with hematoxylin and eosin, and with Masson's
trichrome

Results: Histopathological changes showed that CPF caused degenerative changes in hepatocytes in terms of vacuolization
of cytoplasm, congestion, dilatation of the sinusoidal lumen, and leukocytic infiltration of liver parenchyma, as well as the
presence of signs of fibrosis manifested by trichrome stain indicating the chronic effect of pesticides. In the combination
group, the majority of hepatocytes presented with normal structures, and the amount of fibrosis was diminished around the
portal area. Additionally, congestion appeared to a milder degree than in the experimental group, suggesting the antioxidant
role of vitamin E in reducing toxic effects. Conclusion: The study concluded that CPF could cause hepatocellular damage to
the rabbits' tissue which can be alleviated by applying antioxidants such as vitamin E.

Keywords: Chlorpyrifos, Vit E, pesticides, rabbit's liver.
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1. INTRODUCTION

Chlorpyrifos (CPF) is one of the most popular types of
chlorinated organophosphate pesticides (1) that have an
insecticidal effect against pests and is vastly applied in a wide
field including agriculture, animal husbandry, gardens, and even
households (2). CPF is a cholinesterase inhibitor that is
commonly used (3). The mechanism of action of cholinesterase
inhibitors is the same in both therapeutic and toxic uses.
Inhibition of acetylcholinestrase (Ach E) disturbs the dynamic
interaction between acetylcholine synthesis, release, and
degradation. This causes an accumulation of synaptic ACh levels
with prolonged stimulation of cholinergic receptors on
postsynaptic cells. This comparative rise in cholinergic signaling
leads to practical signs and symptoms of cholinergic toxicity (4).
However, the range of cholinergic signs can be diverse with
different inhibitors, the same inhibitor in different classes, or the
same inhibitor with different ways of exposure (5). The general
dysfunction seems due to inhibition, revealing the primary toxic
effect on the endocrine system but it can also affect other organs
such as the liver and kidneys (1). Chlorpyrifos is categorized as
a moderately toxic pesticide in rats and mice with a lethal toxic
dose (LD50) between 50-500 mg/kg body weight. Additionally,
it shows moderate toxicity in sheep, guinea pigs and pigs (5, 6).

Several experimental studies on rats demonstrated that exposure
to CPF elicits a group of deleterious effects including hepatic
dysfunction, immunological defect and neurotoxicity (7). Acute
and chronic toxicity of CPF is associated with an increased
production of reactive oxygen species (ROS), which has been
anticipated as a mechanism to create oxidative stress (8, 9).
Antioxidants are molecules that can decrease or stop the
oxidation of other molecules by ROS(10). Vitamin E is a non-
enzymatic antioxidant, which is a main membrane-bound
antioxidant employed by the cell (11). It has been reported that
vitamin E has an antioxidant role against lipid peroxidation of
cell membranes of mammals and has a role in maintaining the
activities of mitochondrial enzymes from ROS (12).

The present study aims to investigate the influence of
chlorpyrifos on the hepatic tissue of adult male rabbits on long-
term exposure. It is also intended to evaluate the protective role
of vitamin E in ameliorating toxic impacts.

The present study aims to investigate the influence of
chlorpyrifos on the hepatic tissue of adult male rabbits on long-
term exposure. It is also intended to evaluate the protective role
of vitamin E in ameliorating toxic impacts.

2. METHODS

Chemicals

Commercial formulation of chlorpyrifos (50% EC) of high purity
(500g/L) product of Pesticides & Chemicals Company, China.
Vitamin E Tablets 100mg were purchased from Sigma Aldrich,
India.

Animals

The study was conducted in the Histology Department at the
Faculty of Medicine of Omer AL-Mukhtar University. Twenty
adult male New Zealander rabbits were used in this study and
their average weight was (27.6 £1.891) Kg. These animals were
divided into four groups with five animals in each. They were
housed in cages in the experimental animal house of the

Chemistry Department of the Science Faculty at Benghazi
University and they acclimatized for five days before the
experiment under providing standard laboratory conditions with
free access to food and water. The cleanliness and hygiene of the
rabbits were checked regularly and cages were also cleaned of
animal waste daily.

Experimental design
Animals were divided into four groups as follows;
e The control group received only distilled water.

e The CPF-treated group were administrated 33.3mg/Kg of
insecticide orally by gastric gavage (13).

e The vitamin E group received only Vit E 100mg/kg body
weight.

e The combination group those rabbits were given both CPF
(33.3mg/Kg) and Vit E (100mg/Kg).

The treatment was applied once daily in the morning after a food
supplement for 12 weeks. At the end of the experiment, animals
were anesthetized by chloroform and sacrificed. The liver was
removed from each animal and fixed by 10% neutral buffered
formalin, washed, dehydrated, cleared, and embedded in
paraffin. The prepared sections of 5 um thickness were stained
by Harris Hematoxyline and Eosin (H&E) and Masson's
trichrome for histopathological microscopy examination(14).

3. RESULTS

Histological features of control liver sections of rabbits revealed
normal hepatic architectures; the central vein (CV) in the center
of the lobule and normal sinusoidal lumens (Fig. 1 B). Hexagonal
hepatocytes with clear and well-defined nuclei were regularly
arranged in the lobule (Fig. 1 B).

Figure 1: Liver H&E sections of the control group showing: A).
(x100)Normal hepatic architecture with the CV in the center of
the hepatic lobule and portal area in the corners. Section B
(x400) presents normal sinusoidal lumens (L), normal
arrangement and structure of hepatocytes (red arrow).

The most frequent histopathological changes in the livers of
chlorpyrifos-treated rabbits were cytoplasmic vacuolization of
the hepatocytes at the three zones of the liver, which are the first
signs of fatty changes (Fig. 2, B), often accompanied by
sinusoidal dilatation (Fig. 2, D). Additionally, congestion of the
CV has been clearly noticed (Fig. 2 C), with infiltration of
mononuclear cells also found especially around CV and PA (Fig.
2 AandC).
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Figure 2: Light micrographs of the liver sections of CPF-treated
rabbits showing:- A and B mononuclear cell infiltration around
PA (black arrow) and hepatocytes with cytoplasmic
vacuolations (circle). C and D congestion of the central vein
(CV) and sinusoidal dilatation (SD). (Mic Mag x100 (A)
X400(B) H&E).
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combination group showing:- A). Marked reduction in
inflammatory cells around CV in liver tissue receiving CPF
with Vit E (arrowhead). B). Cytoplasmic vacuolation of
hepatocytes was milder than of CPF-treated rabbits without Vit
E (circle). (Mic Mag x100 (A) x400(B) H&E).

Microscopic examination of liver tissues of rabbits receiving
CPF with Vitamin E shows a reasonable reduction in the
inflammatory cells around the CV and PA (Fig. 3A). In addition,
the cytoplasmic vacuolation of hepatocytes was milder than that
noticed in CPF-treated rabbits (Fig. 3B).

Microscopic examination of liver tissues of rabbits treated with
CPF with trichome stain showed collagen deposition around PA,
which may indicate an early stage of fibrosis (Fig. 4 B) that is
virtually invisible on routine hematoxylin and eosin (H&E)
stains. However, in samples from rabbits in the combination
group, the amount of collagen deposition reduced around PA as
shown in figure 4 C.

Figure 4: Light micrographs of liver stained with Masson
trichrome showing:- A). Control section of liver tissue with a
normal amount of collagen around portal area B). Livers of
chlorpyrifos-treated rabbits demonstrated an increased amount
of collagen and congestion around the portal triad (arrow). C).
The combination group showed improved tissue in terms of
reducing collagen fibers in the portal area by giving
antioxidants.

4. DISCUSSION

The main site of metabolism and activation of CPF is the liver,
through the cytochrome P450 enzyme (15). Various previous
studies have shown pathological alterations in the liver tissue of
animals after exposure to CPF(16, 17). Thus, this experiment was
focused on determining the toxic effect of CPF on the liver tissue
of adult male rabbits.

Our results showed congestion of the central vein and dilation of
the sinusoidal lumens in all liver specimens of CPF-treated
rabbits. These pathological changes are probably due to the toxic
effect of CPF. These results are in accordance with some
investigators (18, 19). Additionally, vacuolation in the
hepatocytes was the main histopathological change in all liver
samples that received CPF (20). This could be due to an alteration
in lipid metabolism in the liver. This result agreed with an
experiment on male rats after CPF exposure, where they found a
significant elevation in plasma levels of cholesterol and
triglycerides (21). Similar pathological changes in liver tissue
were reported in previous studies on CPF (22, 23). Moreover, the
presence of monocyte infiltration due to CPF intoxication around
the CV and PA is shown in Figure 2 B and was also highlighted
after organophosphate s (OP) exposure in a previous study on
male rats (1). A similar finding was presented by EL-Demerdash
et al who observed that rats treated with CPF had elevated liver
enzymes (AST&ALT) indicating intoxication of hepatic tissue,
which subsequently leads to enzyme leakage(24). Thus, the
release of enzymes provokes inflammatory reactions and liver
necrosis as well. Vitamin E (a-tocopherol) is a lipid-soluble
antioxidant (25), which prevents chain initiation and propagation
of free radical reaction and lipid peroxidation in the cell
membrane (26). It also affects the cellular response to oxidative
stress through modulation of the signal-transduction pathway and
is considered a membrane stabilizer (27-29). The toxic effects of
organophosphates (OP) can be restrained by the oral
supplementation of antioxidants such as vitamin E (30). Vitamin
E has been shown to have an ameliorating effect against the
insecticide's toxicity and plays a role in inhibiting the
pathological mechanisms of oxidative stress induced by
cypermethrin (31, 32).

The present study found that the severity of hepatocellular
damage was minimized in CPF-treated rabbits when they were
given vitamin E along with insecticides, indicating that vitamin
E ameliorates the toxic effect of CPF. This result is in agreement
with the previous work investigating the antioxidant effect of
vitamin E against the histopathological changes of CPF treating
Kunming mice (33). In addition, other researchers have observed
that vitamin E is effective in reducing inflammatory reactions and
has a role in the protection of hepatocytes from oxidative stress
injury induced by OP in rat tissue(12, 34). Moreover, vitamin E
has had an effective role in the prevention of oxidative damage
to the lung tissue of CPF-treated animals(35).

In our study, Masson’s trichrome stain revealed moderate liver
fibrosis between hepatic lobules and around the portal area in the
CPF-treated group as shown in Figure 4C; a similar observation
has been reported by previous findings(36). This fibrosis is
considered the end-stage hepatic injury that usually appeared
upon chronic exposure and is consistent with our experiment
period. The mechanism of developing liver fibrosis is
sophisticated but it is mainly participated by increased reactive
oxygen species (ROS) and inhibiting antioxidants of the
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biological system (35, 37). Interestingly, in this experiment, the
amount of fibrosis was reduced in rabbit tissue by giving vitamin
E with insecticides as compared with the CPF-treated group.

5.

CONCLUSION:

It can be concluded that CPF could have a destructive effect on
liver tissue and has the risk of being harmful to human life.
However, this hepatic damage can be modulated and diminished
by using vitamin E as dietary supplementation.

Study limitations

A possible limitation of the current research study is the absence
of serum liver enzymes that could have contributed to the
valuation of functional liver involvement in CPF intoxication.
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Abstract

Background: Neoplastic and non-neoplastic prostate gland lesions are the main reasons for morbidity and mortality
throughout the world. The risk of diseases increases with age. Basically, Prostate biopsy is a test which detects malignant
and other benign conditions of the prostate in patients who have urinary symptoms. Other modalities of diagnosis also have
been developed, comprising of radiological modalities and prostatic biomarkers. However, biopsy with microscopic
examination is the gold standard for the ultimate diagnosis.

Objectives: The present study was done to recognize and determine the different histopathological patterns of prostatic
diseases and their clinical presentation correlations.

Patients and methods: Reviewing of 194 patient specimens of prostatic tissues in the department of pathology, faculty of
medicine, university of Benghazi from January to December 2009 was conducted. The received specimens were fixed in
10% neutral buffered formalin and routine paraffin processing followed by hematoxyline and eosin staining was done. All
the specimens were analysed with following parameters: type of specimen, age of patient, histopathological pattern and final
diagnosis. With application of modified Gleason scoring for grading.

Results: 131 TURP, 42 needle biopsies, and 21 prostatectomy specimens were assessed, they were grouped into benign,
premalignant, and malignant disorders. Modified Gleason's Scoring was used to score the prostatic adenocarcinoma. The
Mean of all patient's age was 70.7 years. 153 (78.87%) were benign, 7 (3.6%) were premalignant and 34 (17.53%) cases
were malignant. Malignant to benign ratio (1: 4.7). Age ranged was 24-100 years. The most frequent disease encountered
was BPH, mainly in the sixth decade. Glandular-stromal pattern was more frequently seen (86.8%), followed by glandular
predominance (13.2%). Concomitant conditions such as prostatitis, Basal cell hyperplasia, squamous metaplasia, and atypical
adenomatous hyperplasia (AAH) (premalignant) were observed. Among the malignant conditions, acinar adenocarcinoma
was the commonest disease seen in sixth and seventh decades by (91%), and Gleason's score 7 was the commonest. One of
the cases was metastatic TCC from urinary bladder.

Conclusion: Benign lesions of prostate are more common than malignant lesions, most commonly encountered in age group
of 61 to 70 years. There is a major difference in symptoms between malignant and benign conditions. More studies are needed
in future to identify environmental and social factors contributing prostate disease.

Keywords: Benign prostatic hyperplasia (BPH), Prostatic Carcinoma (PCa), Modified Gleason Scoring.
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1. INTRODUCTION

The prostate is the main exocrine accessory reproductive gland
in men. It is procedures prostatic secretion which is an important
part of seminal fluid (1). Anatomically prostate gland is situated
at the neck of bladder, the enlargement of the gland may result in
urinary symptoms such as hesitancy, urine retention, urgency and
dribbling (2).

Prostate gland disorders in male patients are a major source of
morbidity and mortality. With age, the probability of diseases
will increase. The extent of diseases composed of inflammatory
disorders, nodular hyperplasia (BHP), and prostate cancer (3).
Prevalence of BHP is more in eighth decade of life that is 90 %
as compared with 20 % in age group of 40 yrs (2). Prostatic
carcinoma is globally the second most frequently diagnosed
cancer and the sixth leading cause of cancer death in males (4).

Prostatitis formed the predominant infiltrates in benign lesions,
regularly seen in specimens or accompanying BPH (4).
Infrequently, Non-specific granulomatous prostatitis is observed
in the prostate specimens. The disease was distinguished by
Tanner and Mc Donald in 1943 for the first time, who reported
an occurrence rate of 3.3% of granulomatous prostatitis in
inflammatory conditions (5).

A prostate biopsy basically is a procedure in patients with
particular indications for neoplastic and other non-neoplastic
prostate conditions. Other methods of diagnosis, involving
radiological modalities and prostatic biomarkers, have also been
advanced. Nonetheless, the gold standard for terminal diagnosis
is histopathological biopsy (3).

The current cross-sectional study aims at analyzing
histopathological characters of different malignant and non-
malignant lesions of the prostatic tissue in a period of one year.

2. PATIENTS AND METHODS

The study was conducted in the department of pathology, faculty
of medicine, university of Benghazi - Libya. The study period
was from January to December 2009 and information regarding
prostatic specimens was retrospectively gathered from archives
of histopathology register. Transurethral resection of prostate
(TURP), needle biopsy, and open prostatectomy samples were
assessed. The obtained samples were fixed in 10% neutral
buffered formalin and usual paraffin processed. Three to five
micron sections were cut and finally stained by Hematoxylin and
Eosin (H&E).

Demographic data were examined regarding the age, type of
biopsy, and digital rectal examination (DRE) findings. Data
analyzed with the next considerations: age of the patient, clinical
picture, pathological pattern, and final diagnosis.

Following histopathologic assessment, the data were classified
into benign, premalignant, and malignant. Tumors were
categorized according to histologic grading using a modified
Gleason’s Scoring.

The entire data were evaluated statistically by using the SPSS
statistical package version 21(Chi-square test). Independent t-test
was used to correlate the mean age between patients with benign
and malignant lesions. A P-value of less than 0.05 was considered
as statistically significant.

3. RESULTS

A total of 194 cases were reviewed, the specimens comprise of
131(67.53%) TURP chips, 42 (21.65%) true-cut needle biopsy,
and 21(10.82%) open prostatectomy specimens. 153 (78.87%)
cases were benign, 7 (3.6%) cases were premalignant and 34
(17.53%) cases were malignant. In the TURP specimen’s
majority were benign lesions (115), while (16) biopsies displayed
prostatic malignancy. Also, the superiority of open prostatectomy
showed in benign lesions by (20) specimens as compared to the
malignant lesion by (1) specimen. In the needle biopsies, (25) and
(17) specimens showed benign and malignant lesions
respectively (Table 1). This result was statistically significant (p-
value 0.000).

Regarding the age of the patients in this study, Patients aged 24-
100 years. The Mean of all patient's age was 70.7 years, for non-
malignant prostatic lesion 70.2 years, premalignant lesion 75
years, and for prostate malignancy 72.15 years. There was no
major variation in the mean age between patients with benign and
malignant lesions (p-value 0.40) (Table 2). Malignant to benign
ratio (1: 4.7). Age-wise distribution of prostatic lesions is shown
in (Table 3), the peak existence of malignant cases was
distributed in two age groups, i.e., in 61-70 and 71-80 years. The
youngest patient with malignancy was 50 years and the oldest
patient was 97 years. Greatest benign cases i.e., 65 (42.6%) were
observed in the age group 61-70 years. The youngest benign
patient was 24 years old and the oldest was 100 years.

Clinically, when benign and malignant lesions were compared,
urine retention was a more common finding among the benign
cases accounting for (61.9%), and (17.6%) for malignant cases.
Hematuria was seen in 5 (3.1%) of benign cases (2 patients
accompanied with urinary bladder carcinoma and 2 patients with
infarction) and 10 (29.4%) of malignant cases. By USG, about
(8.8%) of histopathologically benign patients were showed
enlarged prostate. Digital rectal examination findings (DRE)
showed hard prostate in 10 (29.4%) cases of prostate malignancy.
This result was statistically significant (p- value 0.000) (Fig. 1).

Benign prostatic hyperplasia biopsies were classified regarding
the predominant growth pattern, the glando-stromal pattern was
more frequently faced by 138 (86.8%) cases, followed by
glandular predominance (adenomatous) by 21 (13.2%) cases.
BPH cases exhibited hyperplastic glands; lined by papillary
pseudostratified columnar epithelium, cystic atrophic changes
(cystically dilated acini lined by flattened epithelium & filled
with Corpora Amylacea), and prominent (dense) fibromuscular
stroma (Fig. 2 & 3). Features of atypical adenomatous
hyperplasia, and basal hyperplasia were also seen (Fig. 4).

Microscopic  finding associated with Benign Prostatic
Hyperplasia includes, BPH without any associated microscopic
finding was about 83 (51.87%) cases, the number of cases of
BPH associated with prostatitis was in 48 (30%) cases (chronic
nonspecific prostatitis in 39 cases, acute inflammation in one
case, acute on chronic inflammation in 6 cases, and 2 cases have
features of granulomatous prostatitis which showed large nodular
aggregates of epithelioid cells, lymphocytes, multinucleated
giant cells, and neutrophils). Squamous metaplasia (including
squamous metaplasia of prostatic urethra) was seen in 12 cases
accounting for (7.5%), basal cell hyperplasia was seen in 5 cases
about (3.13%), features of infarction were seen in 5 (3.13%)
cases, and Atypical adenomatous hyperplasia with BPH was seen
in 7 cases (4.37%) (Fig 5).
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In this study, Carcinoma of the prostate was detected in a total of
34 (17.5%) patients. All of them exhibited acinar
adenocarcinoma patterns (91%) except, one case each of
adenocarcinoma with small cell differentiation, metastatic
transitional cell carcinoma (TCC) from urinary bladder, and
ductal adenocarcinoma (Fig 6 & 7).

According to Gleason scoring of the total cases of
adenocarcinomas exhibited that GS 7 comprised the biggest
group with 12 cases (38.7%), GS 6 and GS 9 were the next most
frequently with 5 cases each (16.1%). Gleason score of 8
comprised 4 cases (12.9%), GS 3 comprised 3 cases (9.8%), GS
5, and GS 10 had one case each (3.2%). Two cases don’t have a
score because of the little sample, one case (TCC) don’t undergo
Gleason scoring.

Among the 34 cases reported as prostatic carcinoma perineural
infiltration was seen in two cases. One case had Gleason score 7
and the other was ductal carcinoma. The vascular invasion also
seen in two cases, lymphatic in one case.

Numerous histopathological findings were noted in benign and
malignant lesions. In benign cases, papillary hyperplasia was the
most common observed epithelial hyperplasia by 147 (75.7%)
cases, atypical hyperplasia accounted 7 (3.6%) cases, and basal
hyperplasia accounted 5 (2.5%) cases (Fig. 8). In malignant
cases, the commonest findings were noted in prostatic
adenocarcinoma is cribriform and acinar pattern by 15 (7.7%)
cases followed by 6 (3%) cases each of (cribriform & sheet) and
acinar patterns (Fig. 8).

Table 1. Type of biopsies according to prostatic lesions:

Type of biopsy Benign (%) Malignant (%6) Total (%)
TURP* 115 (71.9%) 16 (47.1%) 131 (67.6%)
Needle Biopsy 25 (15.6%) 17 (50.0%) 42 (21.6%)
Open prostatectomy 20 (12.5%) 1 (2.9%) 21 (10.8%)
Total 160 (100%) 34 (100%0) 194 (100%0)
*TURP=Transurethral resection of prostate
X2 =20.22 P-value=0.000
Table 2. Comparison of Mean age according to prostatic lesion of patients:
Prostatic lesion Mean age Number SD
Benign 70.29 153 10.389
Malignant 72.15 34 11.343
Premalignant 75.00 7 8.406
Total 70.79 194 10.505
Ratio of Malignant to Benign =1: 4.7 p-value= 0.40
Mean age of Benign cases=70.2 years Min=24  Max=100 SD=10.33
Mean age of Malignant cases=72.15 years Min=50 Max=97 SD=11.34

Table 3. Age incidence of various prostatic lesions:

Age groups/years Benign (%) Premalignant (%) Malignant (%)
<40 1 (0.6 %) 0 (0.0%) 0 (0.0%)
40-50 1 (0.6 %) 0 (0.0%) 1 (2.9%)
51-60 24 (15.7%) 0 (0.0%) 5 (14.7%)
61-70 65 (42.6%) 3 (42.8%) 11 (32.4%)
71-80 38 (24.8%) 2 (28.6%) 10 (29.4%)
>80 24 (15.7%) 2 (28.6%) 7 (20.6%)
Total 153 (100%0) 7 (100%) 34 (100%)

Mean age =70.79 years Min=24 Max=100 SD=10.50 X 2 =477 P-value=0.90

©2022 University of Benghazi. All rights reserved. ISSN:Online 2790-1637, Print 2790-1629; National Library of Libya, Legal number : 154/2018

214




SJUOB (2022) 35 (2) Medical Sciences: 212 — 219 Awad et al.

Dry ejaculation

Combination

25.6%

Hematuria 29.4%

Hard ir. prostate 29.4%
Enlarged Prostate e (JLL ] (1]
LUTS

0% 10% 20% 30% 40% 350% 60% 70%

= Malignant (%) = Benign (%)

Figure 1. Distribution of clinical presentations according to the prostatic lesion
X2 =85.49 P-value=0.000

: - - - - Figure 4. Photomicrograph of basal cell hyperplasia showed
Figure 2. Photomicrograph of benign prostatic hyperplasia - >
showing hyperplasia of glands with papillary enfolding nests of proliferating basal cells (arrow) (H&E x400).
(arrow) in a thick fibromuscular stroma, and small foci of
nonspecific inflammatory cells(lymphocytes+ plasma cells)
are also seen (double head arrow) (H&E x100).

BPH with prostatitis

= BPH with AAH

30.0%

BPH with infarction

BPH with basal cell
hyperplasia

= BPH with squamous
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Figure 5. Microscopic finding associated with Benign
Prostatic Hyperplasia (BPH) (n=160)

Figure 3. Photomicrograph of benign prostatic hyperplasia
with cystically dilated glands with thin epithelium (arrow).
Lumen shows corpora amylacea. (H&E x100).
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Figure 6. Photomicrograph of prostatic adenocarcinoma GS
8(4+4). The section showed prostatic tissue which is replaced
by sheets of malignant cells, trying to form acini (arrow)
with irregular border, the cells showed hyperchromatic
nucleus with small nucleolus. Some cells have clear
cytoplasm & some have esinophilic cytoplasm. Occasional
large bizarre cells are also seen. The mitotic activity is very

Figure 7. Photomicrograph of prostatic adenocarcinoma GS

9(4+5). The section showed neoplastic infiltrative lesion
composed of confluent glands showing fusion and back to
back pattern with scattered lumens and focal cribriform
morphology (pattern 4) (double head arrow) admixed with
solid foci showing sheet like pattern without luminal
formation or glandular differentiation (pattern 5) (arrow).
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Figure 8. Microscopic finding in Benign and malignant lesions
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4. DISCUSSION

A retrospective study of 194 cases of the prostate sample was
done, the result was recorded and comparison with other studies
was reported.

In this study, the majority of the specimens received were TURP
(67.53%), followed by needle biopsy (21.65%), and open
prostatectomy (10.82%), which were parallel to study was done
in India (1), where TURP comprised the majority of samples
received (99.3%) and (0.7%) was prostatectomy specimen.
TURP procedure involved in (71.9 %) of benign cases and in
(47.1%) of malignant cases in the current study. This might be
because TURP is a chosen surgery for nodular hyperplasia of the
prostate as it is an easy procedure with lesser complications (6).
In a study was done in Saudi Arabia (7), TURP was the 2™ type
of biopsy (25.7%) used after transrectal ultrasound (TRUS)
biopsy. In this study, needle biopsies were common, and in
malignant cases account in 17 (50%) cases as compared with
benign 25 (15.6%) cases. The little bit superiority of needle
biopsy (transrectal/ true-cut) over other types of biopsies in the
detection of malignant prostatic disease was explained by a study
done by Anim et al (8), where it samples the posterior lobes
(peripheral zone), which are commonly involved by cancer, and
more accessible by the transrectal route.

The two most common disorders involving the prostate gland are
benign prostatic hyperplasia (BPH) and adenocarcinoma (3). In
the present study, BPH in total (benign and premalignant cases)
were (82.5%), and prostatic carcinoma cases were (17.5%).
Anim et al (8) showed a similar result with (84.8%) of BPH
frequency with a similar peak age of incidence to this study and
(15.2%) cases of carcinoma.

Prostatic carcinoma and benign prostatic hyperplasia (BPH) are
increasing frequently by aging progression (9). In the current
study, the age range affected by prostatic pathology was 24-100
years. Maximum cases of BPH, i.e., 65 cases were seen in the 61-
70 yrs age group similar to reports documented in Oman (10) and
Yemen (11). There is a decline in the age incidence of BPH
patients after age group 61-70 yrs, which is in concordance with
other studies (1, 12). That may be attributed to the decreasing of
the aged male population in Libya, whose population is
predominantly younger. Prostatic carcinoma was encountered
predominantly in the age group 61-70 years by 11 cases, which
similar to a study was done by Mital et al (3), and in more
advanced age group 71-80 years by 10 cases that are similar to
another study which was done by Kusuma et al (12). This age
distribution indicates that PCa in Libya predominantly occurs in
the older in men aged 60 years and above as reported by El Mistiri
et al (13).

In the current study, the peak incidence of both premalignant
lesions and prostatic carcinoma was seen in the (61-70 and 71-
80) yrs. age groups. A comparison between the two conditions
revealed that no such age difference was noted. A study by Birare
et al (1) shows a result of prostatic carcinoma in the same age
groups. The mean age for benign and malignant lesions was 70.2
years and 72.1 years respectively, this is explained by Bhatta. &
Hirachan (6), which might be due to Advanced age and hormones
like androgen are the elements associated with prostatic
disorders. There was no significant difference in the mean age
between patients with benign and malignant lesions (p-value
0.40). This finding is in agreement with the study done by ( 12).

In the current result, lower urinary tract symptoms (obstructive
symptoms) especially urine retention was the most common
symptom in benign lesions in (61.9%) followed by a combination
of symptoms (obstructive and irritative) like urine retention and
dysuria in (24.8%), hematuria in (3.1%). LUTS might be due to,
the hypertrophied transition zone obstructing the distal part of the
prostatic urethra, so BPH might cause compression on prostatic
urethra leading to urine retention and other LUTS (14). Dysuria
occurs because of the inability to empty the bladder completely
creates a reservoir of residual urine that is a common source of
infection, or as symptom of prostatitis which is commonly
accompanied by BPH (15). Enlarged prostate noticed in (8.8%)
cases. In malignant lesions, common symptoms were hematuria
in (29.4%) followed by a combination of symptoms (obstructive
and irritative) such as urine retention and frequency in (23.5%).
Hard prostate seen in (29.4%) cases. Because the majority of
PCa arises in the peripheral zone, most distant from the urethra,
sphincter, and neurovascular bundle, it would need to be quite
advanced to give rise to urinary tract symptoms (16).

However, when both the lesions were compared to urine retention
and enlarged prostate were positively associated with benign
lesions, while hematuria with hard prostate was significantly
associated with malignant lesions (p-value 0.000). The hematuria
could be due to urinary infection, vascular enlargement of the
prostate as well as friable hypervascularity of the prostate, the
vessels are easily disrupted by physical activity (17).
Premalignant lesions had the same clinical symptoms as seen in
benign lesions as they were mostly associated with benign
lesions. Anushree and Kusuma (18) found that frequency was the
most common symptom in benign cases accounting for (36.6%)
followed by acute retention (22%), while in the malignant cases,
they found frequency (38.5%), and incomplete voiding (38.5%)
as the most common symptoms.

Most patients above the age of 50yrs were have been histological
evidence of BPH and many suffer symptoms from urethral
obstruction. Data show that on microscopic examination both
stroma and epithelium are involved in variable degrees and the
predominant pattern is glando-stromal hyperplasia (18). In the
present study, the glando-stromal pattern of BPH (86.8%) was
the most frequent histological pattern which predominant, this
result was in agreement with a study done by (3), and is different
to other study done by (12) who noticed Stromal predominance
was encountered more common followed by glandular
predominance. Papillary hyperplasia was the most common
observed epithelial hyperplasia by (147) cases, accounted
(75.7%) of prostatic lesions. The incidence of atypical
adenomatous hyperplasia in the current study has been seen in
(4.37%) which correlates the finding of (1.65%) by a study done
in the USA (4).

Benign prostatic hyperplasia (BPH) was the most common
frequent lesion seen in this study similar to Bhatta & Hirachan
study (6). BPH without microscopic association account about
(51.87%), while prostatitis was a common associated finding
with BPH accounting (30%). This finding is similar to a study by
(6) who found that prostatitis accompanied in (25%) of BPH
cases. A study by (12) has identified a higher incidence of
prostatitis (86%). This correlation between BPH and prostatitis,
explained by Peter et al (19) that the inflammation is more
commonly associated with benign epithelial conditions,
especially atrophy and BPH as compared with high-grade
Prostatic Intraepithelial Neoplasia (PIN) and carcinoma where
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usually only a small percentage of foci are inflamed. (18)
explained these differences in the percentage of associated
prostatitis among different studies may arise from the treatment
approaches obeyed at several organizations. Anti-inflammatory
drugs and Antibiotics could microscopically change the
inflammatory response.

Additionally, two cases of granulomatous prostatitis were
reported and diagnosed as nonspecific granulomatous prostatitis
(which is negativity for AFB), this result in agreement with the
study was done by (2). The accurate cause of Granulomatous
prostatitis remains uncertain and may in several patients be
idiopathic (5).

Squamous metaplasia can be detected at the margin of infarcts,
following TURP, as an effect of hormonal management, or
occasionally without recognizable predisposing etiology (3). In
this study, BPH with squamous metaplasia in 12 cases (7.5%)
was observed, which correlates the finding of 3 cases (0.8%) by
Garg et al (4).

Most of the cases of prostatic carcinoma were acinar
adenocarcinoma. A total of 31 (91%) cases of acinar
adenocarcinoma were identified in this study. This is in
agreement with the study was done by (18), with 12 (85.1%) of
adenocarcinoma cases were reported.

In the present study, Gleason Scoring of adenocarcinomas
showed that moderately differentiated adenocarcinomas (GS 7)
comprised the largest group with 12 cases (38.7%) which consist
with the studies done by (12 & 18), that indicate poor prognosis;
this might be because of a delay in accessing the health facility,
medical advice, and no screening program were done. Gleason
score 9 was the frequent score observed in a study done by (6).

Perineural invasion is characteristically diagnosed in prostatic
carcinoma cases if there is intraneural or circumferential
infiltration by the malignant cells (6). Among the 34 cases
reported as prostatic carcinoma perineural infiltration was seen
in 2 cases. One case had Gleason score 7 and the other was ductal
carcinoma. One of the studies (6) has described the perineural
invasion in 3 cases. The vascular invasion also seen in 2 cases,
lymphatic in one case. This is maybe because of the early
diagnosis of prostatic carcinoma.

Moreover, various histopathological findings were noted in
benign and malignant lesions, in benign cases, papillary
hyperplasia was the most common observed epithelial
hyperplasia in (75.77%) cases, which was similar to study done
by (5) who found that, papillary hyperplasia was the most
frequent epithelial hyperplasia by (34%). The common malignant
patterns in this study were a cribriform and acinar pattern in
(7.7%) cases, cribriform and sheets in (3.1%) cases, and acinar
patterns are also seen in (3.1%) cases. This was disagreement
with (12) who found that, sheeting pattern as the most
predominant pattern.

Because the current study is record-based and not a population-
based study, like various studies. It might not be an exact
indicator of the true incidence of prostatic diseases in society at
large.

5. CONCLUSION

In conclusion, prostatic lesions are commonly faced above the
age of sixty years with a predominance of benign over malignant
conditions. Benign prostatic hyperplasia (BPH) was the most
common frequent lesion in benign case, prostatitis was usually
accompanied. Prostatic adenocarcinoma was the most frequent
lesion among malignant cases, the greater part of the patients
encountered was of a Gleason score (GS 7). We reported cases of
premalignant conditions (AAH) which require a cautious follow-
up.

TURP and open prostatectomy were the procedure of choice in
this study for benign lesions. Whereas, needle biopsy had more
advantages than TURP in detecting malignant conditions, as it
samples the posterior lobes (peripheral zone), which are usually
affected by malignancy.

There is a major difference in symptoms between prostate cancer
and benign conditions affecting the prostate such as benign
prostatic hypertrophy (BPH) and prostatitis, where urine
retention was a common presentation in benign cases in
comparison to hematuria which was the frequent presentation in
malignant cases, although urine retention was also recorded in
malignant conditions in a small percentage.

One of the limitations of this study was that we didn’t cover the
aspects of risk factors such as family history, obesity, metabolic
diseases, and environmental factors. We made all attempts to
ensure that the data collected was reliable and the methods were
reproducible. Our study opens the forum of discussion and should
be continued in a more advanced and modified phase.
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Abstract

In most countries, the Coronavirus Disease 2019 (COVID-19) pandemic remains a severe public health threat. In COVID-
19 individuals, the causative severe acute respiratory syndrome coronavirus 2 (SARSCoV- 2) virus can cause acute
respiratory distress syndrome and result in mortality. Not only do oxidative mechanisms play a role in chronic degenerative
diseases, but as viral respiratory disorders. Reduced glutathione (GSH), which is decreased in SARS-CoV-2 infection, plays
a critical function in protecting against oxidants. Antioxidants work by scavenging reactive oxygen species (ROS) and
blocking oxidant-producing enzymes to counteract the effects of oxidants. As an anti-COVID-19 agent, N-acetylcysteine
(NAC), a precursor of GSH, is of special relevance. Furthermore, NAC and its derivatives have a wide range of antioxidant
and anti-inflammatory mechanisms that could be used to prevent and treat COVID-19. Oral use of NAC, as shown in a recent
clinical trial investigating influenza and influenza-like diseases, may be expected to reduce the chance of developing COVID-
19. NAC's ability to replenish GSH levels has recently been shown in clinical trials to enhance coronavirus disease 2019
(COVID-19) outcomes, particularly in high-risk people. Given the biochemical background, existing therapeutic usage of
NAC, and newly collected evidence on its potential efficacy against COVID-19, it is worthwhile to research further if this
medication can be utilized as a treatment or adjuvant for COVID-19.

Keywords: Oxidative stress; Glutathione; N-acetylcysteine; COVID-19; Treatment.

1. INTRODUCTION Patients infected with COVID-19 may experience fever and

Each winter, an increase in the number of infections caused by
numerous human respiratory pathogens occurs; however, the
timing and extent of the infection vary greatly [1. Respiratory
viruses, such as influenza, Respiratory syncytial virus (RSV), and
the two previously known human coronaviruses, have two
primary characteristics: seasonality and persistence [12,
Coronavirus Disease (COVID-19) is caused by Coronavirus-2 of
the Severe Acute Respiratory Syndrome (SARS-COV-2). It was
first recognized as pneumonia of unknown reasons on December
31, 2019, in Wuhan, China. The sickness then quickly spread
over the globe. The number of cases is rapidly increasing and has
spread to many countries throughout the world [,

The common symptoms of COVID-19 include fever, cough,
fatigue, shortness of breath, and muscle aches. Moreover,
patients also experience sore throats, nasal congestion, headache,
diarrhea, nausea and vomiting, loss of smell (anosmia), or loss of
taste (ageusia) [,

*Correspondence: Fatma.W.F.Mohamed.
fatma.wanis@uob.edu.ly

respiratory symptoms and they are frequently admitted to the
hospital as a result of progressive dyspnea and systemic
complications that necessitate support measures ranging from
supplemental oxygen to mechanical ventilation and intensive
care [4,

The board for COVID-19 patients is given non-pharmacological
and pharmacological treatment. Pharmacological treatment in
asymptomatic COVID-19 patients incorporates directing vitamin
C, vitamin D, and medications with antioxidant properties (5671,
Different treatments or extra estimates that can be given to
COVID-19 patients are Anti-IL-6 (Tocilizumab), Anti IL-1
(anakinra), stem cells, intravenous immunoglobulin (IVIg),
convalescent plasma treatment, vaccination, N-acetylcysteine,
colchicine, spironolactone, bronchoscopy, and therapeutic
plasma exchange (TPE) (89101,

Most COVID-19 patients had severe pneumonia with excess
mucus in the respiratory tract, and because of that, this review
focused on N-acetylcysteine NAC as a mucolytic agent. The
standard dose of NAC in pneumonia is (3x200 mg) orally,
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utilized as a mucolytic agent. In addition, NAC has antioxidant
and anti-inflammatory effects when used in high doses (600 —
2400 mg/day) orally, intravenously, and via inhalation [3.11.12],

According to De Flora et al [13, oxidative pathways play a
significant part in the development of practically all human
diseases, and antioxidants therapy shares a wide spectrum of
protective actions. It should be noted that, just as exposure to
oxidants increases the risk of getting a disease, antioxidants alone
are unlikely to totally prevent a pathological condition; rather,
they are expected to contribute to lowering its risk and reducing
the severity of its consequences. Oxidative stress, like a lack of
antioxidant systems, has a role in the aging process, especially
when it leads to changes in mitochondrial DNA.

Studies have shown that oxidative stress OxS is a harmful
condition caused by excess accumulation of reactive oxygen
species and is linked to lung disease 1“1, heart disease (16171,
neurological disorders [*8, diabetic complications*, liver 29
and kidney diseases?, and the biology of the aging process(?2.
Under physiological conditions, OxS is neutralized by
antioxidants among which glutathione (GSH) is the most
abundant endogenous intracellular antioxidant 23],

Oter 4suggested that free radicals include reactive oxygen
species (ROS), which cause redox-modulated signaling cascades
involving the transcription factors AP-1 (activator protein-1),
NF- kB (nuclear factor kappa-light-chain-enhancer of activated
B cells) and/or Nrf2 (nuclear factor erythroid 2—related factor 2),
which can mediate a variety either of physiological functions or
macromolecule alterations that lead to pathological conditions.
Free radicals, according to De Flora et al 1%, can be delivered
into the body from external sources or created in the body
through biochemical reactions, such as the Fenton reaction and
the Haber-Weiss reaction. While the creation of reactive
molecules is required for regular physiological and cellular
activities, its unregulated or excessive production can result in
‘oxidative/nitrosative stress.

According to Alamdari et al 51 and Dominair et al 28], natural
scavenging systems, such as the system of decreased GSH, are
the principal defensive mechanism against free radical damage.
GSH contributes an electron to an unstable molecule, such as
ROS, and then becomes reactive and can rapidly bind to another
reactive glutathione molecule, forming a glutathione disulfide.
This is possible under normal circumstances because of the high
concentration of GSH in cells. GSH deficiency, which can occur
as a result of COVID-19 or as a result of low levels due to other
factors, has been linked to the excessive stress that leads to
COVID-19 problems. On the one hand, SARS-CoV-2 infection
causes the production of free radicals, which depletes GSH
stores. Given that intracellular GSH levels are relatively stable
and regulated by many environmental stimuli, such as NF-xB,
ROS, and reactive nitrogen species, it is not surprising that less
GSH is available for other cellular processes in a COVID-19
patient. Low GSH levels, on the other hand, have been linked to
a number of pathologic diseases that are now thought to be risk
factors for severe COVID-19, including advanced age, male sex,
diabetes mellitus, hypertension, obesity, and even some drugs.

The failure of antiviral and anti-inflammatory agents to exhibit
favorable benefits, as well as the thorough investigation of the
aforesaid biochemical pathways, has encouraged various
researchers to investigate the effects of NAC as an adjuvant
treatment in COVID-19 patients.

N-acetylcysteine (NAC) is a drug that was first reported to have
clinical benefits in the early 1960s 271, Acetylcysteine, NAC, and
Rmercaptate are just a few of the names for this medication. The
organic compounds class is known as N-acyl-alpha-amino acids
1281, Cough, dry eyes, and influenza are just a few of the clinical
benefits of NAC. It is also frequently used as an antidote for
acetaminophen overdose and to lower nitrate tolerance. NAC is
also a common ingredient found in certain cosmetics and vitamin
supplements 291 Also, it is known as an antioxidant that acts
directly by increasing intracellular GSH, especially on hepatic
tissue [, It has an optimal thiol redox state, which is of great
importance to optimize the protective ability of the cell to
counterbalance oxidative stress (OS) and inflammation (31,

N-acetyl cysteine is an amino acid that contains a thiol group.
Cysteine includes sulfanyl (-SH) in its facet chain, which can be
beneficial with inside the motion of living cells and ions the aid
of using forming channels. The formation of disulfide bonds
among cysteine is known to get to the bottom of unique proteins.
Cysteine is a product of many occupied and unoccupied orbitals.
Its structure can provide an explanation for the feature and
medical importance of NAC [26:32.33],

Aldini et al B4 and Dominari et al 281 suggested that NAC has
been proposed as a potential prophylactic or adjuvant for
coronavirus disease-19 (COVID-19) therapy, a cost-effective
alternative for mild to severe cases. Also, it is commonly used in
the prevention and adjuvant treatment in conditions with thick
and tenacious mucus production, such as pneumonia, cystic
fibrosis, chronic bronchitis, and postoperative pulmonary
complications. NAC contains unbound sulfhydryl groups that
break disulfide bonds of the glycoprotein matrix within the
mucus, which helps dissolve the mucus, making NAC a potent
mucolytic. On the other hand, NAC is not only responsible for
managing the redox state by replenishing the thiol stores, but it is
also a cysteine precursor, making it a durable antioxidant.

According to de Andrade et al [ by extracellular deacetylation
of NAC, cysteine is released and introduced into cells via amino
acid transporters. The hypothesis is that free cysteine is required
for the synthesis of GSH.

The ways to provide NAC are oral and intravenous. The
administration of NAC orally is preferred, despite some clinical
situations that require intravenous administration [, It is a safe
and inexpensive medication and has been commercially
accessible for some time 3],

NAC consumed orally is absorbed in the stomach, and intestine
and is delivered to the liver via the portal vein. In the liver, NAC,
quickly, integrates peptides for the generation of proteins and a
diversity of metabolites 7381, NAC in plasma can be found in
various oxidized forms and in a reduced form. Also, it oxidized
to a disulphide, diacetylcystine, and it may react with other low
molecular mass thiols, such as cysteine and glutathione, forming
mixed disulfides. In addition, NAC can suffer redox reactions
with thiol groups of the plasma proteins and become oxidized [39.

Rushworth and Megson 8 proposed that NAC crosses the intact
cell membrane before suffering hydrolysis to cysteine within the
cell with the action of N-deacetylases. The rate-limiting step of
the synthesis involves the conjugation of Cys with L-glutamate
(glutamate—cysteine ligase; GCL), while L-glycine is added in a
subsequent synthetic step involving GSH synthase.
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The ability of an N-acetylcysteine to act as an antioxidant in a
biologically relevant situation is a highly complex concept, but
one that is central to understanding the mode of action of NAC
in many of its potential therapeutic uses. In addition, the location
of ROS generation, the ROS species generated, the relative
abundance of endogenous antioxidants in the locality, and the
rate constants of endogenous antioxidants for the ROS generated,
together with their relative concentrations, will all be vital
determinants of the success or failure of an administered
antioxidant in helping to prevent cellular damage 261,

N-acetylcysteine has been used for the treatment of paracetamol
toxicity [91, Also, it has been used as a beneficial drug treatment
for some disorders such as polycystic ovary syndrome,
Alzheimer's and Parkinson's diseases and in some cases, such as
improving pregnancy rate [, It has beneficial effects in other
chronic clinical conditions, such as inflammatory bowel disease,
obstructive pulmonary disease, systemic sclerosis, cystic fibrosis,
human immunodeficiency virus (HIV) infection, septic shock
and diabetes along with hepatic injuries [41:42,

In viral infections, NAC has been investigated since the early
1990s. In 1992, Roederer et al 13! showed that NAC inhibited
inflammatory stimulation in vivo, including that caused by HIV
replication. On the other hand, Geiler et al [* investigated that
NAC inhibited H5N1 replication and H5N1-induced production
of pro-inflammatory molecules. Molteni et al ! showed that
these findings are mostly explained by the effect of NAC on
reactive oxygen species (ROS). During viral infections, ROS is
produced via multiple pathways, including mitochondrial
reactions, degradation of lipids and proteins, and importantly
from respiratory burst reactions in phagocytes. Also, several
viruses such as HIV-1, Respiratory Syncytial Viral, and H5N1
have been shown to increase oxidative stress in the host by
dysregulating the oxidative stress pathways and causing an
escalation of ROS synthesis. On the other hand, high levels of
ROS help in the phagocytosis and apoptosis of infectious
organisms, while low levels promote viral replication and
mutations resulting in the development of resistant strains. As a
result of that, ROS causes significant host cell damage and lysis.

According to Sun 61 NAC scavenges ROS directly through
direct interaction with target proteins containing a cysteine
residue or thiol group, and indirectly by increasing the synthesis
of GSH. The potent antioxidant catalyzes the reduction of
hydrogen peroxide to water and oxygen and the reduction of
peroxide radicals to alcohols and oxygen. In addition, NAC
protects cells from apoptosis by chemically forming inactive
adducts or complexes.

SARS-CoV-2 infection is associated with an imbalance of
oxidants and antioxidants, resulting in inflammation and tissue
damage 71, Glutathione is an antioxidant widely found in the
body and plays a role in protecting cells from oxidative stress (1,
Giving NAC as a "glutathione-boosting treatment™ can reduce
pro-inflammatory cytokines to reduce the risk of the severity of
COVID-19 caused by cytokine storms in the body [48:49:50],

Gordon et al 54 suggested that NAC regulates pro-inflammatory
kinases, such as nuclear factor kappa B (NF-kB) through
activation of GSH and the direct antioxidant effect of its free thiol
group. Increased ROS levels activate NF-KB, a redox-sensitive
transcription factor that regulates the expression of pro-
inflammatory cytokines, like IL-1, IL-6, and tumor necrosis
factor-alpha, as well as genes associated with apoptosis. NAC, a

glutathione precursor, inhibits NF-kB, preventing tumor necrosis
factor (TNF alpha) activation and nuclear translocation of NF-
kB. The latter leads to a decrease in the production of
inflammatory cytokines.

COVID-19 and N-acetylcysteine NAC Data from studies

Nencini et al 52 indicated that oxidative stress is an imbalance
between the production and scavenging of reactive oxygen and
nitrogen species (ROS and RNS) and free radicals that can induce
lipid peroxidation, DNA fragmentation, and protein oxidation.
These damages result in the loss of membrane integrity, structural
and functional changes in proteins, and gene mutations [531,

Studies by 3455561 proved that the affected cells are trying to
neutralise reactive molecules by deploying their anti-oxidative
defense. Enzymatic antioxidants and non-enzymatic antioxidants
under physiological conditions are essential for cellular response
to deal with oxidative stress. They are affected and used as
indexes to evaluate the level of oxidative stress.

Oter et al 4 and De flora et al [*3 suggested that NAC direct
scavenge free radicals, and the constant reaction rate with ROS
is smaller than that concerning antioxidant enzymes such as
catalase and superoxide dismutase. Consequently, the direct
elimination of radicals is not as significant as its antioxidant
activity. Also, it is a strong antioxidant and a potential therapy
option for diseases characterized by the generation of free oxygen
radicals.

Amin et al Bl and Elgindy et al 8] indicated that NAC increases
intracellular levels of glutathione and decreases mitochondrial
membrane depolarization by preventing apoptosis and oxygen-
related genotoxicity in endothelial cells. The antioxidant
effectiveness comes from its position as a precursor to
glutathione, one of the most powerful naturally occurring
antioxidants.

Kumar et al 59 have studied GSH deficiency and oxidative stress
OxS in older humans, immunocompromised HIV patients and
diabetic patients and have reported that adjusting these defects
with GlyNAC (a mix of GSH precursor amino acids glycine, and
cysteine given as N-acetylcysteine) significantly improves
multiple additional defects and boosts health. Although GSH
shortage is thought to be the most common cause of significant
symptoms and death in COVID-19 patients, nothing is known
about GSH adequacy, OxS, or oxidant damage in COVID-19
patients.

Orally administered NAC at a dose of 1200mg each day in
hospitalised patients with moderate or serious COVID-19
pneumonia, prevents their clinical deterioration to severe
respiratory failure requiring invasive or non-invasive mechanical
ventilation and reduces 14- and 28-day mortality. Only serious
disease and standard-of-care therapy (without NAC) were related
to increased mortality. NAC survival benefit was mainly
attributed to essentially reduced mortality in patients with serious
19 pneumonia. As per the introduced outcomes, NAC
administration improved oxygenation over time, and reduced
leukocytes, CRP and d-dimers levels, which is suggestive of its
anti-inflammatory action [€°1,

A recent study by Zhang et al 61, showed that the addition of
1200 mg/d of NAC to conventional treatment reduced oxidative
stress and the inflammatory response. NAC has been shown to
prevent the development of ventilator-associated pneumonia in
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intubated patients, leading to a shorter duration of hospital and
intensive care unit (ICU) stays.

Oral administration of NAC is expected to reduce the chance of
developing COVID-19, as it has been previously demonstrated
for influenza and influenza-like diseases, based on a broad range
of antioxidant and anti-inflammatory mechanisms. Furthermore,
high-dose intravenous NAC could be used as an adjuvant in the
treatment of severe COVID-19 patients and in the control of its
lethal complications, such as pulmonary and cardiovascular
adverse events [62,

Clinical trials have recently shown that the ability of NAC to
replenish glutathione stores may altogether improve coronavirus
disease 2019 results, particularly in high-risk individuals. A
similar study by Dominari et al [?6 has concluded that NAC's
capacity to mitigate the effect of the cytokine storm and prevent
elevation of liver enzymes, C-reactive protein, and ferritin is
related to higher achievement rates weaning from the ventilator
and return to typical function in COVID-19 patients.

Subsequently, the discoveries of the study by Kumar et al [59
showed that COVID-19 is related to excessively raised OxS and
proof of oxidant harm is important, as it could contribute to
COVID-19-related injury and mortality. Focusing on OxS and
oxidant harm actually could be key in further developing health
and survival in COVID-19-infected patients. OxS begins from
the accumulation of excess reactive oxygen species which are
formed in mitochondria during the process of energy generation.
Cells usually depend on antioxidants for protection from OxS and
oxidant harm, and GSH is the most abundant intracellular
antioxidant. Along these lines, GSH lack can amplify the
destructive potential of OxS because of compromised antioxidant
defenses. In uninfected people, OxS tends to occur mainly in
older humans (>60 years of age) and not in younger age groups.
To be sure, the ‘free radical theory of aging’ was proposed in
1956 to suggest that elevated OxS in older humans could be
responsible for the aging process. Thusly, the observation in this
study that COVID-19-infected patients in the young (21-40
years) and middle-aged (41-60 years) groups have seriously
raised OxS and oxidant harm is significant, as it could assist in
explaining the health deterioration related to COVID-19 resulting
in hospitalization and death.

In published clinical trials by Kumar et al ! on older adults OA,
HIV-infected patients, and diabetic patients, it was reported that
GIyNAC supplementation for 2 weeks rapidly improves GSH
deficiency, OxS, and damage caused by OxS €364 and longer
durations of supplementation correct these defects (85 A
computational analysis of therapeutic targets and the discovery
of potential drugs against SARS-Cov-2 identified GSH as a key
potential candidate %61, GSH has been reported to inhibit
replication of the influenza virus (which causes viral respiratory
pneumonia with a high annual mortality rate in OA) 671, and the
study speculated that if boosting GSH can inhibit replication of
the SARS-Cov-2 virus which causes COVID-19, this could be a
game changer in the global fight against the COVID-19
pandemic. A small case study reported that increasing GSH
levels improved dyspnea in 2 patients infected with COVID-19
[68], and NAC supplementation is reported to have a beneficial
impact in ventilated COVID-19 patients [, However,
antioxidant supplements should be taken with caution in COVID-
19 due to the risk of generating reductive stress, a situation in
which excessive reductions in reactive oxygen species can be
harmful. Multiple clinical trials, " have shown that GlyNAC

successfully lowers OxS, without triggering reductive stress.
Additional advantages of GIyNAC supplementation come from
its capacity to provide the vitally important amino acids glycine
and cysteine. Glycine is a 1-carbon metabolite and a methyl-
group donor which is essential for DNA synthesis, cellular
reactions, brain, cartilage and cellular health.

De flora et al [3] and several other authors [7273] have proposed
the use of NAC in the prevention and/or treatment of COVID-19.
Because of its low toxicity profiles, the 60-year-experience of
clinical use and the way that NAC is supported by the FDA under
various formulations and is well known as a health supplement,
this drug might be repurposed as an anti-COVID-19 agent.

Two strategies, in particular, can be considered. The first one is
the oral administration of NAC, at the dose of 600 mg twice daily
to reduce the risk of developing COVID-19 and to lessen its
severity, especially during epidemic periods and in high-risk
individuals due to age and/or concomitant pathological
conditions or contact with infected SARS-CoV-2 carriers.
Interestingly, because this protocol has previously been shown to
reduce the incidence and severity of influenza and influenza-like
illnesses 74, the hypothesis that NAC administration can provide
broad protection against a variety of respiratory viral diseases is
mechanistically sound. Oral NAC (600 mg/twice daily) was also
found to be safe and beneficial in preventing and delaying
ventilator-associated pneumonia, as well as improving the
complete recovery rate in a high-risk (intensive care unit) ICU
group %2, A cross-sectional study of 164 COVID-19 patients in
Kolkata (India) indicated that moderate-severe patients who got
NAC along with standard medication had a variety of clinical
advantages [7%],

In the case of apparent COVID-19 forms, the second option is to
employ NAC as an adjuvant therapy, maybe in combination with
other medications, at the high intravenous doses similar to those
used as an antidote to paracetamol overdose. It is worth noting
that paracetamol, which is the chosen medicine for symptomatic
and domiciliary therapy of COVID-19 in its early stages, can
deplete GSH, especially in persons with greater COVID-19 risk,
raising the chance of severe COVID-19 forms [6l, As a result, the
use of paracetamol as a safer alternative to nonsteroidal anti-
inflammatory drugs (NSAIDs) in COVID-19 should be carefully
reconsidered and it would be important to further investigate
whether NAC supplementation should be used in cases of
prolonged administration of high doses of this antipyretic and
analgesic compound, regardless of COVID-19 [®. The
intravenous use of NAC improves a case of severe COVID-19
infection treated with hydroxychloroquine in a patient lacking in
glucose 6-phosphate dehydrogenase (G6PD), which enhances
human coronavirus infection due to GSH depletion 3. In
contrast, a double-blind, randomized, placebo-controlled trial in
Sao Paulo, Brazil, involving 135 individuals with severe
COVID-19 (confirmed or suspected) found no benefit from a 20-
hour intravenous injection of 21 g NAC (approximately 300
mg/kg) in terms of the need for endotracheal intubation and
mechanical ventilation 771,

2. DISCUSSION

Several in vitro and in vivo research have looked at the probable
mechanisms of NAC beneficial actions. Beyond its well-known
role as a precursor of glutathione, NAC has been shown to have
a variety of antioxidant and anti-inflammatory properties,
including (i) downregulation of the inflammasome NLRP3,
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which reduces pro-inflammatory cytokine expression and release
from activated mononuclear phagocytes 78, (ii) inhibition of
endotoxin-induced release of IL-1b, IL-8, and TNF-a [, (iii)
improves gut barrier dysfunction, preventing systemic
endotoxemia and inflammatory response, while previous studies
have linked COVID-19 to gut barrier dysfunction and systemic
endotoxemia [8°81, (iv) downregulates programmed cell death
protein 1 expression in (T helpers cells) CD4 and (T suppressor
cells) CD8 lymphocytes [#21. NAC may also have a direct antiviral
effect against SARS-CoV-2.

Previous case studies and series of patients with COVID-19 have
shown that NAC administered at 1200 mg/d created a positive
clinical impact [60.68.71,

Early NAC withdrawal in COVID-19 has been linked to a return
of laboratory indices of inflammation, according to earlier
research [31. Clinically, very high doses of intravenous NAC (200
mg/kg/d) have been used to treat (acute respiratory distress
syndrome) ARDS. However, sector found no evidence of a
survival benefit from high NAC dose administration, despite the
fact the length of ICU stay was reduced [, It should not be
forgotten that large doses of other free radical scavengers
including beta-carotene, vitamin E, and vitamin C have been
linked to increased oxidative stress in the past 84,

Previous in vitro and experimental animal studies have
investigated that higher doses of NAC may have a pro-oxidant
effect, depending on the nature of the radicals generated by the
biological system. In particular, high NAC doses have been
demonstrated to promote (ferrous) Fe2/ (hydrogen peroxide)
H202-dependent oxidative stress and superoxide radical
production [85:86],

A study by S.F . Assimakopoulos et al 8% provides evidence that
1200 mg/d of oral NAC administration in patients with COVID-
19 pneumonia prevents the development of severe respiratory
failure and improves survival.

According to human clinical trials, Kumar et al [ GIlyNAC
supplementation  improves inflammation,  mitochondrial
dysfunction, endothelial vascular dysfunction, insulin resistance,
genotoxicity, autophagy/mitophagy and muscle strength, in
addition to GSH shortage and OxS [#7], This is significant because
patients with COVID-19 have similar problems. Overall, the
findings of this study, as well as previous clinical trials
observations on the potentially beneficial role of GIyNAC
supplementation in COVID-19-infected patients, indicate the
need for more research to determine the impact of GlyNAC
supplementation in COVID-19-infected patients [88.89,

NAC may be advocated in the prevention and treatment of
COVID-19. Especially in the elderly and people with chronic
conditions that predispose them to these diseases and make them
worse. Individuals who have been in close vicinity to SARS-
CoV-2 carriers, especially those identified by smartphone contact
tracing apps, may be an additional target for oral NAC to reduce
the chance of getting COVID-19 "1, NAC administration has
been proposed as one of the viable methods for preserving
endothelial function and reducing microthrombosis in COVID-
19 severe variants [,

Intravenously administered NAC at the high doses commonly
used in cases of paracetamol intoxication, given at the first onset
of chest symptoms, would be expected to play an adjuvant
therapeutic role in combination with antivirals or other drugs in

case of severe COVID-19 forms with pulmonary and/or systemic
symptoms.

Because the redox environment of the ACE2 receptor of SARS-
CoV-2 spikes is regulated by the thiol-disulfide balance in the
extracellular region, and because replenishment of depleted GSH
stores by NAC exerts formidable antioxidant and anti-
inflammatory effects, NAC has been proposed as anti-SARS-
CoV-2 agents. These effects may be useful in controlling the
cytokine storm that is a characteristic of COVID-19 131, The
angiotensin-converting enzyme 2 (ACE2) receptor binds to
SARS-CoV-2 spike proteins, which initiates the viral replication
cycle in cells [,

Many cell types carry angiotensin-converting enzyme (ACE) and
ACE2 proteases on their surfaces, which have the same
substrates, angiotensin | and angiotensin Il, but the opposite
actions 3. SARS-CoV-2 reduces ACE2 availability and
promotes ACE activity by binding it when it enters human cells
192 In patients who have an inherent tendency to have larger
levels of ACE the imbalance between ACE and ACE2 can be
much more noticeable. It is well known that ACE/ACE?2 ratios
can differ among individuals and ACE-predominant people are
more prone to excessive inflammation [25],

3. CONCLUSION

In the treatment of several viral infections, NAC has shown
encouraging benefits. It inhibits viral replication and lowers viral
load by boosting GSH levels. Several studies have recently
sought to investigate the effects of NAC in severe COVID-19
patients, with mixed findings. Although it appears that the
capacity of NAC to reduce pro-inflammatory cytokines
production and moderate the impact of cytokine storms could
contribute to better outcomes in COVID-19 patients, there is
currently little evidence to support this. Based on the information
presented above, this paper's author suggests that using NAC will
improve outcomes in COVID-19 patients. Furthermore, due to
the high safety profile and inexpensive cost of oral NAC, its use
as an adjuvant therapy in COVID-19 could be beneficial.
According to recent studies, NAC efficacy and prognosis are
based on the dose and duration of NAC administration. As a
result, more in vivo and in vitro experiments are needed to
determine the proper NAC doses in cases with COVID-19
infection. Furthermore, the best timing to start NAC treatment
initiation (e.g. just after symptoms appear or later in the disease
course) has yet to be determined.
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Abstract

Background: Anemia is one of the most common and significant complications of chronic kidney disease (CKD) which is
related to decreases in the glomerular filtration rate (GFR). Anemia is generally defined as a hemoglobin count of less than
13.0 g/Id in men and less than 12.0 g/dL in premenopausal women. Anemia of CKD is of a multifactorial origin; the widely
accepted etiology being decreased renal production of erythropoietin (EPO). Since the kidney's production of erythropoietin
serves as the primary stimulus for the production of red blood cells, CKD patients have lower levels of erythropoietin, which
in turn can cause anemia. Anaemia in CKD patients is normocytic, normochromic and hypoproliferative.

Aim: Determination of proportion and risk factors of anemia in CKD patients.

Materials and method: A cross-sectional sectional study with a sample size of 91 CKD patients on conservative treatment.
A questionnaire was used to interview patients who had been enrolled in the study. It included sociodemographic data, body
mass index (BMI), past medical history, drug history, and laboratory data.

Results: The overall prevalence of anemia was 35.2% among CKD patients on conservative treatment. The mean age of
patients was 62.9+14.65 SD years and the mean BMI was 27.65+5.5SD. Most of the patients were from the OPD clinic
(GFR>15 ml/min/1.73 m2). 60% of the patients were hypertensive and diabetic. Hemoglobin (HB) levels were 10.52 + 2.7
SD. According to to mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH), the type of anemia
observed was normocytic and normochromic. Most of the patients were commonly prescribed an oral and an injectable iron
supplement.

Conclusion: Anemia was prevalent in CKD patients and the severity increased with the degree of renal damage; however, it
is sub-optimally managed. Screening and management of anemia for patients with renal disease should focus more on patients
with lower GFR.

Keywords: chronic kidney disease, anemia, conservative treatment.
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1. INTRODUCTION

Chronic kidney disease (CKD) is indicated by a drop in the
estimated glomerular filtration rate (eGFR) of less than 60
ml/min/1.73 m? (or alouminuria of 30 mg per 24 hours) for more
than 3 months, as well as by functional or structural renal
deformities. ™M According to eGFR and albumin, there are five
stages of CKD: ratio of creatinine (eGFR > 90 + ACR > 30) Stage
1: (eGFR 60-89+ACR > 30) Stage 2 Stage 3 (eGFR 30-59)
Stages 4 and 5 of renal disease are defined as (eGFR 29-15) and
(eGFR 15), respectively.[@

The global figures estimated that 8% to 16% of people have
CKD, which is believed to affect nearly 10.4% of Africa's adult
population. According to eGFR and the level of proteinuria, it is
classified as a significant risk factor for developing
cardiovascular  disease.®!  Worldwide, diabetes and/or
hypertension are the most frequently cited causes of CKD, but
many developing nations in Asia and sub-Saharan Africa also
experience high rates of glomerulonephritis, infection, and
environmental exposures (such as air pollution, herbal remedies,
and pesticides).l

CKD is associated with serious complications, such as an
increased risk of cardiovascular disease, hyperlipidaemia,
metabolic bone disease and anemia.l®! Anemia is generally
defined as hemoglobin of less than 13.0 g/Id in men and less than
12.0 g/dL in premenopausal women.[®l Haemoglobin levels are
lower in CKD patients than in the general population. Anaemia
in CKD patients is typically caused by iron deficiency and
inflammation. All CKD patients should have their haemoglobin
checked during their initial CKD evaluation. In contrast to
normal renal function, CKD has different definitions of iron
deficiency.

Absolute iron deficiency in CKD is defined when the transferrin
saturation (TSAT) is <20 percent and the serum ferritin
concentration is <100 ng/M1.IIBlAnemia seems to be a CKD side
effect that is linked to both a lower quality of life and a higher
rate of death. It raises the possibility of CKD progression. [°!

Erythropoietin (EPO) is a hormone formed mainly in the kidneys.
Normally, about 90 percent of all erythropoietin is formed in the
kidneys, and the remainder is formed mainly in the liver. It is not
known exactly where in the kidneys the erythropoietin is formed.
EPO serves as the primary stimulus for the production of red
blood cells. CKD patients have lower levels of EPO, which can
cause anemia.lt%

Relevantly, iron has a number of intracellular pathways that may
improve immune response, thermoregulation efficiency, energy
metabolism, exercise capacity, or quality of work.[1112]

Functional iron deficiency is characterized by sufficient iron
stores despite insufficient iron availability for integration into
erythroid precursors. Absolute iron deficiency is characterized by
severely reduced or absent iron stores. The higher hepcidin levels
are the cause of the latter.["]

Patients with CKD frequently have an iron deficiency, which
reduces the effectiveness of medications that stimulate
erythropoiesis (ESA).[13I141 According to recommendations,
intravenous iron supplementation is the method of choice for
CKD stage 5 patients receiving dialysis.[115]

This cross-sectional study was undertaken to determine the
proportion of anemia in patients with CKD who regularly follow
up at the Benghazi Nephrology Center, as well as to identify the
associated risk factors, with the aim to develop recommendations
that could be valuable in minimizing the occurrence of anemia
and its consequences in those patients.

2. PATIENTS AND METHOD:

Patient records were gathered from the Benghazi Nephrology
Center to achieve the aim of the study. The Benghazi Nephrology
Center is a public healthcare facility that receives the vast
majority of CKD cases in Benghazi. Moreover, complicated
cases are referred to this center from the other towns in eastern
Libya. The data from the sample, which included 91 patients, was
collected from January 15th to 15th March 2022 using a pre-
designed questionnaire that was used to collect information from
the files of patients. (See the appendix).

During the process of data collection, the following inclusion
criteria were considered: outpatient department patients with
regular follow-up (OPD from stage 1 to 4 and ESRD clinic for
stage 5) who are on conservative treatment and who are over 18
years of age. The exclusion criteria included: patients who had a
known cause of anemia other than renal disease, renal
transplantation, hemodialysis patients, and pregnant women.
After acquiring permission from the Nephrology Center and
verbal consent from the patients, a questionnaire was used to
interview patients who had been enrolled in the study.

The questionnaire had three main sections. The first section was
used to obtain social demographic information such as name, age,
and sex. Body mass index (BMI) was calculated. The second
section was used to obtain medical history, duration of the renal
failure and laboratory information obtained from patients' files
such as hemoglobin values, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), Creatinine, phosphorus,
calcium, renal function test (RFT), estimated GFR according to
Modification of diet in renal disease (MDRD), parathyroid
hormone (PTH). The third section included the medication
history which was used to obtain information on the type of
medication the patient was currently taking.

Data Analysis

Statistical Package of Social Sciences (SPSS) Version 21.0 was
used for data entry processing and analysis. Descriptive and
inferential analysis of the data were used accordingly to describe
the study population and find the associations and correlations
between the studied variables. Demonstrating graphs, diagrams
and tables were displayed when applicable and a significance
level of less than 5% and 95% confidence interval were
considered.

3. RESULTS:

91 patients were involved and completed the study. The male-to-
female ratio was approximately equal as shown in (figure 1.1).
The results showed that the mean age of patients was 62.9 +14.65
years and the mean BMI was 27.65+5.5SD. Most of the patients
were from the OPD (figure 1.2).
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Figure 1.2 The stages of CKD among the sample

More than half of the patients (60%) had both diabetes and
hypertension. The mean GFR was 53.2+16.4 and most of the
patients were in the third and fourth stages according to the
classification of CKD stages. Regarding the symptoms, most of
the patients complained of fatigue (45.53%), dyspnea (16.28%),
loss of appetite (15.12%) dizziness (15.12%) and other
symptoms (8.14%). HB levels were 10.52 + 2.7 SD. Furthermore,
more than a third of the study sample (35.2%) was anemic. Most
of the patients (82.4%) were commonly prescribed oral iron
supplements and 17.6% of them were on injectable iron
supplements. The laboratory data of the patients are shown in
Table 1. There was a significant correlation between hemoglobin
levels and estimated GFR with P value=0.002.

Table (1) Laboratory test results

NUMBERS Meanz St.D

RBC (*108\ul) 91 3.7152+ 0.83956
HB (gm\dl) 91 10.5232+2.70730
MCV (fl) 91 83.7352+10.77507
MCH (pg) 91 29.7486+8.27576

CA (mg\dl) 90 8.9222+1.03863
UREA (mg\dl) 81 110.2370+78.14526

Creatinine (mg\dl) 89 1.5112+1.26771

Phosphors (mg\dl) 91 5.5112+5.60768
PTH (pg\ml) 82 211.5920+114.72065

RBC-= red blood cell, HB = [hemoglobin], MCV= [mean corpuscular
volume], MCH= [mean corpuscular hemoglobin.] MCHC= [mean
corpuscular hemoglobin concentration], CA= [calcium], PTH =
[parathyroid hormone].

4. DISCUSSION:

This cross-sectional study was undertaken to determine the
prevalence of anemia in CDK patients with scheduled follow-ups
in the Benghazi Nephrology Center, as well as to identify the
associated risk factors. In this study, the median age of CKD
patients was 62 years. A similar study conducted in Ghana [Carol
Kimmy Maina] found that the median age was 55 years. Patients
who are 65 years of age or older are more likely to have severe
renal dysfunction.[6]

Regarding sex distribution, the current study revealed that the
male-to-female ratio was approximately equal with regard to
CKD. In contrast; A higher male-to-female ratio was found in
studies conducted in Spain, the United States, and Nigeria [50—
52]. This could be related to the fact that the size of the sample
was small.[t7]

About 60% of the patients in this study had both diabetes and
hypertension. A study conducted by Erfanpoor in 2021
concluded that there is no synergic effect between diabetes and
hypertension on the incidence of CKD.[1¢]

The occurrence and worsening of CKD are caused by
hypertension. In the US, it ranks as the second most common
cause of kidney failure. In modern nations, hypertension is the
most prevalent chronic illness, accounting for nearly 7.1 million
annual global fatalities. According to the US Renal Data System's
annual reports, in 2013, hypertension may have contributed to up
to 25% of cases of CKD.[*I2This is most likely a result of the
high prevalence of hypertension, which raises the risk of
cardiovascular disease and CKD mortality.[?1]

The leading medical issue among those who presented with
anemia and the leading cause of CKD, respectively, was
hypertension. According to other studies conducted in Tanzania
and South Africa, the prevalence of anemia was 15% in US CKD
patients, 45-55% in Asian CKD patients, and 50-90% in African
CKD patients. 221231241125, Different results have been reported in
the UK and the USA, where it was discovered that diabetes

mellitus was the primary cause of CKD and ultimately anemia.
[26][17]
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According to this study, stage 3 of CKD was the most common.
This was in line with the multi-center study conducted in Saudi
Avrabia. Anemia was a frequent side effect in people with CKD.
Anaemia was found to be highly prevalent in this study. Similar
results have been reported from studies conducted in the UK
(27.5%) and Singapore (35.4%) (NCGC, 2015).[27

Anemia was also twice as common in people with CKD than in
the general population, according to National Health and
Nutrition Examination Survey (NHANES) data. Anaemia was
highly prevalent, according to a prospective cross-sectional study
done in a tertiary hospital in Ghana. The social and demographic
factors and anemia of CKD did not correlate.[*]

Another study carried out in Saudi Arabia found a high
prevalence of CKD-related anemia and a comparatively high
burden of patients who needed erythropoietin treatment. [171[281(29]
On the other hand, studies conducted in the US have revealed a
lower prevalence. [0

This study's laboratory data showed that the anemia was
normocytic normochromic anemia. Anemia of CKD was a type
of normocytic, normochromic, hypo proliferative anemia,
according to Hira Shaikh et al. It carries a higher risk of death
and was frequently linked to poor outcomes in CKD. 31

The disparate results might result from variations in geographic
location, lifestyle, racial makeup, and genetic makeup.
Additionally, the variations in the study populations might be
accounted for. CKD was the most typical cause of anemia. Other
studies had reported obtaining similar results. 23]

The majority of anemic patients frequently receive an oral iron
supplement prescription. According to recommendations, iron
supplementation was advised in CKD patients with anemia and
either an absolute or functional iron deficiency. CKD stage 5
patients receiving dialysis should take an IV iron supplement, and
those receiving conservative treatment for their CKD should take
either an 1V or an oral iron supplement (CKD stages 3-5). [32

Most CKD patients, especially those in stages 3, 4, or 5, should
take an EPO-type medication because anemia becomes more
prevalent as the glomerular filtration rate decreases below 30 to
60 mL/min and the negative consequences of anemia become
more significant. [33134163]

A declining GFR has a strong correlation with anemia
prevalence. This result was consistent with findings from a
population-based study using the NHANES in the United States,
which showed that anemia prevalence increased gradually as
eGFR fell to below 60 mL/min/1.73 m2[361[24]

Even though elderly patients with damaged kidneys produce less
EPO, a hormone

that signals in the bone marrow, anemia was likely to be more
common in elderly

patients with CKD.[24[37]
5. CONCLUSION:

This paper presented an overview of the epidemiology, risk
factors and treatment of anemia in CKD patients at the Benghazi
Nephrology Center in Libya. The leading causes of treated CKD
were DM and hypertension with the frequent co-morbidities of
hypertension. There was a high prevalence of normocytic
normochromic anemia of CKD. Reduction of synthesis of EPO

and inappropriateness in drug prescription was noted in some
patients. Early screening and optimal management of the anemia
of CKD may contribute greatly to reducing morbidity and
mortality from cardiovascular events. Proper knowledge,
practice and attitudes toward the care of CKD patients should
always be emphasized.

6. RECOMMENDATIONS:

e Early screening and optimal management of the anemia of
CKD may contribute greatly to reducing morbidity and
mortality.

e Another study including all modalities of treatment of CKD-
hemodialysis, peritoneal dialysis, and kidney transplant- is
strongly recommended.

7. LIMITATIONS:

The small size of the sample. Additionally, full investigations
that may contribute to identifying the type and treatment of
anemia, (e.g. serum iron, transferrin, serum ferritin) were not
available in the patients' files.
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