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Abstract: The study aimed to investigate the effects of nectar secretion and climate condi-
tions on the number of honeybee workers foraging on flowers of three different plant species.
Nectar samples were taken at different hours of the day. Handling and traveling time of each
bee per flower were recorded. The results showed a significant difference during daylight
hours on nectar volume (P>0.05). The highest amount of nectar was recorded at 10 am on a
Prunus domestica flower plant (0.5+ 0.2) and the lowest on a Pyrus communis flower plant at
8:00 am with (0.0132 £ 0.008). Also, the highest recorded handling time was on a Malus do-
mestica flower plant at 10 am with (6.1 1.7 Sec). And while there was an absence of mean
handling time at 4:00 pm on the P. communis flower plant, The results showed that the high-
est traveling time recorded was on a M. domestica flower plant at 12 am with (2.2 £ 0.1 Sec)
compared with the P. communis flower plant that recorded the lowest traveling time at 4:00
pm with (0.1£ 0.1 Sec). Furthermore, the results revealed that the preference of Apis mellifera
was the M. domestica flower plant. The findings showed a significance (P>0.05) between the
effects of climate conditions on the number of bees during visits, while also revealing that
there was a relationship between high temperatures and an increase in the number of visiting
bees. Meanwhile, the number of visits decreased during the hours of observation with lower
humidity.

Keywords: Apis mellifera; Flower Preference; Foraging Behavior; Handling and Traveling
Times.

INTRODUCTION

It is important to collect information on the
honeybee 4. mellifera populations of Saharan
and Coastal locations in Libya to fill the
North Africa gap of biogeography and honey
bee distribution (Shaibi, 2013). Nectar pro-
duction plays a vital role in the pollination of
flowering plants. Many studies have been
done on nectar production and pollinator in-
teraction, especially in tropical, southern, and
southwestern American species and north Eu-
ropean species (Beutler, 1953; Beutler &
Schontag, 1940; Corbet et al., 1979; Huber,
1956; Loper et al., 1976; Robinson & Oertel,

1975; Southwick et al., 1981; Wykes, 1953).
Many insect species help in the process of
reproduction in plants through mediating pol-
len from flower to flower. Pollinating insects
play vital roles in agriculture (Yun, 2005).
The collection of pollen and nectar from
flowering plants by bees is known as forag-
ing behavior (Gary, 1992; Michener &
Michener, 1974).

Time spent by workers flying from one flow-
er to another on the same plant is known as
traveling time (Steel et al., 1981), and time
spent by a worker from entering her head in a
flower to her exit as handling (Steel et al.,

*Corresponding Author: Salma Y. Essa Sy/953e@gamil.com, Department of Zoology, Faculty of science and Art (Al guba), Omar AL-Mukhtar

University.


https://doi.org/10.54172/mjsc.v35i3.258
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v35i3.258&amp;domain=pdf&amp;date_stamp=2008-08-14

Al-Mukhtar Journal of Sciences 35 (3): 173-180, 2020

1981). The time spent by bees on flowers de-
pends on several factors, including the size of
the flowers and the nectar found in flowers
(Singh, 1979). A flowering plant, Macroptili-
um sp, a plant species located in Argentina,
led to a decrease in the production of nectar,
which affected the number of bee visits (Hoc
et al., 2003). Many factors affect the secre-
tion of nectar, including the age of the flow-
er, soil content, and climatic conditions, in-
cluding temperature and humidity (Savos,
1995) (Gonzalez et al., 1995).

The honeybee, 4. mellifera, is flower con-
stant, which means that on any foraging trip,
it focuses on only one kind of flower. Pollen
is transferred only between flowers of the
same species. This is one of the features that
make honey bees so popular for the commer-
cial pollination of crops. On the downside,
some scientists have expressed concern that
honey bees are too efficient in their collection
of nectar and pollen, leaving none in a given
local flower source for the foraging of other
pollinators (Buchmann & Nabhan, 1996;
Hubbell & Braasch, 1997). Relative humidity
has less effect on the flight activities of Apis
species. However, a combination of tempera-
ture and humidity are important in the ripen-
ing of the anthers of flowers and the availa-
bility of pollen to visiting insects (Joshi &
Joshi, 2010). The amount of nectar decreases
in plants due to high temperatures that cause
its evaporation and increases its concentra-
tion which reflects in the number of visitors
(Carpenter, 1983). The rate of visits by bees
increases to the area of flowers by increasing
the number of pen flowers (Southwick et al.,
1981). This study aims to investigate the ef-
fect of nectar volume on the different activi-
ties and behavior of Apis. mellifera on three
plant flowers.

MATERIALS AND METHODS

Site: The experiments were conducted in
April 2015 on a farm in the Al-Abarq area,
Al-Jabal AL-Alakhdar, Libya, cultivated with

Plum (Prunus domestic), Pear (Pyrus com-
munis), and Apple (Malus domestica).

Nectar Secretion: Nectar samples (ul /f)
were taken randomly at different hours of the
day (at least ten flowers). Nectar samples
were taken from 8 am to 4 pm by a capillary
tube used to assure complete removal of
available nectar within the flower. Nectar
volume was determined by measuring the
length of nectar columns in the capillary tube
to the nearest 1 ul.(Dafni, 1992).

Handling and Traveling Time: Handing
time for each bee per flower was recorded
(by seconds), which started when visiting
bees rested on a flower. Traveling times were
recorded during their movement from one
flower to another. All times were recorded
with the help of a stopwatch. All records
were taken from 8 am to 4 pm.(Pleasants,
1981).

Climate Conditions: Climate conditions
were recorded by a psychomotor and a ther-
mometer while recording the number of
flowers visited by bees. Temperature and
humidity recordings were taken during flower
visits from 8 am to 4 pm on observation days
in an area (1m x 1m) for each plant.

Data Analysis: All data were analyzed by
Minitab program 16, by determined ANOVA,
(M= SE), and regression analysis between
different factors. Excel program was used for
data graphical analysis.

RESULTS

Nectar secretion: On P. communis, the high-
est mean amount of nectar was recorded at
10:00 am. (0.18+0.08 pl /f) compared with
the lowest mean amount of nectar which was
(0.0132 + 0.008 pl /f) at 8:00 am. The highest
mean amount of nectar was at 4:00 pm on M.
domestica (0.07£0.01 pl /f), and the lowest
mean amount of nectar was (0.0133+ 0.01 pnl
/f) at 12:00 pm. While on the flower of P.
domestica, the highest recorded mean amount
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of nectar was (0.5£0.2 ul /f) at 10:00 am
compared with the lowest mean amount of
nectar (0.1+ 0.01) (ul /f) at 2:00 pm. (Fig. 1).

The results indicated that there are significant
differences (P>0.05) between the amount of
nectar secretion during different hours of a
day in all plant species (Fig.1). By comparing
the three plant flowers, P. domestica recorded
a higher mean amount of nectar (0.2+0.05ul
/f) while the lowest mean amount of nectar
was (0.04+ 0.006ul /f) on M. domestica.

0.6

P.Communis

0.5 -

M.domestica

0.4 4

P.domestica

0.3 4

Mean Volume of nectar

0.2 4

0.1

0

Time ( hour)

Figure 1. Mean volume (M) of nectar (ul /f) extract-
ed from the three flowering plants of P. Communis,
M. domestica, P. domestica. 50 Flower/day.

Foraging activities

a. Effects of nectar secretion on A. mellif-
era activity:

The study recorded the numbers of A. mellif-
era on three flowers per meter square. The
highest number of visits was at 10:00 am for
all flowering plants respectively (P. Com-
munis, M. domestica, P. domestica) (105.0,
188.0, 211.0) f/m*. The least number of visits
recorded was at 4:00 pm for all flowering
plants (P. communis, M. domestica, and P.
domestica. (2.00, 30.0, 19.0) f/m* respective-
ly (Fig. 2). The results revealed significant
differences (P>0.05) in the number of visitors
during the daytime for all plant flowers.

250
P.Communis

200 - M.domestica
P.domestica
150 4

100

Number of Bees

50 4

0

8 10 12 2 4

Time (hour)

Figure2. Foraging Activity of bees A. mellifera per
meter square/second, during different hours of the day
between flower species.

The results showed a different preference of
workers A. mellifera to the three plant flow-
ers, where the highest number of bee visitors
was on M. domestica. P. domestica, then the
low preference was on P. communis. The re-
sults showed that 145 bees foraged on M.
domestica while 120 bees on P. domestica
and 53 on P. communis (Table 1).

Table (1). Preference of bees for a particular plant
species.

Plant Specie Number of bees

P. communis 53.0°
M. domestica 145.0°
P. domestica 120.0°

The letters in the same column are nonsignificant differ-
ences (P <0.005)

The results showed of a low correlation be-
tween amount of nectar secretion and worker
activity on P. domestica (R’= 0.4) while rec-
orded a strong relationship on P. communis
(R*= 0.9) and on M. domestica (R’= 0.5)

b. Handling and traveling time:
The results showed significant differences
(P>0.05) between handling and traveling
times at different hours of the day. P. com-
munis recorded the highest mean handling
time at 8:00 am of (3.7 Sec). On M. domesti-
ca, the highest mean handling time was at
10:00 am (6.1 Sec) compared with the lowest

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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mean, which was (2.9 Sec) at 4:00 pm. While
on P. domestica the highest mean handling
time was (3.5 Sec) at 4:00 am, compared with
the lowest mean which was (2.5 Sec) at 8:00
pm. Also the highest mean traveling time
recorded on P. Communis was (2.1 Sec) at
10:00 am, compared with the lowest mean
traveling time at 4:00 pm which was (0.1
Sec). Also, on M. domestica, the highest
mean traveling time was recorded at 12:00
pm (2.2 Sec) compared with the lowest mean,
which was (1.8 Sec) at 4:00 pm. While on P.
domestica, the highest mean traveling time
was (2.0 Sec) at 2:00 am compared with the
lowest mean, which was (1.0 Sec) at 12:00
pm.

2.5

(a)

Traveling time /Sec

Handling / Sec
O N PP O OO o n

P.Communis
M.domestica ( b)
P.domestica

8 10 12 2 4

Figure 3 (a) (b). Comparison between handling time
and traveling time/seconds of A. mellifera between the
different times of the day in three flower species, 50
Flower/day.

The results showed a clear variation in han-
dling times between the visits of bees to the
three different plant flowers (one-way ANO-
VA), (df=2, F=13.6, P>0.005). The highest
mean handling time recorded was on M. do-
mestica (6.1 Sec) at 10:00 am compared with
P. communis, for which at 4:00 pm, a mean
handling time was not recorded. The results
also showed a clear variation in traveling
time with the visits of bees to the different
three plant flowers (one-way ANOVA), (df
=2, F=7.9, P>0.005). The highest mean trav-

eling time was recorded at 12 pm on M. do-
mestica (2.2 Sec). While the lowest mean
traveling time was recorded on P. communis
(0.1 Sec) at 4:00 pm (Table 2).

Table (2). (Mean + SE) of handling time and traveling
time of A. mellifera on three flower Species in (Sec).
N= number of flowers visited.

Plant Flower = Handling Traveling
Time (Sec). Time (Sec).

P. communis 2.1£0.3b 1.3+0.1b

N(263)

M. domestic 4.5+0.4a 2.0+0.08a

N (725)

P. domestica  2.9+0.2b 1.5+0.09b

N (1444)

The letters in same column are nonsignificant differences (P
<0.005)

a. Effects of some climate conditions
on honey bee workers activity:

The results showed effects of climate condi-
tions on the same time of the day on flight
activity. Higher rates of visitor bees were
recorded in all three plants respectively P.
communis, M. domestica, p. domestica at
10:00 am as increases in temperature contin-
ue (31.1°C, 26,4°C, and 23°C). Compared
with decreases in humidly (22.1%, 26.7%,
33.0%) respectively on P. communis, M. do-
mestica, P. domestica at 4:00 pm, with the
lower rates of visitors recorded with decreas-
es in temperatures (22.50C, 23.70C, 21.7OC),
compared to increases in humidity (30.0%,
35.4%, 29.5%) respectively. The results rec-
orded were significantly different between
the temperature and the activities of the
workers on the three flowering plants (df=1
f=0.65 p=0.4). Also, significant differences
were recorded between the humidity and the
activities of the workers on three flower
plants (df =1 £=0.18 p=0.6).

DISSCUSION

The results revealed that the three plants
showed fluctuation in nectar secretion
throughout the day, and the weather condi-
tions could potentially be the main reason.

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

ISSN: online 2617-2186 print 2617-2178



Al-Mukhtar Journal of Sciences 35 (3): 173-180, 2020

This was clear in particular on Apple and
Pear flowers, and the results agreed with
(Merti, 2003) who investigated the effect on
relative humidity on nectar secretion, also
results by (Corbet, 1978; Park, 1929; Shuel,
1992) the surrounding humidity effects the
amount of nectar secretions.

The increase in temperatures decreases the
amount of nectar available to bee visitors as
it increases water evaporation in nectar
(Corbet, 1990). The results on Pear recorded
a different phenomenon, which could be the
result of other factors that govern nectar se-
cretion other than weather conditions. (Raw,
1953) revealed that the difference in osmosis
of secretion glands and the common phenom-
enon in some plants’ so-called habitation of
nectar causes an increase in nectar secretion.
These findings were presented by (Williams
& Thomson, 1998) during their study of the
plant Pentstermon strictus.

The sex of flowers shows differences in the
amount of nectar secretion. The female flow-
ers of Lavandula stoechas secret double the
amount of nectar secreted by male flowers
(Gonzalez et al., 1995). Also, the flower’s
age could be a factor behind the amount of
nectar secretion (Wood, 1961).

The bees' activities during the daytime show
dramatic changes during their visit to the
three plant flowers. The results of the current
study agreed that bee activity recorded its
highest rates at 10 am and the lowest rates at
4 pm. The frequency of bee visits increases to
the flower area by increasing the number of
open and containerized flowers for nectar
(Southwick et al., 1981). When the tempera-
ture drops, it reduces the activity of the bees,
or it may be absent, as noticed by (Bataw and
Lamin, 2001) on the Rosmarinus offcinalis.

The effects of the amount of nectar secreted
by plant flowers during different hours of the
day time show a clear difference on the time
of traveling and handling in particular in Pear

flowers at 8.00 am when the longest resting
time was recorded where the amount of nec-
tar is low. The same conclusion was reported
by (Bataw and Lamin, 2001) during their in-
vestigation of the foraging behavior of Apis
mellifera on the nectar of Rosmarinus offi-
cialis. While the amount of nectar at 2.00 pm.
was high, the bees became absent, which
could be due to the reduction in the nectar
concentration. In apple flowers, the resting
time was higher at 10 am with high amounts
of nectar.

The preference for honey bees to forage in
apple flowers, could be due to the fact that
apple blossoms are more attractive to bees
than pear blossoms as a result of the sugar
content. This agrees with other researches
which mentioned the important of sugar con-
centration (Schneider et al., 2004; Schneider
et al., 2002; Vansell, 1946). The honey bees
showed less preference to the flowers of p.
communis due to the low amount of nectar
within the flower and the low concentration
of sugar (Mayer, 1993; Mayer & Lunden,
1996; McGregor, 1976; Willmer, 2011) also
pointed out the importance of the location of
flowers in the branches of trees, which de-
termines the presence and activity of many
insect pollinators.

The climatic conditions have a visible effect
on the visitors’ activity on the flowers. The
current study showed a significant difference
in the number of bee visitors during the day
hours and the relationship between tempera-
tures and relative humidity during the study.
The highest rates of visits in all plants were
recorded during average high temperatures
and low relative humidity. Similar results
were recorded of the visitors’ activity on the
flowers, influenced by factors such as tem-
peratures, relative humidity, rain, and wind
(Thorp & RW, 1979). Little flight activity
occurs at or below 10°C (50 F), while the
number of bees taking trips increases as the
temperature continues to rise above (20°C)
(Joshi & Joshi, 2010).

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Abstract: The aim of this investigation is identification and classification of Rosmarinus Of-
ficinalis essential oil components by GC-MS and prediction of their antioxidant activity.
GC-MS analysis of Libyan Rosemary essential oil indicated that in total, 44 compounds were
detected comprising 98.3% of compounds in the oil. The results also revealed that the oil con-
tained some constituents with great antioxidant activity such as eugenol, (0.04%), dieth-
ylphalate (0.28%), myrtenol (0.46%), y-Terpinene (2.2%), a — Terpenolene (1.96%), with to-
tal percentage of (4.94%) which was considered to be very small. However, about the half of
the essential oil contained of constituents with very weak antioxidant activity. These include
trans-p-caryophinen (2.2%), a- humulene (0.34%), 1.8- cineol (6.15%), 1.8 — cineol isomer
(11.8%), linalool (3.29%), 4-terpinol (5.65%), 1-a — terpine (7.93%), isoborneol (0.29%),
perillaldehyde (0.09%), B- citronellal (0.03%), a — pinene (3.4%), comphen (3.04%) and B-
pinene(4.21 %), our result shows that the essential oil of Libyan Rosemary might have a weak
antioxidant activity.

Keywords: Rosmarinus Officinalis, essential oils, GC-MS analysis of essential oil, antioxi-

dants.

INTRODUCTION

Essential oil yield and chemical composition
vary, considerably due to different factors,
both intrinsic and extrinsic (Stahl-Biskup,
2002).Intrinsic factor includes genetic and
sexual variations, plant organ (roots, leaves,
stem, etc.), age and vegetative cycle stage.
On the other hand, extrinsic factors and de-
scribed by ecological and environmental as-
pects such as attitude, soil composition, cli-
mate and light, all these factors can drastical-
ly affect the chemical composition of essen-
tial oils (Stahl-Biskup, 2002). Thus, these
variations are of distinct important when

studying the biological activity, such as, anti-
oxidant capacity of essential oils as the de-
gree of activity has to be related to its chemi-
cal composition (Panizzi et al, 1993; Lahlou
and Berrada, 2003; Alvarez et al., 2019).

Essential oils are commercially important es-
pecially for the pharmaceutical, cosmetic,
perfume industries and medical properties, as
well as in food and beverages, as flavoring
agents and preservatives (Van De Braak and
Leijen, 1999; Burt, 2004; Fitsiou et al.,
2016).Nowadays, essential oils and their
components are gaining increasing attention,
because of their relatively safe status, their
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wide acceptance by customers, and the possi-
bility of their exploitation for potential multi-
purpose functional uses (Ormancey et. al.,
2001). In this context, many essential oils and
constituents have been studied (Ruberto and
Barata, 2000; Nieto et al., 2018).For natural
antioxidants with the virtue of being non-
toxic has given rise to a large number of stud-
ies on the potential of the essential oils of
several aromatic plants, among them, Rose-
mary. (Miura et al, 2002; Wang et al, 2008;
Ojeda et al., 2013; Alvaraz et al., 2019).

In Libya, the Al-Jabal Al-Akhdar mountain,
which is a region located in the North-East of
Libya, is a rich habitat of many aromatic
plants that grow wild, among them Rosemary
Officinalis. These aromatic plants are used
fresh or dry as spicy herbs, in many Libyan
dishes, and for medical purposes (Jafri and
El-Gadi, 1985). So, the aim of this study is
extraction of the essential oils of Libyan
Rosemary Officinalis by hydro-distillation,
identification and classification of its chemi-
cal constitutes by using gas chromatography
coupled to mass spectroscopy (GC-MS) and
the prediction of its antioxidant activity.

MATERIALS AND METHODS

Chemical and reagent: All chemicals and re-
agents were highly pure which purchased from
Fisher scientific (Loughborough, UK) and
Sigma-Aldrich (Pool, Dorset, UK).

Plant material: Leaves of wiled plant Rosma-
rinus Officinalis (Rosemary) were collected
during the flowering stage in April 2019) at Al-
Jabal Al-Akhdar region in North-East of Libya,
specimens of collected plant were confirmed
and deposited at the Herbarium of the depart-
ment of Biology, University of Tripoli, Libya.
The fresh sample were frozen in sealed sample
bags at -18C° till extraction.

Essential oil extraction: The classic method-
ology of hydro-distillation using Clevenger-
type apparatus was used for the isolation of the
essential oil from rosemary (Rosmarinus Offic-

inalis). The fresh leaves of the aromatic plants
(100 g) were blended with water (1500 ml) in a
blender. The mixture was transferred into the
hydro-distillation unit for 3-4 hours, until no
more essential oil was obtained. The essential
oil was separated from water, dried over anhy-
drous sodium sulphate and stored in sealed air-
tight amber glass flasks at 4C° until analyzed
(Daferera et al, 2003).

Identification of essential oil by gas chroma-
tography mass spectroscopy (GC-MS): Es-
sential oil of Libyan Rosemary obtained by hy-
dro-distillation was analyzed, and their constit-
uents identified using GC-MS. The analysis
was performed using a Shimadzu GC-MS-QP
5050 A, software class 5000, with a DBI col-
umn (30m x 0.53 m i.d), 1.5 um film thickness.
The carrier gas was helium (flow rate
Iml/min). For GC-MS detection, an electron
ionization mode (EI) with ionization energy
70ev was used. The temperature program as
follows: 30C° (static, for 2 min) then gradually
increasing (at a rate of 2C°min) up to 250C°
(static for 5 min). Injector temperature was
280C°. Qualitative identification of the essen-
tial oil constituents was achieved using a willey
299 LIB database, and by comparing mass
fragmentation patterns with those from the
available published data. Quantitative estima-
tion of the volatile constituents was determined
by computerized peak are measurements using
an internal normalization method. This analysis
was carried out on the Regional Center for My-
cology and Biotechnology, Al-Azhar universi-

ty, Cairo (Egypt).
RESULTS AND DISCUSSION

The yield of the essential oil from R. Offici-
nalis growing wild in Libya was 0.47% +
0.18%, on a dry weight basis. This yield is
slightly higher than those obtained from the
wild Portuguese R. Officinalis 0.3% (Mata et
al., 2007). However, it was lower than these
obtained from Egyptian cultivated R. Offici-
nalis 1.2% (Viud-Martos et al., 2010). Serbian
R. Officinalis 1.18% (Bozin et al ., 2007) and
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also Tunisian wild R. Officinalis 1.2% (Hosni
et al., 2013). It is quite often that the yield of
essential oil is affected by many factors,
among them the species of the plant, the part
of the plant and geographical and climate
conditions (Sthl-Biskup, 2002).

GC-MS analysis of Libyan essential oils
from R. Officinalis To rationalise the antioxi-
dant activity of Libyan endemic plant R. Offic-
inalis, it is necessary to address composition,
which to the best of our knowledge has not
been studied before. Compound identification
was carried out using GC-MS. GC-MS analysis
of the Libyan essential oil indicated that in to-
tal, 44 compounds were detected in rosemary
oil comprising more than 98.3% of total com-
pounds in the oil.The pattern of chemical con-
tents of R. officinalis essential oils indicated
that this oil were complex mixtures of several
compounds. For this reason, the components
were divided into six classes, namely monoter-
penes hydrocarbons, oxygenated monoter-
penes, sesquiterpenes hydrocarbons, oxygenat-
ed sesquiterpenes, heterogeneous hydrocarbons
and oxygenated heterogeneous hydrocarbons.

GC-MS analysis of Libyan R. officinalis es-
sential oil

1. Monoterpene hydrocarbons

The results showed that the monoterpene hy-
drocarbons group of the R. officinalis oil from
Libya consisted of eight compounds (table 1)
and represented 25.5% of the contents.

The highest content was of the B-pinene isomer
and the lowest content was of y-terpene. Alt-
hough the monoterpene hydrocarbons group
makes up about a quarter of the total contents
of the oil, the compounds in this group were
found in small concentration.In addition, this
group of compounds contained some constitu-
ents that could be considered to be active as
antioxidants, ranging from very weak to very
strong (Ruberto and Baratta, 2000; Wang et al.,
2008). y-Terpinene and o-terpinolene, which
are known to be strong antioxidant compounds,

were found in small quantities, whereas o-
pinene, camphene and B-pinene were found in
measurable amounts in this group, but they are
characterized by their very weak antioxidant
activity.

Table:(1). Monoterpene hydrocarbons identified by GC-
MS analysis of Libyan R. officinalis essential oil.

7 7
T2 = g Base Chemical Molecular g
g % T & Peak compound formula Ug

8 g =
13.15 136 93 a-pinene C10H16 34
13.44 136 93 a-pinene Cl0H16  3.17

isomer
13.59 136 93 camphene Cl10H16  3.04
13.82 136 93 camphene CIOH16  2.87
isomer
1428 136 93 1-B-pinene CIOH16  4.29
1447 136 93 1-B-pinene CIOH16  4.61
isomer
1593 136 93 y-terpinene C10H16 2.2
1696 136 93 a-terpinolene  CI10HI16 1.96

Number of identified compounds 8
Percentage of the total composition 25.54
%

2. Oxygenated monoterpenes

The oxygenated monoterpenes group (table 2)
was found to be the most representative group
of the compounds present in the Libyan
rosemary oil, representing 66.33% and
containing 23 compounds.

Camphor was at the highest level (16.07%) in
rosemary oil followed by the 1, 8-cineol
isomer (11.8%). On the other hand, only a
very a small amount of thymol was identified
(0.2%) and there was a complete absence of
carvacrol. Thymol and carvacrol are
considered to be the most powerful members
of this group responsible for the antioxidant
activity of most essential oils (Youdim et al.,
2002; Lee et al., 2005).

Furthermore, the results showed that this
group (oxygenated monoterpenes) also
contained a reasonable number and amount of
compounds with very weak antioxidant
activity. Such components are 1, 8-cineol, 1,8-
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cineol isomer, 4-terpineol, 1-a-terpineol, and
very small amount of isoborneol and J3-
citronellal.

These results correspond well with the results
obtained by Okoh et al. (2010) who found
oxygenated monoterpenes and monoterpenes
were the major constituents in R. officinalis
oil. In plant essential oils, oxygenated
monoterpenes and monoterpenes are mainly
responsible for most of the antioxidant
activities (Ruberto and Baratta, 2000).

Table:(2). Oxygenated monoterpenes identified by GC-
MS analysis of Libyan R. officinalis essential oil.

3. Sesquiterpene hydrocarbons

The sesquiterpene hydrocarbons group (Table
3) comprised of 3 compounds at a low
percentage (2.62%) of the oil constituents.
This group contained two weak antioxidant
compounds, trans-f-caryophyllene and
humulene.

Table:(3). Sesquiterpene hydrocarbons identified by
GC-MS analysis of Libyan R. officinalis essential oil.

7 £ . g
5 S 2 Base Chemical Molecular g
s & X 5
8 = % £, Peak compound formula g
= 8 ] K
1539 154 43 1,8-cineole ~ CIOHI8 O  6.15
16.06 154 43 1,8-cineole ~ CI0HI8 O  11.8
isomer
1681 154 93 linalool CI0HI18 O  3.29
18.04 152 108 o-pinene oxide CI0H160 0.42
1838 152 95 camphor Cl10H16 0 16.07
19.39 152 95 comphor CI10H16 0O  2.01
isomer
19.55 150 81 pinocarvone  CI10H140  4.35

19.85 152 55  bicyelomonoter CIOH160  2.11

pene ketone

20.15 154 71 4-terpineol CI0HI8 O  5.65

20.46 154 59 l-a-terpineol ~ C10HI18 O  7.93

2093 150 95 monoterpene  C10H140  3.49
ketone

21.91 152 95 camphor CI0H16 0 0.22
isomer

22,18 152 79 myrtenol CIOHI6 0  0.46

22.60 152 69 aldehyde CI0H16 0 0.16

22.72 150 95 unsaturated CI0H140 0.42
ketone

23.27 154 95 isoborneol CI0HI18O  0.29

23.87 196 95 endobornyl CI2H202  0.95
acetate

24.18 150 135 thymol CI10H140 0.2

25.07 154 41 dihydrocarvacrol C10H18 O  0.12

2543 150 67 prillaldehyde ~ C10H14 O  0.09
25.77 150 121 aldehyde CIOH140 0.11
2632 156 41 p-citronellal  CI0H200  0.03
27.83 164 43 monoterpene  C10HI1202 (.01
oxide
Number of identified compounds 23

Percentage of the total composition

7 g z
52 =& Base Chemical Molecular §
g % T & Peak compound formula 6
- =
321 204 41 trans-f- C15H24 2.2
caryophyllene
3393 204 93 oa-humulene  CI15H24  0.34
3737 204 161 o-amorphene C15H24  0.08
Number of identified compounds 3
Percentage of the total composition 2.62%
4. Oxygenated sesquiterpene and
heterogeneous hydrocarbon
The oxygenated sesquiterpene and

heterogeneous hydrocarbon groups (table 4)
consisted of two compounds each, spathulenol
and o-cadinol, and nonane and 3,4-octadiene-
7-me respectively.

Table:(4). Oxygenated sesquiterpenes and

heterogeneous hydrocarbons identified by GC-MS
analysis of Libyan R. officinalis essential oil.

2 @ 3 5 ; <
& = 2 2 Base Chemical Molecular S
= B & X g
B = % £ Peak compound formula g
= [ oq
= B = o

66.33%

Oxygenated sesquiterpenes

41.65 220 41 spathulenol ~ CI5H24 O trace
46.63 222 161 d-candinol CISH26 0 0.21
Number of identified compounds 2

Percentage of the total composition 0.21

Heterogeneous hydrocarbons

9.43 128 43 nonane C9 H20 trace

11.87 124 67 3,4-octadiene- C9 H16 0.02
7-me
Number of identified compounds 2
Percentage of the total composition 0.02 %
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5.0xygenated heterogeneous

hydrocarbons
The final group is the oxygenated
heterogeneous  hydrocarbons  (table 5)

consisting of 7 compounds representing 3.6%
of the oil. This group contained very important
compounds with very high antioxidant
activity, namely eugenol and diethyl phthalate,
present in relatively small amounts but
probably affecting the overall antioxidant
activity of this oil.

Table:(5). Oxygenated heterogeneous hydrocarbons
identified by GC-MS analysis of Libyan R. officinalis
essential oil.

o = &
=z & _ 2
°3 =zg¢ Base Chemical Molecular S
8 % T 5 Peak compound formula &
25 é e
568 86 41 3-me-butanol C5HI0 O  0.02
14.8 128 57 l-octen-3-0ol ~ C8H160 2.13
269 164 164 eugenol Clo0HI20  0.04
2

Cl1H1402 0.53
CI12H1402  0.28

28.53 178 178
40.05 222 149

me eugenolate
diethyl
phthalate
1,2- C16H2204 0.54
benzenedicrbo
xylic
acidbutyl-2-
meththyprolyl
ester
74.87 390 149 1,2-
benzenedicrbo
xylic acid bis
(2-ethylhexyl

68.20 278 149

C24H3804  0.03

ester)
Number of identified compounds 7
Percentage of the total composition 3.51

%

Several reports have been published (Wang et
al., 2008; Viuda-Martos et al, 2010)
concerning the composition of R. officinalis
essential oil; these reports have emphasized
the extent of marked chemical differences
among essential oils extracted from the same
species. These differences in the chemical
composition of R. officinalis oil can be
attributed to the part of the plant extracted, the
season of harvesting, the geographical origin
and the method of extraction (Ravid and
Putrisky, 1986; Mueller-Riebau et al., 1997;

Jordan et al., 2006; Bakkali et al., 2008).

The results of the GC-MS analysis in the
current study were in good agreement with the
results obtained by Soliman et al. (1994), who
found that rosemary oil comprised 43%
compounds. However, some differences were
noticed with regards to the number and
quantity of some compounds in rosemary oils
studied from different regions, such as the
cultivated Egyptian rosemary oil, when
analysed 27 compounds were identified
representing 90.2% of the total oil, the major
constituents were 1,8-cineole (23.59%),
camphor (20.70%) and a-pinene (18.21%)
(Viuda-Martos et al., 2010), and the Spanish
southern R. officinalis oil when investigated by
Tomeia et al. (1995), they found the main
components to be camphor (32.33%), 1,8-
cineole (14.41%), and a-pinene (11.56%). The
geographical location of where the plant grows
can contribute to the content and quality of
essential oils (Stahl-Biskup, 2002).

Earlier data pertaining to the rosemary
essential oils has pointed out the difference
between the Morocco/Tunisian chemotype
(containing 38-55% of 1, 8-cineol) and the
Spanish chemotype characterized by high
amount of the monoterpene hydrocarbons, o-
pinene (18-26%), camphene (8-12%) and 1, 8-
cineol (16-25%) (Bozin et al., 2007).
However, the essential oil obtained from
rosemary growing wild in Libya investigated
here, has a specific chemical composition, 1,
8-cineol (6.15%), a-pinene (3.4%) and
camphene (3.04%) that could not be
categorized in one of the two previously
described chemotypes.

Finally, the differences in the number and type
of the compounds in the essential oils of R.
officinalis could lead to differences in their
antioxidant activities and should be taken into
consideration when studying the antioxidant
potential of the essential oil. In addition, the
results of the essential oil composition give us,
to some extent, a prediction about whether an
oil has a strong or weak antioxidant activity.

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The oil under investigation contained some
constituents with great antioxidant activity
such as eugenol, (0.04%), diethyl phtalate
(0.28%), myrteol (0.46%), y-terpinene (2.2%),
a-terpenolene (1.96%), with a total percentage
of (4.94%) which was considered to be very
small. However, about half of the essential oil
contained constituents with a predicted very
weak antioxidant activity. These included
trans-B-caryophlene  (2.2%),  a-humulene
(0.34%), 1,8-cineol (6.15%), 1,8-cineol isomer
(11.8%), linalool  (3.29%), 4-terpineol
(5.65%), 1l-a-terpine (7.93%), isoborneol
(0.29%), prillaaldehyde (0.09%), B-citronellal
(0.03%), a-pinene (3.4%), camphene (3.04%)
and [-pinene (4.29%). Based on the data
published by Ruberto and Baratta (2000),
Youdim et al., (2002) and Wang et al. (2008)
the essential oil of Libyan rosemary oil might
have a weak antioxidant activity.

CONCLUSION

Rosmarinus Officinalis essential oil grow wild
in Libya, is a mixture of 44 compounds, includ-
ing a group of six classes namely, Monoter-
penes Hydrocarbons, Oxygenated Monoter-
penes, Sesquiterpenes Hydrocarbons, Oxygen-
ated Sesquiterpenes, Heterogeneous Hydrocar-
bons. This oil might have a weak antioxidant
activity according to its chemical constituents,
where the content of the phenolic compounds
which are considered being strong antioxidants
too low, (Thymol, 0.2% and the absent of Car-
vacrol, 0.0%). However, attention should be
paid to study its extracts of Rosmarinus Offici-
nalis plant using different solvents for extrac-
tion.
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Abstract: This study was conducted to evaluate the antioxidant activity-synergistic effects of
Thymol and Carvacrol using Three assays DPPH, FRAP, and TEAC. In the DPPH assay Car-
vacrol, Thymol and Carvacrol-Thymol mixture had scavenging activity and this activity in-
creasing by increasing concertation from 50 to 1000ppm. Carvacrol showed a strong antioxi-
dant activity than Thymol, and no synergistic effect in their mixture at tested concertation. In
FRAP assay, Carvacrol had the highest antioxidant activity as in DPPH assay result. Howev-
er, the mixture of Carvacrol and Thymol showed a higher reducing power than Thymol and
no synergistic effect observed. In TEAC assay, Carvacrol showed a great quenching ability of
ABTS radical cation than Thymol and the mixture both. The Carvacrol content in the mixture
could be responsible for this higher antioxidant activity and there was no clear synergistic ef-
fect. These findings support that essential oils always contain a mixture of different chemical
compounds. In addition to the major compounds, minor compounds may make a significant
contribution to the total oil antioxidant activity.

Keywords: Thymol; Carvacrol; Synergistic effect; antioxidant; Thyme essential oil.

INTRODUCTION

Essential oils are volatile, natural, complex
mixtures characterized by strong odour and
are formed by aromatic plants as secondary
metabolites. (Ramawat and Merillon,2013;
Alvarez et al., 2019)

At present, approximately 3000 essential oils
are known, 300 of which are commercially
important especially for the pharmaceutical,
cosmetic, perfume industries and medical
properties as well as in food and beverages as
flavoring agents and preservatives (Van de
Braak and Leijten, 1999; Burt,2004; Nieto et
al,.2018). The latest property regard to the
use of essential oils as natural antioxidants in

this context since 1938 when the earliest re-
ports on antioxidant from spices in a patent
by Maveety (Maveety,1938).

Up to now, thousands of studies have been
carried to study the antioxidant activity of
several essential oils of aromatic plants. Par-
ticularly, members of Lamiaceae family.
Such as Sage, Rosemary, Thyme, Clove,
Oregano, ...etc. (Yanishlivea et al., 1999;
Dang et al., 2001; Youdim et al., 2002 Wang
et al., 2008 Niteo et al., 2018). Essential oils
are very complex natural mixtures which
contain about 20-60 components at quite dif-
ferent concertation. They are characterized by
two or three major components at fairly high
concentration (20-70%) compared to other
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components present in trace amounts.
.(Bakkali et al., 2008). Generally, these major
components determine the biological proper-
ties such as antioxidants activities of the es-
sential oils, and might speculate if their anti-
oxidant effects are the result of a synergism
of all molecules or reflect only the main mol-
ecules present at the highest levels (Ipeke et
al., 2005; Nieto et al.,2018). Carvacrol and
Thymol have been reported by many authors
to have a very high antioxidant activity and
they were responsible for most of the antiox-
idant activity of essential oils of Lamiaceae
family members (Jukic and milos, 2005;
Kulisic et al., 2005; Chizolla et al., 2008).

It is established that Thymol and Carvacrol
are considered as the most common effective
free radical scavengers (Jamli et al., 2012). It
is thought that the hydroxyl group in Thymol
and Carvacrol (Figure 1) is usually the site of
hydrogen donation.

OH

OH

(5-methyl-2-150propy] phenol) (S-1sopropyl-2-methyl phenol)

thymol carvacrol
Figure: (1). Chemical structure of thymol and carvacrol

However, the literature contains conflicting
observation regarding to Thymol and Car-
vacrol antioxidant activities. (Yanishliva et
al., 1999; Youdim et al., 2002; Teixeria et
al.,2013) reported that Thymol had a higher
antioxidant activity than Carvacrol, whereas
some other studies found that Carvacrol had a
stronger antioxidant activity than obtained
with Thymol (Yanishliva et al., 1999; Ruber-
to and Barata, 2000; Miguel et al., 2003; Ja-
mali et al.,2012). The contradiction could be
due to methodological variations in the dif-
ferent assays used. In addition, a synergistic

effect was observed by (Puertas-Majia et al,
2002) between Thymol and Carvacrol in mix-
ture at ratio of 1:1 when tested in bulk oil. An
increase in the antioxidant activity by 25%
was noticed. On the other hand, (Miguel et
al.,2003) reported that no synergistic activity
was between Thymol and Carvacrol. Due to
this contradiction in previous published data
the objective of this study to determine the
antioxidant activities of Thymol and Car-
vacrol and mixture (1:1 ratio) of both using
DPPH, FRAP and TEAC assays.

Particularly, these two compounds have been
found in the Libyan Thyme (Thymus Capita-
tus). Growing wide in Al-jabal Al-Akhdar
region.

MATERIALS AND METHODS

Chemical and reagents: Folin-Ciocalteu rea-
gent, anhydrous sodium carbonate, butylated
hydroxyanisole (BHA), sodium acetate trihy-
drate, 2,4,6-Tripyridyl-5-Triazin (TPTZ), gallic
acid, Potassium Persulphate, Disodium Hydro-
gen Phosphate. Ferric Chloride Hexahydrate,
Thymol, Carvacrol were purchased from Sig-
ma-Aldrich (Poole, Dorset, UK). 2,2-Diphenyl-

1-Picrylhydrazyl free radical (DPPH ), 2,2-
Azino-Bis (3-Ethylbenzothiazoline-6-Sulfonic
acid) Diammonium salt(ABTS) and (£)-6-
Hydroxy-2,5,7,8-Tetramethylchromane-2-
Carboxylic acid (Trolox) were obtained from
Merck chemicals Ltd. (Darmstadt, Germany).

DPPH radical scavenging activity assay: The
radical scavenging activity of Thymol and Car-
vacrol was measured using the stable radical
2,2-Diphenyl-1-Picrylhydrazyl as described by
(Chizzola et al.,2008). Each sample (4 ml) dis-
solved in ethanol at different concentrations
(50, 250, 500, 1000 ppm) was mixed with

DPPH (1 ml, 0.1 mM). BHA was used as a
standard at the same concentration at the sam-

ples. The reduction of the DPPH free radical
measured after incubation at room temperature
for 30 mins. the absorbance was read at a
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wavelength of 517 nm against a blank (4 ml

ethanol mixed with 1 ml of (0.ImM) DPPH
solution).

DPPH , a purple coloured, stable free radical
is reduced to yellow coloured diphenylpi-
crhyldrazine when antioxidants are added. The
inhibition ratio (%) was calculated from the
following equation.

%inhibtion
[absorbance of control — absorbance of tested samples ]

absorbance of control
x 100

The assay was conducted in triplicate, and re-
sults were calculated as mean + standard devia-
tion (SD).

Ferric Reducing Antioxidant Power (FRAP)
assay: The total antioxidant potential of Thy-
mol and Carvacrol was determined by means of
the ferric reducing antioxidant power assay us-
ing the Benzi and Strain (1996) method. For
the assay, serial dilutions of Thymol and Car-
vacrol in Ethanol (100ml) were prepared at
(50,100,250,500,1000 ppm), and mixture of
both compounds at the same concentration as
each one individually was made and tested for
synergism effect. A working reagent was pre-
pared by mixing acetate buffer (25 ml, PH 3.6
) with TPTZ (2.5 ml of 10 mM) in HCL (40
mM) and freshly prepared solution of 20 mM
Fecl;.6H,0O (2.5 ml). the diluted sample (50ul)
was mixed with working reagent (3 ml ). After
8 min of incubation at 37c° the absorbance was
measured at wavelength of 593 nm.

A standard curve (Figure 2) was prepared using
different concentrations of Trolox in ethanol
(50-1000 mg/ml).

The results were corrected for dilution and ex-
pressed as mM of Trolox equivalents/l of sam-
ples.

The experiment was performed in three replica-
tions and results were expressed as mean +
standard deviation (SD).

1.6 -
x0.0014y =

0.9986=2R

Absorbance 593 nm

0 | T T 1
0 500 1000 1500

Concentration mg/mL

Figure: (2). (FRAP) Standard curve for trolox at range
of concentrations (50-1000 mg/mL) measured against
absorbance at 593nm. Results are triplicates (£ SD).

Trolox equivalent antioxidant capacity
(TEAC) assay: Preparation of Phosphate buff-
er Saline solution (PBS) PH 7.4: PBA was Pre-
pared by mixing Disodium Hydrogen Phos-
phate NaH;Po,4 (81 ml of 5 mM) with sodium
dihydrogen phosphate NaH,Pos (19 ml of
5mM), and Sodium Chloride (0.9 g) was added
to the mixture.

The TEAC assay modified by Re et al., (1999)
was used to assess the amount of free radicals
that can be scavenged by the antioxidants (Car-
vacrol and Thymol). Tested samples were di-
luted in 100 ml ethanol and various concentra-
tion were made (20, 30, 40, 50, 70 ppm) for
Carvacrol, Thymol, and mixtures of both com-
pounds for the synergism effect. The ABTS
radical cation was formed by reacting ABTS (7
mM) and Potassium Persulfate (2.45 mM) after
incubation at room temperature, in the dark, for
12-16 hours the stock solution was diluted
twenty times with Phosphate buffer Saline so-
lution (PBS) until and absorbance of (0.7 +
0.02) at 734 nm was reached. ABTS solution (2
ml) was added to each of tested samples (40 pul)
and mixed thoroughly by Vortex. The reactive

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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mixture was allowed to stand at room tempera-
ture for 1 min, and the absorbance was imme-
diately recorded at 734nm. Only one reagent
blank was made, ABTS (2 ml ) mixed with
PBS (40 pl), and used for all measurements
when taking readings for either samples or
standards. Trolox standard solution of varying
concentrations (0-100 ul/ml). In absolute Etha-
nol was prepared and assayed in the same con-
ditions. A standard curve was plotted and used
to calculate the results (Figure 3). Results were
expressed in terms of pug Trolox equivalent /1.

The assay was carried out in Triplicate, and
results were calculated as mean + standard de-
viation (SD).

0.3 4
x0.0024y =

=2
0.25 0.9982=2R

0.2
0.15

0.1

Absorbance 734 nm

0.05

0 T T 1
0 50 100 150

Concentration pL/ml

Figure: (3). (TEAC) Trolox standard curve for varying
concentrations (0-100 puL/ml) measured against absorb-
ance at 734 nm. Results are triplicates (= SD).

Statistical Analysis:
The results were analyzed by Two-Ways
ANOVA using F-test (Montagomry,2000).

RESULTS AND DISCUSSION

The antioxidant activities of Thymol, Car-
vacrol and the mixture of both were investi-

gated using DPPH , FRAP and TEAC assays.

In the DPPH assay (Table 1) and (Figure 4)

show that Carvacrol, Thymol and Carvacrol:
Thymol mixture had scavenging activity, and
this activity was highly significant (p<0.001)
by increasing the concentration from 50 to
1000 ppm.

Table:(1). DPPH activity (% bleaching of DPPH solu-
tion) of thymol and carvacrol, and a (1:1) mixture of
both

Concentration ppm

Groups

50 (A) 250 (B) 500 (C) 1000 (D)
31.80£0.6 43.36+£0.5 60.24+1.7 82.72+1.5
AB*** ARB*#* Ak Ak
ACH** Bk Bk BD***
thymol AD*** BD#*** CD*#%* CD***
(@) ab¥#k abk ack abk
ad*#* acikE ad acik®
ad ad***
37.43+0.9 49.04£1.6 62.07£1.2 93.19+0.3
AB*** ARB*#* Ak AD™
ACH#* BC*** B(C*** "
carvacrol AD*E* BD#*** CD*** BD
(b) ba ba* bk CD***
be*** bo*** bd*** ba***
b bd*** b
30.44+0.6 39.96+1.1 55.21+1.3 76.94+0.3
AB™ AB™ AC™ AD™
Thymol+ AC™ BC™ BC™ BD™
CaI'VaCI'Ol AD*** BD*** CD*** CD***
() b catt catt catt
Cd*** Cb*** Cb*** Cb***
Cd*** Cd*** Cd***
92.61+0.4 93.65%- 94.16£0.4 94.42+0.5
AC 0.5
b
BHA (d) AD** da da** dc**
da*** da*** db***
db*** db*** dc***
dc*** dc****

A,B,C and D indicate concentrations per group, a ,b, ¢ and d
indicate groups per concentration. * means significant at
0.05, ** means significant at 0.01 and *** means significant
at 0.001. Results are the means of triplicates £SD.

However, this activity was lower than that ob-
tained from BHA positive control at the same
concentration tested. Carvacrol showed a
stronger antioxidant activity (p<0.001) than
Thymol at four concentrations used. The re-
sults are in good agreement with those ob-
tained by (Yanishlivea et al., 1999; Ruberto
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and Barata 2000; Miquel et al., 2003 jamali et
al., 2012).Regarding to synergistic effect, the
result of this study revealed no synergistic ef-
fect in the mixture of Carvacrol:Thymol at the
tested concentrations, compared with Car-
vacrol and Thymol individually. These results
are in good agreement with the obtained by
(Miguel et al., 2003).

1000

I

BHA
500

® thymol+carvacrol

250

Concentration ppm

M carvacrol

 thymol

vl
o

o

50 100
% DPPH inhibition

Figure: (4). Free radical scavenging activity of thymol
and carvacrol, and a (1:1) mixture of both at different
concentrations in the DPPH assay. Data expressed as
percentage of bleaching of DPPH solution. Results are
the means of triplicates +SD. BHA= butylated hydroxy-
anisole.

Table 2 and Figure 5 summarize the reducing
power of Thymol and Carvacrol and a 1:1
mixture of both as observed in the FRAP as-
say.

The results showed the same pattern as the

DPPH assay. Results with Carvacrol, which
had the highest antioxidant activity (p<0.001)
compared with Thymol and the mixture of
both. However, the mixture of Carvacrol and
Thymol in this assay showed a higher reduc-
ing power than Thymol at each concentration
used. There was no synergistic effect observed
between Carvacrol and Thymol.

Table:(2). FRAP analysis of thymol and carvacrol, and a
(1:1) mixture of both at different concentrations. Results
expressed in terms of mM trolox equivalent

Concentration ppm

Groups 55" Ay 250(B)  500(C) 1000 (D)
284.6+1. 306.23+t1 556.9+0. 906.4+3.
9 .0 6 8
AB™ AB™ AC™ AD™

thymol AC™ BC™ BC™ BD™

(a) AD*** BD*** CD*** CD***
AF*** BE*** BE*** CE***
ab*** ab*** ab*** ab***
actE P e actH* actH*
852.3+1. 950.81+1 1278.1+1 1478.1+1
2 2 1 .0
AB™ AB™ AB™ AB™

car- AC»M AC“* AC*“ AC)(-)H-

ZE)CTOI AD*** AD*** AD*** AD***
AE*** AE*** AE*** AE***
ba**  ba*™*  ba**  ba™
b bc™* be™t botr
583.95+2 622.4+1. 754.47+0 1169.7+0
3 1 .6 .6

Thy- AB™ AB™ AB™ AB™

1;;2}-% AC™ AC™ AC™ AC™

vacrol AD*** AD*** AD*** AD***

(©) AF*** AFE*** AE*** AE***
cartE cattE carr* R N
ch*** ch*** ch*** ch***

A,B,C, D and E indicate concentrations per group, a, b, and ¢ indi-
cate groups per concentration. * means significant at 0.05, ** means
significant at 0.01 and *** means significant at 0.001. Results are the
means of triplicates £SD.

2500

H thymol

M carvacrol

Ferric reducing capacity
(mM_Trolax/l),,
u o (O] o
o o o o
o o o o

o
!

Q O O O O
TV
Concentration PPM

Figure: (5). FRAP analysis of thymol and carvacrol, and
a (1:1) mixture of both at different concentrations. Data
expressed in terms of mM trolox equivalent. Results are
the means of triplicates (+ SD)
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The TEAC Assay had also the same pattern
behavior of Carvacrol, Thymol and the mix-
ture of both (in ratio of 1:1). Results are pre-
sented in (Figure 6) and (Table 3) . Carvacrol
showed a great quenching ability of ABTS
radical cation (p < 0.001) than Thymol and the
mixture of both at all concentrations tested.
The mixture showed higher antioxidant activi-
ty than Thymol (p < 0.001). The Carvacrol
content in the mixture could be responsible for
this higher antioxidant activity and there was
no clear synergistic effect.

250

200

150 -

B thymol

100 B

M carvacrol

50 - B

Trolox equavelent pg/mL

O -
50 80 100 150 200
Concentration PPM

Figure: (6). TEAC values of thymol and carvacrol, and a
mixture (1:1) of both at different concentrations. Results
are expressed as pg/mL trolox equivalent and they are
the means of triplicates =SD

The results obtained from the three assays

(DPPH , FRAP and TEAC) were in accord-

ance with earlier published data on the strong
antioxidant activity of Carvacrol as compared
to Thymol (Ruberto and Barat 2000; Bozin et
al., 2006 ). Furthermore, the results of current
study correspond with results obtained by
Undger et al., (2009) who found that there was
no synergistic effect between Carvacrol and
Thymol. On the other hand, the results of the
present study disagree with those reported by
Puertas-Mejia et al., (2003) who reported a
synergistic effect between Thymol and Car-
vacrol. For these reasons, it is very difficult to
attribute the antioxidant effect of a total essen-
tial oil to one or several active principles, be-

cause on essential oil always contains a mix-
ture of different chemical compounds. In addi-
tion to the major compounds, minor com-
pounds may make a significant contribution to
the total oil antioxidant activity.

Table:(3). TEAC values for thymol and carvacrol, and a
(1:1) mixture of both at different concentrations. Results
are expressed as pg/mL trolox

Concentration ppm

Groups 507 AY  250(B) 500 (C) 1000 (D)
21.67+1.

14504 24+0.6

AB™ AR AC™ 37.86+1.9
LA -l - AD™ BD™
(ailmo AD*** BD*** CD*** CD***

AE*X‘* BE*** BE**X‘ CE***

ab*** o ab*** ab*** ac***

ac*** ab ac***

ac***
90.72+0.  102.5+¢1.  110.112.
9 6 5
137.75+1.2

AB:&:&:& AB*** AB*** o + i
car- AB™ AC

AC AC AC
Zg)cr()l AD*** AD*** AD*** AD

AEX‘**

AE*X‘* AEX‘** AEX‘** ba*** bc***

ba*** ba*** ba***

bo*** bc*** bc***

49.28+0. 77.03+0.

9280 0320- 43 06213

9 9 o 131.36.1.
Thy_ AB™ AB™ = 2
rcrall(;lJr AC™ AC™ o AB™ AC™
vacrol AD*** AD*** AF*** AD***
(c) AE*** AE*** o AE***

Ca*** Ca*** C;*** Ca*** Cb***

Cb>(->(->(- Cb*%-* C

A,B,C, D and E indicate concentrations per group, a,b, and
¢ indicate groups per concentration. * means significant
at 0.05, ** means significant at 0.01 and *** means
significant at 0.001. Results are the means of triplicates
+SD.

CONCLUSION

Carvacrol and Thymol were studied to see if
there were any synergistic effects. Carvacrol
and Thymol gave strong antioxidant activity.
However, this effect was great with Carvacrol.
There were no synergistic effects between Car-
vacrol and Thymol.
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Abstract: Tobacco consumption alters many biological parameters, including a-amylase activ-
ity. This study reports the effect of cigarette smoking on salivary a-amylase activities of some
male heavy smokers (100) in apparent good health compared with (40) male non-smokers as
control. The salivary a-amylase activity was assayed using the standard colorimetric method.
The a-amylase enzyme was characterized from the saliva samples collected from healthy adult
smokers and non-smokers (control) to determine the effects of temperature, pH, and substrate
concentration on the kinetic parameters of the enzyme. The analysis of the saliva samples
showed that there were significant increases (P<0.05) in the a-amylase activity values in the
saliva of cigarette smokers when compared with non-smokers at optimum conditions
(2.74+0.37 nmol/min/mg-protein and 2.01+£0.16 nmol/min/mg-protein, respectively). The
Michaelis constant (K,,) values of 0.5+0.02 mM and 1.124+0.08 mM observed for non-smokers
and smokers were obtained from the double reciprocal plot of initial velocity (//V) and sub-
strate concentration (///S]). The maximum activities obtained at an optimum temperature of
37°C, and an apparent pH of 7.0 for both subjects were 31.25+£8.24 nmol/min/mg protein and
18.10+4.06 nmol/min/mg protein for non-smokers and smokers respectively. Measurements of
salivary a-amylase activity could be useful in the early detection and diagnosis of parotitis.

Subsequent studies are required to specify the mechanisms responsible for such a risk.

Keywords: Cigarette Smokers; Salivary a-Amylase; Kinetic Parameters; Optimum Conditions.

INTRODUCTION

Tobacco dependence is still the leading cause
of avoidable mortality in the world (WHO,
2017; Da Costa & Sylva, 2005). The World
Health Organization estimated in 2017 that to-
bacco use killed 5 million people at a global
level, half of which were in developing coun-
tries. According to forecasts for 2025- 2030,
the death toll is expected to rise to 10 million
people, including 7 million in developing coun-
tries (WHO, 2017). The works of many chem-
ists and biologists over the past 50 years have
shown the harmful effects of numerous tobacco
components (Mohammed et al., 2016). Nico-

tine addicts in Libya get their daily dose of this
toxicant by different smoking habits, including
smoking cigarettes, water pipes (narghile,
hookah, shisha), and inhaling snuff, known lo-
cally as naffa. In addition to nicotine, it has
been reported that tobacco products contain
other toxic substances, including some heavy
metals (Abd El-Samad & Hanafi, 2017; Caruso
et al, 2014). Cigarette smoke (CS) contains
over 4000 different chemicals, 400 of which
are proven carcinogens. These carcinogens in-
clude aromatic amines, nitrosamines, oxidants
such as oxygen free radicals, and also high
concentrations of toxic volatile aldehydes, such
as acrolein, crotonaldehyde (o,B-unsaturated
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aldehydes), and acetaldehyde (saturated alde-
hyde), all of which presumably are major caus-
es of damage to various molecules exposed to
CS (Nagler et al., 2000). Saliva is an excep-
tional fluid, as it is the first biological fluid to
encounter the inhaled CS gaseous and water-
soluble extracts. Salivary biomarkers have
gained popularity in stress research, as it has
proven superior to testing biomarkers in blood.
(Y1 & Moochhala, 2013). This is based on the
fact that saliva samples have many advantages
such as wide range of constituents, being non-
invasive and easy to perform, and do not need
trained staff. It also does not cause additional
stress in sample collection unlike blood or
urine collection (Heberd et al., 2015).

Alpha-amylase (EC 3.2.1.1) in animals is a ma-
jor digestive enzyme. It is secreted by the sali-
vary gland and pancreas, and therefore, present
in saliva and serum. It hydrolyzes the a-1, 4
linkages of starch to glucose and maltose
(Gomina et al., 2013). The noxious effects of
tobacco dependence on human health are
known. In fact, tobacco consumption is the
cause of cardiovascular pathologies, pleuro-
pneumonias, and cancers (Callegari & Lami,
1984). In addition, tobacco consumption modi-
fies several biological parameters, including o-
amylase activity (Weiner et al., 2009).

Previous studies carried on tobacco depend-
ence’s impact on the activity of salivary alpha-
amylase resulted in divergent viewpoints. For
Nater et al, (2007) smoking tobacco increases
the value of alpha-amylase activity in saliva.
On the contrary, for other authors, smoking to-
bacco does not affect the value of serum and
salivary alpha-amylase activity (Nagaya &
Okuno, 1993; Kivela et al., 1997; Aysun et al.,
2009). Nevertheless, investigations on the in-
fluence of smokeless tobacco consumption on
alpha-amylase activity are very few. Likewise,
reports on alpha-amylase activities among ciga-
rette smokers have remained scarce in the Lib-
yan society. The present study, therefore, at-
tempts to report the activities of a—amylase in
the saliva of some Libyan cigarette smokers.

MATERIALS AND METHODS

All chemicals used throughout this study were
obtained from Sigma-Aldrich. Absorbance
measurements were made with Beckman Coul-
ter Model DU 800spectrophotometer. One
hundred male cigarette smokers in apparent
good health were chosen as test subjects from
the smoking population and were randomly se-
lected from Al-Bayda city, Libya. The volun-
teers comprise 100 heavy smokers (>11
sticks/day) (Enemchukwu et al., 2011). Also,
40 individuals who do not smoke or drink al-
cohol were included as the control subjects.

Sample collection: Saliva samples were col-
lected from the volunteers (100 smokers and 40
non-smokers) in apparent good health. For the
collection, which was performed at least 1 h af-
ter eating; volunteers were asked to generate
saliva in their mouths and to spit it into a wide
test tube for 10-15 min. Following collection,
saliva was immediately centrifuged (1000xg
for 3 min) to remove squamous cells and cell
debris. The fresh supernatant was then trans-
ferred to the plastic containers and stored at
4°C until analysis. The cigarettes used in this
study were popular commercial cigarettes (Mi-
lano, Oris, and Super Grand) containing 5, 3,
and 1mg of tar and 0.5, 0.3, and 0.1mg of nico-
tine per cigarette, respectively. About 1000 pl
of saliva was collected from each subject using
specimen sample bottles and diluted to 1:100
with physiological saline (0.85% NaCl) using
the technique proposed by Enemchukwu et al.,
(2011).

Measurement of salivary a-amylase activity:
The activity of the enzyme was determined us-
ing starch as substrate. An appropriate amount
(100ul) of the enzyme solution (diluted saliva)
was incubated with 800 upl of a substrate
(starch) in an incubator at 37°C for 30 min. The
reducing sugars resulting from the starch hy-
drolysis were assayed by the 3, 5-
dinitrosalicylic acid (DNS) method (En-
emchukwu et al., 2011). The aldehyde group of
reducing sugars converts 3, 5-dinitrosalicylic
acid to 3-amino-5-nitrosalicylic acid, which is
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the reduced form of DNS. The formation of 3-
amino-5-nitrosalicylic acid results in a change
in the amount of light absorbed at 540 nm. The
absorbance measured using a spectrophotome-
ter is directly proportional to the amount of re-
ducing sugar (Miller, 1959). The a-amylase ac-
tivity in each sample was determined by using
the following formula:

a-amylase activity in each assay tube =

AABS . ,
300 Min* Final volume

1.0cm

Where, AABS = absorbance change

Protein concentration was estimated according
to the method described by Bradford depending
on the bovine serum albumin standard curve
(Bradford, 1976). The specific activity was de-
termined by using the following equation:

..U
Enzyme activity —

Specific activity (U/mg) =
p Y( g) Protein concentration%

Effect of pH and temperature on salivary a-
amylase activity: In order to determine the ef-
fects of temperature (25-60°C) and pH 3-13 (50
mM acetate buffer and 50 mM phosphate buff-
er) at 37°C on salivary a-amylase activity
among cigarette smokers as well as non-
smokers, routine analysis of the saliva samples
was carried out with the buffered starch sub-
strate using the enzymatic method for the a-
amylase assay for human biological fluids (En-
emchukwu et al.,, 2013). The salivary o-
amylase was assayed by the 3, 5-
dinitrosalicylic acid method (Enemchukwu et
al., 2011).

Determination of kinetic parameters for sal-
ivary o-amylase: The kinetic parameters
[Michaelis-Menton constant (K,) and maxi-
mum velocity (V.y)] of invertase activity of a-
amylase activity were obtained individually
from Lineweaver Burk (LB) plot following the
determination of salivary a-amylase activity at
the optimal assay conditions 37°C, pH 7.0 at 30
min in the presence of various starch concen-
trations: 0.25, 0.5, 1, 2, 5, 10 and 20 mM (Ha-
drich et al., 2015). The intercept of the LB plot
on the y-axis corresponds to //V,,., while the

slope corresponds to K,,/V,.. (Hadrich et al.,
2015).

Statistical analysis: Results were expressed as
means + standard division of the mean (n = 6).
Statistical significance was set at P<0.05 by us-
ing a t-test. Microsoft Excel has calculated ki-
netic parameters for a-amylase activity.

RESULTS

The results presented in Table 1 are the demo-
graphic data that were observed in both groups.
The data indicated the selectivity in studied
groups that were included in the present study.

Table (1). Demographic data of the two studied groups
(Mean £ SD)

Non — smok-

Characteristic =~ Smokers [n=100] ers [n=40]
Gender Male Male
Age (year) 47.70 £6.12 43.25+4.19
Method of Cigarette -
Smoking &

Milano, Oris and

Super grand con-

. taining 5, 3 and

;l;}t,fees of ciga- Imgoftarand 0.5, -

0.3 and 0.1 mg of

nicotine per ciga-

rette, respectively.
Period of
Smoking 13.48 +3.10 -
(year)
Number  of
?gln(il;ng per (>11 sticks/day) -
day)
Workplaces Non polluted Non polluted
Medical His-
tory ) )

Present data showed that there were significant
increases (P<0.05) in the o-amylase activity
values in the saliva of cigarette smokers when
compared with non-smokers at optimum condi-
tions (2.74+0.37 nmol/min/mg-protein and
2.01+0.16 nmol/min/mg-protein, respectively).
In the present work, the effects of pH on sali-
vary a-amylase activity were assessed for ciga-
rette smokers as well as non-smoker subjects
(control). The effect of pH on the activity of
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salivary o-amylase was determined in the pH
range of 3.0-13.0 for both subjects. The assay
result for optimum pH determination for smok-
ers and non-smokers showed an apparent pH
optimum of 7.0 for both subjects corresponding
to specific activities of 2.54 nmol/min/mg-
protein and 2.01 nmol/min/mg-protein respec-
tively, as could be observed from the graphs
(Figure 1 and Figure 2). The specific activities
of salivary o-amylase increased to 89.39%
from pH 6.0 to pH 7.0 for smokers and 73.45%
from pH 6.0 to pH 7.0 for non-smokers.

N w
M "

specific activity
(nmol/min/mg protein)
[y

3 45 6 7 8 9 1011 12 13
pH

Figure (1). Effect of pH on salivary a-amylase of some
Libyan cigarette smokers
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Figure (2). Effect of pH on salivary a-amylase of some
Libyan cigarette non-smokers

The result from the analysis of the temperature
effects on salivary a-amylase activity showed
that the enzyme had maximum specific activi-
ties of 2.39 and 2.11 nmol/min/mg protein at

37°C for smokers and non-smokers respective-
ly as shown in Figure 3 and Figure 4.
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Figure (3). Effect of temperature on salivary a-amylase
of some Libyan cigarette non-smokers
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Figure (4). Effect of temperature on salivary a-amylase
of some Libyan cigarette smokers

The kinetic constants (Vyu, K. Kcat, Ks
(Vina/Kn) and Kcat/K,,) for salivary a-amylase
from non-smokers and smokers were deter-
mined by incubating a fixed amount of enzyme
with varied concentrations of soluble starch as
a substrate (0.25 to 20 mM). The enzyme fol-
lowed the Michaelis-Menten kinetics of cataly-
sis. The K,, and V,,. values of different en-
zymes are difficult to compare as they depend
on the substrate used and the reaction condi-
tions.

In the present research, the reciprocal velocity
(1/V) at optimum temperature 37°C was plotted
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against reciprocal substrate concentration
(1/[8]) in Figures 5 and 6, for non-smokers and
smokers subjects respectively. Extrapolation of
the line gave the K, values for non-smokers
and smokers, which are found to be 0.50+0.02
mM and 1.12 + 0.08 mM respectively. The en-
zyme turn-over number for non-smokers and
smokers (Kcat) and specificity constant
(Kcat/K,,) for salivary a-amylase were deter-
mined (Table 2).

Table (2). The catalytic properties of salivary a-amylase
from cigarette smokers and non-smokers

Parameters Non- Smokers
smokers

K,, (mM) 0.5+ 0.02 1.12 + 0.08
Viar (nmol/min/mg pro- 4 75\ o4 18104406
tein)

“Keat (min’™") 2.66+0.07  1.80+0.05
Keat/K,, (mM™" min™) 533+1.03 1.61+0.04
Ks (VnarlKon) 62.50+ 1521 16.50+6.41

(ml/min/mg protein)

The substrate efficiency is denoted by Ks = V,,,./K,,; the turno-
ver number (Kcat) = V,,,/[e], where [¢] = Molar concentration
of enzyme; “calculated estimating a molecular mass of 62 kDa
for the active enzyme; K,, and V,,,, are the kinetic constants,
while Kcat/K,, is the specificity constant.

0.35 -

=
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Figure (5). Lineweaver-Burk plot for determination of
K,, and V,,, of salivary a-amylase for cigarettes smok-
ers. (Lineweaver Burk plot; pH 7, 37°C, substrate con-
centration ranging from 0.25-5 mM; Mean and standard
deviation were determined from three replicates). The
intercept on the y-axis corresponding to 1/V,,.. = 0.0556,
slope corresponding to K,,/V,,.. = 0.0627
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Figure (6). Lineweaver Burk plot for determination of
K, and V,, of salivary o-amylase for non-smokers.
(Lineweaver Burk plot; pH 7, 37°C, substrate concentra-
tion ranging from 0.25-5 mM; Mean and standard devia-
tion were determined from three replicates). The inter-
cept on the y-axis corresponding to 1/V,, = 0.0329,
slope corresponding to K,,/V,,.. = 0.0163

DISCUSSION

Many studies reveal that cigarette smoking
causes an increase in saliva a-amylase activity
values (Nater et al., 2007; Onyesom et al.,
2012). These demonstrated increases have been
contradicted by reports of other researchers.
Some researchers report that smoking ciga-
rettes do not affect the a—amylase activity val-
ue in saliva. Nagaya and Okuno, (1993) studied
the effects of smoking habits on salivary amyl-
ase and reported that cigarette smoking does
not have any significant influence on salivary
amylase activity in the subjects. Also, Kivela et
al. (1997) stated that the degree of amylase ac-
tivity in the saliva of people who smoke ciga-
rettes was not significantly different from that
present in the saliva of non-smokers.

Several studies suggest that nicotine (which is a
major component of cigarettes) accounts for
the increase in a-amylase activity in people
who smoke cigarettes. Maier et al. (1991) re-
port that after the intravenous infusion of nico-
tine into some volunteers, an increase in sali-
vary amylase activity was observed. Acute ad-
ministration of nicotine to non-smokers was as-
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sociated with increased salivary amylase activi-
ty (Maier et al., 1991). Thus, the increase in
salivary amylase could be a result of decreased
metabolic clearance of amylase, pancreatitis, or
parotitis (Onyesom et al., 2012). Parotitis is a
salivary disease that is associated with an in-
crease in S-type isoamylase. Parotitis is usually
caused by trauma, stress, or surgery to the sali-
vary gland, radiation to the neck area involving
the parotid gland, and subsequently causing
duct obstruction, or calculi of the salivary duct.
Evidence shows a measure of asymptomatic
pancreatic, salivary and parotid glands’ dys-
function among cigarette smokers.

Determination of salivary a-amylase activity
could be valuable in detecting parotid/salivary
gland diseases at an early stage. Overall, ciga-
rette smokers have a considerable risk of de-
veloping such diseases as judged by their sig-
nificant increases in salivary a-amylase activity
values (Onyesom et al., 2012). And from the
specific activities profile, activities increased to
89.39% from pH 6.0 to pH 7.0 for smokers and
73.45% from pH 6.0 to pH 7.0 for non-
smokers, which is in agreement with the obser-
vation of Enemchukwu et al. (2013) who rec-
orded increased activities of 82.1% from pH
6.0 to pH 7.0 for smokers and 76.9% from pH
6.0 to pH 7.0 for non-smokers salivary o-
amylase. In the present study, a-amylase from
human salivary showed the optimum pH of 7.0,
which was corresponding to the other previous
reports (Levitzki & Steer, 1974; Yoon &
Robyt, 2003). A change in pH affects the ioni-
zation of essential active site amino acid resi-
dues that are involved in substrate binding and
catalysis. The ionization of these residues may
distort the active site cleft and hence may indi-
rectly affect enzyme activity (Bodade et al.,
2010).

The temperature optimum of 37°C for a-
amylase is in agreement with the report of Ru-
deekulthamrong and Kaulpiboon, (2012), and a
little different from the optimum temperature
of 40°C obtained by Enemchukwu et al. (2013)
and Tahtah & Otitoju, (2015) on a research
work carried out on salivary a-amylase. The

difference may be due to the difference in pop-
ulation as well as the physiological conditions
and other parameters under which the research
was carried out. The Michaelis constant (K,,)
values for cigarette non-smokers and smokers
in this study were found to be 0.50+0.02 mM
and 1.12 = 0.08 mM respectively. The K, value
of the enzyme of non-smoker subjects is lower
than that of the values of smoker subjects. Low
values of K, indicate a high affinity of the en-
zyme for the substrate (Zappacosta et al.,
2002). The increase in the K, value of the
smokers’ group might be either due to structur-
al changes in the enzyme induced by CS, which
could explain partially some of the protein
modification caused by CS, or due to lower ac-
cessibility of the substrate to the active site of
the salivary a-amylase (Kennedy et al., 1989 &
Zappacosta et al., 2002).

The V. of salivary oa-amylase for non-
smokers is 31.25+8.24 nmol/min/mg protein
and for smokers 18.10+4.04 nmol/min/mg pro-
tein (Figures 5 and 6). The increase of the Km
and decrease of the V., value of subjects who
smoke cigarettes is as expected because of less
availability of the substrate to the active site of
the enzyme due to chemical bonding, diffusion
limitation, and confinement of enzyme mole-
cules with polymeric support. On the other
hand, results of apparent K, and V,,, values
were reported from work carried out by (En-
emchukwu et al. 2013) on urine, serum, and
salivary amylases. Their results of apparent K,
and V,. values, which were obtained from
smoker and non-smoker subjects, also revealed
no statistical difference at a 95% level of con-
fidence interval between subjects who are ciga-
rette smokers and non-smokers.

The kinetic parameters of salivary a-amylase in
Libyan cigarette non-smokers and smokers
subjects’ salivary a-amylase presented in (Ta-
ble 2) showed the most dramatic change, with
about a 69.2% reduction in Kcat for smoker’s
salivary a-amylase. There was a big change in
the Kcat/Km of salivary a-amylase. The K
value of non-smokers’ salivary a-amylase was
about a 4-fold increase in the catalytic process.
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The key advantages revealed here are the low
cat/KmKm (0.5£0.02 mM), the high Vmax
(31.25+£8.24 nmol/min/mg protein), and the
high Kcat/Km (5.33+1.03 mM™" min™). This
could be due to the ionized state of the non-
smokers’ salivary a-amylase whose charges
have been reserved and that the starch binds
more strongly to the active site than the transi-
tion state of the substrate substantiating (Myers
et al.,, 1997). This indicated that the non-
smokers’ salivary a-amylase had a higher affin-
ity towards binding starch to the active site
than smoker’s salivary a-amylase.

The turnover number (Kcat) and specificity
constant (Kcat/K,,) values of both enzymes
(Table 2) showed that the activity of the non-
smoker’s salivary a-amylase was better com-
pared to the smoker’s salivary a-amylase. Fur-
thermore, the value of the additional specificity
constant Ks for non-smoker’s salivary o-
amylase (62.50£15.21 ml/min/mg protein)
again confirmed that the non-smoker’s salivary
a-amylase was higher and more specific for
starch as compared to smoker’s salivary a-
amylase (Ks = 16.50+£6.41 ml/min/mg protein)
(Table 2). It may be observed that cigarette
smokers exhibit a reduction in serum type S
isoamylase that correlates well with the signifi-
cant reduction of salivary amylase activity.
Several studies reported that tobacco smoke
contains agents with cytotoxic or carcinogenic
effects on the exocrine pancreas, but little is
known about the effect of tobacco smoke on
salivary glands (Nasrallah & Martin, 1983).

CONCLUSION

The findings of the present study indicate that
salivary a-amylase activity is lower in cigarette
smokers than non-smokers among Libyan sub-
jects. From the results, it could be argued that
chronic cigarette smoke may exert a toxic ef-
fect on salivary glands, thus altering the physi-
ological salivary a-amylase activity of cigarette
smokers. Therefore, further studies are needed
in order to clarify the real impact or relation-
ship between cigarette smoking and abnormali-
ties in salivary a-amylase activity as a consid-

erable risk of developing diseases is associated
with the lifestyle.
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Abstract: Purple urine bag syndrome (PUBS) is a rare medical syndrome where purple dis-
coloration of urine occurs predominantly in chronically constipated bedridden elderly women,
chronically catheterized and associated with urinary tract infections (UTIs). The etiology is
related to UTIs with specific bacteria that produce sulphatase and phosphatase enzymes which
lead tryptophan metabolism to produce two pigments: Indigo (blue) and indirubin (red), mix-
tures of which become purple in color. Several risk factors are associated with PUBS; includ-
ing female gender, increased dietary tryptophan, alkaline urine, constipation, catheterization,
high urinary bacterial load, renal failure and use of polyvinyl chloride plastic catheters. Here-
in, I present this rare benign interesting condition on a 78 years old lady with purple discol-
oration of her urine bag due to urinary tract infection caused by Escherichia coli that was suc-
cessfully treated by culture guided antibiotic (Ciprofloxacin). The purple urine disappeared af-
ter antibiotic therapy and change of the urine catheter and bag.

Keywords: Urinary tract infections, catheterization, alkaline urine, tryptophan, purple discol-

oration, Benghazi.

INTRODUCTION

Purple urine bag syndrome (PUBS) is an un-
common phenomenon reported mostly in
chronically constipated, institutionalized fe-
males on an indwelling catheter.(Gandhi,
2013) It is a rare complication of UTIs in
which patients produce purple urine in their
catheter tubing and bags. (Kalsi et al., 2017)
Although it is an essentially benign condi-
tion, yet the purplish discoloration may be
distressing for the patients and their families
as well as for healthcare providers (Yaqub et
al., 2013) The bluish discoloration is pro-
posed to be due to the breakdown of trypto-
phan metabolites by bacteria . This usually
occurs in alkaline urine although a case of
PUBS in acidic urine has also been
reported.(Chung et al., 2008). The rarity of
this interesting clinical entity necessitates its
presentation as the recognition of it is im-
portant as treatment is simple and can mini-

mize patients and family distress as well as
over management. To the best of our
knowledge, this the first case of PUBS re-
ported in our department.

CASE PRESENTATION

A 78-year- Egyptian blind female, who is a
known case of hypertension on regular treat-
ment with ACE inhibitor and type II diabetes
mellitus on insulin therapy . She had history
of left above knee amputation and amputation
of right 4th and 5th toes 2 years and 5 years
ago respectively. She is bed ridden, chroni-
cally constipated and had an indwelling ure-
thral catheter in situ for the last two years
which 1is used to be regularly changed every
three weeks, brought by her family to our
outpatient department (OPD) with complaints
of anorexia, fatigability, constipation and
purple discoloration of her urine bag (figure
1) for the past 3-4 days. There was no medi-
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cation prescribed to her that could have
caused this discoloration. On general physical
examination, the patient was conscious, ori-
ented and not in pain but there was a striking
pallor (+++) and mild dehydration. Her vital
signs are as follows; blood pressure 145/70
mmHg , pulse rate 79 bpm, temperature 37
C° and respiratory rate was 16 bpm. Systemic
examination revealed a hemic murmur and
normal heart sounds, mild decrease of air en-
try on left side. Her abdomen was soft, lax
with no tenderness or organomegally and
normally audible bowel sounds. Her baseline
investigations showed Hemoglobin 7.8g/l,
WBC 5.8*106/L and platelets count was
167*10 9 L. Blood glucose level was
288mg/dl and HbAlc was 12.55%. Renal
function profile was within normal limits;
where blood urea was 26mg/ and serum cre-
atinine 0.9mg/dl. Liver function tests were
within normal limits except her serum albu-
min which was marginal (3.5 gm./dl). Rou-
tine urine analysis showed an alkaline PH
(PH 8), 3 +++ albuminuria, 1+ blood, while
negative for nitrates and bilirubin. Urine mi-
croscopy revealed 3-5SHPF leukocytes, 2-4
HPF red blood cells and 3+++ triple phos-
phate crystals. Urine culture grew a heavy
growth of Escherichia coli sensitive to
ciprofloxacin. The patient was managed as
an OPD case by changing the urethral Cathe-
ter and urine bags along with prescribing her
a culture guided antibiotic (Ciprofloxacin)
500 mg twice daily for ten days along with
laxative. She scheduled for follow-up after
one week and referred to her attending physi-
cian for control of her blood sugar and cor-
rection of Co-existing anemia. The patient
was seen after 7 days, and reported reso-
lution of symptoms and almost disappearance
of purple color(figure 2). There was no re-
currence of discoloration of her urine during
her short follow-up visits. Six weeks later,
her urine culture grew growth of Enterobacter
spp. which is sensitive ton Gentamycin but
there was no purple discoloration of urine or
tubing.

Figure: (1). Purple discoloration of urine bag at
presentation

b

Figure :(2). Urine bag of the same patient after com-
pletion of one week of antibiotic therapy.
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DISCUSSION

Purple urine bag syndrome (PUBS) is a rare
medical phenomenon, and despite being be-
nign, is a cause of distress for the treating
physician and patients. (Yadav et al., 2016)
This syndrome is commonly reported in el-
derly (commonly females ) having constipa-
tion / gastroparesis and alkaline urine , along
with chronic indwelling urinary catheter (Fu-
Hsiung Su et al., 2005; Rawal et al., 2015).
Surprisingly, PUBS has been known for a
long time. King George III had blue urine
during a bout of chronic constipation. (Kalsi
et al., 2017) PUBS , First reported in 1978 by
Barlow and Dickson, it has been transcend-
ently observed in bed-bound elderly women
who require long-term urinary bladder cathe-
terization(Khalid et al., 2016) Even though
the occurrence of urinary tract infection is
commonly encountered in every day practice,
the presence of a purple bag is a rare clinical
entity (Pillai et al.,, 2009) The prevalence
rate of PUBS in literature ranges from 8-
16% in different studies (Shiao et al., 2008).
Most of the published literature on PUBS is
based on case reports, with only a few retro-
spective/cross sectional studies (Yaqub et al.,
2013).

A search of PubMed articles published be-
tween 1980 October and 2016 August was
conducted, in which 106 articles (174 cases)
described.(Yang & Su, 2018). PUBS is usual-
ly a side effect of prolonged catheterization
(per-urethral or Suprapubic) along with UTL
Other risk factors for PUBS include alkaline
urine, female gender , constipation and
chronic renal failure. (Khan et al., 2011)
(Table 1).

The pathophysiology of PUBS is related to
the sequential chemical reactions involving
tryptophan metabolism from the food in the
gut. Tryptophan is an essential amino acid
where it is metabolized( deaminated ) by in-
testinal bacteria to indole , which is absorbed

into the portal circulation and undergoes
conjugation in the liver and is subsequently
converted into indoxyl sulphate( Indican) .
Indican is excreted in the urine and converted
into indoxyl by the enzymes: phosphatase or
sulphatase produced by Gram - negative
Bacteria. This indoxyl is oxidized in alkaline
urine to produce two pigments; indigo (blue)
and indirubin (red), which in reaction with
the plastic (polyvinyl chloride) of the urine
bag, result in the purple discoloration. (Fig-
ure 2) (Hadano et al., 2012; Yadav et al.,
2016).

Interestingly, when the urine is put in contact
with other sterile urine containers, no color
changes take place. The longer the urine is
left in contact with the catheter plastic, the
deeper the purple color produced.(Al-Sardar
& Haroon, 2009). The commonest implicated
organisms include Providencia spp., Klebsiel-
la pneumoniae, E.coli, Proteus spp., Morga-
nella spp., Pseudomonas spp. and Enterobac-
ter species. It is occasionally difficult to
differentiate which organisms are responsi-
ble, as the isolation of multiple organisms
is not uncommon(Gandhi, 2013) It is im-
portant to note that not all bacteria can cause
PUBS, even among the same species, and this
is why PUBS is so rare (Khan et al., 2011).
The association of PUBS with constipation
has long been documented (Dealler et al.,
1988; Lin et al., 2002). Increased transit time
during constipation allows more time for de-
amination. However, this alone is not the sole
contributory factor as discoloration has also
been reported in association with diarrhea.(Al
Montasir & Al Mustaque, 2013; Khalid et al.,
2016). The management of PUBS should in-
clude treating the UTI (e.g., with Ciprofloxa-
cin) and any constipation as well as sanitation
measures including replacing the catheter.
Another approach is to use intravenous anti-
biotics if the PUBS persists or the patient is
in an immunocompromised state.(Agapakis
et al., 2014). It is important to change drain-
age bags and indwelling long-term catheters
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on a regular basis to prevent recurrence and
because persistent PUBS can lead to Four-
nier’s gangrene which requires surgical deb-
ridement.(Khan et al., 2011). In addition to
the above mentioned steps regarding the
management of PUBS, here are some preven-
tive measures:

Avoid UTI by drinking at least 2000 -
3000 ml of fluids, but avoid beverages
with sugar, caffeine and alcohol .As these
drinks may increase bladder irritation and
contribute to UTIL.

Sometimes vitamin C is recommended to
make urine more acidic which can help to
prevent or treat UTL

Maintain regular bowel program by:
*Eating high fiber diet

Establish regular exercise program if ap-
plicable

It is not recommended in the literature
that dietary restriction of tryptophan is
needed to reduce the incidence of PUBS
in patients with long —term indwelling
urine catheters

(Food) | Tryptophan
Intestine ‘; Intestinal bacteria
{Partal circulation) Indale

‘ Liver

! Indole hepatic conjugation

Indaoxyle sulfate
{indican)

& Bacterial phosphatase and sulfatase

Indoxyl

i % Urine (alkaling)

Indigo {biug)

' Urinary tract |

Indirubsin {red)

Figure: (2). Pathway of pathogenesis of Purple Urine
Bag syndrome (Khan et al., 2011)

Table: (1). Risk factors and possible mechanism in-
volved in pathogenesis of PUBS (Yang & Su, 2018)

Risk Factor

Mechanism

Female gender

Increased dietary tryp-
tophan

Increased urine alkalin-
ity

Sever constipation

Chronic catheterization

Anatomy predispose to
UTIs

Increased substrate for
conversion

Facilitate indoxyl con-
version

Increased time and sub-
strate for bacteria
Increased UTI risk

High urinary bacterial Bacterial sulphatase/
load phosphatase availability
Renal failure Impaired indoxyl sul-

phatase clearance

CONCLUSION

Although PUBS is a benign clinical entity, it
is alarming and distressing to patients and
their families. It is nothing but it serves as an
indicator of UTI in patients with various
comorbidities as they may not manifest the
classical signs of UTL. It is important that the
attending physician needs to be familiar with
its pathogenesis and simple management; so
that expensive and irrelevant investigations
can be avoided and the treatment with antibi-
otics can be started early on the basis of sus-
picion.
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Abstract: Tetrology of Fallot (TOF) is the most common cyanotic congenital heart disease, ac-
counting for 10% of all types of congenital heart disease. Despite decreased mortality rates by im-
provement in surgery and post-cardiac intensive care, there continues to be late postoperative com-
plications. This study aimed to evaluate the outcomes after total repair of tetralogy of Fallot, includ-
ing 44 children who underwent complete surgical repair between 2000 to 2018. Data were collect-
ed from medical records and directly from patients during their visit to the clinic, that included:
history, clinical examination, gender, age at operation, results of ECG, Holter monitoring, echocar-
diography, cardiac catheterization, cardiac CT scan. Follow-up ranged from 6 months tol8 years.
Results revealed that the M/F ratio was 1.4:1. Also, two patients had a previous palliative systemic
artery to PA shunt. A TAP was inserted in 22 (50%) patients. Postoperative complications were:
severe PR 29%, small residual VSD 18.1%, and two patients had significant VSD which needed
surgical intervention, residual RVOT 8.1%, RBBB 97.7%, There was three death (6.8%), and
36.3% of patients will need surgical intervention in the future. It was concluded that follow-ups up
to adulthood to monitor potential complications are necessary. QRS duration is used for monitoring
ventricular arrhythmia and sudden death. Echocardiography is a non-invasive tool in diagnosis, be-
fore and at the time of surgery, as well as in follow-ups.

Keywords: Tetralogy of Fallot, congenital heart disease, surgery, Benghazi.

INTRODUCTION

Tetrology of Fallot (TOF) is the most common
cyanotic congenital heart disease, accounting
for 10% of all types of congenital heart disease
with 0.23-0.63 cases per 1,000 births. It is
composed of the overriding of the interven-
tricular septum, which results in 4 abnormali-
ties: sub pulmonary stenosis, ventricular sep-
tal defect (VSD), right ventricular hypertro-
phy, Aorta overriding of the interventricular
septum (h Anderson & m Weinberg, 2005).
The postnatal presentation is depending on
the severity of RVOT obstruction. Severe ob-
struction leads to severe cyanosis in the neo-
natal period, which need prostaglandin thera-
py to maintain the patency of the ductus arte-

riosus. This will improve pulmonary blood
flow, thus avoiding life-threatening cyanosis.
It should then be followed by urgent pallia-
tive systemic artery to PA shunt (B-T shunt)
(Kanter et al., 2010). Potential disadvantages
of BT shunt include continuous pressure
overload of the RV and persistent cyanosis.
This leads to RV hypertrophy and hypox-
emia, which contributes to cardiomyocyte
degeneration and interstitial fibrosis, which
have been implicated in myocardial dysfunc-
tion and arrhythmias and it is reserved for
those presenting with severe cyanosis or spe-
cific anatomical features such as the presence
of coronary abnormalities (left anterior de-
scending artery arising from the right coro-
nary artery and crossing the RVOT, the exist-
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ence of multiple VSDs, and inadequate PA
size(Bhardwaj et al., 2017)

The optimal timing for elective complete re-
pair is 4 to 8 months of age. With the use of
TAP, there is a decrease in residual pulmo-
nary stenosis with an increase of pulmonary
regurgitation, which lead to right heart dila-
tion and dysfunction that need PV replace-
ment later on (Shahanavaz et al., 2018). In-
fundibulotomy, resection of obstructive mus-
cle bundles, and the use of a TAP to enlarge
the pathway from the right ventricle to the
Pas result in scar tissue and a noncontracting
RVOT, which may progress to aneurysm
(Naidu et al., 2017). There is also a risk of
aortic root and ascending aorta dissection due
to chronic AR, right ventricular dysfunction
and dilatation, and PA stenosis. These com-
plications need monitoring by ECG where
RBBB with prolongation of QRS complex is
nearly universal (Smith et al., 2019). Ar-
rhythmias, ventricular tachycardia, atrioven-
tricular block, atrial flutter or fibrillation, are
seen with increased frequency in the third
and fourth decades of life. They increase the
risk of sudden death to 2% per decade (Wu et
al., 2018). All children need follow-up post-
operatively up to adulthood for monitoring
potential complications that may necessitate
early intervention.

Therefore, this study was conducted to evalu-
ate the outcomes of the surgical repair of
TOF.

MATERIALS AND METHODS

In this study, all children less than 18years of
age underwent surgical repair of TOF. The
follow-up period ranged from 3 months to 18
years, in a cardiac clinic either at Benghazi
Cardiac Center or AL-Hawary Hospital. Data
was collected from medical records and di-
rectly from patients during their visit to the
cardiac clinic including; history, clinical ex-
amination, gender, age at operation, type of
surgery (TAP, plasty to main pulmonary ar-

tery and its branches, right ventricle outlet
patch, BT shunt), results of; ECG for ar-
rhythmia and conduction abnormality, Holter
monitoring (symptomatic patients), echocar-
diography for (pulmonary dilation, Right
ventricle dilation, Tricuspid regurgitation,
residual VSD, RVOTO, Aortic incompetence,
and LVOLO), catheterization (3patients), and
CT angiography (4 patients). Patients with
pulmonary atresia, absent pulmonary valve,
atrioventricular septal defects, and ASD were
excluded from the study.

Descriptive statistics were used in data analy-
sis. Data was analyzed manually, put in ta-
bles and presented as numbers and percent-
ages.

RESULTS

A total of 44 child operated for TOF. 26
(59%) were male, and 18 (40.9%) were fe-
male with an M/F ratio of 1.4:1 (Table-1).
Their age at operation ranged from 6 months
to 17 years (Table-2). TAP was the most
common surgical procedure used in 22 (50%)
patients, and two patients had previous pallia-
tive shunts (Table-3).

Table (1): Sex Distribution.

Sex NO %
Male 26 59%
Female 18 40.9 %

Table (2): Age at Time of Operation.

Age No,(%)
<lyear 4 (9%)
>1-2 years 17 (38.6%)
>2-3 years 9 (20.4%)
>3-4 years 3 (6.8%)
>4 years 11 (25%)

Table (3): Type of Operation.

Type NO %
TAP 22 50
TAP with RVOT Patch 16 36.3
RVOT Patch 3 6.8
BT shunt 2 4.5
plasty to  pulmonary

1 2.2
branches
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Regarding postoperative complications, re-
sidual VSD was found in 8 patients, among
them 6 small or tiny. Two were moderate
VSD, which needed surgical intervention.
Moderate to severe pulmonary valve regurgi-
tation was detected in 13 (29.5%) patients,
among them, 5 had RVOT Aneurysm, and all
of them needed surgical intervention. Moder-
ate tricuspid regurgitation occurred in 6
(11.3%) patients. RVOT obstruction with a
pressure gradient of more than 40 mmHg was
detected in 8 (18.1%) patients.

3 (6.8%) patients died after surgery; 2 within
30 days after surgery, one after one year with
severe PR and right ventricle failure (Table
4). RBBB in 97.7% bigeminy 2.3%, infre-
quent ventricular ectopic 4.5% (Tabel-5, 6).

Table (4): postoperative complications.

Complication NO %
Residual TR 12 22.7
-Trivial 6 11.3
- Moderate 6 11.3
Residual PR 13 29.5
Residual VSD 8 18.1
- Trivial to small 6 13.6
- Moderate to large 2 4.5
Residual RVOT obstruction * 8 18.1
Severe pulmonary stenosis 3 6.8
Death 3 6.8

*Residual RVOT obstruction > 40 mmHg, 16% need re-
intervention.

Table (5): Types of arrhythmia by ECG (No.44).

Type NO %
RBBB 41 97.7
QRS >180 ms 2 4.5
Bigeminy 1 23

Table (6): Types of arrhythmia by Holter monitor
(No.4).

Type NO %

Infrequent unifocal VE = 2 4.5
Multi focal VE 1 2.3
VT 1 2.3

DISCUSSION

TOF is the most common cyanotic congenital
heart disease accounting for 10% of all types of
congenital heart disease with and with male
predominance. Male to female ratio was 1.3:1
(Konstandina et al), 1.4:1(Smith et al., 2019).
For 30 years, primary repair has become the
standard of care, and it is recommended within
the first 12 months of life. Giving excellent re-
sults in most centers with long term survivors
living up to adulthood. As recommended in
developed counties, the operation is per-
formed early in infancy, while in developing
countries, it is performed at an older age (Lee
et al., 2004)The median age for the operation
was 8 months in Bangladesh (Zheng et al.,
2013) while in Macedonia it was 5 years
(Hashemzadeh & Hashemzadeh, 2010), and
9.5 years in a study by (Wagqar et al., 2017).

In this study, males predominated females
with an M/F ratio of 1.4:1. This is similar to
previous researches, but they are operated on
at an older age due to: a delayed diagnosis,
many patients were referred from outside
Benghazi, and the lack of surgery facilities
(there was a dependence on foreign cardiac
surgery missions). Approximately 5% of chil-
dren need a reoperation due to various causes
such as residual ventricular septal defects and
residual RV outflow tract obstruction. Children
with a TAP operation may develop varying de-
grees of pulmonary insufficiency later in life
which leads to RV overload, RV distention,
and failure.(Zheng et al., 2013).

Various studies reported different results for
TAP operation outcomes in (Ho et al., 2007)
work where TAP was used in 38% of pa-
tients. after 36 years severe PR developed in
14% of them, which is less than the number
of cases described by (Lee et al., 2004) where
TAP was used in 48.7% of operated cases,
and 56.9% of them developed moderate PR
after 10 years of follow-up.

In this study, TAP was used in 50% of pa-
tients. 29.5% of them developed moderate

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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PR, which similar to what was reported
by(Zheng et al., 2013), where 73.2% of cases
were operated on by TAP, and 23.2% of them
developed moderate to severe PR.

VSDs are seen postoperatively in 2% of pa-
tients; insignificant residual small VSDs are
common, and large VSDs are poorly tolerated
due to volume overload. Also, when shunt is
2:1, it is an indication for reoperation (Waqar
et al., 2017) and it is reported in 9.9% of pa-
tients in (Zheng et al., 2013) study.

RVOT obstruction with pressure measuring
more than 40 mmHg is another problem, seen
in 5.2% of patients in(Waqar et al., 2017),
and 16% of cases in the study by(Sirivella &
Gielchinsky, 2014). In comparison, 8 patients
in the current study developed residual VSD
postoperatively, where 6 were small, and 2
were large and needed reoperation. RVOT
obstruction was seen in 7 patients.

Injury to the right bundle branch leads to
RV hypertrophy with RBBB. The longer the
QRS interval, the larger the RV mass and vol-
ume will be. When it is longer than 180 milli-
seconds (ms) with a rapid increase >3.5 ms / yr,
there is a significant risk of ventricular ar-
rhythmias and sudden death, as (Scalone et al.,
2017) reported these complication in 5% of
their patients at a later stage of life with an un-
known cause. Vehmeijer JT et al. reported
right ventricular dilation associated with this
complication.

This is similar to the current study where 4.5
% of patients after many years of their sur-
gery, were complaining of chest pain, had
prolonged QRS, ventricular ectopic, right
ventricular dilatation, and severe pulmonary
regurgitation. RBBB was reported in 97.7%
of the cases, similar to (Shahanavaz et al.,
2018), who studied 46 patients, all of which
had RBBB. The survival rate of 92.2% in this
current study, is near to (Zheng et al., 2013)
where it 1s 96.4 %, and also 93.1% in (Karl &
Stocker, 2016) study.

CONCLUSION

All children need follow-up for an extended
period and up to adulthood after a TOF repair
to monitor potential complications that may
necessitate early intervention. QRS duration
is used in monitoring patients as a predictor
of ventricular arrhythmia and sudden death.
Echocardiography is a non-invasive tool dur-
ing diagnosis, before and at the time of sur-
gery, in addition to follow-up.
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Abstract: Breast cancer (BC) is the most common cancer among Libyan females. There are
many important risk factors for BC in different populations as suggested by epidemiological
studies. BC is an etiologically complex disease affected by genetic and other environmental
factors, which include gender, age, previous breast cancer, body mass index, menopausal sta-
tus, postmenopausal hormonal therapy, reproductive factor, alcohol consumption, smoking
and breastfeeding. The aim of this study was to investigate if there is an association between
risk factors and breast cancer among Libyan females. Data were collected by using question-
ers for 38 cases with breast cancer from Tripoli Medical Center and 100 controls from March
2016 to February 2017. The results showed that risk of breast cancer was associated with age,
the mean ages (+ SD) of the case and control groups were 46.7 + 15.6 and 38.8 £ 19.1 respec-
tively, age at the first birth (P=0.036), family history with first-degree relative percentage of
the cases and control groups were 21% and 4% and second-degree relatives were 10.5% and
13% respectively with statistical difference (P=0.042) and menopausal status (P=0.002). The
risk decreased with breastfeeding (P=0.033). No association was observed between passive
smoking (P=0.363) and the number of pregnancies and births (P=0.402). Data from this study
indicated that there were some factors associated with breast cancer among Libyan females

including age, age at the first pregnancy, family history and menopausal status.

Keywords: Breast cancer, Risk factors, Libyan female.

INTRODUCTION

Breast cancer is the most common type of
cancers among women; it is caused by a
combination of genetic and environmental
factors (Zhai et al., 2006). In Libya, breast
cancer is also considered the most common
cancer among females accounting for 26% of
all female cancers (El Mistiri et al., 2007). It
also accounts for 41.5% in 2012 (Bodalal et
al., 2014). As well, two studies that were
published recently in the western region of
Libya, have stated that breast cancer in fe-
males was the most common cancer, repre-
senting 23.7 % (Elzouki et al., 2018) and 20.6
% (of cancer cases Elzouki et al., 2018).
Worldwide, breast cancer comprises 22.9 %

of all cancers in women (Oldenburg et al.,
2007), and more than 1.6 million new cases
of BC worldwide have been reported in
2010(Forouzanfar et al., 2011). Most breast
cancers were reported to occur in women 100
times more likely than in men (Richie &
Swanson, 2003).

Epidemiological studies have suggested that
there is an association between some risk fac-
tors with BC including genetic and other fac-
tors, such as gender, body mass index, post-
menopausal, hormonal therapy, reproductive
factor, alcohol consumption, smoking and
breastfeeding (Lyytinen et al.,, 2010;
MacMahon, 2006; Richie & Swanson, 2003;
Seitz et al., 2012; Singletary, 2003; Van den
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Brandt et al., 2000). BC risk factors are not
well reported in Libya. For this reason, this
paper, aimed to study association between
BC and risk factors in Libyan women.

MATERIALS AND METHODS

Study subjects: The study was carried out
from March 2016 to February 2017. BC pa-
tients participated from Tripoli Medical Center
and control subjects were from different cities
of Libya. The study cases included 38 women
aged 16 to 77 years with confirmed diagnosis
of BC, while 100 women aged 16 to 75 years
free of BC were considered as a control group.
All subjects completed an in-person interview
that used well-structured an Arabic form ques-
tionnaire, taking an account the name, age, age
of discovering the disease BC, if they have rel-
atives with breast cancer, family history, smok-
ing, if the patient is premenopausal or post-
menopausal, marital status, number of births,
age at first pregnancy, breastfeeding and rou-
tine doing self-examination or not.

Statistical analysis: Comparisons between
groups and risk factors have been evaluated
using Pearson chi-square test (P= 0.05). We
estimated the association between different fac-
tors and the risk of BC using logistic regression
analysis. All statistical analyses have been im-
plemented in SPSS version 19.0 (SPSS, Chica-
go, IL).

RESULTS

A total of 138 Libyan women were enrolled in
this study, among them 38 were inffected with
BC (cases) and 100 were free of BC (con-
trols). All study subjects completed an in- per-
son interview that used an Arabic form ques-
tionnaire to assess and observe risk factors of
BC in both groups. The distribution of sus-
pected risk factors of BC has also been inves-
tigated in case and control groups.

The mean ages of case and control groups
were 46.7 and 38.8 respectively with a signifi-
cant difference (P=0.0023) between them. BC
in case group according to Age is summarised

in figure 1. Ages varied between 16 and 77
years, the most of BC cases about 90% ap-
peared between 30 to 50 years old, while the
highest incidence of BC appeared between the
ages 35 and 45 years old.

Histogram of case age

10 A

Frequency
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20 30 40 50 60 70 80 90
case age

Figure: (1). Histogram of ages of breast cancer cases

Breastfeeding and family history results
showed differences between cases and controls.
The frequency of breastfeeding in cases was
52.63% while it was 53% in the controls (P=
0.033) as illustrated in table 1. In addition, dif-
ference (P= 0.042) between BC incidence and
family history of BC was found between cases
31.5% and controls 17% as shown in table 2.

Table 1: Analysis of breastfeeding in BC cases and con-
trol groups

Frequency Cases Controls
of breast n (%) n (%) P value
feeding
Yes 20 53 0.033
(52.6%)  (53%)
No 18 47
(474%)  (47%)

Table 2: Analysis of family history in BC case and
control groups

Frequency of Cases n Controls P value
family history (%) n (%)
Yes 12 17 0.042
(31.6%)  (17%)
No 26 83
(68.4%)  (83%)

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The number of women that delivered at their
first birth in BC cases was 28 and in controls
was 55. Age of women at their first delivery
showed statistical difference between the cases
and controls with (P= 0.036) as illustrated in
table 3, these results suggested that there was
an association between breastfeeding, family
history and the ages of women at their first
pregnancy and the occurrence of BC in Libyan
women. The results demonstrated a significant
difference with (P=0.002) between BC inci-
dence and menopausal status of BC between
cases and controls as seen in table 4. All re-
maining factors showed no significant differ-
ence between cases and controls as summa-
rized in tables 5 and 6, passive smoking (P=
0.363), number of pregnancy and births, (P=
0.402).

Table 3: Analysis of ages of BC cases and controls
at their first birth

Frequency of Cases n Controls n P value

ages at first (%) (%)
birth
15-20 9(32.1%) 28(50.9%) 0.036
21-25 14 (50%) 16
(29.0%)

26-30 2 (71%) 7 (12.7%)
31-35 3 4

(10.7%) (7.3%)

Table 4: Analysis of menopausal status in BC case
and control groups

Menopausal ~ Cases Controls P value
status n (%) n (%)
Yes 20 25 0.002
(52.6%) (25%)
No 18 75
47.4%) (75%)

Table 5: Analysis of passive smoking in BC case and
control groups

Frequency Cases Controls P value
of  family n (%) n (%)
history
Yes 12(31.5%) 17(17%) 0.042
No 26 83

(68.4%) (83%)

Table 6: Analysis of number of pregnancy and births in
BC case and control groups

Frequency of Cases Controls P value

number of n (%) n (%)

pregnancy

and births

1-6 23 33 0.402
(82.1%)  (60%)

7-12 5 22
(17.9%) (40%)

The study highlights the importance of early
detection and self-examination among Libyan
women, as results showed that 34.2% of cases,
discovered the disease by self-examination
whereas 65.7% of patients did not, however,
76% of control cases did not carry out self-
examination and results showed no significant
differences (P= 0.160) as illustrated in table 7.

Table 7: Analysis of self-examination in BC cases and
control groups

Frequency of self Cases Controls
examination n (%) n (%)
Yes 13 (34.2%) 24 (24%)
No 25 (65.8%) 76 (76%)

DISCUSSION

The present study has examined the association
between the risk factors and BC in Libyan
women. Breastfeeding frequencies were signif-
icantly different between cases and controls
(P=0.033), suggesting the protective effect of
breastfeeding against BC in Libyan women.
Simelar results were reported from Nigeria
(Okobia et al., 2005), USA (Stuebe et al., 2009)
and Sri Lanka (De Silva et al., 2010). In addi-
tion, Helewa suggested that such a protective
association might be due to the reduction of
endogenous and exogenous carcinogens pre-
sent in the breast epithelial cells during lacta-
tion (Helewa et al., 2002). The current work
illustrates that there is an association between
BC and family history in case and control
groups (P=0.042), these findings suggests a
positive genetic impact of family history on BC

© 2020 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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risk in Libyan females. This result is in agree-
ment with previous studies (Phipps et al., 2010;
Singletary, 2003).

The results showed differences (P=0.036) in
relation to age at first pregnancy between case
and control groups. This outcome is consistent
with other epidemiological studies that showed
a protective role for the early full-term preg-
nancy against BC in developed and industrial
countries (Phipps et al., 2010; Soerjomataram
et al., 2007).

The findings of the present research work
demonstrated that the mean age of patient was
46.7 years and the hieghest percentage was be-
tween 35 and 45 age, which implies that risk of
BC increases as age increased. These data are
in agreement with earlier report (Ermiah et al.,
2012), which revealled that the average age of
women affected with BC was 45.4 years as
well as other study (Phipps et al., 2010) which
indicated that the average age of BC patient
was 48 years in Arab world.

The current study indicated no association (P=
0.363) between BC and passive smoking. Fur-
thermore, several studies were reviewed (Terry
& Rohan, 2002) and showed an association be-
tween smoking and BC, whereas others showed
a lack of such association. However, number of
smokers amongst Libyan cases and controls
were relatively small to be considered for asso-
ciation study.Similarly, the lack of association
between number of pregnancies and births
among Libyan patients and controls (P= 0.402)
was in agreement with other studies in USA
(Dietz et al., 1995) and Iran (Mahouri et al.,
2007).

The present study has demonstarted that Liby-
an women who made self-examination were
noticeably less than those who did not, since
65.7% of cases and 76% of control cases did
not carry out the procedure as a prevention
measurement. The results indicated lack of
public awareness about the importance of early
detection among Libyan women. Therefore we
argue for immediate effective awareness pro-

grams to reduce breast cancer mortality among
Libyan women.

The current findings supports the hypothesis
that there is association between important risk
factors and BC among the Libyan women and
it would be useful to know and understand
them to contribute to disease control and pre-
vention. However, the present study faced sev-
eral limitations including, small number of pa-
tients included in comparison to breast cancer
percentage among Libyan women. In future
studies, we recommend that he sample size
should be larger to obtain significant answer
about the association between risk factors and
breast cancer. Moreover, we encourage as-
sessing other important factors such as genetic
factors and considering analysis of DNA muta-
tions from study tissues and blood samples
from BC cases. Genetic studies are very valua-
ble to discover the genetic role in breast cancer
of the Libyan population.

CONCLUSION

In conclusion, the present study has indicated
that there is an association between the risk of
breast cancer and several factors including age,
age at the first pregnancy, family history and
menopausal status.
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Abstract: This research was carried out to evaluate nine reference evapotranspiration, and
find out an alternative models to the standard FAO Penman-Monteith model in Traghen re-
gion southwest of Libya. The models applied were standard FAO Penman-Monteith, FAO
Radiation, FAO Blaney-Criddle, Hargreaves-Samani, Priestley-Taylor, Makkink, Turc,
Thornthwaite, Kharrufa and McCloud. The models were compared with the FAO Penman-
Monteith model using root mean square error (RMSE) , mean bias error (MBE), Pearson type
goodness of fit index (R?), refined index of agreement (d;), modeling efficiency (E¢) and t-test.
Results showed that FAO Radiation and FAO Blaney-Criddle models overestimated ET, by
values ranged from 0.64% to 16.06%. However, Kharrufa and McCloud models overestimat-
ed ET, in some months and underestimated ET, in some other months. Whereas, the other
models underestimated ET, by values ranged from -86.69 % to -6.02%. The FAO radiation
model gave the highest d; (0.892) and Ef (0.951) values, and the lowest RMSE (0.534
mm/day), indicating that this model was the best alternative to the FAO Penman-Monteith
model in the study region, followed by FAO Blaney-Criddle model with d; value of 0.851, Es
value of 0.878, and RMSE value of 0.845 mm/day. In addition, FAO radiation model showed
the second best R* and MBE values at 0.993 and 0.473, respectively Also, FAO Blaney-
Criddle model showed the third best R* value at 0.989. Therefore, FAO radiation model is
ranked the first and FAO Blaney-Criddle model is ranked the second. According to the statis-
tical measures stated above, Turc model ranked the third, Kharrufa model ranked forth. Mod-
els of Hargreaves-Samani, Makkink, Priestley-Taylor, McCloud and Thornthwaite ranked
fifth, sixth, seventh, eighth and ninth, respectively. T-test analysis at 5% level of significance
indicated that there is a significant difference between the FAO Penman-Monteith model and
all models except Kharrufa and McCloud models.

Keywords: reference evapotranspiration, FAO Penman-Monteith, FAO Radiation, FAO
Blaney-Criddle, Turc, Kharrufa.
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Abstract: The Araceae family is one of the widely distributed plant families globally and
among the native species representing this family in Libya, especially in Al-Jabal Al-Akhdar
region, is Arum cyrenaicum. which has not been studied morphologically since 1977.
Therefore, this study aims to give a detailed morphological characterization of Arum
cyrenaicum. and verify that there are no other species of Arum in nineteen locations of Al-
Jabal Al-Akhdar for two seasons 2019-2020, and as a study to be added to the Libyan flora
data. The results of the field study showed the presence of Arum cyrenaicum. in all studied
locations. The study was also able to record it for the first time at 14 new locations and did
not record any other genus Arum species. The results of the morphological study also showed
that it is a tuber discoid herbaceous annual plant, which grows in the early fall season. It is
characterized by simple sagittate and hastate leaves with long petiole, single inflorescence
(spadix), sail shaped, dark purple in color, and it consists of two parts (spathe, spadix). It has
the smell of dung, is bisexual, monoecious, with female flowers situated at the bottom of male
flowers, anther consistes of two thecae, superior ovary with single locule, parietal
placentation, fruit berries red when ripe, and a seed shape ovate.
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