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Stay Protected, Stay Safe in the Cradle of Nature

On behalf of Bioscience Biotechnology Research Communications we falter at words to express our deep
sense of solitude and grief on the catastrophic events of the world wide pandemic, spanning over a year
now, with no signs of relief. We pray to Almighty to give us the strength to bear this universal calamity
and come up with long lasting fortitude to eradicate it soon.

Bioscience Biotechnology Research Communications is an open-access international platform for publication
of original research articles, exciting meta-reviews, case histories, novel perspectives and opinions in
applied areas of biomedical sciences. It aims to promote global scientific research and development, via
interactive and productive communications in these areas.

The journal in a short span of time, has become a favorite among biologists and biomedical experts in
the Asia-Pacific region and wider international scientific community, because of its standard and timely
schedule of publication. It has been able to help scholars to present their cherished fruits of research grown
on toiled and tilled trees of hard work in life sciences. Being the single publication of a non-profit Society
for Science and Nature, Bhopal India, since 2008, Biosc Biotech Res Comm strongly believes in maintaining
high standards of ethical and quality publication. The journal strictly adheres to the guidelines described
in the Principles of Transparency and Best Practice in Scholarly Publishing,.

On behalf of Biosc. Biotech. Res.Comm. its my privilege to thank its reverend readers, contributors,
reviewers and well-wishers who have helped it to achieve the distinction of entering the 14th year of
successful publication, carving a niche of its own.

Quality publication is one of the ways to keep science alive, and good journals have a leading role to
play in shaping science for humanity! As teachers, we have great responsibilities, we have to advocate
our students to accomplish and show them the path to test their mettle in hard times to excel, especially
in the post COVID 19 era. Science and its advocates will rise to the occasion and will soon provide succor
to the already grief stricken humanity.

We have to fuel our science students with a never say die attitude to let humanity survive!
Amicably yours

Sharique A. Ali, PhD
Editor-in-Chief
Bioscience Biotechnology
Research Communication

Journals Website: https://www.bbrc.in
Editors Website: http://www.drsharigali.com
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At the outset, on behalf of the editorial team, we falter at
words to express our deep sense of solitude and grief on the
catastrophic events of the world-wide pandemic. Millions of
precious lives have been lost, maiming a larger grim number,
with no signs of relief since the last two years. We pray to the
Almighty, to give us the strength to bear this universal calamity
and come up with long lasting fortitude to eradicate it soon.

As all pandemics in the past have shown signs of wearing off
in due course of time, we expect and pray that the COVID-
19 will also wane, if not disappear totally. Since the virus
is asymptomatic, and has the capability to cross barriers of
animal and human species, it will not be reasonable to label
its death so soon. We will have to live with it, at least for a few
years, till our immune systems acclimatize the emerging viral
mutations, as nothing but bouts of colds and flus. Science and
Technology has the power to do it, and God willing, soon this
great news will greet us.

The preceding year has been much brighter than its predecessor,
we have seen a surge of scientific response beyond comparison
by any means. Since the beginning of the pandemic till 2021,
we have seen unprecedented scientific innovations, researches
and developments. As many as 26 efective vaccines are in use,
and several hundred in the pipeline, these outstanding fast
track developments have made it a year of vaccines, chasing
the equally populous mutations, beta, the delta and now the
omicron, trying to have a date with almost every one of us. The
Lancet in its 18th December 2021 editorial, for all its peaks
and troughs, has rightly heralded it as a year of extraordinary
COVID-19 science, (The Lancet, 18th Dec 2021).
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Biosc.Biotech. Res. Comm. is in the 15" year of successful
publication, and it has been indeed a privilege for us to be
associated with it. The journal amidst the waves of pandemic,
since its issue of Jan-Feb-March (2020), has also published
several interesting articles on various aspects of COVID-2019
since the dawn of the viral onslaught.

Alarge number of well written contributions were received from
distinguished authors, few to be mentioned here: Miraj (2020)
described the Coronavirus Disease-2019 and its Public Health
Challenges and Preparedness, an interesting write up, which
has figured in WHOSs data-base on COVID 19 Literature. Miraj
(2020) stressed on how to be prepared for such catastrophic
events at all times and especially for huge country populations,
where it is necessary for the respective governments to
allocate special funds for such crisis management. This must
be without the maladies and stigma of corruption, dishonesty,
procrastination and irresponsibility, which are new obstacles
in saving humanity. She focused on the fact that if we have to
protect ourselves,it will be the out-of-pocket expenses, which
as usual will give succor from such health-related emergencies,
including the recent pandemic. Global collaboration devoid of
politics, seems to be another plausible solution to repair the
world’s biggest damage. There is no dearth of funds for the
humanity, but effective management is, (Miraj 2020).

Yunus (2020) showed a significant growing attention on the
topics of novel coronavirus outbreak (COVID-19) by way of
large number of internatioinal publications on the pandemic.
Her analysis showed that, authors from USAand China are more
active than other countries, followed by England, Italy, Canada
and India. The number of publications on novel coronavirus
(COVID-19) increased rapidly in April-May, 2020 as the
threatening disease spread throughout the world. The analysis
also revealed information on the best keywords used, co-
authorships, co-occurrence, citations and the journals, among



others. The study has included number of publications on
novel coronavirus from around the world along with keyword
analyses, co-authorship analyses, co-occurrence, and citation
analyses. The analysis has also recognized the best writers and
journals in the field, and itnicely attempted to determine the
future proposals for monitoring such vital areas of research.

John (2020) highlighted how the virus staggered the public
health aspect of human life. With its far-reaching repercussions
having overwhelmed the health care systems due to increased
demand and grave under-preparedness, how the pandemic
disrupted the global economy causing millions of enterprises
to face an existential threat. The article summarized a careful
review of literature focusing on how the pandemic has
impacted public health, hindered health care delivery and
imposed new behavioral and business mandates upon us in the
future. As the tragic scenario unfolds, it has become imperative
for agencies and stakeholders, worldwide to come forward and
take initiatives to restore the health systems and formulate
well-thought-out and inclusive strategies.

Alshrari (2020) reported about the preparedness in containment
of Coronavirus Disease-19 in the African Continent, observing
that most infection spread is attributed to improper hygiene
/ protective measures, for example, hand washing and social
distancing. Accordingly, the large-scale advertisement and
conduction of the COVID-19 educational programs are
highly recommended. The African countries lack appropriate
numbers of biosafety levels, 3 and 4 research facilities, trained
personnel / emergency units, and funding resources to combat
COVID-19 and, similar pandemics. It is advisable to build up
more biosafety research facilities, trained emergency response
units, isolation units, and substantial funding agencies in every
African country with clear rules to combat outbreaks like the
COVID-19. The African countries may also ask support from
other countries with successful experience against COVID-19.
The implementation of the suggested strategies will be helpful
to African countries against COVID-19.

Similarly, Das (2020) described how human existence in this
pandemic situation reminds mankind of early preparedness and
speculation of the invisible threat beforehand which needs an
attention over improving daily behavioral practices, health care
facilities and insurances, economic alternatives and boosting of
science and technology in the field of research and medicine.
Various insights such as online education, working from home,
adequate importance for research and scientific temperament,
behavioral changes in terms of social distancing, frequently
washing hand, change and greeting habits, rejuvenation of
ecology and environment becomes a positive factor for a new
normal in today’s tragic times.

Another article of Swaminathan (2021) mentioned the
environmental effects particularly, on air and water by assessing
the conditions before and after the outbreak of the pandemic
COVID-19. The study showed that the purity of air and water
improved during the pandemic period when compared with

the period before the outbreak of COVID-19 virus. As, waste
generated from self-quarantine houses, hospitals and self-
hygiene practices followed by people posed an enormous
effect on waste management sector, its effective disposal along
with municipal solid waste has created a warning to people for
effective handling of the waste and the environment. Based on
the environmental analysis performed on air, water and waste
management, solid guidelines have been provided in treating
the waste. This paper recommended the need for improving
the waste-treatment using better methodologies in developing
countries and the significance of related policy framework
to face such pandemics in future. Indeed it is the sanitary
condition which plays a big role in any disease containment.

On an endnote, we in these two years had a hard time handling
a large number of good manuscripts, regretfully many of them
had to be returned, owing to space and priorities. A ‘big thank
you’ to all of our reviewers who with their magnanimous
co-operation and help, carried out their job so efficiently, we
are immensely grateful to them. Last, but not the least, our
valuable readers, contributors and of course the indexing
agencies, need a word of appreciation for their consideration
of the journal, to enable it carve a niche of its own, despite
the odds. We got listed in the Journal Citation Reports (2021)
(JCR, 2021) as a Q4 publication of Web of Science, Clarivate
Analytics, USA.
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Access to dental care in Saudi Arabia is a challenge due to the lack of proper distribution of the dental workforce. Teledentistry is the
field of dentistry that helps to receive and provide dental service remotely using digital platforms. It can facilitate access to dental
care, especially in underserved regions. The implication of teledentistry needs to address the concerns of dental professionals to ensure
effective teledentistry application in dental practice. This review aimed to explore the literature about the perception, awareness, and
knowledge of dental professionals about teledentistry in Saudi Arabia. Peer-reviewed literature was searched in databases including
Web of Science, Scopus, PubMed, and Google Scholar with no time limits using the keywords: “Teledentistry”, “Dental Telemedicine”,
“Saudi Arabia”, “Perception”, “Knowledge”, “Awareness”. We identified 7 relevant studies. All of them were after the breakthrough of
the COVID-19 pandemic. Two studies targeted all dental professionals while another two studies investigated the dentists. Undergraduate
dental students were investigated by one study as well as postgraduates. One study focused on both undergraduate and postgraduate
dental students. Our review found that the perception, knowledge, awareness, and attitude of Saudi dental professionals are positive.
Many studies pointed out that the dental professionals in Saudi Arabia are practicing teledentistry and are open to learn and get more
knowledge about it. Teledentistry got more attention during the post-COVID19 time by Saudi dental professionals. Structured and

sustainable models and education pogroms are recommended to utilize the benefits of teledentistry in Saudi Arabia.

TELEDENTISTRY, SAUDI ARABIA, PERCEPTION, KNOWLEDGE, AWARENESS REVIEW.

Lack of access to dental care and regular oral health
surveillance are the most common barriers to have dental
health (Morgano et al., 2010) (Almutlagah et al., 2018).
Access to dental care is highly affected by the presence
of dental professionals who are lacking especially in rural
and disadvantaged areas (AlShammery, 2016) (Alabdullah
et al., 2020). The problem of difficult access to dental care
has been aggravated during the COVID-19 pandemic due
to the shutdown of dental clinics and the protocols of the
physical distancing (Falahchai et al., 2020).

Jannadi et al. (2008) reported that the healthcare system in
Saudi Arabia has workforce distribution challenges (Jannadi
et al., 2008). Recently, the Saudi healthcare system has
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undergone rapid expansion. But providing high-quality
services is faced by range of complex challenges such as
workforce planning, sustainability, healthcare professionals
training, changing demographic and disease patterns.
Moreover, in the past decade, Saudi Arabia has shown a
boom in dental education. The number of dental schools
has grown from four dental schools in 2005 to 24 dental
schools in 2015.

However, there is a skewed distribution of the dental
workforce because of the vast geographic extent of the
country, which makes the proper distribution and utilization
of dental labor critical (AlBaker et al., 2017). The increasing
population of the country and shortage of local dentists
justify the need for this increased workforce need and
necessitate looking for alternative ways to overcome the
shortage of dental professionals that are associated with
the increased demand for dental care. Due to the lack of
dental specialists and consultants in the rural and border
areas, this workforce must be utilized most effectively and
efficiently possible.



Wanchek and Rephann assessed the effect of the presence of
a dental school in a rural area on the access to dental care by
people living there. They found that the initiation of a new
dental school in every rural area is not cost-effective and
recommended more effective alternatives. They suggested
the inclusion of virtual dental clinics to improve oral health
in rural areas (Wanchek and Rephann, 2013).

Teledentistry is the field of dentistry that helps to receive
and provide dental service remotely using digital platforms.
Its development began with the US Army which conducted
the first study at Fort Gordon, Georgia in July 1994 (Rocca
etal., 1999). The introduction of teledentistry to the dental
practice was suggested to help the utilization of the time
and efforts of the specialists and consultants (AlShammery,
2016) (AlBaker et al., 2017). (Eraso et al., 1996). It showed
a useful alternative cost-effective approach to increase
access to dental services. Irving et al. in 2017 found that the
teledentistry framework has a positive effect on the delivery
and sustainability of dental care (Irving et al., 2018).

Moreover, Torres-Pereira et al. examined the feasibility
of emailing the clinical images to diagnose oral diseases
remotely. They found this process helped the primary
healthcare providers in rural areas where specialists are not
available (Torres-Pereira et al., 2008) (Torres-Pereira et al.,
2013). Based on the increase in cloud services, Estai et al.
(2016) established a cloud-based teledentistry system that
helps to increase access to dental care (Estai et al., 2016).
In Saudi Arabia, although teledentistry is practiced daily,
especially with the spread of COVID-19, via different
approaches however the literature showed no established
projects dedicated to teledentistry applications (Alawwad
et al., 2019) (Aboalshamat, 2020).

Dental professionals can provide these tele-dental
services from different situations such as undergraduates,
postgraduates, board residents, general dentists, and
consultants. Therefore, it is important to know the current
state regarding the perception and knowledge of all these
dental professionals about teledentistry application before
attempting to establish teledentistry projects. Different
studies investigated awareness, perception, and knowledge
of teledentistry, and each was with a different type of
dental professional. Therefore, there is a need to collect
the whole picture of all different dental professionals. This
review aimed to explore the literature about the perception,
awareness, and knowledge of all dental professionals about
teledentistry in Saudi Arabia.

Peer-reviewed literature was searched in databases including
Web of Science, Scopus, PubMed, and Google Scholar with
no time limits using the keywords: “Teledentistry”, “dental
telemedicine”, “Saudi Arabia”, “Perception”, “Knowledge”,
“Awareness”.

There were seven relevant studies published between 2019

and 2021. Two studies targeted all dental professionals while
another two studies investigated the dentists. Undergraduate
dental students were investigated by one study as well as
postgraduates. One study focused on both undergraduate
and postgraduate dental students (Table 1).

Perception, awareness of teledentistry among dentists:
Alawwad et al. (2019) conducted a cross-sectional study
among dentists in Abha, Saudi Arabia to assess their
knowledge and awareness regarding teledentistry. They
found that 66% of them were not familiar with teledentistry.
Interestingly, more than half of the participants were willing
to practice teledentistry after it has been explained to them.
Moreover, around 48% of the dental professionals answered,
yes, when they were asked if they thought teledentistry
would help in health education. The study concluded that
the level of knowledge among the participants was low
while attitude towards it was good which in accordance
with dental professionals perception and knowledge from
Rwanda and Pakistan (Latif et al., 2016) (Murererehe et al.,
2017) (Alawwad et al., 2019) (Abbas et al., 2020).

Al-Kalifah and AlSheikh asked the Saudi dental professionals
regarding their beliefs about the usefulness of teledentistry
for the patients as well as the dental practice. They also
explored their perception of the potential and any concerns
about teledentistry. The authors found that 70% of the
participants are strongly believing that teledentistry would
improve dental practice. Therefore, they concluded that
the Saudi dental professionals are ready to participate in
teledentistry projects which are different from the Brazilian
dentists who showed inadequate preparedness to implement
teledentistry (Al-Khalifa and AlSheikh, 2020) (Raucci-Neto
etal., 2021)

Another cross-sectional study examined the perception
of teledentistry among a convenient sample of Saudi
dentists between January and December 2017 (Alsharif
and Al-harbi, 2020). They used the Teledentistry Survey
which is a questionnaire developed by Mandall et al.
(2005) for assessing dental practitioners’ self-perceptions
of teledentistry. It measures the teledentistry perception
by asking about efficiency in patient care, cost reduction,
capabilities for improving practice, and security and
confidentiality (Mandall et al., 2005). Results of Alsharif
and Al-harbi showed that 65% agreed that it could shorten
waiting lists. Moreover, half of the participants could see
teledentistry reducing the potential cost of dental care
(Alsharif and Al-harbi, 2020). This contrasts with the
perception of dentists from the UK who questioned the
effect of teledentistry in terms of the dental care cost and
the time of dental visits (Benson, 2005).

More recently, Almazrooa and her colleagues explored
the benefits and concerns of Saudi dentists regarding
teledentistry. Through a validated 40-item questionnaire,
they investigated 148 dentists from different specialties.
Remarkably, eighty percent were confident about the
positive impact of teledentistry on their daily dental
practice. They found that half of the participants had a
previous clinical experience with teledentistry. Of those
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who practiced teledentistry before, around 74 % were using
their smartphones to take clinical photographs (Almazrooa
et al., 2021).

On the other hand, Zahara et al. found that 80% of their
Pakistani dentists' sample never used teledentistry although

AlShaya et al.,

they were believing in its benefits and applicability
especially during the COVID-19 pandemic (Zahra et
al., 2020). Almzrooa and her team recommended that a
nationwide educational program be implemented to enhance
the awareness about teledentistry among Saudi dental
practitioners since teledentistry has the potential to improve
the diagnostic dental service (Almazrooa et al., 2021).

Table 1. Perception, Awareness, and Knowledge of Dental Professionals About Teledentistry in Saudi Arabia

Author, Year Participants Outcomes Results Recommendations
Alawwad Dental Knowledge Low 1- Structured education
etal 2019 programs and courses.
Professionals 2- Central government
legislation of teledentistry.
Al-Khalifa Dental Perception of 70% agree or 1- Further investigation
and AlSheikh 2020 | Professionals usefulness of strongly agree of the teledentistry models is
the teledentistry needed to understand more.
Perception of the 60 % uncertain 2— Educate dentists and
capability of the with technical the public on teledentistry
teledentistry to reliability, privacy, and its potential.
improve practice | and diagnostic accuracy.
Alsharif and Dentists Attitude Good 1- make evidence-based
Al-harbi 2020 policy decisions.
2- Further research to examine
patients’ acceptance of
teledentistry.
Almazrooa Dentists Experience 50% of the participants Development of national
et al. 2020 had experience programs to educate the
Attitude 83% believe it can public and promote
improve daily teledentistry among
dental practice dental practitioners
Experience 70.5% never used are warranted.
teledentistry before the
COVID-19 pandemic
Nishath et al 2020 | Undergraduates Knowledge 33.3 % were aware Implement of
and Postgraduate that teledentistry teledentistry-related
Dental Students is practiced in continuous dental
Saudi Arabia education programs and
Attitude Above 75% have workshops in the dental
interest in schools of Saudi Arabia
teledentistry training
Khalid T. Undergraduates Knowledge Low 1- Greater efforts are needed to
Aboalshamat 2020 educate dental students on teledentistry
2- There are barriers to teledentistry
that need to be addressed
Dental Attitude Acceptable
AlAssad Students
etal. 2021 Postgraduate Awareness 69% were aware 1-Further awareness
Dental Experience of teledentistry among postgraduate dental students
Students 70.5% never used in Saudi Arabia should be encouraged.

teledentistry before

the COVID-19 pandemic

2- Conducting continuous
dental education programs
and awareness campaigns.
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Perception, awareness of teledentistry among dental
students: At the time of the COVID-19 pandemic,
Aboalshamat et al. investigated, through a validated self-
reported questionnaire, the knowledge, attitudes, practices,
and barriers to teledentistry use among dental students.
Only 17% of the participants were familiar with the term
“teledentistry”. However, when it was explained to them,
more than 65% stated that they would like to practice
teledentistry and about 70% thought that the adoption
of teledentistry is compatible with the national Saudi
Vision 2030 (Council of Economic and Development
Affairs, 2016). The perception of these students is similar
to what George et al found where younger Indian dental
professionals are more positive about teledentistry than
older dentists (George et al., 2021). Aboalshamat et al.
pointed out that patient satisfaction and privacy issues were
the main concerns of the participants about teledentistry
(Aboalshamat, 2020).

Moreover, Nishath et al. in 2020 assessed the knowledge,
awareness, and attitude of teledentistry among undergraduate,
graduate, and postgraduate dental students in Riyadh City
through a structured, self-administered, and close-ended
questionnaire. They found that out of 240 dental students
who completed the survey around one-third of dental
students knew about teledentistry. Significantly, most of
the students (postgraduates and graduates) were willing
to have teledentistry training. The authors concluded that
postgraduate and graduate dental students have enough
knowledge, awareness, and attitudes towards teledentistry
particularly after the COVID-19 experience (Nishath
Abdullah et al., 2020).

This impact of COVID-19 on the perception, knowledge,
and attitude of Saudi dental students towards teledentistry
is similar to that of Colombian one (Plaza-Ruiz et al.,
2021). Recently, AlAssad et al. carried out a cross-sectional
study to measure the knowledge, awareness, and attitude of
teledentistry among 102 postgraduate dental students. Sixty-
nine percent of the participants were aware of teledentistry.
However, interestingly, seventy percent of the participants
practiced teledentistry only after the COVID-19 pandemic
(AlAssad et al., 2021). The authors pointed out that there
was no age or gender statistical difference with regard to
teledentistry questions which is opposite to the findings of
George et al. (George et al., 2021). This can be explained
as the sample of AlAssad was confined to postgraduate
students who are most likely similar in their age.

The perception, awareness, knowledge, and attitude of
dental students and dental professionals in Saudi Arabia
about teledentistry are similar to those of their colleagues
worldwide. When compared to other different countries,
dental students and professionals in Saudi Arabia have a
more positive attitude which could be due to the young age
of majority of Saudi people. Sustainable and structured
teledentistry models and formal education pogroms are
recommended to utilize the benefits of teledentistry.
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Clear Cell Odontogenic Carcinoma (CCOC) is a slow-growing, locally invasive odontogenic tumor affecting the jaws. It usually has
confusing clinical characteristics, radiographical and histological features, making its recognition more challenging. In (2005), the
WHO has reclassified CCOC as a malignant odontogenic tumor due to its aggressive behavior. This case report is about a woman
who aged 42 years old, experienced swelling of the lower jaw and complained of paresthesia of the lips for two years. Radiographic
findings showed an extensive, large, multilocular radiolucency lesion associated with scalloping, non-sclerotic border, and crossing the
midline of the mandible. Histopathologically, the high-power view illustrated lobules of clear epithelial cells with clear cytoplasm. A
review of English literature in PubMed Medline revealed few similar cases of CCOC affecting the mandible. The definitive diagnosis
was consistent with CCOC; therefore, the patient was admitted to the hospital and surgical resection of the mandibular tumor was
performed under general anesthesia. Long-term follow-up visits showed no signs of recurrence or post-surgical complications. We
explain the signs and symptoms of CCOC such as symptomatic or asymptomatic jaw swelling, teeth loosening, displacement and
mobility of teeth, and thinning of the mandible. Also, differential diagnosis and the nature of CCOC under the microscope were
discussed and explained. The presentation of clear cell tumors is challenging, and it needs a meticulous investigation to determine the
type of the tumor for proper diagnosis and management. CCOC should be included in the differential diagnosis list of jaw swelling

that associated with slow-growing mass and paresthesia in the affected jaw.

CASE REPORT, CLEAR CELL ODONTOGENIC
CARCINOMA, MANDIBLE, ORAL TUMOR, PARESTHESIA.

Clear cell odontogenic carcinoma (CCOC) was first reported
in (1985) still the existing reported cases of CCOC are
very few due to which the behavior and pathology pattern
of this tumor is still considered mysterious and not fully
understood. It is a rare, aggressive, odontogenic malignant
tumor (Hansen, Eversole and Green 1985). Approximately
74% of CCOC reported cases to affect the mandible with
high incidence in females (Guastaldi and Faquin 2019).
Previously, CCOC was classified as a benign tumor, and it
was also known as clear cell ameloblastoma. CCOC owns
aggressive features such as destructive growth patterns,
regional lymphadenopathy, distant metastasis, and a high
recurrence rate. Therefore, in (2005), the WHO reclassified
it as a malignant odontogenic tumor (Guastaldi and Faquin
2019). A thorough review of literature in PubMed Medline
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revealed few similar cases of CCOC in the mandible. The
reported case of CCOC in a 42-year-old, female patient
with a swelling in the mandibular region. The work has
been reported in line with the SCARE criteria (Agha et al.
2020).

Case Presentation: Forty-two years old women presented
with paresthesia of the lower lip and large swelling in
the mandible for more than a year and a half. The patient
reported no previous history of trauma and no abnormal
discharges such as pus or blood coming out of the mass.
However, paresthesia and slight mobility were noted. She
was diabetic and on medications for two years and she was
allergic to pineapple which is associated with urticaria.
Moreover, family medical history and genetic conditions
were not remarkable. Moreover, the patient had a clean
social record without smoking or abuse alcohol drinking.
She had updated routine blood tests which were within
normal limits. Extraoral examination revealed a significant
enlargement of the chin with intact, and normal colored skin.
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The examination illustrated no regional lymphadenopathy
was noted. Remarkably, the extraoral examination
confirmed the loss of sensation in the lower lip.

Informed written consent was obtained from the patient for
publication of this case report and accompanying images.
Intraoral examination showed a large, painless intra-bony
swelling with a firm consistency and extending from the
right lower first molar to the left lower first molar crossing
the midline; area of teeth No. 20 to 30 (according to the
universal numbering system). Notably, the patient had
multiple missing teeth in the mandibular swelling area as
follows tooth No.20, and No. 28. Vitality testing of the
involved non-carious mandibular teeth was performed
which reflected no abnormal responses. Radiographic
analysis including orthopantomogram radiograph depicted
an extensive, large, multilocular radiolucency associated
with scalloping, non-sclerotic border lesion extending
from the right lower first molar to the left lower first molar
crossing the midline from tooth No. 19 to 30 without root
resorption of the aforementioned teeth. Additionally, the
radiographic film showed thinning of the inferior alveolar
border in correspondence with the anterior mandible. Also,
shifting of tooth No. 29 distally (Figure la and 1b).

Figure 1: Panoramic radiograph shows an extensive, large,
multilocular radiolucency associated with scalloping, non-
sclerotic border lesion extending from the right lower first
molar to the left lower first molar crossing the midline from
tooth No. 19 to 30.

The patient medical history, the clinical and radiographic
findings were all indicating the odontogenic tumors. The
differential diagnosis of the mandibular mass included
clear cell variant of ameloblastoma, clear cell odontogenic
carcinoma, clear cell variant of a calcifying epithelial
odontogenic tumor, mucoepidermoid carcinoma, acinic cell
carcinoma, epithelial myoepithelial carcinoma, melanocytic
tumors. She was educated about the nature of the tumor,
different treatment plan options, possible results, and
prognosis. An incisional biopsy was considered as the first
line of management to determine the type of the tumor. The
biopsy was performed under local anesthesia, an incisional
biopsy was obtained and sent for histopathology analysis.

Two different stains were used for histopathologic analysis
to provide an accurate diagnosis. Hematoxylin and eosin

(H&E) stain; an immunohistochemistry stain, and Alcian
blue stain; a non-immunohistochemistry stain. Under the
microscope, the lesion appeared to have notable stromal
hyalinization with small multiple nests and strands.
Also, it showed lobules of epithelial cells with clear to
eosinophilic cytoplasm (H&E) (Figure 2a, and 2b). Due
to the overlapping and the similarity between odontogenic
and salivary clear cell tumors, an Alcian blue stain was used
to distinguish between them. The Alcian blue stain was
negative for cellular mucin; therefore, salivary clear cell
tumors and metastatic tumors were ruled out (Figure 2c).

Figure 2: (a) photomicrograph (H&E stain) shows stromal
hyalinization with small multiple nests and strands; (b) a
high-power view shows lobules of clear epithelial cells with
clear cytoplasm to eosinophilic cytoplasm; (c) Alcian blue
staining negative for cellular mucin.

The diagnosis was made based on the histopathologic features
under the microscope which were strongly consistent with
clear cell odontogenic carcinoma. Consequently, the patient
was admitted to the hospital and surgical resection of the
mandibular tumor with free margins was performed under
general anesthesia (Figure 3a, 3b, and 3c).
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Figure 3: Gross specimen shows CCOC in (a) the labial and
(b &c) lingual aspects of the anterior mandible.

Then, the mandible was reconstructed to cope with the
issues of functions and esthetic. The diagnosis of CCOC
was, also, confirmed by the histopathological analysis of the
resected portion of the mandible. Surgical and post-surgical
instructions were delivered verbally and in written form to
the patient. Also, all patient’s concerns and inquiries were
taking care of. The patient was monitored at the hospital
for five days post-surgically. A two-week, one-month,
and two-month, three-month, four-month, six-month, and
one-year follow-up visits, she showed no recurrence or
complications.

Analysis on the case presentation: CCOC is a slow-
growing, and locally invasive odontogenic tumor affecting
the jaws. A rare tumor that mostly affects females more
than males. It usually has confusing clinical characteristics,
radiographical features and poses benign first glance
histological features, making its identifications even

Aloyouny et al.,

more difficult. Clinically, most cases of CCOC show
pain, however, in this case, the patient had paresthesia
of the lower lip with no sign of pain. Moreover, swelling
of the jaw, teeth loosening, displacement and mobility,
thinning of the mandible are other signs of the tumor.
Histopathologically, the name of the clear cells came
from the special appearance of the cytoplasm under the
microscope which shows a clear cytoplasm with H&E stain.
The accumulation of intracellular components such as lipid,
mucin, and glycogen resulted in the special appearance of
the clear cell (Upadhyay et al. 2019).

The picture of the tumor cells under the microscope varies
in each case and it is hard to standardize. It includes
different figures of stroma containing clusters and sheets
of epithelial cells with color variations of cytoplasm,
ranging from colorless to eosinophilic hue. In addition,
in some cases, the epithelial cells could be arranged in a
palisaded pattern which is similar to ameloblastoma. Alcian
blue stain to rule out mucous cells containing tumors such
as mucoepidermoid carcinoma and clear cell tumor of
salivary glands. Clear cells are, also, seen in odontogenic
and non-odontogenic tumors. Clear cells of odontogenic
origin such as odontogenic cysts, clear cell ameloblastoma,
mucoepidermoid carcinoma, clear cell tumor of salivary
glands, calcifying epithelial odontogenic tumor, acinic
cell carcinoma, myoepithelial carcinoma, and squamous
cell carcinoma. On the other hand, in patients with a
history of cancer, distant metastasis is possible. Therefore,
undifferentiated clear cell tumors of non-odontogenic origin
from kidneys, thyroid, breast, lungs, and colon could be
metastasis to the mandible (Swain, Dhariwal and Ray 2013;
Liu et al. 2020).

Consequently, a meticulous examination should be done
for patients with a possible diagnosis of CCOC to rule
out clear cell metastasis from distant organs (Werle et al.
2009). Diagnosis of CCOC depends on the detailed medical
history, thorough physical examination, radiographic
imaging, and histological analysis of the provided incisional
specimen. CCOC ideal treatment is not clear yet due to the
rarity of the documented and reported case. Most cases
undergo radical surgical resection of the tumor with safe
bone tissue margins. However, when palpable lymph nodes
or extensive destruction of the bone with tissue invasion are
involved, the management would be twisted and shifted to
be more aggressive; to reduce the chance of recurrence. It
would indicate lymph node removal, radiotherapy, or/and
chemotherapy. In our report, the patient did not show signs
of lymphadenopathy or metastasis, and the resection of
the mandibular tumor was performed with safety margins.
Therefore, in this case, the patient did not go through lymph
node removal, radiotherapy, or/and chemotherapy. Long-
term follow-up of CCOC cases is highly recommended to
exclude recurrence and metastasis of the tumor (Upadhyay
etal. 2019; Liu et al. 2020).
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CONCLUSION

The findings of the present case showed confusing clinical
features, radiographical patterns, and poses benign first
glance histological forms, making its recognition and
diagnosis more difficult. A detailed investigation is
essential to reach the definitive diagnosis and to manage
the tumor properly. The presentation of clear cell tumors
is challenging, and it needs a meticulous investigation to
determine the type of the tumor for proper diagnosis and
management.
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Cerebral palsy is a neurological problem which mainly affects the children and is a frequent reason of physical inability. It affects both
motor as well as sensory system. Due to physical disability quality treatment is required for CP children. For an effective treatment
proper assessment and selection of correct assessment tool is necessary. This review was aimed to recognize the various assessment
scales which are available to assess different domains in person of cerebral palsy patient along with their psychometric properties.
We had done a review of literature through Cochrane library, Ovid MEDLINE and GOOGLE SCHOLAR, CINAHL till March 2020.
The studies in English-language related to the assessment scales for the cerebral palsy were reviewed. Many scales were evaluated
for different symptoms and good psychometric properties in CP child. We reviewed many research and review article related to
assessment for CP. Various titles, abstracts, and references were checked for the relevancy.Review was done for the assessment of
alteration in muscle tone, impaired voluntary movement, pain, gross motor function, balance, cognition and gait. Cerebral palsy
was the primary goal of findings in 198 studies. Out of these, 58 studies were not proved the definition of cerebral palsy. 96 studies
reported assessment of cerebral palsy for different domain, 25 studies used etiology and incidence and 19 studies for other domain
which are related to CP. Many cerebral palsy scales are available, but only a very small number of scales were thoroughly validated
for use in clinical practice in India. This review will help therapist in selection of appropriate tool and study of various symptoms

in CP child before starting the treatment..

ASSESSMENT SCALES, CEREBRAL PALSY, PSYCHOMETRIC PROPERTIES.

CP is the mainly widespread reason of physical inability
in children. Developmental delay and motor deficits are
usually main presentations of CP child. It was first described
in 1862 by, William James Little an orthopedic surgeon.
The prevalence of CP globally is around 2 to 2.5/1000
live births (Jan 2006). In this disorder a permanent non
progressive changes were occur in fetal brain (Ghasia et al.
2008). It is a neurological problem which mainly affects the
children (krigger 2006a; Ghasia et al. 2008). The prevalence
of CP ranges from 1.5-4 per 1,000 live births; this range is
for children of 10 to 14 years. The overall birth prevalence
of CP is approx. 2 per 1,000 live births (Donald et al. 2014;
Stavsky et al. 2017). CP is neither a diagnosis nor an illness
but it is an umbrella term for so many conditions (Garfinkle
et al. 2020).
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The etiology of 70% of CP cases leftovers unidentified.
In 20% of children, it may be associated with prematurity,
perinatal trauma, or brain hypoxia (Blair and Cans 2018;
Boruczkowski et al. 2019). Some other factors like fetal
infections and birth defects also can cause CP. CP causes
impairment in the posture, movement, intelligence, vision
and hearing by damaging the fetal brain. On the basis of
severity, CP can be classified as mild, moderate, severe or
no CP but not any set of criteria present. Inflammation and
coagulation abnormalities also cause CP along with hypoxic
ischemic encephalopathy (Beckung and Hagberg 2007;
Beckung and Hagberg 2007; Horber et al. 2020; Garfinkle
et al. 2020).

CP child exhibits various symptoms like bladder dysfunctions,
bowel dysfunction, drooling, sleep disturbances, hearing
loss, visual abnormalities, orthopedic associated sensory
impairment which are not properly understood (Wingert
et al. 2008). CP can also be classified on the basis of both
Pathophysiology and area of brain involve. The cortical
involvement results in choreoathetosis CP, cerebellar
involvement results in abnormal movements, pyramidal



involvement results in spasticity and involvement of
basal ganglia result in hypotonic movement. It can
also be classified on the basis of nature of the motor
disability and part of the body involve. Examples of motor
impairments are Paresis, Hypertonia, Hypotonia, Dystonia,
Dyskinesia, and ataxia (Rethlefsen et al. 2010; Horber et
al. 2020). Causes of CP are placental insufficiency, uterine
infection, metabolic disorder, placenta previa and neonatal
asphyxia; and intraventricular hemorrhage of the newborn,
Periventricular Leukomalacia (PVL), blood infection, and
perinatal stroke (Compagnone et al. 2014; Veldeet et al.
2019). Symptoms of CP shows some negative sign like
weakness of skeletal muscles and delayed milestones and
some positive signs like a velocity dependent increased
muscle tone with spasticity, clonus, rigidity, spasms and
hyper reflexia. Some children with CP show other symptoms
as abnormal movements like athetosis, chorea, and dystonia
and some are mixed CP those who shows a combination
of features such as epilepsy, feeding, nutrition, growth
problem, mental retardation (Garfinkle et al. 2020).

Topographic classification shows how many structures are
involved and then classified as Hemiplegics, Paraplegics,
Tetraplegics, Diplegic, or Monoplegics. Since the (1800s),
the clinicians try for the timely identification of CP but
still identification is not made until 12 to 24 months in
high earning countries and as late as 5 years in low source
settings. Children with spastic CP have restrictions to
execute numerous daily actions including sitting, standing
and walking (Bayon et al. 2016; Veldeet et al. 2019). Sitting
is an essential aptitude for many practical action, mainly
because it facilitates transfers and allows the self-governing
use of upper limbs to control objects (Salazar et al. 2019).
A diagnosis of CP made if there is Persistence of primitive
reflexes delay of motor development. It is first assumed
when there is a disappointment to achieve positive key
milestones at predictable age (Patel et al. 2020).

We reviewed various research articles by going through
different search engines like Ovid MEDLINE Cochrane
library, and EBSCO CINAHL. The following search
vocabulary were used: cerebral palsy, assessment scales
for CP, different assessment tools for CP, psychometric
properties of different assessment scale of CP. Research
studies (review and research) that reported assessment of
cerebral palsy for both children and adults were included
in the literature. Articles published till March (2021) was
included without restriction of date. Relevant articles were
screened by title and abstract. The most relevant articles
were downloaded and evaluated for inclusion in the review.
The lists of reference of these articles were also checked for
other potentially relevant researches, and these studies were
also retrieved. All articles that examined CP in children and
used CP assessment scales were incorporated in the review.
Each symptom was examined for assessment. Information
regarding number of scales available and number of scale
having good psychometric properties, were also recorded.
The chosen scales for the Assessment of CP were Spasticity,
Dyskinesia, Dystonia, Motor abilities; Gait, Cognition,
Balance and Pain were used.

Scales for the Assessment of CP: Spasticity: Apart from
so many disorder Spasticity is most important reason
of disability in children and adults suffering from CP.
It occurs due to upper motor neuron syndrome which
causes difficulty in daily routine and compromises the
excellence of life in CP children (Verrotti et al. 2006). The
measurement of muscle tone is very essential to find out
usefulness of treatment on spasticity and also to plan further
medical or surgical treatment and decide physiotherapy
goals. For the assessment of spasticity there are so many
scales are available such as Ashworth, Modified Ashworth
and Tardieu and MTS. Two scales AS and MAS are used
to check tightness to inactive movements and therefore
measured tone of muscles in CP children. Literature reveal
that there were high inter rater reliability of the Ashworth
and modified Ashworth scales but this is not true for all
conditions. However, data related to the reliability was
missing for most of the scales. Particularly this was seen for
test retest reliability (Platz et al. 2005; Mutlu et al. 2008).

Dyskinesia: It is also known as Dyskinetic Cerebral
Palsy (DCP). After spasticity Dyskinesia is another most
frequent type of symptoms of CP. Dystonia is a neurological
movement disorder characterized by involuntary muscle
contractions, slow repetitive movements, and abnormal
postures of the trunk, neck, face, or arms and legs.
Sometimes spasticity is misunderstood with dystonia, which
can be created because of psychogenic reason (Jankovic
2006; Verrotti et al. 2006). DCP is classified in two
subgroups like dystonic and choreoathetotic. In Dyskinetic
CP, sudden tight involuntary contraction and involuntary
twitching and writhing are present simultaneously (Stewart
etal. 2017). The six scales for the assessment of dyskinesia
were present. These were the Burke—Fahn—Marsden
Dystonia Rating Scale (BFMDRS), Barry—Albright
Dystonia Scale (BADS), Unified Dystonia Rating Scale
(UDRS), Movement Disorder-Childhood Rating Scale
(MD-CRS), Movement Disorder-Childhood Rating Scale
0-3 Years (MD-CRS 0-3), and the Dyskinesia Impairment
Scale (DIS) (Stewart et al. 2017).

Dystonia: Dystonia is diagnosed on the bases of'its clinical
features. Dystonia is classified in to primary and secondary
dystonia. Primary dystonia is different in the form of
the deficiency of extra neurological abnormalities and
the short of probable acquired causes. The assessment of
dystonia is still not well understood due to the complexity
of the symptoms and lack of researches (Jethwa et al. 2009;
Donald et al. 2014).

For diagnosis of muscle tone 21 tools were available but
not specific for the CP child. Some literature identified 21
tools for the assessment of tone of the muscle in the children
between the ages of 0 to 12 years. Most of the tools were
planned for children up to 5 years of age and were used
for the examination of development pattern along with the
muscle tone examination or as subscale. Four tool were
considered as the assessment tool of active and passive tone
of muscle but not having the good psychometric properties.
The Amiel- Tison Neurological Assessment (ATNA) at term,
Neonatal Intensive Care Unit Network Neurobehavioral
Scale (NNNS), Premie-Neuro for newborn infants, and the
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Hammersmith Infant Neurological Examination (HINE) for
infants aged 2 months to 2 years. The Neurological Sensory
Motor Developmental Assessment (NSMDA) has been
developed for the assessment of passive and active muscle
tone (of the infant) with some degree of validity (Goo et
al. 2018). Early assessment is essential for the appropriate
treatment of dystonia (Frucht et al. 2021).

Motor abilities: For the assessment of the motor abilities
in CP child 17 instruments are present (Beckung and
Hagberg 2007). Functional limitation of CP child not only
depends on the age of the child but also according to Gross
motor function classification. The Gross Motor Function
Classification System (GMFCS) is used to explain motor
function in children with CP (Carnahan et al. 2007; Curtis
etal. 2015). The gross motor functioning is mainly assessed
by two tools: Gross Motor Function Classification System
(GMFCS) and Functional Mobility Scale (FMS). GMFCS
describe about five types of CP which depends on functional
limitations, the need for hand-held mobility devices (such
as walkers, crutches or canes) or wheeled mobility, and
to a much lesser extent, quality of movement. Literature
suggest that it also depends on year of the child (Wiedemann
et al. 2019).

Along with GMFCS the Sarah scale also used for assessment
of the motor skills and it is a suitable tool for the assessment
of the functional performance and the motor skills of
children and adolescents with CP (Pinto et al. 2016). Gross
Motor Function Measure (GMFM-88) was also used for
the assessment of gross motor functioning (Bayon et al.
2016). Gross Motor Function Measure (GMFM-88) and
(GMFM-66) were used as outcome measures to determine
the changes in gross motor function in children with CP
undergoing treatment (Alotaibi et al. 2014; Wiedemann et
al. 2019).

Literature suggests that 17 instruments are used to assess
the functional motor abilities in children with CP. Due to
lackness for evaluation in change of functional abilities, it
was found that most measures are developed and validated
for discriminative purposes. The tool developed in last
decade have good psychometric properties and only two
evaluative assessment measures, the Gross Motor Function
Measure (GMFM) and the Pediatric Evaluation of Disability
Inventory (PEDI), fulfill the criteria of reliability and
validity with respect to responsiveness to change (Ketelaaret
al. 1998; Bodkin et al. 2003). The gold standard tool for the
assessment of motor abilities is The Gross Motor Function
Measure (GMFM). It have simple language and easy to
understand by the parents (Rachel 2020).

Gait: For Gait, CP children are suffering from so many
motor problems these causes gait deviations. So assessment
of gait in these child is essential. There are 14 specific
abnormalities are seen in CP child which are of different
types (Paralysis on one side of body, paralysis of lower
half of body or paralysis of whole body), age, and history
along with previous surgery (orthopedic surgery in lower
extremity). There are diminished knee flexion in swing,
limiting upward bending motion of ankle joint, and feet
turn inward while walking or running, restricted hip

mobility and crouch hip adduction, out-toeing, deformity
of calcaneus bone, and crouch increased with prior surgery,
rotational misalignment of the leg (internal hip rotation
without-toeing).

Varus and valgus foot deformities, and hip internal rotation
(Maathuis et al. 2005). Spastic CP most commonly suffering
from disorder of gait. Observational tools are found from the
available literature from which the Edinburgh Visual Gait
Scale (EVGS), the Visual Gait Assessment Scale (VGAS)
and the Observational Gait Scale (OGS) are commonly used
for the assessment of gait in CP child (Brown et al. 2008).
Edinburgh Visual Gait Score have good psychometric
properties than the other tools. Physician Rating Scale in
children with hemiplegic cerebral palsy also shows good
psychometric properties (Dickens and Smith 2006; Mcintyre
et al. 2013; Rathinam et al. 2014; Armand et al. 2016c).
For correction of gait deviations objective assessment is
important. For intent analysis of gait Clinical gait analysis
(CGA) should be done (Mazure et al. 2020).

Balance: Balance is also an important component of gait
disorder in CP child Apart from other problems postural
control (Woollacott et al. 2007). Balance is a combination
of multiple body systems including vestibular, visual,
auditive, Proprioceptive and higher level pre motor systems.
The functional goal of the balance system includes: (1)
conservation of postural alignment like sitting or standing;
(2) assisted voluntary movement and (3) re-establish
equilibrium after peripheral disturbances, such as a trip, slip
or push. From the available literature we found 22 tools for
the assessment of the balance.

Two tools were also validated in adults with CP. A strong
level of evidence was present for content validity for the
majority of the tools but limited evidence was present for
their Intrarater, Interrater, and test-retest reliability. In
addition, no evidence was present for internal consistency,
measurement error, criterion validity, and responsiveness
for the majority of the tools. These are the Berg Balance
Scale (BBS), the Functional Reach Test (FRT), the
Functional Walking Test (FWT), the Heel-to-Toe Stand
(HTS), the Level of Sitting Ability (LSA), the Level of
Sitting Scale (LSS), the Modified Posture Assessment Scale
(MPAS), the Pediatric Balance Scale (PBS), the Pediatric
Reach Test (PRT).

The Pediatric Clinical Test of Sensory Interaction for
Balance (P-CTSIB), the Posture Assessment Scale (PAS),
the Posture and Posture Ability Scale (PPAS), the Seated
Posture Control Measurement (SPCM), the Seg- mental
Assessment of Trunk Control (SATCO), the Sit- ting
Assessment for Children with Neuromotor Dysfunction
(SACND), the Sitting Assessment Scale (SAS), the Spinal
Alignment for Range of Motion Measure (SAROMM),
the Timed One-Leg Stance (TOLS), the Timed Up and
Down Stairs (TUDS), the Timed Up and Go (TUG), the
Trunk Control Measurement Scale (TCMS), and Trunk
Impairment Scale (TIS). Two of the clinical balance tools,
PPAS and SPCM, were evaluated for adults (Saether et al.
2013). As all the CP’s are not having the same symptoms so
there is need of many assessment instruments with different
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options to adapt to CP’s mixed inhabitants (Apolo-Arenas
2021).

Cognition: Cognition impairment is most commonly seen
in CP child. Instead of having difficulty in standardized
1Q tests designed for the general population, children with
developmental disabilities will earn low IQ score. Nine
give psychometric result for CP children. The included
tests were The Columbia Mental Maturity Scale, The Leiter
International Performance Scale, The Peabody Picture
Vocabulary Test, The Pictorial Test of Intelligence, The
Raven’s Colored Progressive Matrices, The Stanford—Binet
Intelligence Scales, The Wechsler Adult Intelligence Scale,
the Wechsler Intelligence Scale for Children, and The
Wechsler Preschool and Primary Scale of Intelligence
(Foo et al. 2013). Without proper evaluation and treatment
of cognitive functioning intellectual disability may occur
(Stadskleiv 2020).

Pain: In CP children pain is also a significant factor
that impacts the quality of life of these children. Pain in
children with CP is not commonly known and left untreated
so it becomes chronic (Houlihan et al. 2007; Penner et
al. 2013). Chronic pain affects health both emotionally
and psychologically. For more than 3 months, pain
remains known as chronic pain. The literature includes
a total of 54 chronic pain assessment tools which have
strong psychometric properties from which 15 chronic
pain assessment tools were chosen for inclusion in the
best practice toolbox. The tools are Body Diagram,
Non communicating Children’s Pain Checklist-Revised
[NCCPC-R], Pediatric Pain Questionnaire [PPQ]), track
pain over time (Bath Adolescent Pain Questionnaire
[BAPQ], Child Activity Limitations Interview [CALI],
Pediatric Pain Interference Scale [PPIS]), or both (Pediatric
Pain Profile [PPP]).

They relied on observational (NCCPC-R, PPP), self-report
(Body Diagram), or combination reporting styles (BAPQ,
CALI, PPIS, PPQ). All tools had been validated with
a pediatric population and a diverse variety of medical
conditions; note that the NCCPC-R, PPIS, PPP and PPQ
were primarily used to assess pain in CP children. It provides
scores of psychometric properties, therapeutic usefulness
and method use guidelines according to GMFCS standards.
We accept that 54 chronic pain evaluation methods were
officially evaluated for psychometric features, therapeutic
effectiveness and expert opinion from which 15 chronic
pain evaluation tool were chosen for use in the best practice
toolbox (Kingsnorth et al. 2015; Pelrine et al. 2020).

In this systematic analysis of clinical studies using cerebral
palsy as the primary endpoint, we found various descriptions
of cerebral palsy, 167 separate assessment scales for
8context, a large variance in evaluation methods and CP
rates recorded, and very little psychometric examination
of the current scales. We found a wide range of meanings
among the 198 studies which clarified how they defined
CP, either by scale or meaning alone. There are broad range
of symptoms found in cerebral palsy from them spasticity,

dystonia, dyskinesia, gait abnormalities, balance disorders,
cognition abnormalities and chronic pain were the problem
which were commonly faced by person suffering from CP
(Gupta and Appleton 2001).

Numerous incremental measures of symptoms severity
gradation have been developed over the past 40 years, but
recurrent drawbacks include: (1) not all of the necessary
symptoms may be present; and (2) a patient might not show
the sign in the specific sequence specified by the measure,
thereby may not meet the cerebral paralysis threshold
(Knox and Evans 2002). Dysphagia, vomiting, and chronic
constipation have been also reported in children with
neurologic impairment like CP and also to be evaluated
but none scale is found which have good psychometric
property (Elbasan and Bezgin, 2018). None scale was
found with good psychometric property for sleep related
domain. Some questionnaire and tools for the assessment
of CP are widely used such as The Gross Motor Function
Classification System (GMFCS), for the assessment of gross
motor function in cerebral palsy but some were neglected
because they were not having the good psychometric
properties (Rosenbaum et al. 2018). CP children present
complex and heterogeneous motor disorders so there was
a need of a measuring tool which can assesses all the
symptoms related to CP (Armand et al. 2019).

Assessments of motor-functional aspects in CP were
crucial to rehabilitation programs so it was necessary that
it should be assess on priority bases (Pinto et al. 2016).
However, for many scales reliability data was missing. This
was particularly true for test retest reliability (Platz et al.
2019; Hutson and Snow 2020). There was no uniformity
of composite measures as to how many symptoms were
available to apply for CP. Numerous incremental measures
of symptoms severity gradation have been developed over
the past 40 years, but recurrent drawbacks include: (1) not
all of the necessary symptoms may be present; and (2) a
patient might not show the sign in the specific sequence
specified by the measure, thereby might not meet the
cerebral paralysis threshold (Knox and Evans 2020).

There were numerous shortcomings to our analysis. Like,
we only collected researches that were conducted in English,
analyzing various CP domains. Some domains were still not
reviewed like scales for fine motor skills, hand functions
and sensory assessment. We did not approach authors of the
analysis to inquire for possibly undisclosed psychometric
results. We were unable to find any older paper (pre-1985)
that mentioned CP, so some earlier CP resources could have
been missing. It was also likely that newer and undisclosed
CP scales were in use and yet not published.

The findings of the present study found for 8 impairments
there were total 167 scales available but only 53 had
psychometric properties and none of the scale could
assess all impairments of CP. The selection of appropriate
measurement tools is essential for effective clinical practice
yet, it is unclear how best to assess CP because no existing
scale has undergone for all impairments of CP. So many
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scales are available but most of them assess only one or
two limitations of CP. There is still need to develop an
assessment tool which cover the all domains of CP.
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Dental Communication

Noninvasive Multi-Disciplinary Management of Ectodermal
Dysplasia with Hyposalivation — A Case Report

Sana Alhamed
Diagnostic Science Department, Faculty of Dentistry,
King Abdulaziz University, Jeddah 22252, KSA

Ectodermal dysplasia (ED) is a rare genetic condition with nearly 200 documented traits. As the name states, ED targets tissues derived
from ectoderms, such as hair, skin, nails, sweat glands, and teeth. Other orofacial structures might be affected, such as salivary glands
and hard palate. Lack of teeth and diminished facial height can impact negatively on child growth and psychological well-being.
Therefore, assessment and an interdisciplinary management plan of orofacial components of ED children should be installed as early
as possible. Here we report an early assessment and multi-disciplinary management of ED child’s orofacial structures, which allow
restoration of facial height and dental function and saliva reduction by the least invasive restorative approach in the form of the
composite build-up of microdont and overdentures. It also highlights the importance of periodic evaluation of growth and treatment
plan adjustment as an integral part of the transitional management until the age of a definite dental treatment.

ECTODERMAL DYSPLASIA, SALIVARY GLANDS, HYPOSALIVATION, MAXILLOFACIAL

REHABILITATION, HYPODONTIA.

Ectodermal dysplasia (ED) consists of an assembly of
infrequent congenital disorders with a prevalence of one per
10,000 to 100,000 live births with no known geographical
predilection. The condition targets all or some ectodermal-
derived tissues, such as hair, skin, nails, sweat glands, and
teeth. The most common traits are hypohidrosis and hydrotic,
with the main difference being the number and function of
sweat glands (Wright et al., 2019, Blattner, 1968).

The faces of these children are often similar due to
unique maxillofacial features, including a prominent
forehead, flat nasal bridge, thick lips, and periorbital and
perioral hyperpigmentation. Oral findings of ED include
underdeveloped palate and alveolar ridges, dental anomalies
that vary from complete to partial dental agenesis, and teeth
malformation, such as microdontia (conical teeth) and
enamel hypoplasia (Blattner, 1968, Halai and Stevens, 2015,
Wright et al., 2019, Gill et al., 2008).Teeth deficiency and
malformation have a direct impact on the child’s growth and
general well-being. ED management should commence as
early as possible through multi-disciplinary care involving
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medical and dental teams. Dental rehabilitation for these
children is crucial to restoring the required functional,
esthetic, and psychosocial aims (Gill et al., 2008, Halai and
Stevens, 2015).

Case Report: This is the case of an 8-year-old girl who
attended with her parents after a referral for treatment. The
child was diagnosed with autosomal recessive hidrotic ED
at 3 years old due to delayed teeth eruption. No genetic
mapping was done. The main complaint was the appearance
of her small spiky front teeth, which result in bullying at
school. The patient mentioned that she experiences dryness
in her mouth, especially during eating, which improves by
drinking sips of water frequently. A detailed dental and
medical history was obtained from the child as well as the
parents. Family history revealed that HED was affecting
family members on her mother’s side.

The child presented with some maxillofacial features, such
as a prominent forehead, protruding low-set ears, saddle
nose deformity, and decreased vertical height with thick
everted lips. All primary teeth were present upon intraoral
clinical examination, except the upper right and left primary
lateral incisors. A dental panoramic tomogram was requested
to assess permanent teeth development (Figure 1). Severe
hypodontia was diagnosed with 22 missing permanent teeth



excluding third molars, with microdontia of the lower
anterior teeth.

Skeletal jaw relation assessment showed severe maxillary
hypoplasia and reduced lower facial height. We detected
a dental class Il anterior relationship with severe reverse
overjet of 3 mm and full arch crossbite. Orthodontic
consultation was recommended to delay orthodontic
treatment and reevaluate the case annually to determine the
proper approach.Oral medicine consultation was obtained,
and the stimulated saliva flow rate was evaluated to be 1
ml per min, which is low. The patient was diagnosed with
hyposalivation and present some signs of mucosal dryness
such as lobulated tongue and frothy saliva. Artificial saliva
gel was prescribed along with instructions to continue water
drinking and lubrications using olive oil and petroleum jelly.
The periodic revaluation was planned.

Figure 1: Preoperative dental panoramic tomogram
showing severe hypodontia.

Figure 2: Preoperative clinical pictures.

Dental management was based on noninvasive preservation
of the remaining dentition with the aesthetic restorative
treatment of teeth morphology and function. Continuous
follow-up and adjustment were scheduled until the patient
reaches an age at which she can receive definitive treatment.
An osseointegrated implant option was not considered
for several reasons. First, the patient was anxious, and
her parents wanted all the treatment to be atraumatic and
conservative. Second, the patient presented with an adequate
set of primary dentitions, which allows overdentures as a
sufficient alternative plan. Moreover, implant positioning in
a growing child has many drawbacks and should be planned
only in selective cases.

The treatment plan was divided into preventive,
rehabilitation, and maintenance phases. The rehabilitation
phase was planned to cosmetically improve the appearance
of microdont primary incisors followed by maxillary and
mandibular overdenture to increase lower facial height. The
patient presented for 6 months follow-up visit with good
oral hygiene and intact restorations. However, the upper
right central incisor showed grade 3 with complete root
resorption. For that, an immediate denture was constructed
and inserted after extraction. Prosthetic consultation stated
that no need for facebow registration at the current stage
and anterior teeth should be aligned in edge-to-edge relation
(Figure 3,4).

Figure 3: Six months follow-up.

Figure 4: Immediate denture inserted after extraction of
URA with an edge to edge occlusion.

A maintenance phase through periodic recalls was arranged
for every 6 months for prevention, evaluation of oral hygiene,
teeth development, and eruption. Moreover, this would
include evaluation of dentures and planning for adjustment
or remaking, when required. The last demonstrated review
was 3 years post-treatment (Figure 5).

Hypodontia is the term used to describe the congenital or
developmental absence of one or more primary or secondary
teeth (excluding third molars) (Gill et al., 2008). In Saudi
children, the prevalence of hypodontia was reported to
be 2.6%, excluding the third molar (Salama and Abdel-
Megid, 1994). Severe hypodontia in children is a very rare
condition, most often associated with congenital syndromes,
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such as Down syndrome or ED (Crawford et al., 1991). Lack
of teeth can significantly impact the child’s physical and
emotional well-being, especially during adolescence. As in
this case, hypodontia could be a reason for bullying, leading
to social isolation, loneliness, and underachievement,
(Crawford et al., 1991 Bohner et al, 2019).

Figure 5: Three years follow-up with upper and lower
overdentures.

Prosthetic rehabilitation using an osseointegrated implant in
growing children as young as 3 years old was documented
in the literature (Bohner et al., 2019, Wang et al., 2016).
However, a recent systematic review investigating
long-term implant outcomes in children stated that
infraocclousion and rotation are common complications in
these patients. Moreover, regular adjustments are essential
in growing jaws (Bohner et al., 2019). Another systematic
review stated that although implants are commonly used
in ED children for dental rehabilitation, there is a lack of
long-term data on bone augmentation and implant success
in the literature (Wang et al., 2016). As osseointegrated
implants are considered only in special circumstances,
other noninvasive approaches, such as overdentures, are
good options to reduce psychological trauma, continuous
adjustments, and traumatic treatment (Bohner et al., 2019,
Wang et al., 2016).

Hyposalivation is an objective term used to describe an
actual reduction in salivary flow (Turner, 2016). There
are many reasons for hyposalivation which range from
temporary medication Side effects to degenerative exocrine
autoimmune conditions such as Sjogren syndrome. As
ectodermal dysplasia affects ectoderm-derived tissue, there
has been an association with xerostomia and hyposalivation
(Lexner et al., 2007, Nordgarden et al., 2003). In
addition, qualitative changes have been demonstrated
in ED patients such as reduced amylase activity and
concentration (Nordgarden et al., 2003). Management
of chronic hyposalivation aims to reduce symptoms and
improves patient’s daily activities such as speaking and
eating(Lapiedra et al., 2015, Martin et al., 2017). Those
patients such as this case learn to continuously lubricate oral
mucosa using natural sources such as olive oil and rely on
sips of water throughout the day to facilitate oral functions
including denture use (Nordgarden et al., 2003, , Ship etal.,
2007, Lapiedra et al., 2015, Martin et al., 2017).

Instead of invasive procedures with implants, more
conservative alternative approaches include using
overdentures for dental rehabilitation until completion
of growth (Bohner et al., 2019, Wang et al., 2016). The
patient was gradually introduced to wearing dentures
that satisfactorily restored function, aesthetic, and facial
appearance by increasing lower facial height. However, the
patient and parents were warned about the problems related
to dentures, including limited retention, initial speaking
difficulty, dietary limitations, loss of appliance, and the
need for adjustments, relining, and replacement.

Blattner, R. J.( 1968). Hereditary Ectodermal Dysplasia.
J Pediatr, 73, 444-7.

Bohner, L., Hanisch, M., Kleinheinz, J. & Jung, S. 2019.
Dental Implants In Growing Patients: A Systematic
Review. Br J Oral Maxillofac Surg, 57, 397-406.
Crawford, P. J., Aldred, M. J. & Clarke, A. (1991).
Clinical And Radiographic Dental Findings In X Linked
Hypohidrotic Ectodermal Dysplasia. J Med Genet, 28,
181-5.

Gill, D. S., Jones, S., Hobkirk, J., Bassi, S., Hemmings,
K. & Goodman, J. (2008). Counselling Patients With
Hypodontia. Dent Update, 35, 344-6, 348-50, 352.
Halai, T. & Stevens, C. (2015). Ectodermal Dysplasia:
A Clinical Overview For The Dental Practitioner. Dent
Update, 42, 779-80, 783-4, 787-8 Passim.

Lapiedra, R. C., Gémez, G. E., Sdnchez, B. P., Pereda, A.
A. & Turner, M. D. (2015). The Effect Of A Combination
Saliva Substitute For The Management Of Xerostomia
And Hyposalivation. J Maxillofac Oral Surg, 14, 653-8.
Lexner, M. O., Bardow, A., Hertz, J. M., Almer, L.,
Nauntofte, B. & Kreiborg, S. (2007). Whole Saliva In
X-Linked Hypohidrotic Ectodermal Dysplasia. Int J
Paediatr Dent, 17, 155-62.

Martin, M., Marin, A., L6pez, M., Lifidn, O., Alvarenga,
F., Blichser, D. & Cerezo, L. (2017). Products Based On
Olive Oil, Betaine, And Xylitol In The Post-Radiotherapy
Xerostomia. Rep Pract Oncol Radiother, 22, 71-76.
Nordgarden, H., Storhaug, K., Lyngstadaas, S. P. & Jensen,
J. L. (2003). Salivary Gland Function In Persons With
Ectodermal Dysplasias. Eur J Oral Sci, 111, 371-6.
Salama, F. S. & Abdel-Megid, F. Y. (1994). Hypodontia
Of Primary And Permanent Teeth In A Sample Of Saudi
Children. Egypt Dent J, 40, 625-32.

Ship, J. A., Mccutcheon, J. A., Spivakovsky, S. & Kerr, A.
R.(2007). Safety And Effectiveness Of Topical Dry Mouth
Products Containing Olive Oil, Betaine, And Xylitol In
Reducing Xerostomia For Polypharmacy-Induced Dry
Mouth. J Oral Rehabil, 34, 724-32.

Turner, M. D. (2016). Hyposalivation And Xerostomia:

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

NONINVASIVE MULTI-DISCIPLINARY MANAGEMENT 1411



Etiology, Complications, And Medical Management. Dent
Clin North Am, 60, 435-43.

Wang, Y., He, J., Decker, A. M., Hu, J. C. & Zou, D. (2016).
Clinical Outcomes Of Implant Therapy In Ectodermal
Dysplasia Patients: A Systematic Review. Int J Oral
Maxillofac Surg, 45, 1035-43.

Wright, J. T., Fete, M., Schneider, H., Zinser, M., Koster,

M. L., Clarke, A. J., Hadj-Rabia, S., Tadini, G., Pagnan,
N., Visinoni, A. F., Bergendal, B., Abbott, B., Fete, T.,
Stanford, C., Butcher, C., D'souza, R. N.,

Sybert, V. P. & Morasso, M. I.( 2019). Ectodermal
Dysplasias: Classification And Organization By Phenotype,
Genotype And Molecular Pathway. Am J Med Genet A,
179, 442-447.

1412 NONINVASIVE MULTI-DISCIPLINARY MANAGEMENT

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Bioscience Biotechnology Research Communications Vol 14 No (4) Oct-Nov-Dec (2021)

Dental Communication

Over-The-Counter Oral Hygiene Products
Misuse: A Case Report
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Oral hygiene products (OHP) are recommended to maintain the teeth and health of the oral cavity tissues by assisting in lowering
the plaque level as well as the opportunistic flora. Oral hygiene products could cause oral health problems that may vary in severity.
Due to the availability of over-the-counter (OTC) medications and lack of knowledge, customers may misuse these products. An oral
hygiene product is a double-edged sword; a customer would develop side effects from it without even knowing or correlating the source.
Many signs and symptoms may appear on the patients such as oral and perioral burning sensations, swelling, erythema, dysgeusia,
and dysphagia. To our knowledge and based on the review of English literature through PubMed Midline, this is the first case report
of misuse because of an over-the-counter oral hygiene product in which the patient used a mouthwash continuously and aggressively
for 15 days without knowing of its side effects. This case report presents an eighty-two-year-old, male patient who complained of
pain, burning, swollen, and dry mouth and lips. The author discussed the most common ingredients of oral mouthwashes. Some active
ingredients may irritate the oral mucosa and lips. Also, the author discussed the possible differential diagnosis of painful, sensitive,
burning, swollen, and dry mouth and lips. This report is intended as an overview of a rare and unusual oral condition associated
with the misuse of OTC oral hygiene products. The findings of the present study necessitated the need for clear verbal and written
instructions to be provided to the patients before recommending or prescribing any type of medication.

ATROPHIC GLOSSITIS; CHEILITIS; DRY
BURNING MOUTH; MUCOSAL ERYTHEMA; MOUTHWASH.

could cause oral irritation if not used properly (Aspinall,
Parker and Khutoryanskiy 2021).

Oral care has been an important part of human social life as

well as cultural development for hundreds of years. Many ~ The sign and symptoms of acute oral burning, swelling,

OHPs have been invented and produced for the purpose
of maintaining good oral hygiene levels. OHPs have been
used to control halitosis, dental caries, gingival diseases
by lowering the dental plaque and oral bacteria. The
accessibility and affordability of OTC oral hygiene products
as well as lack of education, explain the misuse of these
products (Bourgeois and Llodra 2009). Notwithstanding,
OTC oral hygiene products most of the time are safe if used
as instructed; however, they have many ingredients that
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and erythema are not commonly reported in the literature
as side effects of oral hygiene products. Based on a careful
review of English literature through PubMed Midline, this
is the first case report of misuse because of oral mouthwash
in which the patient used the mouthwash continuously and
aggressively for 15 days without knowing of its side effects.
The lack of knowledge of using OTC products led to acute
oral irritation. In this report, the author discusses a case of
an eighty-two-year-old man complaining of constant burning
and pain in his mouth and lips. After precise exclusion of
the diseases and the causative factors, the diagnosis was
consistent with acute chemical burn due to misuse of OTC
oral hygiene products. “The work has been reported in line
with the SCARE criteria” (Agha et al. 2020).



Case Presentation: This case report is about an eighty-
two-year-old man, who was referred to an oral medicine
clinic to diagnose and manage the patient’s oral condition.
He reported a twelve-day history of dry, painful, burning
sensations all over the mouth including the lips. He also,
mentioned that he felt his lips are chapped and swollen. He
could not eat or drink comfortably since he had got that
complaint. Also, he mentioned that spicy and sour food had
aggravated the burning and pain. It all started after removing
the lower anterior four-unit bridge, he visited a dentist who
recommended rinsing with an OTC mouthwash to reduce
the intensity and sensitivity of the patient’s exposed lower
anterior teeth. The patient reported that he used to swish
with 20 mL of an undiluted, mint-flavored mouthwash
for four minutes, eight times a day for 15 days. He had
diabetes, hypertension, glaucoma, hearing difficulty, and
was wheelchair bonded. He was taking metformin 500
mg once per day, lisinopril 10 mg one time per day, and
latanoprost 0.005 % once a day before bedtime.

He also denied any changes in his medication list in the
last two years. Moreover, he denied a previous history
of herpes infection or skin lesions. This also includes a
negative history of smoking, alcohol drinking, and drug
abuse. The patient revealed that his father had diabetes and
passed away due to liver cancer. His mother was healthy,
and she died due to a car accident. The oral mucosa and lips
were very sensitive to touch that even the slight stretching
of the mucosa during examination irritated the patient.
Cheilitis was obvious during the extraoral examination
which displayed scaly, dry, swollen, and chapped lips
(Figure 1).

Figure 1: Extra-oral examination shows scaly, dry, swollen,
and chapped lips.

Figure 2: Intraoral examination shows generalized, smooth,
bright red, and shiny gingiva.

Intraoral examination displayed generalized, diffuse,
smooth, bright red, shiny, and edematous buccal and labial
mucosae. Additionally, he had gingival and palatal erythema
(Figure 2) and atrophic glossitis (Figure 3).

Figure 3: Intraoral examination shows generalized, smooth,
bright red, shiny, and tongue “atrophic glossitis™.

No intraoral vesicles were detected and the Nikolsky test was
negative. Regarding the dental concerns, he had multiple
missing and carious teeth. Moreover, an old, ill-fitting,
porcelain fused to metal (PFM), a 3-unit bridge covering the
maxillary edentulous area from tooth number 3 to 5, and a
6-unit bridge covering the maxillary edentulous area from
tooth number 6 to 11 (according to the FDI World Dental
Federation Notation), and a PFM crown on tooth number
30. A blood sample was collected to detect any systemic
problems such as hormonal or nutritional issues; luckily,
all blood values showed normal readings. The differential
diagnosis included chemical burns, contact stomatitis,
cheilitis, microbial infections mainly oral candidiasis,
immune-induced lesions including erythema multiforme,
nutritional deficiency, and drug-induced oral lesion were all
considered. The diagnosis of this condition was made based
on the medical and dental history alongside the exclusion
of all possible causative factors.

The patient was diagnosed with acute oral chemical burns
and cheilitis due to the OTC misuse of the mouthwash.
In management, the patient was asked to discontinue the
use of OTC mouth rinse instantly. Additionally, he was
recommended to avoid spicy and sour food and all flavored
oral hygiene products. He was, also, recommended to brush
and clean his teeth with baking soda toothpaste gently and to
keep away from the gingiva. Therapeutically, topical magic
mouthwash was prescribed including viscous lidocaine
2%, diphenhydramine 12.5 mg/5mL, nystatin 100,000 IU,
prednisolone 5mg/SmL. The magic mouthwash is to be
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used as follows, 5 mL of the solution, swish for two minutes
then spit it out, four times per day for 10 days. In addition,
for treating the painful cheilitis, the dentist prescribed a
mix of clobetasol 0.05% ointment and miconazole 2% to
be applied on the lips three times per day for 10 days. The
patient came after two weeks for re-evaluation of the oral
lesions, the oral mucosae and lips recovered very well with
no other complications. Also, he was re-evaluated after one
month then two months since the initial visit, he was well
and satisfied with the therapy.

Analysis on the case presentation: Oral hygiene products
(OHP) are intended to maintain the oral cavity clean and
fresh by helping in lowering the plaque level and maintaining
healthy gingiva and teeth. Broadly speaking, oral hygiene
is ideally performed by mechanical and chemical methods.
Mechanical cleaning by using toothbrushes, interdental
brushes, dental floss, and dental water flosser. Chemical
cleaning by using kinds of toothpaste and mouthwashes. The
overuse of OHP products could cause oral mucosal damage
that ranges from mild oral irritation and peeling to levels of
severe oral mucosal inflammation, ulcerations, and allergic
reactions. Ignorance of reading the printed instructions on
the OHP packages is the most common cause of OTC-OHP
misuse. Also, the availability and accessibility of the OHP
on the market/pharmacy shelves make patients think that
these products are safe to use regardless of the quantity and
frequency (Filipovi¢ et al. 2020; Langa et al. 2021).

Mouthwash is a mix of active and inactive ingredients.
Active ingredients such as sodium lauryl sulphate (SLS),
eucalyptol, menthol, methyl salicylate, fluoride, thymol,
peroxide, essential oils, and cetylpyridinium chloride.
Inactive ingredients such as alcohol, and benzoic acid. SLS
is an active element in many cosmetics and OHPs that works
by blending the ingredients. Also, it is considered a foaming
agent. Unfortunately, SLS is highly linked to mucosal
sensitivity. It was reported that SLS has been associated
with oral mucosal inflammation, sloughing, increase
chemical-tissue permeability, and alteration of protein
structures (Rubright et al. 1978). Moreover, menthol,
eucalyptol, methyl salicylate, cetylpyridinium chloride,
and thymol are antimicrobial and antiseptic agents that are
widely used in OHP including mouthwashes. In addition,
most OHP companies add fluoride to OHP due to its proven
effectiveness in reducing dental caries (de Araujo et al.
2012). Peroxide is also used in OHP, specifically in some
mouthwashes and kinds of toothpaste that are intended to
give teeth a brighter and lighter look (Filipovi¢ et al. 2020;
Langa et al. 2021).

For more information about peroxide, it is an active
content that is also linked to oral irritation and mucosal
pigmentation (Aloyouny, Albagieh and Alharthi 2020).
Benzoic acid or sodium benzoate is used to increase
the lifetime of the OHPs. The differential diagnosis of
burning and painful mouth is listed as microbial infection,
immunological causes, medications, nutritional factors,
and blood disorders. Oral microbial infections are divided
into viral, bacterial, and fungal. Viral infections such
as herpes stomatitis, herpangina, acute pharyngitis, and
cytomegalovirus. Bacterial infections such as streptococcal

pharyngitis or strep throat, and acute necrotizing ulcerative
gingivitis or periodontitis (Prieto-Prieto and Calvo 2004; de
Araujo et al. 2012). However, the patient in this report did
not present with intraoral ulcers, therefore viral infections
were excluded. The most common oropharyngeal fungal
infection is oral candidiasis that is mainly caused by
Candida albicans (Vila et al. 2020).

Painful oral mucosa could be caused by different types of
irritations, for instance, traumatic, thermal, and chemical
oral irritations. Nutritional deficiency and allergic reactions
are proven to cause burning sensations, erythematous
and sloughing mucosa, and even ulcerations. Many
immunological factors and diseases could induce oral
irritation, inflammation, and ulcerations such as lichen
planus, erythema multiforme, or in more severe form Steven-
Johnson syndrome. Additionally, vesiculobullous diseases
such as oral mucous membrane pemphigoid, pemphigus
Vulgaris, and paraneoplastic pemphigoid. However, the
patient’s physical examination, in this case, revealed no
extraoral or intraoral vesicles, therefore vesiculobullous
diseases were not considered. Blood diseases such as acute
leukemia could harm the oral tissue appearance and nature
(Mortazavi et al. 2016). Luckily, the blood test values in
this patient were all within normal limits. In this report, the
patient misused the mouthwash as he used it undiluted four
times a day for 15 days which caused sloughing of the oral
epithelium, dryness, burning, and edema. Mostly, SLS and
peroxide, the mouthwash active ingredients caused mucosal
tissue irritation (Vila et al. 2020).

On the other hand, with time, all contents of the mouthwash
aggravated the oral tissue condition. In case of drug adverse
effects or drug misuse, the first line of management is
to discontinue the use of the causative agent. It is worth
mentioning that in this case, the patient is elderly and had
hearing issues. Therefore, the dentist should have to make
sure that the patient understood all instructions verbally
and should be provided with a written version as well (Vila
et al. 2020).

The findings of this rare and unusual case of a patient
misuse of the OTC mouthwash presented with dryness,
burning, and painful erythematous swelling intraorally.
Also, chapped, dry, and painful swollen lips. Therefore,
thorough instructions should be delivered clearly to
patients before recommending or prescribing any type of
medication. The patient felt more at ease from the initial
visit to the oral medicine clinic. He strictly followed the
prescribed therapies. More importantly, the treatment has
an excellent impact on his daily routines including eating,
drinking, and speaking.
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The outcome of covid-19 patients with co-morbidities has reported to be poor. Post covid exercise-based rehabilitation may have a major
role in improving exercise tolerance and quality of life in post-covid-19 patients with co-morbidities. This case report discusses the
clinical scenario of a 35-year-old person who is a known case of stable rheumatic heart disease since 29 years and recently diagnosed
with covid-19 moderate pneumonia. He was referred to post covid outpatient department for post-covid physiotherapy rehabilitation.
After one month of structured exercise-based rehabilitation, improvement recorded in his SF-12 and 6-minute walk distance. COVID-
19 patients with co-morbidities seemed to have a poor prognosis, according to various studies. Post covid exercise-based rehabilitation
may have a major role in improving exercise tolerance and quality of life in post-covid-19 patients with co-morbidities. There is no
structured rehabilitative protocol designed for such unusual combination as of now hence our study focuses on this lacunae. This
case report discusses the clinical scenario of a 35-year-old person who is a known case of stable Rheumatic heart disease in the last
29 years and recently diagnosed with COVID-19 moderate pneumonia. He was referred to post covid outpatient department for post-
covid physiotherapy rehabilitation. The individual followed a structured exercise-based rehabilitation protocol for one month 6 times/
week and improvement recorded in his SF-12 and 6-minute walk distance. There was improvement in six-minute walk distance by
150 meters and rate of perceived exertion was also improved from 9 score to 7 in 6-20 borg scale post one month. In comparison to
pre-Rehabilitation, SF-12 improved the quality of life in both physical and mental sore. This case report concluded that there was a
definite improvement in the walking distance and quality of life of the patient after post COVID physiotherapy rehabilitation.

COVID-19MODERATEPNEUMONIA,POST-COVIDREHABILITATION,RHEUMATICHEARTDISEASE,
SHORT FORM-12, SIX MINUTE WALK DISTANCE.

Muller-Wieland et al. 2020). The clinical manifestation of
Rheumatic heart disease and COVID-19 is challenging,

Rheumatic heart disease (RHD) affects >39 million
persons globally, with the highest prevalence is seen in
low-income countries having limited health care facilities.
It is an after effect of Rheumatic fever which occurs after
a single or multiple episodes of sore throat due to group
A beta-hemolytic streptococci. For these individuals, the
COVID-19 outbreak poses a serious problem, as secondary
prophylaxis and access to care is likely to be disrupted, due to
possibly disabling effects of the disease. (Melo et al. 2018).
Cardiovascular disease is the most common comorbidity
found in COVID-19 patients (Enrique et al. 2020;
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both diseases could develop fever, chills, dyspnea, fatigue,
cough, and myalgia. This case is been recorded with the
view of observing the effect of structured exercise program
on post covid patient with stable RHD, attending post covid
outpatient department (Sanyaolu et al. 2020).

COVID-19 patients display wide spectrum of clinical
problems, ranging from respiratory failure, an overactive
immune system, coagulation issues, renal failure, endocarditis
to reduced exercise tolerance. The SARS-CoV-2 virus has
the potential to invade human body cells and systems.
COVID-19 predominantly affects the upper respiratory
system (sinuses, nose, and throat) and the lower respiratory
tract (bronchitis, pneumonia, and bronchitis). Since the
virus enters host cells through the receptor for the enzyme



angiotensin-converting enzyme 2 (ACE2), which is most
prevalent on the surface of type Il alveolar cells in the
lungs, the lungs are the organs most impacted by COVID-
19 (Harrison et al. 2020). The Novel Corona virus can
impact the heart and circulatory system, the brain directly
(encephalitis) and indirectly (e.g. secondary to hypoxia or
vascular thrombosis), the kidney and renal function, blood
coagulation, and the gastrointestinal tract, in addition to the
respiratory system (Wade 2020; Verdecchia et al. 2020).

As per WHO following a severe COVID-19 sickness,
exercise rehabilitation is a vital aspect of recovery. It can aid
in improving fitness, reducing dyspnea, increasing muscle
strength, improving balance and coordination, improving
thinking, reducing stress and improving mood, increasing
confidence, and increasing energy level (WHO 2020). There
is no structured rehabilitative protocol designed for such
unusual combination as of now hence our study focuses
on this lacuna. The outcome measures used to assess the
impact of exercise was 6-minute walk distance and for
health-related quality of life was SF-12. The 6-minute walk
test (6 MWT) is a submaximal exercise test that involves
measuring walking distance in 6 minutes. 6-minute walk
test routinely performed for patients with moderate to severe
pulmonary disease to quantify their functional capacity.
6-minute walk test often captures the coexisting extra
pulmonary manifestations of chronic respiratory disease,
including cardiovascular disease, frailty, sarcopenia, and
cancer (Agarwala and Salzman 2020).

In contrast with cardiopulmonary exercise stress testing,
this test does not require complex equipment or technical
expertise. The SF-12 is a health-related quality-of-life
questionnaire that consists of twelve items that examine
physical and mental health by measuring eight health
areas. General Health (GH), Physical Functioning (PF),
Role Physical (RP), and Body Pain (BP) are all physical
health-related dimensions. Vitality (VT), Social Functioning
(SF), Role Emational (RE), and Mental Health Scales are
all mental health-related dimensions (Huo et al. 2018;
(Agarwala and Salzman 2020). The aim of rehabilitation is
to improve recovery and reduce disability in patients with
COVID-19. As of now, no studies have been reported with
such unusual combination of RHD and COVID-19 given a
physiotherapy rehabilitation protocol, hence this case report
will manifest a stepping-stone to form a standard COVID
Rehabilitation protocol for rheumatic heart disease patients
being affected with COVID-19.

A 35-year-old male, a known case of stable rheumatic
heart disease referred to post covid outpatient department,
presented with complaints of grade 2 dyspnea on a modified
medical research council scale and was gradual in onset.
Aggravating factors for dyspnea were climbing stairs,
walking more than 5-10 min, and relieving factors were
rest or sitting on a chair. He also complained of sore throat
and dry cough. After being diagnosed with COVID-19
moderate pneumonia, he was hospitalized for 2 days in a
dedicated COVID-19 hospital setup, followed by 14 days of
home-quarantine. He was on standard COVID-19 medical

management protocol as per the guidelines which included
cholecalciferol capsules 1000 1U, vitamin C tablets 500 mg,
and azithromycin 500 mg (Launois et al. 2012).

On general examination all his vitals were within the
normal limits i.e., blood Pressure was 120/88 mmHg, heart
rate was 67 beats per min, respiratory rate was 22 breaths/
min, rate of perceived exertion was 11 using standard
6/20 rating of perceived exertion Borg scale. Oxygen
saturation, was 98% at rest, measured using a standard pulse
oximeter of Meditive Company. Systemic examination of
the cardiovascular system revealed pan systolic murmur.
He is on regular medication, which is a tablet, digoxin
0.25 mg for Rheumatic heart disease. Respiratory system
examination shows reduced chest expansion and chest
excursion. On auscultation, his breath sounds; air entry was
reduced in bilateral middle and lower zones, bronchial type
of breathing were heard which may be due to post covid
pulmonary fibrosis, no foreign sounds (Williams 2017).

After the detailed assessment, a six-minute walk test was
performed as per American thoracic society guidelines
in which the patient completed a distance of 240 meters
as compared to age predicted distance of 610 meters.
He walked 61% less than the age predicted calculated,
by formula. Pre- Six-minute walk test vitals were; blood
pressure was 120/88 mm of Hg, a saturation of oxygen
was 98% at room air, heart rate was 67 beats/min and the
rate of perceived exertion was 9 on a 6-20 Borg scale.
Post-test immediate his vital was; blood pressure 130/92
mm of Hg, oxygen saturation dropped to 93% immediate
post 6-minute walk test, heart rate was 55 beats/min and
his rate of perceived exertion was 11 on 6-20 Borg scale
(Enright and Sherrill 1998; Issues et al. 2002; Williams
2017). Vital parameters settled to baseline in 5 minutes
post-test. The exercise protocol was formulated base on
the clinical assessment and six-minute walk distance as
shown in table 1.

The individualized exercise prescription protocol was of
45mins-1hour duration consisting of warm-up, breathing
exercises, circuit training included followed by a cool-
down with a 1-month follow-up as shown in table 2. The
entire rehabilitation session was uneventful. The outcome
measures pre rehabilitation were SF-12 which scored SF-
12 is physical score: 37.9548, mental score: 43.25045, and
6-minute walk distance in which the patient walked 8 laps
in 6 minutes i.e. 240 meters, and rate of perceived exertion
was 9 in 6-20 Borg scale. Written consent is taken from the
patient to publish his case.

»  The patient 6-minute walk distance pre rehabilitation
was 240 meters and post-rehabilitation, the total
6-minute walk distance increased to 390 meters as
shown in Fig 1

»  Rate of perceived exertion was 11 in 6-20 Borg scale
pre rehabilitation and post-rehabilitation rate of
perceived exertion was 7 as shown in Fig 2.

»  The quality of life improved as compared to pre-
rehabilitation.
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» Pre rehabilitation scores of SF-12 were physical
score: 37.9548, mental score: 43.25045 and post-
rehabilitation scores of SF-12 were increased to,
physical score: 44.61544, mental score: 56.83795 as
shown in Fig 3.

Figure 1: Pre and Post 6-minute walk test

Figure 2: Pre and post rate of perceived exertion

Figure 3: Short form-12 Pre and Post Physical Score (PCS),
Pre and Post Mental Score (MCS)

Individuals with stable rheumatic heart disease have
reported having reduced exercise tolerance and quality of
life, which can be pronounced by post covid sequelae (Melo
et al. 2018; Sanyaolu et al. 2020).

Detailed Exercise Program: In the current case report, we
observed 61 % lower 6-minute walk distance as compared
to the predicted 6-minute walk distance as per age, height

& weight. 6-minute walk distance significantly improved
after the post covid exercise-based rehabilitation by 150
meters, which is more than the minimal clinical difference
change (Wise and Brown 2005). Similar results have
reported for improvement in 6-minute walk distance in
post-covid-19 patients with co-morbidities. The rate of
perceived exertion also significantly improved after the
post covid exercise-based rehabilitation by 2 points, which
is more than minimal clinical difference. Similarly, Claudio
et al. also reported improvement in the rate of perceived
exertion after inpatient rehabilitation in post-intensive care
unit COVID-19 patients (Ries 2005; Medica et al. 2021).
Quality of life has also significantly improved, which
measured using the SF-12 scale. SF-12 improvement was
6.71 for the physical score and 13.63 for the mental score,
which is more than its minimal clinical difference (Parker
et al. 2013; Tozato et al. 2021).

There was not much improvement in physical score pre-
and post-rehabilitation, but adequate improvement in
mental score by 13.63 points. Hence, there was an overall
improvement in quality of life. Studies show improvement in
quality of life after post-covid exercise-based rehabilitation.
Wenguang Xia et al. also discussed improvement in SF-
12 scored post rehabilitation (Li et al. 2021). Exercise
training did not only increase the exercise capacity of the
patient but also improved the quality of life as well (Luoto
et al. 2012). The World Health Organization (WHO) has
declared a global coronavirus pandemic for 2019. Since
then, the disease has infected over 12 million people in
countries worldwide. Several studies, including one meta-
analysis, have reported cardiovascular involvement along
with COVID-19 disease. The most common comorbidity
in COVID-19 patients is cardiovascular disease. RHD and
COVID-19 have similar clinical symptoms, including fever,
chills, dyspnea, tiredness, cough, and myalgia in both cases
(Murdoch 2009; Tozato et al. 2021).

However, in developing countries, COVID-19 was seen in
conjunction with Rheumatic heart disease which is a sequale
to infective endocarditis, and initial screening might well
be ambiguous. Various studies have reported physiotherapy
rehabilitation is beneficial in post COVID patients(Sheehy
2020; CURCI et al. 2020; Demeco et al. 2020). In our case
report we have discussed a rehabilitation of an unusual
combination of RHD and COVID-19 infection and to our
knowledge rehabilitation of similar combination have not
been published. Physiotherapy Rehabilitation could be a
key strategy for reducing the impact of COVID-19 on an
individual's health and function. It can also reduce Intensive
Care Unit -admission related complications, such as Post
Intensive Care Syndrome (PICS), Intensive care unit
acquired weakness (ICUAW). The aim of rehabilitation is
to improve recovery and reduce disability in patients with
COVID-19. As of now, no studies have been reported with
such unusual combination of RHD and COVID-19 given
a physiotherapy rehabilitation protocol, hence this case
report will manifest a stepping-stone to form a standard
COVID Rehabilitation protocol for rheumatic heart disease
patients being affected with COVID-19 (Barker-Davies et
al. 2020).
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Type Cycling And Treadmill
Table 2
CONCLUSION

The findings of this case report concluded that there was a
definite improvement in the walking distance and quality of
life of the patient after physiotherapy rehabilitation. There
was improvement in six-minute walk distance by 150 meters
and rate of perceived exertion was also improved from 9
score to 7 in 6-20 borg scale post one month. In comparison
to pre-Rehabilitation, SF-12 improved the quality of life in
both physical and mental sore.
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Pollution from microplastics has recently become a prevalent threat to the ecosystem. Microplastics with a dimension less than or
equal to 5 mm are smaller. There are many ways that microplastics can reach the atmosphere. By various mechanisms, the breakdown
of macro plastics will happen. Chemical degradation, tire abrasion, is the most common forms of degradation. Microplastics (MPSs)
pollution in the coastal and marine ecosystem is currently a global problem. Transferring MPs from land to sea and allowing them
to enter the food chain has a direct negative impact on marine life and human health. The combined toxicity effects of MicroPlastics
(MPs) and other contaminants in marine environments, as well as their toxicity effects and mechanisms based on a variety of
environmentally important test organisms, were also covered in this study.

AQUATIC ANIMALS, MICRO PLASTIC, MARINE ENVIRONMENT, POLLUTION.

Microplastics in the atmosphere of the ocean: Microplastics
(MPs) are increasingly infiltrating the climate, according
to accumulating evidence. Scientists, politicians, and the
general public all over the world are debating the role of
MPs. It's alarming to see how quickly Microplastics (MPs)
are assimilated into the global culture. Marine environment
ends up MPs methods (Stolte et al. 2014). MP particles
have been found all over the country, from the coast to
the interior. The origin and place of sources, as well as
the local atmosphere, all contribute to the formation of
MPs. MPs may come from a variety of places, such as
unmaintained plastic waste on land or at ocean, goods
transfer leakage, fishing accessories, waste water treatment
plants, and so on. A variety of factors affect the distribution
of Microplastics MPs in the atmosphere. Microplastics MPs
are transported throughout the atmosphere through a variety
of processes (Hidalgo-ruzet 2012; Karrman et al. 2016).
One consideration is the buoyancy of plastic polymers; for
example, since their density is lower than that of water, PE
and PP float on the water surface. PVC and PET, on the other
hand, have higher densities than water and are thus found
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under the water's surface. Microplastics MPs' distribution in
the atmosphere is determined by their particle size (Karrman
et al. 2016).

Occurrence in beach sediments: MPs have been present
in sediments since the late 1970s, according to studies.
Spain, New Zealand, Canada, Bermuda, and Lebanon were
among the first countries to make observations. This aids
in comprehending the global distribution of MPs since
the late 1970s (Lisbeth et al. 2015). MPs reach the marine
environment primarily as a result of plastic litter from
various sources. According to Karrman et al. (2016), the
total amount of plastic waste produced by coastal countries
worldwide in 2010 was 192 tons, with 2-5% of that being
mismanaged and ending up in the ocean (Karrman et al.
2016).

MPs' effect on aquatic species: MPs will interact with their
surroundings when they arrive in the aquatic environment
through various carriers, and their biological fate and
mobility will be determined by their size, shape, and other
characteristics. MPs in water have a major impact on
aquatic life. Marine animals absorb MPs, and this is the
main pathway. MPs are contained in sediments, so animals
that eat detritus are likely to be affected. The number of
laboratories works recently investigated in MP ingestion by
marine biota. An accede can be the primary cause of MPs



particle ingestion in certain circumstances (Wright 2013;
Karrman et al. 2016).

It may also cause inflammation and clog the digestive
tract. MPs ingestion has been discovered in a number of
marine species as a result of laboratory studies (Auta 2017).
Through the use of a variety of applications, the presence
of colorants in species indicated an anthropogenic origin.
As a result, coastal areas are a hotspot for MP emissions,
with filter-feeding bivalves being the most vulnerable. As
a result, more research is needed to better understand MP
accumulation rates and residence times across food webs.
The overall distribution of approximately value (Fig 1)
micro plastics studies have been conducted across the world
(Silva et al. 2018).

Figure 1

Table 1. Sampling equipment used to collect MPs Matrix.

Matrix Equipment

Water The trawl with rectangular
opening and a net bag

Surface: The bongo net using for

collection
Mid water level
Sediments
Bottom sediments Collection through box
corer
The iron spoons using for
collection
core or bottom trawl

Dissection & ejection

Surface samples

Seabed samples
Biological tissue

Sample Collecting Methods: This section describes
the different sample collection methods used by many
researchers during their study. The processing and handling
of MP samples is a delicate procedure. As a result,
determining the origins of contamination is important.
Items such as synthetic fibbers, gears, clothing, and other
unwanted items may contaminate Microplastics samples.
The equipment to be fully carefully cleaned and to be
sealed with polymer free clothing can be worn though
for contamination prevention. The following methods of
Microplastics sample collection are in the table (Silva et

al. 2018).

Water sample: A variety of nets are used to collect water
samples. Neuston nets, manta trawls, and bongo nets are
the most commonly used nets. The tail end of these nets
has a sample collection bin. The microplastics sample
collection nets ranges from 53m to 3mm were used (Silva
et al. 2018).

Sampling of Sediments: This is a screening technique
in which microplastics are obtained from beaches or the
bottom of lakes. It is simpler and more convenient to obtain
samples on beaches. During the sampling process, there is
no one-size-fits-all approach. It is entirely dependent on
the person and the sampling location. To collect samples
from beaches, most researchers tend to use tidelines and
sampling depth (Mai et al. 2018).

Biota sampling: The marine animals like fish, sea gulls,
sea cow and other planktons are consumed microplastics,
the biota sampling assessment use full for concentration
of micro plastic level. Animals' digestive tracts are used to
collect the samples. Laboratories dissect the digestive tracts
of marine creatures to collect samples (Mai et al. 2018).

Sample separation and purification: Floatation is
a term used to describe the process of Separation and
purification of samples can be accomplished in a variety
of ways. Density separation is the most common method
for sampling microplastics. It is used to distinguish low-
density particles such as sand, dirt, and sediments from
higher-density particles. Microplastics like PP and PE have
alower density than seawater (1.10 g/cm3). To differentiate
microplastics from higher density microplastics, such as
PVC (1.40 g/cm3) or higher density microplastics, various
density solutions are used. Saturated NaCl is widely used
in this system due to its nonhazardous properties. It's also
reasonably priced and easily available. The use of NaCl
solution as a density separator has several drawbacks.
During the extraction process, samples with a higher density
(PVC) cannot be completely collected (Mai et al. 2018).

During the flotation method, another commonly used
solution is ZnCI2, which is effective in extracting almost
all microplastics of various densities. The density of the
most common products, such as PP and PE, is lower than
that of ZnCl, and CaCl, solutions. The use of ZnCI2 has
the drawback of being harmful. As density separators, other
flotation solutions are used, but the overall process remains
the same (Stolte et al. 2014; Mai et al. 2018).

Sample purification: The flotation process is ZnClI2
solution widely used, which is efficient in removing
almost all microplastics of various densities. Most popular
products, such as PE and PP, contain a lesser density than
CaCl, and ZnCl, solutions (Stolte et al. 2014). The use
of ZnCl, has the drawback of being harmful. As density
separators, other flotation solutions are used, but the overall
process remains the same. According to a recent analysis,
vegetal material such as algae, seagrasses, and various small
residues are abundant in microplastics samples collected
from beaches (Herrera et al. 2018).
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These materials can be sorted by sight or by sieving, but
the remaining tiny residue cannot be sorted by sight. There
has been a breakthrough in the removal of residues from
microplastics samples. which takes less time and is more
likely to extract all of the small vegetal residue from the
microplastics sample. The method is based on a five-step
digestion process that includes the use of chemicals such
as HCL, NaOH, KOH, and H202, as well as a density
separation process using 96 percent ethanol. When it comes
to extracting vegetal pollutants from microplastic samples,
the digestion method is extremely efficient (Herrera et al.
2018).

Digestion of samples: The most of samples are chemical
or enzymatic digestion to break down the organic matter.
Hence a chance of damaging plastics due to deterioration
and mechanical friction and loss due to heating. The
polymer detection system can be used later depending on
the detection. The clean water samples only can be filtered
directly, for example glass fiber or aluminum oxide filters
(Herrera et al. 2018).

Acidic digestion: HNO3 is one option for removing organic
compounds. When compared to digestion in HCI, H202,
and 324 NaOH, the degradation of biogenic compounds
was between 94 and 98 percent. However, Avio et al.
(2015) demonstrated that polymers and PE dissolving and
agglutination occurred. HCI is not recommended because it
does not fully kill organic matter and therefore is ineffective
(Cole et al. 2011; Avio et al. 2015; Herrera et al. 2018).

Alkaline digestion: The NaOH or KOH solution can be
used for sample digestion process (Cole etal. 2011). The 1M
NaOH is high efficiency of 90% digestion. While increasing
the temperature and morality to achieve the effective
digestion process, but the use of 10 M NaOH degraded many
polymers, including PC, cellulose acetate (CA), PET, and
PVC (Dehaut et al. 2016; Herrera et al. 2018).

Oxidizing digestion: The efficient oxidizer H202 for
removing organic material. The polymers are slightly
getting more transparent, smaller or thinner while using
30% H202. However, after a seven-day digestion with 30%
H202, only 70% of the 343 microplastics were removed.
This was most likely due to the development of foam and,
as a result, a material loss. PE and PS 345 were unaffected
by a 15% H202 solution. After seven days of use of a 35
percent H202 346 solution and a time span of seven days,
only 25% of the organics were killed, according to another
report. Frias et al. (2010) suggest using 10% H202 with an
exposure period 348 of 18 hours due to the heavy reaction of
plastics with 347 high concentrated H202 solutions (Nuelle
et al. 2014; Herrera et al. 2018; Renzil 2019).

Enzymatic degradation: In certain trials, enzymes were
used to remove organic matter and reduce a portion of the
352-biological tissue (Loderet al. 2015). Cellulase 353 (>
30 U/ml), lipase (> 15,000 U/ml), chitinase (> 40 U/ml),
and protease (1,100 U/ml) in technical grade were used to
incubate microplastics and inorganic content (Cole et al.
2011; Loder et al. 2015; Renzil 2019).

Density separation: Many research (see compilation in
review papers) use density separation. It's often used to
separate microplastics from soil or other inorganic matter
that didn't get digested by enzymes or chemicals. A high
concentrated or even saturated salt 369 solution is mixed
with the sample and shaken (Loder et al. 2015; Renzil
2019).

Water litter has an impact on oceans and marine life,
according to Renzil (2019), posing a danger to natural
populations of pelagic fish species at the base of the
marine food chain. In the years (2013-2014), marine litter
and microplastics were measured in the stomach contents
of Sardinia pilchardus and Engraulis encrasicolus on a
seasonal basis. In the Adriatic Sea, some planktivorous
species are of great ecological and commercial value. Data
was compared to potential factors that could influence
ingested amounts, such as organisms, sampling season,
biometry, and animal sex (Renzil 2019).

Almost all of the tested samples (80 organisms for each
species) contained marine litter and microplastics (over
90% of samples from both species), but no meso- or
macroplastics were found. The average number of
registered items per person was 4.63 (S. plichardus) and
1.25 (E. encrasicolus). Sardines had a higher percentage of
microplastics of smaller sizes than anchovies. In sardines,
sex, the Gastro Somatic Index, and the sampling season
had no effect on the amount of ingested litter; however,
anchovies showed differences related to both animal sex
and the dominant color of ingested materials, with black
and blue colors predominating (Mai et al. 2018).

Identification by chemical composition: The molecular
structure of plastic polymers is used in this method to
establish the polymer's origin (Bergmann et al. 2015).
Furthermore, this process provides a simple way to
identify samples using polymer recognition methods such
as FTIR, Raman analyses, pyrolysis, GC, and MS (Mai et
al. 2018).

Pyrolysis- GC/MS: This is a method for detecting
microplastics in the atmosphere that is based on experience.
The chemical composition of microplastic particles can
be determined using thermal oxidation (Bergmann et al.
2015). The main advantage of this approach is that it can
simultaneously analyze both the polymer shape and the
organic additives present. Environmental samples are
analyzed using gas chromatography and mass spectrometry
(Mai et al. 2018).

FTIR spectroscopy: The polymer composition and origin
of microplastic particles in samples can be determined
using this method (Bergmann et al. 2015). Furthermore,
it enables accurate particle detection using their unique
IR spectra. This approach has the advantage of causing
molecular vibrations when interacting with the sample. In
the case of a plastic sample, this technique makes obtaining
extremely complex IR spectra with distinct band patterns
much simpler. Based on the oxidation level observed, FTIR
spectroscopy also provides information on the weathering
of sampled plastic particles (Bergmann et al. 2015).
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Raman spectroscopy: One of the most dependable analytical
techniques for determining the chemical composition of
unknown plastic fragments is chromatography (Hidalgo-
Ruz et al. 2012). Raman spectroscopy has the advantage
of being able to analyze small samples (1 m) and providing
a better response to non-polar functional groups than other
analytical approaches (Mai et al. 2018).

Routes of exposure: Microplastics are a significant pollutant
in the environment. Ingestion of microplastic-containing
foods, inhalation of microplastics in the environment, and
dermal contact with these particles contained in cosmetics,
textiles, and dust are all ways for microplastics to reach the
human body (Cox et al. 2019).

Ingestion: Ingestion is thought to be the most common
way for humans to come into contact with microplastics
(Galloway et al. 2015). Microplastics are expected to be
consumed in amounts ranging from 39,000 to 52,000
particles per person per year based on food consumption
(Cox et al. 2019). Particles may enter the gastrointestinal
system through infected foods or mucociliary clearance after
inhalation, causing inflammation, increased permeability,
and changes in gut microbe composition and metabolism.
Microplastics have been found in mussels, commercial fish,
and other foods (Salim et al.2013; Neves et al. 2015; Li et
al. 2016; Cox et al. 2019).

Inhalation: Synthetic textiles, abrasion of materials (e.g.,
car tires, buildings), and resuspension of microplastics
in surfaces are all sources of microplastics in the air.
Outdoor concentrations of 0.3-1.5 particles m-3 and indoor
concentrations of 0.4-56.5 particles m-3 (33 percent of
polymers), including inhalable sizes, were one of the first
measurements of microplastics in the air (Dris et al. 2017).
Individual inhalation of 26 to 130 airborne microplastics per
day have been estimated (Prata 2018). A male individual
with light activity inhales 272 microplastics every day,
according to air sampling using a mannequin (Vianello et
al. 2019).

Dermal contact: While nanoplastics have been proposed,
dermal contact with microplastics is thought to be a less
significant route of contamination.

Microplastic toxicity pathways: Microplastics, which
were once thought to be harmless particles with no toxicity,
are now thought to be potentially harmful to species,
depending on exposure and sensitivity. Microplastics' large
surface area may trigger oxidative stress, cytotoxicity, and
translocation to other tissues (Galloway 2015; Anbymani
and Kakkar 2018).

Oxidative stress and Cytotoxicity: Oxidative stress may
be caused by an overabundance of antioxidant responses.
Because of their high surface area, release of oxidizing
species adsorbed to their surface (e.g., metals), or reactive
oxygen species released during the inflammatory response,
microplastics can be at the root of this oxidative stress
(Kelly and Fussel 2012; Valavanidis et al. 2013). For
example, oxidative stress has been observed in zebrafish

and mice after exposure to microplastics (Lu et al. 2016;
Deng et al. 2017).

After injection of a polypropylene (PP) prosthesis, an
acute inflammatory reaction culminates in the release of
oxidants (e.g., hydrogen peroxide, hypochlorous acid),
causing the polymer to degrade, hydrolyze, crack, and
additively leach, resulting in a positive feedback loop of
free radical development and exposing possible pathways
of plastic removal from the organism (Anbymani and
Kakkar 2018).

Neurotoxicity: Contaminant use has been linked to
neurotoxicity and neurodegenerative diseases. In vivo
neurotoxicity has been observed in reaction to particulate
matter exposure, most likely as a consequence of oxidative
stress and activation of the brain's microglia (immune cells)
caused by direct contact with translocated particles or the
involvement of circulating pro-inflammatory cytokines
(from other sources) (Vianello et al. 2019).

Microplastics as vectors of microorganisms and
potentially toxic chemicals: Microplastics can pose
a chemical and biological risk in addition to particle
toxicity.

Within the body, monomer and additives from the
microplastics matrix can leach, exposing tissues to
chemicals such as phthalates and bisphenol A, which
are known as endocrine disruptors — substances that
interfere with endogenous hormones even at very low
concentrations (Cole et al. 2011). Microplastics, in addition
to their constituents, have a large surface area, making
them susceptible to acting as vectors for microorganisms
or chemicals they come into contact with. For instance,
persistent organic pollutants (POPs) have been identified
in microplastics recovered from the environment,
including polycyclic aromatic hydrocarbons (PAHSs) and
polychlorinated biphenyls (PCBs) (Vianello et al. 2019).

The findings of the present review are risk of microplastic
ingestion was evaluated for the various species living
in these habitats. Potential trophic transport routes for
bioaccumulation of microplastics have been proposed to
fill existing knowledge gaps, with a specific emphasis on
routes involving some at-risk species. More research in
the Indian scenario is required to fully assess the impact
of bioaccumulation in specific species and on the coastal
ecosystem as awhole. Given the prevalence of microplastics
in aquatic habitats and their inability to be removed, we
believe it is not too late to combine research on plastic
alternatives. Furthermore, immediate steps should be taken
to avoid the entry of plastics into the world.
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The sphere of Nanotechnology encompasses most of our lives and houses biomedicine and biomedical advancements. Nanoparticles
owing to their minuscule sizes and due to various physicochemical and electrical properties have been exploited in pharmaceutical
industries, agriculture, packaging, cosmetic, food industries. Nanomedicine is a laboratory-designed molecular-level pharmaceutical
material that has revolutionized diagnostic techniques and therapeutics. Nanoscience and nanotechnology and their wide applications
have become spread field worldwide because nanomaterials have novel and unique properties. Nanotechnology involves understanding
and manipulating materials normally in the size range of 1 to 100 nm, where they show completely novel physicochemical properties
from their bulk counterpart. The capacity to study compounds at the molecular level has aided the hunt for materials with exceptional
qualities for medical applications. Nanotechnology in recent days is applied in the designing of nano biosensors. Nanobiosensors are
biological molecules immobilized onto the surface of a signal transducer. The application of nano biosensors in the field of disease
detection has increased in recent years which has influenced in research of cancer and biosensing. Due to the high surface area of
nanoparticles, they are important in the production of nano biosensors with high levels of sensitivity and diminish the response times.
However, a comprehensive review regarding the type, mode of function, and their application in various diseases is missing. Nano
Deterministic lateral displacement technology that provided exosome splitting based on size differences has resulted in providing
the much-needed boost to cancer research. The time taken for cancer screening has been reduced drastically. that This review aims
to describe the utilization of nano deterministic lateral displacement technology, nano biosensors, and their applications in certain
disease diagnoses.

BIOMEDICAL APPLICATIONS, CANCER, NANOBIOSENSORS,
SARS-COV-2, SIGNAL TRANSDUCTION.

for up to 90% of their total mass, resulting in increased
reactivity. In present days, visceral imaging technology and

There are several definitions and applications for
nanotechnology. All definitions, however, emphasize
the design and evolution of highly ordered bottom-up
nanostructured materials that respond to specific stimuli.
Surface chemistry and physics "tune" the uses of nanoscale
materials (Fang 2018; Chaturvedi et al. 2019). The atom
concentration on the surface of these systems can account
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morphological diagnosis of tissues or cells are helpful in the
primary detection of tumors or cancer. The frequently used
diagnosis techniques, such as X-ray, magnetic resonance
imaging (MRI), computed tomography (CT), endoscopy,
and ultrasound, can only examine cancer only when there
is a visible change to the tissue. For detection of cancer,
nanoparticles are used to diagnose biomarkers of cancer
for example cancer-associated proteins, tumor cells, and
exosomes (Zhang et al. 2019).

An important advantage for the application of tiny
particles for cancer diagnosis is based on the large surface



area to volume ratio compared to bulk materials and
with this characteristic, surfaces of tiny particles can be
compactly wrapped with antibodies, peptides, and other
moieties (Zhang et al. 2019). The nanoparticles along with
quantum-dots technology and gold nanoparticles and their
combinatorial applications can be used in the diagnosis of
cancer (Chandrasekaran et al. 2019).

Nanotechnology products have become increasingly useful
in biomedicine and have led to the advent of a hybrid
science named nanobiotechnology. Nanomaterials are used
extensively in nanobiotechnology, including diagnostic,
medication delivery systems, prosthetics, and implants.
Because most biological processes are nanoscale, nanoscale
materials fit nicely with biomedical equipment (He et al.
2018; Zhang et al. 2019). Inorganic and metal nanoparticles,
carbon nanotubes, liposomes, and metallic surfaces are
popular materials utilized to build nanotechnology goods.
The above-mentioned keywords were searched on PubMed
and a total of 45 papers were included in this mini-review.
We focused on the use of nanoparticles in cancer detection,
Nano-DLD technology, biosensors, and the assessment of
toxicity levels in an in vivo model in this review study.

Nano-DLD (Deterministic Lateral Displacement)
Technology: One of the most essential factors in combating
diseases like cancer is early detection. As was observed
in Hawkes (2019), one-year survival for patients with
colorectal cancer dropped from 97.7% when detected
at Stage 1 to 43.9% when detected at stage 4. Classical
techniques of early detection fall short due to poor tumor
specificity in addition to high toxicity. Besides, most of
the approaches target rectification of damage rather than
proactive screening (Hawkes 2019).

Figure 1: Nano DLD pillar array separates particles based
on the fluidic forces.

Lab on a chip technology has allowed easy separation of
exosomes from body fluids (Chandrasekaran et al. 2019).
The introduction of NanoDLD Pillar Array Technology
allows splitting of exosomes based on their size. Upon
entry of the fluid containing exosomes into the NanoDLD
chip, smaller particles tend to move in a streamline manner
whereas, bigger particles are deflected owing to their size
(Smith et al. 2018). This technique allows for a gradient
separation and the separated exosomes can be analyzed
for biomarkers. Exosomes are nanoscopic particles that are
released by both normal and tumor cells. These are powerful
biomarkers, as they contain DNA, RNA, and proteins of the
cell from which they are released. Due to their extremely

small size, the traditional methods of isolation of exosomes
fail to produce a high yield (Zhang et al. 2017; Wu et al.
2020; Dash et al. 2021).

Nano DLD pillar array separates particles based on the
fluidic forces and the strategic placement of the pillars
within the chip. Particles that have a smaller diameter
than the space between two adjacent pillars will follow a
streamlined path whereas those with larger diameters will
follow a zig-zag route. To optimize a critical diameter,
essential for optimum separation of particles, separation of
whole-blood components was attempted without dilution. It
was seen that when the pillars were tilted at a certain angle,
optimum separation was achieved. However, this model
fails to address the displacement of particles caused due to
anisotropic permeability effect (Vernekar et al. 2017; Wu
et al. 2020; Dash et al. 2021).

This issue was resolved by a comprehensive model that
takes into account the displacement of small particles as
well. This theory puts forward the notion that the trajectory
of particles in the pillar array is largely dependent on the
arrangement of the pillar arrays (Kim et al. 2017). To
evaluate Nano DLD pillar technology as a point of care
diagnostics, successful detection of albumin proteins at a
concentration as low as 10ng/ml and nano-sized polymer
vesicles at concentrations of 3.75ng/ml were successfully
detected. This technology thus obviates the requirement
of fluorescent labeling. The results obtained were in line
with detection studies done with microcantilevers (Zeming
etal. 2018).

The concentration of particles in the fluid plays a pivotal
role in obtaining efficient separation. While working with
blood, in the absence of anti-coagulating agents, clogging
is a common issue in the microchannels, which ultimately
renders the NANO DLD pillar array unusable. However, it
was observed, that when the flow rate was controlled at 1ul/
min and a voltage of 20V was passed as an anticoagulant,
satisfactory purity levels were obtained up tol2hours
although the plasma purity dropped. In the absence of such
voltage, the Nano DLD pillar array was unusable after 4
hours (Kang et al. 2018; Dash et al. 2021).

Nanobiosensors: Nanotechnology has highly influenced the
field of biosensors, as their increased rate of sensitivity and
selectivity. The emergence of nanotechnology design the
materials to be prepared and fabricated in mini architecture
atatiny scale, producing tiny particles for successful assays
with the integration of microfluidics devices (Chen et al.
2018). A biosensor is an analytical device that puts together
a biologically active component with a signal transducer
that can generate a computable signal tantamount to the
concentration of chemical elements in any sample. Nano
biosensors incorporate nanotechnology with biosensors
(Jarockyte et al. 2020; Kveton et al. 2020; Sharifi et al.
2020). Apart from this, nano biosensors played a key role
in the detection of breast cancer as a portable device and
also in the field of clinical medicine. The interrelationship
of biomarkers and nanomaterials is efficient for the
advancement of the performance of nano biosensors for
all categories of diseases and also for treatment (Sharifi
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et al. 2020). Some of the major nano biosensors can be
categorized based on whether nanoparticles, nanotubes,
or nanowires have been used in the fabrication of the nano
biosensors (Moon et al. 2020).

Figure 2: Application of nanotechnology in the advancement
of nano biosensors

Nanoparticle-based biosensors include bulk acoustic wave
devices (Liu et al. 2020). These devices use the acoustic
properties of the analytes and amplify them to aid in detection.
Nano biosensors fabricated with magnetic nanoparticles
produce a magnetic flux that is detected under a microscope
(SQUID microscope) (Reichert et al. 2018; Forsythe et al.
2018; Liu et al. 2020). In this technique antibodies against
the epitope are attached to superparamagnetic particles and
the magnetic flux is detected under the SUID microscope. It
was further reported that the unbound particles contributed
very little to no noise in detection, thus a line can be drawn
between bound and unbound magnetic labels. One of the
most abundant utilization of nanotube-based biosensors
is glucose biosensors that utilize carbon nanotubes and
immobilizes glucose oxidase. Glucose oxidase breaks down
glucose in the blood to gluconic acid, this is coupled with
a redox reaction in the mediator that results in a release
of electrons which are in turn detected by the electrode
(Merinopoulos et al. 2020).

Nanoparticles made of metals are used to enhance detection
along with sensor function. Further, they have been used
to develop nano biosensors as their properties stand on
principles of detection, therefore; they have been designed
to perform as glucose biosensors. Nanoparticles mixed
with solution suspension are then applied to sense glucose
in various methods based on optical and electrochemical
characteristics. Various researchers in the past have
concentrated on the magnetic properties of nanoscopic
materials employed in biomedical applications, such
as immobilized enzymes for biosensor development.
According to previous studies, grapheme is a specialized
sort of glucose biosensor that has generated encouraging
results. They made a biosensor out of graphene and
chitosan, which they drop-coated onto a glassy carbon
electrode. Metal nanoparticles produced with graphene
were subsequently employed as glucose biosensing with
successful statistical findings (Lu et al. 2020).

Nanotechnology and SARS-CoV-2: The recent outbreak
of the global pandemic that took the world by surprise

was found to be caused by the Severe Acute Respiratory
Syndrome Corona Virus2 (SARS-CoV-2). Nanotechnology
has great application in the development of COVID-19 drug
delivery as there are high advantages like the small shape
and size and morphology of the nanoparticles (NP) helps the
drug delivery to invincible sites and diminishes the immune
response by reticular endothelial cells. Nanoparticles have
a large surface-to-volume ratio which helps drug docking
and loading. Though the nanoparticles can pass through
cell membranes mostly anionic and it is only happening
due to surface charge modification. Nanotechnology in
combination with large porous micro-particles (LPMP),
solid lipid microparticles (SLMs) can be used to deliver
drugs and can be adapted at antiviral drug therapy (Bhavana
et al. 2020; McGrath et al. 2020; Zhu et al. 2020). The
current technique for the detection of the virus is through
reverse transcription polymerase chain reaction which is
highly time-consuming given the rate of progression of
the disease (Wong et al. 2020; Bhadra et al. 2020; Lu et
al. 2020).

A novel technique using carboxyl polymer-coated magnetic
nanoparticles allowed easy extraction and detection
of SARS-CoV-2 RNA through reverse transcription-
polymerase Chain Reaction. This technique combines both
the lysis of viral particles along RNA binding and further
reduces the time required for detection. The polymer-coated
magnetic nanoparticles have high specificity for RNA
binding, thereby producing a high throughput analysis
(Zhao et al. 2020). However, magnetic nanoparticles
require heavy instrumentation which poses problems in the
portability area, but the higher output is available when used
in a laboratory setup. Such a problem can be averted when
using techniques such as colorimetric or electrochemical
assays (Tymm et al. 2020). However, Nanobiotechnology,
over the past few decades has played a pivoting role not
only in the early detection of tumorigenic cells but also in
several infectious diseases. These include techniques like
biochips, Nanoproteomics, Nanobiosensors, Nanoparticle-
based immunoassays, etc (Ellwanger et al. 2019; Wong et
al. 2020; Bhadra et al. 2020; Lu et al. 2020).

Diagnosis of Infectious disease: As per the reports
published by World Health Organization on foodborne
diseases, 1 out of 10 people fall ill every year (420000 die
each year) from consumption of contaminated food, with
children under the age of 5 being at high risk (125000 die
each year) (Cissé 2019). Oral diseases like tooth caries,
endodontic infections, etc are most common across the
world. Prevalence of infection in the oral cavity and its
effect on human lifestyle decreases the quality of everyday
life which denotes an urge for effective therapy. The
emergence and application of antimicrobial photodynamic
therapy (APDT) on infection of oral disorder has been
increased tremendously in past years (Qi et al. 2019; Lu
et al. 2020).

In the United States alone Escherichia Coli have been
reported to cause over 73,000 illnesses. Classical methods
for the detection of E. coli require amplification to bring
the sample up to the detection limit. However, antibody-
conjugated nanoparticles have proven to be a highly
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sensitive and rapid immunological assay for the detection
of bacterial cells without the requirement of amplification.
This technique immobilizes several fluorescent dye
molecules on each nanoparticle together on a silica
matrix. Due to the presence of several surface antigens on
the bacterium, numerous nanoparticles would bind to it
resulting in amplified signal output. In a different approach,
nanoparticles were found to have virucidal effects, owing to
their size, surface area, and charge. Their small size allows
effective membrane permeability within the foreign body
and thus delivers virucidal drugs to the target (Singh et al.
2017; Russell et al. 2019; Lu et al. 2020).

In the modern science of treating infectious diseases,
nanomedicine is a highly accepted approach for the
advancement of nanotechnological systems in the field of
disease diagnosis. For disease treatment, targeted therapy
is the one of most enriched approaches to deliver the
accurate quantity of therapeutic molecules for a long-term
cure for the disease in the human body. For this advanced
technology to apply and development of safer and more
effective therapeutic nanoparticles is crucial and this is
the main goal of nanomedicine. With proper design and
decoration of the nanoparticle surface with polyethylene
glycol (PEG), acetyl groups, or protein moieties (arginine-
glycine-aspartate or RGD) peptide, albumin), retention
time can be altered (Shreffler et al. 2019). Last few years,
the application of nanoparticle dependent vaccines has
gained high acceptance in the field of vaccine technology
and immunological experiments. To get the proper results
in immune responses nanotechnology has no comparison
(Yetisgin et al. 2020).

The nanocarriers improve vaccination administration by
preventing antigens from being degraded prematurely
by proteolytic enzymes, enhancing antigen presentation
by antigen-presenting cells (APCs), controlling release,
and being safe for human usage. It was also shown that
providing viral and bacterial antigens in combination
with gold nanoparticles improved immune responses in
the host against influenza, immunodeficiency virus, foot
and mouth disease, and TB. Mycobacterium tuberculosis
is successfully reduced in infected rats using plasmid
DNA encapsulated in gold nanoparticles that encode
mycobacterial hsp65 antigen. Some research has been done
using hollow mesoporous silica, nanotube, and spherical
forms of carbon nanoparticles as adjuvants to improve
immunogenicity and deliver protein and antigenic peptides
for viral infection. Some nanoparticles are based on silica
which has utilization in the introduction on their surface
with a proper functional group to access target cells for
vaccine administration. One of the vast applications of
inorganic nanoparticles is that they have low production
cost, safer administration, and high reproducibility (Pati et
al. 2018; Yetisgin et al. 2020).

Nanoparticles toxicity analysis toward its in vivo application:
The toxicity of nanoparticles increases with their size. This
is partly because tiny nanoparticles are more easily taken
up into the cell or even near the nucleus (Serpooshan et
al. 2019). Because their cellular absorption is restricted at
the same dose, larger nanoparticles may be less harmful. A

few aspects should be thoroughly investigated to assess and
forecast probable nanoparticle toxicity in vivo applications
(Chen et al. 2018; Donahue et al. 2019; Shao et al. 2020).
To begin with, in vitro cytotoxicity studies should be
utilized with caution to extrapolate predicted outcomes in
vivo research. Nanoparticles in an in vivo system would
be subjected to far more complex perturbations due to a
large number of proteins and tiny biomolecules present.
Nanoparticles can be destroyed, absorbed by phagocytic
cells, or transported away from the target location by the
lymphatic system because of these nearby biomolecules.
Assay responses acquired in a well-controlled environment,
such as a culturing plate, may not necessarily match those
obtained in an in vivo setting. As a result, drawing any
inferences from the in vitro assay for nanoparticle responses
in an in vivo system will be insufficient until at least animal
model investigations are completed (Cao et al. 2021).

Second, the limits of present cytotoxicity or inflammatory
reactions of cells to nanomaterials should be carefully
noted, and more effort should be put into developing
tools for better assaying nanoparticles. Traditional tests
established for chemical poisons or microparticles have
been used in studies of in vitro cytotoxicity and the
inflammatory response to nanoparticles (Lih et al. 2018).
These studies don't go into detail on how specific cells react
to nanoparticles. Furthermore, because cells might behave
differently depending on the assays used, the examination
of these test data is prone to inaccuracy. The following are
the limitations of existing cytotoxicity and immune response
tests for nanoparticle evaluation. For starters, cells cannot be
retrieved after a single test readout (Schaerli 2018), limiting
the options for tracking changes in a cell's activity over
time. Second, the results of the experiments are averaged
over all of the cells present.

As aresult, the reactions of a single cell to the nanoparticles
cannot be recorded separately from the experiment.
Third, nanoparticles within a cell may interfere with the
fluorescence signal generated by the test dye. Nanoparticles
can also interact with dyes and/or bind to them, changing
their absorption and/or fluorescence. Nanoparticles can also
adsorb to proteins and other biomolecules in the cell culture
medium, interfering with the particles' usual interactions
with cells (Faruqu et al. 2018). Furthermore, nanoparticles
can attach to cytokines generated by cells, reducing the
positive signal in an assay artificially. The technique of
flow cytometry is widely employed in biological response
experiments, although it necessitates the removal of
cells from the cell culture plate, which may affect the
cells' mortality. Finally, there have been no multiplexed
investigations of nanoparticles in the same well as single
cells. Because of these constraints, a solid assay that
overcomes the aforementioned issues with traditional assays
and can examine biological responses to nanoparticles in a
multiplexed, high-throughput way is urgently needed (Jeon
etal. 2019).

To measure cytotoxic and inflammatory reactions to
nanoparticles in a multiplexed manner, cutting-edge single-
cell test approaches have been created. The multiplexed
analytical approach will be employed in numerous
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nanoparticle safety investigations. Time-dependent
investigation of a single cell's reactions to nanoparticles may
reveal the mechanism of nanoparticle toxicity; these single-
cell studies will be utilized in conjunction with standard
bulk experiments (Yi et al. 2019). The methodologies

outlined will enhance nanotoxicological investigations and
their uses mentioned in table 1. The larger nanotechnology
community demonstrating the feasibility of a high-
throughput, multiplexed analytical tool for investigating the
safety of nanoparticles at the single-cell level (Jonghoon
and Nam Sun 2011; Gibellini et al. 2020).

Table 1. Few important nanomaterials and their applications in the field of medical diagnosis

and treatment involving use in drug delivery

Nanomaterial

Calcium Carbonate Nano Particles coated
with Hyaluronic Acid activated by Glucose
Low molecular weight protamine nanoparticle
with paclitaxel; enzyme activated

Nanocarrier containing Histidine-4 polyamidoamine

dendrimer linked with disulfide bonds to
Polyethelene glycol and Transferrin
Alginate and cystamine based nanogels

Melanin like nanoparticles

Nanoparticles containing hyaluronic acid, chitosan,

and lipoic acid are linked together.
Polyaniline based nanoparticle-containing gold

nanocomposite activated through electrical signals

The study suggests that the exosome nanoscopic particles
used as powerful biomarkers for malignant cells, as they
contain DNA, RNA, and proteins of the cell from which
they are released. Nano DLD pillar technology applied
in diagnostics approach and successfully detects albumin
proteins in living cells. Numerous nanoparticles can
bind bacterium surface antigens, resulting in amplified
signal output. By using different nanomaterials the recent
outbreak of the global pandemic that took the world by
surprise was found to be caused by the SARS-CoV-2
coronavirus. The current technique for detection of the
virus is through a reverse transcription-polymerase chain
reaction which is highly time-consuming given the rate of
progression of the disease. It's tough to predict the future
of any key technology. On the one hand, there isa common
propensity to underestimate a technology's influence and
rate of development. As other kinds of nanotechnology
grow more common, the prominence of nanoparticles as the
most potentially harmful variety may shift. Nanoparticles
are becoming more widespread, and their properties are
becoming more understood.
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Hirzeler presented the socket-shield technique (SST) more than 10 years ago. The partial extraction therapy (PET), a collective
concept of utilizing the patient’s own tooth root to preserve the periodontium and peri-implant tissue, has been remarkably developed.
PET comprises a group of novel techniques for post-extraction implant placement. Several modifications of PET and simultaneous
implant placement have been presented since its inception. Since its origin, several alterations have been employed in the methodology
of partial extraction of the root and the simultaneous implant placement. A repeatable, predictable protocol is needed to provide
tooth replacement in esthetic dentistry. Moreover, a standardized procedure provides a good framework for clinicians to report data
relating to the technique with procedural consistency. This review aims to illustrate a reproducible and systematic protocol for the
PET techniques with immediate implant placement at the aesthetic zone. The most used technique is the socket-shield technique,
which is potentially offers promising results, minimizing the necessity for invasive bone grafts round implants in the aesthetic area,
clinical data to support this is very inadequate. The limited research data existing is cooperated by a deficiency of well-designed
prospective randomized controlled investigations. The present case studies and techniques are of actual incomplete technical value.
Retrospective studies published in limited records but are of inconsistent plan. At this point, it is indistinct whether the socket-shield
technique will offer a stable long-time outcome or not.

PARTIAL EXTRACTION THERAPY, PONTIC SHIELD, PROXIMAL-
SOCKET SHIELD, ROOT SUBMERGENCE, SOCKET SHIELD TECHNIQUE.

placed with an out of occlusion provisional crown. Many
cases followed the concept and became published (Han et

Qualitative and quantitative variations, which arise in
the alveolar ridge next tooth removal, can complicate the
implant-prosthetic restoration. Several socket and alveolar
ridge preservation systems have been developed to minimize
the alveolar ridge atrophy. The tooth root can be conserved
to limit bone resorption under a fixed or removable denture
(Pagni et al. 2012). PET, as a socket shield technique, was
first introduced by Hiirzeler in (2010) and this process
was first carried out on dogs, followed by a single implant
placement in a human as a proof of concept (Hurzeler et al.
2010). Finally, a fabricated screw retained abutment was
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al. 2018; Gluckman et al. 2018; Schwimer et al. 2019).

The concept of PET is composed of four different techniques
that aim to preserve slice of the tooth in the bone, thereby
minimizing the loss of the bone vasculature and periodontal
ligament attachment, thus eliminating the remodeling and
resorption of both hard and soft tissues associated with tooth
removal. Gluckman et al. (2016a), and Shaheen (2021)
found that partial extraction therapy (PET) includes root
submergence (RST), socket shield (SST), proximal socket
shield (PSST), and pontic-shield (PST) (BUSER et al. 2000;
Abadzhiev et al. 2014; Troiano et al. 2014; Al-Dary and Al
Hadidi 2015; Durrani et al. 2017; Mitsias et al. 2017; Al-
Dary and Alsayed 2017; (Durrani et al. 2017; Esteve-Pardo
and Polis-Yanes et al. 2020; Abd-Elrahman et al. 2020).



These systems have provided excellent mechanical,
biological, and esthetic outcomes in the hands of
experienced operators with meticulous treatment planning
and case selection. In addition, a modified SST was
presented by (Glocker et al. 2014). Han et al. 2018 used a
1.5-mm thick shield with the most coronal portion, while
Guo et al. 2018 modified the SST by placing platelet-rich
fibrin (PRF) in the gap between the root fragment and the
implant and found that that peri-implant tissue was well
preserved by the SST without significant peri-implant tissue
resorption (Aslan 2018). The most commonly used indices
for the evaluation of the aesthetic dimension of anterior
single-tooth implants are the pink and white aesthetic score
(PES/WES) indices, and they have been used in several
studies (Belser et al. 2009; Buser et al. 2013; Mangano et al.
2014a; Zhao et al. 2016). Pink esthetic score evaluates the
anterior esthetic of the implant-supported single crown on
seven points, including mesial and distal papilla, soft-tissue
color, contour, level, texture, and deficiency of alveolar
(Fonseca 2018 and Mourya et al. 2019).

It comprises 10 variables such as mesial papilla, distal
papilla, curvature of the facial mucosa, level of the facial
mucosa, the root convexity, soft tissue color, and texture
at the facial aspect of the implant site, tooth form, volume,
color, surface texture, and translucency. A score of 2, 1 or 0
is assigned to all parameters. All parameters are assessed by
direct comparison with the natural, contralateral reference
tooth, estimating the degree of match or mismatch (Belser
etal. 2009). Based on the Kaplan—Meier survival estimator,
the cumulative implant survival rate (implant-based) was
high. The complications were the infection of the root
portion, with suppuration and fistula formation, which
occurred in four cases at 83, 51, 59, and 12 months after
implant insertion) and the infection of the root associated
with peri implant mucositis in 1 case (at 113 months from
the insertion of the fixture (Mangano et al. 2019).

Infection of the root membrane with fistula was determined
in 50% of cases the occurrence of periimplantitis that
caused the loss of two implants (at 12 and 59 months after
insertion). In the remaining 50% of cases, however, the
implant was not affected by the infection (Gluckman et al.
2016; Siormpas. et al. 2018). The prosthetic complications
were divided into minor complications, such as no treatment
needed or 60 min chair time and additional laboratory
costs, repositioning of a loosened abutment, and removal
of a fractured abutment or fabrication of new restorations.
Static and dynamic occlusions were evaluated using
standard occluding papers. All prosthetic complications
were carefully registered and managed if possible, during
the follow-up visits. Mangano et al. (2016) and Han et
al. (2018) have shown a prosthetic complication such
as abutment screw loosening, abutment fracture, and/or
chipping/fracture of the ceramic restorations. Al-Dary
and Alsayed (2017) replaced missing maxillary 2 central
incisors with zircon cantilever bridge (Abd-Elrahman et
al. 2020). This review aims to illustrate a reproducible and
systematic protocol for the PET techniques with 11P at the
aesthetic zone and summarize the clinical outcome of this
technique during the last 10 years.

An electronic exploration was achieved to identify related
research. The search was restricted to May (2010) to October
(2021), at the time of gathering of the information with the
resulting databases from Medline/PubMed, Cochrane,
Scopus, EBSCO host, Google website, Web of Science, and
Wiley Library. The search terms included “Partial extraction
therapy”, “socket shield technique,” “modified SST”, “root
membrane technique”, “Pontic-shield technique”, “type of
the final restoration”, and “immediate implant placement”,
and case report, series, and clinical studies. The study was
finalized manually by evaluating the particular reference
tilts of similar articles. Studies published from (2010 to
2021) were included if they met the following measures:
case report, case series, prospective and retrospective
studies, clinical trial study, and involves the use of PET
and procedures with I1P after tooth extraction.

The exclusion criteria were clinical studies on human and
follow-up not less than 3 months after implant assignment.
Two review authors (Al MM and A.M.A) evaluated the title,
abstract, and available text of articles documented in the
electronic search and the inclusion and exclusion criteria.
All published papers related to PET reports were evaluated
for relevance, eligibility, and data extraction. For all type
of studies, the implant osseointegration, shield exposure,
shield infection, shield migration, soft tissue contour, and
type of prostheses were recorded. Radiologic result for
buccal and/or crestal bone loss were assessed. The selected
studies were analyzed for complications and adverse effects
stated by corresponding author(s).

All data were extracted, and the contents were screened
by the author. Full texts of the associated studies were
reviewed for further assessment. This systematic review
was designed in accordance with the Preferred Reporting
Items for Systematic reviews (Moher et al. 2009) with
some modifications specified by recent systematic
reviews published in the previous studies (Siormpas et al.
2018; Blaschke and Schwass 2020; Ogawaa et al. 2021;
Magadmi 2021). The extracted data from the nominated
studies were as follows: author(s) name, publication year,
type of technique used, arch, region, tooth type, causes
of extractions, implant placement, loading protocol, final
restoration type, complications, survival rate, and follow-up
period (Table 1). The quality of each involved study was
evaluated by the authors (Al MM and A.M). The included
articles were evaluated using the Checklist for Systematic
Review, Case Reports and/or Series. Data were organized
and summarized in designed tables. The mentioned variables
in all collected studies in any form were summarized and
analyzed (Blaschke and Schwass 2020; Ogawaa et al. 2021;
Magadmi 2021).

The flowchart for the selection of articles based on their
eligibility for the current systematic review is presented in
Figure 1. The database search across literature resulted in
561 articles related to questions raised, and these articles
were gathered and analyzed. The author further separated
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the publications and removed similar studies and other
papers articles not correlated to the question elevated. A total
of 496 studies were removed, because they are duplicates or
not related to the study. By screening 65 articles, 21 studies
were omitted, because they were not related to the review,
leaving 44 studies (Figure 1: Flowchart). Eight studies were
included for each of clinical studies and case series, while
the remaining articles were case reports (28).

Variables related to PER among clinical studies or both case
series and reports were presented in Table 1. The extracted
items were included the author(s) name, publication year,
type of technique used, arch, region, tooth type, causes
of extractions, implant placement, loading protocol, final
prostheses type, complications, survival rate, and follow-
up period. A total of 44 articles were included in the
present review, as shown in Table 1. Eight clinical studies

Al Moaleem et al.,

and eight case series were conducted between 2014 and
2021. Majority of the case reports were about SST and
immediate implant placement. All cases were followed up
with minimum of 3 months and extended up to 10 years. All
the parameters’ data are represented and arranged. Graph
1 represents the outcome of screened studies in relation to
PET with immediate implant.

The highest percentage of the type of technique used. The
proportion of implant loading technique (immediate vs.
delayed), arch involved maxillary or mandibular arch, the
place of studies applied, and the ratio of each tooth type are
shown. Parameters such as causes of extraction, follow-up
period, and survival rate for each study are presented in
Graph 2. The details of the materials used for final prosthesis
and the number of screws retained or cemented prosthesis
are shown in Graph 3.

Table 1. Qualitative analysis of studies included in this review and arranged ascending
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Continue Table 1

Figure 1: Flowchart of the study selection process (Moher et
al. 2009; Siormpas et al. 2018; Blaschke and Schwass 2020;
Ogawaa et al. 2021; Magadmi. 2021).

Graph 1: Extracted data in relation to type of PET. Study
type, arch type, position, and restored tooth type.

Al Moaleem et al.,

Graph 2: Causes of tooth extraction, follow-up period, and
survival rate of studies included in this review.

Graph 3: Numbers of different types of prostheses (final
restoration) used in studies and cementation technique.

In addition to that the studies by Arora and lvanovski (2018),
Han et al. (2018); Hana et al. (2020); Mathew et al. (2020)
recorded 102,33,25,13,7, and 3 maxillaries central, lateral,
canine, 1stand 2nd premolar, and mandibular canines were
recorded, respectively. Abadzhiev et al. (2014) (80%), Arora
and Ivanovski (2017) (88%), Schwimer et al. (2018) (100
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%); Zuhr et al. (2020) (100.00%), Hana et al. (2020) (95%)
found high percentage of success with different period of
follow-up as recorded after each one. Canti-lever of 6 unites
from maxillary canine in the left side into canine on other
side with two abutments. Lateral’s incisors were used by
Polis-Yan et ai. (2020).

Cemented retained cantilever all ceramic with abutment
was lateral incisor and the pontic was the adjacent central
incisors, while Abadzhiev et al. (2014) used mixed ceramic
and PFM crowns for their final restoration after SST with
or without I1P. Other authors used mixed PFM and CC as
Arora and Ivanovski (2017) used Screw R PFM, cemented
PFM. Pour etal. 2017 used SR CC, while Hinze et al. (2018)
used PFM and ceramic crowns (Esteve-pardo and Colombia
2018). Various PET techniques have provided outstanding
biological, mechanical, and aesthetic consequences in
hands of knowledgeable clinicians with careful treatment
arrangement and case collection. A uniform assessment of
PET outcomes needs to be established to provide objective
findings, in addition to a consistent protocol for root
portions preparation and to place dental implants in the
ideal place and achieve long term success of treatment. This
review aims to determine the advantages of different PET
techniques aesthetic outcome IIP in the aesthetic zone and
the different types of final prostheses used (Esteve-pardo
and Colombia 2018; Oliveira et al. 2021).

Among the PET techniques, SST is the most used technique
because of its many advantages in cases of post extraction
immediate implant with 1P, such as high stability and well-
preserved hard and soft tissue; it preserves the buccal bone
marginal and inter-implant papilla with minimum marginal
bone loss, maintains alveolar bone level, and does not
change soft tissue dimensions (Nguyen et al. 2020; Alone
and Niswade 2021; Srivastava et al. 2021; Oliveira et al.
2021). This method is good alternative to preserve BCP
in aesthetic area and healthy per-implant tissue, improved
buccal contour stability and or better esthetic outcomes can
achieved (Dayakar et al. 2018; Patel et al. 2019; Arabbi et
al. 2019; Schwimer et al. 2019; Dash et al. 2020).

In a case series by Habashneh et al. (2019) and Alshammari
et al. (2020) they show minimally invasive approach that
can preserve hard and soft tissue and contour of ridge, and
this method was implemented in areas of high aesthetic
demands to achieve good esthetic outcomes. SST with 1IRP
preserved hard and soft tissue and kept it stable without any
changes in dimension, resulting in optimum aesthetic results
and improving and preserving the buccal contour of ridge
areas of high aesthetic demands (maxillary anterior up to
premolars) to achieve good esthetic outcomes (Glocker et
al. 2014; Mitsias et al. 2017; Habashneh et al. 2019; Mathew
et al. 2020; Nguyen et al. 2020; Germi et al. 2020). Tissue
volumes remain unchanged, and good osteointegration
was achieved (Troiano et al. 2014; Gluckman et al. 2016b;
Baumer etal. 2017). In addition to the above characteristics,
a group of clinical studies showed excellent scores for PES
and was in clinical studies (Sun et al. 2020; Hana et al. 2020;
Abd-Elrahman et al. 2020).

Ideally, a method for the prevention of alveolar ridge
resorption should be cost-effective and minimally invasive.
Various methods of guided bone regeneration (GBR) have
been described to retain the original dimension of the bone
after extraction. All these procedures are cost-intensive and
technique-sensitive. The presented method is cost-effective
but is a technique-sensitive SST that avoids the resorption
of the bundle bone by leaving a buccal root segment (socket
shield) in place (Mourya et al. 2019; Ogawa et al. 2021).
The SST seems to be beneficial for ridge preservation
despite its insufficient documentation. In this case report
series, implants were placed immediately after extracting a
hopeless tooth by using this technique, and the patient was
followed up for 1 year to document functional and esthetic
outcomes (Mourya et al. 2019; Ogawa et al. 2021).

PES was between 8-10 and 6-10 after 6 and 12 months,
while previous studies recorded 12.2 PES with complete
score for central incisors, recorded 13.5 mm, and recorded
a mean PES of 12. Only a single article recorded PES
and MBL for CIIP of 10.8 and 0. 88 mm by, respectively.
The MBL for SST was 0.1 + 0.2 mm as determined in the
previous studies and 0.17-0.22 mm as determined in the
previous studies (Baumer etal. 2017; Zhu et al. 2018; Germi
et al. 2020; Mathew et al. 2020; Sun et al. 2020; Mathew et
al. 2020; Mathew et al. 2020). Other information in relation
to case series are available in Table 1 and Graph 1.

The advantage of RST is inexpensive preservation of
alveolar bone dimensions to provide a good retentive
surface area for RDP or to preserve alveolar bone for a future
dental implant, or to preserve the tissues’ dimensions in the
pontic’s area under a tooth supported FDP, with a chance of
developing bone and new cementum and connective tissue
coronal to submerged segment. It also preserves the tissues
next to a dental implant and improves the predictability of
interdental papillae height in DIT (Roe et al. 2017; Petsch
et al. 2017; Baumer et al. 2017; Pour et al. 2017; Kumar
and Kher 2018; Verma et al. 2018; Guo et al. 2018; Mattar
2018; Patel et al. 2018; Schwimer et al. 2019).

In the aesthetic area, the preservation of the interdental
papilla among two implants is one of the major challenges
of implant rehabilitation, and the PSST was first proposed
and described by involving the similar values of the SST,
but the distal root piece was used instead of the buccal
one. Consequently, studies about this technique are lacking
(Chen et al. 2018). The complications observed during
follow-up of case series include a shield failure caused by
infection, a case of deficiency of alveolar ridge, a patient
who had complications with the three other socket shields
exposed caused by failure of soft tissue closure (Lagas et al.
2015; Gluckman et al. 2016b; Schwimer et al. 2019).

The pontic ST was recognized as the modified SST, and
it was introduced to preserve both hard and soft tissues
in the pontic extents following the same technique as the
SST. However, instead of inserting an 1P in the socket, a
bone grafting material was used to seal the socket, and the
socket was closed by a repositioned flap, gingival graft,
or membrane. Moreover, under the presence of an apical
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pathology, the buccal pieces can be conserved, while all
the other tooth structures and apical lesions are detached,
which overcomes a matter that was identified with the use
of RST (Nisar et al. 2020).

The findings of the present study suggests that although
PET can be used for dental implant treatment, it remains
difficult to predict long-term success of this technique until
high-quality evidence becomes available. Studies published
from 2010 to 202 were included. Atotal of 40 studies were
included, as randomized controlled trial, cohort studies,
clinical case reports, and case series. 123 patients were
treated with PET, most of them underwent SST with [1P.
The follow-up was conducted between 3-120 months after
placement. Several complications were recorded, but it was
manipulated. Most studies reported implant survival without
complications (91%). Most of cases that were followed up
for more than 12 months after implant placement achieved a
good aesthetic appearance. The failure rate was low without
the complications, although some failures occurred because
of failed implant osseointegration, socket shield mobility
and infection, socket shield exposure or migration, and
apical root resorption.
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ABSTRACT

COVID-19 pandemic caused by SARS-CoV-2 has resulted in unprecedented havoc worldwide with significant morbidity and
mortality. Till now, no effective antivirals are at disposal prompting researchers to explore potential lead molecules including from
bioactive phytochemicals. An extensive literature search was carried out utilizing online resources; Google Scholar and PubMed to
collect published reports on pharmacological potential of saikosaponin particularly in underexplored Bupleurum species. A number of
molecular docking studies have reported promising antiviral effects of saikosaponins particularly of saikosaponin A, D, U and V with
tremendous potential to be developed as anti-SARS-CoV-2 therapy. The search for potential sources of saikosaponin A and D led to the
identification of Bupleurum turcicum; an unexplored, underutilized and endemic Bupleurum species. The observation that B. turcicum
root extract contains highest amount of SSa and SSd among endemic Bupleurum species found in Turkey (Bupleurum sulphureum,
Bupleurum lycaonicum, Bupleurum turcicum, Bupleurum heldreichii, Bupleurum pauciradiatum) and presence of significant amounts
of antioxidant compounds led to the proposition of using B. turcicum extracts as adjust therapy in the management of COVID-19.
The proposal also relies on the evidence of SSa and SSd being effective against a number of viruses including SARS-CoV. This
review discusses phytochemical composition of B. turcicum root, antiviral, immunomodulatory and anti-inflammatory potential of
saikosaponins in view of its plausible usefulness in the management of COVID-19. B. turcicum is an underutilized species rich in
saikosaponin A and D with potential antiviral properties which could be effective alternative therapy in COVID-19 management..

KEY WORDS: ANTIVIRAL, BUPLEURUM TURCICUM, COVID-19, SAIKOSAPONINS, SARS-COV.

INTRODUCTION Soon the sequencing of virus genome from patient samples
and human to human transmission were confirmed by

SARS-CoV-2 (COVID-]Q) infection started as an outbreak researchers (Zhll etal. 2020; Chan e!: al. 2020) Researchers
of pneumonia of unknown origin in Wuhan City, China  began to explore novel therapeutic approaches to treat
during late December 2019 and soon declared as a global ~ COVID-19 in view of its potential to rapidly develop into

epidemic by February 2020 (Lu et al. 2020; WHO 2020). ~ acute respiratory distress syndrome which can in some
cases possibly cause multiple organ failure in the absence

of effective drugs/vaccines (Patel and Jernigan 2020; Sahin
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It is reported that during the outbreak of SARS-CoV in
2003, traditional herbal medicines used in conjunction with
conventional medicine were effective in alleviating the
symptoms of SARS (Lin et al. 2003; Xiao et al. 2003; Zhao
et al. 2003; Zhong et al. 2003). Though the mechanism of
action of those herbal products was not fully understood, the
general consensus was that they contain antiviral molecules
which might be acting by inhibiting viral replication
(Vlietinck et al. 1991; McCutcheon et al. 1995; Jassim
and Naji 2003). Therefore, exploring natural products with
demonstrated antiviral efficacy against other coronaviruses
is one of the therapeutic approaches. Since SARS-CoV-2
is a betacoronavirus which invades the host cell through
angiotensin converting enzyme 2 (ACE2) receptor similar
to SARS-CoV, it is assumed that antiviral biomolecules
that are active against SARS-CoV can be repurposed to be
used in COVID-19 patients (Cheng et al. 2006; Huanga et
al. 2020; Shahrajabian et al. 2020).

In view of this, an extensive literature search was carried
out utilizing online resources; Google Scholar and PubMed
to collect published reports on herbal medicines and natural
products with antiviral activity. The search was then tapered
down to the natural compounds active against SARS-CoV
wherein, saikosaponins widely distributed in Bupleurum
spp., Heteromorpha spp. and Scrophularia spp were
selected to explore further as saikosaponin A, B2, C and
D have been reported to show significant antiviral activity
against human coronavirus 229E in vitro (Cheng et al. 2006).
The search was further narrowed down to Bupleurum spp.
and Bupleurum turcicum was selected for this study since it
contained highest levels of saikosaponin A and saikosaponin
D amongst Bupleurum sulphureum, Bupleurum lycaonicum,
Bupleurum heldreichii, and Bupleurum pauciradiatum
(Kars et al. 2012; Huanga et al. 2020).

Bupleurum L. genus belongs to Apiaceae family which
consists of around 200 species distributed across Northern
Hemisphere, Eurasia, and North Africa. The plants are
often annual or perennial herbs/shrubs up to 2 m tall
with simple, entire and alternate leaves and the flowers
are small, radical and yellowish (Xie et al. 2009). Many
plants particularly roots from Bupleurum genus are used
in traditional systems of medicine across China, Japan,
Korea and Taiwan in the treatment of fevers associated
with common cold and malaria, inflammation, hepatitis,
diabetes, cancer and for wound healing, while the essential
oils are used as anti-inflammatory and antiseptic agents
(Nose et al. 1989; Motoo et al. 1994; Benito et al. 1998;
Van-Wyk and Wink 2004; Wu 2005). Bupleurum species
are used as analgesics in amenorrhea and cholecystitis.
They also find their use in nephrotic syndrome, autoimmune
diseases deafness, dizziness, dry throat, vomiting, diarrhea
and hemorrhoids (Ashour and Wink 2011). These plants
reportedly contain diverse classes of bioactive components
including essential oils, alkaloids, flavonoids, coumarins,
polysaccharides, lignans, triterpene saponins, phytosterols
and polyacetylenes. WHO monographs list Bupleurum
species as commonly used medicinal plants of China and
Korea and also officially listed in Japanese and Chinese
Pharmacopoeias (Ashour and Wink 2011; Huanga et al.
2020).

Bupleurum Bioactive Saikosaponins: Saikosaponins are
triterpene oleanane saponin glycosides widely distributed
bioactive compounds in Bupleurum spp amounting to up to
7% of the total dry weight in roots. Though saikosaponins
are classified into seven types based on the type of aglycone
(closely related oxygenated pentacyclic triterpenoidal
structures), four different types namely saikosaponin-A
(SSa), saikosaponin-B (SSb), saikosaponin-C (SSc) and
saikosaponin-D (SSd) are considered as most commonly
occurring and biologically active saikosaponins (Yuan et
al. 2017). SSa, SSd and SSc are epoxy-cther saikosaponins
designated as type | and SSb2 is a heterocyclic diene
saikosaponin designated as type I (Lin et al. 2013; Huanga
et al. 2020).

Plant extracts/herbal medicines containing saikosaponins
are commonly prescribed as anti-inflammatory and anti-
infectious medicine in Asian countries including China,
Taiwan and Japan. More than 120 types of saikosaponins
have been isolated from Bupleurum species till date and
some of them have significant bioactivity both in vitro and in
vivo (Kim 2018). Previous studies have reported antioxidant,
antidepressant, anti-inflammatory, antimicrobial, antiviral,
anticancer, anti-tumor and immunomodulatory effects of
saikosaponins (Wu et al. 2008; Wu et al. 2010; Jin et al.
2013; Sui et al. 2011; Wu et al. 2011; Ying et al. 2014;
Zhang et al. 2014; Huanga et al. 2020).

Bupleurum turcicum: B. turcicum belongs to Apiaceae
family which mostly has flower bearing shrubs (Davis
1972). The essential oils from flowers, fruits and roots
contain 39 distinctive compounds (Table 1). Heptanal,
pentadecane and undecane were major compounds of
flower and fruit essential oils. The flowers contained 33.2%
heptanal, 19.6% pentadecane, 6.6% undecane, while fruits
contained 23.5% heptanal, 13.4% pentadecane and 8.9%
undecane. On an interesting note, essential oil from root
did not contain heptanal, pentadecane or undecane which
were major compounds of flowers and fruits. The major
compounds of root essential oil were pentacosane (9%),
1-undecanol (8.8%) and hexacosane (8.0%) (Huanga et
al. 2020).

The oils were evaluated for their antibacterial activity against
Staphylococcus aureus, Staphylococcus aureus, Escherichia
coli, Escherichia coli, Bacillus cereus, Streptococcus
salivarius, Pseudomonas aeruginosa, Pseudomonas
aeruginosa and Proteus mirabilis. It was found that the
essential oils of flowers and roots did not show any activity
against tested bacteria, while the oil obtained from roots
exhibited good antibacterial activity which was comparable
to that of chloramphenicol against E. coli, B. cereus, S.
salivarius and P. aeruginosa. The observed phenomenon is
attributable their chemical composition wherein, both fruits
and flowers contained heptanal, pentadecane or undecane as
major components which were not found in root samples.
It was concluded that the essential oils from the roots of
B. turcicum could be used as a potential source of novel
antibacterial agents (Cheng et al. 2006; Kars et al. 2012;
Saragoglu et al. 2012; Tykheev et al. 2020).

1445 BUPLEURUM TURCICUM AS ADJUNCT FOR RESPIRATORY DISEASES BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Alfheeaid et al.,

Table 1. Photochemical composition of Bupleurum turcicum essential oils
Compounds Flowers| Fruits | Roots Compounds Flowers | Fruits | Roots
(%) (%) | (%) (%) (%) | (%)
(E)-2-Decanal 0.4 0.5 0.9 Dodecanoic acid 0.4 0.8
(E)-2-Nonenal 1.5 2.3 - Farnesyl acetone 0.1 0.4 1.4
(E)-2-Octenal 0.5 0.2 - Heneicosane - - 1.1
(E)-2-Undecanal - - 0.8 Heptacosane 0.3 3.6
(E)-Geranyl acetone 3.1 7.7 0.8 Heptadecane 0.8 0.8 0.6
(E)-Neralidol - 0.5 - Heptanal 332 23.5 -
(E)-B-Ionone 0.8 0.8 Heptanoic acid 1.0 0.7 -
(E,E)-2,4-Decadienal 0.8 0.7 0.8 Hexacosane 0.2 - 8.0
(Z)-Geranyl acetone 1.4 2.5 - Hexadecane 0.2 0.2 0.4
1-Decanol - - 0.8 | Hexadecanoic acid | 1.9 2.8 0.2
1-Dodecanol - - 6.3 | Hexahydrofarnesyl | 1.4 3.6 3.7
acetone
1-Heptadecene 0.5 0.5 - Hexanal 0.9 0.5 -
1-Hexadecanol 0.3 0.7 - Limonene 1.5 1.8 -
1-Octadecene 0.3 0.7 - Nonacosane 0.2 - 2.4
1-Octen-3-o0l 0.2 - - Nonadecane - - 0.5
1-Tetradecanol - - 2.2 Nonanal 0.3 0.4 0.2
1-Undecanol - - 8.8 Octacosane 0.1 - 3.9
2-Decyl acetate - - 45 Octadecane 0.2 - 0.5
2-Hexyl furan 0.3 0.3 - Octanal 0.5 0.5 -
2-Octanone 0.3 - - Pentacosane 0.2 - 9.0
2-Pentyl furan 1.3 1.0 - Pentadecane 19.6 13.4 3.0
2-Undecanone 0.3 0.7 0.5 Phytol - 1.0 -
3,4-Dimethyl-5-Pentyl-5 0.4 - - Spathulenol 35 5.9 6.3
HFuran-2-one
4,8-Dimethyl-1,3,7-nonatriene| 0.2 - - Tetracosane 0.2 - 5.4
6-Methyl-5-hepten-2-one - 0.3 - Tetradecane 0.3 - -
Aristolene - 0.2 - Tetradecane - 0.2 0.5
Benzyl salicylate - - 1.8 | Tetradecanoic acid | 0.6 2.6 -
Bornyl acetate - - 0.2 Tricosane - - 33
Caryophyllene oxide 3.5 2.4 - Tridecane 1.8 1.9 1.8
Cuparene - - 0.5 Undecanal - - 0.5
Decanal - - 0.4 Undecane 0.6 8.9 5.5
Decane - - 0.1 a-Pinene 0.8 2.0 -
Dihydroedulan II - 0.2 - p-Caryophyllene 0.5 - -
Docosane - - 1.4 B-Elemene 0.2 0.8 -
Dodecanal - - 0.4 v-Muurolene 1.6 - -
*Source: (Cheng et al. 2006; Kars et al. 2012; Saracoglu et al. 2012; Tykheev et al. 2020)

In an important study, the levels of phenolic compounds
(catechin, quercetin, isoquercitrin), SSa, SSd and
podohyllotoxin were determined in the root extracts of B.
sulphureum, B. lycaonicum, B. turcicum, B. heldreichii and
B. pauciradiatum using HPLC. B. turcicum was found to
contain significant amounts of total phenolics (34.48 mg
GAE/g extract), catechin (0.11 mg/g extract), quercetin
(0.21 mg/g extract) and isoquercitrin (1.85 mg/g extract).

Furthermore, B. turcicum root extract contained highest
amounts of SSa (12.99 mg/g extract) and SSd (17.96 mg/g
extract) among all the other extracts investigated (Huanga
et al. 2020; Shahrajabian et al. 2020).

B. turcicum root extract exhibited significant free radical
scavenging activity with lowest IC50 value (57.3 pg/mL)
amongst other extracts in DPPH radical scavenging assay.
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In antiproliferative assay, B. turcicum root extract exhibited
potent activity against sensitive and drug resistant MCF-7
cells (Kars et al. 2012). The observation that B. turcicum
root extract contains highest amount of SSa and SSd
among endemic Bupleurum species also found in Turkey
(B. sulphureum, B. lycaonicum, B. turcicum, B. heldreichii,
B. pauciradiatum) and presence of significant amounts of
antioxidant compounds led to the proposition of using B.
turcicum extracts as adjust therapy in the management of
COVID-19. The proposal also relies on the evidence of
SSa and SSd being effective against a number of viruses
including SARS-CoV (Huanga et al. 2020; Shahrajabian
et al. 2020).

Antiviral properties of saikosaponins: Recent studies
have evaluated the anti-SARS-CoV-2 effects of different
saikosaponins found in Bupleurum Spp. using advanced
molecular docking techniques and have found promising
results with potential to be studied further with respect to
saikosaponins A, D, U and V. Similarly, in the experimental
setup saikosaponins isolated from Bupleurum spp. have
been shown to possess potent antiviral activity against a
number of viruses including herpes simplex virus, influenza
virus (IAV), hepatitis B virus (HBV), hepatitis C virus
(HCV), measles and varicella zoster viruses (Ashour and
Wink 2011). Based on these findings, saikosaponins from
Bupleurum Spp. have been proposed to be repurposed for
the treatment of COVID-19 (Bahbah et al. 2020).

In a molecular docking study, SSa has been shown to possess
significant affinity towards binding ACE 2 receptors through
which SARS-CoV-2 infect lung epithelial cells (Yan et al.
2020). Another molecular docking simulation study showed
that Saikosaponins exhibit high affinity towards RBD region
of the spike glycoprotein of SARS-CoV (Goswami and
Bagchi 2020). Another molecular docking study conducted
to evaluate the affinity of Saikosaponins towards SARS-
CoV-2 binding protein showed, Saikosaponins U and V
to exhibit strong affinity towards SARS-CoV-2 binding
protein. The study concluded that Saikosaponins U and
V could be future research molecules for SARS-CoV-2
research (Sinha et al. 2020).

A study conducted to evaluate the antiviral and
immunoregulatory activities of SSa and SSd against
Porcine Coronavirus 2 (PCV2) showed that saikosaponins
reduced the incidence and severity of PCV2-induced
immunopathological damage in terms of pyrexia,
weight loss, anemia, and internal organ oedema in mice.
Immunoglobulin and protein absorption levels were also
affected suggesting immunoregulatory effect of saponins
(Yang et al. 2017). In another study, antiviral activity of
saikosaponins against herpes simplex type I (HSV-1),
vesicular stomatitis virus (VSV) and poliovirus type 1
was evaluated in vitro at non-cytotoxic concentrations.
Buddlejasaponin 4 was found to be potent against vesicular
stomatitis virus (Bermejo et al. 2002; Shahrajabian et al.
2020).

Ushio and Abe evaluated the virus neutralizing effect of
SSd against measles virus and herpes simplex virus in vitro

(Ushio and Abe 1992). SSd at above 5 pM concentration
rendered measles virus and herpes simplex virus (HSV)
completely non-infective when incubated together for
10 min at room temperature. Lin et al (2015) evaluated
the antiviral activity of SSa, SSb,, SSc, and SSd against
cultured hepatitis C virus (HCV) in vitro. The effect of
saikosaponins on virus entry, RNA replication/translation
and particle production were studied using different HCV
genotypes, clinical isolates and infection of primary human
hepatocytes. All saikosaponins were found to exhibit
potent inhibition of HCV infections even at non-cytotoxic
concentrations by targeting early steps of the viral life
cycle. SSh, was found to significantly prevent virus entry
by neutralizing virus particles, preventing their attachment
and inhibiting viral entry/fusion.

SSh, also inhibited other genotypic strains and prevented
HCV binding onto hepatoma cells thereby blocking
HCYV infection of primary human hepatocytes. The study
proposed further research into SSb, to develop itas an HCV
entry antagonist. These finding were reiterated by another
study in 2019, wherein SSb2 was found to inhibit viral
entry, replication, and translation of hepatitis C virus (HCV)
in a cell culture-derived HCV system in vitro. SSh, also
inhibited daclatasvir-resistant mutant strains of HCV when
used in combination with daclatasvir indicating potential
antiviral effects of SSb,,. Antiviral activity of SSa, SSc and
SSd against anti-hepatitis B virus (HBV) was evaluated in
vitro using HBV-transfected human hepatoma cells (Lee et
al. 2019; Shahrajabian et al. 2020).

SSc was found to inhibit DNA replication of HBV which
was higher than that of lamivudine- a known antiviral drug
in clinical use (Chiang et al. 2003; Chang et al. 2007). In
another study SSd showed significant antiviral activity
against HBV through inhibition of HBV-DNA replication
(Yin et al. 2008). The anti-viral activity of SSa was evaluated
against influenza A virus (IAV) infections in vitro and in
vivo. SSa reduced replication of three different influenza A
virus strains, including a HSN1 strain, in human alveolar
epithelial A549 cells by downregulating NF-«xB signaling
and caspase 3-dependent virus ribonucleoprotein nuclear
export. SSa decreased viral replication, production of pro-
inflammatory cytokines in HIN1 PR8 model of influenza
A virus lethality in C57BL/6 mice. SSa also attenuated
lung neutrophil and monocyte recruitment during the early
stages of immune response to PR8 infection (Chen et al.
2015; Shahrajabian et al. 2020).

The antiviral activities of saikosaponins against human
coronavirus (HCoV), which cause severe acute respiratory
syndrome (SARS), were also studied using 2,3-bis[2-
methoxy-4-nitro-5-sulfophenyl]-5-[(phenylamino)
carbonyl-2H-tetrazolium hydroxide] (XTT) assay in vitro.
Results indicated both SSa and SSb2 showed significant
antiviral activity against HCoV at concentrations of 0.25-25
mmol/L. Both saikosaponins exhibited no cytotoxic effects
on target cells at tested concentrations. The antiviral activity
of SSb2 was more significant than that of SSa and mediated
by inhibition of attachment and penetration of the virus to
target cells (Cheng et al. 2006; Shahrajabian et al. 2020).
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Immunomodulatory and anti-inflammatory activity of
saikosaponins in view of COVID-19: SARS-CoV-2 much
like Influenza A virus (IAV) can cause severe pneumonia
resulting in morbidities and mortalities (Chen et al. 2015).
Generally, infection starts in the upper respiratory tract
epithelial cells and spreads aggressively into deeper
regions of the lung parenchyma and might also enter into
macrophages and dendritic cells (Spiegel et al. 2006;
Manicassamy et al. 2010; Shahrajabian et al. 2020).

The infected cells release pro-inflammatory cytokines
(IL2, IL7, IL10, IP10 and TNFa) and chemokines (MIP-
la and MCP1). Although these responses are important
for controlling viral replication in the initial phase of
infection through recruitment of immune cell into lungs,
excessive pro-inflammatory components raise the levels
of cytotoxic and pro-apoptotic products which damage
lung tissue (Herold et al. 2008). Thus, natural products
with anti-inflammatory and immunomodulatory properties
could be useful in the management of COVID-19 (Huanga
et al. 2020). Kumazawa and coworkers investigated
macrophage activation potential of SSa and SSd in mice.
Intraperitoneal injection of saikosaponins induced a dose
dependent activation of peritoneal macrophages leading to
enhanced phagocytic activity, increased cellular lysosomal
levels, induction of cytostatic activity and expression of
Ia antigen on the cell surface. Authors opined that SSd
could be a potent macrophage activator as it showed
significantly higher activity compared to ginsenoside
Rgl and glycyrrhizin. Furthermore, SSd also modulates
lymphocyte activity through suppression of T-cell and
induction of B-cell response to different mitogens and
up-regulates IL-2, IL-4 production in thymocytes through
post-receptor signal transduction (Kumazawa et al. 1989;
Ushio and Abe 1991; Kato et al. 1995; Lin et al. 2015;
Huanga et al. 2020).

Wong and coworkers reported in vitro suppression of OKT3/
CD28-costimulated human T cell proliferation and inhibition
of PMA, PMA/Ionomycin and Con A-induced mouse T cell
activation by saikosaponin D in vitro. Examination of T cell
activation signaling pathways suggested that saikosaponin
inhibits T cell activation downregulating CD69, CD71
expression and IL-2 production through modulation of PKC
pathway via PKCh, JNK, and NF-kB transcription factors.
It also downregulates CD25, IL-6, TNFo and IFNy through
NF-kB, NF-AT and AP-1 (c-Fos) signaling pathways (Wong
et al. 2009). These observations indicate that SSd could be
a potential molecule with immunomodulatory functions
(Leung et al. 2005; Huanga et al. 2020).

SSa was found to inhibit inflammatory factors such as
cyclooxygenase-2 (COX-2) and inducible nitric-oxide
synthase (iNOS) and production of pro-inflammatory
cytokines TNFa, IL1P and IL6 in an experimental model
of inflammation (lipopolysaccharide (LPS)-stimulated
RAW 264.7 cells). The study concluded that SSa exhibits
significant anti-inflammatory activity through regulation
of inflammatory mediators and suppression of MAPK and
NF-«kB signaling pathways (Zhu et al. 2013). These finding
were reiterated in another study, wherein SSa significantly
inhibited COX-2, iNOS, tumor necrosis factor-a, IL1 and

IL6 in an obesity experimental model using mouse embryo
fibroblast 3T3-L1 cells. The study also suggested SSa to
be a potential therapeutic agent against obesity associated
inflammation (Kim et al. 2015). SSa and SSd are reported
to exhibit potent anti-inflammatory activity by inhibiting
production of nitric oxide induced by lipopolysaccharide
in BV-2 microglial cells. The inhibitory effect of both SSa
and SSd were comparable to that of dexamethasone (Wang
et al. 2017; Huanga et al. 2020).

In vivo anti-inflammatory activity of SSa and SSd were
evaluated in female albino rats by granuloma pouch method
and antigranulomatous action by cotton pellet method.
Oral administration of SSa and SSd showed significant
anti-inflammatory effect without affecting hematocrit and
plasma-11-OH-corticosteroid levels (Yamamoto et al.
1975). The anti-inflammatory effect of saikosaponins were
evaluated in mice paw oedema model, wherein oedema was
induced by injecting formalin into hind par and paw oedema
index was used as a measure of anti-inflammatory effect.

Saikosaponins were found not only to decrease paw oedema
but also decreased inflammatory metabolites including
nicotinate, niacinamide, arachidonic acid (AA), and 20-
carboxy-leukotriene B4 as evidenced by HPLC metabolomic
study. The study concluded that saikosaponins exert their
anti-inflammatory effect through regulation of nicotinate
and nicotinamide and arachidonic acid metabolism (Ma
et al. 2016). The saikosaponins have also been reported to
exhibit anti-inflammatory effect in TPP-induced ear oedema
model in rats (Recio et al. 1995). In experimental model
of cigarette smoke induced lung inflammation in mice, SSa
was found to inhibit inflammatory cell infiltration, nitric
oxide production, TNF-a, and IL-1f production, MPO and
MDA levels in lung tissues (Chen et al. 2018; Huanga et
al. 2020).

The findings of the present study suggests that B. turcicum
is an unexplored and underutilized species of genus
Bupleurum L which is a rich source of saikosaponin A and
D having potential antiviral properties against a number
of virus including TAV, HBV, PCV-2, SARS-CoV and
SARS-CoV-2. Further phytochemical characterization
and standardization of B. turcicum root extract might be
beneficial in finding safe and effective alternative therapy
with respect to COVID-19.
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Production, Evaluation, Cultivation and In vitro Fertilization of
Cattle Oocytes: Recent Trends in Reproductive Biotechnologies in
Animal Breeding : A Review
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The article presents the results of assessing reproductive biotechnology for cattle breeding. The issues of obtaining genetic material
from bulls-producers and oocytes from donor cows, for their further cultivation and obtaining embryos, in order to replicate highly
productive offspring from valuable animals, are considered. Oocyte production was analyzed in three different ways: puncture,
section, and aspiration. A total number of 156 oocyte-cumulus complexes (OCCs) were collected out of 40 ovaries by puncture — 50
pcs, section - 47 pcs, and aspiration — 59 pcs. The results showed that puncture and section gave significantly higher total OCCs
per an ovary (4.16 and 4.0, respectively) than aspiration (3.68), but a higher number of normal (grade A and B) OCCs per an ovary
was observed with aspiration (2.5) than with puncture (1.82) and section (2.00). During aspiration, oocyte-cumulus complexes were
collected from the surface of follicles with a diameter of 3 to 8§ mm using a needle. During puncture, all surfaces were pierced with a
hypodermic needle; during section, incisions were made along the entire ovarian surface with a scalpel, that is, all sizes of superficial
follicles were collected. OCCs were divided into 4 classes based on cumulus and nucleus cells: grade A - oocytes completely surrounded
by cumulus cells; Grade B - oocytes partially surrounded by cumulus cells; Grade C - oocytes not surrounded by cumulus cells; and
grade D - degeneration observed in both oocyte and cumulus cells. Grades A and B were considered normal, while grades C and D
were considered to be damaged. The obtained oocytes were cultured and fertilized in vitro, which means that their fertilization with
sperm occurred under artificially maintained optimal conditions outside the body. Normal fertilization results are zygote formation with
male and female pronuclei (PN). As a result of the conducted fertilization of 251 mature oocytes, 142 fertilizations were successful,
which amounted to 56.57%.

BIOTECHNOLOGY, CRYOPRESERVATION, EMBRYO TRANSPLANTATION
TECHNOLOGY IN VITRO, OOCYTE AND SPERM.

assessment and received permission for use in accordance
with the technologies provided by the enterprise (Luno et al.

An essential factor contributing to the successful development
of the livestock industry is the good reproductive
performance of heifers, cows and bulls. For a breeding
bull, an effectiveness indicator of reproductive capabilities
is its sperm ability to fertilize an oocyte. Sperm products
are usually purchased at livestock breeding enterprises
specializing in breeding servicing bulls. At such enterprises,
breeders conduct a comprehensive assessment and work
to improve the economically useful qualities of animals.
Sperm products are obtained from bulls that have passed the
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2014; Morrell and Wallgren 2014; Igbal et al. 2016; Alm-
Kristiansen et al. 2018; Gorelik et al. 2021).

When obtaining semen, it is important to comply with all
technological conditions, since the quality indicators are
influenced by many factors, which include feeding and
keeping bulls, hygiene of semen collection, composition
of diluents, methods of freezing and thawing, and other
factors. Sperm products obtained from breeding bulls are
usually delivered to livestock enterprises frozen in liquid
nitrogen (granules, pies). The use of artificial insemination
and the development of cryopreservation technologies made
it possible to obtain numerous offspring from a single sire
(Luno et al. 2014; Morrell and Wallgren 2014; Igbal et al.
2016). The biological characteristics of cows determine the



bearing period of one calf during the year, which, in contrast
to bulls-producers, is a limiting factor for replicating highly
productive heifers from highly productive cows. Most
farms raise and evaluate cows and heifers independently
at all technological stages (Alm-Kristiansen et al. 2018;
Gorelik et al. 2021).

In this connection, they have the opportunity to form
groups of animals according to the desired phenotype and
genotype, timely conduct a comprehensive assessment
of the animal, including its productive potential and
reproductive abilities, and, based on the data obtained,
make a decision on its further use (Gritsenko 2016; Mostek
et al. 2017; Chalova et al. 2020; Gorelik et al. 2021). The
development of reproductive biotechnology in animal
husbandry has made it possible to obtain many offspring
from one highly productive cow within one year. This
became possible thanks to the use of such methods as in
vivo and in vitro embryo transplantation technology, as well
as cryopreservation of genetic material (sperm, oocytes,
embryos).

Freezing and storage of genetic material in liquid nitrogen
is the most important method of animal reproductive
biotechnology, however, the quality indicators of frozen
and then thawed biomaterials suffer greatly, which
significantly reduces the successful fertilization rates. For
example, frozen-thawed spermatozoa, due to poor quality
characteristics, often remain incapable of fertilizing an
ovum. Some oocytes and embryos die during freezing and
thawing (Kumar et al. 2016; Naresh 2016; Murphy et al.
2018; Nongbua et al. 2018; Tkachev et al. 2020b Gorlik
et al 2021).

For these reasons, research to improve the quality of
cryopreserved genetic material is being carried out by
scientists around the world. Despite the fact that many
positive points have already been achieved, this factor
of reproduction requires a study and a scientifically
grounded proposal to livestock breeders to increase fruitful
inseminations using various technologies (Kumar et al. 2016;
Naresh 2016; Murphy et al. 2018; Nongbua et al. 2018).
There are two main types of embryo cryopreservation: slow
freezing and vitrification. Slow freezing is an older method.
In this case, the embryo is placed in an environment with
a cryoprotectant, glycerin, or ethylene glycol, packed in a
plastic straw and cooled at a rate of 0.50 per minute to -70
(Tkachev et al. 2020b).

Then the straw is touched with tweezers soaked in liquid
nitrogen - seeding is carried out (freezing water in the
embryo), slowly cooled to -350, and then transferred into
liquid nitrogen, and freezing is completed to -1960. The
disadvantage of this method is the formation of ice crystals
both in the embryo itself and in the environment around the
embryo. Ice crystals damage the membranes and membranes
of the embryo, causing its death both during freezing and
thawing (Youngs 2011; Konc et al. 2014). Cryoprotectants
used in variable speed freezing are designed to prevent
intracellular crystallization by osmotic dehydration of
frozen water and replacing intracellular water with a
cryoprotective solution. The degree of dehydration depends

on the duration of cooling or the temperature reached before
the embryos are immersed in liquid nitrogen. The type of
cryoprotectant and the cooling rate determine the way the
embryos thaw (Niemann 1991; Asgari et al. 2012; Do et al.
2016; Tkachev et al. 2020a).

Vitrification is usually achieved by placing the embryos
in a very high (5-6M) concentration of cryoprotectant
solution, followed by rapid cooling (> 2000°C/min) in
liquid nitrogen. Vitrification is based on the ability of
highly concentrated aqueous solutions of cryoprotectants
to be cooled to very low temperatures. At low enough
temperatures, the solution becomes very viscous so that it
solidifies into an amorphous glass without the formation
of ice crystals. Vitrified embryos should be stored at a
temperature not exceeding -130°C. Above this temperature,
the solution may become crystalline, which can damage
the embryos. To avoid this damage, vitrified embryos
must always be stored at temperatures below —130°C, and
thawing must be done very quickly to avoid crystallization
(Diez et al. 2012; Do and Taylor-Robinson 2020).

Currently, much attention is focused on the study of genetic
material and preparations for compliance with their quality
standards, including the study of oocytes obtained by
different methods. For the successful development of animal
husbandry with the introduction of modern biotechnological
methods of reproduction, it is important, along with the
assessment of bulls by the quality of the offspring and the
qualitative characteristics of sperm, to study the qualitative
characteristics of oocytes obtained by different methods
(Andrabi and Maxwell 2007; Borunova et al. 2017; Tkachev
and Tkacheva 2017; Do and Taylor-Robinson 2020).

It has been proven that the cytophysical state of the
gametal cells of the donor cow directly affects the state and
development of embryos. Therefore, it becomes important
to assess the biological characteristics of oocytes obtained
both during aspiration from the follicles of donor cows and
during removal from the ovaries of slaughter animals. With
the development of modern reproductive biotechnology,
it has become possible to evaluate oocytes that have been
fertilized and cultured at different stages of development.
According to the available data, there are significant
morphological variations among oocytes, which can affect
the ability to develop and the potential ability of the embryo
to implant (Sirard and Blondin 1996; Andrabi and Maxwell
2007; Spricigo et al. 2015; Iwasaki et al. 2018; Aguila et
al. 2020).

Successful fertilization of oocytes and in vitro production of
embryos depends on the quality and maturity degree of the
oocytes upon receipt. The cumulus cells (CC) surrounding
the oocyte play a key role in the maturation of oocytes and
are known to supply nutrients, energy substrates, and / or
messenger molecules for oocyte development (Vanderhyden
et al. 1990; Prokofiev et al. 1992; Otoi et al. 1997). The
CC concentration is highly dependent on the efficiency
of oocyte collection. Several methods are used to collect
oocytes from slaughterhouse ovaries of farm animals. A
number of studies have been carried out to compare the
effectiveness of methods for collecting oocytes from cattle
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(Katska 1984; Rizos et al. 2002; Bilodeau-Goeseels 2012;
Do and Taylor-Robinson 2020).

Under the research performed, the study used three methods
for obtaining oocytes: puncture, section and aspiration for
cultivation and in vitro fertilization of cow oocytes. The
cow ovaries were collected from a local slaughter station
and stored in a collection tube containing 0.9% saline in a
thermos at 25-30°C. Each ovary was treated individually
and the OCC was collected in one of the following three
ways.

Puncture: the ovaries were placed in a Petri dish containing
5 ml of OCC’s collection medium, held with forceps, and
the entire surface of the ovary was punctured with an 18G
hypodermic needle. Section: the ovaries were placed in a
Petri dish containing 5 ml of OCC’s collection medium,
held with tweezers. The incisions were made over the entire
surface of the ovary using a scalpel blade. Aspiration: visible
follicles were aspirated using an 18G hypodermic needle
attached to a sterile 5 ml disposable syringe containing 2
ml of collection medium. The medium, together with the
collected OCCs, was then transferred to a 35 mm Petri
dish. When collecting the OCC by puncture and cutting,
the ovary was completely immersed in the medium. In
all three methods, the Petri dishes were left at rest for 5
minutes, which allowed the OCC to settle. Excess medium
was removed with a syringe without disturbing the oocytes
at the bottom of the Petri dish.

Petri dishes were then examined under an inverted
microscope and the total number of collected OCCs was
counted. OCCs were divided into 4 classes based on cumulus
and nucleus cells: grade A - oocytes completely surrounded

by cumulus cells; Grade B - oocytes partially surrounded
by cumulus cells; Grade C - oocytes not surrounded by
cumulus cells; and grade D - degeneration observed in both
oocyte and cumulus cells. Grades A and B were considered
as normal, while grades C and D were considered to be
damaged (Khandoker et al. 2001; Khandoker et al. 2005;
Khandoker et al. 2012). Follicular fluid was collected
from all categories of morphologically healthy superficial
follicles by aspiration using a 10 ml syringe with a 19G
needle. The following criteria were applied to assess the
follicle quality: good - uniform bright appearance, extensive
and very fine vascularization and no free-floating particles
in the follicular fluid, and atresic - loss of translucency,
slightly or dull grayish and/or opaque appearance and free-
floating particles in the follicular fluid. At each collection,
the liquid from each follicle was combined, centrifuged
2 times at 3000 rpm for 30 minutes. The supernatant was
collected and filtered through a 45 mm millipore filter and
heated at 65°C for 1 hour.

The results of obtaining OCC by three different methods
are presented in Table 1. A total number of 156 oocyte-
cumulus complexes were collected out of 40 ovaries by
puncture — 50 pcs, section — 47pcs, and aspiration — 59pcs
(Table 1). The results showed that puncture and section gave
significantly higher total OCCs per an ovary (4.16 and 4.0,
respectively) than aspiration (3.68); but a higher number of
normal (grade A and B) OCCs per an ovary was observed
with aspiration (2.5) than with puncture (1.82) and sections
(2.00) (Table 1). During aspiration, OCC was collected from
the surface of follicles with a diameter of 3 to 8 mm using
a needle. During puncture, all surfaces were pierced with
a hypodermic needle; during section, incisions were made
along the entire ovarian surface with a scalpel, that is, all
sizes of superficial follicles were collected.

Table 1. Obtaining oocyte-cumulus complexes (OCC) by different

methods
Method Puncture | Section /Aspiration
Number of ovaries 12 12 16
Total number of OCCs n 50 47 59
n per an ovary 4.16 4.00 3.68
Grade A n 17 16 32
n per an ovary 1.41 1.33 2.0
Grade B n 5 8 8
n per an ovary 0.41 0.67 0.5
Grade C n 8 6 5
n per an ovary 0.67 0.50 0.31
Grade D n 20 18 14
n per an ovary 1.67 1.50 0.87

Thus, the smaller number of OCCs collected by the
aspiration method in this experiment may be due to the fact
that aspiration did not receive OCCs from small follicles
and some follicles that are deeply embedded in the ovarian
cortex. Puncture and section techniques generate more

residuals, which can interfere with microscopic retrieval
of oocytes and also require more washing than aspiration.
As a result, the amount of OCC was removed from the
cumulus cells due to repeated washing and, ultimately,
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resulted in fewer normal OCCs compared to aspiration at
the last observation (Chalova et al. 2020).

The result of the study is that aspiration of vesicular follicles
with a diameter of 3 to 8 mm using an 18G hypodermic
needle is the best method, a simple and effective way to
extract morphologically normal oocyte-cumulus complexes
from bovine ovaries. To obtain embryos, the method of
oocyte aspiration from bovine ovaries with their subsequent
cultivation, fertilization and cryopreservation was used.
The ovaries were collected from local slaughterhouses
and stored in a collection tube containing 0.9% saline in
a thermos at 25-30°C. Each ovary was treated with three
washes in Dulbecco's phosphate buffered saline (DPBS)
and two washes in OCC collection medium (DPBS + 4
mg/ml of BSA + 50 IU/ml of penicillin). A total number
of 134 ovaries from 67 cows were processed. The result of
obtaining oocyte-cumulus complexes (OCC) is presented
in Table. 2.

Table 2. The result of obtaining oocyte-cumulus complexes
(oce)

Method Aspiration
Number of ovaries 134
Total number of OCCs n 485
n per an ovary 3.62
Grade A n 268
% 55.25
n per an ovary 2.0
Grade B n 76
% 15.67
n per an ovary 0.57
Grade C n 51
% 10.52
n per an ovary 0.38
Grade D n 90
% 18.56
n per an ovary 0.67

Table 3. Evaluation of oocyte maturation by expansion
of cumulus cells

Indicator Expansion degree of cumulus cells
Level 3 |Level 2|Level 1  Total

Number of| n 128 32 5 172

oCC % | 7442 | 18.61 6.97 100

As aresult of the oocyte cultivation the stage of fertilization,
251 mature oocytes were obtained. Fertilization of prepared
oocytes. In vitro fertilization means that the oocytes’
fertilization with sperm has occurred under artificially
maintained optimal conditions outside the uterus of
the animal. For successful in vitro fertilization, bovine
spermatozoa need to undergo a stage of capacitation in order
to carry out an acrosome reaction to penetrate the oocyte

At present, there have not been developed the technologies
for in vitro cultivation of bovine oocytes, which allow
obtaining a sufficiently high yield of embryos. Oocyte
maturation in vitro is subdivided into nuclear and
cytoplasmic processes. Nuclear maturation includes
resumption of meiosis and progression to the metaphase-II
stage. Cytoplasmic maturation encompasses many cellular
processes that must be completed in order for oocytes
to be fertilized and develop into normal embryos and
offspring. The rates of maturation and fertilization depend
on the quality of oocytes, the sufficiency and efficiency
of the environment, and the optimization of incubation
conditions.

OCC of normal quality was cultured in TCM-199 medium
(Sigma Chemicals, USA) supplemented with 2.5% BSA
and 10% follicular fluid for 27 hours. After maturation,
the degree of expansion of cumulus cells was determined
under a microscope at 10-fold magnification as level-1:
small expansion of the OCC; level-2: moderate expansion
of'the OCC, and level-3: significant expansion of the OCC.
After that, half of the mature OCCs were taken from each
drop, and oocytes were taken from the cumulus cells. Then
the oocytes were placed on a glass slide covered with a
cover slip (fixed with acetoethanol (acetic acid: ethanol,
1:3), stained with 1% acetoorcein) and examined under
an inverted microscope at high magnification (100x)
with immersion oil. The level of nuclear maturation was
assessed. The assessment of oocyte maturation by the
expansion of cumulus cells is presented in Table 3. As
can be seen from the table, after 27 hours of cultivation,
74.42% of the oocytes matured to the stage of fertilization
(Chalova et al. 2020).

The results of assessing the indicators of the oocyte nuclear
maturation are presented in Table 4. After 27 hours of
cultivation, 91.85% of oocytes-initiated meiosis, and
71.51% of oocytes reached the metaphase II stage. Thus,
this method of OCC cultivation made it possible to achieve
maturation of more than 70% of oocytes.

Table 4. Assessment of oocyte nuclear maturation

Indicator Nuclear maturation of oocytes Total
Diplotene | Metaphase | Metaphase
| 1
Number of | n 14 35 123 172
ocCcC
% 8.15 20.34 71.51 100

membrane and fusion with the oocyte plasma membrane.
Normal fertilization results in the formation of zygotes
with male and female pronuclei (PN). In order to fertilize
the remaining matured OCCs, a fertilization medium was
prepared and its pH was adjusted to 7.8 on the day of use.
Sampels with frozen bullseed were thawed in a water
bath at 37°C for 30-40 seconds. The concentration was
approximately 250 ul thawed semen per 1 ml capacitation
medium. Capacitation medium consisted of modified

Tyrode's medium, without calcium ions. After incubation for
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one hour, the upper layer of the medium with a volume of
0.5-0.8 ml, containing most of the motile spermatozoa, was
removed from the tube and washed twice by centrifugation
at 500 g for 7-10 minutes (Chalova et al. 2020).

After 15 min incubation with heparin (200 pg/ml), the
suspension was diluted to a concentration of 50 million
spermatozoa per ml. Then, droplets were prepared for
insemination, covered with mineral oil and kept in a
CO, incubator for 4-5 hours for pre-incubation. Then the
remaining half of the matured OCC (the other half was
used to assess the maturation of nuclei) was transferred into
each of the sperm drops and incubated for 5 hours in an
incubator at 38.5°C with 5% CO, in humidified air. After 5
h incubation, several OCCs from each drop were separated

from cumulus cells by repeated pipetting and fixed on a
glass slide with acetoethanol (acetic acid: ethanol, 1: 3 v/v)
and stained with 1% acetoorcein (Gorelik et al. 2021).

After drying, the slides were examined at high magnification
(100x) using immersion oil to observe the formation
of pronuclei: the presence of a male (PN) and female
pronucleus (PN) - normal fertilization; an oocyte with
one PN, asynchronous PN development / parthenogenetic
activation, or one PN was hidden by lipid droplets and
an oocyte with more than two PNs - polyspermia. For
fertilization, 251 oocytes were selected from experiments
on methods of oocyte elution. The results of in vitro
fertilization are presented in Table 5. As a result, 56.57%
of mature oocytes were fertilized. 142 zygotes were sent for
cryopreservation for further study (Gorelik et al. 2021).

Table 5. Results of In vitro fertilization

Indicator Normal 1 pronucleus, Polyspermia
fertilization lack of fertilization | (more than | Total
or parthenogenesis | 3 pronuclei)
n 142 85 24 251
% 56,57 33,86 9,57 100

Thus, the use of modern reproductive biotechnological
methods in animal husbandry makes it possible to increase
the offspring number produced by highly productive cows
and outstanding bulls-producers. Our research on the
reproductive biotechnology application to replicate highly
productive animals and increase the number of cattle
showed good results. It is important to note that oocytes can
be obtained both by cows’ aspiration using OPU technology
and at slaughter stations after slaughtering highly productive
cows culled for various reasons. In this regard, it becomes
necessary to study the development of oocytes and embryos
at all stages of growth and development (Chalova et al.
2020).

The findings of the present study highlight an urgent issue
for future researchers is the development and creation of
nutrient media and optimal cultivation conditions, close
to natural, both for oocytes and for embryos, which will
increase the percentage of oocyte and high quality embryo
yield. In addition, further development, improvement
and implementation of in vitro embryo transplantation
technology will allow maintaining and increasing the
number of animals used not only in the industry of the agro-
industrial complex, but it will also be useful when working
with rare and endangered animal species.
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ABSTRACT

Hypertension is a major cardiovascular problem resulting in significant mortality. Cissus quadrangularis having several pharmacological
effects has not been evaluated for its ability to modulate blood pressure. Thus, the ability of C. quadrangularis aqueous extract (CQE)
to modulate blood pressure was evaluated in normotensive and angiotensin II-induced hypertensive rats under urethane anesthesia. The
animals were divided into four groups namely, control (saline injection), CQE (extract alone, 10 mg/kg), Ang II (Ang Il alone, 0.5 pg/
kg) and Ang IT + CQE (Ang II + extract). All treatments were delivered by intravenous route and in Ang II + CQE group, Ang II was
injected 30 min after injection of the extract. Hemodynamic parameters, systolic blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial blood pressure (MABP), and heart rate (HR) were recorded by the BIOPAC system after the cannulation of the carotid
artery and jugular vein. The results indicated that CQE lowered SBP, DBP, MABP and heart rate to varying degrees in normotensive
rats compared to control groups. In case of angiotensin II-induced hypertension, CQE administration resulted in substantial decrease
in SBP, DBP, and MABP which were raised by Ang II. CQE reduced SBP, DBP, and MABP by 12, 59, and 11%, respectively. It
is worth noting that, while SBP was not brought down to baseline levels by CQE, DBP was, suggesting significant hypotensive/
antihypertensive activity of CQE. Further research is required to determine the molecular mechanism of C. quadrangularis extract’s
hypotensive/antihypertensive action and to conduct clinical trials to establish its optimal use as an antihypertensive therapeutic.

KEY WORDS: ANTIHYPERTENSIVE, AT1, AT2, HADJOD, HYPOTENSIVE.

INTRODUCTION

Hypertension is a major cause of death from cardiovascular
complications such stroke, chronic kidney disease, and
congestive heart disease. Despite many pharmacotherapies
and lifestyle changes, the treatment of hypertension is
still being investigated and remains difficult, with blood
pressure not remaining at a normal level in around half
of hypertensive patients. Alternatively, researchers have
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led concerted efforts to explore novel therapeutics with
hypotensive/anti-hypertensive properties from medicinal
plants/herbs. As an outcome, some of these medicinal plants
with acclaimed hypotensive/antihypertensive properties
have been validated, while others have been dismissed (Etuk
2006; Al-Anbaki et al. 2021; Azizah et al. 2021; Verma et
al. 2021).Cissus quadrangularis Linn. (Vitaceae), often
known as "bone setter" in Ayurvedic medicine owing to
its bone fracture healing properties, is a tropical perennial
plant found in India, Sri Lanka, Malaysia, Java, and West
Africa. It is a perennial climber with four wings internodes
and a slender, fleshy fibrous, smooth stem (Sundaran et
al. 2020; Kaur et al. 2021). Aside from being used as a
vegetable in India, it is also used as a folkloric medicine
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to treat menstruation irregularities, dyspepsia, flatulence,
colic, convulsions, asthma, inflammation, infections, and
obesity. A number of bioactive compounds, including
flavonoids (quercetin, kaempferol, daidzein, and genistein),
triterpenoids (friedelin, f-amyrin and 7-oxo-onocer-8-
ene-3 B 21-a diol), stilbene derivatives (quadrangularin
A, quadrangularin B, quadrangularin C, resveratrol
piceatannol, pallidol, and parthenocissus), iridoids
(6-0O-[2,3-dimethoxy]-trans-cinnamoyl catalpol and 6-O-
meta-methoxy-benzoyl catalpol, picroside and pallidol),
phytosterols (B-sitosterol, B-sitosterol-O-b-D-glucoside and
ketosetosterol), phenolic compounds and tannins have been
isolated from the aerial parts of C. quadrangularis (Shah
2011; Sundaran et al. 2020; Zaki et al. 2020; Bafna et al.
2021; Kaur et al. 2021).

Various extracts and formulations of C. quadrangularis
have been attributed with potential pharmacological effects
including anti-osteoporotic, anti-obesity, antioxidant,
antidiabetic, anti-nociceptive, anti-ulcer, analgesic and anti-
inflammatory effects (Murthy et al. 2003; Shirwaikar et al.
2003; Jainu and Devi 2004; Jainu and Devi 2006a; Jainu
and Devi 2006b; Oben et al. 2006; Rao et al. 2007; Mate
et al. 2008; Lekshmi et al. 2015; Jain et al. 2020; Bafna et
al. 2021; Kaur et al. 2021). Despite the fact that researchers
have investigated into several pharmacological effects
of C. quadrangularis, some of which have even entered
clinical trials, its potential use against hypertension has yet
to be revealed. Thus, the potential of C. quadrangularis

aqueous extract to modulate blood pressure and heart rate
in urethane-anesthetized rats was investigated against
angiotensin II-induced hypertension.

C. quadrangularis aerial parts were collected from Mysore
region in India, subsequently identified by Dr. Sharanappa
and a reference specimen was retained in the laboratory.
Normal saline, heparin and adrenaline were purchased from
local pharmacy. Angiotensin II and urethane was procured
from Sigma Aldrich, USA. All of the other chemicals and
reagents used in the analysis were of the finest analytical
purity. The sample was washed with running water to
eliminate dirt before being spread out on large trays. The
trays were placed in a shady area for 12 hours before being
chopped into small pieces. The chopped pieces were then
dried for 24 hours in a hot air oven set at 60°C. In a cyclonic
laboratory blender, the dry material was pulverized until it
passed through a 60-mesh screen. The powder was kept in
an airtight container in the refrigerator for subsequent use.
C. quadrangularis extract (CQE) was prepared by mixing
the powder with hot distilled water at 70°C (1:8 w/v) and
extracting it using a mechanical shaker for 24 hours. The
extract was then filtered, and the residue was re-extracted
with hot water for 12 hours before being filtered again. Both
filtrates were pooled and evaporated in a flash evaporator
set at 60°C to yield CQE, which was stored in an airtight
container in the refrigerator for future use.

Table 1. Effect of C. quadrangularis extract on cardiac parameters (SBP,

DBP, MABP and HR)

Groups SBP

Control 114.4°+1.8
CQE 106.12+£ 3.8
Ang 11 190.49+ 5.6
AngI1+CQE | 168.9°+3.2

DBP MABP HR
854+ 1.7 |104.0b+3.3 | 271°+0.7
70.6°+1.4 | 889a+29 | 258°+£0.6
136.00+ 1.7 |159.9d+1.7 | 269°+1.2
85.4°+13.9 |142.8c+2.6 | 270°+2.2

*Values were represented as mean + SD (n=6). Values with different superscript

letters in columns differ significantly from each other at p < 0.05.

The research ethics committee approved the study (RU/REC-
001/1.2/1441-42), and standard animal experimentation
protocols were followed. Male albino rats weighing
350+30g were kept separately in polyacrylic cages in an
air-conditioned animal house maintained at 25+2°C and
55+5% relative humidity. The animals were fed a standard
laboratory pellet diet and were given free access to potable
water. The rats were randomly categorized into four groups,
each with six animals and received following treatment
intravenously at the time of experiment : Group 1 — Control:
received 0.2 mL normal saline.Group 2 — CQE: received
CQE (10 mg/kg) dissolved in 0.2 mL normal saline.Group
3 —Ang II: received angiotensin II (0.5 pg/kg) with 0.2 mL
normal saline.Group 4 — Ang II+CQE: received angiotensin
IT (0.5 pg/kg) + CQE (10 mg/kg) dissolved in 0.2 mL
normal saline.

The hypotensive/antihypertensive activity of C.
quadrangularis extract was evaluated using the procedure
reported by Mohebbati et al. (2020) with some modifications.
An intraperitoneal injection of urethane (1.25 g/kg) was
used to anesthetize the animals. The rat's necks and inguinal
regions were shaved using an electric shaver after the
anaesthesia was confirmed. The jugular vein was surgically
cannulated for medication delivery, while the left carotid
artery got PE-50 tubing cannula to record cardiovascular
data. The arterial cannula was connected to a blood pressure
transducer (SS13L) and the venous cannula to a syringe
using a three-way plastic stop cock and a stainless-steel
needle at the end of the PE tubing. Before cannulation, both
cannulae were prefilled with heparinized saline. Systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial blood pressure (MABP), and heart rate (HR) were
all constantly monitored by the system (BIOPAC Systems
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Inc, CA, USA). A decrease in SBP of 10-20 mm Hg was
deemed significant hypotensive/antihypertensive activity.
Data on different cardiac parameters (SBP, DBP, MABP and
HR) were expressed as mean + SD in all groups. The data
was subjected to one-way ANOVA and Tukey’s post hoc
tests using SPSS ver. 20.0 (IBM, USA) software. Values
were considered significant at p<0.05.

Hypertension is a major risk cardiovascular risk factor
in reducing people's life expectancy and quality of life.
Because the activation of the renin-angiotensin system
(RAS) is thought to be a key precipitating factor in
hypertension, medications that suppress the RAS may be
therapeutically valuable (Chen et al. 2018). Because many
medicinal plants have been shown to regulate the RAS
system to varying levels (Etuk 2006), the current study
explored into the hypotensive/antihypertensive potential
of C. quadrangularis aqueous extract against angiotensin
II-induced hypertension in urethane-anesthetized rats.
Table: 1 summarizes the data on systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial blood
pressure (MABP), and heart rate (HR) of different groups
after injecting designated treatments intravenously after
cardiac parameters were stabilized and responses were
monitored for 15 minutes.

In control group, wherein saline was injected did not elicit
any significant changes in any of the cardiac parameters,
whereas the injection of C. quadrangularis extract at a
dosage of 10 mg/kg significantly (p<0.05) lowered SBP,
DBP, MABP and heart rate to varying degrees in the CQE
group. In group 3, conversely, angiotensin II (0.5 g/kg)
injection resulted in a substantial rise in SBP, DBP, and
MABP to the extent of 67, 59, and 54 percent, respectively,
while heart rate remained unchanged compared to control
group. CQE efficiently counteracted the blood pressure
rising effect of angiotensin II in group 4 rats when CQE
(10 mg/kg) was injected with angiotensin II (0.5 g/kg).
CQE reduced SBP, DBP, and MABP by 12, 59, and 11%,
respectively. It is worth noting that, while SBP was not
brought down to baseline levels by CQE, DBP was,
suggesting significant hypotensive/antihypertensive activity
of CQE (Fig: 1).

Figure 1: Effect of C. quadrazsngularis extract on cardiac
parameters (SBP, DBP and MABP)

Antihypertensive medicinal herbs usually modulate RAS
by inhibiting angiotensin converting enzyme (ACE)
activity or by modulating angiotensin Il levels by inhibiting
binding to AT1 and AT2 receptors (Mohebbati et al.
2020). Some investigations have found that antioxidant
flavonoids like quercetin, triterpenes, anthocyanins and
proanthocyanidins suppress RAS via reducing ACE and
Ang II binding. As a result, natural products containing
antioxidant compounds are thought to be beneficial against
hypertension (Parichatikanond et al. 2012; Mohebbati et
al. 2020). Various extracts of C. quadrangularis have been
found to be efficient free radical quenchers, including nitric
oxide (NO), superoxide anion, singlet oxygen, and hydroxyl
radicals produced by the human body's cells as a result of
oxygen utilization (Murthy et al. 2003; Dhanasekaran 2020;
Jain et al. 2020; Bafna et al. 2021; Kaur et al. 2021).

These extracts have been shown to contain a wide range
of chemical compounds, including flavonoids (quercetin,
kaempferol, daidzein, and genistein), triterpenoids
(friedelin, -amyrin and 7-oxo-onocer-8-ene-3 § 21-a diol),
stilbene derivatives (quadrangularin A, quadrangularin B,
quadrangularin C, resveratrol piceatannol, pallidol, and
parthenocissus), iridoids (6-O-[2,3-dimethoxy]-trans-
cinnamoyl catalpol and 6-O-meta-methoxy-benzoyl
catalpol, picroside and pallidol), phytosterols (B-sitosterol,
[B-sitosterol-O-b-D-glucoside and ketosetosterol), phenolic
compounds and tannins, the majority of which have been
associated with significant antioxidant and antihypertensive
activities (Amarowicz 2007; Wang et al. 2007; Frombaum
etal. 2012; Rodrigo et al. 2012; Kucharska et al. 2017). As
a reason, the hypotensive/antihypertensive effect of CQE
can be attributed to the antioxidant compounds' blocking of
angiotensin II binding to angiotensin receptors.

The findings of the present study revealed that C.
quadrangularis aqueous extract had strong hypotensive
potential in normotensive rats and antihypertensive effect in
angiotensin II-induced hypertension in urethane-anesthetized
rats. Further research is required to determine the molecular
mechanism of C. quadrangularis' hypotensive/hypertensive
action and to conduct clinical trials to establish its optimal
use as an antihypertensive therapeutic.
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Parasitological Communication

Prevalence of Swine Nematodes in Moscow, Russia

Igor G. Glamazdin, Ilya N. Medvedev,* Natalya Yu. Sysoeva, Marina M. Goryacheva,
Galina M. Kryukovskaya and Tatyana O. Maryushina
Moscow State University of Food Production, Moscow, Russia

To continue the fight against pig helminthiasis, a detailed analysis of the current prevalence of nematodes in these productive animals
is required. The assessment of the material after the technological slaughter of pigs kept in the Moscow region revealed the presence of
parasitization in their intestines of four nematodes (Ascaris suum, Metastrongylus spp., Trichocephalus spp., Strongyloides spp.) In the
form of monoinvasion and any combination thereof. The total infestation of pigs with intestinal nematodes was 55.24%. Trichocytic
invasion (Trichocephalus spp.) Occurred in pigs most often (23.77%), ascarous invasion (Ascaris suum) reached 22.38%, strongyloid
invasion (Strongyloides spp.) Was noted in 9.09% of cases, metastrongylous (Metastrongylus spp.) was present in 1.75% of cases. In
conditions of an increase in the severity of monoinvasion, the size of helminth eggs decreased in Trichuris: size in length by 5.9%,
size in width by 7.4%, in Ascaris: length by 4.9%, width by 4.6%, in strongulata eggs a decrease in size is also noted. In the case of
mixed Ascaris-Metastrongylous invasion, there was a clear antagonistic relationship, manifested in a decrease in the size of Ascaris
eggs. The size of the eggs of Trichuris in the case of an invasion mixed with Ascaris decreased, which is apparently associated with the
development of antagonism between them. Comparative analysis of information on the prevalence of nematodes in pigs in farms of
the Moscow region and their size can help to increase the effectiveness of treatment and prophylactic measures against helminthiasis,

and can be taken into account in the course of further examination of pigs in the Moscow.

EPIZOOTOLOGY, HELMINTHS, MONOINVASION, MIXED INVASION, PIGS.

The processes of growth and development in productive
animals are of great economic importance (Bespalov et al.
2018; Zavalishina 2018a). The implementation of these
processes depends on the species characteristics of animals,
on the state of many biological processes occurring in
different cells and tissues of their body, the level of nutrition,
quality of nutrition, the presence or absence of pathological
processes (Vorobyeva et al. 2018; Zavalishina 2018e). Pigs
are one of the most reliable sources of quality and affordable
protein products (Maksimov et al. 2018; Zavalishina 2018c).
Their development ensures the production of about 40% of
all meat obtained in the world, the volume of which tends to
grow. At the same time, the development of various diseases
in animals during their entire ontogenesis, a significant
proportion of which are various parasitic diseases, hinders
the growth of the efficiency of pig breeding. Their presence
contributes to the development of allergic processes in pigs,
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morphological disorders in tissues, weakening of various life
processes, including a decrease in the absorption of nutrients
(Laha et al. 2014; Fava et al. 2020; Lobanova 2021).

The development of these processes inhibits the growth
of animals, reduces their growth, reduces the number of
obtained offspring and increases the likelihood of death of
pigs (Kumsa and Kifle 2014). At the same time, the presence
of parasites in the body of pigs aggravates the course of any
concomitant diseases and reduces the effectiveness of any
vaccination. All these circumstances reduce the quality of
meat with frequent culling of organs (Nur-E-Azam et al.
2015). This dictates the need to control the level of prevalence
of gastrointestinal helminthiasis in pigs at all stages of their
maintenance (Allwin et al. 2015; Zavalishina 2018b). In pigs
in the intestine, they are capable of parasitizing Ascaris,
Trichuritsa, Strongylate, Metastrongyla individually and in
various combinations (Yamov and Antropov 2008; Donnik
and Sazhaev 2012; Ngowi et al. 2014; Allwin et al. 2015;
Obebe et al. 2020).

A wide variation in the intensity of invasion by different
types of nematodes is possible under conditions of
monoinvasion and with mixed infection. The size of the
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parasites themselves and their eggs may also vary. The
dynamics of these indicators can be influenced by the
level of activity of the immune system of animals, housing
conditions, peculiarities of their feeding, and it is possible
that the processes of interspecific relationships. The purpose
of the study is to assess the prevalence of nematodes in pigs
kept in the Moscow region of Russia.

MATERIAL AND METHODS

The assessment of the prevalence of pig helminthiasis was
carried out in animals kept on the territory of the Moscow
region. Pigs were taken to the slaughterhouse. 286 samples
of pig feces were taken from the upper sections of their
large intestine. The Kotelnikov-Khrenov method was used
using a saturated solution of ammonium nitrate, which acts
as a flotation liquid. The extent of invasion was revealed
as the ratio of the number of invaded animals to the total
population, expressing the value as a percentage. The
intensity of nematode invasion (infestation with parasites
of one animal) was determined using a Goryaev counting
chamber. The species of the detected eggs was identified
by the available morphological characteristics (Anne and
Gary 2012). The process of morphometry of helminth eggs
was carried out using the ImagelJ software (Wayne Rasband
of Research Services Branch of the National Institute of
Mental Health). Statistical processing of the obtained data
was carried out using the methodology for calculating the
significance of differences in mean values according to the
student’s t-test.

Figure 1: Extensiveness of invasion in pigs by varieties of
helminths in the Moscow region of Russia
25
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RESULTS AND DISCUSSION

As aresult of the study of collected fecal samples from pigs
kept in the Moscow region, a general infestation of them
with helminthiases was revealed, the value of which was
55.24%. During the study, the following helminths were
identified: Trichuris suis, Ascaris suum, Metastrongylus
spp. and strongylata (Strongylata suborder), the severity of
which is shown in Figure 1 and Table 1. This observation is
consistent with the work of Russian and foreign researchers
who confirm the wide prevalence of helminths found in the
work carried out in pigs. The performed study found that the
most common in pigs is trichoid invasion, the frequency of
which was 23.77%, which is consistent with earlier studies

of domestic authors (Savelyev and Kulikova 2006; Laha et
al. 2014; Petersen et al. 2020).

The incidence of ascariasis in pigs was 22.38%. This
frequency is confirmed in the works of other researchers
(Safiullin 2009). It can be assumed that the prevalence of
ascarous infestation among the pig population in the regions
of Russia ranges from 10.0% to 30.0%. The level of invasion
by intestinal strongylates in the work carried out reached
9.09%, and the incidence of invasion by metastrongylaec was
the lowest 1.75%. It has been noticed that monoinvasions
in pigs in the Moscow region of Russia occupy a leading
place in the number of helminthiases (in more than 50% of
cases). Di-invasions occurred in about 20% of cases, and
invasions by three types of parasites were quite rare, which
is confirmed in earlier studies (Ngowi et al. 2014). Among
the mixed invasions, the following variants were noted:
Ascaris + Metastrongyla, ascaris + Strongylata, Ascaris
+ Trichuris, ascaris + Trichuris + Strongylata. Ascaris +
Trichuris, which occurred in 6.99% of cases, were very
frequent combinations in the study. The results of evaluating
the size of the eggs of parasites are shown in tables 2 and
3. It was found that for certain types of helminths: ascaris,
strongylata and metastrongyla, parasitism is characteristic
when one animal is highly infested with parasites. It is rare
in Trichuris suis nematodes, which is also confirmed by
earlier studies (Allwin et al. 2015; Petersen et al. 2020).

It was found that the size of the eggs of Ascaris in the case
of monoinvasion reaches - 77.2 pm x 63.1 um with a low
infection with parasites of one animal and 73.6 pm x 60.3
pm in conditions of high infection with parasites of one
animal. In previous studies, it was proved that the length
of the eggs of Acan be from 50 um to 100 pm (Anne and
Gary 2012). The value of the coefficient of variation in the
size of Ascaris eggs with an increase in parasite infestation
of one animal decreased for length from 9.88% to 6.11%
(lengthwise), for width from 10.63 to 7.03%. In the case
of an increase in the parasite infestation of one animal, the
size of the Ascaris eggs decreased in length by 4.9%, in
width by 4.6% (Petersen et al. 2020).

The size of Trichuris eggs was found to be 78.2 um x 34.6
pum at a low invasion, and 73.8 um x 32.2 pum in the case
of an average invasion. The revealed sizes turned out to be
somewhat larger than those observed in previous studies
(Anne and Gary 2012). Apparently, this is due to the fact
that in the work carried out, samples were taken from the
upper sections of the colon and the eggs of Trichuris could
be immature. The value of the coefficient of variation of the
size of the trichuroz eggs increased little with the growth
of the parasite infestation of one animal, which indicates
a high reliability of the obtained numerical values of their
sizes. In the case of an increase in the severity of invasion,
the size of Trichuris eggs decreased: length by 5.9%, width
by 7.4% (Petersen et al. 2020; Romashov et al. 2021).

The size of strongylate eggs varied significantly: with low
invasion from 130.7 pm x 70.7 pm, with high invasion
up to 86.3 um x 51.3 um. The value of the coefficient of
variation for the length of the eggs was 27.67% and for the
width it corresponded to 30.45%, indicating a significant
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variability in their sizes. Apparently, this depends on the
place of sampling of feces from the intestine (there was
an immaturity of the eggs of these helminths), when
several species from the Strongylata order were parasitized

Glamazdin et al.,

together. At the same time, it is recognized that the eggs of
helminths of this order belong to the genera Hyostrongylus,
Trichostrongylus, Oesophagostomum and Globocephalus,
it is difficult to distinguish visually (Anne and Gary 2012;
Petersen et al. 2020; Romashov et al. 2021).

Table 1. Distribution of nematodes among the surveyed pig population

Helminths

Trichuris suis (monoinvasia)
Ascaris suum (monoinvasia)
Suborder Strongylata (monoinvasia)
Ascaris suum + Trichuris suis
Ascaris suum + Metastrongylus
Ascaris suum + suborder Strongylata
Ascaris suum + Trichuris suis+
suborder Strongylata

Trichuris suis (total)

Ascaris suum (total)

Suborder Strongylata (total)
Metastrongylus (total)

Total:

Table 2. Sizes of helminth eggs in monoinvasion

Helminths Number of
samples low

(n) length width
Trichuris suis 15 78.2+1.48 |34.6+0.73
\% 2.39 2.87
Ascaris suum 15 77.243.75 163.1+£3.07
\Y% 9.88 10.63
suborder
Strongylata 12 130.7£10.65 |70.7+6.52
\Y% 27.67 30.45

Number of positive | Extensiveness of

samples, (n) invasion, %
42 14.68
25 8.74
21 7.34
20 6.99
7 2.45
8 2.79
2 0.69
68 23.77
64 22.38
26 9.09
5 1.75
158 55.24

The size of eggs under conditions of different invasion intensity (M+m), pm

average
length width

high
length width
73,8+1,52| 32.9+1.24 - -
3,82 6.53 - -
- - 73.6+1.12 | 60,3+1,25
- - 6.12 7,03
86.3+£2.25* |51.3+0,62*
9.16 4.08

*differences are significant in relation to parasite infestation of one animal (p <0.05) V - coefficient of variation,%

In the case of high parasite infestation of one animal with
strongylates, the value of the variation coefficient decreased
inlength to 9.16% and in width up to 4.08%, which obviously
needs to be regarded as a consequence of the presence of
only one species of strongylate. Under conditions of
increasing intensity of invasion by strongylates, the size of
eggs decreased significantly: in length by 51.4%, in width
by 37.8%. The size of the metastrongil eggs was 68.4 um
x 54.1 um, which is higher than the values obtained by
other researchers (Anne and Gary 2012). The value of the
coefficient of variation for these eggs was not clarified, since
metastrongylous monoinvasion was not widespread, and the
presence of ascaris eggs does not make it possible to draw
final conclusions about the severity of variation in the eggs
of these helminths. that their size in length and width under

conditions of monoinvasion, as the severity of invasion in
strongylates increases, statistically significantly decreases
(p <0.05) (Petersen et al. 2020; Romashov et al. 2021).

From literary sources it is known that with increasing degree
of invasion, helminths. Apparently, this regularity is also
characteristic of the size of the eggs laid by helminthes
(Zavalishina 2018d; Nasurdinova and Zhigileva 2007). The
conducted studies revealed that the sizes of eggs of ascaris
under conditions of monoinvasion and mixed invasions, a
combination of Ascaris and Trichuris differed little under
conditions of the same severity of ascaronous parasitism. In
the case of mixed ascaris-metastrongylous parasitism, there
was a tendency to an increase in the length and an increase
in the width of the ascaris eggs. It can be assumed that the
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size of A. Sum eggs is not affected by the concomitant
trichurosis invasion, and metastrongylae apparently exhibit
antagonistic effects on Ascaris, which is manifested in the
size of their detected eggs. The sizes of eggs of Trichuris

Table 3. Sizes of helminth eggs with mixed invasion

under the conditions of mixed with Ascaris invasion
decreased in length and width compared to the conditions
of monoinvasion, which indicates the depressive effect of
A. suum on Trichuris suis (Romashov et al. 2021).

Mixed Number of Size of eggs under conditions of different intensity of invasion (M + m), pm
invasion samples low average high

(n) length width length width length width
Ascaris suum 8 77.242.63 | 60.3+£2.26 - - - -
(Ascaris suum +
Trichuris suis) 5 - - - - 76.2+1.4% | 63.3*%+0.82*
Ascaris suum
(Ascaris suum +
metastrongylus)
Trichuris suis 8 73,8+0,36 | 33,8+0,27 - - - -
(Ascaris suum +
Trichuris suis)
Metastrongylus 5 - - - - 68.4+2.15 | 54.1+0.32
(Ascaris suum +
etastrongylus)

*differences are statistically significant compared with monoinvasion (p <0.05)

CONCLUSION

The finding of the present study suggests that the prevalence
of infestation of pigs by intestinal nematodes in the
Moscow region of Russia has reached 55.24%. Of the
intestinal helminthiasis in pigs, the most common invasion
is trichurosis - 23.77%, ascarous - 22.38%, strongylatous
- 9.09% and metastrongylous - 1.75%. In the case of an
increase in the intensity of the monoinvasion process, a
decrease in the size of eggs was noted in all parasites. In
the case of mixed invasion, a clear antagonistic relationship
was noted, leading to a decrease in egg size. The information
obtained on the interspecific relationships of helminths
under conditions of mixed invasion can help in the
development of anti parasitic measures in pigs.
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Hepatoprotective Activity of Helicteres isora Ethanol
Extract Against Paracetamol-Induced Liver Injury in Mice

Tran Thi Linh Giang,! Le Phan Quynh Nhu,? Trinh Thi Ben,* Le Nguyen

Tu Linh, Vu Quang Dao,! Nguyen Thi Tu Oanh! and Bui Dinh Thach?*
"Department of Bioactive Compounds, Institute of Tropical Biology, Ho Chi Minh, Vietnam
?Department of Zoology & Animal Physiology, University of Science, Ho Chi Minh, Vietnam

Helicteres isora L. is a medicinal plant which is used in several diseases, such as snake-bite, dog-bite, diarrhoea and constipation
in a new born baby, gastrointestinal disorders, diabetes, cancer, and infections. This plant has also been used in the management
of liver damage through traditional medicine. However, the hepatoprotective activity of H. isora L. ethanolic extract has not been
reported so much. The present work was carried to investigate the hepatoprotective effect of H. isora L. against paracetamol-induced
liver injury in Swiss mice. Paracetamol (PCM) is widely used as an analgesic and antipyretic drug which at high dose can lead to
undesirable side effects, such as hepatotoxicity. Paracetamol induce hepatotoxicity was evaluated by an increase (P<0.05) in AST and
ALT serum activity. Paracetamol hepatotoxicity was also manifested by an increase in (P<0.05) lipid peroxidation and depletion of
reduced glutathione (GSH) in liver tissue. Ethanol extract of H. isora L. (250, 500 and 1000 mg/kg bw/day) significantly restored the
PCM-induced alterations in the biochemical activities of blood and liver tissues. The hepatoprotective effect of H. isora L. was also
confirmed by the histopathological examination of liver tissue. Histopathological examination of liver sections in mice administered
with 1000 mg/kg bw/day doses of the extract were perfectly protected almost similar to those of untreated mice. The results indicated
the hepatoprotective nature of studied plants extract against paracetamol induced toxicity. Our study scientifically validates the
folkloric claim as well as traditional uses of H. isora L. as hepatoactive medicine. The results of this study suggests a new direction
in the treatment of liver disease in future.

ETHANOL EXTRACT, HELICTERES ISORA L.,
HEPATOPROTECTIVE ACTIVITY, PARACETAMOL, SWISS MICE.

Scientific research has supported the claims of the medicinal
efficacy of several of these herbal compounds, as evidenced

Liver is the principal and metabolic organ involved in the
metabolism of vital molecules. Liver diseases have become
one of the major causes of morbidity and mortality all over
world. From among, drug induced liver injury (DILI) is one
of the most common causative factors that poses a major
clinical and regulatory challenge (Russmann et al. 2009;
Sandhu and Navarro 2020). In spite of tremendous advances
in modem medicine, there are hardly any reliable drugs that
protect the liver from damage and/or help in regeneration of
hepatic cell. Therefore, searching for effective and safe drugs
for liver disorders are continues to be an area of interest.
Plants and natural products have been used traditionally
worldwide for the prevention and treatment of liver disease.
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from the voluminous work on their hepatoprotective
potentials (Zhang et al. 2020; Shakya 2020).

More than 700 mono- and polyherbal formulations from over
a hundred different plants are available for use (Lahon and
Das 2011). Helicteres L. genus has pantropical distribution,
comprising approximately 60 species in America and
Asia. The hepatic protection exerted by the H. isora L., H.
hirsuta and H. angustifolia species were reported in many
researches (Magboo et al. 2019; Bachar et al. 2020). H. isora
L. (Sterculiaceae) is a shrub or small tree found in forests.
Fruits, seeds, bark and roots of the plant are used (Kumar and
Singh 2014; Fernandes et al. 2020; Nguyen 2020). H. isora
L. has been used traditionally as an herbal drug for treatment
of many ailments throughout south-east Asia since ancient
times, in folk and tribal medicines. Roots of H. isora L. was
reported to have hepatoprotective activity against carbon
tetrachloride induced liver damage in rats (Chitra and Prema



2009; Jain et al. 2014; Gaikwad and Dhasade 2019). H. isora
L. bark ethanolic extract was demonstrated hepatoprotective
activity against carbon tetrachloride induced liver damage
in rats and mice (Fernandes et al. 2020).

Pharmacological studies of different plant parts of
H. isora L. based on animal models have revealed its
hepatoprotective property. There has been no scientific
study on the the hepatoprotective activity of arial parts of H.
isora L. previously reported in literature. Our preliminary
experimental results were highly encouraging as they
revealed that AST, ALT levels were significantly lowered
after oral administration of H. isora extract in paracetamol
induced liver injury model. Thus, the present investigation
confirms the hepatoprotective activity of H. isora and its
effect on serum liver enzyme, MDA and GSH levels in
paracetamol-induced liver injury in mice. The present study
was with a view to justify the traditional use of the plant in
the treatment of liver diseases.

For drugs and chemicals, Silymarin (SILY) powder
(procured from TRC Co., Ltd, Toronto, Canada) was used
to make the suspension in doses of 75 mg/kg bw for the
respective groups. Paracetamol (PCM) powder (procured
from TRC Co., Ltd, Toronto, Canada) was used to make
the suspension in a dose of 230 mg/kg bw for the respective
groups. Malondialdehyde (MDA), 2-thiobarbituric
acid were procured from Sigma — Aldrich (St. Louis,
USA). Glutathione (GSH) was procured from TRC Co.,
Ltd (Toronto, Canada). 5,5'-dithiobis-(2-nitrobenzoic
acid) (DTNB) was purchased from Acros Organics
(Leicestershire, UK). For the preparation of the extract,
arial parts of H. isora L. were collected from Dak Mil
district — Dak Nong province (Vietnam). Our Department
of Botanical Museum has identified the plant. They were
cut into small pieces and dried in Laboratory drying oven
at 50 °C. They were then crushed into a course powder
using a laboratory grinding mill with ring sieve, size 0.25
mm. Maceration extraction of H. isora L. in ethanol solvent
(70%) followed by drying at 50 °C resulted in an average
extract efficacy of 21%. The extract was stored at -20 °C.

For the experimental animals, outbred Swiss albino mice
weighing 18-22 g of either sex, bred in Stem Cell Institute,
University of Science, Vietnam National University Ho
Chi Minh City were procured and used for the study. The
animals were allowed food pellets (Pasteur Institute, Ho Chi
Minh City) and water ad libitum. Animals were maintained
in a control condition (12 h: 12 h dark and light cycle and
room temperature). For the acute toxicity studies, acute oral
toxicity study was performed as per OECD-423 guidelines.
No toxicity was observed up to the dose of 5.0g/kg body
weight. The extract was tested at three dose levels i.e., lower
dose of 250 mg, medium dose of 500 mg and the highest
dose of 1000 mg/kg body weight.

For treatment groups, animals were divided into 6 groups
(n=10/group). Group 1 - Normal control: The animals
received distilled water for 7 days. Group 2 - Induction
of hepatotoxicity by using PCM: The animals received

distilled water for 7 days and given PCM single dose, 230
mg/kg bw orally on day 8. Group 3 - Positive control:
Pretreatment with silymarin at 75 mg/kg bw/day for 7
days followed by a single dose of PCM on day 8. Groups
4 to 6 - Pretreatment with ethanol extract of H. isora L. at
250, 500 and 1000 mg/kg bw/day for 7 days followed by
a single dose of PCM on day 8. Animals were sacrificed
under light ether anesthesia 24-h after PCM administration.
Blood was collected by cardiac puncture in plain tubes and
liver was removed, rinsed in cold saline, blotted with filter
paper and weighted (Girish et al. 2009). Activities of AST
and ALT in the serum were Abbott™ Alinity™ Systems
(Abbott, US).

For the estimation of hepatic MDA and GSH, a portion
of each liver was homogenized (1:10, w/v) in 1.15%
KCI solution at 0 — 5 °C. To a 2 ml of 10% homogenate
pipetted into a 15 ml centrifuging tube were added 1ml of
Tris-HCI buffer. The mixture was incubated at 37°C for
60 min. After incubation, 1 ml of 10% acid tricloacetic
solution was added and mixed vigorously. The mixture
was centrifuged at 10,000 rpm for 30 min at 4°C. The
resultant supernatant was used for various biochemical
assays. Hepatic MDA and GDH were estimation according
to the method described in the previous studies (Ohkawa et
al. 1979; Moron et al. 1979). According to the method of
Lowry et al. (1951), protein concentration was estimated
using bovine serum albumin (BSA) as a standard. For
the histopathological examination, a portion of each liver
tissue was fixed in 10% buffered neutral formalin solution,
embedded in paraffin, sectioned into 3 um thick slices, and
stained with hematoxylin and eosin (HE). The liver tissue
injury was examined by a histopathological expert under
optical microscope (Parmar et al. 2010; Chen et al. 2012).
This work was carried out at Cho Ray Hospital, Ho Chi
Minh, Vietnam. For the statistical analysis, all data were
expressed as mean + SD (n = 10). The data were analyzed
by Student’s t test and One way ANOVA using Sigma Plot
version 11.0. Differences between groups were considered
to be statistically significant at P < 0.05.

PCM, a well-known compound for producing chemical
hepatic injury in mice has been used as an experimental
model to test the potential hepatoprotective activity by
several investigators (Parmar et al. 2010; Nazir et al. 2020;
Bouhlali et al. 2021). PCM treatment significantly also
increased the serum enzyme levels, namely ALT and AST
indicating chemical induced hepatocellular toxicity. Serum
levels of these enzymes are very sensitive markers employed
in the diagnosis of liver diseases. When the hepatocellular
plasma membrane was damaged, the enzymes normally
present in the cytosol were released into the blood stream.
This was quantified to assess the type and extent of liver
injury (Sallie et al. 1991; Shakya 2020; Alaraj et al. 2021).
Our laboratory standardized the hepatotoxic dose of PCM
in mice (unpublished observations). PCM at a dose of 240
mg/kg bw p.o resulted in death of 80 per cent of mice. The
macroscopic appearance of the liver showed extensive areas
of necrosis associated with haemorrhages.
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PCM (230 mg/kg bw p.o) treatment significantly increased
the serum liver enzyme levels (ALT and AST). The activity
of ALT (1632.00 + 448.09 U/L) and AST (766.00 + 282.70
IU/L) was significantly higher (P<0.05) in PCM treated
group in comparison to normal control (ALT 25.22 +
5.08 U/L; AST 78.22 + 25.48 U/L) indicating a marked
hepatocellular injury (Table 1). Besides, PCM treatment
also increased (P<0.05) in hepatic MDA level accompanied
by significant decrease (P<0.05) in GSH level (Table 2).

Fortunately, when reduced to a lesser dose of 230 mg/kg bw
p.o, no mortality was observed and the hepatotoxicity that
was produced with PCM resembled naturally occurring liver
disease (Sherlock and Dooley 2002; Shakya 2020). PCM
(230 mg/kg bw) given once orally showed hepatotoxicity as
evident from biochemical and histopathological parameters
of the study. The crude liver weight, which was increased
after PCM administration may be due to haemorrhages,
hydropic degeneration and fatty changes associated with
necrosis.

Table 1. Effect of H. isora L. extract on serum marker enzymes (AST and ALT) on paracetamol
induced hepatotoxicity in mice

Treatment AST (U/L) ALT (U/L)
0D 9D 0D 9D

Control 101.68 £13.11 78.22 +25.48 40.18 +11.59 25.22 +£5.08
PCM 100.98 £8.98 |766.00 +=282.70* | 38.80£8.82 [1632.00 + 448.09*
PCM + silymarin 75 100.68 + 48.22 107.27 £ 16.46 47.51 £28.76 33.19+5.12
PCM + extract 250 95.29 + 14.57 82.61 +14.47 52.68 + 14.93 37.20+5.05
PCM + extract 500 76.55+11.86 82.98 +13.49 4321 +£10.71 3527 +6.27
PCM + extract 1000 76.25+10.84 78.74+7.15 42.63 £6.46 32.83+1.61

Value = mean+standard deviation; n=10. Analyzed using LSD’s test. Significantly different from

control: *p<0.05. AST: aspartate aminotransferase, ALT: alanine aminotransferase.

The extract-treated mice (Group 4-6) resulted in comparable
biochemical marker readings to those of normal control
(Group 1) and silymarin-treated (Group 3) (Table 1).
Previous studies have demonstrated that H. isora L.
exhibited hepatoprotective effect (Kumar et al. 2006; Dhevi
et al. 2008). The reduction of liver enzyme parameters
(AST and ALT) were significant and showed as a specific
marker of liver injury due to toxic drugs, alcohol and virus
(Sherlock and Dooley, 2002; Shakya, 2020).

The protective effect may be the result of stabilization
of plasma membrane thereby preserving the structural
integrity of cell as well as the repair of hepatic tissue damage
caused by PCM (Pari and Murugan 2004). So, these data
demonstrated that the effects of toxicity induced by PCM
on the liver function could be effectively counterbalanced
by H. isora L. extract treatment. This fact was based on
the tendency of liver enzymes to return towards their
respective levels in the normal control group. Notably,
the experimental mice treated with H. isora L. extract had
significantly lower levels (P<0.05) of liver MDA compared
with the PCM-treated mice of Group 2. Moreover, there
were no significant differences in the lipid peroxidation end
product MDA between medium dose or high dose extract-
treated animals (Group 5, 6) and control group (Group
1), and better than those recorded from silymarin-treated
mice (Group 3) (Table 2). Therefore, the studied plant
has great ability to reduced oxidative stress by preventing
lipid peroxidation. In the current study, an increase in the
hepatic MDA level suggested the enhancement of lipid
peroxidation, consequently leading to hepatic damage as
well as the inactivation of the antioxidant defense system

(Simeonova et al. 2014; Tsai et al. 2017; Moke et al.
2021).

Table 2. Effect of H. isora L. extract on hepatic MDA and
GSH on paracetamol induced hepatotoxicity in mice

Treatment MDA GSH
(nmol/g protein) | (nmol/g protein)
Control 25.04 £1.93¢ 327.87 +£50.48%
PCM 117.90 +9.292 33.65 + 1.42°¢
PCM + silymarin 75 54.51 + 5.68° 155.01 +19.30°
PCM + extract 250 46.96 + 11.35° 61.63 + 6.96°
PCM + extract 500 34.09 + 1.06° 65.19 + 6.46°
PCM + extract 1000 30.98 +1.39° 69.75+19.21°¢

Value = mean+standard deviation; n=10. Analyzed using
LSD’s test. abc: Indicate groups with statistical difference (p
< 0.05). GSH: glutathione, MDA: malondialdehyde.

However, the increased hepatic MDA level decreased
after treatment with the extract. The suppression of MDA
production is likely to promote the activities of SOD,
GPx, and GRd (Simeonova et al. 2014; Tsai et al. 2017).
These results suggested that treatment with the extract
may protect hepatic cells from further damage during
cirrhosis. GSH in the PCM-treated mice were lower than
in the normal mice (P<0.05). When PCM is taken in at
toxic doses, the compound is converted to a toxic form,
NAPQI (N-acetyl-p -benzoquinoneimine). NAPQI can
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rapidly react with glutathione (GSH) and lead to a 90%
total hepatic GSH depletion. Treating the cirrhotic animals
with silymarin significantly (P<0.05) increased the GSH
level and induced the survival of hepatocytes (Yen et al.
2007; Shakya 2020).

Figure 1: Hepatoprotective effect of H. isora L. extract on
PCM-induced liver damage in mice (H&E stain 100 X). (A)
Normal control group (B) PCM group (230 mg PCM/kg bw)
(C) PCM + silymarin (75 mg/kg bw) (D) PCM + extract (250
mg/kg bw) (E) PCM + extract (500 mg/kg bw) (F) PCM +
extract (1000 mg/kg bw)

However, the recorded result didn't show that H. isora
L. extract had the capability of increasing GSH level in
liver of experimental animals (Table 2). The histological
examinations showed that PCM treatment induced
inflammation in the liver tissue and blood congestion
was observed (Figure 1B). Pretreatment with 250 or 500
mg extract/kg bw or 75 mg silymarin/kg bw markedly
mitigated the inflammation in hepatic lobules (Figure 1C,
1D & 1E). Histopathological examination liver sections of
mice administered with 1000 mg/kg bw doses of ethanol
extract were perfectly protected almost similar to those of
normal mice (Figure 1F).

Although the active compounds of the tested plant have
not been well identified in the present study. Preliminary
qualitative studies on various extracts suggested presence
of phenolics, flavonoids, glycosides, tannins, carotenoids,
ascorbic acid and saponins in different parts of H. isora;
concentrations may vary according to season or part studied
(Dayal et al. 2015). Especially, B-sitosterol was found to
be the major active constituents in bark/stem of H. isora
L. (Jain et al. 2009; Badgujar and Jain 2009; Chawla and

Bansal 2014). The reduced lipid peroxidation in mice liver
homogenates were reported to be due to total phenolics or
flavonoids contents of some medicinal plants. Many studies
demonstrated that B-sitosterol protected liver damage and
it may have beneficial properties in the prevention of liver
toxicity (Kery et al. 2001; Sujila et al. 2014). The decrease
in the status of the lipid peroxidation and upregulation of
SOD and CAT could be attributed to the inherent antioxidant
potential of B-sitosterol (Devaraj et al. 2020).

CONCLUSION

The results of this study suggests that the ethanol extract of
H. isora L. arial parts possesses hepatoprotective activity
in paracetamol-induced liver injury mice. Pretreatment
with the extract has shown pronounced dose-dependent
hepatoprotective effect. It could be attributed that the
hepatoprotective activity of H. isora L. may be due to the
presence of phenolics or B-sitosterol in the extract. Further
studies can be carried out in order to explore the specific
phytochemicals responsible for the hepatoprotective
potential of H. isora L..
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Enhanced Production of Citric Acid by Mutant PN12
of Aspergillus fumigatus Using Statistical Design

Payal Aghera and Nikhil Bhatt*
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Distillery spent wash is an unwanted residual liquid waste generated during alcohol production. It is a potential source for production
of different industrially important products. Distillery spent wash is dark colored and has many organic compounds as a waste. In this
experiment, removal of color and organic compounds was carried out by anaerobic treatment. The treated spent wash was utilized
for citric acid production with the help of microorganisms. The current study was performed with the treated spent wash which
was applied for high level of citric acid production by a mutant strain of Aspergillus fumigatus PN12. The parent strain Aspergillus
fumigatus PN 12 was mutagenized by UV exposure to enhance citric acid production. After UV exposure investigation, mutant strain
was selected for optimization and statistical method. The best citric acid production obtained was, 26.45 g/L at 30 °C with pH 6.0,
0.1 g/L of KH,PO, and (NH,),SO, under OFAT. Under RSM optimization, maximum citric acid production was achieved as 30.89
g/L. Thus, the process optimization through the statistical approach resulted in a 1.16-fold enhancement in citric acid production as
compared to that of the OFAT parametric conditions. Citric acid producing enzymes such as aconitase, NAD . isocitrate dehydrogenase
and NADP, isocitrate dehydrogenase was studied. Maximum activity (U/mg) of aconitase (3.19+0.023), NAD, isocitrate dehydrogenase
(3.0+0.15) and NADP, isocitrate dehydrogenase (2.91+0.17) was observed at 96 h. The present study can conclude that spent wash
is potential source for citric acid production. Utilization of mutant strain of Aspergillus fumigatus PN12 is beneficiary for large scale
industrial fermentation and citric acid production.

ASPERGILLUS FUMIGATUS, CITRIC ACID, DISTILLERY
SPENT WASH, FERMENTATION, UV EXPOSURE.

consumption all over world (Sun et al. 2017; Aboyeji et
al. 2020).

Citric acid can be derived from natural sources (e.g., oranges,
berries, limes, lemons, tangerines, and grapes) and synthetic
sources (e.g., chemical reaction and microbial fermentation).
Microorganisms can consume cheap raw materials and
convert them into a value-added product such as organic
acid. Generated wastewaters have many organic compounds
which are utilized for production of various fermented
products. Recently, spent wash generated from alcohol-
producing industries is utilized for citric acid production.
Citric acid has several extremely variable features and is
purely a biological based product. So, it can be applied risk-
free in the food and pharmaceutical industries. The benefit
and versality of citric acid increase its demand in daily life
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Increase in citric acid production is a major thing to
overcome the demand in industries. Many techniques such
as random mutations and selections are based on working
hypotheses that are available for strain improvement.
Selection of mutant strains is possible by the techniques of
single-colony (single-spore) isolation and stable long-term
maintenance of isolated strains. These are the principal
ones that are generally employed on the vast scale. Various
mutant strains of Aspergillus sp. are obtained and used for
commercial production of citric acid. For this, mutagenesis
is carried out by physical and chemical mutagens. Physical
mutagens are UV and gamma radiation whereas chemical
mutagens are ethyl methane sulfonate, N-Methyl-N-
Nitrosoguanidine, ethidium bromide and acridine orange
(Prasad et al. 2014; Alhadithy et al. 2020).

The Plackett-Burman design (PBD) is a statistical method
used for screening the factors (media components) and finds



the most significant influence on factors in a minimum
number of experiments. After screening for the significant
media components by the PBD method, the statistically
based optimization using central composite design (CCD)
and Box Behnken Design (BBD) was carried out under
response surface methodology (RSM). The benefits of
this method were the decreased number of experiments,
time, and material resources. Furthermore, the analysis
performed on the results can be easily realized with
reduced experimental errors (Ayeni et al. 2019). In the
present investigation, efforts were made for raising potent
of Aspergillus fumigatus PN12, a recently isolated fungal
strain, for citric acid production by random mutagenesis
using UV-irradiation. For further cost reduction, the ability
of the selected mutagenized strain to utilize spent wash
as carbon source was also examined. The aim of study
was, production of citric acid using RSM with BBD by
investigating the effects of parameters as well as citric acid
fermentation in the optimized medium carried outina 3 L
bio fermenter.

For the processing of raw material, chemical and medium
component, distillery spent wash was obtained from sugar
industry, Madhi, Surat, Gujarat, India. It was collected in
an airtight sterile container and stored in refrigerator for
the use of whole experiments. Spent wash contain high
amount of sugars which can be utilized to convert valuable
fermented products by fermentation process. Pretreatment
of spent wash conducted in suspended growth reactor by
physicochemical parameters. PDA medium, other mineral
salt and nitrogen sources were purchased from Himedia
laboratory, and S. D. fine (India). Citric acid enzymes
reagents were supplied by Himedia Laboratory (India). All
chemicals were of the highest purity and of an analytical
grade.

For the isolation of fungal culture and gene sequencing,
mutant strain Aspergillus fumigatus PN12 was isolated and
identified as described in our previous published article
(Aghera and Bhatt 2019). For mutagenesis, germicidal
lamp (20 W) was used for UV mutation of Aspergillus
fumigatus PN12 ("1 x 10 spores/mL). UV exposure was
operated at a distance of 20 cm with short wavelength 254
nm. Treated spore were collected in sterile petri plate and
it was exposed to UV light at the time interval of 3 min for
3-21 min. After UV irradiation to spores, 100-fold serial
dilutions of potentially mutation-induced spores were plated
to give 40 colonies or less per plate (Adeoye et al. 2015;
Aghera and Bhatt 2019).

To begin the mutation process for Aspergillus fumigatus
PN12, it was first subjected to UV radiation to develop
its hyper-producing mutants for enhanced citric acid
production. Then, in a dark room, the spore dilutions (0.1
mL) from UV treated mutants were spread onto PDA media
containing 2% triton X-100 as colony restrictor. Untreated
spores; also plated as control. All processes were carried out
in strict aseptic conditions in laminar airflow. The selected
mutants were cultured in submerged fermentation (SMF).
Citric acid production process using a mutant was then

optimized to enhance citric acid production by the mutant
in SMF (Javed et al. 2010).

For the assessment of various process parameters such as
nutritional and environmental values were optimized by
one at a time. The experiments were conducted in a 250
mL flask containing 100 mL of wastewater (treated spent
wash). After inoculation (fungi) maintain under following
operational conditions; these were pH (4, 4.5, 5, 5.5, 6, and
6.5), temperature (25, 28, 30, 35, and 37 °C), (NH,),SO,
concentration (0.05 to 0.3 g/L) and KH,PO, concentration
(0.05t0 0.3 g/L).

For the optimization of citric acid production, a statistical
approach was considered. An optimization statistical method
called as Response Surface Methodology (RSM) with Box
Behnken design (BBD). This technique was employed to
investigate the optimum conditions for microbial production
of citric acid yield from post methanated wastewater
using potent fungal culture Aspergillus fumigatus PN12.
Four independent parameters namely pH, temperature,
(N