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Abstract: The effect of 6 sucrose concentrations (5, 10, 15, 20, 25, 30 g/l) over 4 incubation periods
(30, 45, 60, 75 days) on in vitro rooting of Moris pineapple cultured in liquid half strength MS medium
enriched with IBA at 2.0 mg/l was investigated. At all incubation periods, all shoots in medium en-
riched with sucrose at 5 g/l failed to root, and no roots formed within the first 30 days in medium en-
riched with sucrose at 10 g/l. After 30 days of incubation, the highest rooting percentage (66 %), tallest
plantlets (23 mm tall), highest (3.4 roots) and longest (5.3 mm) root per shoot were obtained in medium
enriched with sucrose at 25, 10, 15, 15 g/l respectively, while after 45 days, the highest of all rooting
aspects (75 %, 32.3 mm tall, 3.7 roots, 7 mm long), were obtained in medium enriched with sucrose at
15 g/l. After 60 days, the highest rooting percentage (91.7 %) and tallest plantlets (36.7 mm tall) were
obtained in medium enriched with sucrose at 20 g/ while highest roots per shoot (3.7 roots) and longest
root (10.7 mm) were obtained in medium enriched with sucrose at 15 g/l. After 75 days, all shoots
rooted (100 %) in medium enriched with sucrose at 10 and 20 g/I, while sucrose at 25 g/I resulted in
tallest plantlets (46.3 mm tall) and at 20 g/l resulted in highest (4.7 roots) and longest roots (27.3 mm).
At each incubation period, there was a different optimum sucrose enrichment for different rooting pa-
rameters.

Key words: Sucrose; Incubation Periods; In Vitro Rooting; Moris Pineapple; Ananas comosus.

INTRODUCTION

Different combinations of sucrose and incuba-
tion periods were used for the in vitro rooting
of pineapple. In vitro rooting was reported us-
ing sucrose at10 g/l and incubation for 30 days
and 70 days (Soneji et al., 2002b), sucrose at
20 g/1 for 30 days (Ko et al., 2006; Mengesha
et al., 2013; Souza et al., 2016; Sunitibala Devi
et al., 1997) and 70 days (Soneji et al., 2002b),
sucrose at 30 g/l for 30 days (Almeida et al.,
2002; Aydieh et al., 2000; Bhatia & Ashwath,
2000; Fitchet, 1990; Singh & Manual, 2000;
Teng, 1997), 45 (Khan et al., 2004; Sripaoraya
et al., 2003), 60 (Gangopadhyay et al., 2005;
Hamad et al., 2013; Mathews & Rangan, 1979,
1981) and 75 days (Hamad & Taha, 2008) and
sucrose at 35 g/l for 30 days (Kofi & Adachi,

1993) and sucrose at 40 g/l for 60 days of in-
cubation (De Almeida et al., 1997). In all of
these studies, each of the sucrose and incuba-
tion periods was fixed at one level and the fo-
cus was on hormone types and concentrations
and medium strength. The effect of different
sucrose concentrations and incubation periods
were neither compared individually nor in
combinations of the two factors. In addition,
many times the results were reported as a gen-
eral statement or the rooting response was as-
sessed based only on one parameter, rooting
percentage (Bhatia & Ashwath, 2000), root
number (Danso et al., 2008). In some cases,
two parameters, root number and length
(Aydieh et al., 2000; Khatun et al., 1997) and
in few cases, three parameters: rooting percent-
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age, root number, and length (Amin et al.,
2005; Soneji et al., 2002a), were used for the
assessment of rooting treatments. The plant-
lets’ height, on the other hand, was rarely re-
ported (Be & Debergh, 2006; Hamad et al.,
2013; Souza et al., 2016). Sucrose and incuba-
tion period are not only important for its effect on
rooting, but also for their effect on cost and man-
agement of the rooting stage and plantlets survival
of acclimatization. Sucrose made the highest
proportion of the medium components. And for
the incubation period, lamps and air condition-
ing is required to maintain constant tempera-
ture and photoperiod. In large scale propaga-
tion, using higher sucrose and longer incuba-
tion would make the medium cost and electrici-
ty bill too expensive. Using the lowest possible
concentration of sucrose and the shortest incu-
bation period would reduce the cost of rooting
stage and the overall cost of propagules produc-
tion. The objective of this study is to compare the
effect of different sucrose concentrations over dif-
ferent incubation periods on all rooting aspects of
Moris pineapple cultivar. And to determine the best
compromise of lowest possible concentration and
shortest incubation period at which the best root-
ing responses, particularly the plantlets’ height,
could be obtained. The goal is to minimize the
cost in terms of the sucrose amount and month-
ly electricity bill per single propagule.

MATERIALS AND METHODS

A half-strength MS medium (450 ml) enriched
with IBA at 2.0 mg/l (Murashige and Skoog,
1962) was prepared and divided into 6 glass jars
(75 ml each) marked 1 to 6. Sucrose at 5, 10, 15,
20, 25 and 30 g/l were added to each glass jar
respectively. The medium was adjusted to pH
5.0 and autoclaved at 121° C and 1.5 kg/ cm” for
20 minutes. The content of each glass jar was
dispensed into 12 culture tubes (6 ml each) un-
der a laminar cabinet using a sterilized syringe
and the tubes marked with the same glass jar
mark. Shoots from Moris pineapple stock cul-
tures were cultured at a density of five shoots
per culture. The cultures were incubated under
constant temperature (25° C) and 16 hours of

light provided by fluorescent lamps for 30, 45,
60 and 75 days. After 30 days of incubation,
three culture tubes of each sucrose concentration
were taken for data collection. The shoots were
picked out to count the number of rooted shoots,
number of roots per shoot, and to measure the
roots length and plantlet height. A table for each
rooting parameter of the different sucrose con-
centrations with three replicates was established
and named the 30 days incubation tables. After
45, 60 and 75 days, three culture tubes of each
sucrose concentration were taken out of the cul-
ture room, and a table for each rooting parame-
ter of the different sucrose concentrations at
each incubation period was established as were
done after 30 days incubation. The tables of the
same parameter obtained after different incuba-
tion periods (30, 45, 60 and 75 days) were com-
bined in one table containing all combinations
of sucrose and incubation periods and used for
the analysis of variance and testing the signifi-
cance of means by Duncan Multiple Range Test
at p < 0.05 using SPSS statistical package
No.11.

RESULTS

Two-way analysis of variance (Table 1) showed
that both of the sucrose and incubation periods
had a significant effect on all in vitro rooting
aspects of pineapple. However, the sucrose
seemed to have a higher influence on rooting
percentage, root number, and length than the in-
cubation period, while incubation periods af-
fected plantlets’ height more than the sucrose.
The two factors exerted their influence inde-
pendently from each other except in root length,
where a significant interaction was detected at p
< 0.055. Overall sucrose concentrations, incuba-
tion for 30 and 45 days, had statistically an
equal effect in root formation (2 roots), elonga-
tion (4 mm) and plantlets height (24 mm) but
the rooting percentage increased from 32 to 43.1
% as the incubation increased from 30 to 45
days (Table 2). Incubation for 60 days resulted
in intermediate responses where 55.6 % of the
shoots rooted, forming 2.5 roots/shoots, 6.7 mm
long roots, and the plantlets reached 31.7 mm in
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height. Incubation for 75 days, on the other
hand, (76.4%), more roots per shoot (3.1 roots),
longest roots (12.1mm long), and tallest plant-
lets (39.17 mm). Similarly, across all incubation
periods, none of the shoots cultured on MS en-
riched with sucrose at 5 g/l produced roots, and
the plantlets were the shortest (20.1 mm tall) of
all sucrose concentrations. No significant differ-
ence between the plantlets’ height in media en-
riched with sucrose at 10, 15, 20, 25, and 30 g/l
(31.3 mm on average). In medium enriched with
sucrose at 10 g/l, 35.4 % of the shoots rooted,
forming 1.5 roots per shoot each 5.5 mm long,
and the plantlets were 30.1 mm tall. No signifi-
cant difference in rooting percentage in media
enriched with sucrose at 15, 20, 25, and 30 g/l
(68.75 % on average). Medium enriched with
sucrose at 15 g/l resulted in highest root for-
mation (3.8 roots) and medium enriched with
sucrose at 10 g/l resulted in fewest roots (1.5
roots), while intermediate root formation (3
roots) was obtained in a media enriched with
sucrose at 20 and 25 g/l. Medium enriched with
sucrose at 20 g/l resulted in longest roots (11.5
mm) and those enriched with sucrose at 10 and
30 g/l resulted in shortest roots (5.4 mm), while
intermediate root length (8.4 mm) obtained in
media enriched with sucrose at 15 and 25 g/I.

Under 30 days of incubation, none of the shoots
rooted in medium enriched with sucrose at 5 and
10 g/l and the plantlets were the shortest (15.7

mm) compared to plantlets rooted in the other su-
crose concentrations (22.3 mm). The highest root-
ing percentage (67%) was obtained in medium en-
riched with sucrose at 25 g/l while the highest
roots per shoot (3.4 roots) and longest roots (5.3
mm) were obtained in medium enriched with su-
crose at 15 g/l. For 30 days incubation, the best
sucrose enrichment was 25 g/l according to root-
ing percentage and 15 g/l according to the other
parameters (root per shoot, root length, and plant-
let height). Under 45 days of incubation also none
of the shoots rooted in medium enriched with 5
g/l. The highest rooting percentage (75%), roots
per shoot (4 roots) and longest roots (7 mm) were
obtained in medium-enriched with sucrose at 15
g/l and the tallest plantlets (32.3 mm) were ob-
tained in medium enriched with sucrose at 20 and
15 g/l while medium enriched with sucrose at 5
g/l resulted in the shortest plantlets (19 mm) and a
medium enriched with sucrose at 10 g/l resulted in
the lowest rooting percentage (16.7 %), fewest
roots per shoot (1 root) and shortest roots (1.7
mm). For 45 days incubation, the best sucrose en-
richment was 15 g/l according to all parameters.
Under 60 days of incubation, none of the shoots
rooted in medium enriched with 5 g/l. The highest
rooting percentage (91.7%), roots per shoot (4
roots), and tallest plantlets (36.7 mm) were ob-
tained in medium enriched with 20 g/l and the
longest roots (11.7 mm) were obtained in medium
enriched with sucrose at 25 g /1.

Table (1). Significant of main and interaction effect of incubation periods and sucrose concentrations on in vitro rooting
response of Moris pineapple cultures on a liquid half-strength medium enriched with IBA at 2.0 mg/1.

Factors df Rooting parameters

Plantlet height Rooting % Root No. Root length
Incubation periods 3 6.4E-08** 9.8E-06** 0.0500%* 0.0002%*
Sucrose 5 0.0015%* 2.3E-10%* 7.3E-07** 7.5E-05%*
Incubation*Sucrose 15 0.8063 0.0879 0.4769 0.0054**
Error 48
Total 72
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Table (2). Effect of incubation periods and sucrose concentrations on in vitro rooting of Moris pineapple cultured on lig-
uid half-strength MS medium enriched with IBA at 2.0 mg/1

Incubation periods Sucrose concentrations (g/1)

(Days) 5 10 15 20 25 30 Average
Plantlet height (mm)
30 15.7h 23.0 defgh 21.7 defgh 22.3 defgh 20.3 efgh 22.0 defgh 20.8 C
45 19.0 gh 28.0 cdefgh  32.3 abcdefg 31.3 abedefg  19.7 fgh 25.7 defgh 26.0 C
60 21.3 defgh 34.0 abcdefg 36.0 abede 36.7 abed 29.7 bedefgh  32.7 abedefg  31.7B
75 243 defgh  35.3 abcdef  43.0 abe 43.7 ab 46.3 a 42.3 abc 39.17 A
Average 20.1B 30.1 A 333A 335A 29.0 A 30.7 A
Rooting %
30 0.0f 0.0f 50 bede 41.7 cdef 66.7 abcd 33.3 cdef 32.0D
45 0.0 f 16.7 ef 75 abc 50 bede 66.7 abcd 50 bede 43.1C
60 0.0f 25 def 75 abc 91.7 ab 75 abc 66.7 abcd 55.6B
75 0.0f 100 a 91.7 ab 100 a 91.7 ab 75 abc 76.4 A
Average 0.0C 354B 729 A 70.8 A 75.0 A 56.3 A
Root No.
30 0.0d 0.0d 3.4 abc 1.7 bed 2.7 abed 2.3 abed 1.7B
45 0.0d lecd 3.7 abc 2.0 abed 2.7 abed 2.3 abed 2.0B
60 0.0d lecd 4.0 ab 4 ab 3.3 abc 2.7 abed 2.5 AB
75 0.0d 4 ab 4.3 ab 4.7a 3 abc 2.7 abed 31A
Average 0.0D 1.5C 38A 3.1 AB 2.9 AB 2.5BC
Root length (mm)
30 0.0d 0.0d 53cd 3.7 cd 6 cd 3.0cd 3.0B
45 0.0d 1.7 cd 7 bed 5.7 cd 53cd 5.7 cd 42 B
60 0.0d 4.3 cd 10.7 be 9.3 bed 11.7 be 4.7 cd 6.8B
75 0.0d 16 b 10.3 bed 273 a 10.7 be 8.0 bed 12.1 A
Average 0.0C 5.5B 8.3 AB 11.5A 8.4 AB 53B

Data were means of 15 shoots cultured at a density of 5 shoots per culture tube containing 6 ml of liquid, half-strength MS medium
enriched with IBA at 2.0 mg/I.

Means of each rooting parameter followed by the same letters were not significantly different at p < 0.05 according to Duncan Multi-
ple Range Test.

In summary, no rooting was obtained in medi-
um enriched with 5 g/l no matter how long the
shoots were incubated. None of the shoots in
medium enriched with 10 g/l produced roots
during the first 30 days of incubation, and only
a few shoots rooted after 45 and 60 days. How-
ever, all shoots rooted if the incubation extend-
ed to 75 days. The lowest root formation (1 root
per shoot) and root elongation (1.7 mm long)
obtained in medium enriched with sucrose at 10
g/l and incubated for 45 and 60 days and the
shortest plantlets (15.7 mm) obtained in medium
enriched with sucrose at 5 and 10 g/l for 30
days. The highest rooting percentage (100 %),
the highest root formation (4.7 roots/shoot), root
elongation (27.3 mm) and tallest plantlets (46.3

mm) were all obtained after 75 days incubation
but at different sucrose enrichment, 10, 20, 20
and 25 g/l respectively.

DISCUSSION

Enrichment of medium with sucrose at 30 g/l
and incubation for 30 days which is the most
common practice for in vitro rooting was not the
proper treatment for Moris pineapple. It resulted
in the rooting of only 33 % of the shoots, and
the plantlets were shorter than 25 mm. At any
fixed incubation period sucrose at 15, 20 and 25
g/l were a better choice for rooting than sucrose
at 30 g/l, and at any fixed sucrose content any
incubation periods resulted in a better rooting
response than the 30-day long incubation (Table
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2). Out of 24 combinations of sucrose concen-
trations and incubation periods, sucrose at 30 g/l
and incubation for 30 days resulted in lower a
rooting percentage than 15 of the combinations,
shorter plantlets than 13, fewer roots than 8§, and
shorter roots than 9 of the tested combinations.
Incubation for 75 days was the best incubation
period for all rooting parameters. However,
each parameter had different optimal sucrose
concentration. The tallest plantlets (46.3 mm)
were obtained in medium enriched with sucrose
at 25 g/, the highest (4.7 roots) and the longest
(27.3 mm) roots were obtained in medium en-
riched with sucrose at 20 g/l, while the highest
rooting percentage (100 %) was obtained in me-
dium enriched with sucrose at 10 and 20 g/l. Not
only at each incubation period different rooting pa-
rameters had different optimum sucrose, but also
the same rooting parameter had different optimum
sucrose at different incubation periods. The best
sucrose concentration for the highest rooting per-
centage of shoots incubated for 30, 45, 60, and
75 days was 25, 15, 20, and 10 g/I respectively.
On the contrary, the best sucrose concentration
for plantlet height of the shoot incubated for 30,
45, 60 and 75 days was 10, 15, 20, and 25g/1 re-
spectively. The optimum sucrose concentration
for root formation (root number) and root elon-
gation (root length) if shoots were incubated for
30, 45, and 60 days was 15 g/l, and if shoots
were incubated for 75 days was 20 g/l.

Since different rooting parameters have differ-
ent optimum combinations of sucrose and incu-
bation periods, different combinations could be
recommended depending on whether one, two,
or all of the parameters were used for assess-
ment. For obtaining over 90 % rooting and roots
longer than 10 mm, the choice would be be-
tween sucrose at 10 g/l and incubation for 75
days and sucrose at 15 g/l and incubation for 60
days. For the formation of more than three roots
per shoot, the choice is sucrose at 10 g/l and in-
cubation for 75 days and sucrose at 15 and in-
cubation for 30 days. Plantlets obtained after 45
days of incubation in medium enriched with su-
crose at 15 and 20 g/l and after 60 and 75 days
of incubation irrespective of sucrose enrichment

were taller than 35 mm. Sucrose at 15 g/l and
incubation for 45 days and sucrose at 10 g/l and
incubation for 60 days was the best compromise
for lowest sucrose and shortest incubation in
which plantlets were taller than 35 mm. The com-
bination of sucrose and incubation for lowest cost
of rooting (Table, 3) appears to be one of the fol-
lowing: the low sucrose level of 10 g/l but longer
incubation of 75 days, intermediate sucrose of 15
g/l and shortest incubation of 45 days and high su-
crose of 20 g/l and intermediate incubation of 60
days. Low sucrose reduces the sucrose cost, but
long incubation increases the monthly electricity
bill. Selection among these alternatives would
depend on the cost of each added or saved 5 g/l
of sucrose and the electricity bill of each in-
crease or decrease of 15 days of incubation ac-
cording to the price prevailed in the district at
which the propagation takes place. The calcula-
tion of cost (Table, 3) showed that the cost of
rooting was mainly due to incubation periods
more than the concentration of sucrose. At a
density of 5 shoots per culture, the minimum
rooting cost per shoot was 3.95 cents, obtained
when the shortest incubation (30 days) and low-
est sucrose (5 g/l) was applied while the highest
cost was 5.88 cents when the longest incubation
(75 days) and highest sucrose (30 g/l) was ap-
plied. At any incubation period, the difference
in rooting cost per shoot at different sucrose
concentrations was negligible (less than 0.02
cents), while incubation of 30 days decreased
the cost by 2 cents compared to 75 days of in-
cubation. In a previous report, we estimated the
multiplication cost per shoot after 4 cycles of
multiplication to be 0.9 (Hamad, 2017a) and if
one liter of medium was used, to be 1.6
(Hamad, 2017b) cents. This study showed that
the rooting cost per shoot (rooting stage) ranges
from 3.95 to 5.88 cents, which i1s 2 to 6 times
the multiplication cost per shoot (multiplication
stage). Hence, to efficiently minimize the cost
of micropropagation, the effort should be con-
centrated on reducing the cost of rooting rather
than the cost of multiplication. Otherwise, the
complaints about the high cost of micropropagat-
ed materials would always be there even if the

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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multiplication was fully automated and at the highest rate.
Table (3). Effect of incubation periods and sucrose concentrations on the rooting cost per shoot of Moris pineapple

Incubation periods Sucrose concentration (g/1)

(Days) 5 10 15 20 25 30 Average
Rooting cost per shoot (cents)
30 3.95 3.97 3.98 4.00 4.02 4.03 3.99
45 4.57 4.58 4.60 4.62 4.63 4.65 4.61
60 5.18 5.20 5.21 5.23 5.25 5.26 522
75 5.80 5.81 5.83 5.85 5.86 5.88 5.84
Average 4.87 4.89 4.91 4.92 4.94 4.96 4,92

Mediums were prepared in glass jars, autoclaved at 121°C and 1.5 kg/cm? for 20 minutes and dispensed into culture tubes under a lam-
inar cabinet. Shoots were rooted at a density of 5 shoots per culture tubes containing 6 ml of liquid half-strength MS medium enriched
with IBA at 2.0 mg/I. and incubated under constant temperature (25°C and 16 hours of light provided by cool white fluorescent lamps.

The selection of the best combination of incuba-
tion and sucrose should depend on whether the
purpose of the experiment would be the reduction
of propagation cost and obtaining plantlets that
could survive acclimatization or physiological
study of rooting. Minimum sucrose and shorter
incubation which result in plantlet quality above
that required for highest acclimatization survival
are very important for low-cost micropropagation,
while the determination of the time at which root-
ing takes place, and monitoring of increase in root
number and length, and plantlet height over time,
are important for the physiological study of roots
and proper timing of histological and physiobio-
chemical analysis. Published studies did not elabo-
rate on the relationship between rooting percent-
age, root per shoot and root length, and plantlet
survival. It is not known which one or two of the-
se parameters are very crucial for the survival of
acclimatization. (Escalona et al., 1999) reported
that the survival percentage of ex vitro acclima-
tized rootless shoots increased from 20 to 100 %
as the size of the shoots increased from 20 to 80
mm long. (Be & Debergh, 2006; Dal Vesco et al.,
2001; DeWald et al., 1988; Ko et al.,, 2006;
Soneji et al., 2002a) respectively reported that
over 90 % of 35, 50, 60, 70 and 80 mm long-
rooted pineapple shoots survived the acclimatiza-
tion stage. For pineapple, plantlet height is prob-
ably more crucial for acclimatization survival.
Therefore, the selection should be for a combina-
tion of sucrose and an incubation period that re-

sults in plantlets taller than the minimum required
height (35 mm) for survival at the lowest cost. If
plantlets taller than 35 mm are suitable for suc-
cessful acclimatization, there will be two combi-
nations of sucrose and incubation period (sucrose
at 15 g/l and 60 days and sucrose at 15 g/l and 75
days) to choose from.

But if the plantlet has to be taller than 40 mm, su-
crose at 15 g/l and incubation for 75 days is the
cheapest combination. In this study, all of the plant-
lets obtained after each incubation, irrespective of
sucrose enrichments and its rooting response, were
used for acclimatization. Following Hamad, (2016)
recommendation, plantlets were placed in pots full
of sand under a polyethylene enclosure for 21 days
and a shade house for 60 days. The survival of
plantlets that were rooted for 30, 45, 60 and 75
days was 70.0; 80.5; 84.5, and 94.3 % respective-
ly. Some of the plantlets of the 30 days incuba-
tion were rootless, and some were with fewer and
shorter roots and the plantlets were less than 35
mm in height. The low survival of these plantlets
(70 %) may be due to one or more of these root-
ing parameters. If the survival of acclimatization
is not of major interest, as in the case of physio-
logical study of rooting, different sucrose en-
richment has to be used at different incubation
periods depending on which parameter was of
major interest. After 45 days incubation, sucrose
at 15 g/, and after 60 days of incubation, sucrose
at 20 g/l was the best enrichment for obtaining
taller plantlets, highest rooting percentage and
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more and longest roots while after 30 and 75 days
of incubation, three sucrose enrichments could be
used depending on the parameter of major inter-
est. In the case of 30 days incubation, sucrose at
10 g/l for tallest plantlet, sucrose at 25 g/l for
highest rooting percentage, sucrose at 15 g/l for
more and longer roots, while in the case of 75
days incubation, sucrose at 25 g/l for tallest plant-
lets, sucrose at 10 g/l for highest rooting percent-
age and sucrose at 20 g/l for more and longer
roots.

The optimum sucrose for rooting percentage un-
der 30, 45, 60, and 75 days of incubation was 25,
15, 20 and 10 g/l (Table, 2). On the contrary, the
optimum sucrose for plantlet height under 30, 45,
60, and 75 days of incubation was 10, 15, 20, and
25 g/1. This means that high sucrose enrichments
improved shoot rooting (rooting percentage) un-
der a short incubation regime but retarded the
shoot growth (plantlet height). While under a
long incubation regime they retarded shoot root-
ing but improved shoot growth. This indicated
that the two processes of root initiation and plant-
let elongation did not occur simultaneously, but
one of them followed the other. Under low su-
crose enrichment, the shoot directed the sucrose
use for shoot growth and then for root initiation,
and under high sucrose enrichment, the shoot di-
rected the sucrose use first for root initiation and
then for shoot growth. Both of the two parame-
ters increased as the incubation periods increase
up to 75 days, but the time at which most shoots
rooted and the highest increase in plantlet height
occurred varied over each 15 day period among
the different combinations of incubation period
and sucrose concentration. Being that no rooting
occurred in medium enriched with 5 g/l even if
the incubation period increased to 75 days while
the plantlet height reached 24 mm tall indicated
that initiation of the rooting process in the pres-
ence of 5 g/l requires shoots longer than 24 mm.
Failure of shoots to form roots for the first 30
days in medium enriched with sucrose at 10 g/l
while 75 % of shoots form roots in the period be-
tween 60 and 75 days indicated that the shoot
length limit for rooting in the presence of sucrose
at 10 g/l is 35 mm long shoots. Noticing the peri-

od at which 50 % of the shoots rooted indicated
that the required shoot length for rooting in me-
dium enriched with 15, 20, and 20 g/l was 22
mm. Similarly, it can be noticed that the required
shoot length for rooting of over 75 % of shoots in
medium enriched with 10, 15, 20, 25, and 30 g/l
was 35, 32, 37, 30, and 42 mm respectively. It
seemed that the rooting started after the shoots
attain a certain size, and the sucrose is not in-
volved in rooting directly, but by enhancing the
shoot to reach the size required for the shoot to
gain root forming ability.

Sucrose was involved in controlling the time at
which the root initiation occurred and also the
pattern of root formation and elongation over
time. In medium enriched with sucrose at 5 g/l,
the shoots failed to root even if the incubation ex-
tended to 75 days. In medium enriched with su-
crose at 10 g/, no rooting occurred in the first 30
days and only 25 % rooted in the first 60 days of
incubation, but all of the shoots rooted when the
incubation extended to 75 days. That is, 75 % of
rooting occurred in the last 15 days of incubation.
Incubation shorter than 75 days will result in poor
rooting. On the contrary, in medium enriched
with sucrose at 15 g/l, 75 % of rooting occurred
within the first 45 days of incubation, no rooting
occurred in the period between 45 and 60 days
and only 17 % rooted in the period between 60
and 75 days of incubation. Under this sucrose en-
richment, incubation should be terminated after
45 days. In medium enriched with sucrose at 20
and 25 g/1, 92 % of shoots rooted within the first
60 days and only 8 % rooted in the period be-
tween 60 and 75 days of incubation. In medium
enriched with sucrose at 30 g/l, 67 % of shoots
rooted in 60 days, 8 % in the period between 60
and 75 days, and 25 % of the shoots failed to root
even if the incubation extended to 75 days. That
is if the medium is enriched with sucrose at 20,
25, and 30 g/l the incubation should be terminat-
ed after 60 days of incubation.

Similarly, depending on sucrose enrichment, the
process of root formation (root number), and
elongation (root length) ranged from did not start,
stopped after 30, 45 or 60, days to be a continu-
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ous process for 75 days. In medium enriched with
sucrose at 10 g/l, no root formation occurred in
the first month and most of the roots occurred in
the last 15 days of the 75 days incubation (60 to
75 days). On the contrary, in medium enriched
with sucrose at 30 g/l, shoot rooting occurred in
the first month and no root formed after that even
if the incubation extended to 75 days. In medium
enriched with sucrose at 15 and 25 g/1, root for-
mation occurred in alternative cycles. Root for-
mation occurred in the first month of incubation
and the period between 45 — 60 days, and no
formation occurred in the period between 30- 45
and 60- 75 days of incubation. In medium en-
riched with sucrose at 20 g/1, root formation was
a non-stop continuous process of alternative slow
and fast root growth over 75 days of incubation.
Similarly, root elongation was also a continuous
non-stop process for 75 days in medium enriched
with 10 and 20 g/I. However, in medium enriched
with sucrose at 15, 25, and 30 g/l no root elonga-
tion occurred after 60 days of incubation. Daily
and weekly records of the changes in rooting pa-
rameters would determine the time of fast, slow
and no growth, and the best time for histological
and biochemical analysis.

Although the weight and length of the shoots
used during rooting were not taken into consider-
ation,(Ramirez-Malagon et al., 2001) found that
heavy shoots of Spathiphyllum floribundum ob-
tained during multiplication had a higher chance
of survival during acclimatization. Hamad
(2017¢) found that the period of the highest in-
crease in shoot weight and length of Smooth cay-
enne pineapple over each 15 days of 105 days of
incubation varied depending on the hormone
treatments and occurred after the shoots incubat-
ed for more than 45 days. Weight, length, and
density of shoots at the beginning of the rooting
stage may have great influence in its rooting re-
sponse to sucrose and incubation period and pro-
posed for future testing. (Hamad et al., 2013)
found that the different rooting parameters of
Moris pineapple had different optimum hormone
type and concentration and medium strength and
the rooting percentage ranged from 30 to 100 %,
root number from 1 to 10 roots, root length from

5 to 65 mm and plantlet height from 19 to 65
mm. For taller plantlets they recommended the
use of IBA at 0.5 mg/l in quarter strength solid
MS and TAA at 2.5 mg/l in full strength liquid
MS. Quarter strength MS and IAA at 2.5 mg/l is
suggested for future testing in combination with
shoots of different length and density under dif-
ferent photoperiods at 5, 10 and 15 grams of su-
crose per liter of medium over 30 and 45 days of
incubation. Such testing may come up with a
treatment that overcomes the no rooting in medi-
um enriched with sucrose at 5 g/l and incubated
for 30 days, or shorten the incubation in medium
enriched with sucrose at 10 g/l from 75 to 30
days and would reduce the cost and result in
plantlets with the quality required for survival of
acclimatization.
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Abstract: Total thyroidectomy is considered the best choice for thyroids carcinoma. However, it is
still controversial for benign thyroid diseases because of higher complication rates. But meticulous
surgical techniques by expert surgeons can avoid most of the complications and thereby avoid the
risk of reoperation for any recurrences. The objective of the study was to evaluate and justify the
use of total thyroidectomy in benign thyroid diseases especially in multinodular goiter and Grave’s
disease. We have carried out an ongoing prospective study of thyroidectomy cases for different in-
dications over a span of 5 years, from 2012 to 2016; in the Surgery department, Al-Thowra teaching
hospital, Al-Bayda. The total number of operated cases was 353. Cases were distributed according
to age, sex, diagnosis and operative procedures. Various complications encountered were enlisted.
Total thyroidectomy was performed in 247 cases for MNG and Thyroid malignancy. Hemi-
thyroidectomy or lobectomy was done in 82 cases for solitary nodules. Enucleation of cysts was
done in 6 cases. Operations were done for recurrent nodules in 18 cases. Overall complications
were few and only minor. We recommend total thyroidectomy for all cases of MNG; which will
reduce the risk of recurrence and development of malignancy in residual thyroid tissue. It also can

prevent secondary thyrotoxicosis.

Keywords: MNG, Malignant thyroid, Total thyroidectomy.

INTRODUCTION

The goiter is a term used for abnormal thyroid
gland enlargement which may be physiological
due to repeated physiological stress as in puber-
ty, pregnancy and during lactation or pathologi-
cal. It is a common endocrine problem in espe-
cially endemic mountainous areas like our city,
mainly due to iodine deficiency. The term nodu-
lar goiter either multiple or solitary which
means the presence of a solitary nodule or mul-
tiple nodules termed as discrete thyroid nodules.
The multinodular goiter is a common benign
thyroid pathology, where the thyroid gland af-
fected by several different size nodules which is
a more common condition than diffuse enlarge-
ment goiter, thyroiditis, cysts, and solitary nod-
ule. The functional disorders of the thyroid
gland which may be due to an increase in the

secretion of thyroxin (toxic) or a decrease in the
hormone level in the blood (hypothyroidism).
Of course, different types of thyroid carcinomas
(like papillary, follicular, anaplastic and medul-
lary carcinomas) are also seen. The main indica-
tion for total thyroidectomy is the presence of
cancer in the thyroid gland, also used for mul-
tinodular goiter and grave's disease.

The increasing use of total thyroidectomy in this
decade for the treatment of benign thyroid dis-
eases because of higher incidences of recurrence
which may require reoperation for thyroid gland
may by dangerous and risky in such cases.
Many surgeons perform conservative thyroid
surgery rather than total thyroidectomy for be-
nign thyroid diseases to decrease the risk of
postoperative hypothyroidism and recurrent lar-
yngeal nerve injury. This controversy still exists
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between thyroid surgeons regarding the use of
total or conservative thyroid surgery. Yang W,
Shao T on 2009 stated; total thyroidectomy pro-
vides decisive advantages over partial or subto-
tal thyroidectomies in terms of recurrence and
reoperation rate with comparable postoperative
complications (Tezelman et al., 2009; Yang et
al., 2009). Efremidou EIl, Papageorgiou MS,
2009 reviewed 932 total thyroidectomies per-
formed for benign thyroid diseases when sur-
gery was indicated. And inferred that, total thy-
roidectomy is safe and is associated with a low
incidence of disabilities and complications
comparable with the endocrine surgery unit
(Efremidou et al., 2009).

(Mauriello et al., 2016) stated that the Dunhill
procedure seems to be a good compromise be-
tween radially and prevention of complica-
tions, avoiding reoperation for recurrence or
completion thyroidectomy for incidental thy-
roid carcinoma but needs more study for be-
nign thyroid diseases (Mauriello et al., 2016).
This study aimed to evaluate and justify the
use of total thyroidectomy in benign thyroid
diseases especially in multinodular goiter and
diffuse hyperplastic goiter.

MATERIALS AND METHODS

This study was carried out in EI-Thowra
teaching hospital, Al-Bayda, Libya over a span
of 5 years, starting from 2012 up to 2016. This
has been an ongoing prospective study.

The total number of cases that were operated
on was 353. Year, age and sex were studied.
The investigations carried out are routine he-
matological investigations CBC, Thyroid
function test, and FNAC, Chest X-Ray, ECG,
and indirect laryngoscopy in a selected num-
ber of cases where there were compression
symptoms (23 cases). FNAC was done in all
cases of solitary thyroid nodules or dominant
thyroid nodules or cysts; before surgery to ex-
clude malignancy. Diagnosis of Thyroid dis-
ease cases are presented in Table 1.

Indications for thyroidectomy: goiter with
compression features, multinodular goiter with
toxicity, patient demand: because of huge size,
and fear of developing toxicity or malignancy
and malignant neoplasm. The surgical proce-
dures carried out: total thyroidectomy (247)
cases, hemi thyroidectomy / lobectomy (82)
cases, enucleation of cysts (6 cases) and re-
operation for recurrent thyroid nodule (18 cas-
es). Different surgical procedures carried out
are presented in Table 1

RESULTS

The total number of cases operated for thyroid
disease was 353. Out of which; total thyroid-
ectomy was done in 247 cases for MNG and
malignancy. Hemi thyroidectomy or lobecto-
my was done in 82 cases for solitary nodule.
Enucleation of cysts was done in 6 cases;
where the cysts were either composite or re-
curred after 3 times aspiration. Operations was
done for recurrent nodules in 18 cases. Overall
complications were minor and few.

Complications encountered in our study: He-
matoma: 3 cases, which appeared within 48
hours after removal of drain. All, hematoma
cases were evacuated under GA. Hypocalcae-
mia: 4 cases showed clinical features of tetany
5 days postoperatively and were hospitalized
for treatment with injectable calcium glu-
conate. They have recovered. Hoarseness of
voice: 9 cases of which 3 cases were operated
for recurrence of goiter or tumors. Initially,
they were put on injectable Hydrocortisone for
3 days with a tapering dose and subsequently
slowly tapered. All of them recovered within a
span of 8 to 12 weeks. Wound infection: 2
cases, where one of them was put on antibiotic
treatment. Complications encountered in our
study are presented in Table 1.
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Table:(1). Diagnosis, surgical procedures and compli-
cations

diagnosis Number of cases percentage
MNG 221 62.60%
Solitary adenoma 82 23.22%
Composite cyst / recur-
rence 6 1.69%
after 3 aspirations
Recurrence of thyroid 13 5.09%
nodule
Malignancy 26 7.37%
Toxicity 39 11.04%
Types of surgery
-Total thyroidectomy 247 69.97%
-Hemithyroidectomy/ 2 23.22%
lobectomy
-Enucleation of cyst 6 1.69%
-Reoperation for recurrent o
thyroid nodule 18 3:09%
Complications :
-Haematoma formation 3 0.84%
-hypocalcaemia 4 1.13%
-Hoarseness of voice 9 2.54%
-Wound infection 2 0.56%

DISCUSSION

Normally partial or subtotal thyroidectomy is
done in cases of MNG; to avoid complications
such as injury to the RLN or parathyroid glands.
Secondly, patients have to take thyroxine life-
long; which is costly and the patient must be ed-
ucated enough to understand the importance of
continuing the medicine regularly. Padur AA,
Kumar N in 2016 stated in their review article
regarding the appropriateness and safety of total
thyroidectomy and compared with sub-total thy-
roidectomy and other thyroid surgeries. Many
retrospective studies and few prospective studies
suggested that the incidence of transient hy-
pocalcaemia is higher after total thyroidectomy
than after subtotal thyroidectomy, but the inci-
dence of other complications including recurrent
laryngeal nerve palsy and postoperative haema-
toma is not significantly different between the
two procedures (Padur et al., 2016). Hence, in
our review study, we found that total thyroidec-
tomy is safe and cost-effective with low compli-

cation rates and provides a small yet significant
advantage of being a safer procedure compared
to subtotal thyroidectomy. (Rosto et al., 2000)
have reviewed 14,934 thyroidectomies per-
formed in 42 surgery units in Italy; compared the
complications associated with total thyroidecto-
my versus subtotal thyroidectomy with unilateral
and bilateral remnants.

The cases reviewed consisted of 9,599 TT
(64%0, 3,130 TLI (21%) and 757 ST-BR (5%,
13,023 (87%) cases were suffering from benign
diseases and 1,911 (13%) from malignancies.
Recurrent laryngeal nerve injuries were present
in 4.3% of TT with 2.4% transient and 1.35 de-
finitive (as against 3% in ST-BR and 2% in ST-
UR with 1.4% and 1.1% transient and 1% and
0.6% definitive). Hypocalcaemia after TT was
transient in 14% and definitive in 2.2% (as
against transient rates of 5% in ST-BR and ST-
UR and definitive in 0.6% and 0.8% respective-
ly). Haemorrhage occurred in 1.6% of TT cases
(as against 2.1%, 0.5% and 0.4% in ST-BR, ST-
UR respectively) (Rosto et al., 2000). Circchi R,
Trastulli S. in 2015 inferred that goitre recur-
rence had reduced following total thyroidectomy
(Cirocchi et al., 2015). Gangappa RB, Kenchan-
navar MB, in 2016 stated that total thyroidecto-
my shows benefits in eradicating multinodular
goitre, alleviating Grave’s ophthalmopathy,
treating Hashimoto’s thyroiditis and preventing
recurrence (Gangappa et al., 2016). Agawal G,
Aggarwal V in 2008 inferred that total thyroid-
ectomy is the procedure of choice for the surgi-
cal management of benign multinodular goitre
(Agarwal & Aggarwal, 2008).

Whereas (Thomusch et al., 2003) mentioned;
total thyroidectomy is associated with an in-
creased rate of RLN palsies, hypoparathyroidism
and postoperative morbidity in comparison to
less extensive thyroid surgery. (Thomusch et al.,
2003). We have carried surgical procedures irre-
spective of the political instability and financial
constraints in our country. Hence the number of
surgeries varied in different years. In our study,
we did carry out total thyroidectomy for our be-

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

290



Al-Mukhtar Journal of Sciences 34 (4): 288-292, 2019

nign multinodular goiter cases with bare mini-

mum complications.

CONCLUSION

The study carried out Total thyroidectomy for
all cases of MNG and Malignant thyroid. We
have encountered very few complications in-
cluding RLN palsy and injury to parathyroid
glands. Textbook advice for MNG is partial or
subtotal thyroidectomy. But we recommend
total thyroidectomy for MNG cases; because
complications will be very few if proper surgi-
cal techniques are used.
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Abstract: This study aimed to understand the mechanism of combining the action of different types
of flame retardants (FR) on melting, flammability behaviour and burning behaviour, and its
moderation of the Polypropylene (PP) polymer. PP Polymer was chosen to be blent in a twin-screw
extruder with the flame retardants and an additive, which is a 1% Stabilizer, to investigate
Polypropylene's melting, flammability and burning moderation in order to reduce it. Burning and
flammability behaviour test conditions, which are known as UL49 vertical and horizontal burning
tests, were applied in this study. The flame was applied for 10 seconds and the length of time that
the sample burned was measured. The flame was reapplied 10mm below the burned edge of the
sample for a further 10 seconds. The length of time the sample burned for a second time was
measured. The melting, dripping, and burning behaviour was recorded using high-speed video.
These PP Polymer samples behave very differently in terms of upward flame spread. The study also
indicates that the melting behaviour of thermoplastic materials is an important characteristic in fires
which should be taken into account in the development of models, in particular for upward flame
spread models. To study melt dripping behaviour, a burning methodology was developed. The
results from these experiments have been analyzed to draw a relationship between melt dripping
and burning behaviour. Most of the previous work on melt and dripping behaviour was
concentrated on the study of fire operating conditions and modelling of the thermal process,
however, no work has been reported on the quantitative relationship between melt and burning
behaviour of thermoplastic polymers.

Keywords: Flammability, PP Polymer, Flame retardants, Thermoplastic, Burning, Stabilize.

INTRODUCTION

The present study is part of a larger project
exploring the production of fire retardant
synthetic nano/micro composite fibres. This
work concentrated on Polypropylene also
known as Polypropylene (PP) which is a useful
commodity polymer mainly used in clothing,
furniture, floor coverings, geotextiles, medical,
and automotive applications, due to its low
cost, lightweight, good mechanical properties
and low reactivity towards other chemicals.

Polypropylene (PP) had higher values for
tensile strength at break. Polypropylene
polymer  degradation occurs at high
temperatures. The Polypropylene polymer (PP)
melting temperature is 174°C if pp is 100%
isotactic, and the temperature of the glass
transition of pp polymer is -17°C. The main
advantage is that PP is an addition polymer
made from the monomer propylene, causing it
to be unusually resistant to many chemical
solvents, acids, and bases. However, being a
wholly aliphatic hydrocarbon structure, it burns
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very rapidly with a relatively smoke-free flame
and without leaving any char residue (Zhu et
al., 2001). Lack of polar groups in the structure
makes it difficult to react with reactive flame
retardants. Additive flame retardants if used,
are needed in large amounts (> 20% w/w) to
provide the required fire protection to
products(Zhang et al., 2005). This flame
retardancy effect increases with increasing
irradiation and vanishes with decreasing
irradiation (Qin et al., 2005). However, such
high levels of additives cause polymer
processing problems, in particular for their
extrusion into thin films or fibres. The flame
retardancy is sensitive to modification of the
flame retardant, the use of synergists/adjuvants,
and changes to the polymeric material. A
detailed understanding facilitates the launch of
tailored and targeted development (Morgan &
Wilkie, 2007). Flammability tests still require
some amount of conventional flame retardants.
It must be noted, however, that with this
approach of using flame retardants as additives,
the polymer content in the formulation is
reduced compared to the unmodified polymer.
In our ecarlier publications, we have
demonstrated  that nanoclays can be
nanodispersed in polypropylene with a proper
choice of compatibilizer, and the compounded
polymer can be extruded into fibres (Gilman,
2007; Qin et al., 2005). Nanoclays, although
increasing  the  thermal  stability  of
polypropylene and helping in char formation
(Xie et al.,, 2001), they do not reduce the
flammability of PP fibres to a large extent (Qin
et al., 2005). Clay, Nano clay, and a small
amount of flame retardant (5%) when added
together to PP containing  certain
compatibilizers, the extruded fibres could be
self-extinguished. In our previous work, we
have only used ammonium polyphosphate (Qin
et al., 2005) whereas, in this study, we use
different phosphorus. The main aim of this
work is to understand the mechanism of
combining the action of different types of
flame retardants on thermal stability and
flammability of PP. Several polypropylene

samples containing compatibilizer, clay,
stabilizer, and different flame retardants have
been compounded in a twin-screw extruder.

MATERIALS AND METHODS

The following materials were obtained from
commercial sources: the seven different
thermoplastic Polypropylene polymers (PP).
Samples are tested after blended with UV-
Stabilizer (Nor) and Flame Retardants.

Polymer Preparation: The 7 polypropylene
samples composition (wt %) and additives
were blended with 1% Stabilizer (Nor 116),
and 5% FR as shown in Table 1. For Limiting
oxygen index LOI; (LOI schematic as seen
below) and  burning  tests, coarse
monofilaments (strands) were blended to the
PP wt. %, stabilizer 1 wt. %, and FR 5 wt. %
(Table 1). However, the nanoclays which could
be used (Cloisite 20A, and Southern Clay
Products, USA) are montmorillonite clay
modified with dimethyl and dihydrogenated
tallow quaternary ammonium chloride. This
modified clay was chosen because of its
nonpolar alkyl substituents. A Thermoelectron
Prism EuroLab 16 twin-screw extruder with a
temperature profile over six heating zones
between  179-1900C  was used for
compounding. The polymer samples (diameter
1.8 £ 0.2 mm) were -collected before
pelletizing.
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Table (1). Mass percentages of various components in
the formulations where Stabilizer 1% is NOR 116.

Sample5(%) pp o Clay Graft 1%  FR

3%
1- PP-Nor 100 -- -- --
116
2- PP-APP 96 107 Polybond -
107 (pb)
3- PP-NOR- 91 107 Polybond  APP
NH
4-PPFR 107 91 107 Polybond  'FR245
5- PP 91 107 Polybond  Amgrad
Amgard 107 NH
6- PP 30B 96 30B Polybond  --
7- PP APP 92 30B -- APP
30B

Note: ' FR = APP, NH, FR245, also PP-NOR-NH is PP
107,FR372 or FR245

Characterisation and Testing: Halogenated
flame retardants FR245 and 372 had little
effect on the rate of decomposition (Efhma,
2018).The addition of clay with or without
flame retardants increased the thermal stability
of all samples as indicated by respective DTG
(The differential thermal analysis (DTA) was
performed on a TA instruments SDT 2960
simultaneous TGA instrument under flowing
air) maximum temperature values (Efhma,
2018). Clay, together with melamine
phosphate, had no further effect (Schartel et al.,
2006; Xie et al., 2001) on the flame retarded
sample or the incompatibility of melamine
phosphate with the organically modified clay.
This has also been observed in my previous
study (Efhma, 2018). Thus, the addition of clay
together with conventional flame retardants
enhances both the overall melt and burn with
flaming drips during UL-94 testing. UL-94 test
of Flame spread and burning behaviour and
Flammability in horizontal and vertical modes
as seen in fig.1.

The differences are due to the effect of
different flame retardants on the dispersion of
the clay (Morgan & Wilkie, 2007; Xie et al.,
2001) They also reduce the rate of gas escape
from polymer melt affecting the viscosity and
hence, prevents the melt dripping of the

polymer during vertical UL-94 testing and
holds the polymer together (Hu & Song, 2007).
As can be seen from Figure 1 FR245 in PP

helps samples self-extinguish (SE) 1i.e.
flameout (FO).
Flame spread and burning behaviour:

Flammability of the compounded polymer
strands was studied using UL-94 testing
(Figurel a, b, c, d, e, f, and g ;. ,), igniting the
sample and recording times taken to reach 50
(T1) (Table 2 and 3) and 100 mm (T2) marks
and to extinguish (flameout, FO) in both
horizontal and vertical modes. Selected images
are shown in Figure 1 and Table 2. In the
horizontal mode the PP sample melted and
burned with flaming drips. In both horizontal
and vertical modes, all samples with flame
retardants and no clay, burnt completely (Fig.
1b and e), which is not unexpected, given the
low levels (5%) of flame retardants used here.
However, the flame spread was low as seen in
Table 3. On addition of clay to the
compounded polymer, a change in burning
behaviour was observed and recorded, e.g.
samples self-extinguished (SE), except for the
one containing a melamine phosphate sample
PP-NOR-NH (see Table 2 and 3, also Figure
1f). In some samples (e.g. containing APP) the
flame flickered, which was probably due to
poor dispersion of the flame retardant in the
polymer (Hu & Song, 2007).

The UL-94 vertical burning test (Morgan &
Wilkie, 2007; Zhu et al., 2001) is a widely used
fire test for industrial polymeric materials and
products. The flaming time and the dripping
phenomena are two observed test results that
have been reported for many materials. Good
flame retardant formulations that gift polymers
with short flaming times and non-dripping are
also screened by the two test results. However,
the test results have generally no use for the
theoretical understanding of the advantages of
the good formulations because the results are
not related to the fire dynamics. Especially, the
ignition process, the burning rate, the flame
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spread rate, and the rate of dripping for
polymers in the UL-94 vertical burning test as
they have not been focused on. In fact,
although numerous good flame retardant
formulations for polymers are often reported,
few fundamental studies on the basics of the
fire dynamics of the test have been conducted.

d Tabl 2: Shown the resulis of
UL-94 buraing
Burning Buming
time rate
(sec) {(mm/zec)
1954 65.13333
167.7333 | 5591111
1862 62.06667
234 0667 | 78.02222
193_0333 | 64.34444
228.2333 | 76.07778
269.6 8986667

7 ee
samples

1

N a|n|kwN

Furthermore, the absence of the fire dynamic
behaviours of polymers in the UL-94 test also
makes it difficult to correlate the UL-94 test
with other fire tests such as the cone
calorimeter test, in which more scientific

parameters such as heat release rate and mass
loss rate are presented.

Figure: (1). Summery of the results of UL-94 test (both horizontal and vertical modes) of 7 PP samples composition
(ww%) blended with 1% Stabiliser,1% Graft, 3% Clay and 5% FR, as seen in Tablel, their size is 125 mmx 10 mmx 3

mm thick.

Note: T1 = time to SO0mm; T2 = time to 100mm; FO = flameout time; M = melting; BD = burning drips; LBD = low burning drips

SE = self-extinguished; * = burnt completely.

In the vertical mode, burning of the control
sample was more vigorous with melting drips
(see Tables 2 and 3 and Figures 1b and c).
With flame retardants, there was not much
effect on burning, except for the sample
containing FR372 which self-extinguished

(Figure 1g). The clay presence in PP reduced
melt-dripping e.g. sample PP-NOR-NH -
sample 3- (Fig.1e), but had minimal effect on
burning, however, with Clay no FR, FR 245,
Amgrad NH, and FR APP respectively (Tables
1 and 2), the effect was promising and the
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samples which self-extinguished were samples
2, 4, 5 and 7 (Table 2) also Figure 1g,
furthermore, the Melting behaviour and
Physics properties were recorded as seen in
Fig.1.

Melting behaviour and Physical properties:
In the UL94 vertical burning test, the mass of

observation that in the UL94 vertical burning
test the rate of dripping decreases while the
size and mass of drops increase (fire drip,
1996). These results and more can be seen in
Table 3 by recording the times and masses for
the first dripping. Furthermore, for PP it can be
found that the first dripping time does not

the first drop increases with the first dripping significantly increase with the specimen

time. The high dripping frequency and the  thickness.

small size and mass of PP agree with the

Table (3). Record the times and masses for the first dripping to investigate the melting behaviour

Specimen A Specimen B

Polymers Thickness TD(s) MD(g) TD(s) MD(g) ATD (s) AMD (g) ADD
(mm) (mm)
2 13 0.0158 12 0.0186 12 0.0172 33
4 15 0.0146 14 0.0287 14 0.0217 3.6

PP 6 16 0.0078 15 0.0147 15 0.0113 2.9

8 14 0.0067 16 0.0012 15 150.0040 2.0
10 14 0.0086 15 0.0110 15 0.0098 2.8

Note: TD, the time of the first dripping; MD, the mass of the first drop; ATD, average

AMD, average mass of first drops; ADD, average diameter of first drops.

It seems that the PP mass of the first drop has a
minor increase with the specimen thickness.
This finding is related to the decomposition
mechanism and dripping of PP polymers.

As thick specimens have a larger cross-
sectional area and larger melt strength than thin
specimens, they can undergo longer times or
larger melt mass weight without break.
However, the dripping of PP is small-size
dripping. The decomposition significantly
reduces the molecular weight, followed by the
easy flowing of polymer melts. The melting
wax can flow over surfaces of the specimen
and drip.

Flame retardant mechanism: Polypropylene
(PP) undergoes decomposition via random
chain scission involving the formation of some
unsaturated end groups, e.g. —C(CH3)=CH2
(Xie et al., 2001). Accompanying oxidation via
hydroperoxide formation yields further scission
products comprising alcohols, ketones, and
acidic functionalities. There is little evidence of
any tendency to cross-link and form char

time of the first dripping;

during this process, thereby presenting a
significant flame retardant challenge (Gilman,
2007). It can be seen from the discussion in
previous sections that the molecular weight
decreases, followed by easy flowing of
polymer melts, which was in PP containing PP-
g-MA. It has been reported in the literature
(Council, 1977; Hu & Song, 2007) that thermal
degradation of organoclays can create acidic
sites on the clay, which catalyse the initial
decomposition stages of a polymer, resulting in
a lowering of ignition time and LOI values for
many polymer-nanocomposite samples
(Efhma, 2018). The acidic sites, however,
catalyse formation of a protective surface
coating on the surface of polymer, which acts
as a thermal barrier leading to delay of thermo-
oxidative degradation. In some cases, clays can
also catalyse dehydrogenation and crosslinking
of polymer chains, thus reducing combustion.

Phosphorus- and nitrogen-containing flame
retardants acting in condensed phase produce
char, which acts as a thermal barrier for the
decomposing polypropylene. There is no

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

297



Al-Mukhtar Journal of Sciences 34 (4): 293-300, 2019

evidence of chemical interaction between the
flame retardants and PP in this work or from
the previous study (Efhma, 2018) and the
literature. Halogenated flame retardants acting
in the vapour phase help in removing active
free radicals from the combustion zone, thus
reducing the combustion of the polymer. In PP-
PB-clay-FR samples, char formation has been
generally enhanced for both phosphorus- and
halogen-containing flame retardants, with the
former yielding greater increases. (Hu & Song,
2007) has suggested that in case of
phosphorus—containing  flame  retardants,
phosphoric acid released can react with the
quaternary ammonium salt of the Nanoclay
(Xie et al., 2001), thus creating acidic sites on
the clay as observed by (Qin et al., 2005),
which enhance char formation. Similarly, HB
released from PB flame retardants can react
with the quaternary ammonium salt of the clay
(Hu & Song, 2007). Although supporting this
mechanism, we have not found any evidence of
these reactions in this work.

CONCLUSIONS

The dispersion of nanoclay can be improved by
compounding polymer-clay samples (Hu &
Song, 2007) and by adding compatibilizer. LOI
values are not changed significantly following
the addition of clay and even in the presence of
other flame retardants (Mastura A. Etfhma,
2018). However, the presence of nanoclay
alone changes the thermal stability and burning
behaviour of the polypropylene. With
additional flame retardant presence, the
polymer can show self-extinguishing properties
as seen in sample 4.

The effect of different flame retardant types on
the thermal stability, flammability, and the char
formation tendency of optical micrographs of
tape samples showing the effect of Polybond
(Pb) on clay dispersion (Efhma, 2018) which
effected on flammability behaviour and
dripping polypropylene (PP) is studied. PP,
compatibilizer, Clay, stabiliser, and different
flame retardants have been compounded in a

twin-screw extruder to produce polymers with
improved thermal and flame retardant
properties. Thermal analysis has been used to
study the thermal properties, and a slightly
modified UL-94 test for testing the
flammability of the samples. All flame
retardants acting in the condensed phase
(phosphorus- and nitrogen-containing) (Xie et
al., 2001) lowered the rate of decomposition,
whereas halogenated flame retardants had a
little effect (Ethma, 2018). All PP samples with
flame retardants and no clay, burnt completely,
which is not unexpected, given the low levels
(5%) of flame retardants used here. However,
the flame spread was low. Flammability
behaviour testes using UL-94 were carried out
to measure flammability properties and have
been examined with digital images. Also, both
flammability and melt dripping behaviour of
burning polymers were measured by using the
UL-94 test. However, the dripping of PP is
small-size  dripping. The decomposition
significantly reduces the molecular weight,
followed by the easy flowing of polymer melts.
The melting wax can flow over surfaces of the
specimen and drip. Thus, it is expected that the
small-size dripping is independent of the cross-
sectional area of the specimen, that is, the first
dripping time or the mass of the first drop has
little to do with the thickness of the specimen.

Outcome and future work: Nanocomposites
have suggested that by the addition of just a
small quantity (< 5%) of organically modified
layered silicate nanoclay (montmorillonite)
(Morgan & Wilkie, 2007) to a PP polymer
matrix could enhance many of the properties of
that polymer (Ethma, 2018), including the fire
performance (Beyler & Hirschler, 2002). We
watched the effect of flame retardancy, FR and
additives on the Polymers burning behaviors,
Chemical, and Physical properties, and then
dripping to try to stop the fire and potentially
save lives (Efhma, 2018). Therefore it's very
important to collect and record all the results
related to these aims and more for future
studies of flammability behaviour and dripping.
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Abstract: There is a recent rise in the number of birth defects. This could be related to folic acid
deficiency. Folic acid, as an antioxidant, is an important factor in preventing birth defects during
embryonic development. This study, via content uniformity measurements and medical history,
aimed to investigate the role of folic acid before and during pregnancy and to measure the content
uniformity of different brands of folic acid tablets. The statistical study aimed to determine the rela-
tionship between folic acid consumption, miscarriage, and anomalies in newborn babies. The study
studied a sample of 300 women based on their medical records. There was no significant effect (p-
value = 0.143) of folic acid consumption on the frequency of anomalies. On the other hand, there
was a high significant relation (p-value = 0.003) between folic acid consumption and miscarriage.
The correlation, principally with miscarriage, coincides with previous studies and highlights the
importance of folic acid supplementation before and during gestation. Content uniformity meas-
urements were made on three famous folic acid brands (Folic Acid-Nile, Folicum-Julphar and
Wockhardt-UK) available at local pharmacies. Measurements on the three folic acid brands were
conducted in compliance with the British Pharmacopoeia (BP) (2010) test for content uniformity.
Ten tablets from each brand were tested using the UV spectrophotometric method. The results
showed that only the first brand name passed the content uniformity test, while the other two brands
did not comply with the standards. This result highlights the problem of under-dosing in commer-
cially available folic acid dosage forms, and identifies the need for taking action towards the im-
plementation of quality control on all medical drugs.

Keywords: Folic acid; Anti-oxidant; Newborn defects; Miscarriage

INTRODUCTION diet. Most dietary folic acid loses its bioavaila-

bility during cooking and food processing. Yet

Folic acid, also known as pteroyl-L-glutamic
acid or N-[4-[[(2-amino-1,4-dihydro-4-0x0-6-
pteridinyl) methyl] amino] benzoyl]-L-
glutamic acid, is a member of the B vitamin
group (Matias et al., 2014). Folic acid is the
synthetic form of folate and is found in differ-
ent kinds of fortified foods (Ribeiro et al.,
2016). As a vitamin, folic acid is not produced
by natural metabolism; it is obtained from the

folic acid is often recommended as a supple-
ment when the amount of dietary folate is not
sufficient (Matias et al., 2014).

Natural folate exists in the form of polygluta-
mates which can be hydrolyzed to monogluta-
mates by the action of intestinal enzymes in the
jejunum. In intestinal villi, folic acid is reduced
by NADPH reductase to tetrahydrofolic acid
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(THFA). THFA then undergoes methylation to
form N5 methyl THFA, which then binds to
plasma proteins. THFA is vital in several met-
abolic pathways for nucleic acid synthesis,
functioning as a donor of chemical groups with
one carbon atom. Disturbances in folate and 1
Carbone metabolism have been linked with a
group of congenital disorders known as Neural-
Tube Defects (NTDs) (Pulikkunnel & Thomas,
2005).

Folic acid has antioxidant properties that may
prevent or reduce defects and congenital ab-
normalities in the neural tube and the heart.
NTD and heart defects are congenital abnor-
malities that occur at an early stage of pregnan-
cy. Unfortunately, almost 5% of newborn ba-
bies are born with serious congenital anomalies
that tend to be permanent, and in some cases,
are associated with little chance of recovery
after birth (Andres et al., 2008). The only ef-
fective strategy for the prevention of these dis-
orders is periconceptional treatment with folic
acid in sufficient doses (Czeizel et al., 2013).
Oral administration of folic acid prior to and
during the early first trimester of pregnancy
plays an important role in preventing NTDs
and congenital anomalies in the heart, urinary
tract, oral cavity and limbs (Bower & Stanley,
1989; Goh et al., 2006). Sufficient levels of fo-
late in the blood serum are associated with a
reduction in NTD (Green, 2002).

Additionally, a high risk of giving birth to chil-
dren with NTDs is associated with women with
type I diabetes, with epilepsy or who are under
carbamazepine or antifolate medication
(French et al., 2003; Wald et al., 2001).

First (Hibbard, 1965), reported the relationship
between deficiency of folic acid and NTDs. He
noticed that women with a history of fetal
anomalies had a high incidence of abnormal
folate metabolism. Later, Smithells and col-
leagues noticed low levels of folate in the red
blood cells of women who had a fetus with an
NTD in comparison to control mothers

(Smithells et al., 1976). This finding led to in-
vestigations of the probability of preventing
NTDs by the administration of folate supple-

ments prior to planning for pregnancy
(Smithells et al., 1980).

For the sake of reducing the risk of NTDs, sup-
plementation of folic acid has been recom-
mended before and during the first three
months of pregnancy (McStay et al., 2017).
The recommended daily dose of folic acid de-
pends on the patient’s history of birth abnor-
malities; the recommended preventative daily
allowance of folic acid for women with no pri-
or history of birth defects dose is 4.0 mg per
day starting at least 30 days before conception
and continuing throughout the first trimester of
pregnancy (Al-Mashhadane et al., 2018).

Folic acid is a water-soluble substance so that
any excess is excreted with the urine (Ahn et
al., 2004; Brown et al., 1997). A 4.0 to 10 mg
daily supplement of folic acid is not known to
cause any toxicity to the mother or the fetus
during the pregnancy. Green and colleagues
stated that folic acid is not toxic but that it may
mask pernicious anemia if consumed in high
doses (Green, 2002).

Quality measurements of dietary folic acid are
not applied worldwide, giving rise to the possi-
bility of products with insufficient amounts of
the active component (Puris et al., 2017). Over
the years, several methods have been devel-
oped for the quantification of folic acid in
pharmaceutical formulations. The present study
seeks to investigate whether oral folic acid
supplements commercially available in the
Libyan market meet the criteria of the
(Pharmacopoeia, 2010) using UV spectropho-
tometry for the quantification of folic acid in
pharmaceutical formulations.

This study aims to investigate any prospective
relation between folic acid consumption and
pregnancy anomalies or miscarriage. Further-
more, the study aimed to run content uniformi-
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ty measurement of three different common
brands of folic acid tablets dosage form to
check whether these brands contain the actual
percentage of folic acid assigned on
(Pharmacopoeia, 2010).

MATERIALS AND METHODS

Collection of data for the correlation be-
tween folic acid consumption and anomalies
and miscarriage: To study the relationship
between folic acid consumption and birth
anomalies and miscarriage, 300 tested women
were selected randomly for the assessment
based on a written questioner and medical his-
tory at maternity centers. The assessment fo-
cused on evaluating the number of miscarriage
and anomalies cases in relation to the con-
sumption of folic acid before and during preg-
nancy.

Table:(1). Folic acid 5Smg tablets evaluated in the study

Statistical analysis was performed by The R
Project for Statistical Computing. p-values
were calculated based on Fisher's Exact Test
for Count Data.

For quality control measurements, samples of
three commercial brands of 5mg folic acid tab-
lets were purchased from several private phar-
macies in Al-Bayda, Libya as shown in Table
1. All samples were assessed within their valid
shelf-life. Folic acid standard (Alfa Aesar,
United Kingdom, Lot No J1791A) was ob-
tained from the central store of the University
of Omar Al-Mukhtar, Al-Bayda, Libya. For the
preparation of the solutions of the standards
and tested samples, distilled water and high-
grade glassware were used throughout the
work.

Brand Brand name Manufacture Date Expiry Date Batch No Manufacturer
A Folicum 04/2013 07/2018 0009 Julphar,UAE

B Folic acid 10/2015 10/2018 T651516 Nile, Egypt

C Folic acid 04/2017 03/2020 532823 Wockhardt,UK

Ultraviolet Spectrophotometry: Ultraviolet
(UV) measurements were made on GENESYS
10S UV-Vis spectrophotometer (Thermo Fish-
er Scientific, USA) with 1 cm optical path.
Quartz cells were used to measure absorbance
of all the solutions.

Preparation of Standard Stock Solution:
Standard Stock Solution of Folic Acid: An
accurately weighed quantity of folic acid (10
mg) was transferred into a 100 ml volumetric
flask. This small quantity of drug was dis-
solved in distilled water and shaken manually
for 10 min and diluted up to the mark with dis-
tilled water to give a stock solution (100
pg/ml). BP. Vol.1. (2009).

Working standard solution of Folic Acid: An
aliquot (0.1 ml) from a standard stock solution

(100pg/ml) was transferred to a 10 ml volumet-
ric flask and diluted to the mark with distilled
water to obtain a working standard solution

(1 pg/ml) of folic acid. The solution was
scanned by UV-Visible spectrophotometer
within the range 200-300 nm using water as a
blank.

Preparation of Calibration Curve: From the
standard stock solution of folic acid (100
ug/ml) 1, 3, 5, 6, 7, or 8§ ml of solution
were pipetted out into a series of 100 ml volu-
metric flasks. The volume in each flask was
made up to 100 ml with distilled water to ob-
tain concentrations of 1, 3, 5, 6, 7, and 8 pg/ml
folic acid. The absorbance of the above solu-
tions was measured at a maximum absorbance
(Amax). The calibration curve was constructed
by plotting absorbance vs. concentration. Line-
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arity and a regression equation were also calcu-
lated. Each response shown was the average of
three determinations.

Estimation of Three Marketed Formula-
tions: 10 tablets from each brand were chosen
randomly and assayed individually: the tablets
were weighed and powdered using a porcelain
mortar and pestle. An amount of the powder
equivalent to 0.05g of tablet was dissolved in
100 ml of distilled water in a volumetric flask
and shaken for 10 minutes. The solution was
filtered through Whatman filter paper no. 54.
20 ml of the above filtrate was diluted to 100
ml with distilled water and the absorbance was
measured at A max. The average amount of
drug per tablet present in each batch was calcu-
lated with the help of an appropriate calibration
curve constructed from the absorbance values
of folic acid.

A selection of an absorbance wavelength for
folic acid (Amax) was calculated by scanning
the standard solution of folic acid between 200-
300 nm. An absorbance maximum was ob-
tained at 287 nm.

RESULT AND DISCUSSION

Statistical analysis showed a non-significant
relation (p-value = 0.143) between folic acid
consumption and anomalies in Figure.l.
Among women who were taking folic acid dur-
ing pregnancy, 166 had no anomalies while 13
had one anomaly. Data also showed that wom-
en who took folic acid in both before and dur-
ing pregnancy had reduced the risk of having
babies with birth defects than those who had
never taken folic acid. For the remaining 121
cases, the study result showed a weak relation
between folic acid consumption and anomalies.

FolicAcid

Before

. Both
. During

MNever

100 -

count

0 1
Frequency of Anomalies

Figure:(1). Comparison between folic intakes before
and during pregnancy and the frequency of anomalies.

Figure.2 showed a significant relationship (p-
value = 0.0039) between folic acid consump-
tion and miscarriage. Among women who were
under folic acid medication during their preg-
nancies, the majority (124) did not experience a
miscarriage. However, the frequency of mis-
carriage rises to 1 and 2 for many of those who
never took folic acid during their pregnancies.

120 -

FolicAcid

Before

. Both
. During

MNever

count

M-

0 1
Frequency of Abortion

Figure: (2). Comparison between folic acid intakes be-
fore and during pregnancy and the frequency of miscar-
riage (abortion).

Although many previous studies showed a
strong relationship between folic acid intake
during pregnancy and the absence of anomalies
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in newborn babies, it was not the case in this
study. This might be attributed to the power of
the sample or the presence of a bias during the
sampling that might not represent the popula-
tion. Lack of awareness campaigns of the im-
portance of folic acid before and during preg-
nancy might be the main reason behind the in-
crease in birth defects. S5Smg is the recommend-
ed daily dose of folic acid for maintaining
pregnancy. Folic acid is available at local
pharmacies under different brand names, most
of which were imported without quality meas-
urements. Folic acid is also available in
500mcg doses, which is recommended at least
for 3 months before planning pregnancies.
Sometimes, due to human error, lower doses
(500 mcg) replace the recommended dose
(5mg) during pregnancy, which eventually af-
fects the integrity of folic acid during important
periods in embryonic development. It is worth
mentioning that there are many different fac-
tors such as genetic, environmental, infection
and nutrition that are associated with increasing
the rate of birth anomalies and miscarriage thus
these factors might interfere with the lack of
folic acid consumption during pregnancy.

The content uniformity measurement for
three of the most frequently consumed folic
acid brands in the local pharmacies: The lin-
earity range of folic acid absorbance detection
was found to be between 1-8 pg/ml as shown in
Figure. 3. The correlation coefficient and re-
gression line equation of folic acid at 287 nm
are shown in table 2.

Table: (2). Correlation coefficient and regression line
equation for calibration curve for folic acid. (n=6).

Correlation Regression line
Wavelength . 2 .
co-efficient (R”) equation
=0.049x +
287 nm 0.998 Y
0.008

0.4500

0.4000

0.3500
g 03000
§ 02500
2
2 0.2000
2
< 0.1500

0.1000

0.0500

0.0000

0 2 4 6 8 10
Concentration (pug/ml)

Figure: (3). Linearity Spectra of Folic Acid.

The results obtained from the estimation of 3
different brands (A, B, and C) of folic acid
available in local pharmacies in Al-Bayda
show that the percentage of drug content of
brand B tablets as shown in Table 3 is within
the limit (85% and not more than 115% of the
labeled drug). This means that this brand com-
plies with the British pharmacopoeia guideline
of the content uniformity test.

Table:(3). The average weight, amount of drug, and percentage of drug content for each tablet of brand B.

Tablet no 1 2 3

4 5 6 7 8 9 10

Average weight of each tablet

129.2 1283

(mg)
Amount of drug in each tab-
let(mg) 52 4.9 5.9

% of content 104 98 118

142.5 128.6

132.1  131.5 131.8 128.7 136.5 129.5

5.4 4.7 4.9 5.2 5.1 5.4 52

108 94 99 104 102 109 104
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The percentage of drug content of brand A and
C tablets, as shown in Tables 4 and 5, respec-
tively, is below the lower limit (85% of the la-
beled drug). This means that these brands are
not compliant with the British pharmacopeia
content uniformity test. No previous similar
studies have been found, which investigated
the content uniformity of these tested brands of
folic acid. However, if there was any similar

study, it would consider important factors such
as brand name and batch number which might
affect the final decision.

Table: (4). The average weight, amount of drug, and percentage of drug content for each tablet of brand A.

Tablet no 1 2 3

Average weight of each

117.2 1214 1203

tablet (mg)
Amount of drug in each

tablet(mg) 2.5 2.5 2.6

% of content 49 50 51

118.9

117.7 1194 117.1 1142 1193 119.0

2.4 2.6 2.5 2.1 23 2.2

48 52 50 43 46 45

Table. (5). The average weight, amount of drug, and percentage of drug content for each tablet of brand C.

Tablet no 1 2 3

Average weight of each tablet

64.7 654  65.7

(mg)

Amount of drug in each tab-
4.0 3.8 4.0
let(mg)

% of content 80 77 81

657 659 653 649 650 644 645

3.7 3.9 2.9 3.3 34 32 3.5

74 78 58 67 67 64 69

CONCLUSION

This study showed a significant relationship (p-
value = 0.0039) between folic acid consump-
tion and miscarriage. More confirmative quali-
ty control tests should be implemented to eval-
uate the dissolution profile of folic acid tablets.
This study emphasized the need for continuous
surveillance of folic acid tablets present at Lib-
yan markets by the government to ensure the
supply and availability of good quality medi-
cines for the patients in Libya.

Quality measurement shows variation in the
active components of the tested folic acid

brand names. Concentrations in some folic acid
tablets (brand B) were within the acceptable
limits of the British pharmacopoeia. Other folic
acid tablets (brands A and C) did not comply
with the content uniformity test certified in the
British pharmacopoeia. This means that these
two brands might not give the expected thera-
peutic effect and might reduce patient compli-
ance.
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Abstract: Mesenteric panniculitis is a rare inflammatory disease affecting the adipose tissue
of the mesentery and colon. Less than 300 cases had been reported worldwide by 2016. There
is a lack of universal consensus regarding management guidelines, and the cases are treated
on an individual basis. Therefore, successful management of this case by using small doses of
steroid would empower clinician's experience of how to manage such cases. A 62-year-old
female has a known case of hypertension and bronchial asthma, presented by exacerbation
and acute abdominal pain. Lab results revealed a mild elevation in inflammatory markers and
bilirubin. Computed tomography showed typical findings of mesenteric panniculitis. The case
was managed by a small steroid dose for a short period till the symptoms were controlled,
thereafter the dose was safely tapered gradually. A follow-up scan revealed complete resolu-
tion of the disease. The literature reports different types of therapy, ranging from observation
to medical therapy and even surgical interventions. Reported cases were treated by different
protocols using steroids, cytotoxic drugs, antibiotics and radiotherapy has been used in some
cases, Reporting this case would raise awareness of how symptoms would present, what is the
essential diagnostic tool to be used, and highlighting the possibility of using a small dose of
steroid to successfully manage such cases.

Keywords: Mesentery; Panniculitis; Colon; Computed Tomography; Abdominal Pain; Acute

Abdomen

INTRODUCTION

Mesenteric panniculitis is a rare inflammato-
ry disease affecting the adipose tissue of the
mesentery and colon, characterized by chron-
ic  nonspecific fibrotic inflammato-
ry involvement of adipose tissue of the mes-
entery (Issa & Baydoun, 2009). In 2016 less
than 300 cases have been reported worldwide
(Kgomo et al., 2017). Mesenteric panniculitis
was first described by Jura in 1924 as retrac-
tile mesenteritis. The name mesenteric pan-
niculitis was firstly given by Odgen 1960.

Although different names have been given
for this disease in literature, such as mesen-
teric sclerosis, retractile mesenteritis, Weber-

Christian disease, lipomatosis, it can be cate-
gorized into three types according to the de-
grees of pathological changes in terms of in-
flammation, fat necrosis, and fibrosis
(Nicholson et al., 2010).

Clinical presentation of the disease varies
widely from nonspecific symptoms such as
abdominal pain, nausea, anorexia, fullness,
pyrexia; to more alarming presentations like
acute abdomen, intestinal obstruction, jaun-
dice, and per rectal bleeding (Issa &
Baydoun, 2009; Kgomo et al., 2017).

As this disease is quite rare, there is a lack of
universal management guidelines, and cases
are treated on an individual basis. In this case
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report, the clinical presentations and the di-
agnostic approach will be described. The
management protocol and follow up will be
illustrated in comparison with other pub-
lished cases to raise awareness of this rare
condition.

Case presentation: A 62 years old female
Syrian patient was admitted to Al-Tamuz pri-
vate hospital with two main complaints. The
first is a 5 days abdominal pain, moderate to
severe in intensity, mainly in epigastric and
right hypochondrium regions, continues, col-
icky, burning in nature, poorly radiates to the
rest of the abdomen; associated with nausea,
vomiting, low-grade fever. No change in
bowel habits. There is a history of multiple
similar episodes, but they were less in inten-
sity.

The second complaint is a mild productive
cough associated with a wheezy chest. Her
past medical history included hypertension
for 10 years on Atenolol 100mg/day. Bron-
chial asthma on bronchodilator inhaler.
Asthmatic attack precipitated by dust and
cold exposure.

The past surgical history included classic
cholecystectomy 3years ago. No known his-
tory of allergy, apart from the precipitating
factors for asthma.

Clinical examination revealed: overweight
patient, vitally stable, temperature 38c°, mild
jaundice, and congested throat.

Local examination of the chest revealed a bi-
lateral occasional expiratory wheeze.

Adnominal examination showed moderate to
severe tenderness over epigastric and right
upper quadrant regions, rebound was posi-
tive, bowel sound was positive.

Lab results: leukocyte counts 13x10", total
Bilirubin 2.4mg/dl, mainly direct, mild eleva-
tion in liver enzymes, sedimentation rate 60
mm/one hour, C-reactive protein positive.

Renal function, the rest of liver function, se-
rum amylase, urine amylase, cardiac en-
zymes, and coagulation profile were all with-
in normal ranges.

ECG: showed no significant abnormality.
Chest x-Ray: bi-lateral mild perihilar infiltra-
tion.

Abdominal ultrasound examination demon-
strated a thick gastric wall with an increase in
fluid content. Surgically removed gall blad-
der, mild fatty liver changes, and otherwise
normal findings.

CT of the Abdomen performed initially with-
out contrast, followed by intravenous contrast
injection (figure-1).

Revealed veil-like opacity radiating from the
mesenteric root, which is extending peripher-
ally, and more prominent around jejunum,
with sandstorm appearance. An increase in
the thickness of the stomach wall and small
intestine are highly suggestive of mesenteric
panniculitis.

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (1): Abdominal and pelvic CT scan with contrast showing sandstorm appearance of mesenteric panniculitis

(cross sectional view).

Management and Outcome: Patient was
treated by 30mg prednisone once daily, biliru-
bin repeated after two days of therapy and re-
turned to normal value, and the pain signifi-
cantly reduced. The patient discharged home
with the same dose until the pain almost sub-
sided. On week 2 post-presentation, the dose
was reduced to 20 mg /day for another two

weeks and then tapered over one month. The
Patient underwent follow up CT after two
months of presentation.

The second CT showed a complete resolution
of pathology (figure-2). The patient followed
for 6months, and the patient was symptoms
free during the follow-up period.

Figure (2): Abdominal pelvic CT scan with contrast showing resolution of mesenteric panniculitis (coronal and cross-
sectional views).
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ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 34 (4): 310-315, 2019

DISCUSSION

Mesenteric panniculitis is a fibrotic inflamma-
tory disease that involves the adipose tissue of
mesentery. By 2016, Less than 300 cases had
been reported in literature under different
names: mesenteric lipomatosis, lipogranuloma
of mesentery, retractile mesenteritis and other
names (Grieser et al., 2008; Issa & Baydoun,
2009).

This disease is more common in males with 2-
3:1 ration, incidence increases with age (Irwin
etal., 2018).

The precise etiology is not fully understood.
However, the pathogenesis of this disease is
thought to be a nonspecific inflammatory re-
sponse linked to a wide variety of stimuli. For
example, abdominal trauma, surgery, autoim-
mune related disorders, chemical injuries,
drugs, retained intra-abdominal materials, leak-
age into the abdominal cavity (urine, bile,
chyle), peptic ulcer and even tobacco consump-
tion has been reported to increase the risk
(Irwin et al., 2018; Issa & Baydoun, 2009; Kaya
et al., 2018). In addition, the retractile form of
mesenteric panniculitis is associated with some
types of Malignancies, such as lung cancer,
lymphoma, melanoma, gastric cancer, carcinoid
tumor (Cuff et al., 2001; Irwin et al., 2018; Kaya
et al., 2018; Kgomo et al., 2017). In our case, no
clear causal factors can be linked, and cholecys-
tectomy was done 3 years earlier, makes surgi-
cal procedure unlikely to be related here. The
most common site is mesenteric of small bow-
els, However, mesenteric of sigmoid, mesoco-
lon, peri-pancreatic region, omentum, retroperi-
toneum, and pelvic involvement had been re-
ported (Akram et al., 2007; Horton et al.,
2003). In our case, small bowels' mesentery
and part of the omentum were the main sites of
involvement.

The mode of presentation widely ranges from
asymptomatic, mild symptoms to a picture of
an acute abdomen. The symptoms might in-
clude: abdominal pain, pyrexia, anorexia, nau-
sea, weight loss, abdominal fullness, and less

occasionally, the patient might present with
jaundice, anemia, per rectal bleeding, ab-
dominal mass and intestinal obstruction
(Kgomo et al.,, 2017; Pickhardt & Bhalla,
2005). In this case, the patient is present
with abdominal pain similar to acute abdomen,
in addition to jaundice, which can be explained
by edematous of peri-biliary tree tissues as a
part of mesenteric inflammation and subsided
after administration of prednisone.

Diagnosis of the disease is mainly achieved by
the usage of computerized tomography, and
Magnetic resonance imaging. The definitive
diagnosis is reached by biopsy, which is sel-
dom required unless there is doubt in regarding
diagnosis (Horton et al., 2003; Pickhardt &
Bhalla, 2005). In this case, CT was enough to
make a diagnosis and the close follow up with
improvement in symptoms minimize the need
for biopsy.

The laboratory results usually tend to be with-
in normal ranges, apart from elevated neutro-
phils, raised sedimentation rate, and occasion-
ally, anemia (Kaya et al.,, 2018). Our case
shows almost the same biochemistry of the
majority of cases, in addition, an increase in
total bilirubin, mainly direct type, this might
be explained by the edematous biliary tree due
to the extension of inflammation of omentum
that relived after administration of prednisone.

As with most rare diseases, there is a lack of
universal consensus regarding management
guidelines, and the cases are treated on an in-
dividual basis. Literature reports different
types of therapy, ranging from observation to
medical therapy and even surgical interven-
tions. In general, medical therapy is used for
symptomatic cases. The usual medications
are, steroids, thalidomide, cyclophosphamide,
colchicine, azathioprine, tamoxifen, antibiot-
ics, and radiotherapy has been used in some
cases, while surgical intervention is usually
served if medical treatment had failed (Issa &
Baydoun, 2009; Kaya et al., 2018).

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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As our patient is symptomatic, Prednisone was
the main medication for this case, 30mg was
used for two weeks, and as the pain subsided,
20mg started for almost another two weeks,
then tapered over one month. In comparison to
(Issa & Baydoun, 2009; Kgomo et al., 2017),
we have used a smaller dose of prednisone
30mg instead of 40mg, and for only 2 months
with tapering approach instead of six months in
the former and a little longer than that of the
later, where (Kgomo et al., 2017) used a small
dose for two weeks, and tapering of steroid was
omitted, which might jeopardize the health sta-
tus of their patient. Antibiotics (cephalospor-
ins) have been used for 5days as part of the
management of bronchial asthma exacerbation,
not as an intention for curing panniculitis.

CONCLUSION

Mesenteric panniculitis is a rare disease, with
variable clinical presentations, mostly it is a
benign condition. However, it can be presented
as a secondary manifestation of some malig-
nancies. There is no universal consensus re-
garding treatment guidelines. Hopefully, im-
proving doctors’ knowledge would raise
awareness of how such a case would present,
what essential diagnostic tool to be used, and
that a small dose of a steroid with good follow-
up would be effective management rather than
a larger dose over a longer time frame.
Abbreviation

CT: Computerized tomography.
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Abstract: Bovine Babesiosis is a tick-borne disease of cattle caused by haemoparasite of the genus
Babesia. This parasite is responsible for considerable losses due to mortality, weight loss, and reduction in
milk besides the cost of treatments. This study aimed to study the effect of Babesia on some hematological and
biochemical parameters on cattle in farms of El-Wisata in the El-Gabal El-Akhdar area. Twenty-three of
crossbred cattle of 3-8 years old were examined. Giemsa stained thin blood smears from the ear
vain of all 23 cases of crossbred cattle for microscopic examination to diagnose the parasite in the
blood and divided the animals into two groups (7 non-infected group (30.5%) and 16 infested group
(69.5%)), as well as two blood tubes (with EDTA) from the jugular vein of all cases were collected
for hematological analysis and (without EDTA) for biochemical analysis. The results of the
haemato-biochemical studies showed a significant reduction in the levels of RBC, PCV, Hb, MCH,
MCV, TP, Ca+ and Na+ with a significant increase in WBC and K- levels in the crossbred cattle
infected group. The infected cases marked the clinical-pathological symptoms like fever (41 C°),
Anorexia, depression, weakness, pale mucous membrane, weight loss, hemoglobin urea, decrease in
milk and death within a few days.

Keywords: Babesia Bovine, crossbred cattle, Haemato-biochemical Alterations.

INTRODUCTION subtropical countries (Hussein et al., 2007), It

leads to lowering the productive performance

Cattle play an essential role in our life as they
are the main source of milk and meat. The
cattle's health has deteriorated due to parasitic
diseases in general and blood parasites in
particular(Talkhan et al., 2010) Bovine
Babesiosis is a parasitic disease caused by an
intraerythrocytic protozoan of the genus
Babesia (Alvarez et al., 2019). It infects a wide
range of domestic and wild animals with a
main impact on cattle. This disease has been
distributed in the world (Bock et al., 2004;
Ristic & Levy, 1981). Babesia is the second
most commonplace parasite situated within the
blood of mammals after trypanosomes (EI-
Hamed et al., 2016). In addition, some species
of Babesia are zoonotic and affect human
health (Talkhan et al, 2010) It is still
representing a serious trouble in tropical and

of the affected animals (Zulfiqar et al., 2012).1t
is an important disease in Middle East
countries because it sometimes occurs in acute
forms with serious recognized clinical
alteration which affects the production of
animals (Talkhan et al., 2010). In Libya, the
prevalence in Tripoli was 12.9% (El Maghrabi
et al., 2008) EIl-Gabal El-Akhdar was 29.86%
(Bulabiad, 2013). 16.74% The most common
species that cause infection on cattle are
Babesia bigemina, Babesia divergens, Babesia
bovis (Adham et al., 2009) Babesia species
cause acute disease by two principle methods
i.e hemolysis and circulatory disturbance
(Mohammed & Elshahawy, 2017).

Clinically, this disease has been characterized
by high fever (40-41.6°C), anorexia, weight
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loss, ruminal atony, dyspnea, and
hemoglobinuria (MM, 2017). Some studies
have reported that the calves up to 9-12 months
of age are generally resistant to such diseases
due to inverse age resistance, but the clinical
symptoms in neonatal calves were inability to
suckle. Babesia causes red water urine
(haemoglobinuria) or dark brown to coffee in
urine color accurding to babesia stages, various
degrees of jaundice from paleness in mild cases
to severe yellow discoloration of the
conjunctiva (Schalm, 1965) and vaginal
mucous membranes in more serious cases and
deep shallow respiration in sheep, goats, cattle,
horses, dogs, and cats (Bal et al., 2016).

Babesia sporozoites are injected into the host
by ticks and invade red blood cells (RBCs)
where they transform into trophozoites that
grow and divide into two pear-shaped
merozoites. Babesia enters directly into red
blood cells of the host (Lounsbury, 1906), the
division process is then repeated. The parasite
infects and destroys red blood cells, it can lead
to a serious condition called hemolytic anemia
(Koger, 1981). The main cause of anemia is
due to intravascular hemolysis, and the rate of
damage of erythrocytes and capacity of
erythropoiesis. Hyperemia occurs in mucous
membranes at later stages (MM, 2017). It
causes a decline in erythrocyte count, packed
cell volume, and hemoglobin level and serum
changes may include increased potassium and
reduced calcium and sodium levels (Tufani et
al., 2015).

The quickly dividing parasites in the red cells
create rapid damage to the erythrocytes
(Pandey & Misra, 1987) associated with
hemoglobinaemia. This may cause death within
a few days (Mohammed & Elshahawy, 2017).
So, the present study was designed to diagnose
the disease and determine the changes in some
hematological and biochemical parameters in
some infested cattle with bovine Babesia in El-
Wisata in El-Gabal El-Akhdar area- Libya.

MATERIALS AND METHODS

Study area and period: The present study was
conducted between March 2017 and January
2018. The seasons of the study included rainy
(September, October, November, December,
January, March, and April) and sunny (May,
June, July, and August) periods. The study
location was on farms of El-Wisata in El-Gabal
El-Akhdar area-Libya.

Animals: A total number of twenty-three
crossbred cattle, from three to eight years old,
were examined and divided into two groups
showing clinical signs, ticks and some
haemato-biochemical effects of Babesia bovine
on the two groups, naturally infected group and
healthy or non-infected group.

Blood Samples: Three samples were collected
from each one of all 23 cases. The first sample
was a drop from ear vein to make a blood
smear for microscopic examination, however,
for each sample, three smears were examined
very carefully so that not a single organism
might escape. While the second one was serum
samples for biochemical analysis of TP, Ca',
Na’, K and the third was blood samples for
CBC Examination.

Clinical Diagnosis: All 23 cases of crossbred
cattle were diagnosed by the Giemsa stained
thin blood smears technique (Coles, 1986).

Hematological parameters: Approximately, 2
ml sample of blood was collected with EDTA
anti-coagulant and was sent to the laboratory
directly in an Ice Container and analyzed for
hematological parameters which included
hemoglobin (Hb g/dL), packed cell volume
(PCV %), total erythrocyte count (RBC
x10%uL), total leukocyte count (WBC x
103/uL) and differential leukocyte count
(Sharma et al., 2016). Mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH)
and mean corpuscular hemoglobin
concentration (MCHC). These hematological
analyses were measured by a Complete Blood
Count device CBC in Laboratory Diagnosis.

Biochemical assays: The collected blood
samples were kept about 10 minutes at room
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temperature. After centrifugation at 3000 rpm for
15 minutes using Thermo Scientific Centrifuge,
serum was placed in a 1.5 ml Eppendorf tube and
kept at -20°C until it was analyzed. Total serum
protein (TP) was estimated by the Biuret
method forming a violet-colored copper-
protein complex having maximum absorption
at 550 nm. Calcium (Ca"), Sodium (Na") and
potassium (K") levels of serum samples were
estimated using commercial kits (Wharton &
McCarty, 1972).

Statistical analysis: Data were presented as
mean =+ standard error (S.E.). Data were
analyzed using an independent sample T-test. P
values <0.05 were considered to be statistically
significant (SPSS Version 19) (Snedecor &
Cochran, 1994).

RESULTS

Clinical Findings: Cattle infected with B.
bovis demonstrated characteristic clinical signs
of babesiosis. Briefly, a high rise in body
temperature (40-41.6), body condition is thin,
pale and empty episcleral blood vessels were
anemic. The clinical severity ranged from
paleness in mild cases to severe yellow
discoloration in more advanced stages of the
infected cases, red water urine
(haemoglobinuria) or dark brown to coffee in
urine color according to Babesia stages, severe
clinical manifestation and accelerated heart and
respiratory rates. Some cases showed nervous
manifestations in advanced stages. Different
degrees of tick infestations were present inter-
mandibular space, around groins, horns and
ears .

Hematological Findings: 16 (69.5%) out of 23
cases showed the presence of the parasite
Babesia from ear vain and seven cases were
negative 7 (30.5%).

Hematological parameters: The mean values
of Red Blood Cells (RBCs 10°/ul), hemoglobin
concentration Hb (g/dl, Packed cell volume
(PCV %), White Blood Cells (WBCs 103/ul),
differential leucocytes count DLC %, Mean
Corpuscular Volume (MCV fl), and Mean

corpuscular hemoglobin (MCH pg) are listed in
Table 1.

Table:(1). The results of the hematological parameters
of infested/non-infested.

Haematological MEAN+SE
Parameter Infected group Non infected group
Hb g/dl 5.98+0.23" 12.03+0.34°
WBC 10°/ul 7.022+0.42° 5.30+0.55°
Monocyte % 10.003+0.78 3.50+0.31°
Eosinophils % 13.87+0.88" 5.13+0.09°
Neutrophils % 16.947+0.12° 31.3240.90°
Lymphocytes % 59.18+0.21* 60.05+0.23°
RBC 10%/ul 4.32+40.18° 6.94+0.20°
PCV% 19.12+0.63° 31.16+0.41°
MCV fl 39.01+1.02° 44.26+0.11°
MCH pg 12.31+0.35° 15.67+0.57°

*small letters mean there is a significant different between two groups.

Briefly, the important findings can be
summarized as follows; there was a significant
reduction (P<0.05) in the mean values+
standard error of RBC, PCV, Hb, MCH, MCV
and Lymphocyte with a significant increase
(P<0.05) in WBC, and DLC. Therefore, it is
clear that there are significant differences in the
hematological parameters between the B.
bovine infected group and the control one.

Biochemical parameters: The mean values of
Total Protein (TP), Calcium (Ca’), Potassium
K and Sodium (N") of infected and control
groups are listed in Table 2.

Table:(2). The results of the Biochemical parameters of
infested/non-infested cattle

Biochemical MEA + SE

Parameter Infected group Non Infected group
TP g/dl 5.49+0.23° 7.455+0.30°

Ca+ mg/dl 7.22+0.24° 9.55+0.55"

K- mmol/l 4.62+0.41° 4.1£0.16"

Na+ mmol/l ~ 119.13+1.52° 146.33+2.81°

*small letters mean there is a significant different between two groups.
A comparison of serum  biochemical
examination of parasite positive and negative
blood samples from cattle showed a significant
increase (P<0.05) in potassium level K-.
However, a significant decrease (P<0.05) was
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recorded in total protein TP, calcium, and
sodium levels.

DISCUSSION

In the present study, Babesia infection was
confirmed by light microscopy examination in
farms of El-Wisata in El-Gabal El-Akhdar area.
The observed clinical findings in cattle with
Babesia Bovine have shown that animals
suffering from a lot of symptoms such as high
temperature (40-41.6), pale mucous
membranes, thin body, dark brown to coffee
urine in color, increased heart and respiratory
rates. These findings were in agreement with
(Bal et al., 2016; Fujinaga, 1981; Georgi et al.,
1990).

The clinical findings Microscopic examination
of Giemsa stained blood smear of all 23 cases
of crossbred cattle revealed that 16 cases
(69.5%) had parasites in the blood and these
cases were named as naturally infested group
and 7 cases had normal blood (30.5%) and
were called as the control group.(Samad et al.,
1989) supported this view. (Karim et al., 2012)
also recorded Babesia organisms through
Giemsa’s staining of blood smear. However,
reports of (Banerjee et al, 1983) were
discordant with higher prevalence (14.53%) of
subclinical infections.

The clinical findings can be attributed to the
multiplication of organisms in peripheral
vessels and  consequence intravascular
hemolysis (Rajendran & Hafeez, 2003). The
hemolysis was due to anemia and
hemoglobinuria (Rani et al., 2010). Several
factors contribute to anemia in babesiosis, such
as a decrease in the amount of erythrocytes
hemoglobin concentration (Hussein et al.,
2007). The Hematological principles were
adversely affected in positive cases (Ananda et
al., 2009). Table 1 shows a significant
reduction (P<0.05) in the mean values of RBC,
PCV, Hb, MCH, MCV, and neutrophils as a
result of an immune response to Babesia
infection (Mahmoud & Abou-Zeina, 2008),
with a significant increase (P<0.05) in WBC,

monocytes, and Eosinophils in comparison
with healthy control. Babesiosis causes
normocytic normochromic anemia in cattle
which could be attributed to intravascular
haemolysis of red blood cells, and this is
supported by (Guglielmone et al.,, 1996;
Pandey & Misra, 1987) agrees with significant
increases in WBC, Eosinophils and monocytes
associated with a significant decrease
(P<0.005) in neutrophils. This could be
explained as the breakdown of RBC by
Babesia stimulates the phagocytic cells such as
lymphocytes and monocytes to clean up the
body from the toxic remnants of ruptured red
blood cells. Babesia infection leads to the
stimulation of the body defense mechanism to
produce antibodies against the Babesia antigen.
(Court et al., 2001) mentioned that the
significant increase in monocytes in primary
Babesia infection could be attributed to their
role as active mediators in the innate immune
response. The serum of Babesiosis infected
cattle showed a decrease in calcium levels,
increase in potassium levels and reduced
sodium levels. This finding agrees with (MM,
2017).

This occurs because Babesia can cause
degeneration and necrosis in kidney convoluted
tubules (Salem et al., 2016) There was a highly
significant decrease in total protein in the
serum of infected clinical cases. This could
have occurred because Babesia can cause
disruption in liver function that leads to
decrease production from the liver due to direct
and indirect effect of the parasite, digestive
disturbance (diarrhea), loss of appetite and high
fever (Atif et al., 2012; Salem et al., 2016) who
recorded that with low levels of parasitemia,
Babesia may not be found on microscopic
examination. (Ananda et al., 2009; Chowdhury
et al., 2006) documented that more attention in
the management of crossbred cattle gives less
chance of pre-exposure of vectors and develops
no or less immunity, resulting in the frequent
occurrence of such diseases.

CONCLUSION
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The results obtained from this study could be
useful as basic information for a further
advanced  epidemiological study  and
formulation of control measures of tick-borne
diseases. Further investigation using modern
serological and molecular techniques with a
large number of samples is recommended
especially in another part of the country in
order to further establish the effects of tick
infestation in cattle of other parts of Libya and
management of the disease.
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Abstract: Increasing incidence of Methicillin-Resistant Staphylococcus aureus (MRSA) is a
well-documented healthcare and community phenomenon of concern to medical and public
health communities all over the world. One of the most important sources of MRSA infection
in hospitals is health care workers (HCWs) through nasal or hands carriage. The aim of this
study is to determine the rate of methicillin-resistant Staphylococcus aureus among HCWs. A
cross-sectional study involving 102 HCWs was conducted at Alwahda hospital, Derna. Nasal
and hand swabs were collected and cultured on Mannitol Salt Agar. Gram staining was per-
formed on mannitol fermenting colonies. Slide catalase and coagulase were performed to
identify S. aureus. An oxacillin and cefoxitin susceptibility test was carried out on Muller
Hinton agar using the modified Kirby-Bauer disc diffusion method. Results: out of 102
healthcare workers, 46 (45.1%) carried S. aureus. The rate of methicillin resistance amongst
all S. aureus isolates was 47.8 % (22/46) whereas 21.6 % (22/102) of all HCWs were identi-
fied as MRSA carriers. Nurses had the highest MRSA carriage with 53%, compared to other
HCW. On the other hand, the highest rate of MRSA (75%) was seen in CCU workers fol-
lowed by workers of pediatric and surgical wards (66%, 62% respectively). The high rate of
nasal and hand MRSA carriage among healthcare workers, especially in high-risk wards, in-
dicates the imperfection of infection control measures in our hospitals and the necessity to
improve the infection control program.

Keywords: healthcare workers, nasal carriage; hand carriage,; S. aureus, MRSA

INTRODUCTION

Staphylococcus aureus is a common com-
mensal organism on human skin and mucosa
mainly the anterior nares (Khanal et al. 2015;
Lewis and Ellis 2007; Vandenesch et al.
2003) with up to 20%—-30% of humans persis-
tently colonized and 50%—-60% intermittently
colonized (Brooks et al. 2013). Moreover, the
prevalence of 25% was found among hospital
personnel (Haddadin, et al 2002). Also, the
increased incidence rate of MRSA isolates

that are resistant to all currently available -
lactam antibiotics is a well-documented
healthcare and community phenomenon of
tremendous concern to medical and public
health communities around the world (Lewis
and Ellis 2007).

Moreover, MRSA is endemic in many hospi-
tals throughout the world and 50-60% of pa-
tients are merely colonized with MRSA
(Shopsin et al. 2000). Excessive antibiotic
usage, prolonged hospitalization, intravascu-
lar catheterization and hospitalization in the
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intensive care unit are factors which contrib-
ute to MRSA (Anupurba. et al. 2003).In fact,
there are three main reservoirs for MRSA in
hospitals; staff, patients and inanimate ob-
jects such as beds and linens (Batabyal, et al
s 2012; Hujier, And Saleem, 2008), but colo-
nized patients are the main reservoir of
MRSA (Lewis and Ellis 2007). They fre-
quently shed MRSA, resulting in contamina-
tion of their skin, clothing, bedding, and
nearby environmental surfaces (Cadnum et
al. 2009; Stiefel et al. 2011).

Besides that, HCWs may carry MRSA in
their noses or on their hands (usually transi-
ent carriage) following either direct or indi-
rect contact with asymptomatic carriers or
patients who have a clinical infection (Evans
et al. 2008; Morgan et al. 2012). In addition,
they may get infected through contact with
the environment. They may then, unknowing-
ly transmit the organism to their patients (Al-
ruaily and Khalil 2011; Shiomori, et al 2001).
Furthermore, even if medical staff correctly
washes their hands, contact with contaminat-
ed environmental surfaces reduces the clean-
liness of the fingers. The hands of HCWs
were recognized as vectors in staphylococcal
transmission as early as the 1960s (Cadnum
et al. 2009; Khanal et al. 2015). The imper-
fect compliance with hand hygiene proce-
dures play an important role in HCWs colo-
nization and contribute to a high incidence of
MRSA (Plipat et al. 2013). The HCWs with
different kinds of occupations are all at risk
to receive or mediate MRSA in the hospital.

In most countries, the percentage of MRSA
in hospitals is now higher than 20%. Percent-
ages greater than 50% are even reported in
some countries (Blomquist 2006). Therefore,
control of infections, screening of HCWs,
and eradication of colonization may thus
need to be considered (Rahbar, et al 2006).
As MRSA is a major cause of healthcare-
associated infections, the detection of MRSA
carriers within HCWs is vital to decrease the

incidence of these infections. Our study aims
to screen the MRSA colonization among
HCWs in Alwahda hospital, Derna.

MATERIALS AND METHODS

The study was carried out in AlWahda Hospi-
tal, Derna, Libya during the period of No-
vember — December 2013. A cross-sectional
study was conducted on a total of 102 HCWs
including; 63 hand swabs and 39 nose swabs.

Nasal and hands swab collection: Between
8 AM to 9 AM, nasal swabs were collected
from anterior nares and hands of the HCWs
using sterile cotton swabs (moistened with
normal saline). The swabs were then immedi-
ately transported to the Microbiology labora-
tory for further processing (Cheesbrough
2006).

Culture and identification: Specimens were
inoculated on blood agar and chocolate agar
aerobically at 35°C for 24 hours. Suspected
colonies of S .aureus were tested by Gram
stain, catalase test, and coagulase test. Gram-
positive cocci which were catalase and coag-
ulase-positive were inoculated on Mannitol
salt agar (MSA) aerobically at 35°C for 24
hours (Betty, et al 2007).

Antibiotic susceptibility test: Antibiotic
susceptibility testing of all isolates against
two types of antibiotics oxacillin and cefox-
itin by using the disc diffusion method in ac-
cordance with the British Society for BSAC
(Andrews and Bsac 2008). Oxacillin 1pg
(Oxoid Antimicrobial Susceptibility Test
Discs, Basingstoke, UK) was used to identify
MRSA, in addition, the cefoxitin (second-
generation cephalosporins) 30pg (Oxoid An-
timicrobial Susceptibility Test Discs, Basing-
stoke, UK) was used for assisting in the de-
termination of oxacillin resistance in staphy-
lococci. S. aureus. Strains which grow and
form zone diameter <10mm around oxacillin,
and <14 around cefotixin, were classified as
methicillin-resistant. The strains which grow
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and form zone diameter >13mm around oxa-
cillin and >18 around cefotixin, were classi-
fied as susceptible (CLSI 2015).

Data were analyzed using SPSS 17.0.

RESULTS

Demographic Information of HCWs: The
distributional pattern of demographic infor-
mation of HCWs is shown in Table 1. As can
be seen, the highest percentage of MRSA was
observed in the age group 40-49 years (60%),
and males had a higher carriage rate (53%) of
MRSA than females (45.2%).

Table: 1. Demographic Information of Respondents

Demographic MRSA
characteristics S. aure- (n=122)
Age group ?If: 46) Frequency %
20-29 17 8 47.1
30-39 23 11 47.8
40-49 5 3 60
50-59 1 0 0.00
Gender

Male 15 8 53.3
Female 31 14 45.2
Profession

Doctors 12 4 33.33
Nurses 28 15 53.6
Others 6 3 50

Nasal and hand Carriage Rate of S. aureus
and MRSA: Of 102 screening sample, §
.aureus isolates were 46 (45.1%) which were
isolated from (26 hands, 20 noses), of them
22 (47.8%) were MRSA, giving an overall
positivity rate of 21.6 % (22/102) as shown in
table 2. The distribution of MRSA carriage
according to HCW duties is presented in fig
1. MRSA carriage was particularly high
amongst nurses (53%), and cleaners (50%).
On the other hand, the highest rate of MRSA
carriers (75%) were HCWs in CCU followed
by pediatrics and surgery, (66% and 62% re-
spectively) (fig 2).

Table: (2). Distribution of S. aureus and MRSA in
noses and hands of HCWs

) No. of positive
Spep%mel.l Sample fre- HCWs (%)
positive 1n quency S aureus MRSA
Nose 39 20 (19.6) 7(6.9)
Hands 63 26 (25.5) 15(14.7)
Total 102 46 (45.1) 22 (21.6)

HCWs= health care workers
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Figure (1). Distribution of MRSA in Alwhda, Derna
HCWs according to the duties
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Figure: (2). Distribution of MRSA in hand and nose
of HCWs according to hospital wards

DISCUSSION

S. aureus is one of the most common causes
of serious infection in the community and
hospitals. It is a bacterium that is naturally
present with the human and is found as nor-
mal flora on the skin and anterior nares. The
HCWs carriage percentage of S. aureus has
been reported to be 45.1% and that of MRSA
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has been shown to be 21.6%. In our study,
the nasal and hand carriage rate of S. aureus
was found to be 6.9% and 14.7% respective-
ly. This finding was similar to previous stud-
ies from Tripoli, Libya (Ahmed et al. 2012).
Lower rates were reported internationally
from Nepal (3.4%), Ethiopia (12.7%), and
Iran (13.9%,4.6%,) (Jannati et al. 2013; Kha-
nal et al. 2015; Rahbar, et al 2006; Shibabaw,
et al 2013).Furthermore, The rate of MRSA
among the HCWs carrying S. aureus, 47.8 %
(22/ 46), 1s higher than the 39% reported by
Zorgani AA., et al in Libya (Zorgani et al.
2009) but it is lower than that reported from
Iran, Nepal and Ethiopia (21.9 %, 35%, and
44.1%) (Khanal et al. 2015; Rahbar, et al
2006; Shibabaw, et al 2013).

The differences in the carriage rate of MRSA
between different studies can be attributed to
variations in sampling techniques, culturing,
and identification methods of MRSA. In ad-
dition, local infection control standards and
the local prevalence of MRSA are important
factors.

The relatively high MRSA rate in this study
could be a reflection of weak compliance of
HCWs with basic infection control measures;
the most important of which is the hand hy-
giene practices. During the study, we ob-
served that most of the medical staff were
ignoring hand washing. In addition, we could
not observe perfect cleaning procedures of
the patient rooms, although, in some wards,
the routine is to disinfect using 70 % alcohol
once a week after patient discharge, which is
neither perfect nor enough for sterilization of
the surfaces.

Unknown carriers between patients may in-
troduce MRSA into the hospital environment
and transmit it to other patients, mainly via
the transiently colonized hands of hospital
staff. in order to prevent the detection of
transient, short term MRSA hand carriage
that may occur during a work shift Zuschneid
et al. suggested that screening of HCWs

hands should be performed before starting
work duties(Zuschneid et al. 2006). This was
not done in our study, where the samples
were taken after the person had already start-
ed their work.

The carriage rate for S. aureus and MRSA
differed for various professional groups. In
our study; nurses were observed to have the
highest colonization rate (53%) compared
with other HCWs. Nurses were the most
commonly colonized HCWs in other studies
(Khanal et al. 2015; Rahbar, et al 2006; Shi-
babaw, et al 2013) although the rates ob-
tained were far lower than our rates (7.8 %,
21.2 %, 12.9% respectively). One study has
shown a higher rate of 64% amongst nurses
(Askarian et al. 2009). Nurses that had a high
colonization with MRSA may be attributed to
their frequent contact with patients, weak ex-
perience in taking care of patients, and weak
attention to the infection control policies, and
most importantly, the ignorance of frequent
hand washing.

Although MRSA was isolated from HCWs in
all hospital wards, the prevalence of MRSA
was high among the HCWs in the CCU
(75%) followed by pediatric and surgical
wards (66, 62 respectively). The CCU de-
partment is a site of high healthcare worker—
patient contact, potentially substantial crowd-
ing, especially with a limited number of hos-
pitals in our region; perhaps that explains the
high colonization rate seen in the CCU
HCWs. A much less prevalence (24%) has
been shown in another study (Al-Talib et al.
2013).

Additionally, HCWs of surgical wards have
the second higher rate in our study (66%),
and this was higher than other countries
57.1%, 28.6 % in Nepal and Ethiopia respec-
tively (Khanal et al. 2015; Shibabaw, et al
2013). Nevertheless, numerous studies re-
vealed that the rate of MRSA is highest in
HCWs of surgical wards (Askarian et al.
2009; Khanal et al. 2015; Shibabaw, et al
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2013; Zuschneid et al. 2006). As a conse-
quence of HCWs having a high carriage of
MRSA, the chances of transmission of the
organism to patients during patient-care are
highly suspected.As 62% of the isolates be-
longed to HCWs from the surgical ward, the
vulnerability of surgical wound to infection
with MRSA among the patients, following
transmission from the HCWs, could explain
the high rate of post-surgical wound infec-
tions that complicate and delayed postopera-
tive recovery. The high carriage rate in the
surgical ward in our study necessitates the
implication of highly sophisticated infection
control measures in order to prevent trans-
mission to vulnerable operated patients.

In contrast to high rates in CCU and Surgical
wards, the gynecology department has the
lowest rate of MRSA carriage (25%), the
same finding was revealed by.(Shibabaw, et
al 2013). Within MRSA carriers, the highest
rate was observed in the age group 40-49
(60%), while in a study by Shibabaw A ef al,
the highest rate was recorded in the age
group 20 to 29 years (Shibabaw, et al 2013).
The increased rates of MRSA colonization
among HCWSs have important implications
since HCWs may serve as a vector of
cross-transmission to patients and may intro-
duce the pathogen into their communities.
Thus, the HCWs are not only a source but
also a vector or a victim of MRSA infection
(Albrich and Harbarth 2008).

Numerous studies proved that screening for
nasal carriers of HCWs is very effective in
controlling the spread of MRSA within dif-
ferent wards in hospitals since the nares and
the anterior nares are important sources of
MRSA (Albrich and Harbarth 2008; Cesur
and Cokga 2004).

CONCLUSION

The present study indicates a high carriage
rate of MRSA (47.8%) among HCWs carry-
ing S. aureus. The carriage rate was high in

nurses and HCWs in CCU wards. The high
MRSA rate in this hospital necessitates the
implementation of a protocol to control the
risk of nosocomial MRSA, such as routine
screening of HCWs for MRSA, susceptibility
testing of isolates obtained, and education
about basic infection control measures espe-
cially hand washing and disinfection. In addi-
tion, temporary layoff for colonized staff,
isolation of colonized and infected patients
should be taken to control the spread of
MRSA infection.
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Abstract: The paper aimed to identify and describe the taxonomic morphological structure of
Xylocopa species in North Eastern Libya. The samples were collected from different natural sites of
Aljabal Alakhder region, identified, and morphological description and measurements of body
length (in cm) (From antennal base to apical of pygidium), front wings length, thorax, and abdomen
width were conducted, four species of Xylocopa were identified and described morphologically,
which includes Xylocopa (Koptortosoma) pubescens Spinola, 1838, Xylocopa (Proxylocopa)
olivieri Lepeletier 1841, Xylocopa (Rhysoxylocopa), amedaei Lepeletier, 1841, Xylocopa iris
(Christ, 1791). Our conclusion revealed that the investigated area was diverse with Xylocopa
species and insists on the importance of descriptive study to supply taxonomic information.

Keywords: Xylocopa; Xylocopinae; Morphology; Identification; Libya

INTRODUCTION

Large carpenter bees, species of the genus
Xylocopa Latreille, 1802, are considered as one

of the important floral visitors and bee
pollinators of flowering plants in many
terrestrial ~ ecosystems,  including  both

agricultural plants and non-agricultural settings
(Gerling et al., 1989; Hurd, 1963; Keasar,
2010; Mawdsley et al., 2016).

The genus Xylocopa includes about 450
species (Michener, 2007). The classification of
subfamily Xylocopinae (Hymenoptera: Apidae)
includes bees that are superficially very varied:
in Israel, they are large and robust (13 to 33
mm long) Xylocopini as opposed to the small
and slender (3 to 13 mm) Allodapini, Ceratinini
and Manueliini (Michener, 2007). Xylocopini
(Xylocopa Latreille 1802: subgenera Copoxyla
Maa, Ctenoxylocopa Michener, Koptortosoma
Gribodo, Proxylocopa Hurd and Moure and
Xylocopa Lepeletier), follow the higher
classification of (Michener, 2007; Minckley,
1998).

Xylocopa generally, being black, metallic
bluish or greenish-black, or purplish-blue.

Some males have yellowish areas on the face.
Both sexes may have pale or yellowish
pubescence on the thorax, legs, or abdomen,
but these hairs are not as abundant or as
intensely colored as in bumble bees. Large
carpenter bees are readily distinguished from
bumble bees primarily by the absence of
pubescence on the dorsum of the abdomen,
which is somewhat shiny (Michener, 2007). As
noted by (Eardley, 1983), the taxonomy of
species in this subgenus has been based largely
on characteristics of body size and coloration,
particularly the color of the pale pubescence on
the mesosoma and metasoma of the females,
which ranges from white to bright yellow.
(Cockerell, 1908) used total body length and
forewing length as diagnostic characters in a
key to separate the different species.

Many of the Libyan endemic wild bee species
are predominantly found on restricted mountain
habitats Aljabale Alakhder (Zavattari, 1934).
The area of Cyrenaica is considered to be one
of the most densely populated areas of wild and
cultivated flora. The studies of wild bees were
limited to ancient studies from the Italian
colonial period (Zavattari, 1934).
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The diversity and taxonomic description of
Xylocopa species in the North East Libya
region are still poorly known. The main
objective of this research is to identify and
describe  the taxonomic  morphological
characteristics of some bee species in North
East Libya to provide taxonomical information
that facilitates species identifications.

MATERIALS AND METHODS

Study sites: The samples were collected from
different natural sites of Aljabal alakhder
region Eastern part of Libya (Cyrenaica):
Elbaida, 32°45'40.4"N 21°44'51.4"E (619m)
Cyrene 32°48'55.99"N 21°2'05.13"E (634 m),
Alwasita 32°51'08.83"N 21°43'43.91"E (336
m) and Sussa 32°53'47.86"N 21°58'15.74"E.
(15 m) These locations characterized by
coverage with dense wildflowers of Stachys
tourneforti, Anchusa hybridia, Notobasis
syriaca...etc, and flowers of cultivated plants
such as almond, apple, and other vegetable.

Collecting Bees

In the Field: A biological survey for wild bees
was conducted during different seasons (2014—
2018), and collection was on a sunny day
between 09:00 and 18:00 throughout the entire
flowering period of the wild plants (February -
September). Bees were collected with sweep
nets and aspirators. The collected bee
specimens were kept in glass jars filled with
paper tissues to avoid bee damage, and some
drops of ethyl acetate to kill the bees. After the
killing process, the specimens were stored in
paper envelopes. Time and date of visited
flowers were documented for each specimen.
The coordinates were recorded for each site
with a global positioning system (GPS) device.

In the Laboratory: Specimens were pinned and
mounted, each specimen was labeled with an
independent label containing the collecting
time, date, and area of collection. All
specimens were kept in wooden insect boxes
supplied with foam plates for pinning and

naphthalene balls to enable long storage
without pest damage.

Identification of specimens: ldentification was
carried out by using available references (Hurd,
1963; Maa, 1970; Michener, 2007; Terzo &
Rasmont, 2014; Warncke, 1982), and all
specimens confirmed by International Bees
specialists.

3.4. Morphological description

The bee's description includes:

Measurements :Body length (in cm) (From
antennal base to apical of pygidium), front
wings length, thorax and abdomen width.

Body color

Head: structure of vertex surface, compound
eye, ocelli, clypeus, labrum, antenna,
mouthparts, mandibles, genal area, facial fovea.
Thorax: thorax structure, tegula, wing, legs
structures

Abdomen: tergum, sternum and pygidial plate.
Morphological terminology wused in the
descriptions of bees follows (Michener, 2007).
Photographs  of different morphological
structures  were taken by using a
stereomicroscope equipped with an Olympus
digital camera. All specimens were deposited
in collection wood boxes in the entomology
laboratory of the Zoology Department, Faculty
of Sciences, Omar Almukhtar University.

RESULTS

Xylocopa (Koptortosoma) pubescens Spinola,
1838

= Xylocopa aestuans L., 1758
Examined material: 91 Albaida 15.7.2014, 4
Sussa 20.6.2018.
19-22 mm body length, body fairly robust,
integument black or dark brown (Fig. 1).
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Figure (1). Adult of (9) Xylocopa pubescens.

Head: rounded and slightly narrower than the
body, dense white setae, densely punctate,
vertex curved to the inside with long black
setae erected to the outside (Fig. 2).

Figure (2). The head of (?) Xylocopa pubescens.

Compound eye: dark brown with small short
scattered setae, dense long black setae between
compound eyes, paraocular carina clear, genal
area wide.

Ocelli: triangle shape, small, dark brown, the
lateral ocelli less than the height level of
compound eyes, the median ocellus aligned
with frontal line (Fig. 3).

Figure (3). Ocelli of (Q) Xylocopa pubescens.

Clypeus: black, the end of apical with two
lateral extensions, long dark brown setae
erected to down, densely punctate.

Mandibles: rectangular, elongated, black,
bidentate at apex, apical tooth slightly longer
than preapical tooth, black lope at the
connected area with the malar area, outer ridge
clear, little punctates (Fig. 4).

Figure (4). Mandible of () Xylocopa pubescens.

Labrum: short projection on a triangular shape,
black.

Mouthparts: long, galea black at the base, dark
brown at the apical, glossa light brown with
dense short light brown setae (Fig.. 5).

Figure (5). Mouthparts of () Xylocopa pubescens.

Antennae: twelve segments, antennal socket
dark brown, scape long, rectangular, curved at
the apical, dark brown to black, pedicel short,
rounded, black, apical edge dark brown,
flagellum ten segments, the first flagellomere
longer than the rest of the other flagellomeres,
narrower at the base, wider at the apical, black
and apical edge light brown, the other tenth
flagellomeres equal in the shape and size, light
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brown, the terminal flagellomere of antennae in
sharp form (Fig. 6).

Figure (6) Antenna of (9) Xylocopa pubescens.

Thorax: width across thorax 4 mm, prothorax
larger than mesothorax and metathorax, black,
dense long yellow setae cover the thorax
surface (fig. 7), tegula clear, large, dark brown.

Figure (7). Thorax of (Q) Xylocopa pubescens.

Wings: forewings length 6 mm, dark brown,
the veins darker brown, marginal cell long and
wider at the middle, extended along the edge of
the wing, the apical of marginal cell not jointed
with costa vein, three submarginal cells, 3smc
larger than 1smc and 2smc, 2smc smaller than
Isme and 3sme, vein Rs (2™ abscissa) curved,
vein 1rs-m with the same line vein 1m-cu, vein
2rs-m curved outward, vein 2m-cu meets
median vein opposite third submarginal cell,
basal vein straight, the lower end meeting the
longitudinal vein at an acute angle (fig. 8a), the
jugal lobe of hindwing is short, less than half
the length of vannal lobe, and not nearly
reaching the vein closing the cubital cell (Fig.
8b).

Figure (8). a- forewing, b- hindwing of (@) Xylocopa

pubescens.
Legs: coxa elongated, triangular, dark brown
with dense short black setae, trochanter

rectangular, narrower at the base, wider at the
apical, dark brown with long black setae, femur
wider at the base, narrower at the apical, dark
brown with dense long black setae erected
downwards, tibia narrower at the base, wider at
the apical, dark brown with dense long black
setae, tibial spur ciliated from each side, long,
black, forelegs and midlegs with one tibial spur
(fig. 9a), hind legs with two tibial spurs, tibial
spine one each leg, tarsus five segments in each
leg, basitarsus longer than mediotarsus and
distitarsus, dark brown with dense long black
setae erected downwards, mediotarsus three
segments equal in the shape and size, dark
brown with little long black robust setae
erected downwards at the apical, distitarsus is
longer than mediotarsus, narrower at the base,
wider at the apical, dark brown with little black
setae (Fig. 9b).

Figure (9). a-Tibial spur, b-Midleg of (?) Xylocopa
pubescens.

Pair of elongated tarsal claws, branched at
apical, the lateral longer than the internal one,

© 2019 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

335



Al-Mukhtar Journal of Sciences 34 (4): 332-349, 2019

the base dark brown, apical black, arolium with
short yellow setae (Fig. 10).

Figure (10). Tarsal claws of (Q) Xylocopa pubescens.

Abdomen: width across abdomen 8 mm, six
segments, black with dark brown color bands at
apical edges, densely punctate, tergum II wider
than the rest of the other terga, tergum VI
triangle-shaped, narrower than the rest of the
other terga (fig. 11a), the pygidial plate black,
relatively narrow and extend across tergum VI
with dense long dark brown robust setae
erected downwards, dense long black setae at
the edges, sternum the base dark brown, apical
black, dense black setae at the apical edge of
each sternum, sterna I to III has a meeting area
in the middle (Fig.11b).

Figure (11). a- Tergum, b- Sternum of () Xylocopa
pubescens.

Xylocopa (Proxylocopa) olivieri lepeletier

1841
Examined material: 31 Albaida 15.7.2014.

16 mm body length (fig. 12).

r g 1

~

Figure (12). Adult of (&) Xylocopa olivieri.

Head: triangular, narrower than the body,
black, densely punctate, vertex simple, curved
to the inside with long light brown setae
erected to the outside.

Compound eyes: light brown and occupy most
of the head, dense long light brown setae
between compound eyes, paraocular carina
clear, genal area narrow.

Ocelli: triangle-shaped, dark brown, the median
ocellus bigger in the size than the lateral ocelli,
the lateral ocelli less than the height level of
compound eyes, the median ocellus with
frontal line (Fig. 13).

Figure (13). Ocelli of (3) Xylocopa olivieri.

Clypeus: clear, reddish brown,

punctate (Fig. 14).

densely

paraocular lobe: clear, dark brown.

Figure (14). Clumps' of (3) Xylocopa olivieri.
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Mandibles: rectangular, dark brown, wider at
the base, narrower at the apical, bidentate at
apex, apical tooth longer than the preapical
tooth, two condylar ridges clear, densely
punctate especially at the base (Fig. 15).

Figure (15). Mandible of (&) Xylocopa olivieri.

Labrum: rectangular,
punctate.

dark brown, densely

Mouthparts: long, galea dark brown, glossa
light brown with dense short light brown setae
erected to down (Fig. 16).

Figure (16). Mouthparts of (3') Xylocopa olivieri.

Antennae: thirteen segments, dark brown, scape
long, rectangular, curved at the apical, pedicel
short, rounded, flagellum eleven segments, the
first flagellomere longer than the rest of the
other flagellomeres, narrower at the base, wider
at the apical, the other tenth flagellomeres
equal in the shape and size, the terminal

flagellomere of antennae is rounded form (Fig.
17).

Figure (17). Antenna of (3) Xylocopa olivieri.

Thorax: width across thorax §8-9 mm,
prothorax larger than mesothorax and
metathorax, black, densely punctate, dense
long yellow setae (Fig. 18), tegula clear, large,
dark brown.

Figure (18). Thorax of (&) Xylocopa olivieri.

Wings: forewings length 14 mm, transparent
brown, the veins dark brown, vein Sc+R black,
marginal cell long and narrow, marginal cell
darker than the rest of the wing, the apical of
marginal cell not jointed with costa vein, three
submarginal cells, 3smc larger than 1smc and
2smc, 2smc smaller than 1smc and 3smc, vein
Rs (2" abscissa) curved, vein lrs-m with the
same line vein lm-cu, vein 2rs-m curved
outward, vein 2m-cu meets median vein
opposite third submarginal cell, basal vein
slightly and evenly arched, the lower end
meeting the longitudinal vein at an acute angle
(fig. 19), the jugal lobe of hindwing is short,
less than half the length of the vannal lobe, and
not nearly reaching the vein closing the cubital
cell.
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Figure (19). Forewing of (3) Xylocopa olivieri.

Legs: coxa triangle, light brown with little long
yellow setae, trochanter narrower at the base,
wider at the apical, light brown with little long
yellow setae, fumer wider at the base, narrower
at the apical, dark brown with long yellow
setae erected downwards, tibia long, narrower
at the base, wider at the apical, light brown
with dense long yellow setae erected
downwards, tibial spur one on each leg,
ciliated, pointed at the apical, dark brown,
tibial spine one on each leg, tarsus five
segments on each leg, basitarsus longer than
mediotarsus and distitarsus, dark brown with
dense long yellow setae, mediotarsus three
segments equal in the shape and size with little
long yellow robust setae erected downwards at
the apical, distitarsus longer than mediotarsus,
narrower at the base, wider at the apical, dark
brown with little short yellow robust setae
erected downwards at the apical (Fig. 20).

Figure (20). Distitarsus of (3') Xylocopa olivieri.

Pair of elongated tarsal claws branched at
apical, the lateral longer than the internal one,
the base dark brown, apical black, arolium with
short yellow setae (Fig. 21). setae (Fig. 21).

Figure (21). Tarsal claws of (&) Xylocopa olivieri.

Abdomen: width across abdomen 9 mm, seven
segments, black with dark brown color bands at
apical edges, dense long yellow setae, densely
punctate, tergum II is wider than the rest of the
other terga, tergum VII is a semi-rounded
shape, narrower than the rest of the other terga,
edges with bands of dense yellow setae (Fig..
22a), sternum each sternum has a little curve at
the apical with a bond of dense long light
brown setae (Fig. 22b).

Figure (22). a- Tergum, b- Sternum of (3') Xylocopa
olivieri.

Xylocopa (Proxylocopa) olivieri lepeletier
1841
Examined material: ©1 Albaida 20.7.2014.

24 mm body length (Fig. 23).
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Figure (23). Adult of () Xylocopa olivieri.

Head: rounded and slightly narrower than the
body, black, densely punctate, vertex simple,
curved to the inside with dense long light
brown setae erected to the outside (fig. 24).

Figure (24). The head of (?) Xylocopa olivieri.

Compound eyes: light brown, dense long light
brown setaec between compound eyes,
paraocular carina is clear, genal area is wide.

Ocelli: triangle shape, bright brown, the lateral
ocelli is less than the height level of compound
eyes, median ocellus aligned with frontal line.

Clypeus: dark brown, the end of apical is thick,
small long light brown setae, densely punctate.

Paraocular lobe: clear, dark brown.

Mandibles: rectangular, dark brown at the base,
black at the apical, bidentate at the apex, apical
tooth longer than the preapical tooth, sharp
teeth, dark brown lope at the connecting area
with the malar area, malar area dark brown,
outer ridge and condylar ridge clear with little
long light brown setae, acetabular groove clear,
outer groove clear, condylar groove clear (Fig.
25).

Figure (25). Mandible of (?) Xylocopa olivieri.

Labrum: short projection on triangular shape,
black.

Mouthparts: long, galea dark brown, glossa
light brown with little short light brown setae
erected downwards (Fig. 26).

Figure (26). Mouthparts of (?) Xylocopa olivieri.

Antennae: twelve segments, dark brown,
antennal socket dark brown, scape long, curved
at the apical, narrower at the base, wider at the
apical, pedicel short, rounded, flagellum ten
segments, the first flagellomere longer than the
rest of the other flagellomeres, narrower at the
base, wider at the apical, the other ninth
flagellomeres equal in shape and size, the
terminal flagellomere of antennae is in a sharp
form (Fig. 27).

Figure (27). Antenna of () Xylocopa olivieri.

Thorax: width across thorax 8 mm, prothorax
larger than mesothorax and metathorax, black,
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densely punctate, dense long light brown setae,
tegula clear, large, dark brown (Fig. 28).

ot

Figure (28). Thorax of (Q) Xylocopa olivieri.

Wings: forewings length 17 mm, transparent
brown, the veins dark brown, vein Sc+R black,
marginal cell long and narrow, marginal cell
darker than the rest of the wing, the apical of
the marginal cell is not jointed with costa vein,
three submarginal cells, 3smc larger than 1smc
and 2smc, vein lrs-m with the same line vein
Im-cu, vein 2rs-m curved outward, vein 2m-cu
meets median vein opposite the third
submarginal cell, basal vein straight and evenly
arched, the lower end meeting the longitudinal
vein at an acute angle (fig. 29a), the jugal lobe
of hindwi