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INTRODUCTION

The Jordan Journal of Pharmaceutical Sciences (JJPS) is a peer-reviewed Journal, which publishes
original research work that contributes significantly to further the scientific knowledge in
pharmaceutical sciences' fields including pharmaceutical/medicinal chemistry, drug design and
microbiology, biotechnology and industrial pharmacy, instrumental analysis, phytochemistry,
biopharmaceutics and Pharmacokinetics, clinical pharmacy and pharmaceutical care,
pharmacogenomics, bioinformatics, and also JIPS is welcoming submissions in pharmaceutical
business domain such as PharmacoEconomics, Pharmaceutical Marketing, and Management.
Intellectual property rights for pharmaceuticals, regulations and legislations are also interesting topics

welcomed from our colleagues in Schools of Law.

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal.
JIPS is indexed in SCOPUS (Q3). It’s a journal that publishes 4 issues per year since 2021 in ( March,
June, September, December ). The Editorial Team wishes to thank all colleagues who have submitted
their work to JJPS). If you have any comments or constructive criticism, please do not hesitate to
contact us at jjps@ju.edu.jo. We hope that your comments will help us to constantly develop JJPS as

it would be appealing to all our readers.

Prof Ibrahim Alabbadi
Editor-in-Chief
School of Pharmacy- The University of Jordan
Amman 11942- Jordan
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Letter from the Editor-in-Chief

Another year went by. It was an extraordinary year that none of us will soon
forget, not only because of hard health times, but also because of the bad
economic crisis. However, after every dusk comes the light, hoping that 2021
would be the start of the dawn. Jordan Journal of pharmaceutical Sciences (JJPS)
completed 2020 publishing 4 issues on regular times; one issue per quarter
(achieving an extra issue than the years before), besides having 10 articles per
issue (instead of 5) in order to decrease the waiting time for the accepted articles
to be published; trying to serve as much researchers as we can.

One of the achievements is the diversity areas of submissions to JJPS, the latter makes JJPS
distinguished with an added value of a different taste that hopefully matches the journal readers’
desires in Jordan as well as in the region. Nowadays we have submissions not only in the

pharmaceutical chemistry, pharmacognosy and pharmacology, but also in pharmacy practice, clinical
pharmacy, pharmaceutical care and behavioral areas related to humans and patients such as
psychological considerations during the COVID-19 pandemic. Furthermore, JJPS received
submissions from all around the world; giving readers the opportunity to be exposed more to different
scientific research patterns worldwide with an increase in number of submissions by 62% in 2020
compared to 2019. Moreover, citations increased in 2020.

The new members in the editorial board are distinguished professors representing almost all fields
of pharmaceutical sciences from different backgrounds coming from diversified research schools from
USA, Canada, Europe, Australia, and Jordan. Also, they came from different work environments:
governmental and private higher education institutions. The latter started smart and hard work toward
becoming one of your choices to submit your article in any of the pharmaceutical fields.

In the new issues of JIPS in 2021, we will see an editorial commentary written by one of our
colleagues in JIPS expressing one of the interests and thoughts related to the status que in general
from their point of view.

Finally, it is really a great honor to have a new advisory board consisting of well-known scientists
from different regional and international countries representing almost all pharmaceutical fields; the
JJPS family is sure that the respected scientists will have a positive impact and will add value
particularly in the quality of manuscripts accepted for publication. Looking forward to more
achievements in 2021.

Prof Ibrahim Alabbadi
Editor-in-Chief
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Editorial Commentary

Dear researchers,

Last year, 2020, was an exceptional year. A year that changed concepts and raised
new challenges in several fields, and pharmacy practice was no exception. This was a
year in which new vaccines were authorized for emergency use by the U.S. Food and
Drug Administration after months of vaccine development which typically takes
years to develop.

The pandemic has taken its toll on healthcare systems worldwide. Pharmacists
were among the first responders to the public health needs. They took a role in the
establishment and implementation of treatment guidelines for COVID-19 infection. Pharmacists
worked collaboratively with multidisciplinary teams offering clinical and administrative services.
Patient education in a time of information chaos and abundance of unreliable resources requires
trustworthy professionals and pharmacists that can offer their knowledge and expertise to patients in
different healthcare facilities.

One of the most memorable moments in 2020 was the introduction of new COVID-19 vaccines.
Pharmacists have a role in administering vaccines and providing patient education about the vaccines.
In addition, pharmacists have the vital responsibility of vaccine storage requirements and
reconstitution procedures to ensure proper and safe administration. Universally, pharmacists in
different drug authorizing bodies are participating in the authorization process of new COVID-19
vaccines. Their role is paramount in ensuring the safety and efficacy of vaccines. The vaccines that are
surrounded by myths and conspiracy theories require science and scientists to clear the ambiguity and
provide relief and comfort for individuals.

Research investigating numerous aspects related to the COVID-19 pandemic including treatment
guidelines, manufacturing vaccines, safety and efficacy of the vaccines, and health-related outcomes
is a sacred responsibility of the scientific community.

We at Jordan Journal of Pharmaceutical Sciences invite you to submit your work to our journal and
together contribute to science everywhere.

Professor Linda Tahaineh

Department of Clinical Pharmacy,

College of Pharmacy, Jordan University of Science and Technology, Irbid, Jordan
tahaineh@just.edu.jo
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Screening of commonly used plant extracts in Jordanian skin lightening folkloric

recipes for their tyrosinase inhibitory activity: An in vitro study
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ABSTRACT

In Jordanian folkloric medicine, several medicinal plants—based recipes are used for skin lightening. Local recipes
for skin lightening were collected and the tyrosinase inhibitory activity of the plants reported in these recipes, as a
potential depigmentation mechanism was evaluated in vitro on both, mushroom and murine melanoma tyrosinase.
The surveyed recipes included a total of 25 traditional medicinal plants belonging to 19 families. Kojic acid and
licorice (Glycyrrhiza glabra) extract were used as positive controls. Thirteen extracts exhibited good mushroom
tyrosinase inhibitory potential (>70%), and 7 extracts showed moderate tyrosinase inhibition activity (30-70%)
while 5 extracts showed poor mushroom tyrosinase inhibitory activity (<30%).

Four of the tested extracts; Juniperus communis L. (Juniper), Rosa indica L. (Rose), Amygdalus communis var.
amara L. (Bitter almond), and Carthamus tinctorius L. (Safflower) showed good inhibitory activity (>70%)
against both, mushroom and melanoma tyrosinase enzymes that was similar or better than that of kojic acid. While,
6 tested extracts, obtained from Raphanus sativus L. (radish), Juniperus communis L. (juniper), Petroselinum
sativum Hoffm. (parsely), Salvia triloba L. (sage), Viola odorata L. (garden violet), and Mentha piperita L. (mint),

showed almost similar mushroom tyrosinase inhibitory activity as licorice extract (73.4%).

Tyrosinase inhibitory activities observed in many of the tested plant extracts validate their traditional use.

Keywords: Tyrosinase, Melanoma, Folkloric medicine, Skin lightening, Melasma.

1 INTRODUCTION
Skin hyperpigmentary disorders, such as melasma,
freckles, and post inflammatory hyperpigmentation, are

characterized by overproduction and accumulation of

Received on 7/9/2020 and Accepted for Publication on
8/12/2020.

melanin '. They can have negative impact on subjects’
psychosocial status since they are common on exposed
areas of the face and the neck . The synthesis of skin
pigment; melanin, takes place inside the melanocytes
which reside in the basal layer of the epidermis. Melanin
is formed by a complex pathway that initially involves two
major reactions catalyzed by tyrosinase (a copper
containing monooxygenase) 2. Tyrosinase catalyses the

- 113 - ©2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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hydroxylation of L-tyrosine and the oxidation of the o-
diphenol product L-DOPA (3,4-dihydroxyphenylalanine)
to give rise to o-dopaquinone that is transformed into
melanin through a series of reactions 2. As a result of the
key role, played by tyrosinase in melanin biosynthesis,
most marketed skin lightening products use a tyrosinase
inhibitor as the active ingredient (e.g., hydroquinone, kojic
acid and arbutin). However, the use of these products is
marred by safety and/or effectiveness concerns 3.,

Thus, identification of new depigmenting agents,
especially of plant origin, is an active research area that is
reinforced by the belief that plant extracts have a superior

68 In cosmetic

safety profile to synthetic chemicals
preparations many plant extracts such as Morus alba and
Glycyrrhiza glabra have been used as depigmenting
agents °.

The use of skin-lightening products is a common
practice among women living in Jordan '°. In addition to
its application in the treatment of hyperpigmentary
disorders, the use of such products is reinforced by the
beliefs that lighter skin tone plays a role in self-esteem,
perception of beauty and youth as well as marriage and
employment opportunities '°. This is reflected in the fact
that several plant-based skin lightening recipes are used in
the Jordanian folkloric medicine.

In the present study, to accomplish the list of plants
used in skin lightening recipes, the authors have
interviewed major local herbalists in Amman and surveyed
local folkloric medicine books. Then, the tyrosinase
inhibitory activity of their aqueous extracts was evaluated
to provide an evidence based justification for their
folkloric use and to identify high potency extract(s) of
local plants that might lead to the development of an
effective  skin lightening product for various
hyperpigmentary disorders.

2. Materials and Methods:

2.1. Surveying and collecting folkloric skin lightening
recipes:

Major herbalists (Attarins) in downtown Amman were

-114-
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interviewed and local folkloric medicine books were
searched for local recipes used for skin lightening and for
the treatment of hyperpigmentation. Some of these recipes
are reported in Table 1. The plants reported in these recipes
were purchased from the local market and identified by
one of the authors (F. Afifi) using descriptive references
and by comparison with the herbarium specimens of the
Department of Biology, School of Science, University of
Jordan. Voucher specimen were kept at the Faculty of
Pharmaceutical Sciences, Hashemite University (FMSL1-
FMSL26).

The scientific and common name of the reported
plants, their families as well as the parts used in the recipes
were determined and are summarized in Table 2.

2.2. Preparation of plant extracts:

Aqueous extracts of the plant parts specified in
folkloric recipes were prepared by extracting each 5 grams
of the powdered dried plant parts in 100 mL of distilled
water at 60 °C for 2 hours. The resulting aqueous extracts
obtained were filtered, stored in 50 ml centrifuge tubes
(Jet-Biofil, Canada) and refrigerated at 4 °C until they were
used in the in vitro tyrosinase inhibition assay.

2.3. Enzymatic assay of mushroom tyrosinase:

The effect of the prepared aqueous plant extracts on
mushroom  tyrosinase  activity = was  determined
spectrophotometrically using a previously published
methodology after modifications and validation using
both Kojic acid and licorice (G. glabra) extract as positive
controls °. Mushroom tyrosinase (50 KU, Sigma, Aldrich)
was aliquoted in potassium phosphate buffer (50 mM,
pH=6.5) at final concentration of 500 U/ml and stored in -
20 °C freezer until use. Twenty microliters (20 pl) of
mushroom tyrosinase aliquot, and 60 pl of L-tyrosine (0.1
mg/ml) were incubated with different volumes (60, 120 ul)
of the prepared aqueous plant extracts using 96-well plates.
The final volume of each well was made to 220 ul with
potassium phosphate buffer (50 mM, pH=6.5) and the
plates were incubated at 37 °C for 20 minutes. The

absorbance (Abs) at 490 nm was then measured using
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microplate reader (680XR, Biorad, Bio-Rad Lab. Inc.
USA). The same mixture without the plant extract was
used as a control. Wells containing the plant extracts and
mushroom tyrosinase without the substrate (tyrosine) were
used as a blank to omit the effect of plant extract on
absorbance. Licorice aqueous extract and Kojic acid
(100pg/ml) in Phosphate Buffered Saline pH 7.2 (PBS,
Euroclone, Italy) were used as positive controls.

The percent inhibition of tyrosinase activity was
calculated as follows:

% Inhibition =(C - E) x 100/C ................ Equation (1)

Where C is the absorbance at 490 nm without plant
extract, and E is the absorbance at 490 nm with plant
extract. Results are shown in Table 3.

2.4. Cell Culture of murine melanoma:

The mouse (murine) melanoma, producing melanin;
B16-F1 (ECACC 92101203) cells, were purchased from
the ECACC (European Collection of Cell Culture) and
cultured in DMEM (Euroclone, Italy) supplemented with
10% (v/v) fetal bovine serum (Euroclone, Italy), 1% L-
(Euroclone, Italy) and 1%  (v/v)
antibiotic/antimycotic (100 units/ml, Sigma, Aldrich) at
37°C in a humidified atmosphere with 5% CO,. Cells were
fed every other day until 80-90% confluency, cells were
then harvested with 1X trypsin/EDTA (Euroclone, Italy)
and lysed using 1% Triton X-100 (Promega, USA).
Lysates were clarified by centrifugation at 13,000 rpm for

glutamine

20 minutes and used in enzymatic inhibition assay after
determining its protein content using Bicinchonic Protein
Assay Kit (BCA) (Euroclone, Italy).

2.5. Enzymatic assay of murine melanoma
tyrosinase:

The inhibition of melanoma tyrosinase in mouse
melanoma cell lysate was performed as described
previously with modifications '3, Fifty microliters (50ul)
of aqueous plant extract were added to a 96-well flat-
bottom plate containing 50 pl of 4mM L-Tyrosine (Sigma,
Aldrich) and 50 pl of 4 mM L-DOPA (Sigma, Aldrich).

The plates were incubated at 37 °C for 10 minutes after

which 50 pl of protein lysate containing equal amounts of
protein (30 pg) in Phosphate Buffered Saline pH 7.2 (PBS,
Euroclone, Italy) were added in each well. The final
volume of each well was 200ul. The plate was then
incubated at 37 °C for 60 minutes. The absorbance (Abs)
at 490 nm was then measured using microplate reader
(680XR, Biorad, Bio-Rad Lab. Inc. USA). The same
mixture without the plant extract served as a control. Blank
wells containing the extracts without protein lysate were
used to omit the effect of plant extract on absorbance.
Licorice aqueous extract and Kojic acid (100pg/ml) in
PBS were used as positive controls. The percent inhibition
of tyrosinase activity was calculated using Equation 1.

The enzymatic assay was repeated for each plant
extract using only 100 pl of 2mM L-DOPA as the substrate
without L-Tyrosine. The absorbance at 490 nm was then
measured using plate reader. The same mixture without the
plant extract served as a control. The percent inhibition of
tyrosinase activity was calculated using Equation 1.

2.6. Stability study of selected plant extracts:

Mushroom tyrosinase inhibition assay was performed
using freshly prepared plant extracts of Crocus sativus,
Lepidium sativum and Petroselinum sativum and repeated
after one month storage in the refrigerator (4 °C) in 50 ml
centrifuge tubes (Jet-Biofil, Canada).

2.7. Data Analysis:

Enzymatic inhibition assays (mushroom and
melanoma tyrosinase) were performed at least in triplicate
at a minimum of 3 independent times. The percentage
inhibition results were summarized in Table 3 as the Mean
+ SD.

3. Results and Discussion:

A total of 25 traditional medicinal plants, (Table 2),
belonging to 19 families were found in Jordanian folkloric
recipes recommended to ameliorate skin
hyperpigmentation or cause skin lightening.

The reported plants and plants found in the recipes
mentioned in Table 1 were evaluated for their potential
skin depigmenting effect by testing the tyrosinase
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inhibitory activities of their aqueous extracts in vitro using
both mushroom and murine melanoma tyrosinase.

Tyrosinase was targeted in the screening process as it
is the rate-limiting enzyme in melanin production and its
inhibition is one of the major strategies in developing new
skin depigmenting agents °. Tyrosinase catalyses the first
two steps of melanin production. It hydroxylates the amino
acid L-tyrosine to L-dihydroxyphenylalanine (L-DOPA),
then oxidizes L-DOPA to produce L-DOPA quinone
which is processed through several elaborate steps to
produce melanin.

The aqueous extracts were used to imitate the
traditional used practices in the folk medicines. The plant
extracts that caused enzyme inhibition percentage of less
than 30% were considered poor inhibitors and the ones that
caused 30-70% inhibition of enzyme activity were
considered moderate enzyme inhibitors, while good
enzyme inhibitors were those extracts that caused more
than 70% inhibition of the enzyme activity.

Table 3 summarizes the results of mushroom
tyrosinase inhibition assay presented as percentage (%) of
tyrosinase inhibition caused by two different volumes
(120ul and 60ul) of the prepared aqueous plant extracts
corresponding to the concentrations of 27.3 and 13.6 mg
dry plant /ml. Out of the 25 plant extracts, only five
extracts showed poor mushroom tyrosinase inhibitory
activity (<30%) while seven extracts showed moderate
tyrosinase inhibition activity (30-70%). The remaining
thirteen extracts showed good mushroom tyrosinase
inhibitory activity (>70%).

Table 3 also shows the results of murine melanoma
tyrosinase inhibition assay, presented as percentage (%) of
tyrosinase inhibition caused by 50pul of the prepared
aqueous plant extracts corresponding to a concentration of
12.5 mg dry plant /ml. The murine melanoma tyrosinase
inhibitory activity of the plant extracts was carried out
under two substrate conditions, namely using L-tyrosine as
a substrate and L-DOPA as a cofactor and using L-DOPA

alone without the L-tyrosine. Out of the 25 plant extracts,
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nine extracts exhibited poor melanoma tyrosinase
inhibition activity (<30%), and eight moderate inhibition
activity (30-70%) while with six extracts good inhibitory
activity (>70%) was observed.

On the other hand, the positive control G. glabra
aqueous extract displayed 70-73% inhibition of mushroom
tyrosinase and 43.9-62% inhibition of melanoma
tyrosinase. The second positive control, Kojic acid
(100pg/ml) caused 91% inhibition of the mushroom
tyrosinase and 78% inhibition of melanoma tyrsoinase.
Interestingly, four of the screened plant extracts; Juniperus
communis (Juniper), Rosa indica (Rose), Amygdalus
communis L. var. amara (Bitter almond), and Carthamus
tinctorius (Safflower), exhibited inhibitory activities
(>70%) against both mushroom and melanoma tyrosinase
enzymes that were almost similar or even better than kojic
acid inhibition (Table 3).

Most of the plant extracts had shown moderate to good
mushroom tyrosinase inhibitory activities while only the
listed first five plant extracts in Table 3 showed poor
mushroom tyrosinase inhibition. Nevertheless, two of
these five plants that showed poor mushroom tyrosinase
inhibition potential exerted moderate to good inhibition of
melanoma tyrosinase. The aqueous extract of Nigella
sativa (black cumin) and Rosmarinus officinalis
(Rosemary) showed 49.7% & 86.5% melanoma tyrosinase
inhibition, respectively, and poor inhibition (< 30%) of the
mushroom tyrosinase. Earlier, Subramanian and Sahithya
(2016) revealed for the alcohol extract of N. sativa
moderate inhibition (49.6%) of mushroom tyrosinase '“.
Similarly, researchers detected for the essential oil of R.
officinalis poor mushroom tyrosinase inhibitory potential
15

The aqueous extract of the seeds of sweet almond A.
communis var. dulcis showed poor inhibition of the
mushroom and melanoma tyrosinase. The aqueous extract
of the hull of A. communis var. dulcis was previously
studied and showed also poor tyrosinase inhibition
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the same plant was shown to possess moderate mushroom
tyrosinase inhibition potential 7. On the contrary, the
aqueous extract of the seeds of bitter almond A. communis
var. amara showed in the present study 100% inhibition of
mushroom tyrosinase and 78.9% inhibition of murine
melanoma tyrosinase. This was not reported previously for
bitter almond based on literature search.

The aqueous extract of the peel of Cucumis melo
(Muskmelon) showed in our study an inhibition of
mushroom tyrosinase activity of 24.5-39.2% that agreed
well with a previous report 8,

The aqueous extract of leaves of Thymus vulgaris
(Thyme) resulted in a moderate inhibition of mushroom
tyrosinase that was similar to the effect of its alcoholic
extract reported in the literature '°. The same extract showed
an even higher inhibition of the murine melanoma
tyrosinase (67.8-84%). It has been reported that T. vulgaris
contain carvacrol; a monoterpenoid compound, that is
shown previously to inhibit tyrosinase enzymatic activity in
B16F10 mouse melanoma cells better than the kojic acid %°.

The aqueous extract of the leaves of Origanum vulgare
(Origano) showed moderate inhibition of mushroom
tyrosinase and good inhibition to murine melanoma
tyrosinase. A novel phenolic glucoside; origanoside, has
been previously isolated from O. vulgare aerial parts and
its depigmenting potential was confirmed in both
melanoma B16 cells and in animal study 2.

The aqueous extracts of Curcuma longa (Tumeric)
roots and C. sativus (Saffron) stigmas/styles showed
moderate inhibition of mushroom tyrosinase similar to that
previously reported using the methanolic extracts of the
same plants 222,

The aqueous extract of the flower of chamomile,
Matricaria aurea, is considered a commonly used herbal
drink among Jordanians for various ailments 2*. The
aqueous extract of this plant showed moderate inhibition
to both, mushroom (31.9-53.8%) and murine melanoma
tyrosinase (23.7-70.1%). This inhibition potential was

shown previously for another chamomile species, M.

recutita but not for M. aurea species 3.

Six tested plants showed almost similar mushroom
tyrosinase inhibition potential as the positive control G.
glabra (73.4%). Those were the aqueous extracts of
Raphanus sativus (73.8%), J. communis (74%), P. sativum
(75.3%), Salvia triloba (76.4%), Viola odorata (81.6%),
and Mentha piperita (82.2%).

The propylene glycol extract of the roots of R. sativus
showed previously 88% inhibition of mushroom
tyrosinase comparable to the inhibition obtained in this
study for the aqueous extract of the seed parts of the same
plants 26,

For the ethanolic extract of the fruits of J. communis
Jagal et al. (2017) have previously reported that this extract
inhibits tyrosinase activity and lighten the UV-radiated
skin of HRM-2 mice 7.

Petroselinum sativum, known as garden parsley and
Salvia triloba, known as the East Mediterranean sage 2® are
two of the most popular herbs in Middle Eastern kitchen
have exhibited good inhibition of the mushroom tyrosinase
and moderate inhibition of the murine melanoma
tyrosinase (Table 3). Literature survey revealed no
previous studies on the antityrosinase inhibitory activity
for both commonly used culinary herbs.

The aqueous extract of garden violet (Viola adorata)
showed 81.6% inhibition of the mushroom tyrosinase and
54.3% inhibition of the murine melanoma tyrosinase.
Although similar inhibitory activities for the organic
extract was reported, this is the first report on the inhibitory
activity of the water extract of garden violet 2230,

Mentha piperita (mint) is widely used as a common
herbal tea among the Jordanians and classified as a
culinary herb for many dishes. Its aqueous extract showed
82.2% inhibition of the mushroom tyrosinase. The plant
essential oil was also previously reported to inhibit
mushroom tyrosinase 3!.

Rosa indica (Rose) showed 91.8 % inhibition of
mushroom tyrosinase and 100% inhibition of murine

melanoma tyrosinase. Again, no similar findings could be
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retrieved from the literature survey.

The mushroom tyrosinase inhibitory efficacy of the
methanolic extract of the seeds of nutmeg, Myristica
fragrans (69%) was reported previously °. However, more
potent inhibitory activity of the aqueous extract of the
seeds (96.3%) was detected in the present study.

Although in an earlier study the methanolic extract of
the seeds of L. sativum (Garden cress) did not exhibit any
tyrosinase inhibitory potential, in the present study, for the
aqueous extract of the same plant 99.1% inhibition of
mushroom tyrosinase was observed 2.

The aqueous extract of the flowers of C. tinctorius
showed 100% inhibition of mushroom tyrosinase and
84.9% inhibition of murine melanoma tyrosinse. The
methanolic extract of another part of this plant; seeds, was
previously reported to inhibit mushroom tyrosinase as well
as reduce melanin content of B16 melanoma cells *. In
addition, Carthamus yellow; the major pigment
component extracted from C. tinctorius, showed both,
tyrosinase inhibition potential and melanin reduction
potential in B16F10 melanoma cells 3.

Fenugreek (Trigonella foenum-graecum) seeds are
commonly used as a medicinal plant in Jordan for lactation
deficiency and general weakness 2*. The findings of the
current study indicated 100% inhibition of mushroom
tyrosinase of the aqueous extract of its seeds. This
depigmenting potential has been reported previously for
the alcoholic extracts of the seeds of this plants which
caused more than 50% inhibition of the mushroom
tyrosinase '4. Furthermore, its alcoholic extracts reported
to possess anti-inflammatory properties as well as caused
reduction in melanin synthesis in murine melanoma
B16F1 cells *.

Cicer arietinum (Chickpea) seeds is a key ingredient in
hummus; a popular dip in Jordanian kitchens.
Interestingly, Chickpea has been mentioned by the great
traditional Persian scientists; Avicenna and Razi who
mentioned the cutaneous benefits of this legume 3°.

Although no previous studies were carried out for the
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antityrosinase inhibitory activity of chickpea, the results of
the present study revealed 100% inhibition of the
mushroom tyrosinase activity.

In addition to the evaluation of the antityrosinase
inhibitory potential of the selected 25 plant species, the
effect of storage in the refrigerator on the mushroom
tyrosinase inhibition potential of the extracts was studied
using three aqueous extracts as examples. Mushroom
tyrosinase inhibition potential was tested at baseline for the
freshly prepared extracts of these selected three plants and
again thirty days after storage in the refrigerator. Results
are shown in Table 4. Apparently the three tested plant
extracts; C. sativus, L. sativum and P. sativum have
preserved their mushroom tyrosinase inhibition potential.
This finding supports the use of these aqueous plant
extracts as potential stable and effective component in skin
depigmenting formulations in the Jordanian traditional
medicine.

4. Conclusion:

The use of most of the plant components in the
collected recipes in ameliorating hyperpigmentary
disorders and skin lightening appears to be substantiated
by the enzyme inhibition studies. More than two third of
the tested plant extracts exhibited moderate to good
tyrosinase inhibition efficacy. Of the 25 extracts
examined, five showed more than 70% inhibition of both
mushroom and murine tyrosinase and only three plant
extracts; Cyperus esculentu (Earth almond), A. communis
L. var. dulcis (Sweet almond) and Sambucus niger
(Elderberry) were poor inhibitors of both mushroom and
murine tyrosinase.

Four of the screened plant extracts; J. communis, R.
indica, A. communis L. var. amara, and C. tinctorius L.,
inhibited both mushroom and melanoma tyrosinase
enzymes almost similar or even better than kojic acid.

Interestingly, the tyrosinase inhibition potential of the
of P. sativum (parsley), S. triloba (sage), A. communis var.
amara (bitter almond) and R. indica (rose), which

exhibited good tyrosinase inhibition, has not been reported
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previously based on the comprehensive literature survey.
The aqueous extracts of C. sativus (saffron), L. sativum
(garden cress) and P. sativum (parsley) preserved their
tyrosinase inhibitory properties for one month at 4 °C
which indicates the stability of the active constituents and
their potential to be incorporated into cosmeceutical
formulations. Further in vitro and in vivo evaluation of the

promising plant extracts are recommended.
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Table 1: A number of Jordanian skin lightening folk recipes and direction for use. Plants in recipes are written in Bold.

No. | Components Direction for use
1. Sage extract and honey Morning and evening
2. Common violet and elderberry extracts Morning and evening
3. Boiled seeds of radish Twice daily
4. Extract of parsley Apply at night and wash in the morning
5. Extracts of chickpeas Use as mask for 30 min and wash
6. Peel of the Muskmelon and honey or olive oil Apply to face for 20 minutes and wash with water
7. Castor oil (Ricinus communis) Twice daily for one month
8. Powder of Black cumin and vinegar Mix to form a paste, apply to skin for 30 min and wash
9. Cucumber, sweet almond, garden cress, Parsley, Orally and topically

Chicory

10. Juice of the Muskmelon Once daily
11. Safflower extract Once daily
12. Extract of Fenugreek seeds Use cotton wool to apply to the skin twice daily
13. Garden cress juice and honey Twice daily
14. Starch and Saffron Mix together and apply to melasma
15. Extract of Origano Apply at night and wash in the morning
16. Powdered Muskmelon peel and honey Once daily for one week
17. Oil of sweet and bitter almonds Once evening for 3 days
18. Castor oil Once evening for 4 weeks
19. Ground seeds of nutmeg mixed with honey Mask for 1 hour
20. Ground earth almond and honey Mask for 1 hour
21. Mint leaves extract Apply and leave for overnight
22. Juice of the Muskmelon Mask for 1 hour
23. Castor oil, ground tumeric, Vaseline and beeswax Once in the evening for at least 4 weeks
24. Castor oil, earth almond, Vaseline, beeswax Once in the evening for at least 4 weeks
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Table 2: The plants screened, their scientific names, families, Arabic names and parts used.

Saja Hamed, et al.

L . Arabic
No. | Scientific name Family Common name Parts used
name
Amygdalus communis L. var. .
1* . Rosaceae Sweet almond Loz hilo Seeds
dulcis

2 | A.communis L. var. amara Rosaceae Bitter almond Loz mur Seeds

3 | Carthamus tinctorius L. Asteraceae Safflower O'sfur Flowers

4 | Cicer arietinum L. Fabaceae Chickpea Hummus Seeds

5 | Crocus sativus L. Iridaceae Saffron Z'afaran Stigmas/Styles
6 | Cucumis melo L. Cucurbitaceae Muskmelon Shomam Peels

7 | Curcuma longa L. Zingiberaceae Turmeric Curcum Roots

8 | Cyperus esculentus L. Cyperaceae Earth almond Hab alaziz Fruits

) . Licorice (positive
9 | Glycyrrhiza glabra L. Leguminosae Aerq alsos Roots
control)

10 | Jasminum officinale L. Oleaceae Jasmin Yasmin Flowers

11 | Juniperus communis L. Cuprassaceae Juniper Ar'ar Aerial parts
12 | Lepidium sativum L. Cruciferae Garden cress Rashad Seeds

— . ) ) Flowering heads,
13 | Matricaria aurea (Loeffl) Sch Bip | Asteraceae Chamomile Babonej |
eaves
14 | Mentha piperita L. Lamiaceae Mint Na’na Leaves
15 | Myristica fragrans L. Hout Myristicaceae Nutmeg Jozettib Seeds
. . . Alhaba
16 | Nigella sativa L. Ranunculaceae Black cumin Seeds
alsouda

17 | Origanum vulgare L. Lamiaceae Origano Mardaqush Leaves

18 | Petroselinum sativum Hoffm. Umbelliferae Parsley Bakdonis Leaves, stem
19 | Raphanus sativus L. Brassicaceae Radish Fejil Seeds

20 | Rosaindica L. Rosaceae Rose Ward Petals, flowers
21 | Rosmarinus officinalis L. Lamiaceae Rosemary Iklil aljabal Leaves

22 | Salviatriloba L. Lamiaceae Sage Meramia Leaves

23 | Sambucus nigra L Caprifoliaceae Elderberry Bailasan Flowers

24 | Thymus vulgaris L. Lamiaceae Thyme Z'atar Leaves

25 | Trigonella foenum-graecum L. Leguminosae Fenugreek Holbe Seeds

26 | Viola odorata L. Violaceae Garden violet Banafsaj Flowers

*FMSL1-FMSL26
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Table 3: Percentage mushroom tyrosinase inhibition at two different volume/concentrations of aqueous plant extracts (60
& 120 pl) and percentage of murine melanoma tyrosinase inhibition (using either L-tyrosine with L-dopa as substrate or L-
dopa alone) by 50 pl of aqueous plant extracts found in folkloric recipes. Kojic acid (100pug/ml) & Glycyrrhiza glabra L.

served as positive controls.

Inhibition of melanoma
Inhibition of mushroom tyrosinase
No. tyrosinase %inhibition (+ SD)
Scientific name %inhibition (£ SD) 50pl (12.5mg/ml)
120 pl 60pl Tyrosine + DOPA
(27.3 mg/ml) (13.6 mg/ml) DOPA
Cyperus esculentus L. 0.4 (4.9 6.5 (5.1) 11.1 (10.7) 10.2 (5.6)
Nigella sativa L. 12.4 (4.8) 16.8 (9.4) 49.7 (7.1) 1.1(1.5)
Rosmarinus officinalis L. 19.4 (5.2) 28 (1.0) 86.5 (1.3) 93.0 (1.3)
Amygdalus communis L. var.
4 ) 19.7 (4.6) 3.7(9.1) 1.93.2) 5.9 (5.3)
dulcis
5 | Sambucus nigra L. 21.6 (0.7) 0.1(0.2) ND ND
6 Jasminum officinale L. 32.3(14.9) 35.3(9.1) 33.3(3.9) 31.1(7.0)
7 Cucumis melo L. 39.2 (10.6) 24.5 (3.8) ND ND
8 | Thymus vulgaris L. 39.4 (5.6) 37.6 (2.6) 67.8 (3.7) 84.0 (3.6)
9 Origanum vulgare L. 41.4 (7.0) 16.5 (1.8) 71.9 (1.9) 83.2 (6.2)
10 | Curcuma longa L. 42.7 (1.2) 44 (3.5) 17.3 (3.0) 13.9 (3.0
11 | Crocus sativus L. 50.1 (10.8) 7.8 (2.3) 9.9 (7.1) 4.9 (9.1)
Matricaria aurea (Loeffl) Sch
12 Bip. 53.8(1.1) 31.9(9.4) 23.7 (13.8) 70.1 (4.9)
13 | Glycyrrhiza glabra L. 70.4 (17.4) 73.4(7.4) 62.3 (13.2) 43.9 (3.7)
14 | Raphanus sativus L. 73.8 (8.0) 46.2 (3.7) 0.5(0.2) 6.5 (5.5)
15 | Juniperus communis L. 74 (0.7) 74.4 (7.2) 71.3 (39.8) ND
16 | Petroselinum sativum Hoffm. 75.3 (2.6) 35.5 (6.3) 2.6 (4.8) 56.4 (7.9)
17 | Salvia triloba L. 76.4 (13.2) 59.6 (7.5) 2.5 (4.6) 61.7 (4.5)
18 | Viola odorata L. 81.6 (9.3) 54.7 (5.5) 12.2 (2.7) 54.3 (18.6)
19 | Mentha piperita L. 82.2 (16.4) 77.7 (12.2) 0.5(0.3) 7.8 (4.7)
20 | Rosaindica L. 91.8(8.2) 82.8 (5.0) 100.0 (14.1) 80.5 (34.6)
Amygdalus communis L. var.
21 95.1 (7.0) 100 (6.3) 78.9 (15.8) 67.7 (6.5)
amara
22 | Myristica fragrans L. Hout 96.3 (1.1) 92.2 (3.1) 33.9(5.9) 27.4 (4.3)
23 | Lepidium sativum L. 98.5(0.5) 99.1(1.2) 6.5 (7.4) 10.4 (6.9)
24 | Carthamus tinctorius L. 100 (25) 79 (12) 84.9 (13.3) 85.1 (15.1)
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Inhibition of melanoma
Inhibition of mushroom tyrosinase
No. tyrosinase %inhibition (+ SD)
Scientific name %inhibition (= SD) 50pl (12.5mg/ml)
120 pl 60l Tyrosine + DOPA
(27.3 mg/ml) (13.6 mg/ml) DOPA
25 | Trigonella foenum-graecum L. 100 (13.5) 64.6 (9.1) 0.6 (0.3) 15.1 (1.4)
26 | Cicer arietinum L. 100.5 (15.4) 71.8 (13.2) 0.62 (0.4) 0.33 (0.23)
27 | Kaojic acid (100pg/ml) 91.2 (1.6) 78.4 (0.9)
Table 4: The stability of selected plant extracts (120ul) stored at 4°C for one month.
%lnhibition of mushroom tyrosinase (£SD) at two
No. | Scientific name time points
0 time (freshly After 1 month
prepared)
Crocus sativus L. 44.6+6.0 54.5+16.7
Lepidium sativum L. 103.6+0.8 100.7+4.2
Petroselinum sativum Hoffm. 62.9+0.5 53.3+11.7

Jordanian Folkloric Skin Lightening Plants
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ABSTRACT

A simple and sensitive indirect spectrophotometric flow injection analysis (FIA) method for the determination of

cefixime (CF), ceftriaxone (CFTR), cefotaxime (CFX) and cefuroxime (CFU) in pharmaceutical formulations and

biological fluids has been suggested. Drugs under investigation are firstly oxidized by excess N-bromosuccinimide
(NBS) in acidic medium, then the excess NBS is reacted with Rhodamine B (RB) to bleach its pinkish red color.
Chemical variables and flow injection variables are all optimized to enhance reproducibility and sensitivity. The

suggested procedure followed Beer’s law over concentration ranges of 5 — 30 pg.ml-1 for all tested drugs. The

method is successfully applied to the determinations of the drugs under investigation in different pharmaceutical

preparations. Results obtained by the suggested method were in excellent agreement with those obtained by the

formal HPLC methods.

Keywords. Cephalosporins, FIA, HPLC, Pharmaceutical Products, Human Plasma and Urine.

INTRODUCTION

The genus Stereocaulon Hoffm. (Stereocaulaceae,
Lecanorales, Ascomycota) is an interesting genus from
lichen which is found throughout the world. The
morphology of the Stereocaulon genus consists of the
crustose type primary thallus and fruticose type secondary
thallus. The primary thallus in most species of
Stereocaulon is disappeared at a very early stage of
development. In the secondary thallus, there are several
important parts such as pseudopodetia which show
persistent phyllocladia (or phyllocladioid branchlets),
apothecia as a sexual organ that contains spores, and in
most species cephalodia which contain cyanobacteria
(Nostoc, Rhizonema or Stigonema)'.

Cefixime, ceftriaxone, cefotaxime and cefuroxime are

kinds of cephalosporin antibacterial drugs. They are the

Received on 29/5/2020 and Accepted for Publication on
17/4/2021.

second major group of semi-synthetic - lactam antibiotics
used in clinical medicine [1, 2]. They are used to treat
infections induced by both gram-negative and gram-
positive bacteria and interfere with the synthesis of vital
structural parts of bacterial cell wall [3, 4].

Several analytical techniques for the determination of
the drugs under investigation in biological and
pharmaceutical preparations are described in literature.
These include spectrophotometric [5-10],
spectrofluorometric [11,12], chromatographic [13-16],
capillary electrophoresis, electrochemical, potentiometry,
voltammetry and flow injection analysis [17-20].
Chromatographic procedures are well-known and specific;
however, they are time consuming and require
sophisticated  instruments. Equally, most batch
spectrophotometric procedures require prior extraction of
the colored product and take long reaction time for
complete color intensity. Overcoming these drawbacks
and automating the procedure are of current interest for the

analysis of pharmaceutical compounds.
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Because of the ability of the Flow Injection Analysis
(FIA) method to conduct quick, accurate and precise
analysis, it is of concern to evaluate its applicability in
pharmaceutical products, plasma and urine samples. The
automatic nature of FIA reduces the need for skilled and

well- trained analysts to conduct the chemical analysis.

Experimental

Reagents and solutions

All chemicals used are in a pure grade and used without
further purification as they have been obtained. During this
entire work, distilled water is used. Hydrochloric acid
solution (0.1 M) is prepared by diluting the calculated
quantity of concentrated HCI with distilled water. Sodium
hydroxide solution is prepared by dissolving the proper
amount of NaOH in a total volume of 1 L with distilled
water. N-Bromosuccinimide (NBS) solution (1.0x107 M)
is prepared daily by dissolving 0.0445 g of NBS (Merck)
in a total volume of 250 mL with 0.1 M HCI. Rhodamine
B (RB) solution (2.0x10° M) is prepared by dissolving
0.0024 g of RB in a total volume of 250 mL with 0.1 M
HCI.

Standard solutions

Standard solutions of the active ingredients were
prepared by dissolving 0.01 g of the drug under
investigation in a total volume of 100 mL of 0.05M NaOH.
Standard solutions for linearity study are prepared by
diluting the calculated volumes of the stock solution with
0.05 M NaOH.

Tablet, Capsule and Powders

The content of one capsule of the commercial product
Suraxim (200 mg cefixime/capsule) is emptied in a 500
mL volumetric flask and hydrolyzed with 5 mL of 0.05 M
NaOH for 30 min at 80°C. The concentration of cefixime
in this solution is supposed to be 400 ug.mL"!. The solution
is used to prepare different concentrations within the
linearity range by proper dilution with 0.05M NaOH. For
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tablets analysis, the content of one tablet of the commercial
product Oraxim (250 mg cefuroxime /tablet) is emptied in
a 500 mL volumetric flask and hydrolyzed with 5 mL of
0.05 M NaOH for 30 min at 80°C. The concentration of
cefuroxime in this solution is supposed to be 500 pg.mL.
The solution is used to prepare different concentrations
within the linearity range by proper dilution with 0.05 M
NaOH. For powders, 0.01 g of the commercial product
Ceftax powder (1000 mg of cefotaxime) and commercial
product Samixon powder (1000 mg of ceftriaxone) is
accurately weighed and transferred to 100 mL volumetric

flask and then the procedure is continued as above.

Plasma and urine samples

A 500 pL of the drug under investigation (2000-ppm
stock solution dissolved in water) is added to 1 mL drug-
free plasma. After that, 0.5 mL of the 10% Trichloroacetic
acid (TCA) is added. The mixture is vigorously mixed in a
tube for 1 min and then centrifuged at 3000 rpm for 30 min
to ensure complete protein precipitation. Next, 100-400 uL
of the mixture is added to 10-mL volumetric flask and
hydrolyzed with 5 mL of 0.05 M of NaOH for 30 min at

80°C. Urine samples are treated by the same procedure.

Apparatus

The suggested configuration of the FI system is shown
in Figure 1. It's made up of two channels. A Varian DMS-
100 UV-Visible spectrophotometer is used to perform all
absorption measurements. Teflon tubing of 0.51 mm i.d. is
utilized to build up the system. The sample solution is
injected via a Rheodyne 6-way injection valve and
combined with the carrier (1.0x10* M NBS) in the first
mixing coil (RC1). A home-made confluence point was
used to ensure quick mixing of sample mixture with the
reagent (2.0x10" M RB) in the second reaction coil (RC2).
A sample injection volume of 50 pL is used. The

absorption of the color generated is tracked at 555 nm.
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Procedure

A volume of 50 pL of the prepared sample solution is
injected by a syringe into the carrier stream (1.0x10 M
NBS), pumped at a flow rate of 0.40 mL/min. The reagent
(2.0x103 M RB) was introduced downstream to ensure fast
and sufficient mixing at a flow rate of 0.40 mL/min. After
injection, when the maximum absorbance is reached, the
valve is returned to the load position. Upon reaching the
baseline, another sample slug is injected. The height of the

absorbance peak is used for calibration.

Results and Discussion

Development of the Methods

The suggested FIA technique enables the target
compounds to be quantified quickly and economically in
pharmaceutical formulations without the need for time-
consuming sample preparation steps. NBS have been
extensively used as an analytical reagent [21-24]. In this
study, it is found that NBS can oxidize the target drugs in
acidic medium. In addition, it reacts Instantly with
Rhodamine B (RB) in an acidic medium to fade out its
color. Therefore, after the oxidation of drugs by NBS, the
excess NBS is reacted with the RB. Figure 2 shows the
absorption spectra of the reagents used and the reaction
products. The decrease in the RB absorption (AA) is
proportional to the drug concentration. Thus, the various
parameters influencing the oxidation reaction, and hence

the subsequent determination are optimized.

Influence of chemical variables

The effect of the acidity on the analytical signal, is
considered over acidic and basic pH ranges. Various buffer
solutions are being screened (acetate, citrate, borate and
phosphate). No critical impact for the buffer type on the
analytical signal is observed. All findings, however, stated
that the reaction is better performed in acidic medium.
Different concentrations of HCI are used as a solvent for
both NBS and RB solutions. The maximum analytical signal
is achieved when the carrier solution was 0.1 M HC], which

is used in all subsequent experiments (Figure 3).

The influence of changing RB concentration on the
analytical signal is studied at different concentration of
NBS as shown in Figure 4. Fixed volume (80 pL) of
cefotaxime is used and injected into the NBS stream. For
all NBS and RB combinations tested, best results are
obtained when the NBS-to-RB concentration ratio was
minimal. For instant, maximum signal was obtained at
[NBS] = 0.2 mM and [RB] = 0.04 mM (NBS/RB = 5).
However, the concentration of NBS must be high enough
to react with both the drug and the RB. Therefore, a 0.7
mM NBS is selected to make sure that we have enough
NBS to react completely with samples that contain high
levels of the active ingredient (drugs under investigation).
In addition, the base line stability is much better at 0.7 mM
NBS. Based on these results, the concentrations of NBS
and RB selected throughout this work are 0.7 mM and 0.04
mM, respectively.

Influence of FIA variables

The effect of the reagents flow rate is studied keeping
other conditions constant, over the range 0.2 — 2.0 mL/min.
In all cases, the same flow rate is used in both channels.
The highest signals are obtained when the flow rate is 0.4
mL/min for each line (Figure 5). At higher flow rates,
considerable decrease in the analytical signal is observed.
This is because the reaction time will be lowered at greater
pumping rates and therefore the reaction would not
proceed to completion. At lower flow rates, the dispersion
of the reaction product zone will increase leading to
increased peak broadening and analysis time. Therefore,
as a compromise between peak broadening, sensitivity,
and sampling time, a total flow rate of 0.8 ml/min (0.4
ml/min for each line) is selected. At this pumping rate, the
time for one injection is 45 seconds, and therefore the
sample throughput is about 80 samples/hr.

The suggested FIA setup uses two reaction coils
(Figure 2). The first coil (RC1), where the drug was
oxidized by NBS, was changed over the 30 to 120 cm
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range. When the length of the coil was increased to 50 cm,
a significant rise in the analytical signal was noted and then
began to decline (Figure 5). Longer coils led to peak
broadening and a longer time to return to the baseline. The
length of the first reaction coil (RC1) was therefore chosen
to be 50 cm in order to ensure high sensitivity and high
measuring rates. Similarly, when the second reaction coil
(RC2) is changed from 30 to 120 cm, a substantial shift in
the analytical signal is noted. Maximum analytical signals
are acquired when RC2 is 60 cm (Figure 5).

Different lengths of the sample loop are mounted on
the injector and tested to assess the impact of the injected
sample volume on the analytical signal. As expected, an
increase in the volume of the injected sample results in a
peak height increase. As a result, measurement sensitivity
could be enhanced by increasing the sample volume.
However, by increasing the sample volume, the peak width
and time for the signal to return to the base line are
increased. A volume of 80ul, which ensure a reasonable

sensitivity and sampling rate, is selected.

Idrees F. Al-Momani , Mohammad R. Thalji

Evaluation of the method

Under the optimum conditions, the calibration curves
for determining the studied drugs are constructed.
Absorbance versus concentrations plots are straight lines.
The linearity is excellent and Beer's law is followed for the
drugs being investigated. Typical calibration data for drugs
tested using the suggested FI technique are shown in Table
1. The precision of the measurements is high as reflected
by the low RSD values (RSD is 1.15 % , n = 6). The
detection limit (LOD) is determined as the analyte
concentration resulting in a signal that is three times the
blank standard deviation. the limits of

quantification (LOQ) is determined as the concentration of

Similarly,

the analyte resulting in a signal that is ten times the blank
standard deviation. The intra-day (within-day) precision is
evaluated by the replicate analysis of two different
concentrations of drugs within the linearity range at
different time intervals. The inter-day (different days)
precision is similarly evaluated on several days up to 3
days. Every day, a new calibration graph is constructed.
The results in both cases indicated high precision, as the
percent RSD did not exceed 3%.

Table (1): Data for the calibration graphs (n = 6) using the proposed FIA method

Parameter Cefixime Ceftriaxone Cefotaxime Cefuroxime
Linearity range 5-30 5-30 5-30 5-30
(mg.L")

Intercept (b)* 7.10x 1073 1.60 x 102 5.00x 10 1.01x 10?2
Slope (a)* 2.43 x 10 2.82x 102 2.82x 102 2.55x 10
Corr. Coeff.(1?) 0.999 0.997 0.994 0.997

LOD (mg.L™) 0.12 0.09 0.10 0.10

LOQ (mg.Lh) 0.40 0.30 0.33 0.35

Applicability of the proposed FIA

The impact of prevalent excipients usually used in
pharmaceutical formulations is studied to examine the
applicability of the suggested FI technique to routine

pharmaceutical evaluation. Synthetic mixtures containing
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recoveries between 103.9 and 99.3 % are achieved. An
additional assessment of the suggested FI technique in
pharmaceutical analysis is carried out by conducting

recovery experiments from commercial formulations

(Table 2). As shown in Table 2, the recoveries are
excellent (100.3 — 108.8%) for all of the drugs tested,
proving the potential of this method in pharmaceutical

analysis.

Table 2: FIA and HPLC results for the analysis cefixime, ceftriaxone, cefotaxime and cefuroxime in pharmaceutical preparations.

Trade Name Taken %Recovery + RSD,
Drug & Labeled Claim (ng.ml?) (n=16)
FIA HPLC
Suraxim 10 100.3+1.3 101.4+1.2
Cefixime (200mg/Capsule) 20 103.0£0.7 103.1+£1.7
25 100.7 +0.5 102.3+£0.9
Samixon 10 100.5+1.2 100.0+1.2
Ceftriaxone (1000mg/ powder) 20 105.3+0.3 1019+ 1.8
25 104.2+£0.6 103.6 £0.9
Ceftax 10 103.1+£0.5 102.9+3.1
Cefotaxime (1000mg/ powder) 20 102.9+0.7 104.5+0.6
25 108.8+0.4 106.9£1.0
Oraxim 10 1009+ 1.1 102.7+5.2
Cefuroxime (250mg/tablet) 15 101.9+29 102.6 + 3.7
20 104.8 £0.5 104.3+4.2

Furthermore, the outcomes acquired by the FIA
procedure are also compared with the outcomes acquired
by the HPLC reference method [25] for the same sample
set by means of 99% confidence level t- and F-tests. There
are no significant differences between the two methods '

outcomes.

Conclusion
A simple, sensitive and accurate FIA method for the
analysis of Cefixime, ceftriaxone, cefotaxime and
cefuroxime is

proposed. The suggested method

demonstrates  excellent linearity, accuracy and
reproducibility and is effectively implemented without
interferences for the evaluation of the target drugs in

pharmaceutical forms and biological fluids. The results

obtained by the FIA method are statistically compared
with those obtained by the official HPLC method. No
significant differences in precision and accuracy between
the outcomes of the two methods. It can therefore be
concluded that, for routine assessment, the FIA technique

has the benefit of being easier, faster and more practical.
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Figure 1: Schematic diagram of the proposed FIA system. P, peristaltic pump; RC1 and RC2 are the reaction coils; X,
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Figure 3: Effect of the reagents (NBS and RB) acidity on the analytical signal.
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Figure 5: Effect of the flow rate, reaction coils (RC1 And RC2), and sample volume on the analytical signals.
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ABSTRACT

Because of their acute pathologies, the search for antiviral drugs for coxakievirus B3 (CVB3) is becoming an

urgent and unavoidable necessity. In the present study, a series of Pleconaril derivatives (anti-CVB3 molecules)

are subjected to 2D-QSAR study, in which the objective is the construction of a predictive model of new anti-

CVB3 candidates that are more active than the ones studied. Two models are obtained by multiple linear regression
(R? =0.893; Q%, = 0.837; R = 0.778) and multiple non-linear regression (R%? =0.918; Q3, =
0.784 ; R%,i; = 0.734) showing very satisfactory results. Based on the obtained optimal QSAR models, novel

Pleconaril derivatives are designed as new CVB3 inhibitors, showing remarkably improved inhibitory activity

compared to the existing system. These results might be useful for advanced research in future experimental work.
Keywords: 2D-QSAR, MLR, MNLR, Coxakievirus B3, Pleconaril, Isoxazole, Antiviral.

INTRODUCTION

The heterocyclic compounds constitute a very
important rate of organic compounds of natural or
synthetic origins. These compounds have a wide range of
biological activity [1-6].

The derivations of the isoxazole form a particular and
interesting class of heterocyclic compounds with five
links, due to their availability and their biological and
pharmaceutical activities which are important and efficient
such as the anti-inflammatory, analgesic, antiviral,
antioxidant, anticancer and antimicrobial activities [7-12].

Coxakievirus B3 (CVB3) is a class of viruses
belonging to the Picornaviridae family, one of the oldest
and most diverse families of viruses and more specifically
to the group of enteroviruses [13]. These are genera that

have been detected in both humans and animals [13].

Received on 29/5/2020 and Accepted for Publication on
17/4/2021.

Like most viruses, CVB3 is transmitted by two main
routes: aerosol and fecal-oral routes [14-15] . They target
all age groups and precisely new infants and children under
15 years of age [14-16]. As soon as reach their target,
CVB3s cause infections of the central nervous system,
respiratory infections, mucocutaneous, muscular, and
digestive disorders [17-18].

These infections occur after a set of processes that
make up the replication cycle that begins with the entry of
the virus after attaching itself to specific receptors. A
process is then triggered to release viral RNA into the
cytoplasm of the cells. After the protein expression and
replication is followed by the assembly, new virions are
then released and transmitted through the bloodstream to
reach different destinations [15].

CVB3s are small viruses (diameter about 30nm), non-
enveloped, their capsid has icosahedral symmetry. It
consists of 60 copies of four proteins VP1, VP2, VP3, and
VP4. The VP1, VP2, and VP3 proteins are located at the
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outer surface of the capsid while VP4 is located at the inner
surface [19]. Several studies have confirmed that the VP1
protein has been involved in the process of binding to the
receptors of the cells [20,21].

Inside VP1 and just below the bottom of the canyon,
there is a hydrophobic pocket that contains fatty acid [22].
This pocket contributes to the stability of the virus and also
represents the binding site for antiviral molecules. These
molecules displace the lipid presented in the hydrophobic
pouch, then blocking the decapsidation process [23] so
expression and replication of new viruses.

The main objective of our study is to model the
inhibitory effect of a series of 28 Pleconaril derived
compounds (isoxazole-based molecules) against CVB3,
using statistical tools Principal Component Analysis
(PCA), Multiple Linear Regression (MLR), Multiple Non-
Linear Regression (MNLR). The current study includes
four main steps: the selection of the dataset, generation of
molecular descriptors, construction and validation of
predictive models and finally proposing new candidate
compounds that are more active than the studied ones.

MATERIAL AND METHODS

1- Database

In the present study, we selected 28 Pleconaril
derivatives (Table 1) with activity values reported in the
literature [24]. The activity expressed by ICsy is defined as
the concentration necessary to decrease the initial rate of
effect of CVB3 with a percentage of inhibition 50%. For
modelling purposes, the activity was expressed in pICsy
(pICso= -logio(ICsp). To build and validate our QSAR
model, the data set was divided into two sets: 23 molecules
constituted the training set and the remaining 5 molecules
constituted the test set. The division of the data set was
performed by random selection.

2- Data processing

A wide variety of molecular descriptors were
computed using Gaussian 09W, Chemoffice2016,
MarvinSketch and ACD/ChemSketch 2019.13 to predict

the correlation between these descriptors and the activity
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of the molecules studied (Tables 2 and 3) [25-28].

The electronic descriptors were obtained after
optimization of the studied molecules using the 6-31G(d,p)
[29] base of the Lee-Yang-Parr three-parameter Becke
function (B3LYP) [30], which is a kind of density
functional theory DFT method [31].The calculation of the
descriptors started by drawing the molecules in
GaussView 5.0 [32], then opening these structures in
Gaussian 09W, and then executing the optimization (the
calculations).

3-  Selection of descriptors

The QSAR model is supposed to be simple and
understandable, the descriptors chosen must be
meaningful and interpretable and it must have the fewest
parameters to explain the activity [33]. In order to reduce
their number of descriptors, the highly correlated
descriptors are removed based on the results of the
Principal Component Analysis (PCA). A random
procedure was used for the selection of the compounds of
the learning set and the test set.

4- Principal Component Analysis (PCA)

PCA is an essentially descriptive statistical method,
which aims at extracting the maximum amount of
information contained in the compounds from the dataset
[34] . The results of the PCA analysis are used to select the
MLR input data. Thus, initially, we eliminated all
descriptors with small (non-significant, r < 0.3)
correlations with the dependent variable (pICso). To reduce
redundancy in our data matrix, the descriptors that are
highly correlated (r > 0.9) and have a low value of the
correlation coefficient concerning the dependent variable
were excluded (Table 4).

5- Multiple Linear Regression (MLR)

It is one of the most transparent modeling methods
whose the prediction is easily achievable [35]. The
principal of MLR is based on the fact that the dependent
variable Y (Activity/Property) depends linearly on the
different variables (the descriptors), according to the
relation:
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Y =ai+Zn:aiXi

i=0

Y: the dependent variable; X.:

i+ the independent
variables; n : the number of independent variables; &, :
the constant of the model equation; & : the coefficients of
descriptors in the model equation.

6- Multiple non-Linear Regression (MNLR)

Despite its transparency, linear regression has certain
disadvantages. It is deficient in the detection of non-linear
dependence (exponential, logarithmic, polynomial,). To
make up for this deficiency, a non-linear regression (NLR)
is performed.

In our work we used the second-degree polynomial
model, based on the descriptors proposed by the linear

model, as shown in the following equation:

n
Y =a,+ > (& X, +b X))
i=1

Y : is the dependent variable; Xi: the independent
variables; N : the number of explanatory variables; @, : the
constant of the model equation; & and B : the coefficients
of descriptors in the model equation.

7- Model Validation

The stability and robustness of the model must be
verified before using it for prediction [36]. There are two
types of validation: internal and external validation.

7.1- Internal validation

Internal validation techniques include cross-validation,
which consists of extracting one or more compounds
(LOO) from the training set and reconstructing the model
to calculate the activity (or property) of these compounds
[37]. The correlation coefficient between the predicted and
observed activities of the extracted compounds must be
greater than 0.5 (Qév >0,5) [38].

Another

Randomization is performed to assert that the model is not

internal  validation  technique; Y-
due to chance. It consists of randomly disorganizing the
activities/properties N times (e.g. 100) and the columns of

the descriptors remain unchanged [39]. This gives N

models with specific statistical characteristics. These N
models must have low performance [39].

In general, these internal validation techniques allow
the evaluation of the robustness and the stability of the
QSAR/QSPR model parameters concerning the molecules
of the training set. However, they do not demonstrate in
any way the predictive power of the models, which is why
an external validation of the model is required [38,40].

7.2- External validation

The external validation consists of predicting the
activity/property of the compounds constituting the test
set, this validation is characterized by the parameters
R%est, Riest- and Q(Z:v(test)- Several recent studies have
shown that these parameters are insufficient to verify the
predictive power of the model [41,42]. Therefore other
parameters should be calculated [42].

=  Metrics I‘rzn:

To better indicate the predictability of the model, the
metrics introduced by Roy et al [43] can be exploited by
r2, which is defined by the following equations:

2 12
m 2

2 2 12
Al"m - |rm —I'm

Where I‘I%n =r?x 1-+ (rz — I‘g)) and

=17 x (1 -G 1)

Tropsha and Golbraikh criteria:

Golbraikh and Tropsha [41] proposed a set of
parameters to determine the external prediction of the
QSAR model (Table 7).

8- Applicability domain

This part of the analysis is explicitly requested [44].
The domain of applicability (DA) defines the zone in
which a compound can be predicted with confidence.
Indeed, the QSAR/QSPR built model is not intended to be

used outside this domain [45].
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There are several methods for determining the scope of
application of a QSPR/QSAR model, including the
"leverage" method. This method is based on the variation
of the standardized residuals of the dependent variable
according to the leverages. If a compound has a leverage
that exceeds the threshold h*=3(k+1)/N (where k is the
number of descriptors and N the number of molecules
constitutes the learning set), this compound is considered
as an influential compound on the model developed [46].

Another recently developed approach [47] gave
comparable results to the 'leverage" method. The
algorithm of this new approach is as follows:

-All the descriptors appearing in the developed model
(for training and test set compounds) are standardized

using the following formula:
_ | Xii — Xil

ki
Oki

k: total number of compounds (Training set and test set).
[ total number of descriptors.
X}i: Standardized descriptor i for compound k.
X i: Mean value of the descriptor Xi for the training set
compounds only.
Oy standard deviation of the descriptor Xi for the training
set compounds only.

The above-calculation should run for all descriptor
values present in the model.

- Thereafter, one needs to compute the S;jj, values. If
S ik(max) < 3, then that compound is not an X-outlier
(if in the training set) or is with in applicability domain (if
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in the test set).

- If Sik(max) >3, then one should
If Sik(min) > 3, then  the
compound is an X-outlier (if in the training set) or is not

compute Sik (min)-

with in applicability domain (if in the test set).
- IfSik(max) > 3 and Sik(min) < 3, then one

should compute Snew(k) from the following equation:

Snew(k) = Sk + 0.28 X O'Sk
S_‘new( k) Snew value for the compound k.
Si: Mean of S i(k)Values of the compound k.
Ts,.:
compound k.
RESULTS AND DISCUSSION

A series of 28 molecules (Table 1) derived from

Standard deviation of Si(k)values of the

pleconaril were studied to determine a quantitative
relationship between the structure of these molecules and
their antiviral activity (pICso) against coxsackievirus B3
(CVB3).

1-  Multiple linear regression (MLR)

The resulting model is a linear combination of three
descriptors: n (Refractive Index), Er (Total Energy), and U
(Chemical potential).

The model equation is as follows:

pIC,, =16,826—11,468n+1,728.10°E. -3, 722,11 (1)

The activity values (pICso) calculated by equation (1)
of the MLR model are given in Table 9.
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Figure 1: Graphical representation

of calculated and observed activity for MLR
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Figure 2: The relative contributions of the three descriptors for MLR

The relative contributions of the three descriptors are
shown in Figure 2.

The Refractive index and chemical potential contributed
negatively while total energy contributes positively.

The contribution of the refractive index and total
energy were comparable, while the contribution of
chemical potential was significant.

The value of the variance inflation factor (VIF) is

calculated according to the equation:

VIF = ——
1—1r?2

Where I'2 is the coefficient for determining the multiple
regression equation between the model descriptors. If the VIF
is equal to 1, no intercorrelation exists for each variable and if

it is between 1 and 5, the constructed model is acceptable and
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if it is greater than 10, the associated model is unstable and
verification is required.

The VIF value of each descriptor used in the model
(Table 5) is less than 5 and close to 1, which is an
indication of the slight correlation of each descriptor to the
other two.

The value of t for a descriptor is related to its statistical
significance. High absolute values of t indicate that each
regression coefficient is significantly larger than the
associated standard deviation.

The probability P of t of a descriptor gives its statistical
significance when is combined with other descriptors in
the model (i.e., provides information on the interactions
between descriptors). Descriptors with probability values
of t below 0.05 are considered to be statically significant
for a given model, i.e., their influence on the dependent
variable (the response) is not due to chance.

The values of the probabilities of t for the three
descriptors of the developed model (Table 6) were all
lower than 0.001, indicating that the chosen descriptors are

Youness Moukhliss, et al.,

Table 7 contains the various calculated parameters and
the criteria that must be met for the model to be acceptable.

The obtained results have shown a good correlation
between the three selected descriptors and the studied
activity, which is characterized by satisfactory statistical
parameters. The good quality of the fit, the robustness, and
the predictive power of the model has been confirmed by
the high values of R? , Rgd]-, Q%V(LOO) , F, and low error
values (MSE, RMSE).

The results obtained were very satisfactory and reflect
the reliability of our model.

2-  Multiple non-linear regression (MNLR)

We also used multiple nonlinear regressions to make
up for the nonlinearity that is missing in multiple linear
regression (MLR) and thus improve its results.

The method was applied to the same learning set and
descriptors used in multiple linear regression.

The model equation obtained is as follows:

pIC, =195,37- 180 41n+ 60307, + 12,85+ 54,52 +6, 46107 £ 21007 (2)

highly significant.
8,5 4 . e
¢ The training set P
[}
7,5 4 Test set
265 +
<
=1
5’5 -
L ]
45 +
3,5 4 '
3,5 4,5

Préd(pIC,,)

Figure 3: The correlation between observed and calculated activities for MNLR
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The activity values (pICso) calculated by equation (2) 3- Randomization test
of the MNLR model are given in Table 9. To avoid chance correlations and validate the MLR and
The following table contains the calculated parameters MNLR models built, randomization testing was applied,
for the model. and 100 models were developed for both MLR and MNLR.
The overall obtained results are very satisfactory and Figures 4 and 5 show the low values of Q%VLOO(Rand)
reflected the reliability of the model obtained. and R%,, 4 obtained for the two models MLR and MNLR.
The good fit, robustness, and predictive power of the The results confirm that the obtained models were not due
model have been confirmed by the high values of RZ, to chance correlation.

R3dj QévLooy» F, and low error values (MSE, RMSE).
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Figure 5:Y- Randomisation plot for MNLR
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Figures 4 and 5 show the low values of Q%VLOO(Rand)
and R%,,4 obtained for the two models MLR and MNLR.
The results confirm that the obtained models were not due

to chance correlation.

Youness Moukhliss, et al.,

4-  Applicability domain
Both Figures 6 and 7 showed the standardized prediction
errors as a function of the lever values (hi) and the Spew

values of the molecules in the two training and test sets.

) William plot - train samples in black, test samples in red
T T T T T I T T
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2 zr 026 i
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Figure 6: Williams plot to evaluate the applicability domain of MLR model (h*=0.522 and residual limits=+3).
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compounds

Figure 7: The Syew values of the test training and test sets
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All the tailings are found to be in the range of (£3SD)
(horizontal lines) and all compounds had levers h; < h* =
0.522 (Figure 6) and had a S,ew of less than 3 (Figure 7),
so there are no outliers for both training and testing sets,

meaning that the model has a good predictive capability.

PERFORMANCE COMPARISON OF TWO
MODELS MLR AND MNLR
A comparison of the results obtained by the two models

was made (Figure 8).

0,9
08

0,7
0,6

0,5

0.4

03
0,2

0,1

RZ

MSE

RMSE

Figure 8: Performance comparison of the two models MLR and MNLR

The two established linear (MLR) and non-linear
(MNLR) models generally performed well. Based on this
comparison, it can be said that the non-linear model gave
slightly better results than the linear model, this implied
that the studied

characteristics and the introduction of MNLR improved

activity has certain non-linear
the quality of prediction.

NEWLY DESIGNED COMPOUNDS

The main objective of the construction of QSAR
models is the prediction of the activity of new candidate
molecules that are more active than the studied molecules.
This will be simple if we could understand the effect of
each descriptor on the activity and the right choice of
substitutes that vary these descriptors in the right direction.

According to the equation (1) and taking into account
the sign of the values of the descriptors we could say that
the activity increases with:

- The decrease in the refractive index (n)

- The increase in total energy (Et)

- The decrease in chemical potential (1)

The greater the absolute value of the t-test, the greater
the influence of the descriptor. According to the obtained
results (Table 7), the chemical potential p has a stronger
influence than the other two descriptors (n and Ert). The
fact that the chemical potential is proportional to the
energies of the HOMO and LUMO boundary orbitals
(1=(Enomot+ELumo)/2) allows us to conclude that a
decrease of p is equivalent to a decrease of the energy of
the boundary orbitals, thus increasing the electrophile
character of the molecule. Finally, to decrease the
chemical potential, in other words, to increase the activity,
it is necessary to introduce electron acceptor groups
(deactivating groups such as NO,, CN, CHO,...) which
makes the molecule react as an electrophile.

Taking into account the above results, we introduced
new substituents and then we calculated the activities of
the proposed molecules. The structures of the proposed

molecules and the pICsy values theoretically predicted by
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the MLR model as well as the corresponding levers are
shown in the following table.

The proposed compounds 1p-4p (Tablel0) showed
higher activities than the most active compound 18 in the
existing system (Table 1) and the corresponding lever
values were found to be less than h*=0.522.

These results confirm that these compounds might be

synthesized and evaluated as anti-CVB3 agents.

CONCLUSION
In this study, two QSAR models (MLR and MNLR)
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Tablel: Chemical structures and corresponding activities

ZIA
N® E, Fa Ea Bl Cs;
1 Me = M=0CO 7222
2 Me Me E+0C0 7.153
¥ H Me E#0C0 7.208
4 H W=D E+OCO 5.310
g H 20, E#OC0 5.330)
g H F E+0C0 5.664
7 H CF, E+0CO 7523
g M0 0, EOCO 5023
g e Me (1de).CHOCD 5.72
10 e Me FhL 5.354
11* Me Me NH.CO 7.153
12 Me Me MeMHCO 7.222
13 Me Me E£JHCOD 7.301
14 Me Ma ELCH-NHCO 5857
15 Me M MeMCO 7.600
16" H H MeMCO 5.330
17 H M MeCO 7.323
18° H M0, Me:NCO 5323
19 H F MeaICO 7602
20 H CF, MeMCO 5.796
21F M0 2, Ma:NCO 5433
22 H CF, MeMHCO 7699
23 H WH; E+0C0 4 499
24 H Pyrrolyl E+0CO 4.99]
25 H NCHNMe; EtQC0 4.700
26 H WH: (23N 5330
27 H MHCOMe M) NC0 4321
28 H Pvrrolyl [T 6.0R6

(fal: more active (B): fest sefl
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Table 2: Software used to calculate the selected descriptors and models construction and validation
Highest Occupied Molecular Orbital Energy Enomo(eV) ; Lowest Unoccupied
Molecular Orbital Energy Eivmo(eV); Hardness m(eV)=((ELumo-Enomo))/2;
e  Gaussian 09W Dipole © moment pp (Debye) ; Chimical  Potential u(eV)
=(ELumotEnomo)/2;Electrophilicity Index w(eV) =x*2n; Total Energy Er(eV);
Energy Gap between EHOMO and ELUMO values EGap(eV) ; Activation Enrgy
Ea(eV) ; Wavelength of Absorption Maximum Amax (nm) ; Oscillation force fso).
Molecular Weight MW (cm?); Molar Refractivity MR (cm?) ; Molecular Volume
MV (cm?) ; Parachor Pc (cm®); Index of Refraction (n); Surface Tensiony
(dyne/cm); Density D (g/cm?) ; Polarisabilty ae (cm?) .

* MarvinSketch 20.2 Partition Coefficient log P ; Polar Surface Area PSA (A°)>.

e ChemSketchACD Lab

*  Chemoffice 2016 Solubility logS ; Winner Index IW.
o XLSTAT 2016.02.284

e MATLAB 201%a Models construction and validation.

Table 3: Calculated values of the different descriptors
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Table 4: Matrix of correlation
pICso)| MW [ MR | MV | Pc n y | D ae logP| PSA | logS | IW |Enomo| Eumo| Er | AE | up Ea | Amax| fiso) | p |
pICso| 1
MW [-0276] 1
MR_[-0,451[ 0,700 1
MV _|-0,156/ 0,751 0,816] 1
Pc[-0,299] 0,769] 0,905] 0,940] 1
-0,657] 0.287] 0,629] 0,1800,397] 1
v |-0,410[0,069] 0,259] -0.1610,182]0,622] 1
D [-0,168] 0.429] -0.10] -0,274-0,1630,160] 0,334| 1
ae |-0,451] 0,700 1,000] 0,816[0,905]0,629] 0,259] -0,10{ 1
logP [0,175 | 0,182] 0,378] 0,564]0,395]-0,194 -0,481 -0,50] 0378] 1
PSA |-0,252[0,323] 0,056] -0,0610,176]0,216] 0,709] 0,565[ 0,056 -0,56] 1
logS 0,052 | -0,419 -0,52 -0,604-0,457 0,013 0,427] 0,219]-0,524 -0,90§ 0,540 1
W _[-0,368] 0,922] 0,857] 0.849[0,8970.387] 0.150] 0,185[ 0,857] 0,322] 0,195] -0.53( 1
[Exomo|-0,666] -0,237 0,014] -0,261-0,1940,356] 0,199] -0,00{ 0,014] -0,231 -0,05] 0,080 0,134 1
[ELumo |-0,192[ 0,504 -0,08¢ -0,124-0,2530,005] -0,38] -0,58] -0.08¢ 0,143 -0,697 -0,13{ 0,320 0,585] 1
Er_[0.146 | 0,927 -0,391 -0,52¢-0,504 0,073 0,033 -0,631 -0,391 -0.014 -0,38( 0.268] -0,743 0.272] 0,584 1
AE (0,624 | -0,184 -0,09¢ 0,200-0,001-0,423 -0,597 -0,52{-0,09¢ 0,411] -0,57{ -0,22{-0,131-0,667 0,222 [0214] 1
up_|-0,193[0,314] 0,013 -0,0140,082]0,005] 0,298 0,472] 0,013 -0,291 0,575] 0.219] 0.162] 0,126 |-0,471[-0,400-0,587 1
Ea 0,285 | -0,274 -0,337 -0,224-0,280-0,314 -0,187 -0,10{ 0,337 0,107] -0,06{ 0.056 -0,291 -0,007 0,059 [0,232[0,063] 0,027 1
homax |-0,214] 0,109] 0,334] 0,276]0,283]0,276] 0,032] -0,214 0,334] 0,156 -0,11{ -0,17{ 0,163] 0,066]0,146 | 0,004]0,056] -0.211 0,630 1
fis0) [-0,091] 0,034] 0,183] 0,071]0,052[0,132] -0,05 -0,06( 0.183] 0,228[ -0,14] -0,23{ 0,047| 0,011[0,088 [0.033[0,068] -0.25] -0,19 0,760 1
n_ 0,624 [ -0,184 -0,09¢ 0,200/-0,001[-0,423 -0,591 -0,52{-0,094 0,411] -0,574 -0,22{-0,137 -0,662 0,222 [0,214]1,000] -0,587 0,063] 0,056 0,068] 1
n |-0,516] 0,398] 0,03 -0,220,246]0,228] -0,060-0,287] 0,033 -0,07{-0,371 -0,011 -0,244 0,919] 0,858 [0,457]-0.311] -0,150 0,024 0,113] 0,050] 0,311 1
o [0,222]0,496] 0,086] 0,134/0.260]-0,024 0,372]0,551 | 0,086] -0,13] 0,683] 0,143[ 0,319] -0,619-0,998]-0,564-0,179 0,456 0.053] -0,14¢ -0,0871-0,174-0,879
Table 5: Multicollinearity statistics
n Er u
Tolerance 0.906 0.739 0.688
VIF 1.104 1.353 1.454
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Table 6: Caracteristics of the MLR model parameters

Source Value Standard Error t Pr > |t|
Constant 16.8258 3.845 4376 0.000

n -11.4683 2.126 -5.394 < 0.001

Er 0.0002 0.000 5.349 < 0.001

u -3.7219 0.406 -9.156 < 0.001

Table 7: Comparison of model parameters (MLR) with Golbraikh and Tropsha criteria

Parameter Model score Threshold
Yy Yoo’
bs ~ cal
R = Z : : 0.893 > 0.6
Z(Yobs Yas )’
N-1).R* -
g R:dj :L 0.876 >0.6
2 N—k-1
S
(5]
%D MSE = Z(YObs calc 0.135 A low value
= N
=
RMSE = \/ Zw"bs calc) 0.367 A low value
Y . —Yeae) N—k-1
_ 2 e Cac) - 52.972 A high value
Z (Yobs _Ycalc) K
(Yeae—Y, )2
Qy = Z e o 0.837 > 0.5
Z( obs ObS
- Reand (Average of the 100 Re,qi)) 0.149 <R
g
_‘_g R3.n (Average of the 100 RZ, W) 0.360 < R?
s [ ~2
% Qv LMO(Rand) (Average of the 100 ch LMO(Rand)(i) ) -0.254 <(z\,
=
;_;: CR = RAJ(R* = Ring) 0.828 >0.5
= 2 2
- r-+r
rzm(CVLMO) = m m 0.774 > 0.5
2
Arn?(CVLMO) = ‘rz - erm 0.066 <0.2
=
g X Rést _ Z (Ycalc(test) obs(test)) 0778 505
é b Z( obs(test) obs(traln))
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Parameter Model score Threshold
(Yo Yoaue)”
bs cal
R = Z : - 0.893 > 0.6
D
N-1).R*—
g Rjdj :L 0.876 > 0.6
2 N-k-1
St
(5]
%ﬂ MSE = Z(YObs calc 0.135 A low value
b= N
=
RMSE = \/ Zmbs calc) 0.367 A low value
Y. —Yec) .N—k—1
_ 2 Oea °a°) - 52.972 A high value
Z(Yobs _Ycalc) k
2 12
- r-+r
F mtesy :‘ moom 0.594 >0.5
2
AR = [E2 =17 0.193 <02
Al = |1 =15 0.239 <0.3
2
r—r
r-n) 0.345 <0.1
2
r
2
r-—r
(—2) 0.038 <0.1
Z( obs* calc
0.963 0.85<K <1.15
Z( calc
(Y,,..Y
= 2 (oY) 1028 [0.85<K'<1.15
Z (Yobs)
Table 8: Statistical parameters of the MNLR model
Model parameters Internal and external validation
R | R? | R%y | MSE | RMSE | F [ Q& o0, | Qdvumorans) | Rems | Raws | CR | R& | K | K’
0.958 | 0918 | 0.905 | 0.122 0.349 67.511 0.784 0.397 0.397 | 0.176 | 0.836 | 0.737 | 0.875 | 1.097
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Table 9: Comparison of the observed values with those calculated by MLR and MNLR

N° PICso(observed) MI;‘I;SO( redi\j[t;]dﬁR N° PICso(observed) MTESO(predu;\t;;)LR
1 7.222 7.137 7.166 15 7.699 7.279 7.220
2 7.155 7.341 7.292 16® 6.339 7.075 7.117
30 7.208 6.636 6.581 17 7.523 7.513 7.501
4 6.310 6.395 6.221 182 8.523 7.995 8.423
5 6.830 7.173 7.119 19 7.602 7.076 6.970
6 6.664 7.150 7.069 20 6.796 6.944 7.013
7 7.523 7.054 7.240 21 6.438 7.287 7.551
8 5.925 6.437 6.314 22 7.699 7.230 7.330
9 6.721 7.179 7.082 23 4.699 4.886 5.085
10 6.854 6.951 6.849 24 4991 4931 4.681
11° 7.155 7.608 7.719 250 4.700 3.975 3.873
12 7.222 7.538 7.579 26 5.350 4816 5.061
13 7.301 7.377 7.343 27 4.521 4.518 4.689
14 5.857 6.078 5.794 28 6.086 6.072 6.033

((a): more active (b): test set)

Table 10: Values of descriptors, calculated anti- CVB3 activity pICso and leverages (h) for the new compounds

N/O
% =
R 3
/ 1 X N
: |
AN =
o o]
R>
N°| Ry R, R;3 n Er(eV) u (V) pICso h
18| H NO; | (Me),NCO 1.541 -46803.733 -4.548 8.523 0.2260
1p | NO; | NO> | (Me),NCO 1.558 -52367.980 -5.033 8.644 0.2103
2p | NO, | NO, NO; 1.575 -51202.249 -5.637 10.898 0.4300
3p| CN | CN CN 1.578 -42038.746 -5.265 11.063 0.4398
4p | CHO | CHO CHO 1.581 -43759.955 -4.956 9.580 0.1939

- 155 -




2D-QSAR modeling of novel pleconaril... Youness Moukhliss, et al.,

Apaal alaicly 3 (S oS g il alaall (g b @liSra) Jalislll 5asan ciliidie 4
"y Al Ay — Jaldd Aast) ABMaly

T Adal alhll & oppde g s ! ol salgll ae T halie saa 1 s8 Gaaly J bl QAT pali gy

e yall ¢ eliSa cdie Lans) 6V daala caslall A0S (LSl Caliyially duankall o 1551 aaa |
- o ) S ¥9a e 2 s glsd) s
g_|‘)x..d\ GLD.A LfJ cubag&u ‘_5‘>1y uw\ :\ML; se‘)s.u; L\;}l}&ﬂ L..\Ld\ :\u‘)AA.“ 2

uadla

28 .lasiies dale sy (CVB3) 3 o SL&K clldll dlims £lsn oo Condl sl caalal) LpaalieY 1l
455 Ay — Lol LS 4D " Al dliely Al g gnge cuilS (CVB3 slias) JylsSlll (he 4 (S
Bl Sl Calagi Ay jaall LSl e el ST s0m il pa 5l (e WiSay 35 oLy Jal (e "and)
) e WS Guadgaill Gpda Ll Ban Al el e Jpanll & aamiall ol g jlaatyly st
Al Faaat oY Lega bange il o3a yind gl LSHall e Ajlie LSl Ll iS5

Gy caamial) Ball e sV casmiall Jaall iV cand) 4608 gy — Lalis LpeS) 48000 14N clals
Pl ol (J550& 55 (BRI 3 o SLEK

2021/4/17 Ll algd gty 2020/5/29 il Siad s

- 156 -



Jordan Jou

rnal of Pharmaceutical Sciences, Volume 14, No. 2, 2021

Theoretical studies of plant-based peptides targeting human angiotensin

converting enzyme-related carboxypeptidase

Babatunde Joseph Oso?, Ige Francis Olaoye? and Adepeju Aberuagba®

'Department of Biochemistry, McPherson University, Seriki Sotayo, Ogun State, Nigeria
2School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Liverpool
3Department of Biochemistry, University of Ilorin, Ilorin, Nigeria
Correspondence: Ige Francis Olaoye, F.I.Olaoye@]ljmu.ac.uk; https://orcid.org/0000-0003-0531-169
Babatunde Joseph Oso, https://orcid.org/0000-0001-8667-7108
Adepeju Aberuagba, https://orcid.org/0000-0003-1055-1407

ABSTRACT

Background

The vulnerability of the lungs, intestine, heart and kidney to SARS-CoV-2 invasion is dependent on the high
expression of angiotensin converting enzyme-related carboxypeptidase (ACE2) on the outer surface of the cells in
these organs. This clear mode of interaction between SARS-CoV-2 spike proteins and ACE2 emphasizes the
importance of ACE2 receptors in the spread of coronaviruses. This study investigated the binding potentials of
some selected plant-based peptides (circulin A, kalata B1, Varv peptide E, palicourein, Vhi-1, griffithsin,
cycloviolacin VY1) to ACE2 as a predictive approach in preventing SARS-CoV-2 invasion.

Methods

The peptides were retrieved from the antimicrobial peptide database and their respective physicochemical
properties were predicted using ProtParam Tool. The binding mode and the binding free energies were computed
through HawkDock servers while the structural flexibility and stability of the ACE2-peptide complexes were
evaluated via the CABS-flex 2.0 server.

Results

It was observed that the binding scores for the peptides towards ACE2 showed good binding affinities with
griffithsin having the best binding score through the Hawkdock rank while kalata B1 had the lowest binding score.
The Molecular Mechanics/Generalized Born Surface Area analysis showed that the binding free energy ranges -
39.99 and -3.96 kcal/mol with Vhl-1 having the highest free energy and palicourein having the least free energy.
Conclusions

The results of the study suggest that the selected plant-based peptides especially kalata B1, vhl-1, and cycloviolacin
VY1 could be promising modulators of ACE2 and prevent the binding of the S1 domain of the SARS-CoV-2 S
protein and consequent cellular entry of SARS-CoV-2.

Keywords: Peptides, ACE2, Binding affinity, Modulatory potential, SARS-COV.

INTRODUCTION CoV), caused an epidemic with ~ 10% case fatality,
More than a decade ago, a novel coronavirus that creating global panic and economic damage (Lu et al.,
infects humans, bats and certain other mammals, termed 2014). Recently, another strain of the virus, severe acute
Severe Acute Respiratory Syndrome Coronavirus (SARS- respiratory syndrome coronavirus 2 (SARS-CoV-2),

Received
17/4/2021.

caused an infectious disease (COVID-19) in human which
was for the first time detected in Wuhan, China (Zhang et
al., 2020). Since then, person to person transmission of the

on 9/6/2020 and Accepted for Publication on
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infectious disease has been on the increase, causing a
global pandemic with over 3,946,000 confirmed cases and
more than 271,600 deaths (ECDC, 2020). Presently, there
is no specific therapies available for the treatment of
COVID-19. Social distancing, patient isolation and
supportive medical care make up the current management
for this infectious disease (Zhang et al., 2020).

Coronaviruses use spike proteins

(type 1
transmembrane glycoproteins) to mediate viral infection;
the subunits of the spike proteins are used to achieve viral
fusion and entry (Xia et al., 2019). These spike proteins
are made up of two subunits, S1 and S2, coronaviruses
bind to cellular receptor through S1 subunit’s receptor
binding domain (RBD), this results in conformational
changes of the S2 subunit that leads to the insertion of
fusion peptide into the host cell membrane (Xia et al.,
2019). The amino acid sequencing of the original SARS-
CoV and SARS-CoV-2 spike proteins showed that they
share 76.5% identity, also, computer modeling of these
spiked proteins revealed identical 3D RBD structures (Xu
et al, 2020). Similar to SARS-CoV and other
coronaviruses, SARS-CoV-2 is able to use human
angiotensin converting enzyme-related carboxypeptidase
(hACE2) as a receptor to infect human cells (Wu et al.,
2012; Xia et al., 2020). Reports from analysis showed that
glutamine (residue 394) of SARS-CoV-2 RBD is
recognized by lysine (residue 31) on hACE2 receptor,
further analysis revealed that SARS-CoV-2 spike proteins
recognizes hACE2 more efficiently than SARS-CoV, this
is suggested as the reason for the increase in person to
person transmission (Wan et al., 2020; Zhang et al., 2020).

ACE2 is a type 1 integral membrane glycoprotein that
is expressed and attached to the outer surface of cells in the
lungs, heart, kidney and intestine (Yan et al., 2020). ACE2
plays important role in maintaining the renin-angiotensin-
aldosterone system (RAAS) balance by catalyzing the
cleavage of angiotensin II (vasoconstrictor peptide) into
angiotensin 1-7 (vasodilator peptides) (Yan et al., 2020).
Alveolar epithelial type II cells have been reported to have
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a high expression of ACE2, about 83%, this suggests that
these cells are potential reservoirs for viral invasion
making the lung the most vulnerable organ target (Zhang
et al., 2020). Hashimoto et al. (2012) also reported high
expression of ACE2 receptors on the luminal surface of
intestinal epithelial cells, where they function additionally
as co-receptors for amino acid resorption from food. Zhang
et al. (2020) proposed that the intestine might also be a
major entry site for SARS-CoV-2 and that eating food
from Wuhan market might have initiated the outbreak of
COVID-19 in China. Furthermore, the broad tissue
distribution of ACE2 in organs explains the multi-organ
dysfunction observed in patients with severe forms of
COVID-19 (Huang et al., 2020). It has also been
speculated that the severity of the infectious disease in the
elderly, especially those with cardiovascular comorbidities
is influenced by the use of RAAS blockers that increase
the expression of ACE2 (Zheng et al., 2020). This has led
to the hypothesis that decreasing the levels of ACE2 in
cells might help in fighting the spread of COVID-19,
however ACE2 also play major role in protecting the lung
from virus induced injury by increasing the production of
angiotensin 1-7 (Tikellis and Thomas, 2012). Also, it is
worthy of note that the binding of spike proteins to ACE2
(especially in the lungs) results in the reduced expression
and enzymatic activity of ACE2, due to enhanced
internalization and may contribute to lung damage that is
observed in severe cases of COVID-19 (Jia, 2016).

In a quest for an effective treatment for COVID-19,
several potential therapeutic approaches have been
proposed such as inhibition of heptad repeat 1 (HR1) in the
S2 subunit, inhibition of transmembrane protease serine 2
activity, inhibition of viral six-helical bundle (6-HB)
formation, blocking ACE2 receptor, delivering excessive
soluble form of ACE2 and spike protein-based vaccine
(Yu et al.,, 2016; Zhang et al., 2020). The mode of
interaction between SARS-CoV-2 spike proteins RBD and
ACE2 emphasizes the importance of ACE2 receptors in
the spread of COVID-19. Several antiviral drugs have been
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proposed as repurposing drugs to impair the binding and
replication of the virus; however, these agents might not
be healthy alternatives as besides being expensive they
produce a wide spectrum of adverse effects. Therefore, this
study attempts to investigate the binding potentials of
selected plant-based peptides to ACE2

Materials and Methods

Ab Initio modelling of the selected peptides

The 3D structures of the selected peptides were
obtained from the Protein Data Bank
(https://www.rcsb.org/). The 3D
cycloviolacin VY1 and varv peptide E were predicted by

structures  of

submitting their respective FASTA amino acid sequence
into [-TASSER (https://zhanglab.ccmb.med.umich.edu/I-
TASSER/), an automated modelling server (Yang et al.,
2015; Zhang et al., 2017). The best model for each peptide
was selected based on the C-scores and was further
validated using the Structure Analysis and Verification
server SAVES v5.0
(https://servicesn.mbi.ucla.edu/SAVES/) (Pontius et al.,
1996).

Physicochemical characterization

The physicochemical characterization of the respective
peptides was predicted using ProtParam Tool on the SIB
ExPASy
(https://www.expasy.org/tools/) using mammalian as the
defined organism (Artimo et al., 2012). The computed
parameters include the molecular weight, theoretical pl,

webserver ProtParam tool

estimated half-life, instability index, aliphatic index, and

grand average of hydropathicity.

Database screening

The database screening of peptides with anti-viral
properties was conducted using APD3 database
(http://aps.unmc.edu/AP/main.php) (Wang et al., 2016).
The selections were based on the reported biological

activities a presented in the APD3 database.

Molecular docking

The structure of native human angiotensin converting
enzyme-related carboxypeptidase (ACE2) was retrieved
from the Protein Data Bank (https://www.rcsb.org/) with
the PDB ID: IR42. The structural bioinformatics studies of
the selected peptides with the human ACE2 were
computed using the HawkDock server
(http://cadd.zju.edu.cn/hawkdock/) integrated with the
ATTRACT docking algorithm, the HawkRank scoring
function and the Molecular Mechanics/Generalized Born
Surface Area (MM/GBSA) free energy decomposition
analysis (Feng et al., 2017; Weng et al., 2019) and the
interactions were visualized using PyMOL ver. 1.leval
(De Lano Scientific LLC, CA, USA). All the peptides and
the protein were converted into Auto Dock Pdbqt format.
The binding energy between the peptides and the protein

were computed.

Binding Mode of Docked Complexes

Interactions within the docked complexes were
investigated through the Protein Interactions Calculator
webserver (http://pic.mbu.iisc.ernet.in/) using the docked
complexes (Tina et al, 2007). The hydrophobic
Interactions, disulphide bridges, hydrogen bonds and ionic
Interactions were determined.

Molecular Dynamics (MD) Simulations

The molecular dynamics simulations were carried out
using the CABS-flex 2.0 server to evaluate the structural
flexibility and stability within a nanosecond time scale of
the ACE2-peptide complexes (Kuriata et al., 2018). The
root-mean-square fluctuations and contact maps were

obtained.

Results and Discussion

Ab Initio modelling of the selected peptides

The design of new antiviral molecules is a worldwide
priority, especially for the current pandemic viral disease

known as COVID-19 due to no specific vaccine or
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treatment. The present study employed computational
study, as a predictive approach in the drug design. The
theoretical models employed for the selection of effective
receptor-binding ligands for ACE2 resulted in seven short-
listed plant-based peptides belonging to different families
of plant species. Natural products of plants origin are
considered good chemopreventive agents because of their

low toxicities and potential efficacies (Crowell, 2005).

Table 1: Identifications of the selected compounds

Babatunde Joseph Oso, Ige Francis Olaoye and Adepeju Aberuagba

Moreover, peptides had been identified to show diverse

therapeutic potentials such as antiviral, anticancer,
antimicrobial, antiparasitic, etc (Mehta et al., 2014;
Mustafa et al., 2019). Peptides have been identified as
effective receptor-binding ligand (Roxin and Zheng,
2012). The selected peptides AP3 ID, peptide names, PDB
ID, FASTA sequence, length code, and the corresponding

natural sources are presented in Table 1.

AP3 ID Name

PDB ID

FASTA sequence

Length

Source

AP00274 Circulin A

AP00729 Kalata B1

AP01030 Varv peptide E

AP01034 Palicourein

AP01058 Vhl-1

AP02133 Griffithsin

Cycloviolacin VY1
AP02571

1BH4

1K48

N/A

IRIF

1ZA8

2GTY

N/A

GIPCGESCVWIPCISAAL
GCSCKNKVCYRN
GLPVCGETCVGGTCNTP
GCTCSWPVCTRN
GLPICGETCVGGTCNTP
GCSCSWPVCTRN
GDPTFCGETCRVIPVCTY
SAALGCTCDDRSDGLCK
RN
SISCGESCAMISFCFTEVI
GCSCKNKVCYLN
SLTHRKFGGSGGSPFSGL
SSIAVRSGSYLDAIIIDGV
HHGGSGGNLSPTFTFGS
GEYISNMTIRSGDYIDNI
SFETNMGRRFGPYGGSG
GSANTLSNVKVIQINGSA
GDYLDSLDIYYEQY
CGESCVFIPCITTVLGCS
CSIKVCYKNGSIP

30

29

37

31

121

31

Chassalia parviflora

Oldenlandia affinis

Viola arvensis

Palicourea condensata

Viola hederaceae

Griffithsia sp

Viola yedoensis

N/A=Not available

Physicochemical characterization
The result of the
characterization (Table 2) shows that palicourein, circulin
A and kalata B1 has higher and better half-life (30 h) than
either Vhi-1 and Griffithsin (1.9 h) or cycloviolacin VY1
and Varv peptide E (1.2 h) that may be due to amino acid

predicted physicochemical
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composition and cyclic property of the peptides (Vlieghe
et al., 2010) suggesting that palicourein, circulin A and
kalata B1 could resist the proteases degradation and
express high bioavailability. The result is in agreement
with Mathur et al. (2018) who reported that susceptible
enzymatic degradation of peptides due to short half-life
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reduces their bioavailability and blocked their therapeutic
development despite their effective potency over small
drugs. However, Vhl-1 and cycloviolacin VY1
bioavailability could be improved either by D-amino acid
incorporation (Vlieghe et al., 2010) or a-aminoxy amino
acid incorporation (Chen et al., 2011). The instability
index of the peptides was evaluated and the result indicates
that Varv peptide E, circulin A, cycloviolacin VY1 and
griffithsin have a better instability value (<40) while
palicourein and Vhl-1 high instability value and kalata B1
could be slightly stable with instability value of 46.59.
Also, the predictive assessment of aliphatic index reveal
that varv peptide E, circulin A, Vhl-1, cycloviolacin VY1
and griffithsin have high aliphatic index suggesting the
presence of high portion of aliphatic residues such as Leu,
Ile and Val which could be responsible for the antiviral
potential of the peptides as reported by Chang and Yang
(2013). Moreover, the aliphatic index correlates with the

instability index except Vhl-1 with moderate high
instability index.

Furthermore, the negative GRAVY score result of
palicourein and griffithsin indicates their hydrophilic
potency suggesting high absorption, ease metabolism and
less toxicity but their membrane permeability is slightly
poor. However, varv peptide E, circulin A, vhl-1 and
cycloviolacin VY1 exhibit better lipophilicity potential
due to positive GRAVY score suggesting their ease
membrane permeation with difficult solubility and
metabolism. This implies that varv peptide E, circulin A,
vhl-1 and cycloviolacin VY1 are likely to be toxic thus the
intake concentration should be reduced. Interestingly the
GRAVY score for kalata Bl is close to zero indicating a
balance between the hydrophilic and lipophilic potential of
the peptide which suggests a better absorption,
metabolism, permeability but less toxic.

Table 2: Physicochemical characterization of the selected peptides

Name Mol wt (Da) Theoretical pl Half-life (h) Instability index Aliphatic index *GRAVY
Circulin A 3175.78 8.33 30 26.56 78.00 0.417
Kalata B1 2916.34 5.96 30 46.59 43.45 0.152
Varv peptide E 3225.88 7.77 1.2 17.44 90.97 0.874
Palicourein 3928.43 4.78 30 60.26 52.70 -0.189
Vhi-1 3340.94 5.85 1.9 56.12 72.26 0.690
Griffithsin 12690.85 5.39 1.9 39.86 70.91 -0.240
Cycloviolacin VY1 3225.88 7.77 1.2 17.44 90.97 0.874

*GRAVY= Grand average of hydropathicity

decreased in this order:
VY 1>vhl-

Binding energy the peptides

The Hawkdock server generated 10 predictive models griffithsin>palicourein>cycloviolacin

for each of the protein-peptide complex with distinct score
values. The first model of each interaction was selected for
in silico characterization being least value which suggests
a model with a high confidence was selected as a final
model. The binding scores of the selected peptides after
docking with ACE2 are listed in Table 3. The result of the

comparative analysis reveals that the binding affinity of

1>circulin A>varv peptide E>kalata B1 with respective
binding scores -5314.19>-4215.77>-3987.52>-3690.70>-
3637.79>-3585.30>-3280.71. However, studies have
shown that docking scores are not satisfactorily presenting
the accurate protein-ligand binding affinity (Suenaga et
al., 2012). Further analysis was performed to predict the
free binding energies of the protein—peptide docked
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complexes through the MM/GBSA analysis. The
MM/GBSA predicted free energies reveals that Vhl-1 had
the highest binding free energy (-39.99 kcal/mol) followed
by Cycloviolacin VY1 (-38.31 kcal/mol) and kalata B1(-
37.49 kcal/mol). Palicourein had the lowest bind free
energy followed by griffithsin with values of -3.96 and -
19.74 kcal/mol, respectively. The scatter plot obtained
from the values of binding free energies of the peptides
using the MM/GBSA rescoring against the binding affinity
derived from the molecular docking indicates significant
discrepancy with low correlation (Figure 1). Thus, the

Babatunde Joseph Oso, Ige Francis Olaoye and Adepeju Aberuagba

binding affinity could not be efficient for ranking the
binding energies as indicated by a small correlation
coefficient. The illustrations of the interaction of ACE2
with peptides are shown in Figure 2 along with their
corresponding interacting residues identified through the
Protein Interactions Calculator server. Three noticeable
binding sites were identified in the ACE2 structure.
Circulin A, kalata B1, varv peptide E, vhl-1, and
cycloviolacin VY1 were revealed to occupy the major
binding site on ACE2 while palicourein and griffithsin
were bound at different pockets.

Table 3: Binding scores and the MM-GBSA free binding energy

Name HawkRank Scores MM/GBSA free energy
(kcal/mol)
Circulin A -3637.79 -26.33
Kalata B1 -3280.71 -37.49
Varv peptide E -3585.30 -31.26
Palicourein -4215.77 -3.96
Vhi-1 -3690.70 -39.99
Griffithsin -5314.19 -19.74
Cycloviolacin VY1 -3987.52 -38.31
MM-GBSA (kecal/mol)
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Figure 1: The scatter plot of MM/GBSA binding free energy versus binding affinity.
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Circulin A
Kalata B1

Varv peptide E
Vhi-1
Cycloviolacin VY1

m (i}

(V)

(i)

(i)

(v}

Figure 2: 3D illustrations of (A) the binding positions and (B) interacting residues of complex of ACE2 with (i) Circulin
A, (i1) Kalata B1, (iii) Varv peptide E, (iv) Palicourein, (v) Vhl-1, (vi) Griffithsin, (vii) Cycloviolacin VY1

ACE2-peptide interactions

The interactions of the ACE2 with the peptides are
presented in Tables 4 and 5. The main hydrophobic contacts
within 5 Angstroms were established through ALA-28,
MET-314, and PRO-318 in ACE2 and PHE-12, and ILE-30
in Vhl-1. TRP-30, TYR-23, and LEU-27 located in the main
binding pocket of ACE2 contributed to the hydrophobic
interactions involving PRO-9 and ILE-21 of cycloviolacin
VY1 (Table 4). In addition, the hydrophobic interactions were
established through PRO-271 and VAL-346 of ACE2 and

VAL-9 and TYR-15 in palicourein while they occurred
between ACE2 and griffithsin through VAL-154, PRO-117,
TRP-145, and PRO-120, and LEU-46, PRO-48, and TYR-
85, respectively. The predicted interaction also showed that
TYR-23, LEU-27, TRP-30, and MET-314 from the ACE2
could be considered key interactions residues due to their
frequent occurrences. There was no protein-protein
disulphide bridges found in the interactions of the peptides
with ACE2. However, ionic interaction within 6 A° were

established in palicourein, griffithsin, and cycloviolacin
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VY lwith ACE2 while aromatic-aromatic interaction within found to exist between ACE2 and the peptides. These
4.5 and 7 A° were found in theACE2 interactions with kalata parameters demonstrated the binding strength between ACE2
B1 and vhl-1. Interactions through hydrogen bonding were and the peptides.

Table 4: Possible residues involving in the interactions of ACE2 and the peptides

Peptides Hydrophobic Interactions* Ionic Interactions” Aromatic-Aromatic Interactions’
AR PR AR PR AR PR
Circulin A ALA-28 PRO-9
ALA-47 PRO-9

TYR-23 ALA-14
LEU-27 ALA-14
TYR-23 LEU-15

Kalata B1 MET-314 LEU-3 TYR-23 TRP-24
PRO-318 LEU-3
TRP-30 PRO-4

MET-314 PRO-4

MET-314 VAL-5

PRO-318 VAL-5
TYR-23 TRP-24
TYR-23 PRO-25
LEU-27 PRO-25
LEU-33 PRO-25
LEU-27 VAL-26
TRP-30 VAL-26

Varv peptide E MET-314 PRO-17 TYR-23 TRP-23
TYR-23 TRP-23
LEU-27 TRP-23
Palicourein PRO-271 VAL-9 ASP-274 ARG-8

VAL-346 TYR-15 ASP-349  ARG-8
LYS-423  ASP-28
GLU-132 LYS-32
GLU-127 ARG-33

Vhi-1 ALA-28 PHE-12

MET-314 ILE-30

PRO-318 ILE-30
Griffithsin VAL-154 LEU-46 ASP-453  ARG-145
PRO-117 PRO-48 ASP453  HIS-159

TRP-145 PRO-48

PRO-117 TYR-85

PRO-120 TYR-85

Cycloviolacin VY1 TRP-30 PRO-9 ASP-337  LYS-22
TYR-23 ILE-21 GLU-39  LYS-26
LEU-27 ILE-21

Interactions: * within 5 A°; #within 6 A°; $ within 4.5 and 7 A°. AR= ACE2 residues, PR=Peptide residues
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Table 5: ACE2-peptide interactions involving hydrogen bonds

Main Chain-Main Chain

Main Chain-Side Chain

Side Chain-Side Chain

Hydrogen Bonds Hydrogen Bonds Hydrogen Bonds
AR PR AR PR AR PR
Circulin A TYR-23 LEU-15 ASP-337 SER-18
GLU-311 ASN-27 ASN-31 CYS-19
TYR-23 ALA-14 GLU-311 ASN-27
TYR-23 LEU-15 ASN-31 CYS-19
TYR-23 CYS-17
ASN-31 CYS-19
ASN-43 CYS-5
ASN-43 VAL-6
ASN-43 TRP-7
Kalata B1 TRP-30 PRO-4 ASN-40 GLU-8
THR-34 PRO-4 ASN-31 THR-9
ASN-35 CYS-6 ASN-312 SER-23
ASN-35 GLY-7
ASN-312 TRP-24
GLN-322 VAL-5
Varv peptide TYR-23 THR-13 ASN-312 THR-13
E ASN-312 ASN-15 ASN-312 ASN-15
THR-34 GLY-18 ASN-31 SER-20
ASN-31 CYS-19 ASN-43 ASN-29
ASN-31 SER-20
GLU-39 ASN-29
ASN-40 ASN-29
TYR-23 GLY-12
Palicourein THR-344 TYR-15 ASP-349 THR-6
SER-262 ARG-26 ASN-272 ARG-8
SER-262 ASP-28 ASP-349 ARG-8
ASP-274 THR-6 ASN-136 LYS-32
LYS-345 CYS-3 THR-276 GLU-5
LYS-345 CYS-3
THR-347 GLU-5
Vhi-1 TRP-30 CYS-1 ASN-40 THR-13
TRP-30 GLY-2 GLU-311 ASN-22
ASN-31 CYS-1 GLN-307 LYS-22
THR-34 CYS-1 GLU-311 TYR-26
GLN-322 LEU-27 ASN-40 THR-13
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ARG-339 GLY-2 GLU-311 ASN-22
GLU-311 TYR-26
SER-313 SER-31
Griffithsin CYS-115 LEU-46 PRO-120 ASN-45 CYS-123 ASN-45
GLN-121 ASN-45 SER-152 THR-49
CYS-115 LEU-46 GLU-153 THR-49
SER-152 THR-49 TYR-479 THR-51
GLU-153 THR-49 ASP-453 ARG-145
Cycloviolacin ALA-28 CYS-19 ASN-312 ILE-8 ASN-43 SER-18
VYl ASN-35 VAL-14 ASN-31 CYS-19
ASN-31 CYS-19 ASN-31 CYS-19
ASN-31 CYS-19 TYR-23 LYS-22
ASN GLY-28 ASP-337 LYS-22

Molecular dynamics simulations

The ACE2-peptide interactions were further evaluated
via molecular dynamics simulations analysis to examine
the fluctuation of the respective amino acids in the
individual complex and their respective conformational
stability (Jamroz et al. 2013). Ten (10) different models
were predicted by the exploratory simulation per run and
the first model of each was selected based on its best
structural heterogeneity, and stability. Significant changes
were noticed in the structural flexibility of ACE2
investigated based on the root mean square fluctuation
(RMSF). This is possibly due to the interaction of the
peptides with the interface of the receptor when compared
to the wild-type (Figure 3). The contact map presents the
interaction interface between all the atoms in the wild-type
ACE2 and the complexes. All the peptides, except Vhi-1
and varv peptide E showed residues with comparatively
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higher RMSF values than the wild-ACE2, thus indicating
the binding of circulin A, kalata Bl, palicourein,
griffithsin, and cycloviolacin VY 1could induce flexibility
in further ACE2. The associated lower RMSF values
computed from the bindings of Vhl-1 and varv peptide E
with ACE2 could suggest induced limited fluctuation of
complexes in the course of the simulation process. Thus,
the binding of circulin A, kalata Bl1, palicourein,
griffithsin, and cycloviolacin VY1 could influence the
reliability of ACE2 secondary structure and subsequently
the functional properties of the receptor and its innate
capability to bind the coronavirus spike protein. This
observation could substantiate use of peptides as better
therapeutic agents over small molecule-based on their high
target specificity and potency (Zompra et al., 2009;
Vlieghe et al., 2010; Craik et al., 2013; Holohan et al.,
2013).
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Figure 3: Molecular dynamic simulations representing (A) Fluctuation plot and (B) Contact map of (i) Wild-type
ACE2 and complex of ACE2 with (ii)Circulin A, (iii) Kalata B1, (iv) Varv peptide E, (v) Palicourein, (vi) VhI-1, (vii)
Griffithsin, (viii) Cycloviolacin VY'1

Conclusion

The peptides considered in this study especially Kalata
B1, Vhl-1, and Cycloviolacin VY1 as well as Varv peptide
E have the abilities to modulate ACE2 which might be due
to their high cyclic content compared to others. These
peptides could play significant roles as modulators of
ACE2 and could be repositioned as anti-viral agents to
prevent the entry and further replication of SARS-CoV-2.
However, synthesis and standardization of the selected
with  their experimental

peptides corresponding
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ABSTRACT

The present study was designed to investigate the presence of significant pharmacokinetic (PK) interaction between

Dexamethasone (DEX) at different concentrations on Cyclosporine (CsA) PK parameters in healthy male rabbits.

The rabbits were selected and divided into three groups: Control group (n=6) received orally CsA solution (7.5

mg/kg/day) prepared from soft gelatin capsule for five days and on the fifth day, serial blood samples were withdrawn

from marginal ear vein of rabbits at different time intervals post-dosing. In the first and second groups, rabbits were
given orally (7.5 mg/kg/day) CsA solution concomitantly with DEX at two doses (0.33 and 0.66 mg/kg/day),
respectively. On the fifth day of administration, each test group's serial blood samples were collected for over 24

hours as in the control group. Different PK parameters of CsA for the three groups were determined using non-

compartmental analysis. It was observed that, there were statistically insignificant differences between control and

test groups when co-administered with DEX at both concentrations. The present study results demonstrated that

concurrent administration of DEX at both concentrations had not influenced the PK parameters of CsA.

Keywords: cyclosporine, dexamethasone, drug-drug interaction, pharmacokinetic parameters.

INTRODUCTION

CsA is a calcineurin inhibitor and potent
immunosuppressive agent, which significantly impacts
organ transplantation !. It has considerably improved the
first and second-years graft survival rates and decreased
morbidity in kidney, liver, heart, lung, and pancreas
transplantation. In addition to that, several studies have
supported the efficacy of CsA in preventing graft-versus-

host disease in bone marrow transplantation 2. CsA is

Received on 3/6/2020 and Accepted for Publication on
30/4/2021.

extensively metabolized in the liver by CYP3A4 system 3.
Sustained and clinically significant drug-drug interactions
(DDIs) can occur during long-term therapy. Thus, the co-
administration of multiple drugs with CsA could increase
the risk of treatment failure, nephrotoxicity, and other
adverse effects *.

DDIs are one of the commonest causes of medication
errors in developed countries, mainly in the elderly due to
poly-therapy, with a prevalence of 20-40% °; thus, Poly-
therapy increases the complexity of therapeutic
management and the risk of clinically significant DDIs
which can both induce the development of adverse drug
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reactions or reduce the clinical efficacy . CsA soft gelatin
capsule (Neoral®) is a modified micro-emulsion
formulation with uniform and slightly increased
bioavailability compared to (Sandimmune®) ”-3. After oral
administration of CsA (Neoral®), the time to peak blood
concentration (tmax) is 1 to 2 hours (h), the elimination of
CsA is primarily biliary with only 6% of the dose (parent
drug and metabolites) excreted in urine, the disposition of
CsA from blood is generally biphasic with a terminal half-
life (ty) approximately 8.4 h (range 5 to 18 h) °.
Dexamethasone (DEX) is a synthetic adrenocortical
steroid agent used in treating chronic inflammatory and
autoimmune diseases and is also effective as an antiemetic
agent in cancer chemotherapy '°. Cytochromes P450
(CYP) is a major source of variability in drug PKs, and
response ' and CYP3A4 is the most common and versatile
one 2. Many clinically significant drug interactions result
from induction or inhibition of CYP3A4 enzymes, the
major drug-metabolizing enzymes mainly in the liver !> !4,

A remarkable feature of CYP3A4 is its extreme
promiscuity in substrate specificity and cooperative
substrate binding, which often leads to undesirable DDIs
and toxic side effects. Owing to its importance in drug
development and therapy, CYP3A4 has been the most
extensively studied '°. This study aims to investigate the
presence of clinically significant PK interaction between
DEX at different concentrations on CsA (A narrow
therapeutic index drug) PK parameters by using healthy
male rabbits as an animal model.

1. MATERIALS AND METHODS

2.1 Animals

Several experimental trials were performed on 18 New
Zeland strains of adult male rabbits weighted (3.1-3.4 kg)
and aged 8-10 months were enrolled in this study. The
Research and Ethics Committee approved animals of the
Experimental Animal Care Facility, College of Pharmacy,
Al-Azhar University of Gaza (AUG), Palestine. The
rabbits were selected randomly and divided into three

groups (six for each group). All rabbits were kept under
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standard laboratory conditions in a 12-hour light/dark
cycle at 25°C + 2°C provided with pellet diet with water
ad libitum and were fasted overnight before the
experiments.

2.2 Study design and blood sampling

In an in-vivo drug-drug interaction, a randomized
designed study was conducted in eighteen healthy male
rabbits. The rabbits were selected and divided into three
groups: Control group (n=6) received orally CsA solution
(7.5 mg/kg/day) prepared from soft gelatin capsule
(Neoral®) for five days, and on the fifth-day blood samples
(1.5-2 mL) were withdrawn from marginal ear vein of
rabbits at 0.00, 0.50, 1.00, 1.50, 2.00, 3.00, 6.00, 12.00 and
24 hr post-dosing '°. The rabbits in the first and second
groups (test groups) received orally CsA solution (7.5
mg/kg/day) and DEX concomitantly at two different doses
(0.33 and 0.66 mg/kg/day), respectively. On the fifth day
of the administration, serial blood samples from each
group were collected for over 24 hours as in the control
group. Whole blood samples in EDTA tubes were kept at
(2-8) ° C until analyzed (Whole blood sample is stable for
up to 3 days).

2.3 Analysis of blood samples

Analysis of whole blood samples to determine the
concentrations of CsA was performed at the laboratory of
Medical Relief Society-Gaza using Maglumi 800 System
and Maglumi 800 CsA detection kit (Shenzhen New
Industries Biomedical Engineering Co., Ltd.). The Kit is
based on chemiluminescent immunoassay (CLIA). It is
used in hospitals for rapid CsA assaying in whole blood to
monitor the CsA dose.

2.4 CsA PK and statistical analysis

PK parameters for control and test groups including
Cmax> tmax, Ke, ti2, AUCp.24, AUCp, and MRT were
determined. Both parameters (Cmax) and (tmax) were
directly determined from the plasma concentration versus
time curves. The linear trapezoidal rule calculated the
AUCO0-24. The AUCy.. was determined by the following
equitation: AUCp.. = AUC .4 + Ct / ke, where Ct is
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defined as the final measured serum concentration at time
t and K. is the elimination rate constant. The K. was
determined by the least-squares regression of plasma
concentration-time data points lying in the terminal region
using semilogarithmic dependence that corresponds to
first-order kinetics. The t;» was calculated as 0.693/K.. PK
analysis was determined using model-independent method
(Non-Compartmental Approach) WinNonlin Professional
Software (Version 6.3, Pharsight Corporation, Cary, NC)
and (GraphPad Prism version 4.00; San Diego, CA, USA).
Statistical methods, including descriptive analysis and
Mann-Whitney test, were applied to compare the PK
parameters of CsA alone (control group) or co-
administered with DEX in first and second groups (test
groups). (SPSS) program (version 16.0) was applied to
analyze data. A statistically significant difference was

300+

2004

100

Cyclosporine concentration (ng/ml) in blood

considered when P <0.05.

2. RESULTS

The DEX-CsA interaction study was carried out to
determine the influence of DEX at different concentrations
on the PK parameters of CsA. Whole blood concentration-
time profiles of CsA in the control group (Received only
CsA 7.5 mg/kg/day) and test groups (First and second
groups), which received CsA concomitantly with DEX at
doses (0.33, and 0.66 mg/kg/day) respectively are shown
in Figure 1. The PK parameters of CsA were determined
for the control and test groups, including Cmax, tmax, ti2, Ke,
AUC.24, AUCo., and MRT. The control group's obtained
PK parameters were compared with those of the first test
group (Table 1) and those with the second test group
(Table 2).

=o=Control Group (CsA alone)

=e=  First Group (CsA with 1mg Dexamethasone)

=#= Second Group (CsA with 2mg Dexamethasone)

(=4

Time {h)

Figure 1: Plot of blood CsA concentration-time profile. Control group: Rabbits received CsA alone (7.5mg/kg/day) orally

for five days, first and second groups (test groups): Rabbits received CsA (7.5mg/kg/day) concurrently with DEX (0.33

and 0.66mg/kg/day) orally for five days, respectively (n=6).
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Table 1. PK parameters of CsA in control and first test group (n=6).

Issam M. Abushammala, et al.,

PK Parameters Groups N Mean + SD P-value
Cnax Control group 6 254.9+106.4 0.68
(ng/ml) First group 6 290.0+144.9

tmax Control group 6 1.50+0.87 0.58
(h) First group 6 1.83+0.75

Ke Control group 6 0.052+0.001 077
(hh First group 6 0.054+0.02

tin Control group 6 13.38+1.82 0.99
(h) First group 6 13.29+2009

AUCo.04 Control group 6 2221+ 730 0.70
(ng/ml.h) First group 6 2009+946

AUC Control group 6 3069+808 0.71
(ng/ml.h) First group 6 2863+985

MRT Control group 6 9.22+0.62

(h) First group 6 |9.16+1.12 090

Control group: Rabbits received CsA (7.5mg/kg/day) (7.5mg/kg/day) concurrently with DEX (0.33mg/kg/day)

orally for five days; First group: Rabbits received CsA orally for five days; Statistical significance: P<0.05.

Table 2. PK parameters of CsA in control and second test groups (n=6).

PK Parameters Group N Mean + SD P-value
Crmax Control group 6 254.9+106.4 0.51
(ng/ml) Second group 6 213.5+£72.6

tmax Control group 6 1.50+0.87 0.58
(h) Second group 6 1.92+0970

Ke Control group 6 0.052+0.001 0.06
(b Second group 6 0.049+0.012 ’
tin Control group 6 13.38+1.82 0.06
(h) Second group 6 18.97+5.61

AUC.24 Control group 6 2221+730 0.59
(ng/ml.h) Second group 6 19754333

AUCq. Control group 6 3069+808 0.55
(ng/ml.h) Second group 6 2747+497

MRT Control group 6 9.2240.62

(h) Second group 6 8.79+0.83 033
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Control group: Rabbits received CsA (7.5mg/kg/day)
orally for five days; Second group: Rabbits received CsA
(7.5mg/kg/day) concurrently with DEX (0.66mg/kg/day)
orally for five days; Statistical significance: P<0.05.

In this study, Cmax of CsA (control group) was
254.9+£106.4 ng/mL, and tmax was 1.50+ 0.87 h. The rabbits
treated with DEX 0.33 mg/kg/day (first group) produced
Cmax and tmax of 290.0£144.9 ng/mL and 1.83+0.75 h,
respectively. A slight increase of Cpax and tmax of CSA were
found when DEX (first group) was co-administered with
CsA compared to the control group. The differences were
statistically insignificant. A slight decrease in AUCy.o4 and
AUCy» was manifested in the first test group in
comparison to control, but it was statistically insignificant
(P>0.05). Other PK parameters, including ti» and K. were
also insignificant (Table 1). Blood concentration-time
profiles of CsA were comparable for control, and second
test groups (Figure 1).

PK parameters of CsA (Cuax, tmax, ke, ti2, AUCo.24,
AUCp» and MRT) were unaffected (P>0.05) by co-
administration of DEX at a concentration of 0.66
mg/kg/day (second group) as shown in (Table 2).

3.  DISCUSSION

Most immunosuppressive agents have narrow therapeutic
indexes, so dosing most of the immunosuppressive agents is
applied wunder careful monitoring of their blood
concentrations. Knowing the potential factors that can modify
immunosuppressive therapy and pharmacokinetics and
metabolic drug interactions can decrease the fluctuation of
immunosuppressant blood concentrations 7. CsA is
extensively metabolized in the liver by the CYP3A4 system,
a member of the CYP450 family of oxidizing enzymes >'2.
Sustained and clinically significant DDIs can occur during
long-term therapy with CsA. The co-administration of
multiple drugs with CsA could result in graft rejection, renal
dysfunction, or other undesirable effects. Potential CsA drug
interaction is of great clinical importance . Drugs affecting

CYP3A4 metabolic activity are a possible candidate for such
interactions !". Synthetic glucocorticoids as dexamethasone
or prednisolone are known substrates and inducers of CYP3A
enzymes '8, The regulation of these enzymes, particularly
CYP3A4, has been extensively studied . In vitro studies of
DEX in cultures of human hepatocytes showed potent
CYP3A4 inducing effects. In vivo studies had shown that co-
administration of DEX with some drugs as phenytoin resulted
in reduced plasma level of the drug. When DEX was
discontinued, plasma concentration increased by 300% and
increased CYP3A4 activity in healthy volunteers and human
hepatocyte cultures 2%, The conducted study of DEX-CsA
interaction showed statistically insignificant differences in
PK parameters when CsA was administered alone or in
combination with DEX given at two different doses. Similar
results were obtained in another research work realized by
Villikka and collaborators who studied the PK of triazolam
(CYP3A4 substrate) when co-administered with DEX (4-day
course of 1.5 mg dexamethasone daily) 2. The impact of an
enzyme inducer like DEX increases gradually over time. The
effect of DEX doses on PK of tacrolimus was manifested after
three months of treatment after one month 27, This could
explain the obtained results since DEX was co-administered
with CsA for five days. The possibility that higher doses of
dexamethasone could induce CYP3A4 and thereby cause
clinically significant drug interactions cannot be excluded.
This is particularly relevant in cancer chemotherapy as many
anticancer agents are CYP3A4 substrates, and DEX as an
antiemetic agent is used at high doses %,

In conclusion, the present study results demonstrated
that concurrent use of DEX at the examined regimen with
CsA had not influenced PK parameters of CsA.
Furthermore, PK studies of CsA using DEX at higher
doses and for a longer duration and other clinically
relevant CYP inducers or inhibitors are advised.
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ABSTRACT

Obesity is considered a serious prevalent disease that is accelerating at an alarming rate. It has drawn worldwide

attention and many approaches have been suggested to reduce dietary lipid hydrolysis and absorption. One of the

substantial approaches is to inhibit pancreatic lipase (PL) that is the major responsible enzyme for fat digestion in

the gastrointestinal lumen. Unfortunately, till now, the only pharmaceutical drug approved for obesity management

is “Orlistat”, which has many unpleasant side effects. During the last decade, a massive effort has been dedicated

to discovering safe lipase inhibitors from natural sources to avoid undesired drawbacks. The Middle East region

is well known for its highly diverse flora with vast potential medicinal value. In this review, we try to provide an

overview of the edible plants with potent anti-lipase activities and comprise a number of common ingredients in

the Middle Eastern cuisine.

Keywords: Pancreatic lipase; edible plants; obesity; Jordan, Palestine, Tunisia, Middle East.

INTRODUCTION

According to WHO definition, obesity is defined as an
abnormal or excessive accumulation of fat that forms a risk
to health. It has become a worldwide serious challenge
since the overweight rate has been increasing dreadfully.
A recent fact sheet from WHO reported that in 2016, out
of the 7.5 billion world population then, more than 1.9
billion adults, were overweight and more than 650 million

were obese.! In addition, the prevalence of obesity has

Received on 12/7/2020 and Accepted for Publication on
30/4/2021.

been increasing dramatically in children and adolescents
in both developed and developing countries.? Indeed, over
340 million children and teenagers aged 5-19 were
overweight or obese in 2016. Moreover, 41 million
children under the age of 5 were overweight or obese.?
The pathogenesis of obesity is multifactorial. It
comprises both modifiable and non-modifiable risk
factors. One of the major risk factors is a chronic surplus
in the daily intake of calories to the maximum fat burning
capacity of the body. Such negative balance is nourished
by a triad of unhealthy lifestyle habits, high-fat diet and
inadequate physical activity. The clinical outcomes of
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obesity are diverse ranging from no symptoms to
complications with tremendous risks for morbidity and
mortality such as type 2 diabetes, hypertension, coronary
heart diseases, dyslipidemia, atherosclerosis, gall bladder
and liver diseases and a number of cancers.* Obesity has
also been linked to infertility and menstrual dysfunction
and anovulation.’

Obesity represents a heavy burden on the healthcare
systems and national expenditures worldwide. In USA for
example, obesity and its associated chronic diseases were
estimated to have direct healthcare costs of more than
$480 billion and more than $1.24 trillion in indirect cost of
work lossin 2016.5 Despite of expansions in public
awareness campaigns against obesity and regulatory
changes, the prevalence rates globally are still rising.
Hence, the need for new treatment modalities and novel
pharmacologic options has never been greater.

A plausible pharmacologic target to manage
obesity is reducing the digestion and absorption of dietary
fat in the digestive tract. Lipases are enzymes that catalyze
the breakdown of ester bond in triglycerides to form
monoglycerides and free fatty acids, the more absorbable
forms, which will then be stored in adipose tissues, leading
to obesity.” Pancreatic lipase (PL) is the key enzyme of fat
digestion accounting for the hydrolysis of 50-70% of
dietary fat.® Not surprisingly, it drew the attention of
researchers to develop natural or synthetic drugs to
selectively inhibit the enzyme and halt its actions. This
latter is an intriguing approach to help conquer obesity
ameliorate many of its related public health concerns.

Nonetheless, pharmaceutical drugs combating obesity
are still limited on the market due to non-negligible
adverse effects of drugs in development. Therefore, the
need for therapeutic remedies with safe, non-toxic
ingredients is highly sought after. Such remedies have
been explored in complementary and alternative medicine
(CAM) products worldwide. According to World Health
Organization (WHO), around 21,000 plant species can be

used as medicinal plants and around 7000 compounds used
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in modern medicine come from medicinal plants.’
Moreover, around 80% of the population of developing
countries use folk medicine to meet their primary health
care needs and around 25% of prescriptions in USA
contain one or more plant products.’

The current article, best to our knowledge, is the first
review of the pancreatic lipase (PL) inhibition activity of
edible plants from the Middle East region aiming to

provide promising strategies of reducing obesity.

HUMAN PANCREATIC LIPASE STRUCTURE

Different types of lipases (triacylglycerol hydrolases)
are members of human lipase superfamily such as
endothelial, lingual, hepatic, lipoprotein, lungs, kidney,
skeletal muscles, adipose tissue, placenta, gastric and
pancreatic lipases.'”

The three-dimensional structure of human pancreatic
lipase was first determined and published in Nature
journal.!! X-ray crystallography was used to determine its
structure and the results showed that it consisted of a single
chain glycoprotein, with 449 amino acids. The primary
structure was deduced using sequencing complementary
DNA clones. The structural results have proved that
Ser152 was the nucleophilic residue essential in the
enzyme activity as the catalytic function was lost after a
chemical alteration of this residue. Ser152 is a part of an
Asp-His-Ser triad. The previous finding was emphasized
by another study which had used X-ray technique to
support the identification of the Ser 152, His 263, Asp
176 catalytic triad.'> Bioinformatics studies revealed the
tertiary structure of human pancreatic lipase with a-
helices, B sheets and random coils.'* A surface lid or flab
covers the presumptive active site which makes it
unreachable by solvents. This flap is re-oriented upon

activation.

LIPASE MECHANISM OF ACTION
Lipid metabolism starts with partial hydrolysis of
ingested dietary fat by lingual lipase and stomach gastric
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lipase to convert triacylglycerol into diacylglycerol and
free fatty acids. The partially digested fat will be
emulsified by the bile salts, secreted from the duodenum,
into small fat micelles to increase the surface area and
enzymatic hydrolysis efficiency. Triglycerides occupy the
center of the droplet while the surface is covered with polar
lipids, fatty acids, phospholipids, cholesterol and bile salts.

Hydrolytic action of gastric lipase continues in the
duodenum in synergy with pancreatic lipase to convert
lipids into monoglycerols and free fatty acids. Eventually,
the fat micelles will be absorbed by intestinal enterocytes.
Pancreatic protein co-lipase is a cofactor that facilitates
hydrolytic activity of the pancreatic lipase and stabilizes

its conformation.!®

PL MECHANISM OF INHIBITION

The mechanism of PL inhibition is based on impairing
the catalytic role of PL in triglyceride hydrolysis and
inhibition of fat breakdown into monoglyceride and fatty
acids.'*

NATURAL AND
INHIBITORS

Extensive research in anti-obesity effects of natural and

SYNTHETIC  LIPASE

synthetic products has been profoundly progressing. A
meta-analysis review of data spanning the years 2000-
2018 was published in 2019, revealing that most of the
plants exhibit their anti-obesity mode of action through
regulating lipid profile and inhibiting pancreatic lipase.'s
There is a large pool of plant phytochemicals that have
potent PL inhibitory actions, such as saponins, terpenes,
phenolics, glycosides, alkaloids, carotenoids and
polysaccharides.!®!%!7:!8 On the other hand, robust studies
on synthetic lipase inhibitors such as phosphonates,
boronic acids and fats analogues have been carried out.'
The most potent synthetic lipase inhibitor reported was 2-
[(2-oxohexadecanoyl) amino]-1-[[(2-oxohexadecanoyl)-
amino] methyl] ethyl decanoate that decreased the activity
of human pancreatic and gastric activities to the half at

0.076 and 0.020 surface molar fractions, respectively.'°

Other studies have documented the promising roles of
pharmacological agents like novel fluoroquinolones and
triazolofluoroquinolones in lipase inhibition and obesity
management.'??? In addition, a recent study has shown, for
the first time, the fundamental potential of the
agrochemical quinclorac as a potent synthetic and safe
lipase inhibitor via in vivo bioactivity experiments.?? So
far, Orlistat is the first and only drug that was approved by
US FDA in 2000 and introduced to the market under the
name Xenical and later approved as an over-the—counter
drug.* It is considered a semi-synthetic PL inhibitory drug
from microbial origin, as it is a saturated derivative of
lipstatin, the natural, irreversible lipase inhibitor from
Streptomyces toxytricini.?> It inhibits gastric and
pancreatic lipases in the gastrointestinal tract, by
competing with dietary fat molecules for the active sites of
lipases, blocking fat hydrolysis pathway, thus eliminating
fat absorption and storage inside adipocytes. So far, orlistat
is the only anti-obesity drug on the market. Nevertheless,
it still has many undesirable side effects, such as oily

stools, diarrhea, abdominal pain and fecal spotting.26

PL INHIBITORS IN EDIBLE PLANTS

Many of the culinary herbs and plants used in the
Middle East have been widely studied and claimed to have
medicinal benefits. Indeed, in the last decade,?’ numerous
screening studies of edible plants from Middle East region
have been conducted to investigate their potential anti-
lipase activity.

Jordan, Palestine and Tunisia are characterized by their
high diversity and the abundance of edible flora that have
substantial potential therapeutic roles as complementary
and alternative medicines.

Jordan

Bustanji and colleagues (2010) studied the lipase
inhibition action of Rosmarinus officinalis L. (Rosemary),
which is a native perennial plant to Jordan that is used
extensively in the Mediterranean cuisine as a cooking

seasoning. It is used also in folkloric medicine, as a
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treatment for dysmenorrhea,?® respiratory disorders and
hair growth stimulant.?-3° Its anti-inflammatory and anti-
oxidant effects have been studied thoroughly and it is
known to have a hypo-glycemic and hypo-lipidemic dual
effect. The latter effects were attributed to the presence of
active phytochemicals like monoterpenes, diterpenes and
the phenolics, mainly caffeic acid derivative, acids like
rosmarinic acid (RA). The results of Bustanji et al revealed
a significant PL inhibitory effect of rosemary extract with
a low ICso dose (13.8 pg/mL). The active constituents of
rosemary are rosmarinic acid (RA), chlorogenic acid (CA),
caffeic acid (CaA) and gallic acid (GA). They all showed
inhibitory actions but the most potent one was GA with the
lowest ICs.3!

Another experimental study was carried out by Issa and
collaborators (2011) to investigate the effect of methanolic
extract of Lavandula angustifolia (lavender) on diabetic
dyslipidemia. This plant is native to northern regions of
Jordan and is well known in this area as a folkloric
medicine to diabetes. Their results showed a
concentration-dependent manner inhibitory activity of
lavender on PL with an ICso 56.5 pg/mL. The authors
inferred that this inhibitory effect could be associated with
the presence of RA (ICsp 125.2 pg/mL) and GA (ICspof
10.1 pg/mL).*?

Bustanji and co-workers (2011b) have also
investigated the anti-lipase activity of 23 medicinal plants,
belongs to 15 plant families from Jordan, and compared
their potential anti-lipase effects. Thirteen species
demonstrated anti-lipase activity with ICso less than 1.0
mg/mL. These were Anthemis palaestina Boiss. (107.7
pg/mL), Salvia spinosa L. (156.2 pg/mL), Ononis natrix L
(167 pg/mL), Fagonia arabica L. (204.1 pg/mL),
Origanum  syriaca L. (234pg/mL),
triquetrifolium Turra (236.2 pg/mL), Malva nicaeensis
All. (260.7 pg/mL), Chrysanthemum coronarium L. (286.1
pg/mL), Paronychia argentea Lam. (342.7 pg/mL),
Convolvulus althaoieds L. (664.5ug/mL), Reseda alba L.
(738 pg/mL), and Adonis palaestina Boiss (937.5 ug/mL).

Hypericum
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Some of these medicinal plants are edible.

The two most potent PL inhibitors among the
aforementioned plants were A. palaestina and S. spinosa.
With ICs0107.7 pg/mL and 156.2 pg/ml for A. palaestina
and S. spinosa, respectively. The results were deemed
pharmacologically significant in comparison with the
reference drug orlistat IC50 (0.65 pg/mL) by using
spectrophotometric assay to measure the PL inhibition
activity.?3

Another study from Jordan investigated the lipase
inhibition activities of methanolic extracts of Ginkgo
biloba L. (Ginkgoaceae) leaves.** The authors documented
by virtual studies that the active phytochemical
terpenetrilactones, including ginkgolides and bilobalide,
fit into the active site of PL. Moreover, the experimental
studies reported the PL inhibition activity of the active
constituents with ICsp = 22.9, 90.0 and 60.1 pg/mL,
respectively.*

In vitro and in vivo investigations of anti-obesity
activities of another edible plant called Crataegus aronia
L. (Rosaceae) from Jordan were conducted.®> Crude
aqueous extract of C. aronia was tested for its anti-lipase
profiles. A significant concentration-dependent anti-lipase
activity was demonstrated compared to orlistat. An In vivo
experiment was conducted to examine the effect of the
diet-supplemented with C. aronia crude extract on the
body weight, compared with the regular diet of rats. They
reported a significant decrease in the body weight of rats
having the crude extract of C. aronia, in comparison with
the control group. Their findings proposed that C. aronia
has a substantial effect on PL in inhibition of fat digestion.

In 2015, Mohammad and co-workers virtually and
experimentally examined the PL inhibitory efficacy of
turmeric (Curcuma longa Linn.) from the family
Zingiberaceae, a well- known natural antioxidant that is
widely used in Mediterranean cuisines as a food additive.
They concluded via the docking studies that curcumin, the
active phytochemical, fits the binding site of the PL

enzyme, along with anti-pancreatic lipase activity (ICso
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value of 7.3 pg/mL). These results support the robust use
of curcumin as a promising PL inhibitor.*¢

Dietary Salvia triloba (Lamiaceae), known in
Jordan as sage, was also studied for its lipid-lowering
effects in experimental rats. Methanolic extract of the
leaves exhibited a PL inhibitory potency in a dose-
dependent manner and an ICso of (100.80 £ 9.07 pg/mL),
compared to orlistat ICsp (0.114 + 0.004 pg/ml). These
inhibitory effects were largely attributed to the
phytochemical constituents of S. triloba, as flavonoids,
phenolic acids and triterpenes (oleanolic acid, carnosic
acid, and ursolic acid). The effect of methanolic extract of
S. triloba on plasma triacylglyceride levels was measured
in rats received high fat diet and the results revealed a
marked reduction in serum triacylglyceride levels,
compared to the orlistat treated group. In vitro results were
supported by the in vivo findings and the authors suggested
dual hypotriglyceridemic and antilipolytic properties of
the sage leaves with a significant potential as an anti-

obesity treatment.>’

Palestine

A screening study from Palestine was published by
Jaradat et al. in 2017 for PL inhibtion effects of some
native medicinal and edible plants. Their results showed
that Urtica urens, Brassica napus, Portulaca oleracea
have inhibitory activity against PL. The organic and
aqueous extracts of U. urens showed the highest anti-lipase
activity with ICso157 pg/mL and 157.1 pg/mL,
respectively. The organic extracts of P. oleracea came
next with 1C50262.03 pg/mL and the least active were the
aqueous extracts of B. napus and P. oleracea that had ICs
296.87 pg/mL and 417.62 pg/mL, respectively. They
recommended that these three edible plants can be used as
food additives in dietary industry to regulate body weight
by reducing the hydrolysis and absorption of fatty food.*®

Jaradat and co-workers conducted another study in
2017, to screen the anti-lipase activity of ten medicinal and

edible plants collected from West Bank area of Palestine.

The tested plants are: Arum palaestinum Boiss, Crataegus
azarolus L., Malva parviflora L., Taraxacum syriacum
Boiss, Rhus coriaria L., Rosmarinus officinalis L.,
Psidium guajava L., Origanum dayi Post, Brassica nigra
(L.) K. Koch, and Vitis vinifera L. The inhibition activity
was assessed by using UV-visible spectrophotometer, and
it was compared to the reference drug orlistat, which had
an ICsovalue 12.38 pg/mL. Among the ten screened native
plants, they found that aqueous extracts of V. vinifera and
R. coriaria were the most potent inhibitors with 1Cso
values of 14.13 and 19.95 pg/mL, respectively. The
organic extract of O. dayi was also considered a potent PL
inhibitor with an ICso value of 18.62 pg/mL. This study
was the first in screening the lipase inhibition activity of
these three potent natural inhibitors which may play a
significant role in obesity prevention.>

A recent article was published in 2018 about the anti-
obesity potential of selected species from Palestine. The
authors examined 90 plant species and found that the top
active species in PL inhibtion in terms of minimum ICsg
value are Camellia sinensis, Ceratonia siliqua, Curcuma
longa, Sarcopoterium spinosum, Mentha spicata. These
findings promote the use of the natural resources in
overweight regulation.*’

Tunisia

An in vitro study to assess the lipase inhibitory ability
of Juniperus phoenicea L. was conducted in 2014. Its
berries are used in cooking seasoning as well as in
traditional medicine in the Middle East area. The results of
the study revealed a powerful inhibitory effect of J.
phoenicea extracts against PL, compared to the positive
control, orlistat. These findings are consistent with the
presence of phenolic phytochemicals in J. phoenicea
leaves.*!

Sellami and colleagues screened different extracts
from various spices used in Tunisian cuisine, besides some
aromatic beverages as coffee, green and black tea that are
used commonly in Tunisia. Seventy-two plant extracts
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were examined in vitro for their anti-lipase inhibitory
effects, out of which, cinnamon (Cinnamomum verum) and
mint (Mentha aquatic) showed the most potent and
powerful PL inhibitory activities with the ICso of 45 and
62 pg/ml, respectively. The strong PL inhibitory potency
of both cinnamon and mint was suggested to be due to the
presence of active constituents such as polyphenols,
saponins, tannins, terpenes, flavonoids and alkaloids.
Moreover, the inhibition effect was irreversible in
presence of bile salts and colipase. The authors suggested
that these two culinary plants could be a good source for

new progenitors of anti-obesity drugs.*?

CONCLUSION

A tremendous work is carried out to find an efficient
and safe pancreatic lipase inhibitor from natural origin.
This research mania is driven by the ascending worldwide
awareness of the pathological consequences of obesity as
a life-threatening disease. Currently, orlistat (Xenical) is
the only drug available on the market for obesity. It should
be emphasized that obesity is not synonymous with
hyperlipidemia, even though it’s considered a risk factor
for hyperlipidemia. The possible explanation for the
scarcity of anti-obesity drugs compared to lipid lowering
drugs is the fact that obesity is multifactorial. Hence, the
success rate of any pharmacologic intervention is highly
variable among individuals. This has discouraged major
pharmaceutical companies from investing in the

development of new drugs for that indication. Another
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limiting factor is the inability of pharmaceutical
manufacturers to patent drugs extracted from natural
plants since these are already found naturally without any
credit to the manufacturers. A third reason is the
variabilities in the constituents of natural plants from one
geographic area to another which further complicates the
manufacturing  process and quality  validation.
Nonetheless, the need for an alternative treatment strategy
for obesity has driven a wealth of investigations of
potential natural progenitors that can be synthetically
modified to create potential drug candidates. An overview
of the Middle Eastern food reveals the high correlation of
the consumable plants with the inhibition of fat digestion.
Undoubtedly, many edible plants from the Middle East
region are good candidates for the discovery of new

influential and harmless lipase inhibitor drugs.
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ABSTRACT

In continuing the inventory and investigation of Sumatra lichen, a collection of five species from the genus
Stereocaulon has been carried out. In metabolite profiling analysis, the four main compounds, i.e. atranorin, MOC,
lobaric acid, and stictic acid, were rapidly isolated as marker compounds by chromatography methods from S.
halei and S. montagneanum. Then, the extracts from each species were analyzed using HPTLC densitometry
measured at five wavelengths of 220, 254, 280 320, and 365 nm. Atranorin and MOC are two compounds found
in all five Stereocaulon species tested. Subsequently, atranorin quantification was done by densitometric scanning
at 254 nm from the ethyl acetate extract of each Stereocaulon species. The highest atranorin concentration was
detected from S. graminosum (325,498 mg/g extract) and equivalent to 0.065 mg/g dried whole thallus, while the
lowest was from S. verruculigerum (23,356 mg/g extract) and 0.023 mg/g dried whole thallus. Furthermore, all
extracts and main compounds resulting from the isolation were evaluated for their antibacterial activity by the
microdilution method. Ethyl acetate and acetone extracts from S. massartianum (1) showed the highest

antibacterial activity against E. faecalis (MIC = 1.25 mg/mL).
Keywords: Atranorin, HPTLC-densitometry , Lichen , Metabolite profiling , Stereocaulon.

1 INTRODUCTION

The genus Stereocaulon Hoffm. (Stereocaulaceae,
Lecanorales, Ascomycota) is an interesting genus from
lichen which is found throughout the world. The
morphology of the Stereocaulon genus consists of the
crustose type primary thallus and fruticose type secondary
thallus. The primary thallus in most species of
Stereocaulon is disappeared at a very early stage of
development. In the secondary thallus, there are several
important parts such as pseudopodetia which show
persistent phyllocladia (or phyllocladioid branchlets),

apothecia as a sexual organ that contains spores, and in
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most species cephalodia which contain cyanobacteria
(Nostoc, Rhizonema or Stigonema)'.

Although the Stereocaulon genus is grow scattered
throughout the world, its scientific study is still limited,
thus, it needs to be deeply researched to uncover its
potential. Some famous lichenologists have described this
genus, such as Nylander in his Synopsis Lichenum?,
Riddle?, Magnusson*, Dodge’, Johnson®, Duvigneaud’,
Lamb® %, Boehkout!!, and McCarthy'?. Also, secondary
metabolite profiles of the genus Stereocaulon play an
essential role in the identification of lichen as Duvigneaud’
and Lamb®!* have done using microchemistry. Until now,
several thorough phytochemical studies of Stereocaulon

species have been carried out'>'%,

and among the 40
species studied, the depsides, depsidone, dibenzofurans,

diphenyl ethers groups were isolated for the most

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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representative secondary metabolites for lichens!.

In Sumatran lichen exploration, we have carried out
several phytochemical studies on some genera such as
Cetrelia and Usnea'>'¢

Stereocaulon, such as S. halei, S. montagneanum, and S.

and focused more on the genus

graminosum!”!®, In the surveys conducted in the period
2015-2016 in the mountains and highlands of West
Sumatra and Jambi province, Indonesia, we collected five
species of the genus Stereocaulon. This paper described a
phytochemical approach with rapid isolation of the main
depside compound (atranorin, 1), monoaromatic
compound (Methyl-B-orcinol carboxylate, MOC, 2) and
depsidones (stictic acid (3) and lobaric acid, 4) from S.
halei and S. montagneanum (Figure 1). These compounds
were used as marker compounds in the metabolite
profiling analysis with the HPTLC-densitometry. We also
conducted the determination of atranorin concentration
with the densitometry approach at 254 nm of the extracts,
and this was done for the first time. Then, an antibacterial
evaluation was carried out for each extract and isolated
compound  against  four bacteria
(Staphylococcus aureus ATCC 25923, Enterococcus
faecalis ATCC 12228, Escherichia coli ATCC 25922, and
Pseudomonas aeruginosa ATCC 27853) with the
microdilution method.
2  MATERIALS AND METHODS

2.1 Lichen material

pathogenic

Five lichen species were collected in the highlands and
mountains in the regions of West Sumatra and Jambi
province, Indonesia. S. halei and S. massartianum were
collected in different locations and altitudes, so the number
of the sample analyzed was seven samples. Some
ecological parameters are recorded in Table 1. We
confirmed our identification by sending all samples to
Harrie Sipman (Berlin Museum), and specimen vouchers
were deposited at the Biota Sumatran Laboratory, Andalas
University, West Sumatra (Indonesia) with the reference

numbers cited in Table 1.
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2.2 Instrumentations

Some equipment was used for the characterization of
compounds. The melting point was measured on a Fisher
Melting Point apparatus. UV spectra were performed on a
Shimadzu 1700 spectrophotometer. FTIR spectra were run
on a Perkin Elmer FTIR spectrometer. 'H- and '3C-NMR
spectra were recorded at 500 and 125 MHz, respectively,
on a Jeol 500 MHz NMR spectrometer using CDCl3 and
DMSO-d6 as solvents. The HPTLC plate was
densitometrically scanned with CAMAG TLC scanner 4.
Data acquisition and processing were recorded using the
software winCATS version 1.4.7.

2.3 Reagents and materials

All the chemicals and reagents used in this study were
analytical grade and were purchased from Merck.
Chromatographic separation was performed using vacuum
liquid chromatography on silica gel (Merck 0.063-0.200
mm). HPTLC aluminium sheets 20x20 cm, Merck KGaA,
Darmstadt Germany, Cat.no.1.05548, were eluted using
two standard solvent systems? that is toluene/acetic acid
(85:15) (C); toluene/EtOAc/formic acid (139:83:8) (G).
Visualization of plates was carried out under UV light (254
and 365 nm) and then sprayed with anisaldehyde H2SO4
(v/v) reagent followed by heating at 110°C.

2.4 lsolation marker compounds

The Compound 1, 2, 3 and 4 as marker compounds
were isolated from S. halei (collected from Mount
Singgalang) and S. montagneanum (collected from
Sirukam, Solok) based on previous work. These two
species were chosen based on their sufficient biomass. Air-
dried whole thallus powder (500 g) from S. halei were
macerated successively with ethyl acetate, acetone, and
methanol (2x1 L). The obtained ethyl acetate extract was
filtered and evaporated to half, and afterward, it was left
for 24 hours at room temperature to precipitate crude
crystalline. The crude crystal was recrystallized with ethyl
acetate repeatedly and 6.3 g compound 1 (1.26% w / w)
was obtained. The ethyl acetate filtrate (5 g) was

chromatographed on a vacuum liquid chromatography
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silica gel column (100 g) eluted with a step gradient
polarity solvents consisted of n-hexane-EtOAc
(100:0—0:100) as the mobile phase, and lastly washed
with methanol. The eight subfractions acquired (E1-E8)
were monitored by TLC and subfraction E4 and E6
indicate the spot estimated as compound 2 and 4,
respectively. Both subfractions were chromatographed
over Sephadex LH 20 column chromatography to yield
compound 2 (150 mg) from subfraction E4 and Compound
4 (90 mg) from subfraction E6.

Meanwhile, 500 g air-dried whole thallus powder from
S. montagneanum were extracted by step gradient polarity
starting from ethyl acetate, acetone, and methanol (2x500
ml). The acetone liquors are concentrated to half and
allowed to stand for 24 hours at room temperature. The
resulting precipitation was then filtered and washed with
acetone:methanol (1:1) and obtained 300 mg compound 3.
The physical data, IR, melting point, 'H and *C NMR data
of all isolated compounds were analyzed.

2.5 Preparation of lichen extracts and standard
solution for metabolite profiling

Approximately 50 g of seven air-dried whole thallus of
Stereocaulon species were macerated successively with
ethyl acetate, acetone, and methanol (2 times x 250 ml),
and each extract was concentrated in vacuo. Preparation of
each extract solution (EtOAc, Acetone, and methanol
extracts) was carried out by weighing each extract
accurately and dissolved with an appropriate solvent to
obtain 10 mg/ml concentration of each sample.

The marker compounds (1, 2, 3 and 4) that were
isolated before were weighed precisely as much as 10 mg
each and dissolved in ethyl acetate and acetone with the
volume was made up to 10 ml in a volumetric flask.

A volume of 2 pl of marker compounds and each
extract solution were applied to the chromatographic plate
(20 x 10 cm) using CAMAG Nanomat 4 and was
developed at room temperature in flat bottom chamber (20
x 20 cm) with solvent system toluene:EtOAc:formic acid
(139:83:8). After development, HPTLC plates were heated

at 105°C and scanned using the scanner at 5 wavelengths
220, 254, 280, 310, and 365 nm. Spot identification was
based on its Rf value, the maximal wavelength, and visual
evaluation after spraying anisaldehyde sulfuric reagent.

2.6 Preparation of lichen extracts and standard
solution of atranorin (1) for quantitative analysis

As well as the sample preparation for the metabolite
profiling, the quantitative analysis sample preparation was
done by weighing 50 g of each air-dried whole thallus of
Stereocaulon species and then was extracted by 250 ml of
ethyl acetate solvent for two days, filtered and evaporated
in vacuo. Afterward, each dried extract was weighed 10
mg and dissolved with ethyl acetate-acetone (ratio 3: 2) to
the limit marking on a 10 ml volumetric flask.

Atranorin (1) standard solution is made by weighing 10
mg atranorin dissolved in 10 ml acetone which will then
be diluted to make a calibration curve.

Preparation of calibration solutions was done by
weighing 10 mg of atranorin (1) dissolved in 10 mL of
acetone; solutions with concentrations of 250, 200, 150,
100, 50 and 25 pg/mL were prepared by dilutions of the
stock solution. Atranorin (1) calibration curves are
calculated by plotting the area of the concentration from
the standard solution.

Atranorin (1) as standard solution and 7 Stereocaulon
extracts were accurately taken as much as 5 pl each and
applied to HPTLC plates (in triplicates) using CAMAG
Nanomat 4. They were developed at room temperature in
a flat bottom chamber (20x20 cm) with solvent system
toluene:EtOAc:formic acid (139:83:8). After
development, HPTLC plates were dried at 105°C and
scanned densitometrically at 254 nm.

2.7 Antibacterial assay

Antibacterial assays have been carried out on four
pathogenic bacteria, which are Staphylococcus aureus
ATCC 25923, Enterococcus faecalis ATCC 12228,
Escherichia coli ATCC 25922, and Pseudomonas
aeruginosa ATCC 27853. The method used in this assays is

d2 1,22

a modified microdilution metho along with p-
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iodonitrophenyltetrazolium violet (INT, Merck) as an
indicator of bacterial cell viability?>. Each extract was
dissolved with DMSO (10% final volume) and diluted with
Mueller Hinton Broth (OXOID) media to a final
concentration of 10; 5; 2.5; 1.25; 0.625 and 0.3125 mg / ml.
Meanwhile, the isolated compound and chloramphenicol (as
a positive control, Merck) were prepared at the final
concentration of 5; 2.5; 1.25; 0.625; 0.3125 and 0.15625 mg
/ ml. A total of 100 pl of each extract concentration and pure
isolate were tripled in a microplate well, as well as sterility
control (media + DMSO) and growth control (media +
DMSO + bacteria). Each microplate well was inoculated
with 5 pl bacterial suspension (106 cfu / ml) and incubated
at 36 ° C for 18 hours, followed by the addition of 20 ul p-
iodonitrotetrazolium (INT) in distilled water (0.5 mg/ml)
and reincubated for another 30 minutes. INT is a compound
that easily reducted by the presence of the enzyme
dehydrogenase in bacteria becoming formazan, which can
give a purple color. The change in color from yellow to
purple indicates that there are still bacteria in the well.

3  RESULTS AND DISCUSSION

3.1 Physical and Spectroscopic Data of Isolation
compounds

Atranorin (1); colorless needles (EtOAc); mp 196-
197°C; (undepressed in admixture with reference
compound) IR vmax (cm—1): 2933, 2360, 1654; UV
(Acetonitrile) Amax (log €): 215 nm (4.2), 251 nm (4.4);
"H NMR (500 MHz, DMSO-d6) H(ppm) 2.03 (s, 3H Me-
8’), 2.34 (s, 3H,CH3-9), 2.39(s, 3H, CH3-9), 3.89 (s,
3H,COOMe), 6.42 (s, 1H, H-5"), 6.64 (s, 1H, H-5), 10.21
(s, 1H, -CHO) and 10.52 (s, 1H, OH);!*C NMR (125 MHz,
DMSO0-d6): C(ppm) 107.95 (C-1), 163.54 (C-2), 109.08
(C-3), 161.61 (C-4), 115.78 (C-5), 151.45 (C-6), 164.66
(C-7),194.03(C-8),21.27 (C-9), 116.39 (C-17), 157.43 (C-
2%), 110.83 (C-37), 149.13(C-4’), 115.79 (C-5’), 136.63
(C-6"), 169.83 (C-7°), 21.16 (C-8°), 9.43 (C-9°). Rf 0.86
with toluene-EtOAc-formic acid (70:25:5) (eluent G).

Methyl-B-orcinol carboxylate, MOC (2); colorless
needles (CHCl3); mp 140-141°C; (undepressed in
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admixture with reference compound); IR vmax (cm—1):
3399, 2927, 1728; UV (MeOH) Amax (log €): 219 nm
(3.9), 269 nm(4.15), 303 nm (3.7); 'H NMR (500 MHz,
CDCls) 6H(ppm) 2.16 (s, 3H, CH3-9), 2.45 (s, 3H, CH3-8),
3.94 (s, 3H, -OCH3), 6.12 (s, 1H, H-5), 12.13 (s, 1H, OH);
3C NMR (125 MHz, CDCl3) 3C(ppm) 105.33 (C-1),
158.06 (C-2), 108.54 (C-3), 163.24 (C-4), 110.60 (C-5),
140.24 (C-6), 172.69 (C-7),7.73 (C-8),24.20 (C-9), 51.93
(OCH3-10). Rf 0.69 with toluene-EtOAc-formic acid
(70:25:5) (eluent G).

Stictic acid (3); white amorphous solid; (undepressed
in admixture with reference compound); IR vmax (cm—1):
3421.47,2906.22, 1918, 1692.95; UV (MeOH) Amax (log
€): 242.8 nm (3.85) and 309.4 nm (3.27); 'H NMR (500
MHz, DMSO-d6) &H (ppm) 2.18 (s, 3H, CH3-8"), 2,48 (s,
1H, CH3-9) 3,89 (s, 3H, -OCH3-4), 6.60 (s, 1H, H-9°), 7.10
(s, 1H, H-5), 8.27 (s, 1H, OH), 10,44 (s, 1H, CHO-8); 13C
NMR (125 MHz, DMSO-d6) 6C(ppm) 113.25 (C-1),
163.34 (C-2), 114.53 (C-3), 162.65 (C-4), 112.97 (C-5),
151.18 (C-6), 161.00 (C-7), 186.93 (C-8), 21.72 (C-9),
109.30 (C-17), 152.00(-), 129.43 (C-3’), 148.10 (C-4"),
137.66 (C-5°), 135.91 (C-6’), 166.52 (C-7°), 9.83 (C-8"),
95.41 (C-9’), 56.95 (OCHs-4). Rf 0.30 with toluene-
EtOAc-formic acid (70:25:5) (eluent G).

Lobaric acid (4); colorless needles (CHCIs); mp 196-
197° C; (undepressed in admixture with reference
compound); IR vmax (cm—1): 3164.4, 2960.5, 1720.11,
1662.45; UV (MeOH) Amax (log €): 213 nm (4.00), 262
nm (3.33) and 293 nm (4.2); 'H NMR (500 MHz, DMSO-
d6) 6H(ppm) 0.87 (t, 6H, CH3-5”, CH3-5"), 1.31 (m, 4H,
CH»-4”, CH»-4"), 1.33 (m, 2H, CH,-3’”), 1.54 (m, 2H,
CH»-2"7), 2.83 (t,J=7.25, 2H,CH»-2"), 2.86 (t, J=1.00, 2H,
CH»-1"), 3.89 (s, 3H, OCH3), 6.98 (s, 1H, H-3"), 6.93 (d,
J=2.4, 1H, H-3), 7.03 (d, J=2.4, 1H, H-5); '3C NMR (125
MHz, DMSO-d6) 6C(ppm) 111.64 (C-1), 162.80 (C-2),
105.83 (C-3), 164.19 (C-4), 111.06 (C-5), 148.58 (C-6),
152.69 (C-7),203.31 (C-1""), 39.66 (C-2""), 31.34 (C-3""),
21.54 (C-4"’), 13.93 (C-57), 111.64 (C-17), 162.15 (C-27),
106.24 (C-37), 144.33 (C-4’), 140.64 (C-5"), 133.99 (C-
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6%), 168.27 (C-77), 27.30 (C-1°""), 30.47 (C-2"""), 31.34
(C-3777), 21.99 (C-4""), 13.92 (C-5""), 56.64 (OCH3-4).
Rf 0.56 with toluene-EtOAc-formic acid (70:25:5) (eluent
G).

In this study, five species were collected from six
different places are divided into seven samples (Table 1).
S. halei (1 and 2) and S. massartianum (1 and 2) were
collected in different locations and altitudes. Stereocaulon

3.2 Phytochemical
(High-Performance
metabolite profiling

Thin

investigation
Layer

and HPTLC
Chromatography)

is a fruticose-type lichen that lives in high altitudes 1200

m ASL with low temperature and is usually found growing

on the rock surface exposed by sunligh

Table 1. Location and habitat of 5 Stereocaulon species collected.

24,

Species No. Coordinate Altitude Locality Habitat
collection
S. montagneanum Lamb Mon_ FIS-8  0°5521.1"S 1300 m  Sirukam, Solok on the rock,
100°47'56.6"E West Sumatra highland
S. halei Lamb (1) Hal FS-13  0°23'24.0"S 2700 m  Mount on the rock, slope
100°19'50.9"E Singgalang, West mountain
Sumatra
S. halei Lamb (2) FBS-006 0°21'31.5"S 1350 m  Malalak, West on the rock,
100°17'36.6"E Sumatra highland
S. massartianum Hue (1) SDA_ Fis- 1°05'59.4"S 1400 m  Danau di Atas, on the rock,
015/DA 100°45'34.1"E West Sumatra highland
S. massartianum Hue (2) GN7_Fis- 1°42'06.0"S 2005m Danau  Gunung on the rock,
016/G7 101°24'41.0"E Tujuh, Jambi mountain
S. verruculigerum Hue var. FTS-004 0°58'41.9"S 1300m  Mount Talang, on the rock,
subfurfurascens Lamb 100°40'45.8"E West Sumatra lower mountain
forest
S. graminosum Schaer Gra FS-14  0°23'24.0"S 2700 m  Mount on the rock, slope

100°19'50.9"E

Singgalang, West

Sumatra

mountain

Compound 1, 2, 3, and 4 (Figure 1). As marker
compounds were isolated from S. halei (collected from
Mount Singgalang) and S. montagneanum (collected from

Sirukam, Solok) based on previous work!7!®. The

physicochemical properties and all spectral data from
isolated compounds were suitable with those previously
reported in the literature. (SM S1-S8)

-193 -



Phytochemical profiling and antibacterial...

9
CH; (I?
1.C-0O
7

HO 2 OH

Friardi Ismed, et al.

Figure 1. Isolated compounds from S. halei and S. montagneanum

HPTLC-densitometry metabolite profiling was carried
out on different extracts of seven species of Stereocaulon.
The extraction process was done sequentially by
increasing polarity ranging from semipolar to polar (ethyl
acetate, acetone, and methanol) to avoid decomposition or
degradation of a depside as a major constituent of the
genus Stereocaulon?>%, Identification of the compounds
was realized for four major compounds (atranorin, MOC,
lobaric acid, and stictic acid), and this study focused on
detecting the similar compounds between the five species.
Atranorin (trackl; Rf = 0.80, Amax 220, 254 and 280 nm)
was detected in all five species of Stereocaulon especially
in EtOAc extracts (Table 2) (Figure 2 and SM Figure 9-
11). Whereas in all acetone extracts, the atranorin spot
began to thin out (except for S.halei (1) and S.graminosum,
track 13 and 18 respectively, still look strong) even in
methanol extracts the spot were not visible at all (Figure 3
and SM Figure 12-14). Atranorin, a B-orcinol depside, is
the most common and widely found compound in almost
all Stereocaulon species”!?. MOC (track 2; Rf = 0.69,
Amax 220, 254, and 280 nm). It is only seen in EtOAc and
MeOH extracts, so it is estimated that this monoaromatic
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compound is a precursor to depside biogenesis?’-* and the
result of atranorin depside degradation undergoes
alcoholysis®*3!. Lobaric acid (track 4; Rf = 0.56, Amax
220, 254 and 280 nm) was seen in both S. halei 1 and 2
(track 6, 8, 13 and 15) and S. verruculigerum (track 10) in
EtOAc and acetone extracts. Furthermore, S.
montagneanum (track 5 and 12), S. massartianum 1 and 2
(track 7, 9, 14 and 16), and S. graminosum (track 11 and
18) were detected to contain stictic acid (track 3; Rf=0.30,
Amax 220, 254 and 280 nm) in EtOAc and acetone
extracts, respectively. Man-Rong described three
chemotypes that have been found on S. massartianum32:
the first one contains stictic and norstictic acids, the second
one lobaric acid only, and the third one lobaric, stictic and
norstictic acids. Lobaric and stictic acids are prenyl and
furano-type  depsidones,  respectively, commonly
discovered in the Stereocaulon genus'. Three types of
prenyl-depsidones have been reported, namely lobaric
acid, colensoic acid, and norlobaric acid, which were
isolated from S. colensoi and S. paschale3-**. Stictic acid
has been found in many lichen families in the

Parmeliaceae, Pertusariaceae, and Usneaceae families'®%.
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As previously reported, generally, stictic acid in lichen can experience various degrees of oxidation of functional
experiences a chemical phenomenon known as stictic acid groups such as CHO, COOH, CH,OH or OH and
chemosindrome. This phenomenon shows that stictic acid methylation of phenolic groups such as OCHj;, OH!83637,

1= atranorin

2=MOC

3= Stictic acid

4= lobaric acid

19= MeOH extr. of S. montagneanum
20= MeOH extr. of S. halei (1)
21=MeOH extr. of S. massartianum (1)
22= MeOH extr. of S. halei (2)

23= MeOH extr. of S. massartianum (2)
24= MeOH extr. of S. verruculigerum
25=MeOH extr. of S. graminosum

i3 oF 8 o3 31 1 @ Vi e e e

Figure 2. The densitogram of marker compounds and extracts (EtOAc and Acetone) of genus Stereocaulon (left)
scanned at 245 nm. The HPTLC profile in UV light at 254 nm developed with toluene:EtOAc:formic acid
(139:83:8) (top right) and visualized with anisaldehyde sulfuric acid (bottom right)

T

Figure 3. The densitogram of marker compounds and MeOH extracts of genus Stereocaulon (left) scanned at 245
nm. The HPTLC profile in UV light at 254 nm developed with toluene:EtOAc:formic acid (139:83:8) (top right)
and visualized with anisaldehyde sulfuric acid (bottom right)
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Table 2. Metabolites detected with HPTLC-UV in genus Stereocaulon

no R Amax (nm) Compounds Extracts of Stereocaulon species
1 2 3 4 5 6 7 8 9 10 11
1 0.11 280, 310 + + + +
2 0.20 220, 254 + + + + +
3 0.24 +
4 0.30 220, 254, 280 + + - + + - +
5 0.39 254,280, 320 +
6 0.40 280, 320 +
7 0.45 +
8 0.49 220,254 + +
9 0.51 220, 254 + + +
10 0.56 220, 254,280 + + - + +
11 0.66 320 +
12 0.69 220, 254, 280 + + + + - - + +
13 0.80 220, 254,280 + + + + + + + +
1 2 3 4 12 13 14 15 16 17 18
1 0.08 280, 310 +
2 0.11 220,254 +
3 0.20 220, 254 +
4 0.27 220, 254 + + + +
5 0.30 220, 254,280 + + - + + +
6 0.39 220, 254 + + + + +
7 0.40 220, 254 + +
8 0,49 220, 254 + + + + +
9 0.54 220, 254, 280 + +
10 0.56 220,254 + + +
11 0.69 220, 254, 280 + - + - - - + +
12 077 220, 254,280 +
13 0.80 220, 254,280 + + + + + +
1 2 3 4 19 20 21 22 23 24 25
1 0.30 220, 254 + + + +
2 0.32 220, 254 + + + + +
3 0.38 220, 254,280 +
4 0.40 220, 254 +
5 0.42 220, 254 + + +
6 0.51 220, 254 + + + + "
7 0.56 220, 254,280 +
8 0.58 220, 254 + + +
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9 0.64 220, 254

10 0.69 220, 254 +

11 0.80 220, 254, 280, +
320, 365

+ +
+ + - + + + +
+ + + + + +

1 = atranorin, 2= MOC, 3 = stictic acid, 4 = lobaric acid, 5= EtOAc extr. of S. montagneanum, 6= EtOAc extr. of S. halei (1), 7= EtOAc
extr. of S. massartianum (1), 8= EtOAc extr. of S. halei (2), 9= EtOAc extr. of S. massartianum (2), 10= EtOAc extr. of S. verruculigerum,

11= EtOAc extr. of S. graminosum, 12= Acetone extr. of S. montagneanum, 13= Acetone extr. of S. halei (1), 14= Acetone extr. of S.

massartianum (1), 15= Acetone extr. of S. halei (2), 16= Acetone extr. of S. massartianum (2), 17= Acetone extr. of S. verruculigerum,
18= Acetone extr. of S. graminosum, 19= MeOH extr. of S. montagneanum, 20= MeOH extr. of S. halei (1), 21= MeOH extr. of S.
massartianum (1), 22= MeOH extr. of S. halei (2), 23= MeOH extr. of S. massartianum (2), 24= MeOH extr. of S. verruculigerum

25= MeOH extr. of S. graminosum

3.3 Quantification of atranorin (1) in 7 extracts
genus Stereocaulon using HPTLC

To date, there have been no reports of atranorin (1)
quantification from the extracts of the Stereocaulon genus.
In this measurement, we used a standard lichen eluent
(toluene:EtOAc:formic  acid (139:83:8))*° with an
atranorin Rf value of 0.87 detected at a wavelength of 254
nm. Based on the correlation between the concentration of
atranorin standard (x) and peak area (y), the equation y =
34.167x + 1270.5 (r = 0.9963)(SM figure 15) was
obtained. The highest atranorin content was detected from
S. graminosum with atranorin value 325,498 mg/g extract
and equivalent to 0.065 mg/g dried whole thallus while the

lowest was from S. verruculigerum with 23,356 mg/g
extract and 0.023 mg/g dried whole thallus (Table 3).
This quantification process is needed to determine
specifically the content of atranorin in Stereocaulon and
the correlation with its species and habitat. This is
important due to atranorin is not only found in the genus
Stereocaulon but generally is found in most lichen groups
such as Cladoniaceae, Lecanoraceae, Parmeliaceae dan
Stereocaulaceae®®. Furthermore, atranorin is reported to
have various pharmacological activities including anti-
inflammatory>®, wound healing agent*’, antioxidant®, and

sunscreen substances*!.

Table 3. Calculation of atranorin concentration from extracts and dried whole thallus genus Stereocaulon

total extract

Atranorin concentration

No Species per 1gram extract per 1 gram dried-
® (mg) whole thallus (mg)
1 S. montagneanum Lamb 2.118 176.174 0.035
2 S. halei Lamb (1) 2.706 270.534 0.054
3 S. halei Lamb (2) 2.647 94.974 0.019
4 S. massartianum Hue (1) 1.220 165.109 0.033
5 S. massartianum Hue (2) 1.233 32.002 0.032
6 S. verruculigerum Hue var. 0.798 23.356 0.023
subfurfurascens Lamb
7 S. graminosum Schaer 1.029 325.498 0.065

Conc. 10mg/10 ml
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3.4 Antibacterial activity

Antibacterial test of pure extracts and isolates from the
genus Stereocaulon lichen has been carried out using the
liquid microdilution method, by determining the Minimum
Inhibition Concentration (MIC) of extracts and pure
isolates. This method was chosen because the samples and
reagents used are relatively small but have a high level of
sensitivity and provide quantitative results?’-?2, The test
results showed all extracts in the genus Stereocaulon
lichen had antibacterial activity against test bacteria but
had different MIC values. Ethyl acetate extracts from S.
halei, S. massartianum, and S. graminosum and acetone
extract from S. massartianum showed the highest
antibacterial activity against test bacteria with a range of

Friardi Ismed, et al.

MIC = 0.1-0.6 mg/mL. Furthermore, from the four isolated
compounds tested, lobaric acid and MOC showed potential
antibacterial activity against the four test bacteria with
MIC values = 1.5-3 mg/mL.

The results of this test were in line with several other
studies that reported a good potential of the genus
Stereocaulon extract against pathogenic bacteria. Crude
acetone extract of S. massartianum collected in the
Philippines provides a large diameter of inhibition (19
mm) against S. aureus and B. subtilis*?. Other studies show
that an ethanolic extract from S. foliolosum inhibits the
growth of M. tuberculosis H37Rv with MIC 500 mg/mL
which is compared to rifampicin and isoniazid (MIC value

0.25 and 0.1 mg/mL, respectively)*.

Table 4. Antibacterial activity from extracts and isolated compounds of genus Stereocaulon

Test materials MIC (mg/mL)

| sA | PA EC EF
S. montagneanum
EtOAc extr. 10 5 2.5 2.5
Acetone extr. 5 2.5 2.5 5
MeOH extr. 10 2.5 5 5
S. halei (1)
EtOACc extr. 2.5 0.3 0.6 0.6
Acetone extr. 5 5 10 2.5
MeOH extr. 2.5 2.5 10 5
S. massartianum (1)
EtOAc extr. 2.5 2.5 5 0.1
Acetone extr. 2.5 2.5 5 0.1
MeOH extr. 2.5 5 5 5
S. halei (2)
EtOACc extr. 2.5 5 5 5
Acetone extr. 5 5 10 2.5
MeOH extr. 2.5 2.5 10 5
S. massartianum (2)
EtOAc extr. 2.5 2.5 5 2.5
Acetone extr. 2.5 2.5 5 2.5
MeOH extr. 2.5 5 5 5
S. verruculigerum
EtOACc extr. 2.5 5 5 5
Acetone extr. 5 2.5 10 2.5
MeOH extr. 5 2.5 5 5

S. graminosum
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EtOAc extr. 0.6
Acetone extr. 1.2
MeOH extr. 2.5
Atranorin (1) 12
MOC (2) 3
Stictic acid (3) -
Lobaric Acid (4) 3
Chloramphenicol 0.6

0.6 0.6 0.6
2.5 2.5 0.6
2.5 2.5 0.3
6 6

3 3 1.5
1.5 1.5 1.5
0.3 0.6 0.6

All values presented are Mean + SD of triplicate readings

4  CONCLUSIONS

Metabolite profiling from 5 species showed that there
was an atranorin compound in all test samples while stictic
acid and lobaric acid were not. This appears that atranorin
can be a marker compound for the genus Stereocaulon.
The content of atranorin in each species also varies and is
influenced by habitat and growing conditions. Based on
the results of the quantification test, S. graminosum has the
highest content of all samples. The result of two samples
from the same species but of different habitats showed
significant differences as well. This could be seen in the S.
halei samples collected from a place with an altitude of
2700 m having more atranorin content than those growing
at an altitude of 1350 m.

Furthermore, antibacterial tests on 4 pathogenic
bacteria showed that all extract inhibited the growth of the
tested bacteria. The ethyl acetate extract of S. halei, S.
massartianum, S. graminosum, and acetone extract from S.
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ABSTRACT

Data archives of clinical microbiology laboratory (CML) are a rich source of valuable information. In this study,
CML data from two tertiary care hospitals in Jordan were reviewed, in order to identify the source prevalence of
microorganisms and the dissemination of Extended Spectrum Beta-Lactamase (ESBL) bacteria. The association
between gender and the microorganism or specimen source was investigated. Data collected from each hospital
was screened and filtered according to predetermined exclusion criteria. Of 20726 records screened, 5547 valid
specimens with positive growth were considered. From these specimens 7143 isolates were identified to genus or
species level. The most common specimens were identified and their association with gender was statistically
determined and discussed. The prevalence of microorganisms in different specimens was compared with the
literature, and variation from the expected results was explained. In addition, some associations were observed
between gender and the predominating microorganisms. High dissemination rate of ESBL-producing bacteria was
observed among Gram-negative bacteria (57%), indicating serious challenges facing clinicians in finding suitable
treatments. Reviewing CML data can aid in the study of trends in the dissemination of microorganisms in specific
population groups and can aid clinicians in amending their treatment protocols.

Keywords: Enterococcus, Streptococcus agalactiae, ESBL, gender, prevalence, laboratory, urine culture, vaginal swab.

1. INTRODUCTION

Infectious diseases are known to cause a large burden
on the health sector and economy of many countries. They
are responsible for a substantial proportion of morbidities
and mortalities among the population. The causative
agents of these infections vary from bacterial and viral
infections to fungal and parasitic ones. In order to treat or
manage these illnesses, diagnosis is a crucial step in order
to identify the pathogen and to commence a suitable
treatment protocol. Diagnosis involves many aspects
including clinical manifestation, physical examination,
medical history, travel history, imaging and an important

Received on 12/7/2020 and Accepted for Publication on
30/4/2021.

confirmative tool, laboratory testing [1]. Although some
infections can be identified clinically (ie: the so-called
“frank” pathogen), others require clinical microbiology
laboratory to identify the causative agent [1]. Besides
identifying the etiologic agent of the disease, clinical
microbiology laboratories provide in vitro information
about the susceptibility of the isolated microorganisms
towards antimicrobial drugs. The retrospective review of
microbiology laboratory data can be a valuable tool in
estimating the prevalence of certain microorganisms
among specific population groups or under -certain
conditions, and also helps in tracing the trends in the
microorganism’s  dissemination throughout a host
population [2—4].

Variation in gender could predispose a sub-section of a
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host population to some specific infectious diseases more
than the opposite gender. Due to anatomical and
physiological differences between males and females, the
microbiota in certain areas in the body vary and
consequently, the incidence of some infections will vary
between the two genders [5]. Some studies have shown
that patient’s gender could be a risk factor for some
microbial infections [5,6]. Furthermore, the WHO has
issued a report indicating the effect of sex and gender on
population health in emerging infectious diseases and
epidemic-prone diseases [7]. In this report, biological
differences between males and females, and the
physiological changes women undergo during pregnancy
are observed to have an effect on the immune response and
hence, upon overall vulnerability and susceptibility
towards infections and subsequent disease. Similarly, the
report also made reference to observed gender differences
in physical activity patterns, which could lead to different
levels of exposure towards different infectious agents and
gender differences in accessibility to economic resources,
which could act as a barrier to access effective health care.
Such differences will undoubtedly result in gender
variations in responses to emerging infectious diseases [7].

Over several years, bacteria have developed
mechanisms to resist antibiotics. In fact, antimicrobial
resistance has become a public health crisis with the
emergence of multiple drug resistance (MDR) in several
clinically important species of bacteria. This crisis is
taking the world into what is called the “post antibiotic
era”, where previously minor infections might no longer
be curable and may result in fatality due to lack of effective
antibiotics [8]. Among these MDR microorganisms are the
Extended Spectrum Beta Lactamase producing bacteria.
These bacteria produce a group of enzymes called
Extended Spectrum Beta Lactamases (ESBLs). ESBLs
confer resistance to a broad range of B-lactams, such as
penicillins and first-, second- and third-generation
cephalosporins; and azotreonam [9]. These enzymes are

primarily produced by Gram-negative bacteria, mainly
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Enterobacteriaceae, Acinetobacter, and Pseudomonas
aeruginosa [9]. Recent studies indicated that the spectrum
of antibiotic resistance of the ESBL-producing bacteria is
expanding to include multiple antibiotic classes, leaving
the clinician with very limited treatment options and the
patient with poorer prospective outcomes [10,11].

The aim of this study was to explore clinical
microbiology laboratory results in two tertiary care
hospitals in Jordan during 2017 and 2018, in order to
identify the most common specimens provided, the
predominating microorganisms in different specimens and
the prevalence of ESBL-producing bacteria in these
clinical specimens. In addition, the possibility of gender-
association with the specimens and microorganisms was
also investigated. It is proposed that such information will
inform our knowledge of the distribution and host-
susceptibility of different microorganisms among the
general population, in addition to the extent of
dissemination of ESBL-producers.

2. Methodology

This is a retrospective study, in which the microbiology
laboratory results from two hospitals in Amman, Jordan
were evaluated for the years 2017 and 2018. The first
hospital is a public sector academic tertiary care hospital
with 600 beds. On an annual basis, this hospital receives
more than 600,000 patients in the outpatient clinics and
more than 40,000 patients are admitted for treatment. The
second hospital is a private sector tertiary care hospital
with 160 beds. On an annual basis this hospital deals with
about 100,000 patients as outpatients and in-patients.

The study received an ethical approval from the Ethics
Committee of Scientific Research, Ministry of Health,
Jordan (code: MOH REC 1900018). All necessary
approvals were also obtained from the administration of
each hospital. The clinical laboratories of the two hospitals
relied on Vitek®-2 systems (bioMérieux, France) for
microbial identification. The laboratory data was retrieved
from the servers of the microbiology laboratory with the

help of the hospital’s information technology departments.
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The following information was obtained: Patient’s file
number (a unique number of each patient), age, gender,
sample date, sample source, microbial culture result
(microorganism type and whether it is ESBL-producer or
non-ESBL producer).

The data collected were obtained as raw data and
screened based upon exclusion criteria. The criteria
included the exclusion of any duplication in data entry (e.g
same patient’s file number on the same date and same
sample), invalid data entry or missing information, and any
specimen showing no microbial growth or the result was
reported as “‘no significant growth” or ““normal flora”.
Moreover, whenever the same microorganism was isolated
from a specimen that was cultured within three weeks of
the previous culture it was excluded, because it was
assumed that the microorganism isolated in the second
specimen is the same causative agent of the first culture.
Hence, three weeks were considered a suitable cut-off in
most treatment guidelines, since the majority of infections
are expected to resolve with treatment within 14 days
[12,13].

2.1 Statistical analysis

Statistical analysis of the data was performed using
SPSS version 20.0 (SPSS Inc., Chicago, IL). Descriptive
statistics was used to describe the specimens tested.
Categorical variables were presented as valid percentages.

Non parametric Chi square test was used to test for

association between the categorical variables. A P-value

of < 0.05 was considered significant

3. Results and discussion

The total number of raw laboratory results screened
from in-patients and out-patients from the two hospitals
was 20726; 14498 from the first hospital and 6228 from
the second hospital. After filtering the data according to
the exclusion criteria, the total number of specimens with
valid laboratory results and significant microbial growth
was 5547; 3775 and 1772 from the first and second
hospitals respectively. For these specimens, the age of the
patients ranged from 3 days to 102 years. From the
specimens reported, 7143 microorganisms were isolated
and identified to the genus or species level, except for 146
isolates which were reported as coliforms (Table 1).
Gram-positive bacteria were the predominant group of
isolated microorganisms (52%) followed by Gram-
negative bacteria (45.3%), and then yeast and fungi
(2.7%). The most common Gram-positive bacteria isolated
were Enterococci (18.8%), followed by Staphylococci
(17.5%) and Streptococci (15.7%). The majority of
Streptococci belonged to Group B (S. agalactiae) which
constitutes 95.1% of all Streptococci. For Gram-negative
bacteria, the Enterobacteriaceae family was the
predominating one, where the most common bacteria
isolated were Escherichia coli (32.1%), followed by
Klebsiella (8.6%).
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Fig. 1. Numbers of specimens identified between males and females based on specimen source. SWA: Skin,

wound and abscess.

Table 2 shows the distribution of the isolates based on
the source of specimens. These isolates were detected in
the specimens as pure culture or in combination with other
microorganisms. Urine samples were the most commonly
infected of the specimens cultured (N=3924), followed by
skin, wound and abscess (SWA, N=1123), respiratory
(N=143), blood (N=98) and vaginal (N=81) specimens.

3.1 Urine Specimens

Urinary tract infections (UTI) are very common
worldwide and considered one of the leading causes of
visits to primary care clinics. A global study found that in
developed countries, UTIs are the second most common
infectious disease, after respiratory tract infections, that
cause patients to visit clinics [14]. In developing countries,
UTISs are the third most numerous reason for clinical visits,
preceded by respiratory tract infections and tuberculosis
[14]. UTIs account for a significant proportion of antibiotic
prescription and dispensing [15,16]. In Jordan, they were
found to be the second most numerous infectious disease,

after respiratory tract infections, to which antibiotics were
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dispensed with or without prescription [16].

We suggest that the reason why urine and SWA
specimens exceeded respiratory tract specimens in our
study is that almost 80% of clinically diagnosed
respiratory infections are caused by viruses such as
influenza viruses, parainfluenza viruses, adenovirus and
rhinoviruses [17]. In addition, even in non-viral respiratory
infections, physicians may rely on physical examination,
and clinical symptoms or other diagnostic tools (e.g: x-ray)
rather than laboratory tests to determine the appropriate
treatment [18]. On the other hand, UTIs are known to
occur more frequently in females than in males [19], which
was obvious in our results where 3112 positive urine
specimens from females were reported compared to 812
urine specimens from males (Figure 1).

It is known that the leading cause of urinary tract
infections is E. coli [20,21]. It is responsible for 70 to 95%
of both upper and lower UTIs. The remainder of UTI
infections are caused by Klebsiella spp., Enterococcus
faecalis, Proteus spp., Staphylococcus spp., other

Enterobacteriaceae and yeasts [19,21]. Consistent with
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this, several microorganisms were isolated from urine in
this study. The most predominant were E. coli (51.7%)
followed by Enterococcus spp. (34%), Staphylococcus
spp- (30.2%), and then Klebsiella spp. (11.8%; Table 2).
From the literature it appears that the observed prevalence
of the genus Enterococcus in urinary tract infections is
increasing [22]. It is implicated in urinary tract infections
and in asymptomatic bacteriuria. A five year study in a
veteran’s hospital in the United States identified
enterococci in positive culture urine specimens in 22.5 %
of the specimens compared to our finding of 34%. The
problem with enterococci is their increasing resistance to a
broad range of antimicrobials. This has led to the
publication of guidelines for the diagnosis and
management of UTIs versus asymptomatic bacteriuria
caused by enterococci to reduce the overuse of antibiotics
[2,3].

The predominating microorganisms identified in urine
in our study were also seen in a previous study by Flores-
Mireles et al. (2015) [19], who found that the prevalence
of microorganisms in UTIs varies between complicated
and uncomplicated infections. Other than E. coli, the top
three microorganisms prevailing in uncomplicated UTIs
were K. pneumoniae, Staphylococcus saprophyticus and
Enterococcus spp. while in complicated UTIs the top three
microorganisms excluding E. coli were Enterococcus spp.,
K. pneumoniae and Candida spp.

Interestingly, Gram-positive bacteria, enterococci,
staphylococci and streptococci, in relation to other
microorganisms  exhibited a significantly higher
association with female urine specimens than with male
(p<0.001, p<0.001, p=0.043
respectively). While Gram-negative bacteria (E. coli and
Klebsiella spp.) exhibited a significantly higher

urine  specimens

association with male urine specimens than with females
(p<0.001, p=0.015). In line with these results, it has been
estimated that about 5-25% of uncomplicated urinary tract
infections in women are caused by Gram-positive bacteria

mainly S. saprophyticus, Enterococcus faecalis and Group

B Streptococci GBS [23]. These infections are most
common in non-pregnant women of child bearing age.
Nevertheless, in pregnant women Gram-positive bacteria
are more often seen as etiologic agents of UTIs [23]. This
was observed in this study where enterococci and
staphylococci in urine specimens were significantly more
associated with women in the age group 13-50 years than
in the other age groups (Pearson’s Chi square, p<0.001 for
both bacteria). However, the presence of streptococci was

not significantly different between these age groups.

3.2 Skin, Wound & Abscess Specimens

The second most common specimens in this study were
from SWA samples. Specimens tested and reported from
females were twice the number of those from males (761
vs 362 specimens, Figure 1). This finding is in agreement
with that reported by Shallcross et al. (2014). In their
study, data collected between 1995 and 2010 in the UK
showed that the first time consultation at a general
practitioner for a boil or abscess was 512 for females and
387 for males per 100,000 person-years [24].

Bacterial skin infections are mainly caused by
staphylococci and streptococci [25]. In this study
streptococci comprised the highest proportion of SWA
specimens (69.8%), while staphylococci comprised only
3.3% (Table 2). This doesn’t necessarily mean that
staphylococci play a minor role in these infections. Rather,
it could imply that these infections were treated
empirically with antibiotics and those not responding were
referred to the laboratories to help in diagnosis and
treatment regime. As mentioned earlier the vast majority
of streptococci isolated in this study were GBS. GBS are
known to colonize the human genital and gastrointestinal
tracts and to a lesser extent the respiratory tract [26]. This
group is a leading cause of morbidity and mortality in
neonates and pregnant women [26]. In newborns GBS are
responsible for many diseases (such as bacteremia, sepsis,
pneumonia, and meningitis), all of which can be fatal in

infants. Furthermore, invasive GBS diseases are
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increasingly seen in non-pregnant adults, especially
among the elderly and people with underlying medical
conditions [27]. Of the invasive GBS cases in non-
pregnant adults, skin and soft tissue infections are among
the most frequently reported cases [27]. This is consistent
with our findings, where GBS in SWA infections is
significantly higher in the age group >75 years than the
other age groups (Pearson’s Chi square, p=0.008).

A remarkable proportion of SWA specimens harbored
Gram-negative bacteria (~20%). Skin infections with
Gram-negative bacteria occur mainly in diabetic patients
or the immunocompromised [25]. In fact diabetes is wide
spread among Jordanians and in 2016 it was estimated that
46% of Jordanians who are above 25 years are diabetic,
whether diagnosed or not [28], which could explain the
high occurrence of Gram-negative bacteria in these
specimens.

Other than bacteria as a cause of skin and soft tissue
infections, fungal infections are on the rise [29]. In these
fungal infections, cutaneous and soft tissue infections are
usually caused by Candida spp. [30,31]. The role of
Candida spp. can be detected in our results where Candida
was isolated from 5.2% of the SWA specimens comprising
the fourth most dominant microorganism in these
specimens (Table 2). Candida spp. was found to be
associated with females more than with males (p=0.01).
This association has been reported previously in a study by
Heidrich et al. (2016). In their sixteen-year retrospective
study in Brazil, they found that dermatomycoses caused by
the genus Candida were more predominant in women than
in men [32].

3.3 Respiratory Specimens

Respiratory tract specimens were the third most
common group in this study. Specimens from males were
one and a half times greater in number than those for
females (86 versus 57, Figure 1) indicating a higher
incidence of respiratory infections among males than
among females. One of the reasons for this could be linked

to smoking, which is more prevalent among males than
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females in Jordan. Smoking is considered a major risk
factor for respiratory diseases [33]. Jordan, has one of the
highest smoking prevalence in the world. Males from
different sample groups (eg: health care workers, college
students, youths etc.) were found to significantly
outnumber females in smoking [34].

It is known that among the most common bacterial
cause of respiratory tract infections are streptococci [35].
S. pneumoniae is considered the most common cause of
community acquired acute bacterial pneumonia [35]. In
general, some Streptococci are part of the normal human
oral microflora. Some species, such as Streptococcus
pyogenes and Streptococcus pneumoniae, are considered
to be occasional respiratory tract residents [36]. In line
with this, the microorganism isolated in greatest numbers
from the respiratory system specimens in this study were
the streptococci. However, the vast majority of the isolated
streptococci were GBS, which was unexpected and
requires further investigation. Nevertheless, this high
prevalence of GBS could imply that their occurrence in
infections is increasing as they also comprised the majority
of streptococci in SWA infections. One suggestion for this
high prevalence of GBS is that these isolates could have
high resistance to antimicrobials, which enables them to
survive empirical treatment given to patients.

In our results, the second most frequently isolated
microorganism from respiratory specimens was Candida
spp., in 16.8% of specimens (Table 2). Candida spp. is part
of the normal human flora of the oral cavity and its
detection in the respiratory system has often been thought
to be the result of re-localisation of this normally
commensal microorganism [37]. Unfortunately, there is
no test or criteria to define the isolation of Candida from
respiratory tract specimen as being a contamination,
commensalism, colonization or infection. However, in
recent years it has been recognized that the interpretation
of the detection of Candida spp. in the respiratory tract
should be based on clinical and microbiological context
[37].
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3.4 Blood Specimens

In this study E. coli and Klebsiella spp. were the most
predominant bacteria in the blood cultures (34.7% and
30.6% respectively, Table 2). Compared to a multicenter
study in Hubei Province, China, between 2014 and 2016,
E. coli, Staphylococcus aureus and Klebsiella pneumoniae
were reported as the most common pathogens responsible
for nosocomial blood stream infections [38]. In another
study, it has been shown that Gram-negative bacteria, in
particular Enterobacteriaceae, were among the main
causative agents of bacteremia [39].

Over time, Enterobacteriaceae have become resistant
to antibiotics with the emergence of ESBL and
carbapenemase producing strains [39,40]. This can be seen
in our results where the predominance of ESBL-producing
E. coli and Klebsiella in blood specimens was 33.7% and
28.7% respectively (Table 3), which is very close to the
predominance of these two bacteria as both non-ESBL and
ESBL-producers (34.7% and 30.6% respectively, Table 2).
This indicates that the vast majority of the bacteria isolated
from blood specimens are ESBL-producers. These
bacteria are highly resistant to many antibiotics and are
extremely difficult to eradicate [39,40]. Thus, their
associated infections have a high potential to predispose to
blood infections due to the invasion of the bacteria into
blood, which explains their predominance in blood
specimens.

3.5 Vaginal Specimens

The colonization of the vagina is affected partly by
estrogen levels, which change with the female’s age,
menstrual cycle and pregnancy [5]. In some cases
commensal microorganisms such as Gardnerella
vaginalis, E. coli and GBS can cause vaginal infections
and subsequent disease [41]. In our study the most
predominant vaginal isolates were streptococci and
Candida spp. GBS colonization in the genital tract [26]
could explain its predominance in the high vaginal swabs
in our study (45%, Table 2). This predominance in the

vagina is consistent with a previous study in Jordan, where

nearly 20% of specimens collected from the vagina of
pregnant women were colonized with GBS [42]. In another
study on non-pregnant women in Oregon USA, Leclair et
al. [37], found that GBS prevalence was 22.8% and that
there was a significant relationship between vaginitis and
GBS colonization in the vagina.

The second predominating microorganism in high
vaginal swabs is Candida spp. (32.1%). Although Candida
can be found normally in the vagina in many women where
it exists as a unicellular commensal under normal
circumstances, changes in the vaginal environment, such
as hormonal change, diabetes, use of oral contraceptives,
etc, can encourage the growth of Candida in a non-
commensal and pathogenic form, thus predisposing to
vulvovaginal candidiasis [5]. Vaginal candidiasis is one of
the most common fungal vaginal infections [5], which is
in agreement with our findings where Candida is the most
predominant fungus/yeast isolated.

Of the 3236 Gram-negative bacteria isolated, 1843
(57%) were phenotypically identified as ESBL-producers
(Table 1). ESBLs are mainly associated with the family
Enterobacteriaceae, of which E. coli and Klebsiella
pneumoniae are the main ESBL producers [43]. This was
obvious in our results where E. coli was by far the most
predominant bacteria in all specimen types, followed by
Klebsiella spp. and to a lesser extent Enterobacter spp.
(Table 3). A study on hospitalized patients in Jordan found
that from 121 E. coli isolated from urinary tract, 62% were
ESBL producers [44]. Another study reviewed 1718
published studies worldwide, and reported the prevalence
of ESBL-producing bacteria in pediatric blood stream
infections to range from 4% in Europe to 15% in Africa
[4]. This study observed an annual increase in the
prevalence of ESBL-producing bacteria over the period
1996 to 2013 to be 3.2% [4]. In the past, infections
complicated by ESBL were restricted to hospitals,
nowadays they have spread to the community [43]. ESBL-
producer dissemination is not only limited to clinical

cases, it has also been detected in hospital environments,
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household settings and even in vegetables and meat
[45,46].

4. Conclusions

Clinical laboratory data is a vital tool in identifying the
causative agents of infections and their associated
resistance to antimicrobials. Retrospective review of
clinical microbiology laboratory data can be a rich source
of information to study the dissemination of

microorganisms in specific population groups or certain

Randa N. Haddadin, et al.,

body systems. This can aid epidemiologists in identifying
trends in the isolation of specific microorganisms and it
helps clinicians in revising their treatment protocols and

guidelines to a more appropriate ones.
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Table 1: Details of the specimens tested and their distribution within gender, age, source and type.

Factor Frequency (%)
Gender (N=5547)
Male 1393 (25.1)
Female 4154 (74.9)
Age (Years; N=5547))
<l 250 (4.5)
1<Age<5 150 (2.7)
5-12 400 (7.2)
13-17 169 (3.0)
18-50 2515 (45.3)
51-70 1184 (21.3)
>71 879 (15.8)
Specimen source (N=5547)
Blood 98 (1.8)
High vaginal swab 81 (1.5)
Respiratory system 143 (2.6)
Skin, wound, abscess 1123 (20.2)
Urine 3924 (70.7)
Other sources including unidentified sample source 178 (3.2)
Isolates (N=7143)
Gram-positive bacteria N=3714 (52.0%)
Enterococcus 1342 (18.8%)
Staphylococcus 1249 (17.5%)
Streptococcus 1123 (15.7%) (Strep GpB n=1069)
Gram-negative bacteria N=3236 (45.3%) 9 (0.1%)
Acinetobacter 5(0.07%)
Citrobacter 146 (2.0%)
Coliform 20 (0.3%)
Enterobacter 2290 (32.1%)
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Escherichia coli

611 (8.6%)

Klebsiella 61 (0.9%)
Proteus 74 (1.0%)
Pseudomonas 20 (0.3%)
Others 154 (2.2%)
Yeast (Candida) 39 (0.5%)
Fungus
ESBL-producing Bacteria N=1843 Number (%) of ESBL producers
11 (0.6%)
Enterobacter 1481 (80.4%)
Escherichia coli 338 (18.3%)
Klebsiella 8 (0.4%)
Proteus

Table 2: The distribution of the microorganisms amongst the specimens and gender and the association of the
microorganisms with gender, if present, p< 0.05. The number of isolates of each microorganism obtained from

females (F) or males (M) is shown.

p<0.005 (F)*

Microorganism Urine SWA Respiratory Blood High vaginal
(N=3924) N=1123 (N=143) (N=98) swab (N=81)
n (%) n (%) n (%) n (%) n (%)
Enterococcus spp. 1334 (34%) 5 (0.02%) 0 1 0
(N=1342)
Gender distribution F=1133, M=201 F=2,M=3 - F=0, M=1 -

Streptococci 194 (4.9%) 784 (69.8%) 68 (47.6%) 15 (15.3%) 37 (45%) all
(N=1123) GBS
Gender distribution F=165, M=29, F=486, M=198, F=29, M=39 F=6, M=9 -
p=0.043 (F)* p<0.005 (M)* p=0.517 p=0.409
Staphylococci 1186 (30.2%) 37(3.3%) 7 (4.9%), 10 0
(N=1249) (10.2%),
Gender distribution F=997, M=189 F=24, M=13 F=3, M=4 F=3, M=7 -
p<0.005 (F)* p=0.701 p=1.00 p=0.195
Escherichia coli 2028 (51.7%) 146(13.0%) 17 (11.9%) 34(34.7%) 16 (19.8%)
(N=2290)
Gender distribution F=1570, M=458 F=125, M=21 F=3, M=14 F=17, -
p<0.005 (M)* p<0.005 (F)* p=0.064 M=17
p=1.00
Klebsiella spp. 464 (11.8%) 60 (5.3%), 14 (9.8%), 30 (30.6%) 5(6.2%)
(N=611)
Gender distribution F=348 M=116 F=51, M=9, F=8, M=6 P=0.05 -
p=0.015 (M)* p<0.005 (F)* p=0.25 -
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Microorganism Urine SWA Respiratory Blood High vaginal
(N=3924) N=1123 (N=143) (N=98) swab (N=81)
n (%) n (%) n (%) n (%) n (%)
Pseudomonas spp. 45 (1.1%) 17 (1.5%) 8 (5.6%) 0 0
(N=74)
Gender distribution F=34, M= 11, F=13, M=4 F=4, M=4 -
p=0.532 p=0.603 p=0.71
Proteus spp. (N=61) 50 (1.3%) 6 (0.5%) 2 (1.4%) 0 1(1.2%)
Gender distribution F=41, M=9 F=6, M=0 F=1,M=1 -
p=0.728 P=0.185 -
Candida spp. 36 (0.9%) 59 (5.2%) 24 (16.8%) 1 (1%) 26 (32.1%)
(N=154)
Gender distribution F=29, M=7 F=49, M= 10, F=11,M=13, | F=0, M=1 -
p=1.00 p=0.01 (F)* p=0.648 -
Acinetobacter spp. 0 4 (0.4%) 3 (2%) 0 0
(N=9)
Gender distribution - F=1, M=3 F=0, M=3 - -
Citrobacter spp. 2 (0.05%) 2 (0.2%) 0 0 0
(N=5)
Gender distribution F=2, M=0 F=2, M=0 - - -
Enterobacter spp. 7 (0.2%) 7 (0.6%) 1 (0.7%) 0 0
(N=20)
Gender distribution F=4, M=3 F=5, M=2 F=0, M=1 - -
p=0.16 p=1.00 -

* Statistically significant association was found with females (F) or males (M)

Table 3: The distribution of ESBL producing bacteria in the specimens collected based on the s

pecimen source.

Microorganism Urine Blood High vaginal swab | Respiratory SWA
(N=3924) (N=98) (N=81) (N=143) (N=1123)
E. coli (N=1481) 1350 (34.4%) | 33 (33.7%) 7 (8.6%) 16 (11.2%) | 28 (2.5%)
Klebsiella spp. (N=338) 236 (6.0%) | 28 (28.6%) 2 (2.5%) 9 (6.3%) 25 (2.2%)
Enterobacter spp. (N=11) 6 (0.2%) 0 1 (0.1%)
Proteus spp. (N=8) 6 (0.2%) 0 1 (0.1%)
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ABSTRACT

Medicine reconciliation (MedRec) is a patient safety goal. A cross-sectional study using a self-completed questionnaire
was conducted at the Jordan University Hospital (JUH) in October- December 2016. A convenient sample of physicians,
pharmacists, and nurses was targeted. Statistical analysis was performed to outline the variances across professional
groups and factors associated with knowledge, attitude, and practice. Two hundred questionnaires were analyzed of
which 41 (20.5%) were completed by physicians, 23 (11.5%) by pharmacists, and 136 (68.0%) by nurses. In total, 162
(81.0%) of the participants responded that they had heard about MedRec before the questionnaire, and139 (69.5%) were
aware of the existing policy for MedRec and 143 (71.5%) knew the requirements to complete the MedRec form. Nurses
were more likely to know about the MedRec policy and the requirements to complete the MedRec form (p = 0.034 and
0.041 Chi Square, respectively). For 119 (73.5%), working at the JUH was the main source to know about MedRec
participants. Level of education appeared significantly to influence knowledge about MedRec. Those holding a
postgraduate degree were more likely to know about MedRec 123 (61.5%), p = 0.01, Chi Square test). Moreover,
increased years of practice at the JUH significantly influenced knowledge about MedRec (p = 0.04, Mann Whitney test).
The MedRec attitude scores median (IQR) was 10 (9-12) indicating supportive views across the study profession groups.
None of the variables significantly influenced attitudes toward MedRec. The median (IQR) of MedRec practice was 10
(8-13) representing moderate (62.5%) practice score. MedRec practice scores were significantly affected by profession
type (p = 0.00, Kruskal Wallis test). Most often117 (66.8%), the MedRec was completed only upon admission and
information about therapy changes were less often recorded compared to patient and medical history details. One third
of participants reported they often relied on one source of information, mainly family member or caregiver 117 (66.8%).
In conclusion, physicians, nurses and pharmacists in an accredited teaching hospital in Jordan were found to knew about
MedRec, policy and form completion requirement. All profession groups showed supported views toward MedRec.
However, the practice of MedRec was moderate and physicians followed by nurses were more involved in MedRec steps
compared to pharmacists. MedRec often performed upon admission and focus on patient history taking. Practice of
MedRec should be enhanced to achieve patient safety centered goals rather than accreditation centered purposes.
Keywords: Medicine reconciliation; Jordan; KAP; health care continuity, patient safety, hospital accreditation.

INTRODUCTION increased opportunity for transition errors. On average

Patient transfers across health settings presents 60% of medication errors occur during patient admission,

discharge, or transfer of care. Additionally, over 50% of

Received
21/5/2021.

on 2/12/2020 and Accepted for Publication on patients experience at least one discrepancy at the point of

transfer and some are found to continue post-discharge.!
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Medication reconciliation (MedRec) is recognized as a
patient safety goal by the Joint Commission for Health
Accreditation  (JC)  since  2006.2
Consequently, accredited health organizations are urged to

Organization

demonstrate the practice of MedRec for an accreditation
award and renewal. MedRec consists of a set of steps,
namely, collecting and creating the most possible accurate
list of all medications a patient is taking, and then
communicating that information to the next health care
provider.2 Previous international studies outlined that
MedRec might not fully recognized or practiced due
ambiguity in the MedRec process, responsibility and
applicability across organizations 45 6.7.8,9,10.11 jordan is
no exception. At four tertiary hospitals accredited by JC,
pharmacists’ perceptions toward MedRec practice were
investigated and were found to be suboptimal. Less than
50% of pharmacists were aware of the presence of MedRec
policies in the hospital and MedRec was implemented for
most admitted patients.!? A recent study in Kuwait,
assessed the perceptions of physicians and pharmacists at
six governmental hospitals and reported that physicians
and pharmacists were aware of MedRec terms, but the
practice of MedRec was found again suboptimal.’?
Perceptions of the nursing team were not captured in
existing studies which underlines needs for further
investigation. This study aimed to investigate knowledge,
attitude, and practices (KAP) of physicians, pharmacists,
and nurses toward MedRec at an internationally accredited
renowned teaching hospital in Jordan.

Method:

Study Design and Questionnaire

A cross-sectional study using a self-completed
questionnaire was conducted at the Jordan University
Hospital (JUH). The study commenced on October 2016
and lasted for two months. Three hundred and forty
questionnaires were distributed to a convenient sample of
physicians, pharmacists, and nurses. They were
approached at various days, times, and locations. The JUH
was accredited by the JC in 2007 and has adapted a
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MedRec form that is attached to all admitted patient files.
The study questionnaire which was developed after an

7,8, 10,12, 13, 14 a5 face validated

extensive literature review
and piloted before wide distribution. The questionnaire
consisted of four parts assessing the knowledge, attitudes,
and practices of MedRec. Demographic data were also
collected. The questionnaire is available upon request.

Responses to the questions were Yes/No answers,
multiple-choice, and Likert scale depending on the nature
and scope of the question.

Statistical Analysis

The data were coded, entered, and analyzed using the
Statistical Package for Social Sciences (SPSS, Version
22). The descriptive analysis was summarized as mean
(SD) and median and interquartile range (IQR) as
appropriate. Frequencies and percentages were used for
categorical variables. A non-parametric test was used
where data were not normally distributed. Normal
distribution was checked visually and using Shapiro-Wilk
test, with p-value >0.05 indicating normally distributed
continuous variables.

The MedRec attitude score was calculated scoring six
statements. With attitude scores ranging from 0-12, 2 for
agree, 1 uncertain and 0 for disagree. Higher scores
represented better attitudes. A score of 80% or higher was
considered to represent high supportive attitudes whilst a
score of 60 to 79% represented moderate attitudes, and a
score below 60% represented low supportive views.
Similarly, a score representing MedRec practices was
calculated by scoring each response as either “agree” two
points, “uncertain” one point, and “disagree” zero points.
Thus, the practice scores ranged from 0-16 with 16
representing a 100% practice score. A score of 80% or
higher was considered to represent a high satisfactory
practice, whilst a score of 60 to 79% represented moderate
practice, and a score below 60% was considered to
represent unsatisfactory practice.

Univariate analysis contributing to knowledge,

attitude, and practice was performed. Chi Square, Mann-



Jordan Journal of Pharmaceutical Sciences, Volume 14, No.2, 2021

Whitney test, Kruskal Wallis tests, and Fischer exact tests
were used as appropriate. Bivariate Spearman correlation
was used to assess the factors influencing practice and
attitude scores. A P-value of less than 0.05 was considered
statistically significant.

Ethical Approval

Scientific and ethical approval was obtained from the
Research and Scientific Committee at the School of
Pharmacy at the University of Jordan and the Institutional
Review Board committee at the JUH, number 198/2016 on
27" Sep 2016.

RESULTS

Study Sample

A total of 210 questionnaires were returned with a
response rate of 61.8%. Ten questionnaires were excluded
due to missing data about the profession of the participant
who completed the questionnaires. Therefore, 200
questionnaires were included in the analysis, of which 41
(20.5%) were completed by physicians, 23 (11.5%) by
pharmacists, and 136 (68.0%) by nurses. The majority of the
study participants were females for 109 (55.0%). The
median (IQR) age was 27 (25-30) and 159 (79.5%) had a
first university degree (BSc/MD). They mostly graduated
from public universities for 153 (76.5%). The median (IQR)
of practice at the JUH was 4 (2-6) years. Table 1 summarizes

the study sample characteristics per profession type.

Table 1: Characteristics of the study sample (N=200) and knowledge of MedRec, policy and hospital form

Characteristics Physicians Pharmacists Nurses
(N=41) (N=23) (N=136)

Gender

Female 18 (43.9%) 14 (60.9%) 77 (56.6%)

Age years

Median (IQR) 27 (25-28) 29 (24-36) 28 (26-31)

Education Level

Diploma 0 (0.0%) 2 (8.7%) 9 (9.6%)

BSc/MD 30 (73.2%) 19 (82.6%) 110 (80.9%)

Master 11 (26.8%) 2 (8.7%) 17 (12.5%)

University/ College of graduation

Public 38 (92.7%) 14 (60.9 %) 101 (74.3%)

Years of practice at JUH

Median (IQR) 3(1-4) 5(1-8) 4 (2-8)

IQR, interquartile range

Knowledge about MedRec

Table 2 present knowledge about MedRec, existing
policy and requirement to complete the MedRec form as
well as source of information about MedRec per
profession type. In total, 162 (81.0%) of the participants
had heard about MedRec before the questionnaire, whilst
139 (69.5%) responded that they were aware of an existing
policy of MedRec at the JUH and 143 (71.5%) knew the

requirements to complete the MedRec form for every
patient. Nurses were more likely to know about the
MedRec policy and the requirements to complete the
MedRec form (p = 0.034 and 0.041 Chi Square,
respectively). Working at the JUH was the main source of
knowledge about MedRec for 119 (73.5%) participants,
followed by hospital training for 39 (24.1%) and during
their study for 19 (11.7%).
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Table 2: Knowledge about MedRec, existing policy and requirement to complete the MedRec form as

well as source of information about MedRec per profession type

Knew about Physicians Pharmacists Nurses P value
(N=41) (N=23) (N=136)

MedRec 30 (73.2%) 19 (82.6%) 113 (83.1%) 0.04

MedRec policy at JUH 24 (58.5%) 13 (56.5%) 102 (75.0%) 0.02

Requirement to complete MedRec form existence 25 (61.0%) 12 (52.2%) 106 (77.9%) 0.03

Source of information about MedRec

During my study 3 (10.0%) 5(26.3%) 24 (20.7%) 0.32

During my training 7 (23.3%) 10 (52.6%) 22 (19.5%) 0.07

A word from a colleague 1 (3.3%) 2 (10.5%) 3 (2.7%) 0.10

During work at JUH 21 (70.0%) 8 (42.1%) 90 (79.6%) <0.001

Factors contributing to Knowledge about MedRec,
policy and requirements for the MedRec form

Education level demonstrated significant association
with the knowledge about MedRec (p = 0.01, Chi Square
test). With those holding a postgraduate degree across
profession groups being more likely to know about
MedRec for 123 (61.5%, p = 0.01, Chi Square test).
Moreover, years of practice at the JUH significantly
influenced knowledge about MedRec (p = 0.04, Mann
Whitney test); the median (IQR) was 4 (2-8) practice years
at the JUH for those who had heard about MedRec during
work at the JUH. There was also a significant association
between profession type and whether participants knew
about MedRec through work at the JUH (p < 0.001, Chi
Square test) as it can be seen Table 2.

There was only a significant association between
profession type and the knowledge of the MedRec policy
and requirements to complete a designated form. Nurses
were more likely to know about the policy. As for the

requirement to complete MedRec form upon patient
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admission, nurses were also more likely to know about
such requirement. A significant association was found too
between the knowledge of the policy and years of practice
at the JUH (p = 0.00, Mann Whitney test). The median
(IQR) was 4 (2-8) practice years at the JUH for those who
knew about MedRec policy compared to 2 (1-3). Similarly,
nurse participants and those with more years of practice at
the JUH were more likely to know about the requirements
to fill the MedRec form for each admitted patient (p value
<0.01)

Attitude toward MedRec

The median (IQR) of attitude score was 10 (9-12)
indicating supportive views across profession groups.
Figure 1 presents agreement with the MedRec attitude
statements per profession type. The median (IQR) of
attitude score for physicians was 10 (9-12), for pharmacists
9 (9-11) and for nurses 10 (10-12), p=0.42.

None of the variables significantly affected attitudes
toward MedRec.
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MedRec should be performed for all patients
upon admission

MedRec should be done at every care
transition.

‘Without full details patient’ care cannot
resumed f

Unintentional omission, duplication, or
addition may continue if no one checks
information at every care transition

Reconciliation errors might lead to severe
adverse drug effects

Reconciliation errors may increase health
resource utilization

ENurses MPharmacists M Physicians

Practice of MedRec

Table 3 presents MedRec steps performed per
profession type. The median (IQR) of MedRec practice
was 10 (8-13) representing 62.5% of the practice score.
MedRec practice scores were significantly associated with
profession type (p = 0.00, Kruskal Wallis test); The
MedRec practice score median (IQR) was 12 (8-14) for
physicians, 8 (6-9) for pharmacists, and 11 (8-13) for
nurses.

Overall, 65 (32.5%) of the participants reported that

they use only one source to verify medication history, 41

Table 3: MedRec Practice at JUH per profession type

20 40 60 80 100

(30.1%) use two sources, and the remainder reported using
three sources or more. A family member or caregiver was
the main source of information for 117 (66.8%), followed
by medications brought with patients from home for 108
(61.7%), previous discharge summary for 101 (57.7%),
and previous prescription for 71 (40.6%).

As per profession type, 22 (53.7%), 7 (30.4%), and 55
(40.4%) of the physicians, pharmacists, and nurses,
respectively, recalled identifying reconciliation errors
following a care transition in the past six months.

MedRec step Physicians Pharmacists Nurses p*
(N=41) (N=23) (N=136)
Interviewing all patients upon admission to obtain medication 34 13 (56.5%) 112 0.03
history. (82.9%) (82.4%)
Verifying medication histories from multiple sources 40 14 (60.9%) 121 0.05
(97.6%) (89.0%)
Verifying medication history with inpatient medication list 28 14 (60.9%) 109 0.05
(68.3%) (80.1%)
Discussing identified discrepancies (omission, duplication, addition) 27 15 (65.2%) o6l 0.10
with care team (65.9%) (44.9%)
Providing name and phone to be contacted in case of any question 5 (12.2%) 3 (13.0%) 22 0.63
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when patient transfers from your care

Providing a written summary on patient's admission and medication
information to share with next health care provider

Verifying discharge medications with inpatient medications upon
discharge to ensure all changes to medications are documented
Verifying discharge medications with preadmission medication
history to ensure no omissions or duplications or discontinuation

*Chi squared test

33
(80.5%)
25
(61.0%)
16
(39.0%)

Seliman M Ibrahim, et al.,,

5(21.7%)

10 (43.5%)

6 (26.1%)

(16.2%)
81
(59.6%)
70
(51.5%)
65
(47.8%)

0.01

0.07

0.34

Table 4 presents the time when each profession completed a MedRec form. Often, MedRec form was completed upon

admission.

Table 4: Completion of MedRec form

Time of completion Physicians Pharmacists Nurses Total
(N=25) (N=12) (N=106) (N=143)
Upon admission 21 (84.0%) 6 (50.0%) 96 (90.6%) 123 (86.0%)
Upon discharge 4 (16.0%) 1(8.3%) 11 (10.4%) 16 (11.2%)
Upon transfer between wards 1 (4.0%) 2 (15.4%) 16 (15.1%) 19 (13.3%)
Every time a medication changed 3 (12.0%) 1 (8.3%) 14 (13.2%) 18 (12.6%)

* As participants were allowed to choose more than one choice, total percentages may exceed 100%

Moreover, 84 (42.0%) of the participants encountered and only 18 (21.4%) believed they were rarely
reconciliation errors in the last 6 months following a care unintentional.
transition. Of them, 25 (29.8%) believed that the identified Information filled in a MedRec form per profession is
reconciliation errors were most likely unintentional, whilst presented in Table 5.

41 (48.8%) believed they were sometimes unintentional

Table 5: Information filled in MedRec form per profession type

Information in MedRec form Physicians Pharmacists Nurses
(N=25) (N=12) (N=106)

Patient details* 20 (80.0%) 6 (50.0%) 85 (80.2%)
All medications taken at home 15 (60.0%) 7 (58.3%) 72 (67.9%)
All medications taken in the hospital 16 (64.0%) 8 (66.7%) 56 (52.8%)
All medications to take home after discharge 11 (40.0%) 3 (25.0%) 44 (41.5%)
Medication generic name 14 (56.0%) 6 (50.0%) 59 (55.7%)
Medication trade name 13 (52.0%) 5 (41.7%) 64 (60.4%)
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Dose 17 (68.0%) 7 (58.3%) 78 (73.6%)
Route 15 (60.0%) 5 (41.7%) 85 (80.2%)
Frequency 17 (68.0%) 7 (58.3%) 79 (74.5%)
Start date 9 (36.0%) 2 (16.7%) 66 (62.3%)
Discontinuation date (if applicable) 8 (32.0%) 3 (25.0%) 47 (44.3%)
Known allergies 15 (60.0%) 6 (50.0%) 84 (79.2%)
Intended length of courses e.g. antibiotics 9 (36.0%) 3 (25.0%) 46 (43.4%)

* Name, date of birth, file number, etc.

Factories contributing to MedRec practice

MedRec practice scores were significantly affected by
gender (p = 0.01, Mann Whitney test); the MedRec practice
scores median (IQR) was 11 (8-14) for females compared to
10 (7-12) for males. Moreover, the educational level
significantly influenced MedRec practice scores (p = 0.01,
Kruskal Wallis test); participants with a master degree had
MedRec practice scores median (IQR) 11.5 (8-14) compared
to 10 (8-13) with a bachelor degree and 6 (4-12) with a
diploma degree. Furthermore, although the p values of the
spearman correlation analysis between MedRec practice
scores and age or MedRec practice scores and JUH practice
years were both 0.02; the spearman's coefficient between
MedRec practice scores and age or MedRec practice scores
and JUH practice years were -0.18 and -0.17, respectively.
This indicates that the correlations between MedRec practice
scores and age or MedRec practice scores and JUH practice
years are negligible.

Discussion

This study evaluated the knowledge, attitude, and practice
of the healthcare staff toward MedRec in an internationally
accredited teaching hospital. The majority of health staff
knew about MedRec, policy, and requirements for form. The
year of practice in the study site and post-graduate training
were contributed significantly better knowledge of MedRec,
policy and the hospital form. Of note, pharmacists reported
their study as the main source to know about MedRec, whilst
physicians and nurses reported work as the leading source of
information. Additionally, nurses were more likely to know

about the MedRec policy and form completion

requirements.' This might reflect high involvement of nurses
in the accreditation office. Future evaluation whether
involvement in administrative and accreditation roles might
catalyst knowledge and practice of MedRec is recommended.

In line with previous reports, 191416 there was a
MedRec

implementation is significant to patient care and safety and

consensus ~ among  participants  that
should be performed at each care transition. &8 121314 The
majority of participants agreed that the discrepancies of
unintentional omission, duplication, or addition to patient
medications might continue if no one checks patients'
information at every care transition. This outlines
importance of MedRec effective implementation to ensure
patient safety goals.'> 1 Additionally, it is vital to promote
continues training and education that promote the process
and implantation of MedRec during undergraduate and
postgraduate levels.!

Although MedRec as a process is well defined, the
practice and optimum implementation of MedRec appears
to represent a major challenge for health institutions

worldwide.* %17

18,19 We found MedRec practice moderate
in one of the leading JC accredited teaching hospitals. This
was outlined previously by other institutions.® > 1% 15These
studies outlined that full MedRec was not implemented to
most patients and the best possible medication history was
not constructed at patient admission. Additionally, patient
and therapy information were not clearly communicated or

7, 12, 17,

documented.® 18 Reasons for suboptimal

implementation of MedRec and strategies for effective
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implementation might vary across institutions.% '3 13

Therefore, standardization of MedRec practice across
organizations and health settings might not be possible.'®
19 Nonetheless, it is important to underline institutional and
human barriers and facilitators through continual meetings
and discussions between managers and practitioners on an
organization level as well as local and international levels.*

MedRec practice varied across profession groups with
physicians and nurses reporting more involvement in
MedRec steps in the study site compared to pharmacists.
This is in contrast with the accumulating evidence
underpinning most effective MedRec interventions as
those involving pharmacists and highlighting leading roles

18, BFactors

of pharmacists with MedRec steps.!>
hindering pharmacist involvement in MedRec are worth
investigation in Jordan. '» 13 18 20 Of note, 11 of
respondents to the study questionnaire we pharmacy and
nursing assistants (Diploma holders), these were seniors
and involved in similar extents of patient care to BSc staff.
This highlights variances in the staff performing MedRec
across organization and outline needs to understand better
facilitators and barriers for each profession.

Deficiencies in information completed in the MedRec
form and the less focus on therapy changes information
needs careful attention. Lack of such practice might
present a risk for unintentional discrepancies to be
continued resulting in potential patient harm and treatment
costs. & 1. 17 In addition, the MedRec forms mostly
completed upon admission and those information left un-
reconciled might be carried until discharge. Effective and
optimum implementation on the organization level
requires meetings and discussions between professions,
practitioners, and managers to ensure continuous
evaluation of the process. Thus, it is recommended for
accreditation bodies to focus on mapping the MedRec
process across organizations to ensure applicability and

feasibility.?! Onsite evaluation for accreditation renewal
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should be linked to organization compliance with active
implementation of MedRec. This requires defining
MedRec practice indicators and assessing the quality of
information sharing at every point of patient transition.

Limitations

This is a single sited study using convenient sampling
techniques. Thus, there is an inherent selection bias. The
generalizability to other settings or unaccredited facilities can
be enhanced by multi-center study design and further
statistical validation of the study tool to ensure adaptability
across organization. However, this study scoped the
perspectives of physicians, pharmacy, and nursing staff and
outlined factors associated with knowledge, attitude, and
practice of MedRec. Future studies to investigate causative
links via regression analysis between MedRec perception and

practice across health organizations are recommended.

Conclusion

Members of the medical team in an accredited teaching
hospital in Jordan knew about MedRec, its policy, and its
form. All professional groups reported supportive attitudes
toward MedRec. MedRec practice was found moderate
and mainly in the form of history taking. Therapy changes
and contact information were often not reconciled fully.
Reasons underlying the perceptions and practice across
profession groups should be investigated. Health
accreditation bodies and mangers should map MedRec

process often to ensure effective implementation .
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ABSTRACT

Pulmonary hypertension is associated with structural pulmonary vascular changes. Due to the increase in pulmonary
vascular resistance, right ventricular hypertrophy and right heart failure develop. Previous studies have shown that
pomegranate juice has anti-inflammatory and anti-proliferative effects. The purpose of this study was to determine
whether pomegranate juice intake could prevent or reverse changes in pulmonary circulation in a monocrotaline-induced
pulmonary hypertension rat model. Pulmonary hypertension module was established in Westar rats by a single
subcutaneous injection of monocrotaline (60mg/kg). Experimental groups were as follows: control, monocrotaline for 3
weeks, monocrotaline +Pomegranate juice for 3 weeks, and monocrotaline for 3 weeks followed by Pomegranate juice
for 3 weeks (n=10 per group). The pathohistological changes of pulmonary arteries, right ventricular hypertrophy caused
by monocrotaline, and pomegranate juice were analyzed. The thickness of the pulmonary arterioles and right ventricular
are reduced significantly by the intake of pomegranate juice. Giving it with monocrotaline at day zero resulted in less
thickening of pulmonary arterioles, alveolar septa, and right ventricle wall. We conclude that pomegranate juice intake

ameliorates the pulmonary vascular remodeling developed in monocrotaline-induced pulmonary hypertension.

Keywords: Monocrotaline; Pomegranate juice; Right ventricular hypertrophy; Pulmonary blood vessels.

INTRODUCTION

Pulmonary hypertension (PH) is associated with a
variety of adult and pediatric diseases, however, it is
characterized by common features, such as sustained
pulmonary vasoconstriction due to increased vascular tone
and progressive structural remodeling of pulmonary
arteries (1). Patients with severe PH have combinations of
small pulmonary arteries adventitial and medial
thickening, occlusive intimal lesions, and obliterating
thrombotic and plexiform lesions (2). Pulmonary

hypertension follows a progressive and fatal course due to

Received on 8/3/2021 and Accepted for Publication on
21/5/2021.

the development of right ventricular (RV) dysfunction and
failure (3). Several models have been developed and
extensively studied over the years, yet the most commonly
used animal models are rodents exposed to either hypoxia
or monocrotaline (4). Monocrotaline (MCT), an organic
alkaloid extract of the plant Crotalaria Spectabilis, induces
mild-moderate increases in pulmonary arterial pressure
(30-40 mmHg), most prominently 3-4 weeks after
injection (5). Pulmonary vascular remodeling is more
severe than that found in chronic hypoxia-exposed rats,
however the more complex occlusive concentric laminar
and plexiform lesions are lacking (6).

The high mortality in PH patients necessitates an in-

depth evaluation of the available treatments. In 2007,
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Macchia and colleagues performed an extensive meta-
analysis of clinical trials on PH, which revealed a
statistically insignificant 30% reduction in mortality in
patients receiving experimental treatments (7). The same
group showed in 2010 that the “pooled” effect of all
treatments had a significant 39% reduction in “all-cause”
mortality, although no class of drugs, per se, produced a
statistically significant reduction (8). These disappointing
results reveal the inadequacy of the current treatments of
PH, which, in turn, mandates more effort in finding new,
more effective drugs and a wider range of therapeutic
options.

Although there is general agreement on at least three
components of PH pathogenesis: sustained pulmonary
vasoconstriction, progressive structural remodeling and
occlusion of small pulmonary arteries and arterioles, and
in-situ thrombosis, the relative contribution, chronology,
and triggers of these processes have not yet been
elucidated (9). Patients with severe PH have combinations
of small pulmonary artery medial wall thickening, and
occlusive concentric neointimal and plexiform lesions
(10). Such complex pathology probably reflects the
multifactorial nature of PH, which means several signaling
pathways are aberrant in the process. At present time and
despite the development of many drugs, there is no single
fully effective therapy (11). Given the history of poor
patient compliance for using multiple drugs for the same
problem, it is logical to start evaluating multifunctional
compounds that can, in theory, achieve the same results as
a combination of drugs.

Pomegranate fruit has been used as a medicinal
substance by ancient civilizations such as Greeks and
Egyptians (12). Pomegranate juice (POM) is rich in
polyphenols like punicalagin which is the main
phytochemical ingredient of POM, which has many
pharmacological properties due to its high antioxidant
punicalagin (13). The antioxidant activities of POM are
three times more than those found in red wine and green

tea (14). The hemodynamic indicators, like PH and right
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ventricular hypertrophy, in hypoxia-induced PH in rats
were improved by treatment with punicalagin (15). Other
polyphenols like tannins and flavonoids are also found in
POM, both of which have high antioxidant and anti-
inflammatory activities. The oxidative stress was
attenuated in mice and humans by intake of POM (16).
POM juice supplementation reduces the size of
atherosclerotic lesion by 44% and decreases foam cells
number in apolipoprotein E- deficient mice. Also,
Pomegranate juice has anti-proliferative effects (17) which
could be attributed to its free radical scavenging properties.
The anti-inflammatory properties of POM are through its
inhibitory effect on some enzymes with relevant
pharmacological properties like cyclooxygenase 2 which
is needed for the synthesis of prostaglandin and
leukotrienes (18). The anti-proliferative (17) and
vasodilatory effects (19) of POM are also documented.
Such a multifactorial nature of pomegranate makes it an
attractive therapeutic target for disease states characterized
by heterogeneous and complex pathogenic mechanisms
like PH.

Based on the aforementioned background, we propose
to test the benefits of POM by virtue of the antioxidant,
anti-inflammatory, and vasorelaxation activities of its
components in improving or preventing some features of
PH and RV dysfunction/failure that are induced
experimentally in a rat model of pulmonary hypertension
and right ventricular hypertrophy induced by MCT. The
results of this work will hopefully broaden our
understanding of the PH through studying the effects of
pomegranate extract on the animal model of PH.
Moreover, confirmation of our working hypothesis may
provide a novel mechanistic foundation for an effective,
economical, and safe oral therapeutic approach for PH.

Materials and Methods:

Experimental procedures

All animal experimental protocols were reviewed and
approved by the Jordan University of Science and

Technology animal care and use committee (ACUC,
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approval no. 2016/0315). Animals were treated in
accordance with guidelines from the Care and Use of
Laboratory Animals (8th edition, National Academies
Press) and all procedures were confirmed to adhere to the
mentioned guidelines by the ACUC. The experiments
were performed on 40 male Sprague—Dawley rats (200-
250 g) obtained from the university animal house. The rats
were randomly divided into four groups (no=10 in each
group) (Fig 1): the control group received a subcutaneous
(SC) injection of normal saline, the Monocrotaline group
(MCT) received a single SC injection of 60 mg/Kg to
induce PH as published elsewhere (20), the prevention
group (MCT + POM) received single SC injection of 60
mg/Kg on day one and pomegranate juice for 3 weeks, and
finally the reversibility group (MCT/POM) received a
single SC injection of 60 mg/Kg on day one and received
pomegranate juice on day 21 to day 42 after injection of
MCT. Since moncrotaline is metabolized in the liver and
in higher doses more than 60 mg/kg could result in
significant liver failure, we chose this does to induce
pulmonary vascular disease with little non-pulmonary

damage over 3 weeks.

Lung and Heart Tissue Preparation

Rat lungs and heart were resected via an open-chest
procedure and washed in phosphate-buffered saline to
remove blood. For each harvested heart, the RV free wall
was quickly and carefully separated from the LV and intra-
ventricular septum, and both parts were weighed. Fulton's
index was calculated by dividing the RV weight by LV
weight plus the septum weight (RV/LV+S) for the
evaluation of RV hypertrophy. The right hilum was
ligated, and the left lung was fixed for histology by
tracheal instillation of a mixture of 1% formalin and 0.5%
agarose under constant pressure (20 cm H,O). The inflated
lung was immersed in 10% formalin. Paraffin sections (5-
um thick) were obtained and stained with hematoxylin and
eosin or anti-o-smooth muscle actin antibodies for

immunohistochemical study.

Histomorphometric  Analysis of Pulmonary
Vascular Remodeling

Slides were analyzed using a light microscope by one
of the authors in a blinded manner (OR). The microscopic
images of intra-alveolar arteries with a diameter of 100-
200 pm were analyzed. The luminal and total cross-
sectional area of each examined vessel was obtained using
a computerized morphometric program. From the
previously mentioned values, the wall thickness was
extrapolated. Wall thickness ratio (WT%) of pulmonary
arterioles was determined from each animal (average of 15
vessels). WT% was calculated as the area occupied by the
vessel wall divided by the total cross-sectional area of the
arteriole. The tunica media (smooth muscle layer) of the
blood vessel was visualized in anti-o-smooth muscle actin-
stained slides, as it is an authentic marker for the medial
layer.

Statistical Analyses

All values are expressed as mean =+ standard deviation
from the mean (SD). One-way analysis of variance
(ANOVA) was used to determine the significance of
differences between different groups and the significance
of interactions between groups was determined by Tukey's
post-hoc tests. P-values less than 0.05 were considered
significant. Analyses were performed using Graph Pad
Prism, version 8.

Results

Pulmonary Arterial Wall Thickness

Pulmonary arterial wall thickness % was significantly
increased in the MCT group to 0.44 + 0.03 % versus 0.22
+ 0.09 % in control group (P < 0.05) (Fig.2). With POM
administration on the same day of MCT injection, the
arterial wall thickness% had decreased to 0.35 £ 0.07 % (P
< 0.05 vs MCT group). Giving POM 3 weeks after MCT
injection did not prevent the increase in the thickness of
the pulmonary arteriolar wall induced by MCT, the arterial
wall thickness % was 0.42 + 0.09 % which is not
significantly different from the MCT group (Fig.2).
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The increase in pulmonary arterial wall thickness (Fig.3)
observed in the MCT group represents arterial tunica medial
hypertrophy in these rats (Fig.4), which was prevented
largely by the administration of POM at day zero.

Pulmonary alveolar septum thickness:

Pulmonary alveolar septum thickness was increased in the
MCT group compared with the control group (Fig.5). With
POM administration concurrently with MCT or after 3 weeks
following administration of MCT, the alveolar septum
thickness was decreased compared with the MCT group.

Ventricular hypertrophy assessment

RV Hypertrophy was estimated by changes in RV
weight divided by LV+S weight ratio (Fulton index)
(Fig.6) and examination of the ventricular wall thicknesses
using H&E stained slides of the cross-sections of the heart
taken 2 mm below the atrioventricular junction (Fig.7).
The ratio was almost doubled by MCT treatment compared
with the control group (0.22 + 0.026 % versus 0.44 + 0.09
% in the MCT group) and this was obvious in the cross-
section of the heart. Administration of POM on the first
day of MCT treatment succeeded in bringing down the
ratio significantly (0.35 = 0.07 % versus 0.44 + 0.09 % in
the MCT group). Administration of POM after three weeks
of MCT administration failed to reduce the ratio
significantly (0.42 + 0.09 % in MCT and then POM group
versus 0.44 +0.09 % in the MCT group). Body weight was
significantly decreased in MCT group at 3 weeks
compared to before administration of monocrotaline (190g
+11.5vs231g+ 13.3, P <0.05). Also, it was significantly
reduced in MCT/POM group at six weeks compared to
before administration of the moncrotaline (183g + 11.5 vs
229g + 13.3, P < 0.05).

Discussion:
Pulmonary hypertension is a fatal disease affecting
mostly young people. It is associated with structural

vascular changes in the pulmonary vessels. Concomitantly
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and due to the increase in the pulmonary vascular
resistance, right ventricular hypertrophy and right heart
failure develop. The burden of this disease is increasing
worldwide with the lack of sufficient treatments and
pharmacological options to be considered (7,8).
Fortunately, animal models of pulmonary hypertension
can be induced by different methods and the changes
shown in these models are comparable to those changes
seen in humans (4, 5, 6). In this study, we investigated
whether the structural changes in pulmonary arteries and
arterioles and right ventricle hypertrophy in the rat
monocrotaline model can be prevented or reversed by
POM. Previous studies have shown pulmonary vessel
remodeling in MCT-treated rats and ends in the
development of PH (21). Severe PH developed in MCT-
injected rats within 3 weeks where the right ventricle
systolic pressure is almost doubled and the RV/LV+S ratio
increases by 70% compared with control animals (22).
Thus, we used this rat MCT-PH model to study the
changes seen in the lungs and the heart.

In the rat MCT-PH model that we used, we did not
notice any plexiform-like lesion or concentric neointimal
lesion that is usually seen in patients with severe PH or the
SUGEN/hypoxia-induced experimental severe HP (23).
Although this model does not exactly mimic the
pathophysiology and pulmonary arteriopathy of human
PH, many hallmarks of this disease can be seen in this
model like the thickening of blood vessels wall and right
ventricular hypertrophy. Moreover, the severity of
arterioles remodeling in this model is higher than the other
models and can serve as a good tool in screening and
investigating the pharmacological effects of potential
drugs on the PH (6). Rat model of PH induced by
monocrotaline is superior to mice model since it showed
significant increase in pulmonary pressure, right
ventricular hypertrophy and remodeling of pulmonary
arteries (24). Nevertheless, Rat MCT model of PH has
some limitation like the lack of certain vascular

pathological lesion seen in human (23). Compared with
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other model of PH used in research like chronic hypoxia
and hypoxia combined with Sugen-5416, MCT rat model
of PH is reproducible and inexpensive, and does not
require meticulous technical skills (25).

In agreement with that, our study focused on the effects
of POM intake on the parameters we studied. We have
shown that giving POM from day 1 after the MCT
injection and for 3 weeks significantly prevented the
pulmonary vascular remodeling caused by MCT and
improved the pathohistological picture of the lungs. The
thickening of the blood vessels walls and the widening of
the tunica media of pulmonary arteries were decreased
significantly by the intake of the POM juice. As well, the
thickening of the alveolar walls was improved. This later
improvement in the lungs histopathology was reflected on
the right ventricle where the Fulton index, a parameter for
the degree of right ventricle hypertrophy, was reduced
significantly.

On the other hand, giving POM after the establishment
of the PH (3 weeks after the MCT injection) for the same
period of 21 days (from day 21 to day 42) was not
accompanied by a significant improvement in the lungs’
histology or the right ventricular hypertrophy. This is
possibly due to the establishment of the structural changes
(pulmonary vascular remodeling) that have been already
formed and reached an irreversible stage (fixed
components of PH), and therefore, POM was not able to
affect this remodeling process. However, giving POM to
those animals with irreversible remodeling was able to
improve their survival rate where all rats in this group
survived. In agreement with that, a previous study using
the same model of HP showed that all rats without
treatment have died by day 30, due to right ventricular
failure, after 60 mg/kg MCT injection (26). It seems that
POM administration halts or slows the progress of PH
caused by the MCT (although may not reach a statistically
significant difference) or POM may possess or enhance
some other cardiac protective properties that are not
necessarily directly related to the PH pathology (27).

Moreover, this protective effects of POM could be due to
the improvement in some of the hemodynamic indicators
of the pulmonary circulation by punicalagin, the main
phytochemicals found in POM, which causes
vasodilatation through enhancement of NO-cGMP
pathway in the pulmonary vascular tree (15). In addition,
many pieces of evidence from human studies showed the
advantageous effects of POM on the inflammation, blood
circulation, muscular damage, reducing exhaustion,
vasoprotective mechanisms, and the circulation levels of
active blood components (28).

As previously mentioned, accumulating data shows
that pomegranate has many beneficial effects on human
health, and the interest in pomegranate and its health
properties have been greatly increased. Pomegranate juice
is rich in polyphenols like tannins and flavonoids where
both have high antioxidant and anti-inflammatory
activities (14, 29). Moreover, several researchers have
shown that pomegranate has the highest antioxidant
activities compared with other juices (14). xAlso, in vitro
studies using cultured vascular endothelial cells found that
POM has many effects on nitric oxide (NO) levels which
acts as a potent vasodilator. POM causes more expression
of endothelial nitric oxide synthase (30), protection the
generated NO against oxidative destruction by superoxide
anions (31) and reverts down-regulation of the expression
of eNOS (32). All these effects of POM may lead to
increased bioavailability of NO in lung tissues. One of the
main factors implicated in the pathophysiology of PH is
the imbalance between vasoconstriction and vasodilatation
of the pulmonary vascular tree, and therefore the benefit of
POM was possibly restoration of this balance by
increasing bioavailability of NO. The improvement in the
lung histology by POM could also be attributed to the
inhibitory effect of NO on vascular smooth muscle cell
proliferation (31). This was documented in animal studies
where POM intake decelerated the progression of
atherosclerosis in mice (33) and pigs, and it could reduce
coronary  endothelial

dysfunction  induced by
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hyperlipidemia (29). In humans, it attenuates the platelet
aggregation by reduction of thromboxane A2 production
and hydrogen peroxide production (34). All these
mechanisms may contribute to the direct or indirect effect
of POM in reducing vascular and right ventricular
remodeling and in prolonging the survival rates of treated
animals.

The results of this work will hopefully broaden our
understanding of the pathophysiology of pulmonary
hypertension (PH) disease through the segregated analysis
of the effects of pomegranate extract on a rat model of
monocrotaline-induced PH. As well, it may pave the way

for more useful utilization of the pomegranate extracts in

NS

—
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the treatment of PH. Confirmation of our working
hypothesis may provide a novel mechanistic foundation
for an effective, economical, and safe oral therapeutic
approach for PH.
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§ MCT alone

MCT+POM

MCT

Figure 1: A diagram for the experimental protocol: male rats were injected (SC) with monocrotaline (MCT) or normal
saline (PBS) on Day 0. The thick horizontal lines represent the study period for each experimental group. On Day 21,
animals were either killed (control, MCT, and MCT+POM), or the MCT/POM group received POM only from Day 21 to
Day 42.

-234 -



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 2, 2021

0.3~
== e S
o 0.2- e,
= e —
— =
= .
2 o
= S
= :
< KN &
@_CJ «:ﬁo éﬂo
<~ 55
Q_‘Q'
<,
&

Figure 2: Pulmonary artery thickness% was increased significantly (P < 0.05) by all treated groups (MCT, MCT+POM,
and MCT then POM). MCT+POM decreased significantly (P < 0.05) the thickness compared with MCT groups but MCT
then POM treatment did not decrease the thickness compared with the MCT group.
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Figure 3: Representative images of H&E staining of the pulmonary arteries. The original magnification of the images was %100
a. control, b. 21 Days after challenge in MCT, ¢. 21 Days after challenge in MCT and POM, d. 21 Days after challenge in
MCT and then another 21 days with POM. Monocrotaline-treated animals ( b) exhibit pulmonary vascular media
hypertrophy and mononuclear cell infiltration compared with control animals (a).
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Figure 4: Immunoperoxidase labeling of pulmonary arterioles stained with anti— o smooth muscle actin antibody (brown)

A-D representative images of paraffin sections of pulmonary arterioles stained with anti-o smooth muscle actin antibody
Control (A), MCT (B), MCT+POM (C) and MCT then POM (D).

Figure 5: Pulmonary alveolar septum thickness: H&E staining of lung sections in Control (A), MCT alone (B),

MCT+POM (C), and MCT then POM (D). The alveolar wall is thickened in the MCT group and this thickening was
ameliorated partly in the MCT+POM group.
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Figure 6: Measurement of the right ventricular hypertrophy: RV hypertrophy, which was measured by Fulton index
[RV/(LV + S)] of control, MCT 60 mg/kg, MCT + POM and MCT for three weeks then POM for another three weeks.
All treated groups (MCT, MCT+POM and MCT then POM) significantly (P < 0.05) increased RV/ (LV + S) compared

control group. RV/ (LV + S) is decreased significantly (P < 0.05) by MCT+POM treatment compared with the MCT
group while MCT then POM is not significantly different from the MCT group.

Figure 7: Hematoxylin-eosin staining for heart cross-sections in male rats. Control (a), MCT (b), MCT plus POM (c)
MCT and then POM (d).
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