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2-[(Dipyrrolidin-1-yl) methylene] malononitrile
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Abstract: This study aims to synthesis 2-[(dipyrrolidin-1-yl)methylene] malononitrile 2 and
identify its crystal structure by X-ray diffraction analysis. 2-[(dipyrrolidin-1-yl)methylene]
malononitrile was prepared by a direct displacement of the methylthio group (SMe) in the 2-
[bis(methylthio)methylene] malononitrile 1 with pyrrolidine as cyclic secondary amine by
conjugating addition-elimination reaction under reflux conditions for two hours. The com-
pound was obtained in high yield (80%). The structure of compound 2-[(dipyrrolidin-1-
yl)methylene] malononitrile 2 was identified by performing X-ray diffraction analysis. Suita-
ble crystals of compound 2 were grown by slow evaporation of methanol solution of the com-
pound. The compound 2 crystallized in an orthorhombic crystal system with a space group of
Pbcn. In the title compound, the two cyanide groups and the two pyrrolidine rings adopted
trans configurations across the C2=C3 bond. The bond lengths and angles of the two pyrroli-
dinyl rings in the compound are within the normal range. The maximum deviation of
N5/C2/C3/C4/N5%/C4* is 0.002(1) around C4, and no deviation has been recorded for the
fragment N1/N1%/C2/C3 (0.000 (1)°). The dihedral angle between the pyrrolidine ring and
N1/N1%/C2/C3 is 33.06(8)°, and the dihedral angle between the pyrrolidine ring and
N5/C2/C3/C4/N5%/C4" is 50.57(7)°. The crystal packing is stabilized by two intermolecular
and one intramolecular C---H...N hydrogen bonds, which form a one-dimensional polymeric
chain along the axis.

Keywords: single-crystal X-ray study; crystal structure; orthorhombic crystal system; direct
displacement; R factor = 0.040, wR = 0.110.

INTRODUCTION

Ketene-N,S- and -N,N-acetals, which are a
group of compounds derived from enamines
and belong to the acetal chitin family, are
very reactive and electronically rich. Ketene
acetals are of interest not only because of
their unique electronic properties but also for
their importance as versatile building blocks
in organic synthesis. According to the num-
ber and types of compounds, keten N,S-acetal
is the biggest family in the world of ketene

acetals (Zhang et al., 2016). Having the struc-
tural feature of ketene S,S-cetals and enami-
nones make ketene N,S-acetals versatile and
easy to use, particularly in multicomponent
and cyclization reactions for the synthesis of
various heterocyclic systems and related nat-
ural products (Al-Adiwish et al., 2019; Al-
Adiwish et al., 2013; Gouda et al., 2010;
Khalil et al., 2009; Misra et al., 2007; Zhang
et al.,, 2016). In addition, they; are used as
intermediates in dye and are often used in
pharmaceutical industries (Al-Adiwish et al.,

*Corresponding author: Wedad M. Al-Adiwish w.aladiwish@zu.edu.ly Department of Chemistry, Faculty of Science, Zawia University, Zawia,

Libya.
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2019; Al-Adiwish et al., 2013; Al-Afaleq,
2001; El-Saghier et al., 2008; Elgemeie et al.,
2007; Gouda et al., 2010; Khalil et al., 2009;
Misra et al., 2007). Due to the push-pull al-
kene skeleton, they are useful reactants and
synthetic building blocks for other highly
functionalized molecules (Zhang et al.,
2016). In spite of the characteristics of ketene
acetals and the increasing wealth of infor-
mation about their synthesis and synthetic
applications, there are limited routes to their
formation as isolable products (Paris,
Schwartz, Sundall, et al.,, 2021; Paris,
Schwartz, & Willand-Charnley, 2021; Zhang
et al., 2016). The a-Cyanoketene-N, N-acetals
are generally prepared by the direct amina-
tion reaction of a-cyanoketene-S,S- and N,S-
acetals with appropriate amine (Elgemeie,
Ali, et al., 2003; Elgemeie, Elghandour, et
al., 2003; Elgemeie et al., 2004; Elgemeie et
al., 2007; Ma et al., 2009; Sommen et al.,
2003; Suryawanshi et al., 2007).

Therefore, we report here an easy and effi-
cient method to prepare 2-[(dipyrrolidin-1-yl)
methylene] malononitrile 2 by direct dis-
placement of the methylthio group (SMe) in
the 2-[bis (methylthio) methylene] malono-
nitrile 1 with pyrrolidine by conjugating ad-
dition-elimination reaction.

MATERIALS AND METHODS

All chemicals were of reagent grade. In this
study, X-ray diffraction was used. CRYS-
TAL, SIR92, CAMERON, and ORTEP2
software were used for molecular drawing
and preparing the crystallographic data. The
following symbols are used; 2-[bis (methyl-
thio) methylene] malononitrile is compound
1; 2-[(dipyrrolidin-1-yl) methylene] malono-
nitrile is compound 2.

Synthesis of 2-[dipyrrolidin-1-ylmethylene]
malononitrile 2: Reflux of 2-[bis (methyl-
thio) methylene] malononitrile 1 (1.93 g, 0.01
mol) with pyrrolidine (1.50 ml, 0.02 mol) in
(20 ml) of ethanol for 2 hours (Al-Adiwish et
al., 2013). The solvent was evaporated in a

vacuum to obtain a solid crude yellow, which
was collected and purified using methanol,
and the percentage yield was 80%. Suitable
crystals of compound 2 were grown by slow
evaporation of the methanolic solution of the
compound. The melting point of compound 2
was determined using a hot stage Gallenkamp
(r)nelting point apparatus, which was 166-168
C.

Crystal structure determination: The data
were collected at room temperature with the
Bruker SMART APEX CCD spectrometer.
The crystal of compound 2 was placed in the
cold stream of an Oxford Cryosystems open-
flow nitrogen cryostat with a nominal stabil-
ity of 0.1K. TLC analysis was carried out on
silica gel of Merck No. 5545 to monitor the
completion of reactions, in which ethyl ace-
tate-methanol (4:1) was used as eluent. The
software used for the direct method, least-
squares F* analysis, molecular drawing, and
preparing the crystallographic materials are
CRYSTAL, SIR92, CAMERON, and OR-
TEP2. For further information, see references
(Allen et al., 1987; Altomare et al., 1994;
Betteridge et al., 2003; Pro, 2010; Watkin et
al., 1996).

RESULT AND DISCUSSION

Synthesis: The o-Cyanoketene-N, N-acetals
are generally prepared by the direct amina-
tion reaction of a-cyanoketene-S,S- and N,S-
acetals with appropriate amine. The crystal
structure of 2-[(dipyrrolidin-1-yl)methylene]
malononitrile 2, is reported here, which was
synthesized by direct displacement of the me-
thylthio group (SMe) in the 2-[bis (methyl-
thio) methylene] malononitrile 1 with cyclic
secondary aliphatic amine as pyrrolidine by
conjugating addition-elimination reaction in
refluxing ethanol for 2 h. The solvent was
evaporated in a vacuum to produce an oily
viscous crude product that was purified by
performing column chromatography with an
ethyl acetate and hexane (1:1) eluent. The
solvent was concentrated in vacuum to obtain
a solid crude product, which was collected

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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and purified using methanol. The percentage
yield was 80%, and this high yield indicates
the efficiency of the method used to prepare
the target compound 2. Equation 1 illustrates
the synthesis method of the target compound

2.
CN NC CN
| 2 mol Pyrrolidine l
Ethanol, Reflux

MesS SMe 2h O D
1 2
of 2-[dipyrrolidin-1-

Equation (1). Synthesis
ylmethylene] malononitrile 2.

NC

The formation of 2-[(dipyrrolidin-1-yl) meth-
ylene] malononitrile can be explained by the
proposed mechanism shown in Equation 2
(Elgemeie et al., 1997). The 2-[(dipyrrolidin-
I-yl)methylene] malononitrile 2 was pro-
duced via a nucleophilic attack of the NH
group of the pyrrolidine on the B-carbon of
the ethylenic bond in compound 1, followed
by the elimination of methanethiol. Intermo-
lecular attack by another pyrrolidine with the
loss of another methanethiol yielded the cor-
responding 2-[(dipyrrolidin-1-yl) methylene]

malononitrile 2.

NC o3
B
2 MeSH
Mes 7| ¥
H
a
(x
b CN NC._ _CN
& MeSE

Equation (2). Mechanism formation of 2-

[(dipyrrolidin-1-yl)methylene]malononitrile 2

X-ray crystallography: The structure of 2-
[(dipyrrolidin-1-yl) methylene] malononitrile
2 was identified by x-ray diffraction analysis.
Suitable crystals of the compound were
grown by slow evaporation of the methanol
solution of the compound. Table 1 has a
summary of the crystal data and x-ray data

collection, data reduction, and structure re-
finement results for compound 2.

Table (1). Crystal data and structure refinement for 2-
[(dipyrrolidin-1-yl)methylene]malononitrile 2.

Crystal data (1)

Chemical formula CsHgN,

M, 108.14

Crystal system, space group Orthorhombic, Pbcn

Temperature (K) 150

a,b,c(A) 16.7024 (5), 8.2383
(3), 8.5041 (3)

V(A 1170.15 (7)

VA4 8

Radiation type Cu Ka

p (mm ) 0.61

Crystal size (mm) 0.13 x 0.10 x 0.06

Data collection (2)

Diffractometer Area

No. of measured, independent 12227, 1137, 977
and observed [/ > 2.06(])] re-

flections

Rin 0.027

(sin 0/A)max (A7) 0.614

Refinement (3)

R[F? > 20(F%)], wR(F?), S 0.040, 0.110, 0.94
No. of reflections 1134

No. of parameters 74

APrmaxs APmin (€ A7) 0.19, -0.18

The ORTEP plot of 2 with the numbering
equation is presented in Figure 1. The com-
pound crystallized in orthorhombic crystal
system with space group of Pbcn

Figure (1). The structure of 2-[(dipyrrolidin-1- yl)
methylene]malononitrile 2 showing the atom number-
ing equation with ellipsoids drawn at the 50% proba-
bility level.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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In the title compound, the two cyanide groups
and the two pyrrolidine rings adopting trans
configurations across the C2=C3 bond, as
shown in Figure 2.

Figure (2). Crystal packing of 2-[(dipyrrolidin-1-yl)
methylene] malononitrile 2 viewed down the ¢ axis

The bond lengths and angles of the two pyr-
rolidinyl rings in the compound 2 are within
the normal range (Allen et al., 1987). Select-
ed bond distances, angles and torsion angles,
are presented in Table 2. The bond length of
C2=C3 [1.429(2) A] is longer than the aver-
age [C=C (1.34A)] and indicates the single
C—C bond character (1.455A).

In addition, the bond length of C2-N1
[1.3400(13)A] and the bond length of C3—C4
[1.4148(16)A] are shorter than the normal
[C-N (1.47A)] and the average [C—C
(1.455A)], respectively. This is probably due
to the strong 7~delocalization between the C2
and nitrogen atoms which is give rise to a de-
crease in the bond length of the C—N and an
increase in the bond length of the C=C and
became highly polarized.

The mean planes data for compound 2 and
the dihedral angles between the planes, are
listed in Table 3. The fragments
N1/N1%/C2/C3 and N5/C2/C3/C4/N5a/C4a
are both planar. The maximum deviation of
N5/C2/C3/C4/N5a/C4a is 0.002(1) around
C4, and no deviation has been recorded for

the fragment N1/N1%/C2/C3 [0.000 (1)°]. The
dihedral angle between the two planes is
27.80(5)°. The pyrrolidine ring N1/ C6/ C7/
C8/C9 is almost planar with a maximum de-
viation of 0.272(2)° around CS8.

Table (2). Selected geometric parameters (A, °) of the
2-[(dipyrrolidin-1-yl)methylene] malononitrile 2.

Bond Bond length [A]
N(1)-C(2) 1.3400(13)
N(1)-C(9) 1.4822(18)
C(2)-C(3) 1.4292)
C(3)-C(4) 1.4148(16)
C(7)-C(8) 1.519(2)
N(1)-C(6) 1.4854(16)
N(5)-C(4) 1.1529(19)
C(3)-C(4) 1.4148(16)
C(6)-C(7) 1.522(2)
C(8)-C(9) 1.524(2)
C(2)-N(1)-C(6) 123.93(11)
C(2)-N(1)-C(9) 125.63(11)
C(6)-N(1)-C(9) 110.44(10)
N(1)-C(2)-C(3) 119.62(8)
N(1)-C(2)-N(1)a 120.76(14)
C(3)-C(2)-N(1)a 119.62(8)
C(2)-C(3)-C(4) 122.98(8)
C(2)-C(3)-C(4)a 122.98(8)
C(4)-C(3)-C(4)a 114.05(14)
N(5)-C(4)-C(3) 177.02(15)
C(2)-N(1)-C(9)-C(8) 162.79(12)
N(1)-C(2)-C(3)-C(4)a  27.70(9)
C(6)-N(1)-C(2)-C(3) 25.68(14)
C(6)- N(1)-C(2)-N(1)  154.32(11)
C(9)-N(1)-C(2)-C(3) 154.40(11)
C(9)-N(1)-C(2)-N(1)a  25.60(16)
C(2)-N(1)-C(6)-C(7) 169.68(11)
C(2)-N(1)-C(9)-C(8) 162.79(12)
N(1)-C(2)-C(3)-C(4)a  27.70(9)
C(6)-N(1)-C(2)-C(3) 25.68(14)

The dihedral angle between the pyrrolidine
ring and N1/N1%/C2/C3 is 33.06(8)°, and the
dihedral angle between the pyrrolidine ring
and N5/C2/C3/C4/N5a/C4a is 50.57(7)°.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (3). Plane deviations and angles [°] between
selected planes in the structure of 2.

Atom with
Angle be-
Plane greatest de-
o tween planes
viation
N1/N1a/C3/C3(i) 0.000 (1) i&ii=
27.80(5)
N5/C2/C3/C4/N5a/C4a(i C4;0.002(1) i&iii=
i) 33.06(8)
N1/C6/C7/C8/C9(iii) C8;0.272(2) ii &iii=
50.57(7)

The hydrogen bonding geometry of com-
pound 2 is listed in Table 4. An intramolecu-
lar C(6) H(62) N(5) hydrogen bond has been
observed in the structure of the compound.
The C—H...N hydrogen bonds further stabi-
lize the packing down the ¢ direction, Figure
2.

Table (4). Hydrogen-bonding geometry (A, °) for 2

D—H...A D— H..A D..A D—
H H..A

C(6)-- 1.02 2.62 3.3958(19) 134

H(62)..N(5)*

C(6)-- . 1.02 261  3.2392 120

H(61)..N(5)'*

C(9)-- 1.02  2.61  3.494(2) 145

H(92)..N(5)"°

* Intramolecular, *Intermolecular; Symmetry codes: (i) 1-x,1-y,1-z;
(ii) x,1-y,1/2+z

CONCLUSION

In summary, we have successfully synthe-
sized and studied the crystal structure of 2-
[(dipyrrolidin-1- yl) methylene] malononitrile
2. The percentage yield was 80%. The crystal
data, X-ray data collection, data reduction,
and structure refinement results of com-
pounds were presented in this paper. The
compound crystallized in an orthorhombic
crystal system with a space group of Pbcn. In
the title compound, the two cyanide groups
and the two pyrrolidine rings adopted trans
configurations across the C2=C3 bond. The
crystal packing is stabilized by two intermo-
lecular and one intramolecular C---H...N hy-
drogen bond, which form a one-dimensional
polymeric chain along the axis.
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Abstract: Assessments of some physical and chemical properties were conducted for two
Libyan water bodies (Ain Al- Ghazala and Umm-Hufayn). Of each ecosystem, ten water
samples were taken from ten points for analysis. The results showed that the electric conduc-
tivity in Ain Al-Ghazala Bay waters is higher than that in the waters of Umm-Hufayn Lake. In
the two areas, the hydrogen ion concentration pH recorded the highest value with a value of
8.3, with mean values of chloride (Cl) exceeding the internationally recorded limits. Further-
more, nitrites (NO;), nitrate (NO3), sulphate (SO4), phosphate (PO, silicates (Si0,), carbonate
(COg), calctum (Ca), magnesium (Mg), sodium (Na), and potassium (K) were all greater in
Ain Al-Ghazala Bay waters than in Umm-Hufayn Lake waters. In conclusion, more attention
should be directed to the preservation of such natural resources.

Keywords: Water Quality, Physical and Chemical Properties, Ain Al-Ghazala Lagoon,

Umm-Hufayn Lagoon.

INTRODUCTION

Water properties and quality are defined by
specific physical, chemical, and biological
properties and how these properties impact
the survival, reproduction, growth, and man-
agement of aquatic life (Aduwo & Adeniyi,
2019). Water quality is the major limiting
factor in the productivity of aquatic ecosys-
tems, including fish resources. The health of
an aquatic ecosystem depends on its physico-
chemical and biological characteristics
(Watson & Lawrence, 2003). The Libyan
coast and lagoons are important for Mediter-
ranean marine life biodiversity and produc-
tivity.(Haddoud & Rawag, 1995). The lakes

may be used for recreation, and/or used as a
component of hydropower generating sys-
tems. In developing countries, lakes are pri-
marily used by the local inhabitants for trans-
portation, fishing, washing, cooking, and irri-
gation practices (Okoro et al., 2014). Ain Al-
Ghazala, is a long inlet with mainly rocky
shores, lacking relevant tidal movements, but
with characteristic extensive shallows occu-
pied by Zosterabeds and mudflats (Team,
2010). The Umm-Hufayn lagoon is around 2
km?2 in size and has a water depth of 0.5 to
3.0 m (Abdalhamid et al., 2018). It has a
short passage connecting it to the sea, which
is subject to tidal intrusions. Algal blooms,
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anoxic conditions, and ocean acidification are
caused by too much nitrogen and phosphorus,
resulting in dead zones, fish kills, toxin gen-
eration, and changed plant species (Ngatia et
al., 2019). About 75% of surface water may
be contaminated by different kinds of pollu-
tants. Pollutants may include heavy metals
(Awoyemi et al., 2014), nutrients from indus-
trial discharges (Mahananda et al., 2005), or
agricultural activities. Higher concentrations
of nutrients, e.g., phosphorus and nitrogen,
may cause hypoxia and algal bloom (Garg et
al., 2009); which may cause low light pene-
tration, obstruction of oxygen levels, and loss
of aquatic life and biodiversity (e.g., fish
mortality) (Parashar et al., 2006).

The constant monitoring of water quality in
lakes is essential and can be conducted by
quantifying the level of physical and chemi-
cal parameters (Ademoroti, 1996). This pa-
per’s objective is to compare water quality
between the two studied areas.

MATERIALS AND METHODS

Study area Ain Al- Ghazala Bay (Fig.1) is
located west of Tobruk, about 60 km along
the eastern extension of the Libyan coast in
the Mediterranean Sea, with coordinates 32°
10" 42.49334" N, 23° 18' 37.80131" E. The
shore is rocky, with sandy beaches inter-
spersed. It is about 6 km long and 1.5 km
wide, with depths ranging from 3.5 to 5 m
and an area of 180 hectares. Almarakeb (Ulb-
ah) island, located in front of the entrance,
protects the bay from wave action and north-
ern winds.

Lake Umm-Hufayn (Fig.1) originated from
Bomba Bay 32° 33' 47.96503”, 23° §'
29.10995", about 80 km east of the city of
Derna towards Tobruk, covers an area of
about 2 km” and a depth of 0.5-3 m. During
high tides, seawater enters the lake through
the bay. Underground springs on the lake's
inner shore provide fresh water, which helps
to lessen its salinity.

-
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Figure (1).. Map showing the two studied areas, Umm
Hufayn and Ain Al- Ghazala.

Water sampling: For chemical analysis, wa-
ter samples were collected in polyvinyl chlo-
ride Van Dorn bottles at the two selected
sites (10 points for each site). Some physico-
chemical parameters of water bodies at all
studied sites were measured, including pH,
by a multi-portable device (HACH, USA).
Other Water samples were kept in a one-litre
polyethylene bottle in an icebox and analyzed
in the laboratory, Total dissolved salts TDS
(mg/l), Conductivity EC (mS/cm), Total
hardness TH (mg/l), Total Alkalinity TA
(mg/l), Chloride Cl (mg/l), Nitrite NO,
(mg/l), Nitrate NO; (mg/l), Sulfate SO,
(mg/l), Phosphate PO, (mg/l), Silicate SiO,
(mg/l) Carbonate COj; (mg/l), Bicarbonate,
HCO; (mg/l), Calcium Ca (mg/l) Magnesium
Mg (mg/l), Sodium Na (mg/l), Potassium K
(mg/l) are measured according to the tradi-
tional manual methods (Beutler et al., 2014).

RESULTS

Table (1) shows the physicochemical parame-
ters derived from the study of water samples.
The results showed that the mean values of
the water electric conductivity were higher in
Ain Al- Ghazala water (62.500+1.141
mS/cm) than in those of Umm-Hufayn Lake
(28.620+0.993 mS/cm). Total dissolved sol-
ids in Ain Al- Ghazala water (41.511
+0.760mg/l) were more than twice as high as

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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in Umm-Hufayn (19.157£0.665 mg/1). TDS
in this study were over the international per-
mitted limit of Img/L. The pH values in
Umm-Hufayn and Ain Al- Ghazala, respec-
tively, were (8.14+.023) and (8.210+0.7), in-
dicating that the water in Ain Al- Ghazala
Lake is on the alkaline side. The greatest val-
ues of total alkalinity (6.822+0.190) and
chloride (3.253+0.210) were found in Ain Al-
Ghazala water, while these values were
(1.576+0.054) and (3.185+0.110) in Umm-
Hufayn respectively. In both areas, the mean
chloride percentage exceeded the internation-
al standards. The findings also revealed that
Lake Ain Al- Ghazala had higher nutrient
levels of NO;, NO,, and PO, than Lake
Umm-Hufayn. Phosphorus, like nitrogen, is a
necessary component of all living organisms.
Ain Ghazala Lake had greater SO4, Ca, K,
mg, Na, SiO,, CO;, and HCOj; concentrations
than Lake Umm-Hufayn. On the other hand,
a T-test was used to demonstrate the differ-
ences in physicochemical parameters between
the two assessed wetlands (Table 2). The T-
test demonstrated the presence of greater and
significant (Table 2) differences in the means
of all parameters (P<0.01), except for pH (in-
significant, P> 0.05).

Table: (1). Mean +SD Water criteria sampled from
the two investigated areas.

Water parameter

Ain AlGhazala

Umm Hufayn

Conductivity(mS/cm)  62.500+1.141  28.620+0.993
TDS (mg/1) 41.51140.760  19.157+0.665
pH 8.21+0.07 8.14+.23
Hardness(mg/1) 7.302+0.132 3.427+0.118
Alkalinity (mg/1) 3.253+0.210 1.576+0.054
Chlorides (mg/1) 6.822+0.190 3.185+0.110
NO,(mg/l) 0.223+0.004 0.112+0.003
NO;(mg/l) 2.285+0.314 1.209+0.053
SO4(mg/1) 2.341£0.340 1.485+0.050
PO4(mg/1) 0.410+0.008 0.185+0.006
Si0,(mg/1) 0.008+000 0.002+000
CO3(mg/l) 0.064+0.001 0.017+0.008
HCO3(mg/1) 3.085+0.067 1.547+0.053
Ca(mg/1) 6.116+£0.114 2.89+0.100
Mg (mg/l) 1.042+0.370 0.543+0.018
Na(mg/1) 5.681+£0.109 2.705+0.093
K(mg/l) 0.3007+0.024  0.173+0.006

DISCUSSION

Along the Libyan coast and offshore, there

are a variety of natural aquatic environments.
Despite their importance as natural resources,
they have received little attention. Effective
conservation and management are the most
pressing issues facing marine biotopes. Re-
cently, Elshakh et al. (2020) conducted an
assessment to the fish Liza aurata collected
from Umm Hufayn lagoon. The lagoon is a
major artisanal fishing ground, an important
wetland with high biodiversity, a refuge and
breeding place for fish and turtles, as well as
a nesting and resting location for local and
migratory sea birds (Elshakh et al., 2020). In
addition, Chelonlabrosus was recorded for
the first time in Umm-Hufayn Lagoon (Elmor
et al., 2020). This finding indicates that these
species are highly adaptive to changing envi-
ronmental conditions, implying that their
presence is tied directly to their euryhaline
character, a wide range of water parameters,
and a diverse food menu. Umm-Hufayn is
almost entirely exposed to juvenile eel migra-
tion, making it suitable for tilapias and mul-
lets. It's vital to perform a thorough examina-
tion of the newly discovered critter, which
could represent a threat to the fish population
in the lagoon (Abdalhamid et al., 2018).
When comparing the two water bodies, Ain
Al-Ghazala waters were found to be slightly
contaminated and of average quality, whereas
Umm-Hufaynn waters were found to be
slightly polluted and of average quality. In
terms of statistical analysis (Table 2), T-tests
revealed significant differences in water pa-
rameters between the two investigated areas
(p<0.01), except for water pH (p>0.5). Ain
Al-Ghazala has conductivity and total dis-
solved solids more than twice as high as
Umm Hufayn. In fact, TDS are indicative of
conductivity, namely, the higher TDS, the
higher conductivity of water. Furthermore,
hardness, alkalinity, chlorides, nitrates, sul-
phates, and bicarbonates were also dramati-
cally higher at Ain Al-Ghazala when com-
pared to Umm Hufayn.

The primary factors influencing lake water
quality evaluation that should be managed are
nitrate, phosphate, alkalinity, and total sus-
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pended solids. The main reason for the dif-
ference in the physical, chemical, and biolog-
ical properties between the two lakes is due
to the increasing urbanization. The conse-
quent discharge of harmful effluents from
large cities is continually altering the water
quality and productivity of Lakes Adverse
changes in water quality of aquatic ecosys-
tems in Ain Al-Ghazala and Umm-Hufayn
Lake are reflected in the biotic community
structure, and the most sensitive species often
act as sentinels of water quality. Therefore,
water quality monitoring is vital for the con-
servation of water resources and their sus-
tainable use for irrigation and fish farming.
The quality of surface water is mainly affect-
ed by natural processes (weathering and soil
erosion) as well as anthropogenic inputs

(municipal and industrial wastewater dis-
charge). The anthropogenic discharges repre-
sent a constant polluting source, whereas sur-
face runoff is a seasonal phenomenon, mainly
affected by climatic conditions (Singh et al.,
2004). The lagoon of Ain Al-Ghazala hosts a
breeding site for the loggerhead sea turtle
Caretta caretta. Mating occurs inside the la-
goon (Pergent et al., 2007), while the egg
deposition takes place outside along the
sandy coastal region located to the east
(Laurent et al., 1999). Lake Umm-Hufayn is
home to a diverse range of fish, including
mullet, sea bass, and tilapia, as well as being
an important turtle hatching location and a
haven for migratory birds (Abdalhamid et al.,
2018).

Table (2). Differences in the means of water parameters, Independent Samples Test, T-test for Equality of Means

0,
Water parameters Sig. t Sig. MD Std. Error Lowe?s /o CIDUpper
EC EVA 40 69.84 .00 33.42 47 3242 3443
EVNA 69.84 .00 33.42 47 32.42 34.43
TDS EVA 43 70.01 .00 22.38 31 21.71 23.06
EVNA 70.01 .00 22.38 31 21.71 23.06
pH EVA 18 91 37 .07 .07 -.09 23
EVNA 91 38 .07 .07 -.09 23
Hrds. EVA 41 68.22 .00 3.87 .05 3.75 3.99
EVNA 68.22 .00 3.87 .05 3.75 3.99
Alk. EVA .00 23.82 .00 1.67 .07 1.52 1.82
EVNA 23.82 .00 1.67 .07 1.52 1.83
Cl EVA 12 51.54 .00 3.63 .07 3.49 3.78
EVNA 51.54 .00 3.63 .07 3.48 3.78
NO, EVA 51 61.63 .00 .10 .00 .10 A1
EVNA 61.63 .00 .10 .00 .10 A1
NO; EVA .07 10.65 .00 1.06 .10 .85 1.27
EVNA 10.65 .00 1.06 .10 .84 1.29
SO, EVA .39 52.41 .00 1.27 .02 1.24 1.32
EVNA 52.41 .00 1.27 .02 1.24 1.32
PO, EVA 37 68.25 .00 22 .00 21 23
EVNA 68.25 .00 22 .00 21 23
SiO, EVA .30 15.25 .00 .00 .00 .00 .00
EVNA 15.25 .00 .00 .00 .00 .00
CO;4 EVA .39 80.12 .00 .04 .00 .04 .04
EVNA 80.12 .00 .04 .00 .04 .04
HCO;, EVA 21 57.10 .00 1.53 .02 1.48 1.59
EVNA 57.10 .00 1.53 .02 1.48 1.59
Ca EVA 40 68.19 .00 3.28 .04 3.18 3.38
EVNA 68.19 .00 3.28 .04 3.18 3.38
Mg EVA 11 23.93 .00 .60 .02 .55 .66
EVNA 23.93 .00 .60 .02 .55 .66
Na EVA .39 65.30 .00 2.97 .04 2.87 3.07
EVNA 65.30 .00 2.97 .04 2.87 3.07
K EVA .36 41.80 .00 13 .00 13 14
EVNA 41.80 .00 13 .00 13 14

EC: electric conductivity, TDS: total dissolved solids, Hrds.: hardness, Alk.: alkalinity, EVA: Equal variances assumed, EVNA: Equal variances not assumed, LTEV:
Levene's Test for Equality of Variances, 95%, MD: Mean Difference, CID: Confidence Interval of the Difference
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CONCLUSION

The study found that the ecological character-
istics of these lakes vary greatly. Some ele-
ments are over the allowable limits based on
the standard limitations of the aquatic ecosys-
tem. As a result, further research is needed to
assess the anthropogenic activities that de-
grade water quality, and special care should
be given to water management and the pro-
tection of the environment all around the
lakes. The dumping of garbage and other ur-
ban waste products around the site must be
strictly avoided, given the highly sensitive
ecological balances that should be main-
tained. Urgent action should be taken to pro-
tect the lakes. Now that there is a definite un-
derway to develop a hatchery and aquafarm-
ing complex at Ain Al- Ghazala and Umm-
Hufayn lagoon, careful consideration should
be given to the need for embarking on any
additional large-scale capacity building for
the national aquaculture sector in the near
term.
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Abstract: Henna is widely used by Libyan women as a cosmetic, which may contain lead
(pb), cadmium (Cd) and other toxic heavy metals. The purpose of this study was to determine
heavy metal content of seven henna products, imported and locally produced in Zliten, Libya.
An analytical method was performed using Atomic Absorption Spectrophotometer (AAS). In
terms of heavy metal content determination, the results revealed a significant difference be-
tween henna leaves and cosmetic henna samples. The premixed henna sample H2 had the
highest heavy metal concentrations with a high level of lead (6.952ppm), exceeding the
WHO's maximum limit and the (ASEAN) Guidelines on Limits of Contaminants for Cosmet-
ics Heavy metal maximum limits, Lead (Pb) is 1 ppm. Nickel (Ni) levels in (H4=5.201ppm)
and (H6=2.023ppm ) henna samples were found to be above the WHO's limit of 1.68ppm.
The results indicated that such cosmetics expose consumers to high levels of Pb and Cu, and
hence to potential health risks. Thus¢ investigating the sources and effects of heavy metals in

such cosmetics is strongly advised.

Keywords: Heavy metal, Henna leaves, Henna Products, Toxic levels.

INTRODUCTION

Henna, scientifically known as Lawsonia in-
ermis, is a plant in the Lythraceae family. It
grows best in tropical climates across all of
Africa, northern Australia, and southwest
Asia (Chaudhary et al., 2010; Gevrenova,
2010), and it is well known for its cosmetic
and therapeutic properties. According to eth-
nobotanical and historical evidence, henna
was one of the first plants to be used for
cosmetic purposes (Ozbek, 2018). Henna
painting was done in ancient Egypt and its
neighboring countries. Henna is extremely
popular in Libya because it is part of the cul-
ture and traditions. The Libyan market offers
a wide range of henna products in a variety of

colors. Some are produced locally, while oth-
ers are imported from Sudan, Yemen, Tuni-
sia, India, and Pakistan. Unfortunately, in re-
cent years, henna has become a potentially
life-threatening substance for Libyan women,
particularly in the eastern region of the coun-
try, where more than 550 cases of henna poi-
soning have been reported, with 57 deaths,
according to the Libyan Ministry of health.
Until today, scientific information about the
true causes of these widespread poisoning
and death cases remained unknown. Despite
the seriousness of the problem, published
studies on henna in Libya are rare (Kumar &
Kathireswari, 2016). Therefore, it is neces-
sary to determine the levels of heavy metals
in henna leaves and henna products in order
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to identify the heavy metals ratio and protect
henna users from the toxic effects of heavy
metals.

Henna contains tannin product called Law-
sone (2-hydroxy-1,4 naphthoquinone), which
is responsible for the henna dye at concen-
trations ranging from 1.0 to 1.5%. Lawsone is
extracted from henna leaves (Singh et al.,
2005). Lawsone is a compound that imparts
the characteristic red-orange pigmentation
that makes the skin, nails, and hair look beau-
tiful and appealing (DeLeo, 2006). The henna
plant as a whole contains xanthones, couma-
rins (fraxetin and scopletin), flavanoides, lu-
teolins, apigenin and its glycosides, and ster-
oids (P-sitosterol). In addition to organic
compounds, henna plants absorb heavy metal
ions from the soil and later are accumulated
in other parts such as leaves, the heavy met-
als that are available for plant uptake are
those that are present as soluble components
in soil solution or those that are easily solu-
bilized by root exudates, however, excessive
amounts of these metals can be toxic to
plants. Plants' ability to accumulate essential
metals also allows them to acquire nonessen-
tial metals. metals cannot be broken down,
so when concentrations within the plant ex-
ceed optimal levels, they adversely affect the
plant both directly and indirectly (Khattak &
Khattak, 2011).

The chemical structure of the henna dye mol-
ecule places it in the class of dyes known as
a-hydroxy-naphthoquinones. There are very
rare reactions to the lawsone compound in
henna leaves, which are mainly caused by
naphthoquinone sensitivity (Kang & Lee,
2006). To make it more permanent or strong-
er, marketed henna is often mixed with vari-
ous herbs and different chemical additives
(which contain high levels of trace elements)
and synthetic dyes such as para-
phenylenediamine (PPD) (Aktas Sukuroglu et
al., 2017). However, such additives have
toxic side effects ranging from mild irritation
to more severe allergic reactions exhibited
through blisters, lesions, and sores on the

skin, Natural henna is generally safe and
well-tolerated in humans, but henna contain-
ing additives may cause side effects or even
death (Fahad, 2016; Swift, 1997). Heavy
metal contamination in cosmetic products is a
significant environmental and health concern
because the metals are toxic (Alissa & Ferns,
2011). Some of the toxic effects of lead in-
clude hematological, cardio-vascular and
neurobehavioral complications such as en-
cephalopathy, depression and malaise
(Control & Prevention, 2005; Kollmeier et
al., 1990). Cadmium has been linked to oes-
tomalacia as well as respiratory effects such
as pulmonary fibrosis, pneumonitis, emphy-
sema and lung cancer. Nickel is a strong al-
lergen and the primary cause of skin sensitiv-
ity (Bobaker et al., 2019).

Figure: (1). shows the Adverse effects of premixed
Henna products

The current study is primarily motivated by
the urge to determine the heavy metal con-
centrations in the henna merchandise in the
city of Zliten, Libya.

MATERIALS AND METHODS

Sample collection: In this study, two types
of natural henna were used; the first was col-
lected from a henna tree on one of Zliten's
farms, and the second was prepared by drying
and grinding the leaves. The other sample
was a pre-prepared natural henna from an
herbalist shop. And five types of commercial
henna traded on the market were used. How-
ever, all henna products are sold without in-
formation about their chemical contents. and
placed in bags weighing approximately 100

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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grams.

Table: (1). shows the names of henna samples and
their symbols

Code Sample

H1 Natural henna from the henna tree
H2 Natural henna from an aromatic store
H3 Premium Crown Henna

H4 Bride's henna

HS5 Henna Gulf Cup

H6 Royal Al Haramain Henna

H7 Herbal henna

Sample Digestion: Using the dry burning
method by weighting 5 grams per natural
henna leaf and sold henna and placing it in an
incineration oven at 450-500 °C for 4-6
hours. The ashes were then washed with
5.1% nitric acid and the volume was com-
pleted up to 50 ml. The extract was ready to
determine the concentration of heavy ele-
ments in samples studied using an Atomic
Absorption Spectrophotometer,(AAS) Perkin
Elmer Model 2380.

Figure: (2) The Atomic Absorption Spectrophotome-
ter (AAS)

The pH values were measured by taking 0.5g
of each henna sample and adding 70ml of
distilled water into a 250ml flask with stir-
ring until the henna is well combined with the
water. A pH test was then performed using a
pH meter (Fig.3).

Figure: (3). The PH device used to measure acidity
in the Henna samples.

RESULTS

pH measurement: As shown in figure (4)
below, the pH values of Henna samples were
acidic in the range between 3.6 and 5.3.

pH

HI[ 472
H)[ 531
Hi[ 427
Hi[ 430

Hé | 437
HT| 446

T
(=T S < R T R ST, B ]

H7 He H3 Ha H3 H2 H1

Figure: (4). pH values of Henna samples

Low pH (acidic) mixes are rich in hydrogens,
which keep aglycones relatively stable until it
is time to use the dye. This hydrogen-rich en-
vironment provided by the acid liquid allows
for a longer and fuller dye-release as well as
a more stable bond to keratin aglycones to
bond to the keratin of the hair through a Mi-
chael Addition.

The low pH level of an acidic henna paste
allows the aglycones to remain stable for a
longer period of time. This allows for a slow,
steady dye-release for the optimal amount of
available aglyones. Mixing henna without an
acid (such as using only water) will cause the
paste to have a weaker dye release which
demises faster. The optimal pH level for a
henna mix is right around 5.5, which can be
achieved with a number of fruit juices, or the
use of a fruit acid powder and distilled water.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (5). Hennocide precursors convert into an
aglycone state in a low pH medium, and eventually
oxidize to a stable molecule.

Heavy metals determination: Table (2)
shows the results of AAS analysis of ten
heavy metals in Henna samples, including
Aluminum, Arsenic, Silver ,cadmium, chro-
mium, copper, cobalt, lead, Nickel, and zinc.
. The prepared standards of each metal and
their corresponding absorbencies were used

to plot calibration curves. The product-
moment correlation coefficient factor and the
equation for the line of regression were de-
rived from calibration curve of each metal.

Actual concentration

Concentration (%) X Volume digested (ml)
= ~Eq(1
Weight of sample (g) a (D

The actual concentration of heavy metals in
henna leaf samples obtained from AAS was
derived using Equation (1) For dilutions, the
actual weight was obtained by multiplying
the readout results from AAS with the dilu-
tion factor.

Table:(2). Concentration of Heavy Metals in Henna Samples

Sample (Concentration ppm)

Metal
H1 H2 H3 H4 H5 H6 H7

Al 496.9 53.8 81.52 737.8 285.1 754.8 754.8

As <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02

Ag 2.210 1.064 1.708 <0.002 <0.002 <0.002 <0.002

Cd <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Cr 0.562 <0.002 <0.002 0.678 0.063 3.69 0.193

Cu 4.273 7.570 6.628 5.96 5.014 5.078 5.208

Co < 0.005 < 0.005 <0.005 < 0.005 < 0.005 < 0.005 < 0.005

Pb <0.03 6.952 <0.03 <0.03 <0.03 <0.03 <0.03

Ni 0.669 1.642 <0.01 5.201 0.874 2.023 0.395

Zn 10.219 4.736 21.72 - - - 10.99

progressive physical, muscular, and neuro-

DISCUSSION logical degeneration processes such as Alz-

Seven different cosmetic henna products
were tested in this study to determine the
concentration of some heavy metals. Alumi-
num and copper metals were detected in all
samples, while zinc was detected in four.
Although some metals, such as chromium,
copper, aluminum, and zinc, play important
biochemical roles in many organisms at low
concentrations, their toxic effects are ob-
served at high concentrations. All of these
metals can damage or impair central nervous
system functions, as well as blood composi-
tion, lungs, kidneys, liver, and other vital or-
gans. Long-term exposure may cause slow-

heimer’s disease, Parkinson’s disease, mus-
cular dystrophy, and multiple sclerosis. De-
spite the fact that EU regulation suggests that
the concentration of some heavy metals, such
as chromium, in color additive cosmetics
should be 1.0 mg/kg (Borowska & Brzoska,
2015), one sample [H6=3.69ppm] had a
chromium concentration higher than the EU
standard in cosmetic products. The presence
of chromium in the body facilitates glucose
entry into cells (Krejpcio, 2001). On the other
hand, exposure to high levels of chromium,
on the other hand, has been linked to kidney
and lung damage, as well as other cancers.
Chromium has also been linked to skin ef-
fects such as eczema and other skin inflam-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

123



Al-Mukhtar Journal of Sciences 37 (2): 120-126, 2022

mations (Umar & Caleb, 2013).

Table 2 shows that the lead content of one
sample exceeded the WHO's recommended
maximum limit for cadmium in cosmetics.
Zinc was detected in four samples. According
to (Zafar Alam et al., 2009), zinc oxide was
probably used in cosmetics due to its power-
ful natural sunblock property. Furthermore,
zinc is also required for oxygen metabolism
and mitochondrial function (Popoola et al.,
2013). These toxic metals may enter the
products when low-quality raw materials are
used.

CONCLUSION

According to the findings of this study, henna
leaves from Zliten are a good raw material
for henna products due to their low levels of
lead, cadmium and nickel in comparison to
WHO standard limits. Henna leaves had low-
er significant levels of Pb, Cd and Ni as raw
materials than henna products, but more of
these metals were added during the manufac-
turing process. the concentrations of Lead
and copper in the H2 premixed henna sample
exceeded the WHO's maximum allowable
limits. Therefore it conceder dangerous prod-
uct. As a result, the general public should be
educated about the dangers of long-term use
of toxic cosmetic products. Extensive and
continuous use of these cosmetic products
may cause the slow release of heavy metals
and endangering consumers. National stand-
ard legislations for cosmetic products should
be available to monitor the safety of these
products before they are imported and reach
consumers. However, more research is need-
ed to assess the metals concentrations in var-
ious types of cosmetics and body care prod-
ucts in order to protect consumer health.
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Abstract: Vaginal discharge in women is occasionally caused by aerobic bacterial organisms.
The study aimed to determine the etiology of female vaginosis and their antibiotic sensitivity
pattern. HV culture results, age, and sex of all female patients with suspected bacterial vagi-
nosis were collected. High vaginal swabs were inoculated into MacConkey agar, 5% blood
agar, and chocolate agar and then incubated at 37°C in the presence of 5% CO; for 24-48 h.
The antimicrobial susceptibility testing was performed by the disk diffusion method. Ten dif-
ferent antibiotic discs were used: Amikacin, Augmentin, Ceftazidime, Ceftriaxone, Ciproflox-
acin, Gentamicin, Levofloxacin, Meropenem, Septrin, and Clindamycin. After 24 hours,
zones were measured in mm, and zone interpretations were in accordance with the National
Committee for Clinical Laboratory Standards criteria guidelines. A total of 215 females were
included in the study, the incidence of bacterial vaginosis was 18.6% (40/215). Females be-
tween 33 and 45 years old had a somewhat high prevalence (19/40:47.5%) of bacterial vagi-
nosis. The most frequent isolates were 45% (18/40) Escherichia coli followed by 15% (6/40)
Strep pneumonia. The in vitro susceptibility tests of the most common isolates showed high
resistance levels to commonly used antibiotics such as Augmentin and Gentamycin. Whereas
highly sensitive rates were observed for Ceftriaxone 70%, followed by Ciprofloxacin 57.5%.
Ceftriaxone and Ciprofloxacin showed the best antibiotic sensitivity. Additional studies are
necessary to recognize those bacterial species that cause vaginal infections and determine the
susceptibility of those species to recently used antibiotics.

Keywords: Al saleem medical laboratory; Augmentin, Ceftriaxon, E. coli; Strep pneumoniae.

INTRODUCTION glycogen levels of the epithelial cells, the ba-

by’s vagina is colonized by lactobacilli from

The vagina is sterile at birth. After a few  the mother (Forsum et al., 2005). Protection
days, when maternal estrogen increases the of the vaginal mucosa depends on the specif-
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ic recognition of structures on the lactobacilli
surface (adhesions) and the vaginal epitheli-
um (receptors). This adhesion-receptor inter-
action results in forming a biofilm that exerts
a local protective action against colonization
by undesirable microorganisms (Boris et al.,
1998; Szoke et al., 1996). The physiologic
pH of the vagina ranges from 3.8 to 4.5
(Watts et al., 2005). By using glycogen from
the vaginal epithelium as substrate, lactoba-
cilli produce organic acids, thus keeping the
vaginal pH below 4.5. This acid environment
partially or fully inhibits the development of
most bacteria from both the digestive tract
and the environment. This is considered a
very efficient mechanism of mucosal protec-
tion (Martin et al., 2008).

Besides Lactobacillus spp., other bacteria are
frequently found in the vaginal microbiota of

healthy women such as Streptococcus,
Corynebacterium, Staphylococcus, Esche-
richia, Klebsiella, Proteus, Mycoplasma,

Ureaplasma, Atopobium, Peptococcus, Pep-
tostreptococcus, Clostridium, Bifidobacte-
rium, Propionibacterium, Eubacterium, Bac-
teroides, Prevotella and Gardnerella vaginalis
(Martin et al., 2008). Bacterial vaginosis
(BV) is caused by an imbalance of the organ-
isms (flora) that naturally exist in the vagina.
BV is among the diseases most frequently
associated with vaginitis. The other diseases
are vulvovaginal candidiasis, and trichomo-
niasis. Vaginitis is usually characterized by
vaginal discharge, vulvar itching, irritation,
or odor (Prospero. 2014).

Vaginitis is the infection and inflammation
of the vagina and is commonly encountered
in clinical medicine (polat et al., 2021). Vag-
inal infections with bacterial vaginosis are a
worldwide health problem for women (Go et
al., 2006). Infections of the reproductive tract
or genitourinary tract infections are a com-
mon problem of female sexual health and a
significant risk of morbidity. Sexually trans-
mitted diseases in women occur when there is
an introduction of sexually transmitted organ-
isms into the vagina, mostly through sexual
activity. (Workowski & Berman, 2010) Aer-

obic vaginitis, like bacterial vaginosis, causes
depletion of normal bacteria flora Lactobacil-
lus. It is clinically characterized by the red
and inflamed vagina, yellowish vaginal dis-
charge with  burning sensation and
dyspareunia (Mumtaz let al., 2008). Bacterial
vaginosis and candidiasis are responsible for
most vaginal infections in women of repro-
ductive age. (polat et al., 2021 and Spinillo et
al., 1997).

They are commonly seen in females of repro-
ductive age and typically present with vaginal
discharge (Mylonas & Friese, 2007). Vaginal
discharges are biological fluids contained
within or expelled from the vagina (Ullah and
Sana. 2014). Sometimes certain enteric bacte-
ria like Proteus spp and E. coli may be found
there. A vagina is an existing place for cer-
tain microbes. It is colonized with E. coli,
Staphylococci, and Streptococci after deliv-
ery (Alawkally et al., 2022; Tripathi. 2003).
Therefore, this study aimed to determine the
etiology of female vaginosis and their antibi-
otic sensitivity pattern in Al Saleem Medical
Laboratory, Benghazi, Libya.

MATERIALS AND METHODS

Specimen Collection and Processing: The
study population included was 215 females,
ranging in age from 20 to 58 years. Patients
vaginal swabs were collected as each physi-
cian ordered. High vaginal (HV) culture re-
sults and age of all female patients with sup-
posed bacterial vaginosis between February
2020 and November 2021 were retrieved.
The information obtained comprises the pres-
ence of vaginal irritation, itching, and ab-
normal vaginal discharge. Vaginal swab
samples were obtained from patients attend-
ing the Microbiology Laboratory of Al
Saleem Medical Laboratory to diagnose bac-
terial vaginosis.

Culture and Sensitivity: High vaginal swab
specimens were inoculated into MacConkey
agar, 5% blood agar, and chocolate agar. The
inoculated media were incubated at 37 °C
aerobically for 24-72 hours. Conventional

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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phenotypic and biochemical methods made
identification of the cultured isolate. (Fakron
et al., 2022 ). McFarland’s Standards are
used as the reference to adjust the turbidity of
the liquid/ bacterial suspension in the vial or
tube in the microbiology laboratory before
swab on Muller Hinton Agar media. It helps
maintain and/or ensure that the number of
bacteria will be within a given range to
standardize microbial testing. The most
commonly used concentration for antimicro-
bial susceptibility testing and the culture me-
dia performance testing is usually done by
0.5 McFarland standards in the microbiologi-
cal laboratories (Fakron ef al., 2022).

However, the used concentration for the an-
timicrobial susceptibility testing and the cul-
ture media performance testing is done by 0.5
McFarland standards in the microbiological
laboratory (Jan. 2016). According to the
manufacturer’s instructions, the results were
considered resistant (R) and susceptible (S),
with intermediately resistant strains collected
together as drug-resistant (Noor-alhooda et
al., 2019).

The following antimicrobial agents were em-
ployed: Amikacin-AK (30pg), Augmentin-
AUG (30ug), Ceftazidime-CAZ (30mcg),
Ceftriaxone-CRO (30pg), Ciprofloxacin-CIP
(5png), Gentamicin-GN (10pg), Levofloxacin-
LEV, Meropenem-MER (30pg), Septrin-SXT
(25ug) and Clindamycin (2pg) (Oxoid, Eng-
land). Antimicrobial susceptibility testing
was performed by the disc diffusion method.

Methodology: Entire data from the investiga-
tion were entered and analyzed using SPSS
version 20.

RESULTS

Distribution of the growth of positive cas-
es: A total of 215 females were included in
the study. The incidence of bacterial vagi-
nosis was 18.6% (40/215).

Table: (1). Distribution of the growth of positive cas-
es.

High Vaginal Swab Growth No growth
Growth 40 18.6%
No growth 175 81.3%
Total 215 100%

Distribution of the growth of positive cases
by age group: Bacterial vaginosis (BV) and
its association with age are presented in Ta-
ble 2. Females between 33 and 45 years old
had a somewhat high prevalence (19/40:
47.5%) of bacterial vaginosis. In the age
group 46-58 years (n=13), the incidence of
BV is somewhat reduced to (32.5%).

Table: (2). Distribution of the growth of positive cas-
es by age group

Age Frequency Percent
20-32 8 20
33-45 19 47.5
46-58 13 32.5
Total 40 100.0

Distribution of organisms from HVS sam-
ples: The most commonly isolated were
gram-negative organisms. The most frequent
isolates were 45% (18/40) Escherichia coli
followed by 15% (6/40) Strep pneumonia,
Staph aureus and Strep agalactia 12.5%
(5/40) equally, Klebsiella pneumonia 7.5%
(3/4), Klebsiella spp 5% (2/40) and Pseudo-

monas aeruginosa 2.5 % (1/40).

Table: (3). Types of Organisms isolated in Blood Cul-

ture

Bacteria Frequency %

E. coli 18 45.0
Klebsiella pneumonia 3 7.5
Klebsiella spp 2 5.0
Pseudomonas aeruginosa 1 2.5
Staph aureus 5 12.5
Strep agalactia 5 12.5
Strep pneumonia 6 15.0
Total 40 100.0

Prevalence of Bacterial infection in women
age groups: A significant role in the etiology
of vaginosis in female patients in this study
was played by E. coli (45%). Vaginosis in the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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present study was relatively higher among
age groups of 33-45years compared to others.

Table:(4). Types of bacteria isolated according to the
age group

Bacteria Age Total
20-32  33-45 46-58

E. coli 3 10 5 18
Klebsiella 0 2 1 3
pheumonia

Klebsiella spp 1 1 0 2
Pseudomonas 0 1 0 |
aeruginosa

Staph aureus 1 2 2 5
Strep agalactia 0 4 1 5
Strep pneumonia 0 4 2 6
Total 5 24 11 40

Antibiotic sensitivity, resistance and in-
termediate sensitivity of bacteria isolated
from blood cultures: The in vitro suscepti-
bility tests of the most common isolates
showed high levels of resistance to common-
ly used antibiotics such as Augmentin, Gen-
tamycin, and Septrin. All isolates were highly
sensitive to Ceftriaxone 70%, followed by
Ciprofloxacin 57.5%.

Antimicrobial susceptibility profiles of
bacterial isolates from vaginal specimen:
The antibiotic resistance patterns of E. coli
showed higher resistance towards Augmen-
tin, and E. coli strains were more sensitive to
Ceftriaxone, Levofloxacin, and Ciprofloxa-
cin. The antibiotic sensitivity patterns of
Strep pneumonia showed higher resistance
towards Levofloxacin and Gentamycin, and
Strep pneumonia showed sensitivity to Aug-
mentin and Ceftriaxone.

Note: I; Intermediate, R; Resistant, S; Sensi-
tive, AUG; Augmentin, MER; Merapenem,
CRO; Ceftriaxone, CAZ; Ceftazidime, LEV;
Levofloxacin, CN; Gentamycin, CIP, Ciprof-
loxacin, AK; Amikacin, SXT; Septrin, DA,
Clindamycin.

Table: (5). Antibiotic sensitivity, resistance, and in-
termediate sensitivity of bacteria isolated from blood
culture.

Drug Slltl;c;ﬁ?ebrﬂ Frequency %
Miss 1 2.5
I 5 12.5
Augmentin R 14 35.0
S 20 50.0
Total 40 100.0
Miss 25 62.5
Merapenem R 2 >-0
S 13 32.5
Total 40 100.0
Miss 5 12.5
1 1 2.5
Ceftriaxone R 6 15.0
S 28 70.0
Total 40 100.0
Miss 25 62.5
I 2 5.0
Ceftazidime R 5 12.5
S 8 20.0
Total 40 100.0
Miss 8 20.0
1 4 10.0
Levofloxacin R 8 20.0
S 20 50.0
Total 40 100.0
Miss 6 15.0
I 2 5.0
Gentamycin R 18 45.0
S 14 35.0
Total 40 100.0
Miss 3 7.5
. I 8 20.0
CCilé)roﬂoxa- R 6 15.0
S 23 57.5
Total 40 100.0
Miss 16 40.0
I 5 12.5
Amikacin R 8 20.0
S 11 27.5
Total 40 100.0
Miss 17 42.5
Ssptrin R 15 37.5
S 8 20.0
Total 40 100.0
Miss 25 62.5
. . R 5 12.5
Clindamycin S 10 25.0
Total 40 100.0

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table: (6). Antimicrobial susceptibility profiles of bacterial isolates from vaginal specimen Augmentin

Bacteria

Not available (NA)

Total
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Amikacin
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Distribution of growth positive cases by Table: (9). Distribution of isolates by years

years: 60% of positive cases were recorded Bacteria/year 2020 2021 Total

in 2021. E. coli 5 13 18
Klebsiella pneumonia 2 3

Table: (7). Distribution of growth of positive cases by Klebsiella spp

years. Pseudomonas aeruginosa

Staph aureus

Year Frequency % Strep agalactia

2020 16 40.0 Strep pneumonia
2021 24 60.0 Total
Total 40 100.0

— AW = O
N NN WO N
e NV IV B S

6 4 0

Distribution of isolates by months: The rate

of isolation of E. coli was highest in months
Distribution of the growth of positive cases 2-12, followed by months 3-5.
by seasons: 30% of the cases were recorded

in the winter and 22.5% in summer. Table: (10). Distribution of isolates by months

Months

Table: (8). Distribution of the growth of positive cas- Bacteria o o o Total
es by seasons. IB b =
Season Frequency % E coli 9 6 1 3 13
12-2 12 30.0 Klebsiella pneumonia () 1 0 2 3
3-5 7 17.5 Klebsiella spp o 0 2 0 2
6-8 9 22.5 Pseudomonas aeru- 0 0 O 1 1
no & Ay

ota : Staph aureus 2 0 1 2 5

L. . . . Strep agalactia 0 0o 2 3 5
Distribution of isolates by years: According Strep pneumonia 1 0o 3 2 6
to table 9, 32.5% incidence of E. coli was Total 12 7 9 12 40

recorded in 2021.
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DISCUSSION

In bacterial vaginosis (BV), a condition char-
acterized by an increased vaginal pH and
milky discharge, the normal vaginal flora is
substituted by a diverse flora of aerobic, an-
aerobic, and  microaerophilic  species
(Mumtaz et al., 2008). In the current study,
the overall prevalence rate of bacterial vagi-
nosis was 18.6%. An earlier study done by
(Mohammed et al., 2016) reported prevalence
rates of bacterial vaginosis in 15.4%—-19.4%.
Lower prevalence rates of bacterial vaginosis
than those in this study were reported from
Botswana (38%) (Das et al., 1996).

In the present study, the most common BV
was E. coli, with 34%, according to Table 10.
The incidence of E. coli is the highest among
all cases. Similar studies were conducted in
India by (Donders et al., 2009; Orish et al.,
2016; Ravishankar & Prakash, 2017) also
imply that the cause of vaginitis is E. coli. It
is mentioned as one of the most common
causes of vaginitis and is sometimes isolated
alone. In the studies prepared by Ravishankar
and Das et al., 1996; Ravishankar & Prakash,
2017) (44%) E. coli was the most common
isolated organism.

Strep pneumoniae, however, is not a part of
the normal vaginal flora. It is presumed that
Pneumococci cannot persist at normal vaginal
pH. But during pregnancy and puerperium,
changes in vaginal pH may temporarily per-
mit it to occur as a vaginal commensal (Galea
et al., 2014). Primary pneumococcal infection
of the female genital tract may occur through
the insertion of an intrauterine device such as
the use of tampons or the postpartum period
(Hutchison et al., 1984), or as a normal res-
piratory commensal during orogenital sexual
practices. Infection transmittable via gastro-
intestinal tract Pneumococci has rarely been
isolated as an intestinal pathogen (Petti et al.,
2002). But it may colonize the perineum and
introitus vaginae giving rise to bartholinitis,
colonization of vagina and cervix leading to
infection or infection via lymphatics, or in-

fections via the bloodstream (Adnan et al.,
2008).

The second most common isolates in the cur-
rent study are strep pneumonia 15%. The iso-
lation rate was highest among 33-45-year-
olds (19/40:47.5%), followed by 46-58 years
of age (13/40:32.5%). The maximum number
of infections was found in the 31-40 year age
group 101/258). Because of the prevalent use
of antibiotics, especially in developing coun-
tries, the resistance profile of microorganisms
is changing, as evidenced by the increasing
rate of antibiotic resistance among bacterial
populations (Farrar, 1985).

The in vitro sensitivity tests of the most
common isolates showed high resistance lev-
els to commonly used antibiotics such as
Augmentin, Gentamycina, and Septrin.
Ceftriaxone is a third-generation cephalo-
sporin that was more effective. This high an-
tibacterial susceptibility by the cephalosporin
was found to be in accordance with the works
of Ravishankar and Mumtaz and his col-
leagues (Ravishankar & Prakash, 2017). All
isolates were highly sensitive to Ceftriaxone
followed by Ciprofloxacin. This high antibac-
terial sensitivity by the Ceftriaxone is in ac-
cordance with the work of (Mumtaz et al.,
2008) 32.5% and Levofloxacin 30%.

In the antibiogram study, isolates belonging
to E. coli are highly sensitive to Ciprofloxa-
cin. As similar to a study done by Bibi Aye-
sha et al., 2014), (Abera & Kibret, 2011;
Mumtaz et al., 2008) showing that E. coli is
highly sensitive to Ciprofloxacin 21%. In this
study, E.coli showed high levels of resistance
(25 %) to Augmentin 25%. This study estab-
lishes that E. coli was more resistant to Aug-
mentin 30% (Singh et al., 2016). High-risk
groups could be targeted more efficiently.
This study is a step in familiarizing sensitivi-
ty and resistance patterns to used antibiotics,
preventing resistance and thus preventing
chronic sequelae. Thus, the present study
raises the question of changing the syndromic
protocol to treatment based on culture sensi-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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tivity. Substantial health gains with a reduc-
tion of the disease burden among women
should be the long-term goal of treatment
which should be intended with knowledge of
cultural sensitivity.

CONCLUSION

Comprehensive healthcare education aimed at
reducing bacterial vaginosis is favorable. The
most common bacterial vaginosis were Esch-
erichia coli and Streptococcus pneumonia.
Infection should be screened and vaccinated,
especially if the women were infected with
Streptococcus pneumonia. Ceftriaxone and
Ciprofloxacin showed the best antibiotic sen-
sitivity. Females with vaginitis should fre-
quently be cultured with vaginal samples, and
the drug sensitivity pattern of each isolate
should be recognized. Further studies are en-
couraged to identify other bacterial species
involved in vaginal infections and determine
the susceptibility of these species to newly
introduced antibiotics.
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Abstract: Bees are a large and diverse species of insects belonging to the Hymenoptera order.
The family Megachilidae represents a large part of most of the bee fauna all over the world as
a result of their importance as pollinators. The study aimed to describe the morphological
characteristics of three species of wild bees belonging to Megachile parientina (Geoffroy,
1785), Rhodanthidium sticticum (Fabricius, 1787), and Anthidium diadema Latreille, 1809 in
Aljabal Alakder, Libya. Specimens were collected by hand net from different locations in the
Aljabal Alakder area (Albayda and Alwastia). The morphological characters were described
by using the OPTIC microscope. Measurements were taken at full body length (in cm), front
wings length, thorax and abdomen width, body color was taken (head, abdomen, thorax,
wings), and the study described in details the morphology of mouthparts, wings venation, an-
tenna and abdominal structure for all species. The morphological structures vary between the
different species in color, size, and wings. The body length of M. parientina was 19 mm, R.
sticticum was 12 mm, and A. diadema was 13 mm. The study’s conclusion insists on the im-
portance of morphological description studies to facilitate the identification of wild bees spe-
cies in Libya.

Keywords: Wild Bees, Megachilidae, Morphological Description, Aljabal Alakader, Libya.

INTRODUCTION

The importance of bees as key ecosystem
service providers cannot be overemphasized.
There are 20,000 bee species in the world
that provide pollination services for many
wild and cultivated plants for
reproduction(Khalifa et al., 2021). The bee
family Megachilidae is found in a wide di-
versity of habitats on all continents except
Antarctica (Litman et al., 2011).The genus
Megachile Latreille, 1802 represents a large
part of most of the bee fauna (Michener,

2007). There are around 1400 species in this
genus (Ascher & Pickering, 2020), divided
into 55 subgenera (Michener, 2007; Trunz et
al., 2016).

The Mediterranean region, especially North
Africa, contains a wide diversity of bee spe-
cies (Ascher & Pickering, 2020; Grace, 2010;
Guiglia, 1942; Shebl et al., 2021), distributed
in a wide variety of habitats (Gonzalez et al.,
2012; Sakenin et al., 2020). Megachile spe-
cies are solitary, and many species are highly
seasonal. Their preferred host plants have a
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short flowering season, and this species is an
important pollinator for grasses, crops, and
fruit plants in different parts of the world
(Zakikhani et al., 2021).These solitary bees
are both ecologically and economically rele-
vant; they include many pollinators of natu-
ral, wurban, and agricultural vegetation
(Gonzalez et al., 2012). Some species are ef-
fective pollinators (Bosch & Blas, 1994;
Vicens & Bosch, 2000), and a polylectic pol-
linator that is native to North Africa (Henson
et al., 2019).

The Megachilidae is one of two families of
long-tongued bees characterized by having
two marginal cells, and the stigma is small in
the front wings (Michener, 2007). The pol-
len-collecting scopa of all nonparasitic fe-
males is located on the abdominal sterna
(Ozbek & Zanden, 1992; Stephen et al.,
1969). Most Megachile nest opportunistically
in a variety of pre-existing cavities that they
line with external materials such as resin or
neatly cut and folded leaves, and these are
potentially manageable through deployment
of trap-nests. Others, such as species of sub-
genus Creightonella instead, excavate bur-
rows in soil that they line with folded leaves
(Michener, 2007).

The taxonomic keys of bees give important to
the morphological characters, in particular,
distinctive characters (Praz, 2017).Libya pos-
sesses an extensive and rich bee fauna
(Zavattari, 1934); few studies were conducted
in Libya and investigated the presence and
taxonomic characteristics of wild bees, but in
spite of these findings, the faunistic data on
wild bees in Libya is still not complete
(Almabrouk & Bataw, 2019). Until recently,
little was known about Apoidea fauna in Lib-
ya, and findings were fragmentary. Since the
works of (Guiglia, 1942; Zavattari, 1934), no
taxonomic studies of bees has been published
for Libya. Recently studies were performed
by (Almabrouk & Bataw, 2019).

Therefore, it is necessary to plan a compre-
hensive project to sample many localities and

provide a need to focus on the taxonomy, di-
versity, ecology, and biology of native bees,
The study aims to identify and describe the
morphological characteristics of some species
of Megachilidae bee species in northeastern
Libya to facilitate further studies concerning
the distribution map of Libyan bee pollinator
species and their conservation.

MATERIALS AND METHODS

The specimens were collected from two na-
ture areas in northeastern Libya (Albayda
32°45'40.4"N: 21°44'51.4"E (619m) and Al-
wastia 32°51'080.83"N: 21°43'91"E (336m))
from March 2014 to May 2018. The areas are
characterized by a rich fauna of wildflowers
and economic plants.

The bees were collected by a net and placed
in glass bottles with wet papers containing
some drops of ethyl acetate alcohol to kill
bees, then pinned and labeled for each speci-
men with bee special information (the area
from which the bees were collected, date of
collection, name of collector) and stored in
wooden boxes in entomology laboratory of
the Zoology Department, Faculty of Science,
Omar Al Mukhtar University. The available
keys were used for bees’ identification:
(Michener, 2007; Michener & Griswold,
1994; Praz, 2017). Identifications were con-
firmed with help of bee specialists (e.g.
Georg Els, Robert Stuart - NHM UK). The
various body characteristics of specimen
bees were measured and described according
to terminology used by Michener (2007). A
stereomicroscope (OPTECH, modular stere-
omicroscope, Optical Technology, Germany)
was used in the description process supplied
with an Olympus digital camera.

RESULTS

Megachile (chalicodama) parietina (Geof-
fry, 1785)

Examined material: @ 2 Alwasita,
16.111.2017; Albaida, 16.1v.2014, 27.111.2018,

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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1.iv.2018, 2.iv.2018, 3.iv.2018, 4.iv.2018,
6.1v.2018, 11.iv.2018, 15.v.2018.
Measurements: 19 mm body length.

Head: black, triangular-shaped, slightly nar-
rower than body, with long black setae,
densely punctate, vertex curved to the inside
with long black setae erected to the outside

(Fig. 1).

Figure (1). The head of () Megachile parientina
(?).

Compound eyes: bright black, with densely
long black setae between compound eyes,
paraocular carina clear, genal area narrow.
Ocelli: arranged in a triangle shape, dark
brown, lateral ocelli at same level of posteri-
or margin of compound eyes (Fig. 2).

Figure (2). Ocelli of Megachile parientina (9).

Clypeus: black, the end of the apical ciliated

with dark brown setae, densely punctate.
Mandibles. rectangular, wider at apical, black
with long little light brown setae, inner man-
dible with cutting edge (Fig.3).

Figure (3). Mandible of Megachile parietina
(%)

Mouthparts: elongated, light brown, galea
brown color, wider than glossa; end of apical
glossa with dense setae erected downward,
paraglossa with short setae at edges (Fig. 4).

Figure (4). Mouthparts of Megachile parientina ().

Antennae: twelve segments, black, antennal
socket dark brown, scape elongated, rectan-
gular, narrower at the base, wider at apical;
pedicel short, rounded, first flagellomere nar-
rower at the base, wider at apical, other
flagellomeres equal in the shape and size,
terminal flagellomere rounded.

Thorax: width 5 mm, prothorax larger than
mesothaorax and metathorax, black, with
densely long black setae especially on meta-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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thorax; tegula clear, dark brown.

Wings: forewings length 13 mm, dark brown,
veins with dark brown color; marginal cell
elongated and broadtwo submarginal cell,
vein 2rs-m curved outward, vein 2m-cu meets
median vein opposite third submarginal cell,
basal vein straight, the lower end meeting the
longitudinal vein at an acute angle (Fig.6a),
jugal lobe of hindwing very short, much less
than half length of vannal lobe and not reach-
ing anywhere near as far as vein closing cubi-
tal cell (Fig. 5).

d

Figure (5). a- Forewing, b- Hindwing of Megachile
parientina (%).

Legs: coxa triangular, black and covered by
black setae at outside; trochanter rectangular,
narrower at the base, wider at apical, black,
apical edge dark brown, black setae; femur
elongated, wider at base, narrow apically,
black with dense and long black setae erected
downwards at outside and outer surface, in-
ternal surface with a few black setae; tibia
narrower at base, wider at apical part, black
with dense short black setae erected down-
wards, dark brown area at the edge of internal
tibia, dense long black setae erected down-
wards at the edges and outer surface, little
black setae on the internal surface, tibial spur
ciliated from each side, forelegs with one tib-
ial spur, short, dark brown, mid legs with one
tibial spur, long, light brown (Fig. 6a), hind
legs with two tibial spur, long, light brown
(Fig. 6b), tarsus five segments each leg, basi-
tarsus longer than mediotarsus and distitar-
sus, narrower at the base, wider at the apical,
black with dense long black setae erected
downwards, mediotarsus three segments

equal in the shape and size, clear, dark brown
with dark brown robust setae at the apical,
distitarsus narrower at the base, wider at the
apical, dark brown with little long dark
brown setae.

Figure (6). Tibial spur a- midleg, b- hind leg of (9)
Megachile parientina.

Pair of long tarsal claws the base dark brown,
apical black, arolium absent (Fig. 7).

Figure (7). Tarsal claws of (Q) Megachile parientina.

Abdomen: width across abdomen 6 mm, six
segments, black, dense punctates, tergum I
clear curvature at the base, compressed and
narrower at the middle, tergum VI triangle
shape, narrower than the rest of the other ter-
ga, dense long black setae erected downwards
(Fig. 8a), sternum black with dense long
black setae, dense short black setae at the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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edges (Fig. 8b).

Figure (8). Abdomen of Megachile parientina a- Dor-
sal view, b- Venteral view of (@) Megachile pari-
etina.

Rhodanthidium sticticum (Fabricius, 1787).
Examined material: ¢1 Albaida, 15.5.2018
12 mm body length .

Head: rounded and slightly narrower than the
body (Fig. 9a), vertex with band curved in the
middle at the apical, orange color with dense
long orange setae, dense punctates (Fig. 9b).

Figure (9). a- The head, b- Vertex of (9Q)
Rhodanthidum sticticum.

Compound eyes: bright black, orange spot
between compound eyes and antennae, para-
ocular carina clear, genal area wide.

Ocelli: triangle shape, light brown, the lateral
ocelli slightly higher than the height level of
compound eyes, the median ocellus with
frontal line.

Clypeus: dark brown, the end of apical ciliat-
ed with long orange setae erected down-
wards, dense punctates.

Mandibules: rectangular, wide, robust, elon-

gated, ends with five sharp teeth, apical tooth
long, dark brown with dark brown lope at the
connect area with the malar area (Fig. 10).

Figure (10). Mandible of (Q) Rhodanthidum sticti-
cum..

Mouthparts: long, light brown (Fig. 11)

Figure (11). Mouthparts of (Q) Rhodanthidum sticti-
cum.

Antenna: twelve segments, scape long, rec-
tangular, orange, pedicel short, rectangular,
orange, flagellum ten segments, the first
flagellomere longer than the rest of the other
flagellomeres, wider at the apical, narrower
at the base, the other ninth flagellomeres
equal in the shape and size, flagellomeres
from first to third orange color, flagellomeres
from fourth to tenth dark brown color, the
terminal flagellomere of antennae rounded
shape (Fig.12).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (12). Antennae of (9) Rhodanthidum sticti-
cum..

Thorax: width across thorax 4 mm, dark
brown, prothorax larger than mesothorax and
metathorax, dense long orange setae, dense
punctates, tegula clear large, orange (Fig.13).

Figure (13). Thorax of (9) Rhodanthidum sticticum.

Wings: forewings length 11 mm, light brown,
the veins dark brown, marginal cell long and
broad, apical edge of marginal cell darker
brown, the apical of marginal cell not jointed
with costa vein, two submarginal cells, vein
Irs-m with the same line vein 1m-cu, vein
2rs-m curved outward, vein 2m-cu meets me-
dian vein at the second submarginal cell, ba-
sal vein straight, the lower end meeting the
longitudinal vein at an acute angle (Fig. 14),
jugal lobe of hindwing very short, much less
than half length of vannal lobe and not reach-
ing anywhere near as far as vein closing cubi-
tal cell.

Figure (14). Forewing of (Q) Rhodanthidum sticti-
cum.

Legs: coxa triangle, dark brown with dense
long orange setae erected to down at the edg-
es, trochanter narrower at the base, wider at
the apical, dark brown with dense orange se-
tae, fumer rectangular, wider dark brown at
base, narrower orange at the apical, dense
short orange setae erected to down, tibia nar-
rower at the base, wider at the apical, dense
short orange setae erected to down, tibial
spur ciliated at the inner edge, sharp at the
outer edge, forelegs with one tibial spur,
short, light brown, midlegs with one tibial
spur, long, orange, hind legs with two tibial
spur, long, orange (Fig. 15a), tarsus five
segments each leg, basitarsus longer than
mediotarsus and distitarsus, orange with
dense long orange setae erected to down, me-
diotarsus three segments equal in the shape
and size, orange with dense long orange ro-
bust setae erected to down at the apical, disti-
tarsus narrower at the base, wider at the api-
cal, orange with little long orange setae
erected to down at the apical (Fig. 15b).

Figure (15). a- Tibial spur of hind legs, b-Midleg of
(9) Rhodanthidum sticticum. .

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.



Al-Mukhtar Journal of Sciences 37 (2): 138-149, 2022

Pair of longed tarsal claws, branched at api-
cal, the lateral longer than internal one, the
base orange, apical dark brown, arolium
clear, dark brown (Fig.16).

Figure (16). Tarsal claws of. (9) Rhodanthidum
sticticum.

Abdomen: width across abdomen 5 mm, six
segments, dense punctates, short light orange
setae erected to down, contact area of terga I,
IT clear dark brown, the color of segments
black at the middle, orange color from each
side, tergum VI triangle shape with two pairs
of posteriorly projecting spines (Fig. 17a),
sternum dark brown ends with light orange
edges, long light orange setae (Fig. 17b).

Figure (17). a- Dorsal view, b- Venteral view of (9)
Rhodanthidum sticticum..

Anthidium diadema Latreille, 1809
Examined material: Q 1
30.v.2018.

Albaida,

13 mm body length.

Head: rounded with clear yellow spots, white
setae, dense punctates, vertex curved slightly
to the inside, black with two elongated bands,
and clear long yellow setae (Fig. 18).

Figure (18). The head of (?) Anthidium diadema.

Compound eyes: large, dark brown.

Ocelli: triangular shape, dark brown, the lat-
eral ocelli less than the height level of com-
pound eyes (Fig. 19).

' o 0

Figure (19). Ocelli of (Q) Anthidium diadema.

Clypeus: yellow color, wider than the length.
Mandibules: cylindrical, yellow color, ends
with three sharp dark brown teeth, lower
tooth long, strong edges (Fig. 20).

Figure (20). Mandible of (9) Anthidium diadema.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Mouthparts: long, light brown.

Antenna: thirteen segments, scape long, nar-
rower at the base, wider at the apical, black
with white setae, pedicel short, rounded, dark
brown, flagellum eleven segments, dark
brown, the first flagellomere narrower at the
base, wider at the apical, the second and third
flagellomeres wider than the length, flagel-
lomeres from fourth to eleventh equal in the
shape and size, the terminal flagellomere of
antennae rounded shape (Fig. 21).

Figure (21). Antennae of () Anthidium diadema.

Thorax: width across thorax 5 mm, pronotal
lobe cream with a dorsal anterior carina, cov-
ered with long white setae, omaulus rounded,
scutum with recumbent dense short setae, al-
most totally black and with reversed J-shaped
cream, marking along anterior and lateral
edges, axilla rounded, scutellum with cream
subapical band, triangular area of propodema
large, impunctate shining, mesepisternum and
metepisternum with small cream spots, tegula
large, reddish-brown, with cream spot anteri-
orly (Fig. 22).

Figure (22). Thorax of (Q) Anthidium diadema.

Wings. forewings length 10 mm, transparent
brown, the veins dark brown, marginal cell
broad with a dark brown line at the apical of
margin cell, two submarginal cells, 2smc
slightly larger than lsmc, vein 2m-cu meets
median vein beyond point where 3rs-m dose,
basal vein straight, the lower end meeting the
longitudinal vein at an acute angle (Fig. 23),
jugal lobe of hindwing very short, much less
than half length of vannal lobe and not reach-
ing anywhere near as far as vein closing cubi-
tal cell.

Figure (23). Forewing of (Q) Anthidium diadema.

Legs: coxa black, dense punctates, forecoxa
and hindcoxa longer than midcoxa, apical
edge light brown, dense long white setae
erected downwards, midcoxa short, black,
long white setae erected downwards,  tro-
chanter black, narrower at the base, wider at
the apical, dense punctates, dense long white
setac erected downwards, fumer elongated,
wide, internal surface dark brown with little
white setae erected to down, external surface
black, apical edge light brown, short black
setae, dense punctates, dense long white setae
erected downwards at the edges, tibia internal
surface wide, dark brown with white setae
erected downwards, external surface yellow
with white setae, dense punctates, tibial spur
ciliated from each side, long, light brown,
forelegs and midlegs with one tibial spur
(Fig. 24a), hind legs with two tibial spur (Fig.
24b), tarsus five segments each leg, reddish
brown with dense long yellow setae erected
downwards, basitarsus longer than mediotar-
sus and distitarsus, mediotarsus three seg-
ments equal in the shape and size, distitarsus
long, narrower at the base, wider at the apical

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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reddish brown with short little reddish brown
setae erected downwards at the apical.

Figure (24). Tibial spur a-midleg, b- hind leg of (?)
Anthidium diadema.

Pair of elongated tarsal claws, branched at
apical, the lateral longer than the internal
one, the base light brown, apical dark brown,
arolium absent (Fig. 25).

Figure (25). Tarsal claws of () Anthidium diadema.

Abdomen: width across abdomen 5 mm,
seven segments with dense punctates.
Tergum I black with a yellow spot on each
side.

Tergum II black with a yellow band along the
tergum, two dark brown spots with curvature
yellow band at middle to down.

Tergum III black with yellow band, two dark
brown marks on each side.

Terga IV and V black, yellow band. Tergum
VI less wide than other terga with paired, lat-
eral, bright yellow spots. Tergum VII with
prominent, hook like projections (Fig. 26a).
Sternum: each sterna with dense long white
setae erected downwards (Fig. 26b).

Figure (26). a- Dorsal view, b- Venteral view
of (9) Anthidium diadema.

DISCUSSION

The bee fauna of Libya is rich but relatively
little known biologically and taxonomically
(Almabrouk & Bataw, 2019; Zavattari,
1934). The study of morphological structures
of wild bees is conceded as one of the im-
portant topics as a results of the importance
of bees in the ecosystem.

Undoubtedly, the current study described
three species Megachile (chalicodama) pari-
entina, Rhodanthidium sticticum, and Anthid-
ium diadema. Each of them is a separate spe-
cies and differs in morphological features.
However, we hope to draw more attention
and encourage melittologists to investigate
and document these morphological structures
as well as the floral associations and foraging
behavior of all bees that have them in Libya.

CONCLUSION

The current study insists that the Aljabal
Alakder region of Libya has an important bee
diversity that serves the ecosystem as pollina-
tors of agricultural flowers. The study pro-
vides valuable information about Mega-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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childae that could help to construct taxonom-
ic keys for the Libyan bee species, and more
investigation is needed for the study of wild
bees.
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Abstract: The SARS-CoV-2 virus caused the COVID-19 pandemic declared in early 2020,
generating a global health emergency. So far, no approved drugs or vaccines are available.
Therefore, there is an urgent need to explore and develop effective new therapeutics against
SARS-CoV-2. In addition, the main protease (Mpro) of the SARS-CoV-2 virus is considered
essential in the virus replication propagation and considered a drug discovery target. Conse-
quently, plant-derived compounds are an important and valuable source for novel drugs. This
study reports molecular docking-based virtual screening (VS) of 20 compounds identified
from Glycyrrhiza glabra to search for potent compounds against 3CL proteases (3CLpro). The
screening results revealed that the identified compounds Semilicoisoflavone B, Licoflavone
B, and Licocoumarin A exhibited low free energy of binding (FEB) values of 10.91, —10.29,
and —10.21 kcal/mole for Autodock 4.2 and —9.81, —9.77, and —9.60 kcal/mole, for Auto-
DockVina, respectively. The obtained results of FEB in this study were better than the coordi-
nated ligand N3, which was -7.4 kcal/mole. The three potential compounds showed different
and stable interactions with the essential amino acids, especially the catalytic dyad (Cys145-
His41) in the binding pocket of the 3CLpro. Three potential inhibitors were successfully iden-
tified from Glycyrrhiza glabra using molecular docking and virtual screening; these com-
pounds obeyed the Lipinski rule of 5 with a little violation and showed low FEB and good in-
teractions with the 3CLpro. These identified compounds may serve as potential leads that help
in developing therapeutic agents against the SARS-CoV-2. Further research is recommended
(in vitro and in vivo) to verify the above findings.

Keywords: Virtual Screening, Docking, Glycyrrhiza glabra, COVID-19, SARS-CoV-2, 3CL
protease.

INTRODUCTION

The recent outbreak of severe acute respirato-
ry syndrome (SARS) coronavirus disease-19
(COVID-19) is a novel infectious and highly
contagious disease that first appeared in Wu-
han, Hubei Province, China, in December,
the year 2019 (Phan, 2020; Yang et al.,

2020). The virus has spread worldwide, in-
creasing the number of victims and causing
significant morbidity and mortality. On
March 11, 2020, the World Health Organiza-
tion (WHO) classified it a pandemic (Asrani
et al., 2021; Zehra et al., 2020). SARS-CoV
is a novel member of the betacoronavirus ge-
nus, which belongs to the Coronaviridae fam-
ily. It has an enveloped, positive-sense, sin-
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gle-stranded RNA (Chan et al., 2020; Pal et
al., 2020). The viral genomes encode as non-
structural proteins (NSPs), which include (3-
chymotrypsin-like protease 3CLpro) nspS,
(papain-like protease) nsp3, (helicase) nspl3,
and (RNA-dependent RNA polymerase
[RdRp]) nspl2, in addition to structural pro-
teins (such as spike glycoprotein and accesso-
ry proteins) (Chan et al., 2016; Chan et al.,
2020). These two proteases (PLpro and
3CLpro) are involved in the transcription and
replication of the virus. However, the 3CLpro
mainly has the most important role in virus
replication (De Wit et al., 2016).

There is currently no therapeutically licensed
inhibitor of the SARS protease, but several
are being developed (Stoermer, 2020). In ad-
dition, protease inhibitors have been devel-
oped for a wvariety of viruses, including
nelfinavir (Gills et al., 2007), amprenavir for
HIV (Marcelin et al., 2003), and lopinavir-
ritonavir (Saez-Llorens et al., 2003) for HCV.
However, manufacturing those protease in-
hibitors requires a multistep reaction that is
quite costly, and an emergency medicine that
is both effective and inexpensive is currently
needed. It is well known that several medici-
nal plants may combat viruses and have ac-
tive components that produce large quantities
of data about their effectiveness. Glycyrrhiza
glabra is one of these therapeutic plants, and
its active components may have the ability to
combat numerous viruses (Pompei et al.,
1980). Glycyrrhiza glabra (Gg), often known
as 'sweet wood' and 'liquorice', is a member
of the Fabaceae family.

It is effective against a variety of RNA virus-
es, including the influenza A virus, HINI1
virus, H5N1 virus, Rotavirus, Newcastle dis-
ease virus, Hepatitis C virus, and severe acute
respiratory virus, as well as DNA viruses,
including Herpes Simplex virus, Epstein-Barr
virus, and Varicella-Zoster virus (Cinatl et
al., 2003; Wang et al., 2015). Several potent
compounds derived from Gg have been iden-
tified as being capable of inhibiting the vi-
rus's development. It has been demonstrated

in some research studies that Glycerrhizin
(Glycyrrhizinate or Glycyrrhizic acid) is ef-
fective in inhibiting the binding of viruses to
target cells, as well as in controlling viral
replication. It has been observed to have con-
siderable antiviral activity (Sharma et al.,
2018; Wang et al., 2015).

The application of computational methods in
drug discovery has assisted in the accelera-
tion of the discovery and design of new drug
candidates while also lowering the overall
cost of the process. As a result, virtual
screening-based drug discovery has been
identified as one of the most effective ways
of discovering new drugs.(Zoete et al., 2009).
In-silico virtual screening is a searching
strategy used to discover novel compounds
and chemotypes that can be utilized as alter-
natives to currently available drugs (Ahmed
Ali  Abdusalam & Vikneswaran, 2020;
Sliwoski et al., 2014). With the help of VS,
also known as the step-by-step approach of
sequential filters, it is possible to narrow
down a large number of compounds to select
the most promising lead-like hits that have
potential biological activity against a target
protein (Jacq et al., 2007; Lavecchia & Di
Giovanni, 2013; Mclnnes, 2007).

In this study, the VS approach was carried
out to identify and estimate potential inhibi-
tors against two SARS-CoV-2 3CL proteases
obtained from the Allium roseum L plant,
followed by molecular docking to discover
new inhibitors that may be used in the treat-
ment of coronavirus infections.

MATERIALS AND METHODS

Retrieval and Preparation of Protein
Structure: The three-dimensional structure
of 3CLpro of SARS-CoV-2 in complex with
inhibitor N3 was retrieved from the Protein
Data Bank (http://www.rcsb.org) (Berman,
2000) (PDB ID: 6LU7), and the structure is
shown in Figure 1 (Burley et al., 2017). Au-
todock Tools (ADT) was used to remove co-
factor and unwanted water molecules, add the

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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polar hydrogen to the protein, compute Gas-
teiger, and add Kollman charge. Subsequent-
ly, the file is saved in the PDBQT format.

Ligand Preparation: The three-dimension
structures (3D) of the 20 ligands were ob-
tained from the PubChem site (http://pub-
chem.ncbi.nlm.nih.gov). The downloaded
ligands were in SDF format. BIOVIA Dis-
covery Studio Visualizer 2016 www.acce-
Irys.com was used to convert ligands to PDB,
and ligands were converted to PDBQT for
VS using raccoon software. Molecular pro-
prieties used for Lipinski's (ROS5) (Lipinski,
2004) were evaluated using the online-site
Molinspiration https://www.molinspiration.c-
om/cgibin/properties.

Virtual Screening: AutodockVina was used
to perform an initial virtual screening of 20
bioactive compounds against SARS-CoV-2
3CLpro (PDB ID: 6LU7). The protein file
was converted from PDB to PDBQT, and a
Config.txt file with all of the information
needed for VS with ADT was created; all
other options were considered a default.

Moleculaer Docking: Molecular docking is a
computational technique for determining the
ligand's best shape and orientation when in-
teracting with a receptor (Morris et al., 2009).
This research was to take the search one step
further by determining the binding affinity of
the selected compounds for the target protein.
The docking simulation and analysis were
carried out using AutoDock 4.2 and Auto-
DockVina (Trott & Olson, 2010). AutoDock
4.2 was used to find the optimal orientation
and interactions between the ligand and bio-
active compounds; the grid box parameter
was set as 60-60-60 for the x-, y-, and z-axes,
respectively, with a spacing of 0.375 A posi-
tioned at the centre of the binding pocket. For
each docking experiment, 100 independent
runs were performed. For each conformation,
the lowest binding energy was chosen.

4
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Figure: (1). Diagram representation of the three-
dimensional structure 3D of 6LU7 in complex with
N3 (yellow color) (A) Orthogonal view (B) Side view.

RESULTS AND DISCUSSION

Validation of The Virtual Screening Proto-
col: Prior to performing the virtual screening
and molecular docking, validation of the
docking protocol was evaluated by a re-dock
within the acceptable range of the co-
crystallized N3 to the target protein's active
site (PDB: 6LU7). Here, the N3 pose exhibit-
ed the same orientation pattern as the crystal-
lographic pose (RMSD = 0.82 A, Figure 2,
binding affinity —7.2 kcal/mol). Therefore,
the results showed that the used protocol was
reliable, and the docking software can be
trusted and reproduce the expected binding
mode of the co-crystallized ligand.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (2). Superimposition of the docked and crys-
tallographic N3 poses (red and blue), respectively.

Initially, 20 compounds identified from
Glycyrrhiza glabra were obtained from the
literature (Pastorino et al., 2018). The com-
pounds were virtually screened against the
target protein and arranged according to the
FEB. The top three compounds that exhibited
the lowest energy of binding were chosen.
Then, the Lipinski Role of five was used
based on the molecular properties of the
compounds to assess their similarity with ap-
proved drugs. The role of the top potential
hits compounds is shown in Table 1. This
rule is used to determine the drug-likeness
properties should be no more than one viola-
tion of the following criteria, ALogP < 5,

molecular weight < 500, number of HBD < 5,
number of HBA < 10, and rotatable bond <
10. As can be seen from Table 1, the three
compounds fall within the acceptable range
of the Lipinski rule; the Semilicoisoflavone B
compound was fully obeying the rule, while
the other two compounds, Licoflavone B and
Licocoumarin A, violate only one rule,
whereas the coordinated ligand N3 violated
more than two rules.

Figure 3 depicts the top three bioactive com-
pounds ranked by AutoDockVina scores.
These molecules exhibited the lowest FEB
among the other compounds in the protein-
ligand complex; subsequently, they were ap-
plied in the docking calculation. The docking
simulation results showed that all the 20
compounds displayed FEB in the range -9.8-
to -3.3 kcal/mol. Therefore, the compounds
that showed the lowest FEB were considered
the best, Table 2.

Therefore, the top 3 ranked compounds were
suggested as the most suitable candidates.
Semilicoisoflavone B, Licoflavone B, and
Licocoumarin A displayed a minimum FEB
of -9.8, -9.7, and -9.6 kcal/mol by Auto-
DockVina and the energy of -10.91,-10.29,
and -10.21 kcal/mol by AutoDock 4.2, re-
spectively, Table 3.

Table: (1). Molecular properties of the three 3CL pro inhibitor candidates.

No Name Molecular logp H-bond  H-bond Rotatable Lipinski’s Drug-
weight(g/mol) donors acceptors  bonds rule vio- likeness
lation alert
1 Semilicoiso 352.34 3.43 3 6 1 0 Accepted
flavone B
2 Licoflavone 390.50 6.3 2 4 5 1 Accepted
B
3 Licocoumarin 406.47 5.59 3 5 5 1 Accepted
A
4 N3 680.35 2.32 5 14 18 2 e

The clustering analysis is considered the best
method to determine if the docking simula-
tion effectively searched the available con-
formation space. Furthermore, pose cluster-
ing is a method for identifying possible poses

that are different from energy ranking, and it
can help decrease the number of strange pos-
es (Forli et al., 2016; Makeneni et al., 2018;
Morris et al., 1998).

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table: (2). Free energy of binding for the 20 com-
pounds against COVID-19 3CLpro.

Free energy of bind-

No  Compound Name ing Keal/mole
1 Semilicoisoflavone B -9.8
2 Licoflavone B -9.7
3 Licocoumarin A -9.6
4 Shinpterocarpin -8.8
5 Glabridin -8.8
6 1-Methoxyficifolinol ~ -8.6
7 enoxolone -8.5
8 Licopyranocoumarin -8.1
9 1-Methoxyficifolinol ~ -8.0
10 enoxolone -7.8
11 Glisoflavone -7.7
12 Isoliquiritigenin -7.5
13 Liquiritigenin -7.5
14 Isoangustone -7.4
15 Liquiritin 1.3
16 Licoarylcoumarin -7.3
17 Licochalcone a -7.2
18 Kanzonol R -7.2
19 Licoriphenone -7.1
20 Glycyrrhizic acid -3.3

Table: (3). FEB Binding energy values of the 3 com-
pounds present in Glycyrrhiza glabra.

AutoDock AutoDock-
No Compound 4.2 Vina
(kcal/ mol) (kcal/mol)
1 Semilicoisofla- -10.91 9.8
voneB
Licoflavone B -10.29 -9.7
3 Licocoumarin A -10.21 -9.6

-

Figure: (1). Structure of the top three 3CL protease
inhibitor (A) Semilicoisoflavone B (B) Licoflavone B
(C) Licocoumarin A.

The results obtained by AutoDock 4.2 are
organized by the FEB and the cluster of solu-
tions that adopt the same pose Table 4 (Smith
et al., 2004). The results for compound
Semilicoisoflavone B exhibited 58 poses
adopted as favourable conformation (this
pose is considered the largest cluster out of
100 poses).

Licoflavone B adopted poses 19 times out of
100. Likewise, Licocoumarin A took this
pose 46 times. The best docking solution was
reported by Autodock (lowest FEB) for each
GA run, as well as the cluster rank of the se-
lected docked structure, the docked free en-
ergy range of docked structures, and the
docked free energy of the selected docked
structure Table 4. Only the docking mode
that exhibited the lowest FEB was chosen for
this cluster. Amino acid residues fully
wrapped these molecules at the binding
pocket region, as shown in Figure 4.

Figure: (4). Enfolding of the three compounds in the
binding pocket, (A)Semilicoisoflavone B (B) Licofla-
vone B and (C) Licocoumarin A.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table: (4). Docked FEB and relative cluster ranks of the three compounds.

Docked free

Docked free

Number of Au-  Cluster rank of energy range of energy of se-
No compounds toDock clusters  selected docked docked struc- lected docked
a structure
tures structure
1 Semilicoisoflavone 58 (100) 4 -10.91 to -8.88 -10.91
B

2 Licoflavone B 19 (100) 3 -10.29 to -8,21 -10.29
3 Licocoumarin A 46 (100) 2 -10.21to0 -9.31 -10.21

The docking location of the three compounds
was investigated. The interaction analysis
results revealed that all compounds occupied
the same position in the active pocket with a
comparable pattern. Thus, the compounds
were covalently bound by the essential amino
acid residues of the target protein. The inter-
actions of the docked compounds with the
protein were manually examined, and then
the location of the compounds in the binding
pocket was determined. They showed exten-
sive interactions with the key amino acids
residues constructing the binding pocket. The
interactions are hydrogen bonds, Van der
Waals interaction, Pi-alkyl, Pi-sigma, Pi-
cation, Pi-anion, and hydrophobic interaction,
as shown in Figure 5.

(
S argior
[ ‘\n\gu -

el N N O
e v Ao
%, Q u

Figure: (5). The 3D structure of the three potential
compounds (A) Semilicoisoflavone B (B) Licoflavone
B (C) Licocoumarin A

The compound, Semilicoisoflavone B, was
found to form five hydrogen bonds, four be-
tween amino acids SER144, CYS145,
GLY 143, LEU141, and oxygen atom O,, and

the fifth H-bond was between ARG188 and
the fifth O, atom on the compound. The ami-
no acids HIS41, CYS145, and PROI168
showed three Pi-Alkyl bonds between the
benzene ring and methyl group, respectively.
HIS163 exhibited a Pi-Sulfur bond with a
benzene ring on the compounds. Likewise,
hydrophobic interactions were displayed with
amino acids THR190, PRO168, GLNI189,
GLU166, ARGI188, MET165, ASN142, and
HIS41 at the binding pocket. Van der Waals
interactions were also noticed between
THR190, GLN192, CLU166, and ASN142
and the carbon atoms C-1, C-5, C-11, and the
C-14 compound. A carbon-hydrogen bond
formed with the amino acid GLN189 and
benzene ring (Table 5 and Figure 6).

The Compound Licoflavone B was found to
show three hydrogen bonds between amino
acids GLY 143, ARG188, SER144, and oxy-
gen atom O,. Amino acid HIS41, CYS145,
MET165, and LEU27 formed four Pi-Alkyl
bonds with the two benzene rings and two
methyl groups. Likewise, a carbon-hydrogen
bond formed with amino acid GLU166. In
addition, hydrophobic interactions were dis-
played between amino acids HIS41, CYS145,
GLN189, HIS163, LEU144, THR90,
AEGI188, MET165, and GLU166. The other
interaction shown was van der Waals, exhib-
ited between amino acids GLN192, THR190,
PRO168, HIS163, LEUI141, THR2S,
ASN142, and carbon atoms C-1, C-2, C-3, C-
7, C-13, C-19, C-20, C-23, C-23, and C-25,
and different carbon atom on the compound
(Table 5 and Figure 6). The compound Lico-
coumarin A showed three hydrogen bonds,
two between amino acids SER144 and oxy-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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gen atom O,, another one with GLY 143 and
the same oxygen atom. Amino acids HIS41,
LEU27, CYS145, LEU167, and METI165

formed six Pi-alkyl bonds, one with a ben-
zene ring and four with methyl groups on the
compound. In addition, van der Waals inter-
actions were displayed between amino acids
THR29, THR26, ASN142, PRO168, GN192,

LEU141, and carbon atoms C-1, C-2, C-5, C-
8, C-15, C-9, C-17, C-19, and C-20 of the
compound. The compound formed hydropho-
bic interactions with amino acids GLN192,
THR26, ASN142, LEU27, LEU141, HIS41,
HIS163, GLU166, THRI190, METI165,
GLN189, and ARG188 (Table 5 and Figure
6).

THR190,

ALEE

GLN189,

ARGI188,

HIS163,

GLM
AIIED

Figure: (6). The 3D structure of the three potential compounds using Discovery studio visualizer (A) Semilicoiso-

flavone B (B) Licoflavone B (C) Licocoumarin A.

Table: (5). Details of binding interactions of the potential four compounds docked into the active pocket of the

COVID-19 3CLprotease.

Ligands

Residue

Type of interactions

1 Semilicoisoflavone B

2 Licoflavone B

3 Licocoumarin A

CYS145, SER144, GLY 143, LEU141, ARG188,
THR190, GLN192, CLU166, ASN142,

MET165,

HIS41, PRO168

GLN189

HIS163

SER144, GLY143,ARG188,

GLN192, THR190, PRO168, HIS163, LEU141, THR2S,
ASN142,

HIS41, CYS145, MET165,LEU27

GLU166

CYS145, GLN189, THR90AEG188, MET165,
GLU166, LEU144, HIS163, HIS41

SER144, SER144,GLY 143

THR29, THR26, ASN142, PRO168, G,N192,
THR190, GLN189,ARG188, HIS163, LEU141
HIS41, LEU27, CYS145, LEU167, MET165
LEU27, THR26, ASN142, LEU141, HIS41, HIS163,
GLU166, MET165, GLN192, THR190GLN189, ARG188

H-Bond

van der Waals
Pi-Sulfur

Pi-Alkyl

Carbon Hydrogen Bond
Pi-Cation

H-Bond

van der Waals

Pi-Alkyl
Carbon Hydrogen Bond
Hydrophobic

H-Bond
van der Waals

Pi-Alkyl
Hydrophobic

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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LigPlot (Laskowski & Swindells, 2011) was
used to confirm the results of the interactions
between the compounds and the target pro-
tein, as can be seen in Figure 7, which
showed that the compounds occupy the bind-
ing pocket and display different interactions
such as H-bond, hydrophobic interaction,
which indicates the efficiency and effective-
ness of these compounds against COVID-19.
As mentioned earlier, the hydrogen bond and
hydrophobic interactions between the ligands
and protein are critical for ligand binding.

% A B

Figure: (7). The 2D structure of the three potential
compounds using LigPlot (A) Semilicoisoflavone B
(B) Licoflavone B (C) Licocoumarin A.

In this study, in-silico structure-based drug
design was employed to apply a logical and
inexpensive technique to accelerate the dis-
covery of effective SARS Coronavirus-2 an-
tiviral drugs (Ahmed Ali Abdusalam &
Vikneswaran, 2020; Hariyono et al., 2021)
The docking results of the three compounds
from Glycyrrhiza glabra against the target
protein determined minimum FEB, molecular
characteristics, binding mode, hydrophobic
interactions, and hydrogen-bond between the
amino acids residues and compounds in the
binding pocket. Therefore, this research in-
volved screening the molecular properties,
two docking software (Autodock 4.2 and Au-
todockVina), hydrogen bonding, and hydro-

phobic interaction analysis. Even though the
use of structural and molecular properties
analysis applied in the study was not compli-
cated and easy to use, it helped minimize the
costs and the number of docked compounds.
In addition, they increased the precision of
the virtual screening approach and the con-
sistency of the results of the current study. As
long as the catalytic dyad Cys145 and His41
are very important in the covid-19 inhibition,
the above finding successfully identified
three potential compounds from Glycyrrhiza
glabra that displayed good binding interac-
tions and low binding affinity. The three
compounds were inhibitors for the catalytic
dyad alongside the essential amino acids in
the binding pocket. This ability to interact
with the essential amino acids in the COVID-
19 3CLpro gives additional advantages of
inhibiting the virus activity.

CONCLUSION

The current study applied a combination of
different molecular modeling techniques,
such as two molecular docking approaches,
molecular features screening, hydrogen-bond,
and hydrophobic interactions analyses, and
successfully identified three potential inhibi-
tors for COVID-19 3CLprotease. The three
compounds, Semilicoisoflavone B, Licofla-
vone B, and Licocoumarin A, displayed a
high affinity with the 3CLpro binding pocket
of COVID-19. The free energy of binding
(FEB) values were 10.91, —10.29, and —10.21
kcal/mole for Autodock 4.2 and —9.81, —9.77,
and —9.60 kcal/mole for AutoDockVina, re-
spectively. The three compounds obeyed
Lipinski's rule of five, with a little violation
in one parameter for two compounds com-
pared to the coordinated ligand N3, which
violated more than two rules. The obtained
results showed that the compounds interacted
with the catalytic dyad (Cys145 and His41)
in the binding pocket in the COVID-19 main
protease, similar to the coordinated ligand
N3. To confirm this finding, experimental
studies (in vitro and in vivo) are needed to
study the interactions between these com-

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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pounds and COVID-19.
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Abstract: Fleas are ectoparasitic pests on domestic animals and act as vectors of many patho-
gens to humans. Here, we aim to identify the fleas that parasitize on domestic animals and their
seasonality in the Nafusa Mountain region (Gharyan, Zintan, and Nalut). The survey was carried
out from summer 2017 to winter 2018/2019. Fleas were collected seasonally from flea-infested
animals using a metal comb (11 teeth per cm) and tweezers. One flea species was identified in
this survey; Ctenocephalides felis, which was collected from goats, sheep, rabbits, donkeys,
hens, cats, and dogs. The highest flea prevalence was among goats (66.49 %), followed by sheep
(56.17%), whereas in dogs, donkeys, hens, rabbits, and cats, it represented less than 50.00%. The
highest flea intensity was among dogs (4.50 = 3.04 fleas per dog), while the lowest intensity was
among hens (0.87 £ 0.59 fleas per hen). The highest mean flea abundance was among cats
(8.00), whereas goats, sheep, donkeys, dogs, and hens represented less than 1.50 fleas per host.
Summer and autumn represented the highest intensity followed by spring, but no fleas were col-
lected in winter. The finding of the study indicated that Ct. felis was common among domestic
animals. Consequently, it may become a potential source of pathogen transmission among peo-

ple and animals.

Keywords: Ctenocephalides felis; Siphonaptera; Domestic Animals; Nafusa Mountain; Libya.

INTRODUCTION

Fleas are wingless insects and have medical
importance as economic pests in domestic ani-
mals around the world (Krimer & Mencke,
2001). They are ectoparasites that cause hyper-
sensitivity and iron deficiency anemia in heavy
infestations and responsible vectors of patho-
gens (plague, rickettsiosis and bartonellosis),
and act as intermediate hosts for some endo-
parasites (Smart, 1956). They can take blood
meals from multiple hosts. Consequently, they
have the ability to transmit different pathogens
to different hosts (Brinkerhoff et al., 2010).
The vertebrate hosts provide the main habitat,
offering a place for living, feeding, and mating.

About 95% of known flea species parasitize on
mammals, and the other (5%) parasitize on
birds (Krdmer & Mencke, 2001). Fleas infest
domestic animals such as goats (McCrindle et
al., 2011), small ruminants (Kusiluka et al.,
1995), cattle (Araujo et al., 1998), and horses
(Yeruham et al., 1996).

Some flea species are opportunistic and have a
wide range of hosts, while other flea species
are highly specific and have a narrow range of
hosts (Ford et al., 2017). Domestic animals
such as sheep and goats are considered a sec-
tion of economic resources for people in the
Nafusa Mountain region. There are no compre-
hensive studies in the Nafusa Mountain region
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about fleas that parasitize on domestic animals.
The only study in the area was on wild animals
(Belgasm et al., 2022). The aim of this study is
to identify the fleas that parasitize on domestic
animals and their seasonality in the Nafusa
Mountain region.

MATERIALS AND METHODS

Study area: The research was conducted in the
Nafusa Mountain region, which is located in
Libya's northern region (Figure 1). In terms of
topography, this region is characterized by a
great deal of diversity (mountains, hills, val-
leys). Seasonal herbs, annuals, and medium-
sized plants, such as olive and fig trees, are
prominent. The climate is transitional between
the desert and the Mediterranean climate. The
mean annual rainfall is 49 mm, the mean
monthly relative humidity is 15 to 83 %, and
the temperature ranges from 4°C to 43°C.
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Figure: (1). Map of study area.

Capturing of animals and sampling: Fleas
were collected seasonally from summer 2017
to winter 2018/2019 from three locations in
Nafusa Mountain region (Gharyan, Zintan and
Nalut); from goats (n= 614), sheep (n= 392),
rabbits (n= 137), donkeys (n= 37), hens (n=
223), cats (n= 43), dogs (n= 111). Dogs and
cats were anesthetized by dissolving 2-5

Calmivet® tablets in milk or placed inside piec-
es of meat and provided for them. Whereas
goats, sheep, hens, rabbits, and donkeys, the
fleas were collected from them without anes-
thetization.

Fleas were collected from all infested hosts by
combing the whole body using a metal comb
(11 teeth per cm) and tweezers, then transferred
to vials containing 70% ethanol by tweezer for
preservation. The date of collection, season,
number of fleas, host, and collecting place
were recorded. The samples were taken to the
Laboratory of Entomology in the Zoology De-
partment, Faculty of Science, University of
Tripoli, to mount and identify fleas to species
level using an identification key (Smit, 1957).

Data analysis: The data were classified ac-
cording to flea species, host species, seasons of
collection, and area. Fleas per host, season, and
area were calculated according to International
Definitions Indicators, the method of Yin et al.
(2011):

Flea prevalence (FP) =
number of hosts infested with fleas %100

total number of surveyed hosts
Flea intensity (FI) =

total number of fleas

total number of hosts infested with fleas

Mean flea abundance
total number of fleas

(MFA) =

total number of surveyed hosts

The descriptive analysis of main characteristics
was performed using means and standard errors
(SEs) with flea intensity because it includes the
main values of fleas per infested animal. The
means of collected fleas per host and season
were tested for the normality by the one-
sample Kolmogorov-Smirnov test. The means
of data were not normally distributed. P-value
was < 0.05. The mean of flea intensity was
compared by non-parametric tests (Kruskal-
Wallis test and Mann-Whitney test) by SPSS
(version 23.0.0, 2015).

RESULTS

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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This survey was carried out from summer 2017
to winter 2018/2019 in the Nafusa mountain
region (Gharyan, Zintan and Nalut). A total of
2025 individuals of fleas were collected from
508 infested hosts; goats (246), sheep (141),
rabbits (20), donkeys (10), hens (49), cats (6),
and dogs (36). Only one flea species was iden-
tified, Ctenocephalides felis. The highest flea
prevalence was among goats (66.79%), fol-
lowed by sheep (56.17%), whereas among
dogs, hens, rabbits, and cats, it represented less
than 50.00 % (Figure 2). The Kruskal-Wallis H
test revealed no significant difference in the
prevalence of
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Figure: (2). Prevalence of Ct. felis from domestic ani-
mals that were collected in the Nafusa Mountain region
at the period from summer 2017 to winter 2018/2019

fleas among livestock (H= 11.20, df= 6, P=
0.08). The highest flea intensity was among
dogs (4.50 = 3.04 fleas per dog); the lowest
intensity was among hens (0.87 + 0.59 fleas per
hen) (Figure 3).

Flea intensity
(Fleas/host)

O = W s L Dy
1

S ¥ F e R S
D&g_ﬁc&%&p N

<Q Hosts

Q edt' %_50 Q‘U

Figure: (3). Intensity of Ct. felis per host that were col-
lected from domestic animals from the Nafusa Mountain
region at the period from summer 2017 to winter
2018/2019. (Bars represent SE).

There was no significant difference in the in-
tensity of fleas among livestock (Kruskal-
Wallis H test, H= 6.00, df= 6, P= 0.42). The
highest mean flea abundance was among cats
(8.00), whereas goats, sheep, donkeys, dogs,
rabbits, and hens showed less than 1.50 (Figure
4). There was no significant difference in flea
abundance of fleas among domestic hosts
(Kruskal-Wallis H test, H= 3.00, df= 3, P=
0.30).
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Figure: (4). Mean flea abundance per domestic animals
that were surveyed in the Nafusa Mountain region at the
period from summer 2017 to winter 2018/2019.

The summer and autumn seasons showed the
highest values of flea intensity followed by
spring, but no fleas were collected in the winter
seasons (Figure 5). There was a significant
difference in intensity of Ct. felis among sea-
sons in all hosts (Kruskal- wallis H test, H=
18.68, df= 3, P < 0.001). Winter seasons dif-
fered significantly from the other seasons
(Mann-Whitney U test, P= 0.001). The highest
mean flea abundance was in the autumn sea-
sons, followed by the summer seasons, then
spring.
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Figure: (5). Intensity of Ct. felis per host that were col-
lected in all seasons in the Nafusa Mountain region at the
period from summer 2017 to winter 2018/2019.
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DISCUSSION

The results of this study indicate that Ct. felis
infestation was a widespread problem in do-
mestic animals in the Nafusa Mountain region,
although Belgasm et al. (2022) reported three
species on wild animals in Gharyan; they are
Pulex irritans, Xenopsylla cheopis, and Lep-
topsylla segnis. P. irritans was found in Libya
infesting dogs, goats, and sheep (Kaal et al.,
2006; Elsaid et al., 2013), but we did not record
it on domestic hosts. The presence of Ct. felis
only on domestic animals indicates that there
was a transmission of this species among do-
mestic animals in the area. The finding is in
agreement with other reports in the El-Khoms
area, Libya (Elsaid et al., 2013) and near Tripo-
li, Libya (Kaal et al., 2006). In this study, dogs
were the most infected animals followed by
cats. This was found in agreement with the
study of Kaal et al. (2006), who reported that
C. felis is better adapted to dogs and cats. In a
similar study in Egypt, C. felis was the most
prevalent species in dogs (Amin, 1966).

The housing of animals plays an important role
in the development cycle of fleas, where the
accumulation of droppings (organic materials)
in animals' houses provide an appropriate envi-
ronment for flea proliferation (Kaal et al.,
2006). In this study, the highest degree of flea
infestation was found in the closed or semi-
closed captivities that contain the accumulated
droppings, while animals that were grazing in
fields and subjected to veterinary care pro-
grams were not infested.

In this study, the highest flea infestation was in
summer, autumn, and spring, and the decline
was in winter. Elsaid et al. (2013) reported that
the highest prevalence of fleas was in summer
and spring, while the lowest was in winter and
autumn in El- Khoms region, Libya. This is
probably due to the difference in the environ-
mental conditions (temperature and humidity)
because El- Khoms is a coastal region, and the
Nafusa Mountain region is about 80 km from
the coast.

Although one flea species was recorded in this
study, Ctenocephalides felis can transmit path-
ogens including plague, rickettsiosis, and bar-
tonellosis (Dobler & Pfeffer, 2011; Rolain et
al., 2003; Wedincamp & Foil, 2002). In addi-
tion, Ct. felis act as intermediate hosts of rat
tapeworm (Hymenolepis nana) and dog tape-
worm (Dipylidium caninum) (Ford et al., 2004;
Kramer & Mencke, 2001).

CONCLUSION

The findings of this study revealed that only
one species is present on domestic animals.
However, the role of this species in transmit-
ting many pathogens cannot be neglected, and
further study on this point must be conducted.
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Abstract: Pseudomonas aeruginosa has been to possess a unique level of resistance to most
antibiotics, therefore made in the list of types to cause infections in Libyan hospitals. This study
was conducted to test the sensitivity of three P.aeruginosa isolates from different infections:
infection tract urinary (U), Wound infection (W), Diarrhoea (D), to aqueous and ethanol extracts
of Asparagopsis taxiformis at a concentration of (50, 100) mg/ml, compared with Neomycin and
Gentamycin. The results showed the sensitivity of all P.aeruginosa isolates to A.taxiformis
extracts, superiority is observed of ethanol extract at a concentration of 100 mg/ml on antibiotics
and aqueous extract. P.aeruginosa (U) isolates were the most sensitive to extracts, while
P.aeruginosa (W) isolates were the most resistant to extracts and antibiotics. The results also
showed a resistance of all isolates to gentamycin compared to neomycin. Data in this study
indicated to possibility use of Asparagopsis taxiformis could be a valid alternative for bio-
control of Pseudomonas aeruginosa.
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Abstract: Methotrexate MTX is used to treat some types of cancers, skin diseases, and
rheumatic diseases. Many studies have suggested that it may lead to memory damage in mice.
Accordingly, this study was conducted to investigate the effect of different doses of
methotrexate on recognition memory in mice. Twenty-four adult female albino mice (weighing
between 30-36 g) were divided equally into four groups and subjected to one of the following
treatments: the control group (injected with normal saline), the second group treated with a dose
of 20 mg/kg of MTX, the third group treated with a dose of 40 mg/kg of MTX, the fourth group
treated with a dose of 80 mg/kg of MTX. All doses were given once intraperitoneally. A
memory test was performed half an hour after injection, comprising object training and a new
object recognition test. The results of this study showed that the MTX-injected mice had a lower
rate of exploration of the novel object compared to the control group, and MTX has a dose-
dependent negative effect on cognitive behavior. These findings suggest that methotrexate has a
negative effect on the recognition memory of mice.

Keywords: Novel recognition task; Intraperitoneally; Methotrexate; Cognitive impairment;
Recognition memory.
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