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Abstract: A retrospective statistical study was done at the ophthalmology department of Tobruk
Medical Center on all the patients who received intravitreal medication with Avastin (anti-VEGF
(anti-vascular endothelial growth factor)) in the period between August 1% and December 31%,
2018. It is aimed to report the complications of the intravitreal injection (IVI) and how they were
managed. Out of the 56 recorded patients, there were 32 (51.9 %) females, all the patients received
multiple intravitreal injections, with a total number of 131 injections. The average age of the pa-
tients was 56.5 years (ranged from 40-70 years). The most common complications after intravitreal
injection were subconjunctival hemorrhage (19%), discomfort/pain (13.7%), blurring of vision (6
%), leaking at injection site (4.6%), floaters (3%), and increase intraocular pressure (IOP) in
(13.7%). Six cases out of the eighteen that had high IOP received Diamox (Acetazolamide) Tab.
250 mg one-two hours before the time of injection which did not prevent the post-injection spike of
IOP and that was statistically not significant (P=0.09). Thirteen eyes (10 %) developed sudden loss
of vision due to sudden increase in IOP immediately after the injection, and all the cases of the high
IOP were managed by anterior chamber paracentesis and the vision also improved. Endophthalmitis
was recorded in only one case (0.8%), at the third-day post intraocular Avastin injection, the causa-
tive microorganism was unknown and treated with intravitreal antibiotics (vancomycin) along with
topical and systemic antibiotics and steroids, but the patient did not recover until pars plana vitrec-
tomy was done to him, and the patient recovered his preoperative vision. The patients who had
glaucoma or rubeosis iridis suffered significantly (P = 0.01) from an increase in IOP levels (digital-
ly measured) after injection with Avastin, while most other patients who didn't have both patholo-
gies did not suffer from an increase in IOP. Concluded that despite Anti-VEGF has a dramatic ef-
fect on the quality of life by improving the central vision, it can cause serious complications that
could be prevented by early diagnosis and treatment.

Keywords: Avastin; Complications; Intravitreal Injection; Tobruk.

INTRODUCTION nopathy, and other ocular diseases involving
neovascularization and edema. In these pa-

Sub-retinal neovascularization and pathologic thologies, the inhibition of intraocular VEGF

ocular angiogenesis are common causes of
progressive, irreversible impairment of cen-
tral vision, and dramatically affect the quality
of life. Anti-vascular endothelial growth fac-
tor (anti-VEGF) therapy has improved the
quality of life for many patients with age-
related macular degeneration, diabetic reti-

is the only therapy that can preserve vision.
(Semeraro et al., 2015).

Adverse events following intravitreal anti-
VEGF injections have no relation to underly-
ing ocular disease; Common complications of
intravitreal injection (IVI) are injection site

*Corresponding Author: '(FathyAbdolmejed) dr fathiaali@yahoo.com , Ophthalmology department, Faculty of medicine, Tobruck, Libya.



https://doi.org/10.54172/mjsc.v35i2.317
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i2.317&amp;domain=pdf&amp;date_stamp=2008-08-14

Al-Mukhtar Journal of Sciences 35 (2): 84-92, 2020

discomfort, subconjunctival hemorrhage, vit-
reous reflux, transient intraocular pressure
(IOP) elevation, and defective vision. The pa-
tient may also develop floaters, vitreous or
retinal hemorrhage, and retinal detachment.
(Frenkel et al., 2010). The most dreaded
complications of intravitreal injection are en-
dophthalmitis and loss of vision. (Aiello et
al., 2004).

The intravitreal injection can cause an imme-
diate rise in intraocular pressure IOP (spike)
that is not merely the result of added volume,
but also for the properties of the injected
drug. The sudden increased intraocular pres-
sure (IOP), due to various reasons, causes
corneal edema and damage to the endothelial
cells with optic nerve damage and can lead to
significant loss of vision. (Fang et al., 2006).
Intraocular pressure spikes after intravitreal
injections of Anti-VEGF are common, and in
most cases transient, and usually return to
baseline in a few minutes. (Qureshi et al.,
2016) The increase of the IOP may take
longer to normalize in patients with glaucoma
and need to be monitored. In patients who
develop high IOP spikes, the use of ocular
massage, topical IOP reducing agent, oral
medication, and anterior chamber tap can be
used as means to reduce IOP to prevent optic
nerve damage and possibility central retinal
artery occlusion. (Uyar, et al., 2019). In pa-
tients who have primary open-angle glauco-
ma or ocular hypertension, the intravitreal in-
jection is not considered a contraindication. It
requires closer observation and the use of
topical medical therapy. (Frenkel et al., 2010;
Aiello et al., 2004).

Post intravitreal injections endophthalmitis is
a serious inflammation within the eye due to
bacterial or fungal infection, including in-
volvement of the vitreous and/or aqueous
humor. It usually causes irreversible damage
to retinal photoreceptors that may lead to loss
of vision, even with intensive medical and
surgical management. The post intraocular

injection’s endophthalmitis is rare. It ac-
counts for 0.03%-0.072% of all cases of anti-
vascular endothelial growth factor (VEGF)
injection (Hoevenaars, et al., 2012; Park, et
al., 2014). The most common causative or-
ganisms are Coagulase-negative-
staphylococci, Staphylococcus aureus, and
Streptococci viridians. The post anti-VEGF
injection endophthalmitis, in general, has a
moderate visual outcome of 6/60 if managed
properly in comparison with other types of
endophthalmitis (Dhoot, et al., 2013; Solborg
et al., 2013).

Although matters have improved recently
with fast diagnosis and better management of
endophthalmitis, this disease is still serious
and can lead to destructive complications to
the eye that may be irreversible, and some-
times cause blindness. (Barry, et al., 2013).
In most cases of post intravitreal endoph-
thalmitis, the bacterial endotoxins and other
bacterial products appear to cause a direct
cellular inflammatory effect. The inflamma-
tion is most often in the first 3-4 days after
the operation. (Solborg, et al., 2013). The
most commonly reported causes of endoph-
thalmitis after surgery are from the patient's
conjunctival flora, contamination of sterilized
instruments, disposable supplies, prepared
solutions, surgical field, or the intraocular
lens. (Dancer, et al., 2012; Damasceno et al.,
2015).

Aim of the study: This article is intended to
highlight important aspects of post-injection
complications and how to deal with these
complications to avoid the risk of a serious
outcome, which may lead to permanent vi-
sion loss.

MATERIALS AND METHODS

A retrospective study was done through data
collection from the Statistical office in Tobruk
Medical Center. Statistical analysis was per-
formed using Microsoft Office Excel program.
P-value < 0.05 or a level of (95%) was consid-

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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ered statistically significant. Unfortunately, the
International Classification of Disease (ICD)
codes are not used in Tobruk Medical Center.
Data were collected from the files of 56 admit-
ted patients (131 eyes) in the period between
August 1* and December 31%, 2018; there were
24 male cases (received 63 injections) and 32
female cases (received 68 injections). The rec-
orded data included patient diagnosis, time of
the injection, place of operation, clinical fea-
tures, complications soon after the time of in-
jection, and later at the first post-operative day,
and method of management of these complica-
tions. All the cases received an intravitreal in-
jection of 2.5 mg/0.1 ml of Avastin with a 27
Gauge needle, cleaning of periocular skin with
10 % povidone-iodine solution, after 60 se-
conds the eyelids were retracted with a specu-
lum to avoid contamination by lashes, and top-
ical povidone-iodine 5 % was instilled into the
conjunctival sac 2 min before the injection. All
the IVIs were done by the same surgeon in the
OT room in complete aseptic conditions. The
site of injection was in the upper temporal ar-
ea. Routine prophylactic use of IOP-lowering
medications with Diamox (Acetazolamide)
Tab. 250 mg one-two hours before the time of
injection was given to 52 patients. The ocular
digital massage measurement of IOP was done
after the anti-VEGF injection in all eyes. The
fundus was observed by a direct ophthalmo-
scope to control the central retinal artery
(CRA) perfusion. All the patients underwent
anterior-chamber paracentesis and Fundus ex-
amination after the IVIs injections were ad-
ministered by the same treating ophthalmolo-
gist.
RESULTS

There were 56 patients with an average age
of 56.5 years and ranged from (40-70 years).
They received 131 injections, 68 (51.9%) of
which were females. The indications for the
Avastin injections were; exudative age-related
macular degeneration (AMD), diabetic macular
edema (DME), branch retinal vein occlusion
(BRVO), and ocular ischemia (OI) which oc-

curs most of the time in patients with old age
(table 1).

Table:(1). The indications for the Avastin injections in
the study group

No. of total injected

Diagnosis Avastin indication S
eyes (injections)
DME Cystoid macular edema 125
BRVO Cystoid macular edema 3
AMD Wet age-relat_ed macu-
lar degeneration
Ol Rubeosis iridis 1

DME; diabetic macular edema, BRVO; Branch retinal vein
occlusion, AMD; Age related maculopathy, OI; Ocular ische-
mia

In the present study, most of the cases with
DME had cystoid macular edema (95.4%).
Some of these patients were having other ocu-
lar pathologies as shown in table 2.

Table:(2). Patients with other ocular pathologies
associated with DME

Total DME ass. DME ass. DME ass. With

DME with rube- With COAG retinal neovascu-

cases osis iridis larization
125 9 5 7

DME; Diabetic macular edema, COAG; Chronic open
angle glaucoma.

About 93 eyes (71%) developed
complications because of the intravitreal
injection. There were some transient and
easily treatable complications that did not
lead to dangerous or permanent insult to the
eyes like subconjunctival hemorrhage, eye
pain/ discomfort, floaters, and blurred
vision. Other rare but serious complications
such as  endophthalmitis,  vitreous
hemorrhage, and transient loss of vision due
to an acute increase in IOP at the time of
injection were also recorded. Serious

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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complications, like retinal detachment and
central artery occlusion, were not recorded
in this study. (table 3).

Table:(3). Complications after intra ocular Avastin
injection in the study group (93 out of 131 eyes
(injection))

Complication Time in days Number of Gen-
of complica-  eyes (%) der
tions with compli-

after the in-  cations
jections

Subconjuncti- 25 pts. 15 F

val hemor- Sqon a fter (19%) 10M
injection

rhage.

Discomfort/ First post 18 pts. 10F

pain injection day  (13.7%) 8 M

Blurred vision  First post 8 pts. 4 F
injection day  (6%) 4 M

Floaters First post 4 pts. 3F
injection day (3 %) IM

Increase IOP Day of injec- 18 pts. I11F
tion (13.7%) 7™M

Sudden loss of  Soon after 13pts. 7F

vision injection (10%) 6 M

Leak at site of Soon after 6 pts. 5F

injection injection (4.6%) M

Endophthalmi-  Third day 1 pts. 1 M

tis post the in- (0.8%)
jection

IOP; Intraocular pressure.

There was no statistical significance for the
post-Avastin injection complications among
gender (P = 0.46).

There were eighteen eyes (13.7%) complicated
with increase IOP post-Avastin injection (11
females and 7 males), out of them; Six had re-
ceived Diamox (Acetazolamide) Tablet 250 mg
one-two hours before the time of injection.
Cases with glaucoma or rubeosis iridis had no
statistically significant difference from those
free from it (P= 0.09). In both groups, the rise
of IOP was relieved with anterior chamber tap.

Thirteen eyes (10%) developed a sudden in-
crease in the IOP on the operating table imme-

diately after the injection (digitally measured
IOP showed hard resistance along with corneal
edema and decrease vision), which resolved by
anterior chamber tap. On the first postoperative
day, all of them regained the baseline vision
they had before the injection.

The patients who had glaucoma or rubeosis
iridis suffered significantly (P = 0.01) from in-
crease IOP (digitally measured) after injection
with Avastin, while most other patients who
didn't have both pathologies didn’t suffer from
an increase in [OP.

Endophthalmitis was recorded only in one eye
(0.8 %) on the third day after the injection. The
diagnosis of endophthalmitis was made clini-
cally (patient had severe pain, redness, de-
creased vision associated with hypopyon, and
vitreous opacities detected by ultrasonogra-
phy). The patient was treated with intravitreal
antibiotics (vancomycin) along with topical and
systemic antibiotics and steroids, but he did not
recover until pars plana vitrectomy was done to
him.

DISCUSSION

The Needle Gauge for the intravitreal medica-
tion injection is not only important for patient
comfort, but also for a safe injection procedure
and efficient outcome. The most commonly
used needle size ranges from 27 to 30 gauge.
Pulido et al., (2007) confirmed that smaller
scleral holes and less structural damage occur
with decrease needles gauge, independently on
the injection technique used, such as the tun-
neled or the perpendicular technique. Oztas, et
al., (2016) reported the location of intravitreal
medication should be made through the pars
plana, between 3.5 and 4mm from the limbus;
posterior to 4 mm can lead to an increased risk
of retinal detachment, while a more anterior lo-
cation increases the risk of traumatic cataract
formation. They also recommended avoiding
injection in per sclerotomy areas, to prevent
vitreous incarceration and a persisting scleral
hole.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Tufan, et al., (2013) confirm the intravitreal in-
jection can be safely performed in 360 degrees
through the pars plana. Patients who receive an
injection of Avastin may experience less severe
side effects related to the preparation proce-
dure. These side effects may include eye pain,
subconjunctival hemorrhage, vitreous floaters,
inflammation of the eye, and visual disturb-
ances. Other possible complications and side
effects of the procedure and administration of
Avastin, but not recorded in this study, include
but are not limited to retinal detachment, cata-
ract formation, hypotony, permanent damage to
the retina or cornea, and bleeding (Hoguet , et
al., 2019). The volume change of the vitreous
cavity may be the main reason for immediate
IOP increasing after Anti-VEGF intravitreal in-
jections. The volume of the vitreous cavity in
the human eye is approximately 4 ml, and the
volume of Avastin injected into the vitreous is
0.1 ml. Therefore, the increase in fluid volume
of the vitreous cavity is 2.5% approximately,
which may cause immediate IOP elevation
(Song et al., 2016). Transient vision loss is a
poorly understood complication of intravitreal
injections, (Fang et al., 2006; Uyar, et al.,
2019) reported the increased intraocular pres-
sure (IOP) causes corneal edema and damage
to the endothelial cells with optic nerve damage
and can lead to significant loss of vision. Long-
term deformation can cause a significant effect
on the endothelial function and it may result in
endothelial dysfunction. (Fang et al., 2006)
suggested high IOP may affect the function of
the endothelial pump and induced corneal
edema. It also reduces intraocular blood flow,
induces hypoxia and oxidative stress and as a
result, could damage the optic nerve. Transient
IOP spikes mostly leave the healthy eye with-
out permanent damage to the vascular optic
nerve. (Callegan et al., 2002) confirm the IOP
has to be rigorously controlled in patients vul-
nerable to vascular optic nerve damage, which
are patients with glaucoma as well as patients
predisposed to anterior ischemic optic neuropa-
thy or retinal vein occlusion. It has been report-
ed that 13.7% of patients receiving intravitreal

Avastin experienced an IOP rise (digitally
hard) after the injection. Hollands et al., (2007)
and Song et al. (2016) confirm the patients with
a history of glaucoma sustained a rise of IOP
with the loss of vision significantly high, sug-
gesting that glaucomatous eyes (higher risk
eyes) should be identified before anti-VEGF
injections and monitored carefully post-
injection for IOP spikes that can cause visual
field deterioration. In this study, the 13 cases
(10 %) which had a sudden loss of vision were
all managed with paracentesis to reduce the
high IOP. The vision was improved significant-
ly with no permanent vascular or optic nerve
damage. Bertino (2009) showed that a combi-
nation of topical anti-glaucoma therapy and
performing ocular decompression massages be-
fore the procedure significantly reduce IOP.
Frenkel, et al.,, (2011) had reported that
prophylactic medication did not prevent post-
injection IOP spikes. In the present study; the
use of prophylaxis systemic Diamox Tablets to
reduce intraocular pressure was statistically not
significant (P = 0.09). Patients with and with-
out glaucoma showed a similar rate of IOP
normalization.

While the development of targeted molecular
therapy to inhibit vascular endothelial growth
factor (VEGF) has revolutionized the treatment
and visual prognosis of highly prevalent retinal
diseases such as diabetic retinopathy and age-
related macular degeneration, each intravitreal
injection of these agents carries a risk of en-
dophthalmitis which can be visually devastat-
ing (Sachdeva et al, 2016). The post-IVI injec-
tion endophthalmitis is rare, accounting for
0.03% - 0.072% of all cases of anti-endothelial
vascular growth factor (VEGF) injections
(Hoevenaars, et al, 2012; Park, et al, 2014). In
most cases of post-intravitreal medication, the
endophthalmitis is acute, occurring mostly in
<28 days after the injection (Hoveenaars et al.,
2012 and Shah et al., 2011), it should be sus-
pected in cases of persistent vitritis following
treatment, and these cases may require vitrec-
tomy to remove the infected vitreous (Sachde-
va, et al, 2016). Similarly, in the present study,

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (2): 84-92, 2020

this serious post-operative endophthalmitis was
recorded in one case (0.8%), it occurred in the
first 3 days after the injection, not responding
to intravitreal antibiotics and improved by
vitrectomy. There are several limitations to the
present study. First, the most important limita-
tion is that the IOP was measured digitally be-
cause of the unavailability of a non-contact to-
nometer, and fear that a contact tonometer may
increase the risk of infection. Second, the cen-
tral corneal thickness was not measured in this
study, and the effect would be investigated in
an advanced study. In addition, this study only
focused on the short-term effect of the acute
rise in IOP, so we recommend investigating the
long term effects in future studies.

CONCLUSION

Despite Anti-VEGF having a dramatic effect
on the quality of life by improving the central
vision in ocular angiogenic disease processes, it
can cause different complications, which could
be transient like intraocular pressure spikes, or
serious like endophthalmitis, that could be pre-
vented by early diagnosis. Apart from glauco-
ma patients, routine prophylactic use of IOP-
lowering medications is essentially ineffective
in preventing IOP spikes after intravitreal in-
jection, and routine monitoring of IOP in glau-
coma patients receiving intravitreal anti-VEGF
therapy is recommended. Also, post-anti-
VEGF injection complications are not related
to gender.
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Abstract: Tobacco Nicotiana glauca is a member of the Solanaceae family, found in tropical and
subtropical countries especially South America, Cuba, and Brazil, as well as in North Africa, Egypt,
and Libya. N. glauca is known to be a highly toxic plant. The major alkaloids are anabasine and
nicotine. This study was aimed to determine the proper effects of a sublethal dose of the plant on
female albino mice, as well as certain histological and physiological parameters. The three sublethal
concentrations, 0.25, 0.50, and 2.8 mg/kg of the water extract were tested through oral route on fe-
male mice for determination of effects such as body weight, liver and lung weight and histology,
blood parameters, and blood chemistry. The results showed that reduced body weight was slightly
evident in treated females. Percent decrease of liver weight/body weight and increase lung
weight/body weight have reported in 2.8 mg/kg treated female mice compared to control mice. His-
tology of liver and lung revealed an early sign of cell damage and accumulation of cell necrosis in
both the liver and lungs. The blood parameters and blood chemistry did not reveal a significant dif-

ference between control and N. glauca treated female mice.

Keywords: Nicotiana glauca; Female Mice; Physiology; Histopathology.

INTRODUCTION
N. glauca (tree tobacco) is a member of the
Solanaceae family, which includes important
crops (potato, tomato, eggplant, pepper) (Long
et al., 2016).Nicotine crosses the placental bar-
rier and has been shown to have adverse effects
on male and female reproduction, fetal weight
gain, and development in experimental animals
and humans. It was teratogenic in studies in
mice, rats, rabbits, and chickens. Developmen-
tal abnormalities of the cardiovascular system
have been reported in humans (Panter et al.,
1999).Pyridine, piperidine, nicotine, and nor-
nicotine were produced from N. glauca, how-
ever, the major alkaloids are anabasine and less
than 1 % concentration of nicotine (Alder et al.,
2012).Nicotine is a colorless liquid that turns
amber on exposure to light. More recently, nic-
otine sulfate has been used as a dog-controlling

agent (at approximately 285 mg of nico-
tine/mL). It is also used in animal tranquilizer
darts (with a strength of 240 mg of nico-
tine/mL). However, its use as an insecticide has
been drastically reduced (Gupta, 2016).

Anabasine is similar in both structure and ef-
fects to nicotine, but it appears to be more po-
tent in humans despite a slower onset of action
(Webb and Dalzell, 1997), and the percentage
of anabasine 1s given as 1.3 from the dry plant
and 1% from the root (Mitchell and Breyer-
Brandwijk, 1962).The toxic effect of anabasine
and nicotine was dose-dependent and could
cause various physiological effects (Melamed
et al., 2004). Clinical signs for nicotine toxico-
sis include tremors, weakness, and decumben-
cy. Anabasine can also moderately inhibit ace-
tylcholinesterase. Clinical signs include weak-
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ness, ataxia, tremor, and collapse, bulbar pal-
sies, flexure muscle spasm, nausea, vomiting,
and diarrhea. Death is usually the result of res-
piratory compromise, paralysis, blocking of the
autonomic ganglia, and acting as a cholinester-
ase inhibitor (Wink, 2000). Human ingestion of
N. glauca leaves causes neuromuscular paraly-
sis and death, and this has been attributed to
anabasine (Mellick et al., 1999).

Nicotine is rapidly absorbed from the respirato-
ry tract, mouth, and intact skin, but is poorly
absorbed from the stomach under acidic condi-
tions since it is a strong base. After absorption,
nicotine is rapidly mobilized throughout the
body via the blood (Gosselin et al., 1984). In
experimental animals and humans, 80-90 % of
absorbed nicotine is metabolized primarily in
the liver, in addition to the kidney and lung.
The remainder is rapidly excreted unchanged in
the urine (Goodman and Gilman, 1985). The
liver has been reported to be the principal site
of detoxification (Schievelbein and Balfour,
1984). For example (Rotenberg, 1982) reported
that in a dog, 30 % of the dose excreted in the
urine was cotinine and cotinine metabolites. In
a rat, 25 % was nicotine, whereas, 15 % of the
total dose was exhaled as CO; in rats.

The rate of excretion by the kidney was found
to depend on the PH of the urine.The designed
study was to determine the proper effects of a
sublethal dose of the plant on female albino
mice as well as certain histological, and phys-
iological parameters.

MATERIALS AND METHODS

Experimental animal: Adult female Swiss
albino mice Mus Musculus were obtained from
the animal house of the faculty of medicine, the
University of Benghazi. These animals were
reared under laboratory conditions.

The chemicals: The main chemical is the
crude water extract of (N. glauca) leaves of the
plant for which the toxicity is to be studied.

The experimentation: Three sublethal concen-
trations, 0.25, 0.50, and 2.8 mg/kg of the water
extract of N. glauca leaves were tested through
oral route on female mice for the determination
of effects on body and organ weight, blood pa-
rameters, blood chemistry, and organ histology
(Preece, 1972). Each animal orally received the
specified dose via intubation, 0.1 ml or less de-
pending on the bodyweight of the specified
concentration using a modified syringe that can
be inserted into an animal pharynx with no
physical harm. Control animals were dosed
with comparable volumes of distilled water
alone.

Blood analysis and blood chemistry: For
blood collection, the animal was anesthetized
with ether and the head was severed using
sharp scissors where the seeping blood was col-
lected in vials with or without potassium-
EDTA to prevent blood clotting. Between 1 to
1.5 ml of blood volume were collected in this
way. The blood was collected for the meas-
urement of Red Blood Cell (RBC) count,
White Blood Cell (WBC) count, Hemoglobin
(HB), Haematocrit (HCT), Mean Cell Volume
(MCV) and Blood Platelets (PLT), and meas-
urement of urea, creatinine, sodium ions (Na"),
potassium ions (k'), total protein and Alanine
transaminase (ALT). Decapitated animals were
then dissected for postmortem observation, in-
cluding treated mice body weight, liver and
lung weight, and histology. Organs were trans-
ferred to FAA fixative (Formalin-Acetic acid-
Alcohol) and kept for weighting and histologi-
cal studies.

Statistical analysis: The data were subjected
to one-way (ANOVA) analysis, and calculation
was performed using SPSS (Sokal and Rohalf,
1969) statistical package and Microsoft office
excel 2007.

RESULTS

Body weight (BW):Treated female mice’s
body weight did not reveal a significant differ-
ence in percent body weight increase (F =
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2.908, P > 0.101) as compared to the control
mice. However, treated females showed a
slightly decrease percent body weight gain
(6.9400 + 0.975, 5.6433 + 2.277 and 5.190 +
1.4490) for 0.25 mg/kg, 0.5 mg/kg and 2.8
mg/kg respectively compared to control fe-
males b. w. means (mean = 8.1267 = 1.363)

(Fig 1).
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Fig 1. Shows the percent body weight % decrease (BW)
of female Swiss albino mice of 0.25 mg/kg , 0.5 mg/kg
and 2.8 mg/kg N. glauca leaf water extract treated fe-
males after four weeks

Organ weight:

Liver weight (LiW/BW): The liver weight of fe-
male mice treated with 2.8 mg/kg leaf extract was
found to slightly decrease (F = 6.176, P > 0.003) as
compared to that of control mice. Both 0.25 and 0.5
mg/kg treated mice haven’t shown any changes as
compared to the liver weight of the control. Control
females” mean + SD percent liver weight was
6.3197 £ 0.84 compared to that of the treated fe-
males having 6.1600 + 1.40, 6.4573 = 0.57, 4.5678
+ 1.38 for 0.25 mg/kg, 0.5 mg/kg and 2.8 mg/kg
respectively ( Fig 2).
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Fig 2. Shows the percent liver weight per body weight of
female Swiss albino mice from control and 0.25 mg/kg,

0.5 mg/kg and 2.8 mg/kg N. glauca leaf water extract
treated females.

Lung weight (LW/BW): The 2.8 mg/kg leaf ex-
tract treated female mice lung weight was found
slightly increase (F = 8.239, P > 0.001) as com-
pared to the control mice. Whereas the other two
doses haven’t shown any changes as compared to
the control. The mean + SD percent lung weight
were, 1.2495 + 0.238 for the 2.8 mg/kg compared
to 0.8292 + 0.221, 0.8744+ 0.237, 0.9282+ 0.250
for 0.25 mg/kg, 0.5 mg/kg and control respectively

(Fig 3).
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Fig 3. Shows the percent lung weight per body weight of
female Swiss albino mice of control and 0.25 mg/kg, 0.5
mg/kg and 2.8 mg/kg N. glauca leaf water extract treated
females.

Blood parameters: The results revealed that
the concentration 2.8 mg/kg had lower values
than the control and the other two concentra-
tions 0.25 and 0.5 mg/kg in all parameters ex-
cept MCV. The result reflects that the higher
the concentration the larger the impact (Fig. 4).

Blood parameter

mcl W2 mcontrol We3

Fig. 4. Showed the blood parameter of female Swiss
albino mice from control and 0.25 mg/kg, 0.5 mg/kg and
2.8 mg/kg N. glauca leaf water extract.
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Blood chemistry: The blood chemistry of the
2.8 mg/kg leaf extract has shown an elevated
value of urea and a relatively high value of cre-
atinine and a low value of Na" and k" as com-
pared to control and the other concentrations.
However, the values of Na', k', and total pro-
tein were not affected by the N. glauca treat-
ment. Whereas, ALT reported higher values
compared to control and 0.5 and 2.8 mg/kg

(Fig. 5).
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Fig. 5. Shows the blood chemistry of female Swiss albi-
no mice from control and 0.25 mg/kg, 0.5 mg/kg and 2.8
mg/kg N. glauca leaf water extract.

Organ Histopathology:

Liver Histopathology:

The central vein of the liver in the control fe-
males is surrounded by normal hepatocytes and
columns separated by hepatic sinusoids (Fig.
6). Whereas in 0.25 mg/kg treated mice, the
central vein is surrounded by hepatocytes, but
many of them contain vacuoles (hydropic de-
generation) (Fig. 7).

In the 0.50 mg/kg treated mice, hepatocytes
showed more vacuoles and few necrotic cells
(pykontic nuclei) (Fig. 8).

In the 2.8 mg/kg treated mice, large areas of
necrosis with disappeared nucleus and loss of
cell boundaries were very evident (Fig.9).

Fig. 6. Shows liver section in control. Central vein is
surrounded by normal hepatocytes. (H&E, X 400).

treated mice. Central vein is surrounded by hepatocytes,
many of them contain vacuoles. (H&E, X 400).

t A Ty
g. 8. Shows liver section in 0.50 mg/kg N. glauca treated
mice. Hepatocytes with more vacuoles and few necrotic
cells. (H&E, X 400).
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Fi. 9. Shows liver section 2.8 mg/kg N. gauca
treated mice. Large area of necrosis. (H&E, X400).

Lung Histopathology: The terminal bronchioles of
lung tissues are composed of air (alveolar) sacs
with a space known as alveolus. Alveoli are sepa-
rated by alveolar wall which is composed of fibrous
tissues and epithelial cells (pneumocytes) and blood
vessels, which were observed in the lung section of
control female mice (Fig. 10).

In the 0.25 mg/kg treated mice, focal interstitial
inflammation (Fig. 11), and in the 0.50 mg/kg
treated mice, interstitial inflammation and cel-
lular hyperplasia of the alveolar wall were ob-
served (Fig.12).In the 2.8 mg/kg treated mice,
dilation of air space (emphysema) was ob-
served (Fig.13).Emphysema occurs due to elas-
tic damage (resulting from the release of elas-
tase enzyme by inflammatory cells).

Fig. 10. Shows lung section in control, the normal al-
veolar with a space known as alveolus and blood ves-

sels. (H&E, X400).

Fig. 11. Shows lung section in 0.25 mg/kg N. glauca
treated mice, focal interstitial inflammation (H&E,

Fig. 12. Shows lung section in 0.50 mg/kg N. glauca
treated mice, focal interstitial inflammation and cellular
hyperplasia of alveolar wall (H&E, X400).

bt \) s — 4 .
Fig. 13. Shows lung section 2.8 mg/kg N. glauca treated
mice, emphysema (H&E, X400).
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DISCUSSION

Anabasine, nicotine, and other few glycosides
are produced by the tree tobacco  Nicotiana
glauca. Poisoning by anabasine is character-
ized by nicotine-like toxicity. The clinical ef-
fects of nicotine alkaloid toxicity are the result
of the stimulation actions at ganglionic sites,
motor endplates, and smooth muscle (Schep et
al., 2009). Nicotine alkaloids initially stimulate
the ganglia of the sympathetic and parasympa-
thetic nervous systems by direct cholinomimet-
ic action on the ganglia. This is quickly fol-
lowed by prolonged ganglionic blockade due to
persistent depolarization. A similar action oc-
curs at the neuromuscular junction causing to-
tal paralysis of skeletal muscles and subsequent
respiratory failure. Death occurs from respira-
tory failure due to peripheral blockage of the
muscles of respiration (Manoguerra and Free-
man, 1982). The results of female mice body
weight observed in this study confirm the pre-
viously reported cases, where, the percentage
change of N. glauca treated mice body weight
was significantly or numerically lower than
that of control. This reduction in the weight of
mice following treatment can be attributed to
depression, diarrhea, weakness, and vomiting,
as these were among the evident signs of symp-
toms observed on the treated mice. These re-
sults have also been confirmed by the findings
of (Wilson and DeEds, 1936 and Rowell et al.,
1983).

The effects of N. glauca water leaf extract on
blood parameters and blood chemistry have
shown relatively elevated values of WBC,
RBC, Hb, HCT, PLT, and MCYV for blood pa-
rameters and Urea, Creatinine, Na*, k', Total
protein and ALT for blood chemistry, in com-
parison with the standard range. However, no
such changes in these values were detected be-
tween the lower N. glauca doses treated and
non-treated female mice in the experimental
animals in this study. This finding could mean
that N. glauca extract has not induced direct
toxicological effects on blood parameters and
blood chemistry when used at low doses. How-

ever, (Saneck et al., 1994) have not reported
significant alterations in clinical chemical val-
ues for the vitreous (blood urea nitrogen, creat-
inine, chloride, sodium, potassium, calcium,
magnesium, and phosphorus).

Lack of previous studies concerning this part of
toxicity, however, made it difficult to give any
further elaboration for now.

Histological sections from the liver and lung of
N. glauca treated female mice showed inflam-
mation and necrosis, particularly in the liver
and lung. No other severe pathological effects
could be detected in either of the tissues exam-
ined, where, hepatocytes showed more vacu-
oles (hydropic degeneration) and necrotic cells
in the treated mice liver and interstitial inflam-
mation, cellular hyperplasia of alveolar wall,
and emphysema that occurs due to elastic dam-
age resulting from the release of elastase en-
zyme by inflammatory cells in the treated mice
lung. These findings were confirmed by (San-
eck et al., 1994) who found that lesions in
mules had induced severe, diffuse swelling of
renal proximal tubular epithelial cells. Where-
as, centrilobular hepatocytes had undergone a
mild fatty change and necrosis, in scattered fo-
ci. Pulmonary alveoli contained moderate
quantities of proteinaceous fluid and rare red
blood cells. Myocardial cells had undergone
diffuse, mild swelling.

Damage to the structural integrity of the liver is
reflected by an increase in the liver hepato-
specific enzymes in alkaline phosphate (ALP),
Alanine Aminotransferase (ALT) and Aspar-
tate Aminotransferase (AST) in the serum be-
cause they are cytoplasmic in location and are
released into circulation after cellular damage
(Janbaz and Gilani, 1995).

The liver represents the primary site of metabo-
lism of nicotine, although the lung and kidney
also contribute to metabolism.

On average, 30 % of the nicotine that enters the
liver exits unchanged, and 70 % leaves the liver
in the form of metabolites. Events that change
the hepatic flow, such as eating, posture, and
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exercise, reduce hepatic blood flow, and reduce
the rate of nicotine metabolism (Benowitz and

Jacob, 1997).

Renal clearance of unmetabolized nicotine de-
pends on urinary pH and can account for 2-35
% of nicotine excretion. Nicotine is reabsorbed

from the proximal tubules, where the pH is
high.

Anabasine, the plant’s main active ingredient,
can cause severe systemic intoxication due to
its nicotinic receptor agonist action, with res-
piratory muscle paralysis being the main effect
(Ntelios et al., 2013).

Nicotine is absorbed via intact skin, oral muco-
sa, the GI tract, and the respiratory system. It is
detoxified mainly in the liver, and also the kid-
neys and lungs. The major metabolic product
of nicotine is cotinine. Cotinine, along with a
nonmetabolized form of nicotine, is excreted in
the urine. Elimination is complete in 16 h;
however, acidic urine increases urinary excre-
tion. Nicotine is also excreted in the milk of
lactating women (Gupta, 2016).

CONCLUSION

Prolonged exposure of female Swiss albino
mice to concentrations of the water extract
(0.25, 0.50, and 2.8 mg/kg) has evidently re-
sulted in bodyweight reduction, liver and lung
congestion, and enlargement.

Histopathological examination revealed an ear-
ly sign of inflammation and cell necrosis of the
liver and lung, as well as the accumulation of
leucocytes in both.
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Abstract: Stroke is a common cause of admission to hospitals, and imaging in acute stroke is nec-
essary to differentiate ischemic from haemorrhagic stroke and to exclude other diagnoses. We
aimed to evaluate the role of diffusion-weighted magnetic resonance imaging (DW MRI) in the di-
agnosis of recent cerebral ischemic infarction in a consecutive series of patients with symptoms of
acute stroke and its feasibility as first-line imaging for those patients. We report our results with
DWTI and apparent diffusion coefficient (ADC) mapping comparing the sensitivity of DWI with that
of conventional T2 weighted and fluid-attenuated inversion recovery (FLAIR) MRI. A Prospective
audit of 87 patients with clinically suspected recent stroke referred for imaging over a consecutive
20-week period was done. The data collected included patient age, time from onset of symptoms,
and clinical presentation. We performed DWI echo planar, FLAIR, turbo spin-echo T2-
weighted MRI, and ADC maps were generated. Conventional MR images were assessed before DW
images. DWI was considered positive for the diagnosis of new arterial stroke whenever hyperinten-
sities with reduced ADC values were observed, and the site of infarct detected on the images was
included in patients’ data. The results were 47 patients had a final diagnosis of recent ischemic cer-
ebral infarct. With DWIL, 98% of the ischemic lesions were detected, whereas with FLAIR, only
70% were detected, and with T2-weighted images, 66% of lesions were found. There was a signifi-
cant difference between the results of ischemic infarcts’ detection on DWI and T2-w/FLAIR in rela-
tion to time from onset (P value = .012). In our audit, we were able to image 68% (60 of 87) of the
referred suspected stroke patients with DW MRI within 48 hours and 39 patients (45%) within 24
hours of the onset of symptoms. DW MRI showed high sensitivity and superiority over convention-
al T2 and FLAIR imaging for the detection of acute ischemic lesions in stroke patients; it also
proved quite feasible as a first-line of neuroimaging.

Keywords: Diffusion Weighted Imaging; Conventional MRI; T2-Weighted; FLAIR; Stroke.

INTRODUCTION

“Stroke is characterized by a rapidly develop-
ing neurological deficit that can lead to consid-
erable morbidity and mortality, and it is a
common cause of admission to hospitals” (Tan
et al., 2006). Imaging in acute stroke is neces-
sary to differentiate haemorrhagic from is-
chemic stroke, as well as to identify or exclude
alternate etiologies of neurological deficit such
as neoplasm or extra-axial hemorrhage
(Tsiouris & Qian, 2017). In the early stage of

ischemia, computed tomography (CT) is the
most commonly used technique to exclude
hemorrhagic stroke. However, several studies
reported lower sensitivity of CT in the visuali-
zation of hyperacute ischaemic infarct in the
immediate hours subsequent to onset (Chalela
et al., 2007; Tan et al., 2006; Van Everdingen
et al., 98). Magnetic resonance imaging (MRI)
is generally thought to be better than CT for the
diagnosis of acute stroke.  According to
Chalela et al (2007), who compared CT and
MRI in emergency settings, MRI was more ac-
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curate than CT in the diagnosis of acute ische-
mia and should be the preferred test for accu-
rate diagnosis of patients with suspected acute
stroke.

Acute ischemia causes cytotoxic oedema,
which makes them visible on T2-weighted (T2-
w) images of conventional MRI, however, this
is usually not apparent in the first few hours
post-ictus  (Leiva-Salinas &  Wintermark,
2010). Whereas the ischemic lesion becomes
hyperintense on diffusion-weighted imaging
(DWI) relative to normal tissue within minutes
of injury in experimental models and within
few hours of stroke onset in patients as the in-
farct appearance is influenced mainly by the
apparent diffusion coefficient (ADC) and T2
relaxation time of the tissue (Rivers et al.,
2006). The ADC, a measure of the freedom of
water diffusion, is believed to be low because
of a shift of water, within hypoxic brain paren-
chyma, from the extracellular to the intracellu-
lar compartment, where water diffusion is rela-
tively restricted (Lansberg et al., 2001).

This low ADC is responsible for the high sig-
nal of the acute ischemic infarct on DWI. The
ADC maps are generated by mathematically
eliminating the T2-w images from the DWI,
they can be used to determine whether hyperin-
tensity on DWI represents a true reduction of
diffusion, which appears dark on ADC map, or
T2 shine-through, a later effect in stroke caus-
ing high signal on DWI and ADC map due to
T2 hyperintensity. (Allen et al., 2012; Maas &
Mukherjee, 2005).

We report our results with DWI, including the
ADC mapping. The purpose of this study is to
determine the role of DWI in the diagnosis of
recent cerebral ischaemic infarction in a con-
secutive series of patients with symptoms of
acute stroke, in order to demonstrate it we
compared the sensitivity of DWI with that of
T2-w and Fluid-attenuated inversion recovery
(FLAIR) sequences. We did not include a time
limitation in this study. Moreover, we evaluat-
ed the feasibility of DWI as a first line neu-

roimaging for suspected recent stroke patients.
MATERIALS AND METHODS

A single-center prospective study was carried
out in a consecutive series of patients. It took
place from Sept 30, 2013, to Feb 25, 2014, at
Alteba imaging center in Elbeida city in Libya,
the only imaging center in the region with CT
and MRI scanners at the time. Over a 5-month
period, ninety patients underwent MRI. These
patients were referred with complaints of focal
neurological deficit, hemiparesis/hemiplegia
and other clinical findings consistent with
stroke. The time of stroke onset was deter-
mined to be the time at which the patient was
last known to be symptom-free.

All patients were studied on a 1.5 Tesla MR
Scanner (Intera 11, R10.6 Philips, Nether-
lands). The conventional scanning protocol of
the MR examination included axial 6mm thick
T1 weighted (TR/TE- 550/15) spin-echo se-
quence, an axial 6mm thick TSE /T2 weighted
sequence (550/110) and an axial 6mm thick
FLAIR sequence (TR/ effective TE- 800/120,
TI- 2000 msec). For DWI, a single shot spin-
echo/echoplanar imaging sequence was ob-
tained. Acquisition parameters included
10,000/92 TR/TE, single excitation, 25 cm
FOV, 112X112 matrix, and a 5Smm section
thickness with a 1mm interslice gap. Gradient
strength corresponding to b values (diffusion
sensitivities) of 0 and 1000 second/mm?2 were
used. Twenty-Two axial images covering the
entire brain were obtained. Apparent diffusion
coefficient (ADC) maps were also calculated
from T2-weighted and diffusion-weighted ech-
oplanar images.

The conventional MR sequences and DWI im-
ages were reviewed in conjunction with rele-
vant clinical history. Signal intensity abnormal-
ities noted on T2-w, FLAIR, and DWI images
were compared. Initial DWI was considered
positive for the diagnosis of new arterial stroke
whenever hyperintensities with reduced ADC
values were observed. Old lesions were defined
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as lesions seen on FLAIR without correspond-
ing DWI abnormality or as a DWI hyperinten-
sity without a corresponding reduction in ADC
(“T2 shine through”). We classified infarcts
using the classification from Allen et al. (2010)
according to the time from onset of symptoms
into hyperacute (from 0 to 24 hours (h)), acute
(24h to 7 days) and subacute (7 days to 3
weeks).

For statistical data analysis we used the SPSS
software package, a one-way ANOVA test was
performed to determine if the study results
were statistically significant i.e. P value less
than 0.05, then the cross tabulation method was
performed to determine exactly which of the
MRI sequences (DWI, FLAIR, and T2-w) had
a significant difference.

RESULTS

Altogether 90 consecutive patients over a pe-
riod of 20 weeks initially fulfilled the criteria
for inclusion into the audit. However, three
patients had not undergone DWI in their MRI
examinations. We therefore reviewed the re-
sults of 87 patients (54 women, 33 men; medi-
an age 65 years; range, 29 to 93 years) with
symptoms and signs of a recent stroke. Before
the current ischemic event, 16 patients (18%)
had suffered from previous ischemic events.
The mean time between the onset of symp-
toms and the MR investigations was 63 hours
(range, 3 hours to 14 days). 39 out of 87 pa-
tients (45%) were imaged in the hyperacute
stage (<24 hours after onset), 39 patients
(45%) imaged in acute stage between 24 hours
and 7 days after onset (54% of them imaged
between 24 and 48h), nine patients (10%)
were imaged between 7 and 14 days after on-
set of symptoms.

A diagnosis of recent ischemic infarct was
made in 47 (54%) patients. Their demographic
data and presenting clinical symptoms and in-
farct sites are shown in Table 1. Other diagno-
ses were old ischaemia in 12 (14%) patients,

haemorrhage in 6 patients, neoplasm in 3 pa-
tients, encephalitis, demyelination in 2 pa-
tients, and normal in 17 (20%) patients.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Patient Sex Age Complaint Paresis  Lesion location Side Artery
1 F 90 HA+HP a,l C+SC L PCA
2 F 70 HA+HP a,l C+SC R PCA
3 F 60 HP a,l C+SC R WS ACA-MCA
4 F 67 Vertigo, ataxia Cerebellar R PICA
5 M 48 HP+PHA a,l C+SC L MCA
6 F 47 Coma Posterior circulation Basilar
7 F 80 HP a,l C+SC, Thalamus R PCA
8 M 60 HPL+ PHA a,],f,s C+SC+BG R MCA
9 F 88 HP a,l C+SC R WS MCA-PCA
10 M 70 HP a,s C+SC L ACA
11 F 93 HP a,l,f,s BG R LSA
12 F 67 HP+PHA F C+SC L MCA
13 F 85 HP+PHA a,l,f,s C+SC+CN R MCA
14 M 64 PHA Corona radiate R WS LSA-MCA
15 F 70 HP a,],f,s C+SC R MCA
16 M 60 HP a, Cerebellar, Pons, midbrain L SCA, PCA
17 M 65 HA . C+SC R WS ACA-MCA-PCA
18 M 82 HP alf C+SC, Thalamus L PCA
19 F 70 HPL+ PHA a,l,f,s C+SC L MCA
20 F 70 HPL+PHA a,l,f,s C+SC R MCA
21 M 93 Confusion . Cerebellar L PICA
22 F 80 HP+PHA alf Corona radiate R Deep MCA
23 F 90 PHA+HP a,1,fs C+SC+BG R MCA
24 F 62 HP+HA a,ls C+SC L/R PCA
25 M 62 HP al,f C+SC R MCA
26 M 70 HP al,f C+SC L MCA
27 F 65 HP a, f Corona radiate L Deep MCA
28 M 70 Confusion . Cerebellar L PICA
29 F 60 HP+PHA a, f C+SC L WS MCA--PCA
30 M 65 HP a, l BG R LSA
31 M 44 HP a,l Lacunar R TGA
32 F 65 HP a f Lacunar L WS ACA-MCA
33 M 75 HP a,l Lacunar R AchA
34 F 85 HPL+ PHA a,l,f,s C+SC+BG L MCA
35 F 50 HP a,l Corona radiate R Deep MCA
36 F 80 HP a,l C,SC R PCA
37 F 80 HP a,ls C+SC L MCA
38 M 57 HP alf Lacunar L AchA
39 M 65 HP+PHA a,l Pons R BA branch
40 F 65 HPL a,l Corona radiate L WS ACA-MCA
41 M 55 HP+PHA al,f Semiovale, Corona R WS MCA-MCA
42 M 73 HP+HA a, l C+SC L PCA
43 F 65 HP a,l,f,s BG R LSA
44 F 86 HP+PHA a,l f C+SC R MCA
45 F 65 HP a,l.f C+SC, Thalamus L PCA
46 F 82 Coma Post circulation Basilar
47 M 53 HP a,f C,SC L ACA

PHA indicates dysphasia/aphasia. HP, hemiparesis. HPL, hemiparalysis. HA, hemianopia; a, arm; 1, leg. f, face; s, hemisensory loss. C, cortical;
SC, subcortical; CN, caudate nucleus; BG, basal ganglia, L, left hemisphere; R, right hemisphere; TGA, thalamogeniculate artery; MCA, middle
cerebral artery; AChA, anterior choroidal artery; ACA, anterior cerebral artery; LSA , lateral lenticulostriate artery; WS, watershed infarct; PCA,
posterior cerebral artery; and BA, basilar artery. Note. The abbreviatios are from “Diffusion-Weighted Magnetic Resonance Imaging in Acute

Stroke”, by K. J. Van Everdingen et al, 1998, stroke, 2
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Overall, of the 47 patients (19 men, 28 women,;
mean age, 69 years; range, 44 to 93 years) with
recent ischemic stroke, DWI clearly identified
ischemic lesions in 46 patients (98%) as com-
pared with 33 patients (70%) and 31 patients
(66%) in whom ischemic lesions were detected
on FLAIR and T2-w images respectively, see
figurel for illustration.

FLAIR DWI

120%
100%
80%
60%
40%

0%
T2-w

Figure (1). Graph compares the percentage of patients
with recent ischemic lesions on DWI and T2-w and
FLAIR sequences.

The results for the detection of ischemic lesions
with different time onset on T2-w, FLAIR, and
DWI scans are summarized in Table 2.

Table:(2). Number (and Percentage) of Ischemic Le-
sions Detected on T2-w, FLAIR, and DWI Scans.

Table:(3). ANOVA test correlation of ischemic infarct
detection versus Time between onset and MRI in hours

Sum of Mean

Squares Df  Square F Sig.
Between 14.413 3 4.804 4.099 .012
Groups
Within 50.395 43 1.172
Groups
Total 64.809 46

Table:(4). Ischemic infarct found on DWI, T2 and
FLAIR versus Time between onset and MRI in hours
Cross tabulation

Time between onset and MRI

Count of ischemic in hours

infarct foundon 0~ 6o 16- 24 168 Lowl
6 16 24 168 336
DWI 5 3 1 5 14
DWI+FLAIR+T2- 5 12 9 4 30
W 2 2
DWI+FLAIR ! 1
FLAIR+T2-w 5 10 13 14 5 47

Total

All Time Between Onset and MRI in hour

lesions

0-6 6-16 1624 24-168 168-336

31/47 0/5 5/10 12/13  9/14 5/5

T2-w (66%) (0%)  (50%) (92%) (64%) (100%)
FLAIR 3347 075 710 12/13  9/14  5/5
(70%) (0%)  (70%) (92%) (64%) (100%)
4/5
pwp  46/47 /5 10/10  13/13  14/14

(98%) (100%) (100%) (100%) (100%) (98%)

Values are number (percentage) of ischemic lesions detected. Lesions
are grouped according to the time between the onset of symptoms and
the MRI investigation

The one-way ANOVA test and cross-tabulation
method analysis of the results in relation to
time from onset revealed that there is a statical-
ly significant difference between DWI and T2-
w/FLAIR in the detection of ischemic infarcts
(P value =.012). See tables 3, 4.

T2-w and FLAIR failed to diagnose recent is-
chemic infarcts (falsely negative) in 16 and 14
patients respectively. Ischemic lesions were ab-
sent on T2-w and FLAIR in all stroke patients
imaged within 6 hours from onset of symptoms
and were only detected on DWI, see example
in figure 2. Nine patients imaged after six-hour
onset, who were positive for infarct on DWI,
had false-negative findings on both T2-w and
FLAIR (four patients imaged in 6-24 h, five pa-
tients imaged in 24-168 h from onset of symp-
toms), all of them had had small or lacunar in-
farcts (See figures 3, 4, 5, 6). They were missed
due to: 1) - nonspecific periventricular white
matter hyperintensities in two patients. 2) - ad-
jacent chronic infarct in three patients. 3) -
multiple different age lacunar infarcts in three
patients. 4-very small (one patient). Only in
retrospect after viewing the DWI/ADC images
some of the missed acute lacunar ischemic le-
sions could be seen on T2 and FLAIR.

T2-w and FLAIR results were only different in
two patients imaged at 12 h and 15 h from on-
set. FLAIR and DWI clearly detected the is-
chemic lesions that were not seen on T2-w in
these two cases (patients 38 and 39 in table 1),
one had pontine infarct, and the other had pos-
terior limb internal capsule infarct.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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DWI missed recent ischemic damage (i.e. was
falsely negative) in only one patient, who was
examined 7 days after stroke onset and had a
lacunar infarct (patient 32). The lesion ap-
peared hyperintense on T2-w and FLAIR im-
ages, less conspicuous on DWI with a normal
signal on ADC map.

No false-positive lesions were found with DWI
when combined with T2-w.

Figure (2). Forty—seven—year-old woman with an acute
coma state, starting less than 6 hours before MRI exami-
nation (patient 6). On the early T2-w (a) and FLAIR (b)
images, no ischemic lesion was visible, the early DWI
(not shown) shows hyperintensity in the posterior circu-
lation territory, which can be appreciated as a hypointen-
sity on the ADC trace map (c). In retrospect, loss of sig-
nal void of basilar artery (Hyperintense vessel sign) can
be appreciated on FLAIR (b) which is indicative of slow
blood flow distal to the site of acute arterial obstruction.

c A - - "ol |
Figure (3). Sixty-four-year-old man with an acute
slurred speech 7 hours before MRI examination (patient
14). The right parietal deep WS-infarct was not recog-
nized on T2-w (a) and FLAIR (b) images because of
numerous T2 hyperintense deep white matter lesions rep-
resenting small vessel ischaemic changes. DWI scan (c)
shows the same hyperintensity as FLAIR, one of which
can be appreciated as a hypointensity on the ADC trace
map (image d) representing acute infarct.

/’ — ’."‘-

c
Figure (4). Sixty-five-year-old women with an acute
mouth deviation 15 hours before MRI examination (pa-
tient 27). There are discrete and confluent patchy deep
white matter T2 hyperintensties with left parietal acute
ischaemic lacunar infarct appreciated as a hypointensity
on the ADC trace map (d), on T2-w (a) and FLAIR (b)
images, the lesion would have gone undetected.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure 5. Sixty-five-year-old man with new onset left-
sided hemiparesis 22 hours before MRI examination (pa-
tient 43). On T2-w (a) and FLAIR (b) images, no recent
ischemic lesion was visible, only old lacunar ischaemic
infarction at right basal ganglia. DWI scan (c) shows a
right-sided hyperintensity in the lentiform nucleus,
which can be appreciated as a hypointensity on the ADC
trace map (d) indicating a new lacunar infarct.

Figure 6. 44-year-old man with acute left-sided hemiparesis
around 72 hours before an MRI examination (patient 31). T2,
FLAIR, DWI images (a, b, c respectively) revealed multiple
lacunar hyperintense lesions at the right thalamus and right len-
tiform nucleus and left frontoparietal periventricular white mat-
ter. The ADC map (d) depicted the right thalamic infarct to be
the most recent one as it appeared hypointense.

DWI detected ischemic infarcts with haemor-
rhagic transformation in two patients (imaged
after 24 hours from onset), T2 and FLAIR de-
picted high signal around the hemorrhage,
which can be caused by oedema, surrounding a
primary intra-axial hemorrhage. DWI showed a
high signal at the margin of the haemorrhage
with corresponding low signal on ADC map
indicating ischemia with haemorrhagic trans-
formation rather than primary haemorrhage.

DISCUSSION

This study was designed to assess the sensitivi-
ty of DW MRI for the detection of recent is-
chemic infarct over conventional MRI and its
accessibility as the first line of imaging. Our
sample was representative of a range of pa-
tients with a clinical suspicion of recent stroke
who are likely to present for imaging at differ-
ent times from onset of symptoms (a few hours
to 2 weeks). We considered the design of no
time limit in our study to be clinically relevant,
as patients with stroke-like symptoms will be
referred for imaging as the initial step in man-
agement irrespective of time from onset. We
evaluated T2-w images first, FLAIR second
and DWI/ADC last because typically DWI is
added to conventional MRI rather than done
separately.

Our results confirm that DWI is the most useful
imaging sequence in the diagnosis of recent is-
chemic stroke. All infarcts except one were de-
tected on DWI, whereas with T2-w, FLAIR
imaging, 34%, and 30% of lesions respectively
were not detected. The sensitivity of DWI for
hyperacute (0-24h from onset) and acute (24h-
7 days) ischemic strokes was 100%. Our find-
ings are in agreement with several other previ-
ously reported studies regarding the diagnostic
yield of DWI, which reported high sensitivity
of DWI ranging from 91 to 100 % (Fiebach et
al., 2002; Gonzales et al., 1999; Lansberg et al.,
2000).

Early DWI detected ischemic lesions in all pos-
itive stroke patients imaged within 6 h from
onset of ischemic symptoms before any chang-
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es were evident on conventional MRI. This
supports previous reports that a mismatch be-
tween positive DWI and negative FLAIR sug-
gests that the stroke occurred at least less than
6 h beforchand (Huisa et al., 2012; Leiva-
Salinas & Wintermark, 2010).

The inclusion of ADC maps increased the con-
fidence in the interpretation of DWI with the
characteristic appearance of acute ischemic le-
sions as bright on DWI sequences and dark on
ADC maps. DWI/ADC sequences were able to
not only confirm the diagnosis of suspected is-
chemic infarct but also determine the age of the
infarct, which is of clinical importance to the
patient. The relative ADC remained low in all
acute infarcts up to several days from onset. It
progressively increased to be pseudonormal-
ized on ADC map at around day seven, which
resulted in one patient being missed on DWL
The ADC value elevated after day 7 resulting
in high signal on both DWI and ADC map. In a
serial study by Lansberg et al. (2001) of 27 pa-
tients with acute strokes, a low ADC value in-
dicated, with good sensitivity (88%), and speci-
ficity (90%), that a lesion was less than 10 days
old.

In general, acute ischemic lesions with charac-
teristic wedge-shaped cortical and subcortical
high signal change confined to a vascular terri-
tory, with or without an associated mass effect,
are well appreciated on conventional T2-w and
FLAIR MR Images. However, this is not the
case for small or lacunar lesions, especially
with preexisting white matter changes and/or
chronic ischemic infarct. On T2, they have sim-
ilar signal intensity making the delineation of
the more recent ischemic damage difficult and
easily missed by the observer (Augustin et al.,
2000). “Diffusion imaging aids in the identifi-
cation of areas of acute ischemic injury against
the backdrop of diffuse nonspecific T2-w sig-
nal abnormalities that are often seen in elderly
patients, or when infarcts of different ages co-
exist” (Maas & Mukherjee, 2005).

In our study, the combined use of DWI, con-
ventional T2-w, and FLAIR sequences im-
proved the diagnostic information in 30 pa-
tients (64%; P = .012) of all MR examinations.
DWI was superior to conventional imaging in
14 patients (30%). In nine of them, DWI dis-
criminated new lacunar infarcts from small
vessel ischemic white matter changes, older la-
cunar infarcts, or an adjacent chronic infarct.
The signal characteristics of acute infarcts on
DWI (bright on DWI, low on ADC map) made
them easily separable despite small size from
older hyperintensities, thus greatly contributing
to the detection of acute lacunar infarcts that
would have been missed on T2-w and FLAIR
images.

Our experience confirms the findings reported
by Choi et al. (2000) in their study about DWI
in vascular dementia patients, which concluded
that new foci of altered signal intensity were
only distinguishable from prior injuries with
DWTI and not conventional MRI.

We are aware of only one study in the literature
that compared DWI and conventional MRI in a
consecutive series of patients with suspected
recent cerebral ischemia and an interval be-
tween onset of clinical symptoms and MR im-
aging of 1 to 14 days (Augustin et al., 2000).
The results of our study were similar to their
results. In Augustin et al. (2000) study, 62% of
ischemic lesions among 53 patients were iden-
tified or suspected on conventional T2-w imag-
es (66% in our study), DWI (same as in our
study) was falsely negative in only one patient,
who was examined 8 days after stroke and had
small subcortical lesions. Overall, in Augustin
et al. (2000) study DWI provided information
not accessible with T2-weighted imaging in 15
patients (28%) (comparable to 14 patients
(30%) in our study), and was more likely to
make a diagnostic contribution in the first week
of stroke and in patients with small lesions or
preexisting ischemic cerebral damage than
conventional MR imaging, which is in keeping
with the findings of our study.
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Furthermore, our findings showed that the DWI
was useful in differentiation between primary
intracerebral haemorrhage and ischaemic in-
farction with haemorrhagic transformation, as
the latter will show high signal around the
haemorrhage on DWI with corresponding low
signal on ADC map due to reduced diffusion
differentiating it from high signal caused by
oedema surrounding primary haemorrhage.

There are studies that reported a false negative
rate exists with early DWI scans of posterior
circulation ischemic infarcts imaged within 24
hours mainly brain stem lacunar infarcts (Op-
penheim et al., 2000; Chelala et al., 2007). The
difference between this and our result of no
false-negative early DWI findings can be ex-
plained by the difference in studies’ design.
First, the sample size of these studies was large
(e.g., 356 patients in Chelala et al. (2007),
study) so a larger number of brain stem infarcts
were encountered. Second, they did follow up
MRI of all initial negative DWI cases, which
detected the ischemic lesions that were absent
on the initial DWI. Similarly, Chelala et al.
(2007) reported high sensitivity and specificity
of DWI for acute ischemic infarcts detection,
83%, and 96% respectively.

In our audit, we were able to image 68% (60 of
87) of the suspected recent stroke patients with
DW MRI within 48 hours and 39 patients
(45%) within 24 hours of onset of symptoms;
this indicates that MRI is a feasible and an in-
creasingly preferred imaging tool for clinicians.

A limitation of our study is that we were only
able to image about 15% (13 of 87 patients)
within 6 hours of onset of symptoms. Many
factors we think contributed to the lower num-
ber of patients imaged under 6 hours span in-
cluding delay in patients’ presentation to the
hospital, especially elderly patients with a pre-
vious stroke, and delays in referrals to imaging.
The entire process from recognition of symp-
toms to imaging needs to be improved to
achieve best practice standards according to
Guidelines for the Early Management of Pa-

tients with Acute Ischemic Stroke (Jauch et al.,
2013; Powers et al., 2019).

CONCLUSION

In conclusion, this analysis suggests high sensi-
tivity of DWI in the diagnosis of acute & sub-
acute cerebral ischemic infarction, DWI proved
superior to FLAIR and T2-w imaging in early
detection of ischemic lesions in the first six
hours from stroke onset and in cases of acute
lacunar infarcts with pre-existing ischemic
brain insult. The analysis also suggests that
DW MRI is both feasible and accessible as a
first-line neuroimaging in clinically suspected
recent stroke patients.
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Abstract: The contamination by organochlorine pesticides (OCPs) of the selected sites in the
eastern region of Libya was investigated to estimate the current status of pollution in surface and
groundwater sources. This study was conducted to determine the concentrations of some OCPs
residue in surface and groundwater samples collected from thirty different sites around Al-Jabal
Al-Akhdar northeast of Libya during the summer, autumn, and winter seasons of 2016. A simple
and rapid method based on the liquid-liquid extraction method followed by an HPLC with re-
versed-phase was developed to determine six OCPs in water samples simultaneously. An HPLC
instrument was supplied with a C;g column (250 mm % 4 mm; 4.6 um particle size) and a UV de-
tector at 238 nm. The mobile phase was composed of 0.1% propanol in water and acetonitrile
(25/75, v/v). The method was validated using reference standards of these six OPCs at different
concentration levels and shows good linearity in the concentrations between 5.0 and 25 pg mL~
!. The LOD and LOQ ranged from 0.71 to 2.24 pg mL -' and 2.16 to 6.79 ug mL™, respectively.
Relative standard deviation (%RSD) ranged from 0.026 to 0.673 %. The only OCP residue found
in the area of study was 2, 4-D, with a variation of its residue levels during the seasons. The
overall results showed that surface water was more polluted with 2, 4-D than groundwater,
which was detected in the wide range of concentration of 0.037 to 0.385 pug mL™, 0.003 to 0.047
pg mL " and 0.012 to 0.039 pg mL™' during summer, autumn, and winter, respectively.

Keywords: HPLC; Validation; Residues; Surface Water; Groundwater.

INTRODUCTION the pesticides that are used for agricultural pur-

poses all over the world. Because of their

Pesticides play a vital role in agricultural pro-
duction to prevent or decrease damage by
pests. And as a result can enhance the yield and
the quality of production even as far as cosmet-
ic demand, which is regularly vital to consum-
ers (Cooper & Dobson, 2007; Oerke & Dehne,
2004). The nutritional value of food and its
safety can be enhanced and improved by pesti-
cides (Cooper & Dobson, 2007; Smilanick,
2008). Data from several studies suggest that
Organochlorines pesticides (OCPs) are among

widespread uses, they are detected in various
environmental matrices, such as soil, water,
and air (Azad et al., 2012; Mariyono, 2008;
Sankararamakrishnan et al., 2005). OCPs are
characterized as low hydrophilicity and more
lipophilicity substances. And therefore, have
potential bioaccumulation in the food chain
which poses a significant threat to human
health and the environment globally (Afful et
al., 2010).
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Furthermore, several studies have reported that
the persistence of organochlorine pesticides in
soil and water of cultivated land has the oppor-
tunity to drain into groundwater in different
levels of quantity depending on the nature and
chemical characterizations of these pesticides
(Jamal, 2011). In addition, results of water and
sediment samples from Lake Manyas in Turkey
showed that these samples were still contami-
nated by organochlorine pesticides and their
residues, despite the bans on their production
and usage over a long time (Erkmen et al.,
2013).

Furthermore, the determination of persistent
pesticides is of particular importance to the en-
vironment in the area of toxicology. Thus, var-
ious analytical methods such as GC-ECD
(Ismail et al., 2014; Saha et al.,, 2012)1;
(Hashmi & Menon, 2015), GC-MS (El-Saeid et
al., 2011), gas chromatography—nitrogen-
phosphorus detection (Dores et al., 2008)
HPLC (Ara et al., 2014) have been reported,
and many of these methods involve a solid-
phase extraction and/or liquid-liquid extraction
procedures prior to the detection by analytical
techniques (El-Osmani et al., 2014; Shamsipur
et al, 2016); (Leong et al, 2007);
(Shakerkhatibi et al., 2014).

Extensive research has shown that OCPs are
commonly analysed and detected using Gas
chromatography techniques with different de-
tectors (Tata Rao et al., 2014); (Ize-Iyamu et
al.,, 2007). Recently, Azad et al. (2012) ana-
lysed six OCPs in four sites at four seasons us-
ing a liquid-liquid extraction technique and
then gas chromatograph equipped with an elec-
tron capture detector (GC-ECD). Also they
used Soxhlet extraction for fish and sediment
samples followed by clean up and then gas
chromatography. They found DDE as a pre-
dominant residue in all analysed samples, and
the lowest levels of OCPs were related to Hep-
tachlor and Chlordane, which none of them
were found in water samples (Azad et al.,
2012).

Also, Lari et al. (2014) evaluated the OCPs and
organophosphates pesticides as a potential pol-
lutants and risks to human health. They utilized
liquid-liquid extraction followed by the GC-
MS technique for evaluating these pesticides in
surface water and groundwater. The surface
water was found to be more contaminated than
groundwater, with a higher number and con-
centration of pesticides (Lari et al., 2014a). In
the same vein, Jayashree and Vasudevan
(2007) analyzed some OCPs, chosen to know
the level of their contamination in the ground-
water of the Thiruvallur district, Tamil Nadu,
India. The samples were found highly contam-
inated with DDT, HCH, endosulfan, and their
derivatives. Their study showed that groundwa-
ter samples were highly contaminated with or-
ganochlorine residues (Jayashree &
Vasudevan, 2007). Recently, researchers have
shown an increased interest in using GC
equipped with ECD and a pulsed flame photo-
metric detector to analyze OCPs in water and
sediment samples. In some cases, the residues
were further confirmed by Gas Chromato-
graph-Mass Spectrometer-Quadrupole on Elec-
tron lonization (EI) mode (Akoto et al., 2016;
Maurya & Kumar, 2013); (Hellar-Kihampa,
2011).

Surveys, such as that conducted by El Bouraie
et al. (2011) have shown that the contamination
of organochlorine pesticides (OCPs) along El
Rahway drain, they have determined the
concentrations of eighteen OCPs in surface and
groundwater samples collected from six
different sites during the rainy and dry seasons.
The samples were extracted by the liquid-liquid
extraction method. Then, determined
qualitatively using GC/ECD (Gas
chromatograph equipped with an electron
capture detector). The commonly found OCP
residues included heptachlor, p,p'-DDE, p.p'-
DDD, and endrin, and the overall results
showed that surface water was more polluted
with OCPs than groundwater (El Bouraie et al.,
2011).
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Previous research has suggested that using
solid-phase extraction (SPE) coupled with
dispersive liquid-liquid microextraction and
gas chromatography-mass spectrometry (GC—
MS) provides higher extraction efficiency and
a larger preconcentration factor for the
determination of  pesticides residues
(Shamsipur et al., 2016). In addition, solid-
phase microextraction (SPME) followed by gas
chromatography (GC) techniques have been
applied for the analysis of chlorinated
pesticides in water, with good reproducibility,
low detection limits, and wide linear ranges
(Boussahel et al., 2002); (Dores et al., 2008).
Okoya et al. (2013) investigated levels of OCP
residues in drinking water sources using liquid
/liquid extraction and supercritical fluid extrac-
tion (SFE), and this study concluded that most
of the water samples contaminated with OCPs
associated with agricultural activities in their
areas (Okoya et al., 2013). However, using
Static liquid-phase microextraction technique
for analysis of OCPs from aqueous samples
showed to be quick, inexpensive, and used very
little solvent with subsequent analysis by gas
chromatography—electron-capture detection
(Zhao & Lee, 2001).

On the other hand, HPLC with a UV/visible
detector was utilized by Aiken et al. They
found the concentrations of organochlorine and
organophosphorus pesticide residues were
significantly higher in the sediment samples
when compared to water samples (Akan et al.,
2014). As well as Ara et al. (2014) who
condected a study to analyse pesticides
including OCPs which was carried out with the
HPLC technique. Pesticides were found in

twelve samples, while Organochlorine was
absent (Ara et al., 2014).

The objectives of this study involve the
development and validation of the HPLC
method to determine the residue of six
organochlorine pesticides in surface and
groundwater and their compatibility with the
recognized maximum limits and the absence of

a database on the level of pollution of
pesticides in the water sources and then
directed consumers to look at the dangers.

MATERIALS AND METHODS

Sampling site, collection, and storage: The
region of the study is located between Wadi
Derna [1] (E 22.619346° N 32.727701°) to Al-
abyarlll [30] (E 20.522419° N 32.257841°) in
the northeastern region of Libya. 9 samples of
surface water and 21 groundwater samples were
collected in summer, autumn, and winter season
2016. The sources [Codes 1-30] are shown in
Figure (1), and a device of Global Positioning
System (GPS) was used to locate positions dur-
ing sampling. Samples were collected by
desterilized pre-cleaned stainless metal contain-
ers and then saved in clean ice-covered dark
glass bottles and immediately transferred to the
laboratory. The samples were performed ac-
cording to the recommendations by D.T.E Hunt
and A.L. Wilson (APHA, 1995; Hunt &
Wilson, 1986). They were properly labeled and
kept at -20 ‘C before analysis (Uddin et al.,
2007).

2089
o

2= }ﬁ; g ARt ‘ é 2.8

o H D

4 i
& o
Ww lg:a (-‘ Pl dall
» Al Jabal al Akhdar L
avm Libya , -
Al Hizam Al Akhdar [

208 i

L ~‘> Ched

& e ——

&
Ot Gl 55 ] B o

Figure: (1). Study locations that located between Wadi
Derna[1] (E 22.619346° N 32.727701°) to Albayar [30]
(E 20.522419° N 32.257841°).

Pesticide Standards and chemicals: The in-
dividual six organochlorine pesticides (2, 4-D,
p.p-DDE, p,p’-DDT, p,p’-DDD, Dicofol, and
Heptachlor) reference standards with a certified
purity of 99 % were obtained from Dr. Ehren-
storfer GmbH (Augsburg, Germany). HPLC
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grade acetonitrile and dichloromethane were
obtained from Fisher Scientific (UK). Propan-
1-ol was obtained from VWR (UK), water was
obtained in-house by Water Distillation Unit.
All other reagents and chemicals and solvents
used were of analytical grade purchased from
Sigma-Aldrich (Germany) included: anhydrous
sodium sulfate, acetone, Uracil, and Sodium
chloride.

Apparatus and chromatographic conditions
High-performance liquid chromatography was
performed with an integrated Spectra system
Liquid Chromatograph (Thermo electron
corporation, USA) fitted with an in-line
degasser, 120-place autoinjector, and single-
channel, tunable UV absorbance detector.

Data analysis was carried out using Thermo
Electron Corporation software (ChromQuest).
The flow rate was 1.0 mL min'l, with an
injection volume of 20 mL. Three replicate
injections of each calibration standard were
performed. The analysis was performed using a
reversed-phase stationary phase (ACE Cis, 250
mm x 4.6 mm id., particle size:3 pm;
PerkinElmer (Shelton, USA)), and samples
were isocratically eluted with a 0.1% Propan-1-
ol in water and Acetonitrile (25/75, v/v) at
wavelength 238 nm.

Preparation of standard sample for HPLC
Calibration standards: 5 mg of each standard
were weighed accurately into a 50 mL volu-
metric flask and diluted to volume with ace-
tonitrile to give a mixed stock solution. The
analytical curve was prepared with a standard
in final concentrations of 5-25 pg mL™, origi-
nally acquired from a 100 pg mL ™" of mixed six
OCPs stock solution. All samples were pre-
pared in triplicate.

Samples preparation for HPLC

Extraction of water samples: The method
prescribed by the Water Environment Federa-
tion (WEF) was used, with some modifications,
for the extraction of OCP residues from the wa-
ter samples (APHA, 1998). A liquid-liquid ex-

traction (LLE) method with dichloromethane
was used for extracting OCP residues from the
water sample. Water samples were filtered with
Whatman No. 1 filter paper to remove debris,
and then a 200 mL of filtrate water sample was
transferred into a 500 mL glass-separating fun-
nel. Then, 20 g of NaCl was added to produce a
salt-out effect. It was thoroughly mixed by in-
verting the separating funnel three to four
times. The sample was extracted thrice with 40
mL dichloromethane (20:10:10), shaken for 3—
4 min each time with periodic venting. The
combined organic phase was dried by passing
it through anhydrous Na,SO, and then in a
vacuum rotary evaporator (Heidolph). The
dried sample was reconstituted in 1 mL of Ace-
tonitrile, and finally, the aliquot was analyzed
by HPLC. These samples were analyzed in
triplicate (Lari et al., 2014b).

Analytical method validation

System suitability : A mixture solution of six
OCPs with a concentration of 100 pg mL™ was
injected three times to evaluate the analytical
response. The mean and relative standard devi-
ation (RSD %) were calculated. Theoretical
plate number and tailing factor were also ob-
served.

Linearity: The analytical curve was obtained
with different concentrations of the mixture
standard solution (5— 25 pg mL™). The solu-
tions were prepared in triplicate. The linearity
was evaluated by linear regression analysis.

Precision: The precision of the assay was de-
termined by repeatability which was evaluated
by assaying samples at the same concentration
during the same day. Five sample solutions
were prepared.

Recovery method (Accuracy): The accuracy
was determined by the recovery of known
amounts of OCPs standard added to the sam-
ples at the beginning of the process. Thus, the
recovery experiment was performed by spiked
1 mg of each pesticide standard individually to
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200 mL of water and extracted then dried.
Then 10 mL of Acetonitrile was added to reach
a concentration of 100 pg mL™" The percentage
recoveries were calculated using the following
equation Percentage of recovery = [Cp/Cy X
100], where Cg is the practical concentration
obtained from a standard solution of 100 pg
mL™" of each compound in acetonitrile, and Cy
is the spiked concentration after extraction
(Chowdhury et al., 2012).

Statistical analysis: Statistical analyses were
carried out by analysis of variance (ANOVA)
using SPSS 25 software. Differences in pesti-
cides were analyzed by the t-test between the
surface and groundwater samples. The statisti-
cal significance tests were carried at the 0.05
confidence level (p < 0.05). Data between re-
gions and seasons, also interaction was tested
using two-way ANOVA and Mean values were
analyzed by the Tukey HSD (Honest Signifi-
cant Difference) test at ( p < 0.05) levels (Nie
et al., 1970).
RESULTS

Optimization of chromatographic conditions

An RP-HPLC method for the simultaneous de-
termination of six OCPs was developed, and
excellent separation was only achieved with the
Cis column length 250 mm.

To optimize the HPLC parameters, isocratic
elution with several mobile phase compositions
was evaluated to elute all pesticides in the
sample in a reasonable amount of time. The
separation was increased with more amount of
organic solvent in the mobile phase than water.
Although run lengths were longer at higher
proportions of acetonitrile in the mobile phase,
low or no resolution was observed when a
higher proportion of water was used. A compo-
sition of acetonitrile and water in the mobile
phase was varied, and increasing the amount of
acetonitrile in the mobile phase was producing
the best possible separation within the desired
elution time. Flow rates of the mobile phase al-
so varied between 0.5 and 1.0 mL min”, of
which 1.0 mL min™' gave an acceptable resolu-

tion (Rs>2) and better symmetry (<1.2). De-
pending on the results of various trials, a mo-
bile phase consisting of acetonitrile: 1% Pro-
pan-1-ol in water (75:25 v/v) at ambient tem-
perature was used for this study. Figure 6
shows the separation of all six compounds in
reasonable run time, whereby the elution order
was 2, 4-D, Dicofol, DDD, Heptachlor, DDT,
and DDE.
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Figurel: (2). Simultaneous separation of 2, 4-D, Dico-
fol, DDD, Heptachlor, DDT and DDE. Conditions: Col-
umn: Cig, mobile phase: acetonitrile: 1% Propan-1-ol in
water (75:25 v/v), ambient temperature, flow: 1, 0 mL
min™, UV: 238 nm, injection: 20 pl.

]

Method validation: The good linearity of the
calibration curve was validated by the high
value of correlation coefficients of the regres-
sion graph. Calibration standards were pre-
pared and demonstrated a linear response (R
=0.99-0.99) over a 5 -25 pg mL™".

The precision of the proposed method was also
determined by mixing six OCPs at 5-25 pg mL’
' of each OCP. And was evaluated in terms of
repeatability and expressed as the relative
standard deviation (RSD,%). The result of
precision ranged from 0.026 to 1.374%, which
indicates good repeatability. The recovery of
the method can be defined as accuracy. It was
calculated of the known concentration level by
comparing the measured concentration with
spiked concentration as the reported method
(Yusiasih et al., 2017) with a number replicate
of three. The average result of the recoveries of
all pesticides obtained ranged from 84.69 to
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98.16%. These values were considered as an
acceptable and good result since 70 — 130%
recoveries were approved (Demoliner et al.,
2010).

The results showed in Table (1) from method
validation of 2,4-D, Dicofol, DDD,
Heptachlor, DDT, and DDE: Capacity factor
(k") ranged from 0.10 (2,4-D) to 8.38 (DDE),
Resolution (R) were from 1.13 (Dicofol) to
19.68 (2,4-D), Symmetry factor (As) were
from 0.95 (Heptachlor ) to 1.08 (Dicofol),
Selectivity (&) were ranged from 41.6 (2,4-D)

to 1.31 (DDD) and theoretical plate (N) were
ranged from 289 (1156) (2,4-D) to 14200.69
(56802.77) (DDE), as well as a slight peak
tailing (As ~1.2-0.9) being observed in each
case. The limits of detection and quantification
were determined to be 1.73 and 5.25 pg mL™
for 2,4-D, 1.73 and 5.26 ug mL™" for Dicofol,
2.24 and 6.79 ug mL"' for DDD, 1.15 and 3.50
ng mL™ for Heptachlor, 0.71, and 2.16 pg mL
' for DDT, 2.04, and 6.16 ug mL" for DDE,
respectively.

Table (1). Summary of validation data for the quantification of OCPs including 2,4-dichlorophenoxyacetic acid , hep-
tachlor, p, p’-DDE, p, p’-DDD, p, p’-DDT and Dicofol in the presence of common adulterants using Brownlee BIO C g
column (250 mm x 4.6 mm id, particle size 5 um); mobile phase: 0.1% Propan-1-ol in water and Acetonitrile (25:75);

detector wavelength: 238 nm.

Names 2,4-D Dicofol DDD Heptachlor DDT DDE
tr (min) (%= 1.533 min®) 1.69 7.90 8.55 10.73 11.76 14.38
Capacity factor (k") 0.10 4.16 4.58 6.00 6.67 8.38
Resolution (R) 19.68 1.13 4.03 1.73 5.90 -
Symmetry factor (A;) 1.05 1.08 1.01 0.95 0.96 1.07
Selectivity (6) 41.6 1.10 1.31 1.11 1.25 -
LOD "(ug mL™) 1.73 1.73 2.24 1.15 0.71 2.04
LOQ ‘(ug mL™) 5.25 5.26 6.79 3.50 2.16 6.16

DISCUSSION centration between 0.013ug ml” (Marawa III)

In thirty samples collected during each season,
2, 4-D pesticide was found in most seasons and
regions. It is noteworthy that p, p’-DDE, p, p'-
DDD, p, p'-DDT, Dicofol, and Heptachlor
were not detected in all samples that were col-
lected in summer, autumn, and winter season
of surface and groundwater.Monitored pesti-
cides in this study were detected with residue
values less and greater than MRL’s (0.030 pg
mL™), according to World Health Organization
(WHO) and the Libyan National Center for
Standardization and Metrology (LNCSM)
(WHO, 2004) in all collected samples.

However, Data showed that 2,4-D was detect-
ed in surface water with concentration ranged
from 0.037pg mL" (Aldabusia) [3] to 0.385 ug
mL (Wadi Darna) [1] and detected in
groundwater ranged from lower to greater con

[18] to 0.127 pg mL™ (Wasita I) [19].The his-
togram shown in Figure 3 indicates that the
major residues of 2, 4-D pesticides in surface
water were in Wadi Darna [1] (0.38 pg mL™).
The five other regions were detected in moder-
ate concentrations, and these were Karsa [2],
Aldabusia, Apouloana Shahhat I [4], Saylun
Massalll [9] and Tolmeita II [23] with concen-
tration (0.38, 0.063, 0.037, 0.084, 0.061, and
0.048 pg mL™) respectively. Also, the results
of this study indicate that three other regions
found no present of 2, 4-D in their samples in
surface water during the same season.

In groundwater samples, the histogram indi-
cates that 2, 4-D residues were detected in most
of the regions, including  Shahhat II[4],
Shahhat III[5], Massa II[8], Qandula I[13],
Qandula II[14], Qandula III[15], Marawa
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II[17] , Wasita 1[19], Wasita II [20], Tolmeita
I[22], Alabyar 1[28], and Alabyar III[30] with
concentration (0.065, 0.120, 0.037, 0.051,
0.043, 0.034,0.094, 0.127, 0.090, 0.042, 0.033,
and 0.035 pg mL™) respectively which were
exceeded MRL (0.030 pg mL™) that deter-
mined by World Health Organization (WHO)
limits, Libyan National Center for Standardiza-
tion and Metrology (LNCSM). These findings
were in agreement with the previous studies
(Adeyemi et al., 2011; Hong et al., 1999; Munn
& Gruber, 1997; Que Hee & Sutherland, 1981;
Tang et al., 2008) which found the large
amount of 2, 4-D as a herbicide. This indicates
that 2, 4-D is still used in most countries in the
world (Chen et al., 2018). Also, it is still used
in neighboring countries such as Egypt, accord-
ing to Mansour et al. study (El-Ghit, 2016;
Mansour, 2004).

Summer

Concentration 24-D) pg mL!

Figure (3). Residues of 2, 4-D pesticides in surface wa-
ter from different regions of eastern Libya during sum-
mer season 2016.
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Histograms shown in Figures (5, 6) indicate 2,
4D residue in the autumn season of water sam-
ples collected from nine surface water and
twenty-one of groundwater sources in different
regions. In the case of surface water samples
collected, we found six out of nine samples
were contaminated during the autumn season
of 2016. 2,4-D was detected with concentra-
tions ranging from 0.003 ug mL" (Tolmeita II
) [23] to 0.047 ug mL™ (Aldabusia) [4] in sur-
face water, which shows that most of the
groundwater samples detected had a concentra-
tion which ranged between 0.003 pg ml™ (Ala-
byar I1I) [30] to 0.036 ug mL™' (Qandula I)[13].
In the autumn season, results from this study
showed just 11.11% from surface and ground-
water above the (WHO) and (LNCSM), while
most samples were lower than the maximum
residue limit according to the MRL’s level.
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Figure (5). Residues of 2, 4-D pesticides in surface wa-
ter from different regions of east Libya during the au-
tumn season of 2016.
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Figure (6). Residues of 2, 4-D pesticides in groundwater
from different regions of east Libya during the autumn
season of 2016.

Fig (4). Residues of 2, 4-D pesticides in groundwater
from different regions of eastern Libya during summer
season 2016.
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Histograms in Figures (7 and 8) show the result
of water samples analysis, which were collect-
ed from different regions during the winter sea-
son 2016. Dicofol, DDD, DDT, DDE, and
Heptachlor were not detected according to the
device limit.

Results showed that from all surface water,
(88.8%) of all samples were contaminated with
2, 4-D residue. Also, (95.23 %) of the ground-
water was contaminated during the winter of
2016. However, most of 2, 4-D concentrations
in both surface and groundwater sources were
under the limit of WHO and LNCSM exclud-
ing Wadi Darna[l], Karsa[2], Aldabusia[3],
Apouloana, Shahhat I[4], Shahhat II[4],
Qandula III[15], Alabyar II[29], and Alabyar
IIT [30] that were higher than MRL’s.

In addition, 2,4-D was found in surface water
with a concentration ranging from 0.012 pg
mL™" (Saylun Massa III)[9] to 0.039 pg mL
(Wadi Darna) [1] and detected in groundwater
with a concentration ranging from 0.018 pg
mL"' (Marawa III)[18] to 0.038 pg mL’
(Shahhat II)[4].

Winter
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Figure (7). Residues of 2, 4-D pesticides in surface wa-
ter from different regions of east Libya during the winter
season of 2016-2017.
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Figure (8). Residues of 2, 4-D pesticides in groundwater
from different regions of eastern Libya during the winter
season of 2016.

In general, by using an analysis of variance, the
2, 4-D residue in surface water of different re-
gions showed significant differences between
Wadi Darna [1] and Karsa[2], Aldabasia[3],
Apouloana Shahhat 1[4], Saylun, Mass II1[9],
Tktanh Stlwnha I[I[12], Tolmeita II[23] in
summer, autumn, and winter seasons at (p <
0.05). Also, in these seasons, an analysis of
variance (ANOVA) for groundwater showed a
significant difference between regions at (p
<0.05).

In the T-test, a significant difference between

surface and groundwater of all analyzed sea-
sons at (p < 0.05) was observed in the mean
levels of the 2, 4-D residue. Moreover, Analy-
sis of variance (ANOVA) for the concentration
of 2, 4-D showed a significant difference in
summer, autumn, and winter seasons at (p <
0.05).

These results demonstrate that there were cer-
tain potential health risks to drinking water in
the Wadi Darna [1] region in summer and win-
ter due to the concentration of 2, 4-D residues
being higher than MRL’s. The high concentra-
tion of 2, 4-D in winter from the autumn season
in the surface water could be attributed to the
agricultural runoff resulting from the extensive
agricultural activity around sources of water in
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these regions. The surface water was more pol-
luted than groundwater. This was possibly due
to the fact that 2, 4-D can reach the surface by
the runoff process due to its low soil absorptiv-
ity, high potential of leachability, and high-
water solubility. The low biodegradability of 2,
4-D in the water also makes 2, 4-D a major
pollutant in the surrounding water sources.

From the results of the analysis of variance of
all samples collected from all regions within
three seasons (summer, autumn, and winter),
The maximum contamination has been found
to be in summer followed by winter with a
minimum in autumn. The probable reason for
the higher residues in summer may have been
due to using herbicides frequently (Coady et
al., 2013).

Finally, the misuse of these pesticides by the
individuals concerned and the lack of, or weak,
national control plants are behind the presence
of these pesticides in water sources and, as a
result, the occurrence of such pesticide residues
in drinking water represents an environmental
and health hazard. A frequent monitoring pro-
gram is urgently needed in order to assess
health risks associated with such contaminates,
especially with chronic exposure or a lifelong
intake of contaminated drinking water.

CONCLUSION

A quantitative HPLC-UV method has been de-
veloped and validated for the analysis of six
OCPs using a liquid-liquid extraction (LLE)
method. An isocratic HPLC method has been
successfully applied to a routine study of the
determination of these six OPCs in water or
any other sample prior to extraction. A water
and acetonitrile mixture (25:75), at a flow rate
of 1.0 ml min™" was found to be an appropriate
mobile phase, allowing adequate and rapid
separation of six OCPs. This method is simple,
accurate, precise, and specific and could sepa-
rate six OCPs in a mixture solution. Its wide
linear dynamic range and low limit of detection

and quantitation make this method applicable
for water and formulation analyses of OCPs.

Results obtained in this study from samples
collected through selected sites in the eastern
region of Libya showed only 2, 4-D residue
with a high concentration in summer samples
than winter samples followed by the autumn
season samples. These differences are probably
due to climatic variations and agricultural ac-
tivity between these areas.
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Abstract: This study was carried out to provide new data on patients with type 2 diabetes
mellitus and any suggestions for the prevention of what is a life-threatening disorder. Four
hundred and seventy-three type 2 diabetic mellitus patients from Almarj general hospital were
used: (222) females and (251) males for the period from October -2017 to April — 2018.The
study focused on the relationship between genders and complications of diabetes mellitus.
The study showed no significant differences (P > 0.05) between hypertension, heart disease,
respiratory dysfunction, nephropathy, urinary tract infection, anemia, hypothyroidism, diabet-
ic ketoacidosis, gastric infection, and gender. On the other hand, a significant (P < 0.05) rela-
tionship was found between hepatopathy and foot complications and gender. Findings showed
that males with the risk of the dangers of type 2 diabetes mellitus complications were more

than females in Almarj city.

Keywords: Diabetes Mellitus; Complications; Gender Difference.

INTRODUCTION

Diabetes mellitus is a chronic endocrine dis-
order which is characterized by high glucose
levels prevalent in the blood for a considera-
ble duration of time. (Behl et al. 2014).

The rate of diabetic patients with major com-
plications has increased, such as stroke, hyper-
tension, amputation, nephropathy, neuropathy,
retinopathy, cardiovascular complications, im-
potence, and skin lesions. However, in the
Eastern Mediterranean, the essential health care
and facilities for self-care are often inadequate.
Also the lacking of basic education services
and knowledge on diabetes, as well as its pre-
vention, management, and treatment to people
with diabetes and their families, leads to a seri-
ous impediment to the provision of the mini-
mum standard of health care. The causes of
DM are multi-factorial, which include genetic,
physical inactivity, drug toxic agents, obesity,
viral infection and location (Adeghate, 2006).
Sex-related differences in lifestyle may lead

to differences in the risk of developing diabe-
tes mellitus and, in consequence, to differ-
ences in the prevalence of this condition in
women and men. However, the relationship
between a known risk factor for diabetes
mellitus — such as obesity — and the develop-
ment of symptomatic diabetes mellitus may
not be straightforward. For example, in many
countries of sub-Saharan Africa, women are
more likely to be obese or overweight than
men, and therefore may be expected to have a
higher prevalence of diabetes mellitus. Com-
pared with the corresponding men, women in
Cameroon, South Africa, and Uganda were
indeed found to have a higher prevalence of
diabetes mellitus. However, women in Gha-
na, Nigeria, Sierra Leone, and rural areas of
the United Republic of Tanzania were found
to have lower a prevalence of diabetes melli-
tus than the men in the same study areas. No
significant differences between men and
women in the prevalence of diabetes mellitus
were detected in studies in Guinea, Mali, Su-
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dan, and urban areas of the United Republic
of Tanzania (Esayas et al.;2013). This study
assesses differences between men and women
in the prevalence of type 2 diabetes mellitus
and its complications.

This study aimed to determine the effect of
diabetes mellitus complications in people of
Almarj city\Libya, and investigate the inde-
pendent association of each of these clinical
characteristics with parasympathetic dysfunc-
tion.

DATA COLLECTION

This study examined the profile of type 2 dia-
betic patients in the Almarj clinic/ Libya. We
began filling out of data from October -2017 to
April — 2018. Data collection was performed
through filling the researchers’ questionnaire
considering the following: gender, age of type
2 diabetic patients and complications: heart
disease, hypertension, nephropathy, stroke,
foot complications, urinary tract infection,
anemia, hypothyroidism, hepatopathy, gastric
infection, diabetic ketoacidosis, and respiratory
dysfunction.

It is a descriptive statistical study that was car-
ried out on 473 diabetic mellitus patients ad-
mitted to Almarj clinic in Almarj city /Libya,
females (222), males (251), their age ranged
between (29 - 97) years with mean of 67 years.

Data were collected, checked, revised, and en-
tered into a computer. Data were analyzed by
SPSS statistical package version 19. Excel
computer program was used to tabulate the re-
sults and represent it graphically.

RESULTS & DISCUSSION

Over the final few decades, the prevalence of
diabetes reached epidemic proportions in west-
ern societies and is even higher in developing
countries. The World Health Organization has
assessed that the worldwide prevalence of dia-
betes will increase from 2.8 % in 2000 to 4.4 %
by 2030 (Ali, A, 2011).

According to this study, a higher incidence of
diabetes in males (53.1%) compared to females
(46.9%) was reported, which disagrees with a
previous study from India (Ramachandran et
al., 2008), and agrees with a previous Libyan
study (Shambesh et al., 2015) that found that
type 2 diabetes was higher in males than fe-
males (54.1% and 45.9%) respectively. This
discrepancy in results could be due to an inho-
mogeneous study sample, which could be relat-
ed to the security situation, particularly in
Almarj city

Table: (1). Subject characteristics

Gender

(}j:a%res) Female Male Total

No. % No. % No. %
29-39 3 0.6 4 0.8 7 1.5
40-59 46 9.8 65 13.7 111 235
>60 173 365 182 385 355 75
Total 222 469 251 53 473 100
Age
(years)
Mean +
SD

67 £12

Table 1 shows that the predominance of diabe-
tes increments with age. Within the age group
of 29-39 years, it was evaluated that around
1.5% of subjects had diabetes, whereas within
the age group 40-59 years, the value expanded
to 23.5 %, and the highest rate of 75 % was
found within the age group > 60 years. Amati
et al. have explained that older adults are at
high risk for the development of type 2 diabe-
tes due to the combined effects of increasing
insulin resistance and impaired pancreatic islet
function with aging. Age-related insulin re-
sistance appears to be primarily associated with
adiposity, sarcopenia, and physical inactivity
(Amati et al., 2009).
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Table: (2). shows the distribution of gender with complications of type 2 diabetes mellitus.

Disease Female Male Total
No. % No. % No. %
Heart discase non 121 25.6 109 23.0 230 48.6
exist 101 21.4 142 30.0 243 514
Hypertension non 71 15.0 100 21.1 171 36.2
exist 151 31.9 151 31.9 302 63.8
Nephropathy non 190 40.2 219 46.3 409 86.5
exist 32 6.8 32 6.8 64 13.5
UTI non 186 39.3 229 48.4 415 87.7
exist 36 7.6 22 4.7 58 12.3
Anemia non 206 43.6 225 47.6 431 91.9
exist 16 34 26 5.5 42 8.9
Stroke non 158 334 165 34.9 323 68.3
exist 64 13.5 86 18.2 150 31.7
Foot complications non 213 45.0 241 51.0 454 96.0
exist 9 1.9 10 2.1 19 4.0
Hypothyroidism non 189 40.0 242 51.2 431 91.1
exist 33 7.0 9 1.9 42 8.9
Hepatopathy non 208 44.0 236 49.9 444 93.9
exist 14 3.0 15 32 29 6.1
Respiratory dysfunction non 167 353 193 40.8 360 76.1
exist 55 11.6 58 12.3 113 23.9
non 214 452 245 51.8 459 97.0
DKA exist 8 1.7 6 1.3 14 3.0
Gastric infection non 217 45.9 242 51.2 459 97.0
exist 5 1.1 9 1.9 14 3.0

This study indicated that heart disease and hy-
pertension were non-significant when it comes
to gender, but males (30.0 %) were more likely
to have heart disease than females (21.4 %), as
in table 2. This finding agrees with those by
Aseel, where males were higher than females
(18.7 % & 10.8 %) (Ali, 2011). Whereas, hy-
pertension in males was equal to females (31.9
% & 31.9%), as in table 2. Nouh et al. have in-
dicated that a high prevalence of hypertension
among diabetic patients was in females com-
pared to males (30.0% & 35.1%) (Nouh et al.,
2015). Hypertension is one risk factor for ath-
erosclerosis. The atherosclerotic vessel is more
prone to thrombosis and rupture. Vascular
problems that happen as a result of diabetes are
made worse when blood pressure is raised from
other sources such as an unhealthy diet, lack of
exercise, or smoking (Ali, 2011).

The present study showed that nephropathy
was non-significant for gender, as females
(6.8%) were more than males (6.6%), as in

table 2. This agrees with a study from Iraq by
Aseel that shows females were higher in
nephropathy than males (7.2 % & 5.9 %) re-
spectively (Ali, 2011). However, it disagrees
with Aho et al.,, whose findings show that
males were higher than females (25.6 % & 17.9
%) respectively (Aho et al., 1998). They have
found that high levels of blood glucose increase
the risk that a person with diabetes will pro-
gress to kidney failure.

Our study showed that UTI has no signification
with gender, but females were higher than
males (7.6 % & 4.7 %), as in table 2 respective-
ly. This result agrees with Shengsheng et al.,
who have found that females higher than males
(12.9 % & 3.9 %) in urinary tract infection
among diabetes mellitus in the U.S
(Shengsheng et al., 2014). Sridhar et al. have
clarified that the urinary tract is the primary
site of infection in diabetes. Changes in host
defense mechanisms and the presence of dia-
betic cystopathy and microvascular disease in
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the kidneys may play a part in the higher rate
of UTI in diabetic patients (Sridhar et al.,
2002). Whereas, Wheat has indicated that the
high level of contamination in the urinary tract
infection of diabetic women may be deter-
mined by the number of microorganisms found
within the vagina (Wheat et al., 1980).

We observed that anemia has no signification
with gender, as males were more than females
(5.5% & 3.4%), as in table 2. Similarly, this
agrees with previous study (Kaushik et al.,
2018), that showed that males were more than
females (68.25 % & 31.74 %) respectively, and
this disagrees with another study (Rathod et al.,
2016), which showed that females were more
than males (18.60 % & 17.54 %) respectively.
The development of anemia in diabetes due to
different factors such as symptomatic autonom-
ic neuropathy, which can lead to efferent sym-
pathetic denervation of patients taking metfor-
min, have high chances of B12 deficiency lead-
ing to clinical symptoms of anemia ( Gulatil et
al., 2016).

The results showed no significant relationship
between gender and stroke, the males (18.2 %)
were higher than females (13.5 %) as in table 2,
this agrees with Jehangir et al. They found that
male to female ratio of stroke is 2.18:1 (Je-
hangir et al., 2006), but disagrees with Narayan
et al. that have found that stroke diabetes pa-
tients were higher in females than males (Nara-
yan et al., 2003). Jehangir et al. have discussed
that stroke is a frequent medical problem oc-
curring in patients with hypertension and other
risk factors. They conduced that hypertension
is the leading risk factor for stroke (Jehangiret
al., 2006).

The results showed a significant relationship
between gender and foot problems, with males
(2.1 %) higher than females (1.9 %) with foot
problems, as in table 2. A study by Hussain et
al., however, found that females were more
than males. Hussain et al. have also explained
that the cause of the common diabetic foot
complications include neuropathy, infections,

vascular disease, and ulcerations (Hussain et
al., 2010).

Our study also concluded that there was no
significant relationship between gender and
hypothyroidism, as females were more than
males (7.0 % & 1.9 %). This agrees with the
following reference (Sami et al., 2018), which
also found that females were more than males
(13.8 % & 3.7 %). This sex difference may be
due to less consultations, less awareness, and
less education regarding women in our study.
DM irritates thyroid function by influencing
both the hypothalamic control of TSH produc-
tion and the transformation of T4 to T3 in the
peripheral tissue (Ibrahim et al., 2017).

Our study found a significant relationship be-
tween gender and hepatopathy, where males
(3.2 %) were higher than females (3.0%), as in
table 2, and Patel et al. have found that the
prevalence rate among males (65.62 %) was
higher than for females (34.38 %) (Patel et al.,
2018). Another study by Sharavanan et al. in
Chennai found the prevalence rate among fe-
males (62.2%) was higher than for males (37.8
%) (Sharavananl et al., 2015). DM might initi-
ate liver damage by promoting inflammation
and fibrosis through an increase in mitochon-
drial oxidative stress by the activity of leptin,
adiponectin, interleulcin-6, and TNF, which are
created in chronically inflamed adipose tissue
(adiposities) (Marra, and Bertolani, 2009) .

Our study also showed no significant relation-
ship between gender and respiratory function.
Males were more than females (12.3 % &
11.6%), as in table 2. This finding is consistent
with Qayyum et al., who also found that males
were more than females (77.77 % & 22.22 %)
(Qayyum et al., 2004), but disagrees with
Keerthi et al., that found that the female per-
centage was higher than that for males (Keerthi
et al., 2012). The presence of abundant connec-
tive tissue and an extensive microvascular cir-
culation in the lungs increase the possibility
that lung tissue may be influenced by the mi-
croangiopathy process and non-enzymatic gly-
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cosylation of tissue proteins, this is induced by
chronic hyperglycemia, thereby rendering the
lung a “target organ” in diabetic patients. An
indication of this may be the prevalence of tu-
berculosis among diabetic patients (Keerthi et
al., 2012).

The results showed no significant relationship
between gender and DKA. The females were
higher than males (1.7 % & 1.3 %) as in table
2. This finding agrees with findings from other
studies on the Saudi population, which indicate
the higher incidence of DKA among female pa-
tients. Yousuf and Chaudhry have reported that
a female to male ratio was 2:1 among the Saudi
population (Yousuf and Chaudhry, 1994). Al-
Rubeaan et al. have reported that a male to fe-
male ratio was (1.6:1) (Al-Rubeaan et al.,
2011), and also Balasubramanyam et al. have
reported that male to female ratio was equal
(Balasubramanyam et al., 1999), It shows that
the gender difference may not be a significant
factor in the prevalence of DKA. However, the
blood pH was found significantly lower in fe-
males when compared with that of males. This
finding may show that ketoacidosis was severe
among females when compared to male pa-
tients (Balasubramanyam et al., 1999).

We observed that gastric infection has no signi-
fication with gender as affected males were
more than females (1.9% & 1.1%), as in table
2. This finding agrees with Devrajani et al. that
have confirmed that Helicobacter pylori infec-
tion were predominant in males (Devrajiani et
al., 2010), but disagrees with Kanbay et al. that
have reported that Helicobacter pylori infected
females were prevalent as compared to males
(Kanbay et al.,2005). This predominance may
be due to patients with DM being more in-
clined to infection and severe diseases such as
of phagocyte dysfunction and cellular immuni-
ty disorders caused by hyperglycemia and di-
minished vascularization (Keramat et al.,
2013).

Table: (3). Distribution of gender with diabetic patients
DM T2 with cancer.

Diseases Female Male Total
No. % No. %  No. %
Ovarian non 221 46.7 251 53.1 472 99.8

cancer  exist 1 0.2 0 0.0 1 0.2
Bladder non 222 469 250 529 472 9938
cancer  exist 0 0.0 1 0.2 1 0.2
Rectal non 222 469 249 52.6 471 99.6
cancer exist 0 0.0 2 0.4 2 0.4
Breast non 212 44.8 251 53.1 463 979
cancer exist 10 2.1 0 0.0 10 2.1
Gastric non 220 46.5 251 53.1 471 99.6
cancer  exist 2 0.4 0 0.0 2 0.4
Colon non 219 463 249 526 468 98.9
cancer  exist 3 0.6 2 0.4 5 1.1

The previous table 3 shows the study to know
the association between gender and cancer of
diabetic patients. The result showed no signifi-
cation between gender and cancer. T2DM and
cancers often share many risk factors such as
age, obesity, sedentary lifestyle, smoking,
higher intake of saturated fats and refined car-
bohydrates, and some psychological factors
(Giovannucci et al., 2010).

In our study, we found that out of 473 subjects
with diabetes, only one woman had ovarian
cancer. Additionally, just one diabetic man suf-
fered from bladder cancer. The association be-
tween diabetes and ovarian cancer is not clear,
but there is ample evidence for biological plau-
sibility. Several studies have assessed the im-
pact of elevated insulin-like growth factor
(IGF) (Giovannucci et al., 2010), where IGF-I
playing a significant role in the development of
bladder cancer, is also supported by studies in
animals.

The number of breast cancer incidences of dia-
betic females was 10 women as in table 3. Hy-
perinsulinemia with insulin resistance has been
postulated to increase the risk of breast cancer
(Del Giudice g et al., 1998). Obesity is related
to type 2 diabetes and leads to a rise in endoge-
nous estrogen levels.

The total number of diabetic females that had
gastric cancer was 2 women, as in table 3. Mi-
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ao et al. found that gender difference was not
significantly associated between DM and gas-
tric cancer incidences (Miao et al., 2017). On
the other hand, Lin et al. (Lin et al., 1997)
found a significant association between DM
and the higher risk of gastric cancer. They ex-
plained this relationship by stating that hyper-
glycemia in DM patients may lead to dysregu-
lation of energy balance. Consequently, this
could influence intracellular metabolism and
impair the immune system and might play a
critical role in the progression of gastric cancer
(Vigneri et al., 2009). Moreover, women were
found to have an increased risk of gastric can-
cer.The percentage of colon cancer incidences
was 1.1 %¢ 0.6 % in females and 0.4 % in
males, and 0.4 % of diabetic females with rec-
tal cancer, as in table 3. Hyperinsulinemia is
one of the prime characteristics of T2DM. It
might initiate carcinogenesis and also may ini-
tiate the proliferation of colonic tumors in vitro
and experimental animals (Wu et al., 2004).
However, there was no significant difference
between men and women in this relationship.

CONCLUSION

It was concluded from this study that men with
type 2 diabetes mellitus are more likely to have
serious complications compared to women with
the same disease.

ACKNOWLEDGEMENT

The authors would like to thank Mr. Essa Ab-
duhadi Mohammed, the head of the Authenti-
cation and information office in Almarj hospi-
tal, for his support on this work.

REFERENCES

Adeghate, E; Schttner ,P and and Dunn, E.
(2006). An update on the etiology and
epidemiology of diabetes mellitus, An-
nual New York Academy of Science,
1084:1-29.

Aho, K ; Harmsen, P; Hateno, S; Maarqyard-
sen, T;Smirnov, VE and Strasser, T.
(1998). On behalf of the participants in

the W.H.O collaborative study on con-

trol of stroke in the community. Cere-

brovascular diseases in the community

results of the W.H.O collaborative

study, Bulletin of W.H.O, 58: 113-130.
Ali, A. (2011). Diabetic Mellitus and it’s
complications in Duhok city/ IRAQ, ni-
tro PDF professional.online at ni-
tropdf.com /professional

Al-Rubreaan ,K.A; Saboor, S; Metib, S; et al.
(2011).Clinico - laboratory characteris-
tics of diabetic ketoacidosis in adults in
a tertiary hospital in Saudi Arabia, Eu-
ropean Review for Medical and Phar-
macological Sciences, 15: 1202-1206.

Amati, F; Dubé, JJ, Coen, PM; Stefanovic-
Racic, M; Toledo, FG; Goodpaster, BH.
(2009). Physical inactivity and obesity
underlie the insulin resistance of aging.
Diabetes Care 32:1547-1549.

Balasubrmanyam A, Zern , Hyman ,DJ and
Pavlik, V. ( 1999).New profiles of dia-
betic ketoacidosis. Type 1 vs. type 2 di-
abetes and the effect of ethnicity, Arch
Intern Med 159: 2317-2322.

Behl, T; Kaur,N; Kaur, I; Goel, H and Pandey,
R.K. (2014). Mediators involved in di-
abetic nephropathy: an updated review,

Asian Journal of Biochemical and
Pharmaceutical Research, 2:4: 134-149.

Del Giudice, ME; Fantus, 1G; Ezzat, S; McKe-
own-Eyssen, G; Page, D and Goodwin,
PJ. (1998).Insulin and related factors in
premenopausal breast cancer risk.
Breast Cancer Res Treat , 47:111-120,

Devrajiani B.R., Shah S.Z., Soomro A.A., et al.
(2010).Type 2 diabetes mellitus: A risk
factor for Helicobacter pylori infection,
A hospital based case-control study, Int
J Diabetes Dev Ctries, Jan; 30(1):22-6.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (2): 128-136, 2020

Esayas, H.et al. (2013). Differences by sex in
the prevalence of diabetes mellitus, im-
paired fasting glycaemia and impaired
glucose tolerance in sub-Saharan Afri-
ca, Bull World Health Organ
2013;91:671-682D.

Giovannucci, E; Harlan, DM;Archer ,MC; et
al. (2010).Diabetes and cancer: a con-
sensus report,CA Cancer J Clin, 60(4):
207-221.

Gulatil M and Agrawal ,N. (2016).Study of
Prevalence of Anaemia in Patients with
Type 2 Diabetes Mellitus, Sch. J. App.
Med. Sci., 4(5F):1826-1829, ISSN
2320-6691 .

Hussain, F; Shiekh, M ; Amer; Jamil, H;et al.
(2010).Advanced  Glycation  End-
products and Foot Ulceration in Type 2
Diabetic Patients: A Case Control
Study, International Journal Of Agricul-
ture & Biology. Issn: 1560-8530; Issn
09-388/Zip/2010/12—-1-91-95.

Ibrahim ,M; Elmenshawi, Sultan; S Saleh , A ;
et al. (2017).Prevalence of thyroid dys-
function in diabetic patients, Journal of
Diabetes, Metabolic Disorders & Con-
trol,Volume 4 Issue 2 — 2017.

Jehangir, Kh; Attique-ur-Rehman, Ashfaq, Al
and Asif ,Ji. ( 2006). ,frequency of hy-
pertension in stroke patients presenting
at Ayub teaching hospital, J Ayub Med
Coll Abbottabad, 18(1).

Kanbay M., Yilmaz U., Arslan H., et al.
(2005).The Relationship of ABO Blood
Group, Age, Gender, Smoking, and
Helicobacter pylori Infection. Dig Dis
Sci. July 50(7):1214-7.

Kaushik , D; Parashar, R; Praveen, K and Ma-
lik. (2018).Study of anaemia in type 2
diabetes mellitus Kaushik D et al. Int J

Res Med Sci, ,May;6(5):1529-1533
pISSN 2320-6071 | eISSN 2320-6012.

Keramat, F; Hashemi ,S; Majlesi ,A; Haddadi-
nejad ,S; Esfehani ,A and Poorolajal , J,
(2013)The association between diabetes
mellitus and Helicobacter pylori infec-
tion, Springer, DOI 10.1007/s13410-
013-0128-0.

Lin ,SW; Freedman, ND ;Hollenbeck ,AR;
Schatzkin, A and Abnet, CC. (1997).
Prospective study of self- reported dia-
betes and risk of upper gastrointestinal
cancers. Cancer Epidemiol Biomarkers
Prev. 2011; 20; 954-961.Cancer Res ,
57: 4667-4672.

Marra, F; Bertolani, C. (2009).Adipokines in
the liver disease, Hepatology 50: 957-
69.

Miao, Zh; Xu,Hao;;; Ying Xu , Yi; Wang, Z;
Ting Zhao ,T1; Xi Song ,Yong and Mian
Xu, Hui.(2017) Diabetes mellitus and
the risk of gastric cancer: a meta-
analysis of cohort studies, Oncotar-
getOncotarget, Oncotarget, March 22,
www.impactjournals.com/oncotarget.

Narayan, KM; Boyle, JP; Thompson, TJ;
Sorensen, SW and Williamson, DF.
(2003). Lifetime risk for diabetes melli-
tus in the United States".JAMA 290
(14): 1884-90.
doi:.%..10.1001/jama.290.14.1884.
PMID 14532317.

Nouh, F; Omar, M and Younis, M.
(2015).Prevalence  of Hypertension
among Diabetic Patients in Benghazi: A
Study of Associated Factors, Asian
Journal of Medicine and Health, 6(4): 1-
11,SSN: 2456-8414,

Patel H et al. (2018 ).Prevalence of non-
alcoholic fatty liver disease in type-2

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (2): 128-136, 2020

diabetes mellitus patients, Int J Res
Med Sci, Apr;6(4):1322-1326.

Qayyum, A; Shafiq M and Fa-
rogh,A.(2004).prevalence of  pulmo-
nary tuberculosis among diabetics , Bi-
omedica Vol. 20 (Jul. — Dec, 2004).

Ramachandran, A; Mary, S; Yamuna, A et al.
(2008). High Prevalence of Diabetes
and Cardiovascular Risk Factors Asso-
ciated With Urbanization in India, Dia-
betes Care, 31(5):893-898.

Rathod ,GB; Parmar, P; Rathod ,S and Parikh,
A.(2016) Prevalence of anemia in pa-
tients with Type 2 Diabetes Mellitus at
Gandhinagar, Gujarat, India. [AIM,
3(3): 12-16.

Sami, H: Razan, S; Samar, S; Maram, M; et al
,Prevalence of Thyroid Dysfunction
among Type2 Diabetic Patients (T2D)
in Makkah And Jeddah-KSA, The
Egyptian Journal of Hospital Medicine,
(2018),Vol. 70 (8), Page 1312-
1316.Sampson, M.J;Hughes, D.A; Car-
rier, M.J; and Davies, I.R. (2002). Sta-
tus of HbAlc during acute hyperglyce-
mia in type 2 diabetes. Diabetes care,
25, 537-541.

Sandler M.(1990) . Is the lung a “target organ”
in diabetes mellitus? Arch int Med., Ju-
ly, Vol. 1501385 — 1388.

Shambesh , M. K; Emahbes, T.M; Kamall,
F.A; Saleh ,Z.E and Shambesh , .M.
(2015).Diabetes Mellitus and Cerebro-
vascular Accident among North African
Population (Libya) Community Based
Survey, Sciencedomain international,
ISSN: 2278-1005, 10(2): 1-9.

Sharavananl.T,K.V  and Premalatha,
E.(2015).prevalence of non-alcoholic
fatty liver disease in type 2 diabetes
mellitus patients in a rural health care

hospital, Sch. J. App. Med. Sci.,
3(5A):1834-1837.

Shengsheng, Yu ; Alex, Z. Fu b; Qiu a ,Yi;
Samuel, S. En; Shankar, R; Brodovicz,
Ki. G, Rajpathak, S and Radican,
La.(2014).Disease burden of urinary
tract infections among type 2 diabetes
mellitus patients in the U.S, Journal of
Diabetes and Its Complications , 28
621-626.

Sridhar, CB; Anjana ,S; Mathew: JT. ( 2002).
Acute Infections. RSSDI Text Book of
Diabetes Mellitus edited by — Ahuja
M.M.S, Tripathy B.B, Sam Moses G.P,
Chandalia H. B, Das A.K, Rao. P.V,
Hyderabad, India, Chap-34:471-8.

Vigneri, P; Frasca, F; Sciacca, L;Pandini, G
and Vigneri, R. (2009) .Diabetes and
cancer. Endocr Relat Cancer. 16:
11031123.

Wheat, LJ, Infection and diabetes mellitus, Di-
abetes Care.(1980).3:187-97.

Wu X; Zhao, H; Do ,KA; et al. (2004). Serum
levels of insulin growth factor (IGF-I)
and IGF-binding protein predict risk of
second primary tumors in patients with
head and neck cancer. Clin Cancer Res,
10: 3988-3995.

Yousuf, M and Chaudhry: S. ( 1994). Diabetic
ketoacidosis in Saudi Arabia, Saudi
Med J, 15(S): 295-296.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



2020 <136-129 :(2) 35 et/ jliial s
Ll — gl L. ‘_,.9 Al baag g Sl ara (e gilfd\ Eoilly puiandl Oy A3l

2020 Gubatl 14 1058l 5)6 /2019 udiss 01 2251 5l
https://doi.org/10.54172/mjsc.v35i2.306:Doi

S el e (oSl iapal lieladll Sigaa IS e s Slaglea i et Auhall 028 e Gyl paliiiwal)
a3 e SN sl (e (8 e 473 Auhll ciled 3ypdad ilielias Gigas ale Gph (o lale Hlasall ils it s
oS0 e a5l il 222 5 1K3 25T aaall (IS G plal) el iiney Dbl sy Cpmalyall el (e lisl) pen
G 5 pae il ciyelal L g Sl (mye liclins pa guiall g3 ABle Al cu 2812018 Juy A 2017
Steally (S5 Qi) alyaly pal Jaseia g Ll =2 A0 e Limally cpaiad) SST &giall il G (P> 0.05) (g5na
s Cayelal NS5 A8l Barll g Ayl Al (alaaly (ganall ilgilly Al sal) 5L Clgilly L)y i)
Onbaall Jlasl o duball oda A (e LY L a2il) JSLiag A) Gyl g (P < 0.05) guiad) DS g5ina i

i el (e il DU 6 Ll 43l ki) clie Loadlly Ll ampe €Y b S gl (e g Sull (e

copmiad) o el ccilie Loaal) ¢ g)Sdl s dualitall elals)
c [S_NET £ -

Lad ¢ oall ¢ (o)lats Axals ¢ oLl il fatmal98573@yahoo.com sxeal) Je dilya dalald
136



https://doi.org/10.54172/mjsc.v35i2.306

Al-Mukhtar Journal of Sciences 35 (2): 137-143, 2020

R) |

Chack for
|  updates |

Genetic Mutations in the LTR Region of SRLYV Viruses in Capra ibex

Esadk A. Erhouma
Microbiology Department, Faculty of Science, Alzintan University, Alzintan — Libya.
Research and Scientific Consultations Centre RSCC, Alzintan University - Libya.

Received:30 January 2020/ Accepted: 17 August 2020
Doi: https://doi.org/10.54172/mjsc.v35i2.321

Abstract: The lentivirus (genus of the retroviruses family) can integrate a significant amount
of viral cDNA into the DNA of the host cell and can efficiently infect dividing cells. They are able
to spill over from their natural host species to induce new infections and pathologies among hosts of
new species. This defines the crossing of species barrier that originates emergent viruses causing
emergent diseases. The transmission of lentiviruses was observed between different species (do-
mestic & wild). The small ruminant lentiviruses (SRLV) transmission is accompanied by genetic
mutations in the genome of the virus. In this article, we have studied the genetic mutations that ac-
company the infection and adaptation of SRLV to the new host. Genetic mutations were studied by
amplifying and sequencing the Long Terminal Repeat (LTR) region.Blood samples were taken
from Capra ibex living in the French Alps. Sera were tested using a commercially available ELISA.
Peripheral blood mononuclear cells (PBMC) isolated on a Ficoll gradient were cultured in a macro-
phage differentiation medium to obtain monocyte-derived macrophage (MDM) monolayers for vi-
rus isolation. DNAs from non-cultured PBMC were used as templates for the PCR amplification of
proviral DNA. PCR products (270 nt) were cloned and sequenced. Sequences were analysed using
ClustalW.The alignments of the LTR fragment show three types of nucleotide mutations: replace-
ment, addition, and deletion of nucleotide. Sequence analysis shows that the TATA box and the
poly (A) site were highly conserved. The divergence of the LTR region between sequences ob-
tained varied by 0.3 - 5.7 %. These differences were also shown by the phylogenetic tree. It can be
seen that proviruses from the Capra ibex sequences are a closely related group, quite distinct from
the reference sequence.

Keywords: Lentivirus; SRLV; LTR; TATA Box; Sequence.

INTRODUCTION a long latent period- such as the lungs, joints,
mammary glands, and the central nervous sys-
tem such as the small ruminant lentiviruses

(SRLV) which cause persistent infections in

The lentiviruses — which consist of two major
types — are non-oncogenic retroviruses respon-

sible in humans and several species of mam-
mals for slowly progressive diseases: Lentivi-
ruses capable of infecting lymphocytes and
some of which can induce immunodeficiency
and death of the infected host such as the HIV
(Human Immunodeficiency Virus) type 1 and
HIV type 2. The second type: Lentiviruses that
do not infect lymphocytes and do not induce
immunodeficiency but inflammatory or degen-
erative diseases affecting various organs - after

domestic ruminants and wild small ruminants
(Erhouma et al., 2008). The lentiviruses are
able to spill over from their natural host species
to induce new infections and pathologies
among hosts of new species. This defines the
crossing of species barrier that originates
emergent viruses causing emergent diseases.
During these last decades, several emergent
lentiviruses were discovered in humans and an-
imals occurring in many parts of the world. The
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presence of many variants in the viral swarm
might facilitate cross-species infections. HIV-2
is almost certainly a human-adapted variant of
the simian immunodeficiency virus (SIV) from
sooty mangabeys (Hirsch et al., 1989), and
HIV-1 may similarly be derived from a chim-
panzee SIV (Corbet et al., 2000). Again, the
SRLVs emerged after the cross-species transfer
of closely related domestic ruminants and wild
small ruminants in recent times (Erhouma et
al., 2008).

The lentiviral genome is organized from the 5’
to the 3’ end and major protein components are
contained in the gag gene (group-specific anti-
gen: responsible for encoding the structural
proteins), pol gene (polymerase: encodes the
reverse transcriptase, protease, and integrase)
and env gene (envelope: encodes the virus en-
velope glycoprotein). These genes are flanked
by two non-coding LTR sequences (Long Ter-
minal Repeat). The LTRs (control center for
gene expression) — divided into the U3, R, and
US regions — flank the proviral DNA and pro-
vide the signals required for transcription, inte-
gration, and polyadenylation of viral RNA
(Jaime et al.,, 2013; Yang et al., 2015).The
SRLVs transmission is accompanied by genetic
changes (mutations) in the genome of the virus
(Blatti-Cardinaux et al., 2016). The rapid evo-
lution of lentiviruses is linked in part to a high
frequency of mutations, these genetic muta-
tions allow the virus to adapt within the new
host (Rihn et al., 2017).

In this study, to better understand the mecha-
nisms involved in the natural transmission of
SRLYV in the new species, we characterized the
genetic variation in the LTR sequences of
SRLVs which emerged after cross-species in
Capra ibex.

MATERIALS AND METHODS

Blood samples were taken from three Capra
ibex living in the French Alps. Sera were tested
for the presence of specific antibodies against
ERLVs, using a commercially available ELISA

based on the detection of the recombinant LTR
protein. Peripheral blood mononuclear cells
(PBMC) isolated on a Ficoll gradient were cul-
tured in a macrophage differentiation medium
to obtain monocyte-derived macrophage
(MDM) monolayers for virus isolation. Ge-
nomic DNA was extracted from 5x10° PBMC
cells using the DNeasy blood and tissue Kkits
(Quiagen, Courtaboeuf, french) according to
the manufacturer’s instructions. DNA concen-
tration and quality were determined spectro-
photometrically and stocks were stored at -70°c
until use. DNAs from non-cultured PBMC
were used as templates for PCR amplification
of the proviral genome with primer sets chosen
in a conserved region of the LTR region sequences
from published CAEV-Co (Saltarelli et al., 1990)
genomes. PCR products (270 nt) were cloned
and sequenced. Sequences were analysed using
ClustalW software (Thompson, 1997). The na-
ture of these variations is shown in phylogenet-
ic trees constructed using the program
NEIGHBOR (Perriere & Gouy, 1996) method
Neighbor-Joining (NJ) (Saitou & Nei, 1987),
with bootstrap values determined over 1000 it-
erations (Felsenstein, 2002).

RESULTS

The alignments of the LTR fragment (corre-
sponding to the U3 and R regions) show a large
discrepancy between these two types of viral
sequences (Figure 1). The alignments aligned
show three types of nucleotide mutations: re-
placement, addition, and deletion (one or more)
of nucleotide. Replacement of nucleotides: GG
by TA at position 5, T by A at position 10, A
by G at position 79, A by G at position 88, C
by T at position 107, C by T at position 115,
AG by CA at position 118, C by T at position
171 and C by T at position 133. The second
type of mutation was an addition of nucleo-
tides: A at position 23 (all sequences), T at po-
sition 32 (sequence Cla2) and T at position 139
(all sequences). The third type of mutation was
a deletion of nucleotides: T at position 22 (se-
quences Cla2 & Cla4), A at position 64 (all se-
quences) and C at position 98 (sequence Cla6).
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Examination of the aligned LTR sequences LTR were highly conserved in all sequences
shows that the TATA box (TATAA) and the (Figure 1).
poly (A) site (AATAAA) in the part R of the

10 20 30 40 50 60
Ref. GGGGGGTTATAAGAAAAGCAAGT-TCACTATG-ACAAAGCAAAATGTAACCGCAAGTGCTGACAGA 64
Cla2 ....TA...A. ... -A..... T - ©4
Clad ....TA...A............ -A..... G e m e e e e e e e - 63
CIab ....TA...A.. ... CA..... G i m e e i e e - 64
Cla6 ....TA...A. .. ieiiunnn. CA..... G i m e e i e e - 64
Cla8 ....TA...A. .. ... CA..... G e m e e e e e e e e - 64
CIa? LCTALLLAL Lo CA..... G e m e e e e e e e e - 64

Cons. GGGG**TTA*AAGAAAAGCAAG+*TCACT*TG ACAAAGCAAAATGTAACCGCAAGTGCTGACAG

76 86 96 106 116 126
Ref. TGTAACAGCTGACATATCAGCTGATGCTTGCTCATGCTGACACTGTAGCTCTGAGCTGTATATAAG 130
ClaZ2 ..o, Coviiil Gt T....... T..CA........... 130
Clad .......... A...C........ Gevivnei i G....T.... ... T..CA........... 129
CIab ... Covinin Gt e T....o... T..CA........... 130
CIab v, Covinin Govvvnnn -.C.A....T....... T..CA........... 129
CIa8 ... Covviin Gt T....... T..CA........... 130
CIa9 ..., Coviviin Gt e T..o.o.o... T..CA........... 130

Cons.TGTAACAGCT*ACA*ATCAGCTG*TGCTTGCTC*T*C*GACA*TGTAGCT*TG**CTGTATATAAG

142 152 162 172 182 192
Ref. GAGAAGCT-TGCTGCTTGCACTTCAGAGTTCTAGGAGAGTCCCTCCTAGTCTCTCCTCTCCGAGGA 195
Cla2 ........ T e e e T e e e 196
Clad ........ T e e L 195
CIab ........ T e i e T i e 196
Clab ........ T e i e T i e 195
Cla8 ........ T e e e T e e 196
CIa9 ........ T e e e e Coviivnnna. 196

Cons .GAGAAGCT*TGCTGCTTGCACTTCAGAGTTCTAGGAG*GT*CCTCCTAGTCTC*CCTCTCCGAGGA

208 218 228 238 248 258
Ref. GGTACCGAGACCTCAAAATAAAGGAGTGATTGCCTTACTGCCGAGTGGAGAGTGATTACTGAGCGG 261
O =2 e e e e e e e e e e e e e e e e e e 262
(O T o e e e e e e e e e e e e e e et e e 261
CIabS ... Cout e et et e e e T e e e e e e e e e e e e e e e e e e e e e 262
CIab v neennnn. Cout e et et e e e T e e e e e e e e e e e e e e e e e e e e e 261
CIa8 v, Coue et et e e . 262
CIa9 ‘... Cout e e e e e e e e e e e e e e e e e e e e e 262

Cons .GGTACCGAGACCTCA+A**AAAGGAGTGATTGC*TTACTGCCGAGTGGAGAGTGATTACTGAGCGG

Figure (1): Alignment of nucleotide sequences of the LTR region of the SRLV sequences obtained (Capra ibex: Cla2-
Cla9) and of SRLV reference strains (CAEV-Co: Ref.). Sequences of the TATA box element (position 124), and the
polyadenylation signal (position 214) are within black squares. Sequences of samples with similar scores of mammary
lesions are within colored squares. Legend: (-) homology, (—) deletion.

The divergence of the LTR region between CAEV-Co, Cla8 and CIa9 varied by 5.3%,
sequences obtained (Capra ibex: Cla2-Cla9) 5.0% with that of CIa5 and by 4.7% with that
and of SRLV reference strains (CAEV-Co: of Cla2. The divergence internal between
Ref.) varied by 4.7 - 5.7%. High divergence Capra ibex sequences varied by 0.3 - 1.9%
was observed between sequences Cla7 and (Table 1).

CAEV-Co. The sequence divergence between

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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A phylogenetic tree illustrating the relation-
ships between these different LTR sequences
was constructed using the neighbor-joining
method. It displays proviruses from the Capra
ibex sequences (Cla2-Cla9) a closely related
group, quite distinct from the reference se-
quence (CAEV-Co Ref) (Figure 2).

Table 1: Pairwise nucleotidic genetic distances of the
partial LTR region of SRLV reference strain (CAEV-
Co) and SRLYV strains sequenced in this study.

Ref Cla2 Cla4 Cla5 Cla6 Cla8 Cla9

Ref. -

Cla2 4.7 -

Clad 54 13 -

Cla5 50 09 1.6 -

Cla6 5.7 1.6 1.9
Cla8 5.3 1.3 1.9 0.3 13 -
Cla9 53 1.3 1.9 0.3 1.3 0.6 -

Ref.CAEV-Co

. Cla2

e Clad

... Clab

o= Clab
.. Cla8

... Clag

Figure (2): Phylogenetic analysis of the SRLV partial
LTR region. Neighbor-joining tree of an approxima-
tively 270 nt fragment from the presently studied se-
quences. Horizontal lengths are proportional to the es-
timated genetic distance between the sequences; the
bar marker represents a 1% divergence. Bootstrap val-
ues derived from 1000 bootstrap replicates are shown
on the phylogenetic tree.

DISCUSSION

During these last decades, the emergence of
several new pathologies in humans and ani-
mals has been observed. Many of these emer-
gences have their origin in the crossing of the
species barrier by infectious agents. SRLV in-
fection is widespread in most countries of the
world (Mendiola et al., 2019). The objective
of this study was to analyze the genetic muta-
tions performed by SRLV during infection of
Capra ibex. We analyzed approximately 270
nucleotides in the LTR region. The very great
homology between the proviral sequences of
the LTR region suggests that there has been a
passage of SRLV between these species,
which is already shown by other studies
(Erhouma et al., 2008).

The alignments of the LTR fragment show
three types of nucleotide mutations: replace-
ment, addition and the deletion of nucleotide.
The sequence analysis shows that the TATA
box and the poly (A) site were highly con-
served, it is necessary for the virus to main-
tain these chains of genetic
mutations(Mendiola et al., 2019), but the oth-
er parties of the LTR may have more muta-
tions (Gayo et al., 2018). Indeed, the regulato-
ry sequences of the genome correspond to
non-coding sequences involved in the differ-
ent stages of the retroviral cycle. The LTR re-
gion forms the boundaries between the inte-
grated provirus and the cellular genome. The-
se LTRs are strategic regions of the virus.
They include regulatory signals, transcription
initiation sites, and signals for integration into
the cellular genome.

These terminal regions of the provirus consist
of three subdomains U3, R, and U5. The U3
sequence in the 5' LTR is the most terminal
sequence of the provirus in contact with the
flanking sequences of the host. The terminal
nucleotides of this sequence are part of the att
site required for integration. Again, the stabil-
ity of the TATA box and poly (A) plays an

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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important role in viral transcription. The TA-
TA box is used as a site of transcription initia-
tion. Other sites in this region play an im-
portant role in viral replication (Blatti-
Cardinaux et al., 2016). These LTR regions
are necessary for the integration of the pro-
viral DNA into the genome of the infected
cell and are directly involved in the expres-
sion of viral genes.

Integration, as the transcription, is a complex
and essential step for the expression of viral
genes. The ends of the LTRs are cleaved at
inverted and repeated (IR) sequences, result-
ing in the loss of two base pairs at each end of
the proviral DNA. The cellular DNA is then
cleaved by the viral integrase and then linked
to the viral DNA. Finally, viral genes can re-
main silent for several years or become active
in the presence of various cellular stimuli.

CONCLUSION

The most recent studies show that SRLVs
have a very wide tropism since they are capa-
ble of infecting the cells of several species of
small wild ruminants.

The objective of this work was to study the
genetic properties of SRLV following the in-
terspecies passage in ibex to determine the
genetic modifications that these viruses have
mainly accumulated in the LTR region in or-
der to be able to adapt in these new species.
The results obtained reveal an accumulation
of numerous molecular alterations in the LTR
of 1solated SRLVs. This allows a clear answer
to the initial question posed, that there are
many genetic modifications in the LTR region
which accompany the infection and adapta-
tion of viruses in the wild ibex.
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Abstract: The aim of the present study was to evaluate the effects of salinity stress on germination
and growth of pea (Pisum sativum L) plants. A laboratory experiment was conducted to evaluate the
effect of salinity stress on germination and growth of pea Pisum sativum L plant. Seeds of pea were
sown in Petri dishes and pots and treated with four different levels of salinity (0, 50, 100, and
150mM NaCl) with completely randomized designs in four replications. Results revealed that seeds
of pea were able to germinate at low salinity levels (NaCl 50mM NaCl) without a significant
decrease in germination and growth traits, at the same time as a severe decrease in those traits were
recorded at higher levels of salinity (100 and 150mM NaCl). The results indicated that seed
germination and seedling establishment were inhibited due to the decrease of water potential, which
results in the decline in water uptake by seeds, and seed germination was prevented by a high level
of salinity stress (150mM NaCl). The results pointed out that germination percentage (GP), mean
daily germination (MDG), germination speed (GS), and vigor index (SVI) varied under moderate
and high salinity levels. All the studied parameters were reduced with increasing the NaCl level.
The max and min GP, MDG, GS, and SVI were observed under control conditions (OmM NaCl)
and highest salinity level (150mM NaCl) respectively. The same trend was seen in plant growth
traits including: plant height, branch number, leaf number, leaf area, and shoot fresh and dry weight.
The results provided important reference information for research on the impact of salinity on
germination and growth of pea.

%(e words: Pea (Pisum sativum L.); Salinity Stress; Germination; Growth; Seedling Vigor
ndex.

INTRODUCTION Therefore, seeds show irregular germination
and poor seedling development. In most crop
plants, the yields start decreasing even at fairly
low salinity in soil with electrical conductivity
of (ECse> 1 dS/m) (Chinnusamy et al. 2005).
Saline soils affect the growth of crop plants in
two different ways (I) raising the osmotic
pressure of soil solution, which results in an
additional decrease in the physiological
availability of water to the plant and, (II) the
accumulation of toxic quantities of various ions
within the plant (Hayward and Wadleigh,
1949). Salinity decreases seeds' ability to
absorb water and causes a decrease in
germination and plant growth, which leads to

Salt injure is one of the most important abiotic
stress that affects plant productivity worldwide.
About 20% of the global land area and over
50% of agricultural irrigated land is salt-
affected soils (Cheng et al., 2016). It is also
estimated that about 50% of agricultural land
will be affected by salt in 2050 (Mahajan and
Tuteja, 2005; Yan et al., 2005). Soils become
saline when the soil salt concentration reaches
about 40mM NaCl (Munns and Tester, 2008).
The majority of crops are highly susceptible to
saline soil. Crops are typically sown within the
top 10-15cm layer of top soils. These layers are
more saline than lower layers (Esechie, 1995).
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changes in plant metabolic processes (Munns,
1993; Munns, 2002). Seed germination and
seedling growth are the most sensitive stages to
salt stress (Bhattacharjee, 2008; Hubbard et al.,
2012). Salt stress affects seed germination
through osmotic stress, ion-specific effects, and
oxidative stress (Hayward and Wadleigh,
1949). Salt stress influences the seed
germination and plant growth of many plants.
Many studies found that seed germination and
early establishment of seedlings were inhibited
by increasing salinity stress in different crops
such as - wheat (Sadak, 2016; Mujeeb-Kazi et
al., 2019), cabbage (Sarker et al., 2014; Yan,
2015), maize (Konuskan et al., 2017), and
cowpeas (Abdel-Haleem and El-Shaieny,
2015),

Pea (Pisum sativum L.) plant is an important
winter season vegetable legumes grown in
Libya and the Mediterranean region and used
as a source of protein vitamins, minerals, salts,
and antioxidants (Nuttonson, 1961; Noreen and
Ashraf, 2009). It's economically grown and
used for dry grain or fresh fruit (Kaya et al.,
2002). Also, the pea plant is grown as a forage
crop for farm animals, as a green compost crop
for improving soil, and as a cover crop for
reducing soil erosion (Wolde and Adamu,
2018).

Pea plants can be grown on a wide range of
soil types, from light sandy to heavy clay
(McKay et al., 2003). Pea is a legume and has
the inherent ability to obtain its nitrogen
requirement from the atmosphere by forming a
symbiotic relationship with Rhizobium bacteria
in the soil (Schatz and Endres, 1999). The pea
plant has quite a short growing season and uses
less water than many other broadleaf crops
(Johnson et al., 2002). However, the plant has
been accounted as a salt-sensitive plant as
compared with other legumes, such as broad
bean, common bean, and soybean (Zahran,
1999; Khan et al, 2015). Nevertheless, the
effect of salinity on growth and yield of peas
has been investigated in many studies
(Hernhdeza et al., 1995; Marti, 2011; Pandolfi,

2012; Shahid, 2012; Husen et al., 2016; Wang
et al., 2016; Desoky et al, 2017), however the
impact of salinity on germination and seedling
growth has not been well investigated and the
relative importance of the effects of salt stress
on seed germination of peas is not clear.
Therefore, the aim of the present study was to
evaluate the effect of salinity on germination
and growth of pea plants.

MATERIAL AND METHODS

This study was carried out at the Department of
Plant Science, University of Zawia. Pea seeds
were obtained from the local market. Salinity
concentrations were (0, 50, 100, and 150mM
NaCl) prepared using NaCl and fresh water.
The electrical conductivities of NaCl solutions
were 4.4, 8.3, and 15.3 dS m'l, and fresh water
served as a control. For this research, a pair of
experiments were conducted. A laboratory
experiment to evaluate the effect of salinity
stress on seed germination of peas, and a pot
experiment to evaluate the influence of salinity
stress on seedling growth of pea plants.

Experiment I: Pea seeds were first sterilized
for 5 min with 5 % commercial bleach
(Pandolfi e al., 2012), then thoroughly washed
with distilled water. Germination tests were
conducted in Petri dishes (containing one
Whatman filter papers with 20 ml of respective
test solutions) with four treatments by four
replications (10 seeds per replication). The
Whatman filter papers were replaced every 2
days to prevent the accumulation of salts.
Seeds were allowed to germinate at room
temperature and in darkness for 10 days.
During this period, the Petri dishes were
monitored daily, and 5 ml of the appropriate
solution was added to the Petri dishes. A seed
was considered to have germinated when the
emerging radicle was 10 mm long (Cokkizgin,
2013).

Experiment II: A pot experiment was
conducted to investigate the effect of salinity
on the growth of pea plants. Pea seeds were
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grown in pots filled with loamy soil, which was
collected from the soil surface (0-10 cm). The
soil was air-dried and passed through a 5-mm
mesh screen, and filled in small plastic pots
without a leaching possibility. Four pea seeds
were sown in each pot and irrigated with fresh
water for 10 days. After seedling
establishment, only two seedlings of each pot
were kept. Pots were then divided into four
groups with four replications. Each group
represented one saline treatment, which
includes 0, 50, 100, and 150 mM NaCl. Pots
were kept under semi-controlled conditions and
irrigated with an appropriate saline solution for
30 days. At the end of the experiment, one
plant from each pot was collected and used for
data collection.

Data Collection:

Germination traits: Germinated seeds were
counted daily for 10 days, and the number of
germinated seeds was recorded every 24 h for
each replicate of the treatment. After 10 days
the germination percentage (GP) was
calculated using the formula below (Nasri et

al., 2011).

GP % = (NSG +~ TNSS) x 100

Where NSG is the number of seeds germinated.
TNSS is the total number of seeds sown.

The germination speed (GS) was calculated
according to the equation given by Rubio-Casal
et al. (2003). The number of germinated seeds
was recorded every day from sowing, and
lasted for 10 days, and was used to calculate
GS. The following formula was used to
calculate GS:

GS = nl/dl1+n2/d2 +n3/d3 + -

Where n; is the number of seeds germinated in
day one of sowing, d/ is the number of days
taken for germination from the day of sowing.
Mean daily germination (MDG) was calculated
as per Gairola et al (2011). The following
formula was used to calculate MDG:

MDG =TNGS - TNDG

Where TNGS is the total number of germinated
seeds and TNDG 1is the total number of days
taken for final germination.

Growth traits: Morphological traits include
plant height, number of branches per plant,
number of leaves per plant, leaf area, and
aboveground fresh biomass weight per plant,
and their dry weight. Aboveground fresh and
dry biomass weight were subsequently
measured from 4 uniform seedlings per each
treatment at the seedling stage. The plant
height was measured using a measuring ruler
from the surface of the soil to the top of the last
leaf blade. The leaf area was calculated by
measuring each leaf. Each leaf hastwo leaflets
(left, and right), and the traits length (L) and
maximum width (W) of leaflets were measured
using a measuring ruler. The product of the
length times width (LW) of the leaflet was
calculated. The fresh weight of aboveground
biomass was recorded using a weighing
balance and then dried in an oven at 50 °C till a
stable weight had been attained. Subsequently,
the aboveground dry weights were recorded
using a weighing balance. Using the
morphological traits, the salinity tolerance
index (STI) and seedling vigor index (SVI)
were calculated as follows.

Salinity tolerance index (STI) was calculated
according to the equation given by Tregay et al.
(2014). STI = Seedling dry weight of NaCl
treated/seedling dry weight in control x 100.
Seedling vigor index (SVI) was calculated
according to the equation given by Abdolil et
al. (2013) SVI = Seedling length (cm) x
germination percentage / 100.

Statistical analysis:

The experimental design was completely
randomized (CRD) with four replications.
Analysis of variance was performed using the
generalized linear model (GLM) procedure in
SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
for seed germination and growth related traits.
Separation of means was carried out using the
least significant differences (LSD; P < 0.05).
The means were compared using Duncan’s
multiple range test.
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RESULTS

The Probability values for germination and
plant growth traits obtained with SAS PROC
GLM are presented in Table 1. The obtained
results clearly illustrated that salinity stress
induced a significant reduction in germination
and growth parameters in pea plants.
Significant reduction (P<0.05) was observed in
almost all the studied germination and plant
growth traits when pea plants were grown
under salinity stress. Germination percent,
mean daily germination, germination speed,
plant height, number of branches, number of
leaves, leaf area, fresh and dry branches
weight, salinity tolerance index and vigor index
were the traits which showed significant
differences as shown in Table 2.

Table (1): Probability values of the effects of Salinity
(S) on germination and plant growth traits of pea plants.

Traits Salinity (S)
Germination percent (%) 0.0458
Mean daily germination (MDG) 0.0453
Germination speed 0.0425
Plant height (cm) 0.0495
number of branches 0.0357
number of leaves 0.0416
Leaf area (cm?) 0.0477
Shoot fresh weight (g) 0.0504
Shoot dry weight (g) 0.0370
Salinity tolerance index 0.0355
Vigor index 0.0348

Germination traits: Although, the germination
percentage and speed of germination were not
significantly affected at a low salinity level
(50mM NacCl.), however, germination traits
including germination percentage, speed of
germination, and mean daily germination,
decreased gradually with increasing salinity
stress levels. Under a salinity level of 150mM
NaCl, germination percentage, speed of
germination, and mean daily germination

decreased by 37 %, 45
respectively (Fig 1a, b, and ¢).

%, and 43 %

Table (2) The effect of Salinity (S) on germination and
plant growth traits of pea plants..

Salinity Level mM NaCl
Traits
0 50 100 150
Germination a a ab b
percent (%) 95 90 83 60
Mean daily 1.5 1 3% @ g
germination
Germination 1.9° 1.6 1.4% 1b
speed
Plant height 14.9° 13¢ 86% 5.6
(cm)
number of 4.5 3 53 b 1.5
branches
number of 105 8s®  ss* 350
leaves
Leaf area (cm?) 23% 19%® 12% 8°
Shoot fresh a ab ab b
weight (2) 4.8 4 2.8 2
Shoot dry a ab ab b
weight (2) 2.6 1.9 1.3 0.7
Salt .tolerance 100 84 543 27
index
Vigor index 14° 12 7% 4°

" Individual value is the mean of 4 plants under different
salinity levels. Values followed by different letters are
significantly different according to Duncan’s multiple range
test (P < 0.05).

Growth traits: Growth data presented in Tables
1 and 2 show that plant growth traits were
significantly affected (P<0.05) by salinity
stress. The data pointed out that under
increased salinity levels, the plant height and
number of branches per plant was significantly
reduced. At a high level of salinity (150mM
NaCl), both traits (plant height and branch
number per plant) were reduced by 62% and
67% respectively (Fig 2a and b).
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Figure (1) The effects of salinity treatments on (A) germination percentage, (B) speed of germination and (C) mean
daily germination of pea plant. Each datum indicates mean value, and vertical lines on top of bars indicate standard
error of means (n = 4). Values in parenthesis indicates the percent reduction from control.

Raising the salinity level from 50 to 150mM decrease in the vigor index was observed at
NaCl gradually decreased the vigor index. The 150 mM NaCl salinity, which caused a 71 %
highest vigor index was observed in control, reduction over the control (Fig 2c).

while salinity at 50, 100, and 150mM NaCl

decreased the wvigor index. A significant
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Figure (2): The effects of salinity treatments on (A) plant height (cm), (B) branch number and (C) seedling vigor index
of pea plant. Each datum indicates mean value, and vertical lines on top of bars indicate standard error of means (n =
4). Values in parenthesis indicates the percent reduction from control.

The same reduction tendency was seen in leaf =~ The percent reduction over the control of leaf
number per plant and leaf area per plant. As number per plant and leaf area per plant were
shown in Figure 3a and b, both traits, leaf 65 % and 67 % respectively (Fig 3a and b).
number per plant and leaf area per plant, were

strongly influenced by the high salinity level.
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Figure 3 The effects of salinity treatments on (A) leaf area (cm®) and (B) leaf number of pea plant. Each datum
indicates mean value, and vertical lines on top of bars indicate standard error of means (n = 4). Values in parenthesis

indicates the percent reduction from control.

In addition, the result reported that salinity
stress significantly decreased aboveground
biomass in pea plants in terms of shoot fresh
and dry weight per plant. Nevertheless, the
shoot dry weight was more strongly affected
than shoot fresh weight. At a high salinity level
(150mM NaCl), the aboveground fresh weight
decreased by 58 % compared with control
(OmM NaCl), and likewise, aboveground dry
weight decreased by 74 % compared with
control (Fig 4a, and b). Results regarding the
salt tolerance index (STI) of pea plants showed
that pea plants were able to deal with a low
salinity level (50mM NacCl), however as the
salinity level increased, pea plants became
more sensitive to salinity stress. As shown in

the result. At 150mM NaCl, the salt tolerance
index decreased by 73 % as compared with
control (Fig 4c.).
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that seeds germination and establishment of
pea seedlings were inhibited gradually by
increasing salinity stress. At a high salinity
level of 150mM NaCl, seed germination was
completely inhibited. In this respect, many
studies reported that increasing salinity level
decreased  germination  percentage  and
germination speed in field pea (Wolde and
Adamu, 2018)), chick-pea (Ashraf and

DISCUSSION

In the present study, the adverse effect of
salinity decreased germination and growth of
pea plants as shown in Table 2. Germination
and seedling stages are critical life stages for
plant survival and appropriate seedling
establishment, particularly —under stress
conditions. The findings of this study indicated
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Waheed, 1992) wheat (Majid et al., 2013) and
other legumes (Esechie, 1995; Morais et al.,
2012; Piwowarczyk et al, 2016). Salinity
delayed and prevented seed germination
through various factors, for instance, a decrease
in water uptake, changes in the mobilization of
stored food, and disturbing the structural
organization of proteins (Ibrahim, 2016). In
addition, the present study showed that plant
height, branch number, leaf number and area,
fresh and dry biomass was severely reduced as
salinity level increased and the death of plants
was noticed at the high salinity concentration
(150mM NaCl) after 4 weeks of plant
establishment. These results were consistent
with previously published research (Grozeva et
al., 2019). From the result of this study, it is
evident that the toxicity in the salinity
treatments is expressed more clearly in dry
weight. This finding supports early findings
which indicated that growth inhibition by NaCl
treatments was greater for dry biomass
production (Cordovilla et al, 1999; Hussain et
al, 2002; Lopez-Aguilar et al., 2003). The
reduction of growth traits may be attributed to
the osmotic effect of salinity stress which
causes a decrease of growth promoters (Desoky
et al., 2017). Also, the growth inhibition could
be due to water deficit, ion toxicity, and
nutrient imbalance due to the blockage of other
nutrients such as N, P, K, Ca, and NO;
(Hasegawa et al., 2000). Other studies have
shown similar result in pea plants (Grozeva et
al., 2019), and other legumes plants such as pea
plant (Hernandez et al., 1999), chick-pea
(Ashraf and Waheed, 1992), and sesbania
(Mahmood et al., 2008) when grown under
salinity condition. The result showed a
decreasing  leaf number per  plant,
physiologically, salinity stress has a negative
impact on many processes, however, the most
significant effect is reducing cell division and
expansion, which caused a reduction in leaf
number. Moreover, the result herein pointed
out that a high salinity level caused a reduction
in leaf area, which may have resulted due to a
reduction in cell division and cell extension.
These results agree with another result that

reported that salt stress causes a reduction in
leaf surface expansion ratio, leading to the
cessation of expansion as salt concentrations
keep increasing (Wang and Nii, 2000).

CONCLUSIONS

Food productivity is decreasing due to the
effect of various abiotic stresses. Cold, heat,
salinity, and drought are among the major
stresses, which adversely affect plants’ growth
and productivity. For that reason, reducing
these losses is a main area of concern for all
crop producers to manage increasing crop
production. This study was aimed to investigate
the impact of salinity stress on pea plants. The
study showed that high salt stress inhibited and
delayed seed germination and growth of pea
plants. The study concluded that pea plants
(Pisum sativum L.) are resistant to 50 and can
withstand salinity at 100 mM NaCl, but this
cultivar is strongly sensitive to 150mM NaCl,
and damages of salt-stress were significantly
observed. However, plant growth was more
sensitive to salt stress than germination. Future
research must concentrate on molecular,
physiological, and metabolic changes induced
by salinity stress. Also, comprehensive
information is required to understand the
physiological responses of this plant under
field conditions.
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Abstract: Surgery for victims of war is different from surgery for civilian injuries. War wounds
are always extremely contaminated, and missiles may cause massive destruction of soft tissues,
bones, and other structures. The principles of surgery for war wounds have been known for dec-
ades but need to be relearned by each new generation of surgeons working in a war situation.
People were not at all prepared for a physical fight. Similarly, the medical institutes were not
specially prepared for such a sea of casualties all of a sudden. The study’s aim was to analyze the
result of our experience in the surgical management of the gunshot patients admitted to A/-Bayda
teaching hospital during the first month of the Libyan revolution of February 2011. The total
number of patients admitted to Al-Bayda teaching hospital in the period from 16\2\2011 to
16\3\2011 was 288 patients. We have done debridement and repair of the wounds and fixation of
fractures in different settings and follow-up was carried out for 7 months. Our orthopedic mor-
bidity rate was 9 %, and infection was recorded in 30 patients 21%. We, as a team of orthopedic,
vascular, and general surgeons, gained a very good exposure and experience to manage war or

civilian unrest victims.

Keywords: Orthopedic; Gunshot; Civilian; Fractures.

INTRODUCTION

The evacuation and care of wounded people
have evolved throughout the history of warfare.
In the recent conflicts in Iraq and Afghanistan,
an echeloned approach to trauma care has been
instituted (Bagg et al., 2006).

The first aid provided at the point of wounding or
at the safest place near the battlefield and rapid
evacuation are of vital importance, because mor-
tality and morbidity increase with delay between
wounding and treatment. The more effective the
first aid and the quicker the evacuation to a hos-
pital, the better will be the final results. If first aid
is inadequate or unavailable and the evacuation
chain is long, then the outcome will be more dis-
aster (Dufour et al., 1998). Even though the
people of Libya were keen for liberation and
freedom, the unrest was unprepared and un-

precedented. People were not at all prepared
for a physical fight. Similarly, the medical in-
stitutes were not specially prepared for such a
sea of casualties all of a sudden. The maximum
number of patients was hospitalized on
17/02/2011 approximately 60% of war injuries
involve the limbs and musculoskeletal system,
the orthopedic surgeons suppose a pivotal role
in the frontline treatment of these injuries,
Providing battlefield orthopedic care poses
special challenges, because lack of experience
and working under difficult conditions, many
wounds are unlike those encountered in civilian
practice (Covey, 2006).Our teaching hospital
was not prepared and did not have enough
beds, medicines, materials, necessary equip-
ment, and instruments to meet a large number
of patients at a time with various types of gun-
shot injuries. Our reason for conducting this
study is to highlight the unexpected load on or-
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thopedic surgeons’ performance during the
management of civilian war victims.

MATERIALS AND METHODS

Our materials depended on the patients admit-
ted to the Al-Bayda teaching hospital managed
by what we have at that time without any prep-
aration and lack of instrument, beds, and expe-
rience in the management of gunshot patients
all of a sudden. The total number of patients
admitted to Al-Bayda teaching hospital in the
period from 16\2\2011 to 16\3\2011 was 288
patients, Exclusively 140 patients had muscu-
loskeletal related gunshot injuries. Associated
injuries include general surgery, fall-down, and
road traffic accidents (Table.1).

Table(1). Number of patients admitted during the period
of study (16\2\2011 — 16\3\2011)

The majority of patients were admitted in the
first week of the revolution, and the maximum
number was on battle of the Shahhat battalion
(the head battalion in Jabal-Al-Akhdar) on 17"
of February 2011 were 56 patients hospitalized

(Fig. 1).
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Figure: (1). Number of patient admitted in the first week
of revolution.

We, as a team of orthopedic, vascular, and gen-
eral surgeons, gained the exposure necessary to
manage the different types of gunshot injuries
explained in (Table.3).

Table: (3). Operations done by the general, vascular, and
orthopedic surgeons.

Type of trauma Number of
patients

Gunshot [Musculoskeletal ] 140

Gunshot [Abdomen] 16

Gunshot [abdomen and chest] 21

Gunshot [ Head and neck ] 19

Gunshot [ scrotum | 2

Road traffic accident 2

Fall down 6

Combined [General surgery + 82

Musculoskeletal |

Total 288

The patients’ ages varied from 15 to 60 years.
One 15-year-old patient sustained a gunshot to
the left little finger, and there was only one fe-
male patient aged 30 yrs who had a gunshot in-
jury to the left shoulder (Table.2).

Table:(2). Age of the patient with type of trauma

Type of injury

Surgical opera-
tion

Number of patient

Age of the No. of patients Type of trauma

patient

5-10 3 Road traffic accident + fall
down

11-15 3 Fall down + gunshot

16 —-20 35 Gunshot + Fall down

21 -25 67 Gunshot

26 -30 82 Gunshot

31-35 40 Gunshot

36 -40 29 Gunshot

41 —-45 20 Gunshot

46 - 50 4 Gunshot

51-55 2 Gunshot

56 - 60 3 Gunshot

Total 288

Abdominal
gunshot
(16) patients

Thoracic gun-
shot (21)
patients

Vascular inju-

ry
(12) patients

Nephroctomy
Nephroctomy +
spleenectomy
Lapratomy with
Bowel injury
Chest tub
thoracotomy
Chest superfi-
cial

Vascular repair
With fracture
fixation
Vascular repair
without fracture
Above knee
amputation

(4) patients
(1) patients

(11) patients
(11) patients
(5) patients
(5) patients

(7) patients

(5) patients

(2) patients

The following treatment was offered to the pa-
tients by the orthopedic team; External fixation
in 37 cases (27%), Ilizarov external fixation 5
cases (4%), K-wire in 5 cases (4%), screw in 2
cases (1%), dynamic compression plate (DCP)
in 1 case (0.5%), proximal femoral nail (PFN)
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in 2 cases (1%), debridement and gypsum
splint application in 35 cases (24%), and super-
ficial wound management done in 53 cases
(38%) (Table. 4). Following treatment and sta-
bilization of immediate life-threatening condi-
tions, all patients were given antibiotics, but
tetanus prophylaxis was not available.

Table: (4). Type of orthopedic fixations

Type of fixation

No. of patient

External Fixation 37

Ilizarov Ext.Fix 5

K.Wire 5

Screw 2

DCP 1

PFN 2
Debridement + Gypsum 35
Superficial injury (wounds ) 53

Total 140

RESULTS

After a period of follow-up for 7 months, we
get the following result; 12 patients had nerve
injury, sciatic nerve in three cases, common pe-
roneal nerve in two cases, median nerve in one
case, radial nerve in five cases, and ulnar nerve
in one case (Table.5).

Table: (5). Number of patients with nerve injury

Nerve injury Number of patients

Sciatic nerve

Common peroneal nerve
Median nerve

Radial nerve

Ulnar nerve

Total 12

—_ W = N W

Our complications, encountered in our series of
exclusively 140 patients, had musculoskeletal
related gunshot injuries, vascular injury post-
gunshots were 12 patients. Seven patients had
fractures and 5 patients were without fractures,
2 patients had upper limb vascular injury and
10 patients had lower limb vascular injury; out
of the 12 patients, 2 patients had above-knee
amputations (Table.6).

Table:(6). Complications in the 140 musculoskeletal re-
lated gunshot patients

complications No, of patients  Percentage
Infection after 2 weeks 30 patients 21%
Nonunion Spatients 3%

(7 months full up )

Failed nerve repair Spatients 3%

(7 months full up )

Stiff knee 2 patients 1%

(7 months full up )

Amputation 2 patients 1%

Our orthopedic 12 patients 9%

morbidity rate

One patient had a bad mutilating injury of the
hand, which usually leads to amputation. We
performed debridement and repair, including
fixation of fractures by K.wires and plastic sur-
gery in different settings which has resulted in
a partially functioning cosmetically acceptable
hand.
DISCUSSION

The range of primary blast injuries includes
fractures, amputations, crush injury, burns,
cuts, lacerations, acute occlusion of an artery,
air embolism— induced injury, compartment
syndrome, and others. Secondary, tertiary, and
quaternary injuries are also commonly seen in
extremity blast injuries. Severe contamination
and tissue damage are the major problems
(Bumbasirevic et al., 2006). During our work,
we have done timely debridement, fracture fix-
ation, post-operative follow-up for seven
months, found reasonably results, and we agree
with MSF USA (2016). Still, adequate staff,
doctors, beds, materials, medicines, instru-
ments, equipment, and orthopedic appliances
would have helped us to achieve a much better
result, and with the onset of armed conflict in
2011, many foreign workers left the country, so
the health system is presently in a critical state.

The AAOS/OTA Extremity War Injuries (EWI
IT): Development of Clinical Treatment Princi-
ples symposium, held in January 2007.

EWI 1I sessions focused specifically on four
separate areas (Defense Casualty Report 2007):
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(1) Prehospital management of extremity
wounds

(2) Initial debridement

(3) Early stabilization

(4) Postoperative wound management during
their evacuation process.

In comparison to the (EWI II) in our study, we
missed the first stage because of the lack of ex-
perience and working under difficult conditions
and we focused on initial debridement, early
stabilization, and postoperative wound man-
agement.

Gunshot injuries to the musculoskeletal system
in our study constituted 65%. (EWI II) pub-
lished that 26% of these individuals had sus-
tained fractures (Ficke and Pollak. 2007).
Whereas (Covey, 2006) published that approx-
imately 60% of war injuries involve the muscu-
loskeletal system

Amputee care remains complex and challeng-
ing. Recent medical, surgical, rehabilitative,
and prosthetic advancements have raised both
patient and caregiver expectations for out-
comes. The rate of major amputation, as a per-
centage of all battle injuries, was 1% in our
study as two patients had above —knee amputa-
tions, which was 12% during the American
Civil War (Potter and Scoville 2006).

We agree with Owens et al. (2006) Current
treatment protocols favor the inclusion of time-
ly and stable axial limb fixation, radical deb-
ridement of all compromised soft tissues and
osseous structures, and early wound closure, in
an attempt to minimize overall morbidity and
to achieve the highest level of function possi-
ble.

CONCLUSION

Treatment of war or civilian unrest wounds,
many of which are devastating in the scope of
soft-tissue and bony injury, requires a team ap-
proach using hypotensive resuscitation, dam-
age-control orthopedics, newer techniques of
hemostasis and vacuum-assisted wound clo-
sure, and advanced reconstruction. Current
challenges include prevention of infection, het-

erotopic ossification, good cosmetic and func-
tional results, adequate rehabilitation, physical
therapy, and occupational therapy services, as
well as psychiatric, or other services, when
necessary

We strongly recommend having a specialized
trauma center with adequate facilities, material,
and trained qualified personal.

We, as a team of orthopedic, vascular and gen-
eral surgeons, gained very good exposure and
experience to manage the war or civilian unrest
victims in 2011.
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Abstract: This study aims to test the biological effect of three plant powders of (black pepper
fruit Piper nigrum L., nutmeg seeds Myristica fragrans Houtt and bay leaf Laurus nobilis L.)
when mixed with wheat flour at concentrations of; 0.2, 0.5, 0.75, 1 and 1.5 % (w/w) against
the confused flour beetle Tribolium confusum. Results showed that the black pepper fruit
caused a decrease in the production of larvae that reached 65.36%, while the nutmeg seeds
powder caused a decrease of 50.93% compared with the bay leaf powder, which caused a de-
crease of 38.20%. The results also showed a decrease in the first generation progeny (F1) that
reached 90.75% and 75.34% due to the treatment with the black pepper fruit and the nutmeg
seeds powders respectively. However, the bay leaf powder was less effective, with only a de-
crease of 30.13%.

Keywords: Biology of Confused Flour Beetle, Tribolium confusum, Plant Powders.
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