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Veterinary Nursing for Emergency and Critical Animal
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Main Diseases in Companion Animal for Veterinary Nursing
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Research Methodology in Veterinary Nursing
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Principle of Epidemiology for Veterinary Nursing
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o = ] = P
Un15ANEIN 1 A1ANISANEIN 1

15
RUINIYN Anwaae
W Y3 milefin nauURUn  aules

nsAnwily | GECRRUL0L | wsuaweluladndsa 3 3|0 6

(UsAu) (Digital Technology Trends)
msAnwalU | GECRRU209 | eanwuudn 3 310 6

(\den) (Love Design)
WA LaNIE| VNS1103 Fmendmsunsneuiadng 3 2 | 2 5
(ﬂfju%%mu) (Biology for Veterinary Nursing)
WA LaNIE| VNS1105 wiidnsuntsneutaden 3 2 | 2 5
(ﬂfju%%mu) (Chemistry for Veterinary Nursing)
NUINIVMANIZ| VNS1102 wRnssuuarnsTUTIAUER? 3 2 | 2 5
(RGN (Animal Behaviors and Restraint)
nuIYILANIE| VNS1301 LLmﬁ@LLazmwﬁmqmiwmmaé’mﬂ 2 2 10 4
(v envenu) (Concept and Theory of Veterinary

Nursing)
394 17 14 6 31
Frurudaluy/dunv 51
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UnN15ANEIN 1 A1ANISANEIN 2
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WY Fa3vn mienn MauuUR  Aules
MsfnwTalU | GECRRU102 | nmsdnismnusiupesmianisidu 3 310 6
(UsAv) (Financial Stability Management)
nsfnuialy | GECRRU217 | Laumumenisu3nis 3 31 0 6
(\den) (Charm of Service)
MMV NN | VNS1106 welulafansaunedmviunisnenuadnn 2 2 |0 q
(mﬁu%%mu) (Information Technology for Veterinary
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MUINIV AN | VNS1101 dn1inen 3 2 | 2 5
(GuenUaru) (Zoology)
NI NANIE | VNS1104 AdRAARSEMSUNITHENUaER) 3 3 0 6
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WA | xooxd donias 1 3 310 6
\dentas (Free Elective 1)
394 17 16 2 33
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SWERY Fa3w wigin MaufURun  aules
msfinw il | GECRRUL03 | wawfleadanses 3 3 6
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(v tonUeAu) (Veterinary Nursing for Emergency
and Critical Animal)
PNV UANIE| VNS3307 ASNEANSITUAEANTE RN 2 1| 2 3
GLRIRIVNIY)) (Veterinary Radiography and
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MM IANE| VNS3310 | n1swenuiadnlifeides 3 2 | 2 5
(G eniden) (Ruminant Nursing)
PNV UANIE| VNS3312 ASNEUIAEAIN 3 2 | 2 5
(uentasn) (Aquatic Animal Nursing)
MNP UANE| VNS3502 521 8eUITTeanIneUIadng 3 2 | 2 5
GuenvsAv) (Research Methodology in
Veterinary Nursing)
WAITINN | VNS3701 mMswseuinUszaunisaivndnns 2 - | 90 -
Usvaunisel WA
TN (Preparation for Field Experience
in Veterinary Nursing)
nAITILaNIE| VNS3801 AN 1 0| 2 5
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NUINIY Anwdoe
SWEIU Ha3vn wiaefin MauURUs  aues
MMV ANE| VNS3313 nsweunadaIluaudnILazdnIUl 3 2 | 2 5
(entaan) (Zoo Animal and Wildlife Nursing)
PNV UANIE| VNS3317 nswerunadaadn 3 2 | 2 5
(eniaen) (Poultry Nursing)
nUINIP RN VNS3318 NSNYIUIBENS 3 2 | 2 5
(eniden) (Pig Nursing)
PNV RN VNS4802 TyuiiLeiy 2 1| 2 3
(GutenUsAv) (Special Problems)
394 11 7 8 18
Sruutaluy/duani 33
Ynsfnwndl 4 aansinendi 2
NN Anwndoe
WAV Fo3un midgfin Mouuius  aues
WAITINN | VNSA702 msinUszaunsaBiunTnng 5 - | 450 -
Usvaunisel WA
TN (Field Experience in Veterinary
Nursing)
394 5 - | 450 -
Sruautaluy/duai 450/15 = 30
%39
Ynsfnundl 4 aansdnendi 2
NN Anwnfoe
SR Fodmn milefin Mouuiun  aues
WAITIRA | COAT705 aAnnaAnE 7 - - 540
Usvaunsal (Co-operative Education)
AN
394 7 - - 540
Frurudaluy/dunv 540/15 = 36
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GECRRU101 WsuamAlulagfana 3(3-0-6)

Digital Technology Trends

o a =~

sryarmgientumeluladdida uasdudunisduauansauma msasaion
Adauaziiaus lnsanusavszynalvaumneluladfidnauasdedsnusaulaulassnsgimiiiy
as9assn gnngraneuaradessan Tudduwaluladfdvalaesnaaends welmAnaug A
wla aseanuaseninuazifuniudidny TunislomaluladAdnalutagvunazounanid
uansynuiuTinUssd fuasnsuszgnalalmin s Ton]

Identify the knowledge of digital technology and operate information
retrieval. Create and present digital content. Apply digital technology and online media
works knowingly, creatively, legally, and morally. Use digital technology securely to construct

knowledge, understanding, awareness and its importance in using digital technology at

present and in the future that impacts daily life activities and its applications.

GECRRU102  A153AN19A21NSILAINNENTSIRY 3(3-0-6)

Financial Stability Management
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Identify and classify the types of income and expense. Explain personal
financial concept. Explain saving concept and identify the types of saving and investment.
Identify and classify consumer’s debt and personal insurance, tax planning, financial planning,
including working period till retirement and financial planning based on Sufficiency Economy

Philosophy Principle.
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Smart Citizen
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Explain the right and duties for the 21st century citizen with honesty, trust,
anti-corruption, voluntariness, public mind and the civic participation in societal activities, the
role in political institution, election system, public administration, the application of King’s
Philosophy under developmental principle and concept. Emphasize the use of resources to
increase added value by sustaining and balancing sustainable environment. Evaluate the
value of social engineering tools to integrate with multiple knowledge and create the
innovation based on area development as well as develop leadership and team working

skills.

GECRRU104  a1wdsngugais 3(3-0-6)
Lit Up English
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Integrate English skills as the tool for daily communication with the non-Thai

speakers in various situations. Identify basic vocabulary, expressions, sentence structures
necessarily for daily life contacts. Apply the language for explaining, exchanging, requesting,
and presenting information, expressing opinions, and explaining the culture of the country

using English as the native language.
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Law Survivor
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Explain legal process for societal survival, including the appropriate laws for
life spending in online world and basic right system of the citizen. Explain the practical
methods for controversy resolution leading to the application for the problems occurred in

daily life activities.

GECRRU202  2a197ng 3(3-0-6)

Smart Science Literacy
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Explain scientific thought, process and the application of the tools for
scientific perspectives, its surroundings, interesting sciences in the present and in the future,

research and report of modern innovation advancement, and continual assessment for

learner development.

GECRRU203  wsalugna 3(3-0-6)

Stargaze with Me
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Explain basic knowledge of astronomy. Enable to use the star map. Exemplify
the storytelling related to basic stars. Exemplify stargazing tourism management enabling to

organize the stargazing camp activities.
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New Entrepreneur in Digital Age
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Study the business principles and types, the entrepreneurial mindset,
business management, the concepts and preparation for being entrepreneurs in digital age,
and analyze business cases based on the evaluation after finishing the activities for

developing the learners.

GECRRU205  %iifudie 3(3-0-6)

Media Literacy
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Study and knowingly practice about the medias in digital age and its
elements, the principles of exposure and accessibility for the information from various medias
for the utmost benefit, and the prevention of negative effect towards self and society through
the case study analysis from various medias, and the continual assessment for learner

development.

GECRRU206  salluudal 3(3-0-6)

Artistic Taste
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Identify the meaning and classify basic components of art and music
aesthetics. Explain brief evolution of art and music. Exemplify the beauty of contemporary

aesthetics in western and eastern worlds.
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Creative Culture
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Explain the concept of creative economics through the examination of
principles and importance societal and cultural capital identities of each local area, the
principles of working with local communities. Analyze learned knowledge lessons derived

from the communities. Evaluate the prototypical products, contemporarily local art products

with its uniqueness. Sustainably develop and improve the community economic level.

GECRRU208  \¥8es18fnen 3(3-0-6)

Chiang Rai Studies
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Study Chiang Rai Province in 4 parameters: physical appearance (location and

geographical appearance), biology (ecology and bio-diversity), social and cultural parameters
(ethnic diversity), conservation parameter (natural resources conservation and ecological
tourism), and its case studies. Evaluate of each activity to provide the feedbacks for

developing the learners.
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Love Design
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Explain the revolution of physical, mental and natural characteristics of the
reproductive age. Apply the knowledge for daily life activities on love adjustment, expression
and sexual role creatively. Explain love characteristics in learning age. Classify the problems
caused by love. Explain safe sexual intercourse, its related communicative diseases, and
sexual risk behaviors. Realize on self-esteem based on the respect of others’ rights.
Understand interpersonal behaviors and acceptance. Have positive attitude in self-reliance
appropriately with love. Practice self to cope with disappointment and plan sustainable and

stable love life.

GECRRU210  Uguwenuiavinesld 3(3-0-6)

First Aid
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Explain the meaning and importance of first aid enabling to assist people
with wound, poisonous victim, snake and dog bites, those who have foreign objects in their
ears, eyes, throat and nose, those with sprains and broken bones, convulsions, shock, and

unconsciousness. Assist those who have cardio pulmonary resuscitation, mass casualty

incident and disaster, and enable to move the patients.
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Thai in Daily Life
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Explain the skills in using Thai covering 4 parts; listening, speaking, reading
and writing. Use correct Thai skills suitably for modern times. Write, analyze, synthesize,

evaluate and interpret Thai language creatively.

GECRRU212  Sn1wiuazimusssuuaudiens 3(3-0-6)
Language and Culture of the Dragon Land
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Know the pronunciation of Chinese alphabets, vocabulary, ¢grammar, and

basic structure. Develop the skills of Chinese communication. Be able to communicate

Chinese with others in daily life activities. Use Chinese with its cultural learning. Be aware of

and appreciate on Chinese language and culture for applying in daily life activities and future

careers.

GECRRU213  Sn1wiuaziausssuuauyinse 3(3-0-6)
Know the Language and Culture of the Sakura Land
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Know the pronunciation of Japanese alphabets, vocabulary, grammar, and

basic structure. Develop Japanese communicative skills. Be able to communicate the

language in daily life situations. Use and apply the language with its cultural learning. Be
aware of and appreciate on Japanese language and culture for applying in daily life activities

and future careers.
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Know the Language and Culture of the Kimchi Land
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Know the pronunciation of Korean alphabets, vocabulary, srammar, and
basic sentence structure. Spell and write Korean alphabets and basic sentence structure by
using basic vocabulary and basic grammatical structure. Be aware of and appreciate on

Korean language and culture in various situations though the learning process based on

Korean cultural tools, for instances; K-pop, K-drama, K- food and K-tour.

GECRRU215  wvidassovieafienlne 3(3-0-6)
Amazing Thailand
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Explore the Amazing Thailand towards stories, tourism destinations and
activities. Discover the beauty and unique of tourist attractions, arts, culture, traditions,
lifestyles, entertainment, food and tourism activities that remarkably different in different
regions across Thailand both through online teaching materials and virtual tourism tools.
Field study are provided, together with panel discussion towards the benefits, importance,

impacts, elements of tourism in various dimensions, the charm of tourism and the

relationship between Global tourism and Thailand tourism.
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Be My Guest
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Classify and identify the differences of needs and wants of tourists and
visitors according to their origin destination. Identify the reasons why their behaviour is
different. Explain how to satisfy and impress as a host to make guest, tourists and visitors,

happy and satisfied and make the second visit with friends and family members.
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Charm of Service
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Explain key foundation and principles of service. Identify the good
characteristics of the service, methods, and techniques in order to provide the best service
to meet customer expectation and satisfaction. Identify and list procedures and methods of
service excellence psychology. Explain the principles of service Identify good personality
traits of service personnel. Discussion of how to handle problems solving and complaint

handling is also included.
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Tourism Therapy
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Integrate and apply daily life activities with tourism activities. Seeking and
exploring new experiences for relaxation. Experiencing leisure, pleasure towards travel
activities according to personal special interest: walking, running, cycling, worshiping,

meditation, yoga, healthy drinking and eating.

GECRRU219  nuiiiadin 3(3-0-6)
Games for Life
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Explain the meaning of games, types of games, the origin of games, games
and ways of life, games playing skills, and games characteristics. Classify the types of games
including; recreational games, games and Thai lifestyles, Thai traditional games, games and
learning, games as instructional tools (educational games), games and daily life tasks, games
and vocational skills, scames for careers, the demonstration of games playing for life

development, and game literacy. Discuss the prevention of game addict and game crime.

Design board games and online games.
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Brand Ownership of Health and Beauty Products
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Define the scope and meaning of health and beauty products. Develop the ideas
for product making and creative health and beauty products. Use the natural extracts for health
and beauty products. Identify the relationship between its quality and product standardization.
Apply business creating ideas of health and beauty products leading to be brand owners.
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Recreation and Camping
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Study the knowledge of concepts, scopes, meanings and importance of
recreation, types recreational activities, designs of recreational activities, relaxation with

recreational activities, meanings, objectives types of camping activities.

GECRRU222  wauildin 3(3-0-6)

Life Map
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Explain the meanings of life. Know oneself, roles and abilities and be able
to design needed lifestyle. Understand and view the life as meaningful and challenging with
successful goals. Apply the skills in monitoring the progress of life design emphasizing new
paradigm and essential 21st century skills. Prepare for mental care-taking, problem facing,
and stress reduction. Explain positive communication being able to spend life with other
societal residents happily, adjustment and positioning self in the social groups appropriately

as well as spending life happily in every situation.
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Meditation for Life Development
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Study the meanings of mediation, objectives, methods, steps, origins of
medication, the characteristics of chanting and meditation practice, the benefit of meditation,
the symptom of mediation against, and the application of meditation for daily life activities.
Study meditation and learning and working, characteristics, steps and qualifications, benefits
of contemplation, basic knowledge of introspection, differences of humbleness and
contemplation, world population and contemplation through the meditation practices
(walking meditation and meditating), and the assessment and evaluation after finishing the

activities.
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Social Etiquette
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Learn about social etiquette. The arts of communication towards spoken
language and body language. Off the job practical training about table manners and how to
use tools and equipment for international serving. Public appearance, dress-up and showing

well personality in various situations appropriately.
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Healthy with Thai Herbs and Medicine
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Classify and identify the utilization of herbal medicine nearby for self and
family care. Explain how to use Thai traditionally herbal home remedies. Apply the use of
herbs for health and beauty care, cleanliness, cares of body shape, skin health, chronic

diseases, and basic sicknesses with Thai traditional wisdoms and herbs.
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Art of Living
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Classify and identify the principles, concepts, meanings, factors, and
influences impacting personality. Classify g¢ood personalities physically and mentally.
Understand self and others and be able to effectively adjust self with others in the
organization and outside. Systematize socialization under different context and self-
positioning in various occasions under Thai and international customs. Regularly practice self

for personality development.
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The Science of Leadership
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Study the concepts and theories of leaders, types of leaders for constructing
the awareness of benefits of changing factors that enhances innovative learning and
information technology. Discuss the process of creative leader development. Develop the
leaders’ strategic innovation, communication skills, conflict management and negotiation.
Explain the qualified leaders for innovative organization building based on local wisdom. And
study field work for investigating the leaders’ leadership in both governmental and private

sectors.
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How to Survive
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Explain, classify, and exemplify about natural phenomenon and disasters
caused by the present world populations. Explain the process of area-based management
by applying technologies with disastrous situations. Use the principles of survival and
assistance when facing occurring disasters and emergencies. And explain the case studies

about disastrous occurs.
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Feng Shui Adjustment for Enhancement Life Prosperity
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Explain the basic principles of Feng Shui based on Chinese knowledge.
Understand the principles of room environmental management to balance and harmonize
with natural energies. Present the pictures for room floor design with the layout of furniture

in order to make the residents happy, physically, and mentally healthy and safe.
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Biology for Veterinary Nursing
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Indicate the properties of life, methods of life organization, and scientific
methodology. Give examples of chemicals of life, cells, and explain metabolisms, principle

of genetics, mechanisms of evolution, and diversity of life. Identify and perform structures

and functions of plants and animals, as well as, principles of ecology, and behaviors.
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Mathematics for Veterinary Nursing
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Elucidate basic principles of Mathematics and correctly apply fundamental
Mathematics for veterinary nurse practice, e.g., using general equation, calculation of rate,

ratio, fractions, proportion, percentage calculation, and so on.
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Chemistry for Veterinary Nursing
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Illustrate atomic structure, stoichiometry, chemical bond, and representative
elements. Indicate general characteristics of transition gas, liquid, solution, and solid. Explain
and perform the principles of thermodynamics, kinetics, acid-base equilibration,

electrochemistry, nuclear chemistry, organic chemistry, and environmental chemistry.
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Information Technology for Veterinary Nursing
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Indicate the principles of computers and package programs for data analysis.
Explain data management and processing. Effectively apply information technology for data
searching, synthesis, and presentation in scientific communication by intensive practice

specifically on each subject branch.
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Statistics for Veterinary Nursing
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Explain the preliminary statistics, probability, random variable, random
variable distribution, sampling, sampling distribution, estimation and hypothesis testing of

one and two sample means, analysis of variance, chi-square testing, and regression and

correlation analysis.
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Prerequisite: VNS1103 Biology for Veterinary Nursing

Define evolution and biology of animal, cell, tissue and classify type of
organisms within animal kingdom. Explain features of animal morphology, anatomy,
physiology, growth, reproduction, and animal ecology. Identify the proper preparation and

storage of animal specimens; including observing of related field-trip study.

VNS1102 NOANTIULAZNITIVTIAUER 3(2-2-5)

Animal Behaviors and Restraint
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Explain normal and abnormal behaviors of domestic animals, as well as,
behavior modification. Perform animal restraint for clinical examination, medication, sample
collection, transportation, and other objectives. Be able to select the suitable tools to
restraint the companion animals and livestock. Demonstrate ability with ethics and concerns

of animal welfare, while working with animals.
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Concept and Theory of Veterinary Nursing
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Explain principle and theory of Veterinary Nursing, as well as, processes in
veterinary nursing practicum. Report the veterinary nursing record system. Apply and
implement correctly and properly the holistic veterinary nursing services and integrated to

health extension, disease prevention, nursing, rehabilitation, and convey information of

animal health and care to pet owner in actual practice.

VNS2214 FALNINITNYUAER 3(2-2-5)

Biochemistry for Veterinary Nursing
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Prerequisite: VNS1103 Biology for Veterinary Nursing and

VNS1105 Chemistry for Veterinary Nursing

Recognize basic structures and functions of biomolecules, understand
biochemical process in living organisms, metabolisms, and chemical properties of amino acid,
protein, lipid, carbohydrate, enzyme, and coenzyme, including explain regulation of genetic

expression.
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Immunology for Veterinary Nursing

a%maiwuQﬁﬁuﬁ’mahmﬂaqﬁ’umﬁmL%@%aaéwﬂwimﬁ’alﬂ WaURLIU
weufiveR usnuerUsuanvesnnzniluiu arunsoauavayaNsEiiiess Ussgnanugaiy
Inengfinuiuiondosnisvhiaduludnifeunsmsitedelsndninedsuine femdamauda
HALAYIIBUNANITATIVIUINY

Explain Immune system, mechanism of immune responses, antigen,
antibody, classify type of hypersensitivity, immunology, be able to search case information,

apply knowledge of immunology in veterinary vaccination and serological diagnosis of animal

diseases with correctly lab interpretation and report.
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Anatomy and Physiology of Domestic Animal
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Explain anatomy of the domestic animals systematically. Describe normal

functions and working mechanisms in normal body systems of the domestic animals; e.g.,

integumentary, nervous, endocrine, respiratory, gastrointestinal, urinary, reproductive,

musculoskeletal, and cardiovascular systems. Apply anatomical and physiological knowledge
for using in any field of animal nursing, such as, in medicine, surgery and convey post

operative health care to pet owner, and for animal restraint.
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Microbiology and Parasitology for Veterinary Nursing
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Prerequisite: VNS1103 Biology for Veterinary Nursing
Correctly explain the principle of Microbiology and Parasitology in Veterinary

Nursing, e.g., morphology, structure, and physiology of microbes and parasites. Classify types

of microbes and parasites, which are the causes of infectious diseases in domestic animals.

Define microbiological characteristics of those micro-organisms and unique characteristics of

Helminthes, external parasites, and Protozoa that are important for livestock and domestic

animals. Describe morphological structures, life cycles, pathogenesis, clinical signs, immune

responses, and epidemiological information with forecasting for disease surveillance. Apply
knowledge of micro-organisms and parasites correctly for basic disease diagnosis. Implement
diagnosis, control, and disease prevention properly. And demonstrate the importance of

microbes and parasites as the major causes of infectious diseases in domestic animals.
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Explain basic principles of animal health care and first aid. Describe animal
restraint techniques, physical examination, client history taking, and clinical laboratory
techniques. Manipulate the basic veterinary nursing skills practiced in an Animal Teaching
Hospital of CRRU, in order to strengthen preparedness of the students before working in the

actual settings.
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Ethics and Laws Concerning for Veterinary Nursing and
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Define, interpret, describe, and implement the Ethics, Laws, and Acts
concerning veterinary nursing and livestock for the actual work. Explain the Acts for animal
feed, including properly manipulate Laws for animal rights and welfare, as well as, appreciate

the value of ethics for working as a veterinary nurse.
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Zoonoses and Environmental Health
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Classify causes of disease. Indicate routes of disease transmission from
animals to humans and from humans to animals. Perform sample collection for laboratory
diagnosis. Describe the principles of zoonosis prevention and control. Give examples of
common zoonotic diseases mostly found in Thailand. Elucidate basic knowledge of
environmental health. Summarize the principles of animal feed and water supply sanitation
for animal production. Indicate the suitable principles of wastewater treatment and animal
sewage disposal. Perform the studies and fieldtrip expedition for the examples of
environmental health management related to animal productions and treatments. Report
the usage of animal sewage for bio-gas production. Clarify the suitable management of solid-
and hazardous wastes, as the byproducts from animal production and treatment processes.
Indicate the principles of control and prevention of biological animal- and insect vectors.
Analyze environmental health plannings and management related to animal productions or

treatments.
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Pharmacology and Toxicology for Veterinary Nursing
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Explain principles of pharmacology and toxicology. Classify types of medicine
using for animal disease treatment and prevention. Describe mechanisms of actions and
indicate the usage of medicine in many types, e.g., antibacterial and antifungal drugs,
analgesic, gastrointestinal drugs, antiparasitic drugs, sedative and anesthetic agents, vaccines,
fluid therapy, topical drugs, hormone, disinfectant, antiseptic, and emergency drugs. Give

examples of medical toxicology and describe the diagnostic methods for toxin investigation.

Apply knowledge related to Pharmacology for actual practice in Small Animal Hospitals.
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Pathology and Clinical Laboratory for Veterinary Nursing
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Explain physiological changes and pathological disease processes of cells,
tissues, and organs of animals, including cell-tissue interactions, deterioration, death,
inflammation, repair process, tumors, and congenital abnormalities. Applying of knowledge
for the actual practices, such as, necropsy techniques, sampling methods, specimen
preservation, gross anatomical and histopathological examinations for probing the diseases.
Perform blood sampling and pathological operations accurately, e.g., complete blood count,
blood smear, and blood staining. Using of automatic cell counting machines, laboratory
examination of bleeding disorders, clinical blood chemistry, cytological examination of the
reproductive system, and analysis of retained body cavity fluid . Applying of biotechnology

techniques for disease diagnosis in pets and livestock, and be able to read and interpret

diagnostic results.
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Veterinary Nursing for Emergency and Critical Animal
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Explain emergency and critical situation in animal. Describe and implement
the initial assessment of critical animals, e.g., general impression, mental status, airway,
breathing, and circulation. Elucidate and practice in following up and monitoring the critical
animals. Correctly describe and demonstrate the medical procedures, during emergency and
critical care. Correctly illustrate the processes and methods of cardiopulmonary resuscitation
(CPR). Practice in proper management of patients in states of shock, suitably administrate
oxygen- and fluid therapy. Perform critical patient monitoring and intensive care, as well as,

properly manipulate nutritional supports, conformed to the good veterinary nursing regimes.
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Veterinary Radiography and Photography
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Define X-ray and explain X-ray usage in veterinary practice. Describe the
safety precaution of X-ray, using of X-ray machine, and accessory equipment. Perform an
image interpretation. Describe basic knowledge of radiation therapy and using of ultrasound
for disease diagnosis in veterinary practice. Including, correctly implement the suitable animal

positioning, radiography technique, and film developing technique.
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Anesthesia and Surgery for Veterinary Nursing
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Explain the process of animal pre-anesthetic evaluation. Classify types of
fluid therapy and preanesthetic and anesthetic drugs in domestic animals. Describe the
functions and using principles of anesthesia machine and anesthetic monitoring devices.
Practice to detect and monitor animal anesthetic conditions, vital signs monitoring, pain
management, and post-anesthetic care management. Distinguish the roles of veterinary
nurses for surgery, compared to veterinary nurses for general medicine. Perform pre-
anesthesia and patient preparation. Manipulate animal anesthesia for surgery. Elucidate and
manipulate the principles of wound management, dressings, and bandages. Describe
veterinary nursing principles of soft-tissue surgery, specific surgery, dental and oral surgery,

as well as, work for post-operative care of patient.
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Principle of Nursing and Innovative Design for Companion

Animal
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Correctly describe body of knowledge and act properly in health care and
veterinary nursing in companion animals with physical abnormalities or illnesses admitted in
animal clinics and animal hospitals. Besides, be able to apply knowledge for making animal
health records; e.g., heart rate, respiratory rate, body temperature, and vital signs. Manipulate
the proper animal handling techniques for any veterinary clinical procedure, drug- and
physiological saline administration in animals with safe and sound, conformed to an animal
welfare act. Choose the right or proper clinical equipment for any operation of veterinary
nursing. Describe and demonstrate management of ill animals in case of any emergency.
Design and invent an innovative instrument to support the disable small animals, e.g., trolly

innovation, artificial legs for handicapped animals, and so on.
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Main Diseases in Small Animal for Veterinary Nursing
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Explain and give examples of the main diseases in companion animals
including etiology, clinical signs, diagnosis, disease prevention, and treatment. Apply the

principles of the main diseases in small animals to the actual practice.
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Research Methodology in Veterinary Nursing
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Elucidate the principles and research methodology in veterinary nursing,
both conducted in animal health-care and field settings. Manipulate the body of knowledge
to identify research problems, research formulation, objectives, and hypothesis settings. Plan
and construct teamwork for collection of data and research samples for laboratory study.
Construct the questionnaires, as well as, analyze and correctly interpret the given data.
Describe and perform the application of statistics for veterinary nursing research. Indicate the
processes and details of report writing and research result presentations. Conform and

appreciate values of ethics in research as an important mindset for the researchers and for

the research itself.
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Principle of Epidemiology for Veterinary Nursing
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Elucidate the principles of epidemiology for veterinary nursing. Classify types
of diseases and describe natural history of diseases in animals, measurements of diseases
and events in epidemiology. Identify causes and give the reasons for causal association of
diseases. Illustrate the studies in epidemiology. Report in animal disease investigation and
surveillance. Describe the principles of animal disease control, prevention, and eradication.

Give examples of epidemiological applications in veterinary nurse practice.
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Perform the literature reviews and data collection on topics related to
veterinary nursing or veterinary medicine. Carry on report writing and data presentation in
many forms. Discus on and choose a current interesting topic related to research in veterinary

nursing at the bachelor’s degree level.

VNS4802 Uy 2(1-2-3)

Special Problems
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Prerequisite: VNS3801 Seminar

Describe the principles and perform the studies, experiment, or research, on
the chosen topic which recently constructed during Seminar (VNS3801) and that topic must
be concerned with veterinary nursing at the bachelor’s degree level. Compile all information,

including the study results, discussions, and recommendations, into the complete written

report.
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English for Veterinary Nursing
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Give examples and demonstrate ability to use technical terminology
correctly in veterinary nursing. Describe methods and perform the four-skill-practicing, which
mainly focusing on English communication, selecting from actual experience in animal health
settings, general books, veterinary textbooks, newspapers, encyclopedias, journals,

brochures, and stories or articles concerned to veterinary nursing and veterinary medicine.
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Nutritional Therapy for Veterinary Nursing
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Prerequisite: VNS2302 Basic Veterinary Nursing Techniques

Name nutrients necessarily required for animals. Give examples of
commercial feed for pet and wildlife. Classify types of animal feed and manipulate feeding
management properly throughout animal’ s life span, as well as, choose the nutrients
properly for both normal- and diseased animals. Well communicate and work properly with

the others in animal treatment team, as well as, appreciate the importance and ethics of

animal nursing.
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Ruminant Nursing
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Correctly explain basic principles of ruminant husbandry and health care
management. Give examples of ruminant diseases and health-related problems found in
ruminant; including etiology, clinical signs, epidemiological aspects, and fundamental
principles of ruminant nursing. Apply knowledge for sample collection planning and properly
use veterinary medical tools to collect samples for disease diagnosis. Demonstrate satisfied
ability in ruminant health care, which can be evaluated from ability to work for ruminant
nursing. Correctly describe treatment procedure, disease prevention, and control
management; including ability to choose proper drugs, chemicals, suitable equipment for

ruminant handling. Well communicate and work properly with the others in ruminant

treatment team, as well as, appreciate the importance and ethics of ruminant nursing.
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Aquatic Animal Nursing
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Explain principles of aquatic animal husbandry and health care
management. Understanding of diseases and health-related problems found in aquatic
animals; including etiology, clinical signs, epidemiology, and principles of aquatic animal
nursing. Apply knowledge for sample collection planning and using of tools and equipment
to collect samples for disease diagnosis. Demonstrating the ability in aquatic animal health
care. Capable describing for treatment procedure, disease prevention, and control
management. Drugs and chemicals using for disease treatment. Selection of equipment for
aquatic animal handling. Well communication skills and work properly with the others in
aquatic animal treatment team, as well as, appreciate the importance and ethics of aquatic

animal nursing.
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Zoo Animal and Wildlife Nursing
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Correctly explain basic principles of captive-wildlife husbandry and zoo animal
health management. Give examples of diseases and health-related problems found in
general wildlife and zoo animals; including etiology, clinical signs, epidemiological aspects,
and fundamental principles of wildlife and zoo animal nursing. Apply knowledge for sample
collection planning and properly use veterinary medical tools to collect samples for disease
diagnosis. Practical skills in wildlife and zoo animal health care. Correctly describe treatment
procedure, disease prevention, and control management; including ability to choose proper

drugs, chemicals, and suitable equipment for wildlife and zoo animal handling. Well
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Poultry Nursing
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Correctly explain basic principles of poultry husbandry and health care
management. Correctly describe poultry farm management system and Good Agricultural
Practices (GAP). Give examples of poultry diseases and health-related problems found in
poultry farms; including etiology, clinical signs, epidemiological aspects, and fundamental
principles of poultry nursing. Apply knowledge for sample collection planning and properly
use veterinary medical tools to collect samples for disease diagnosis. Demonstrate satisfied
ability in poultry health care, which can be evaluated from ability to work for poultry nursing.
Correctly describe treatment procedure, disease prevention, and control management;
including ability to choose proper drugs, chemicals, suitable equipment for poultry handling.
Well communicate and work properly with the others in poultry treatment team, as well as,

appreciate the importance and ethics of poultry nursing.
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Correctly explain basic principles of pig husbandry and health care
management. Correctly describe pig farm management system and Good Agricultural
Practices (GAP). Give examples of pig diseases and health-related problems found in pig
farms; including etiology, clinical signs, epidemiological aspects, and fundamental principles
of pig nursing. Apply knowledge for sample collection planning and properly use veterinary
medical tools to collect samples for disease diagnosis. Demonstrate satisfied ability in pig
health care, which can be evaluated from ability to work for pig¢ nursing. Correctly describe
treatment procedure, disease prevention, and control management; including ability to
choose proper drugs, chemicals, suitable equipment for pig handling. Well communicate and
work properly with the others in pig treatment team, as well as, appreciate the importance

and ethics of pig nursing.
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Information System for Veterinary Nursing
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Explain and apply to use information system in animal hospital,
administrative information system, patient database, patient registration system. Information
system for laboratory, radiology, and pharmaceuticals, monitoring and patient appointment
system, technology for information system and be aware of the importance of keeping animal

medical records and pet owner information.
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Innovation of Animal Feed and Alternative Medicine
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Explain complete cycle of animal feed and medicine innovation, newly
created according to nutritional and alternative medicine requirements of animals.
Implement the new study and carry on an experiment, searching, or research of a suitable
feed recipe and local medicine, required for disease treatment, supportive care, or
rehabilitation, as well as, create a newly special recipe and new local herb products for

animals, suitable for current disease situations or according to the range of ages in their life-

span.
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Describe basic dog training and consideration for various training. Operate
followed the various objectives, as well as, choose appropriate instrument and training field,

including proper training procedures. The learners demonstrate qualification of a good trainer

and correctly and properly explain the cautions or pre-cautions during the training course.

VNS4210 SUNASLADAYDIER 2(2-0-4)

Animal Blood Bank
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Explain the methods of quality control and responsibilities of animal blood
bank. Demonstration of classification of tissue antigen, diagnosis, and problems solving of

blood transfusion and other conditions.
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VNS4308 NIAEATANUYNIINTNE VBT 3(2-2-5)

Rehabilitation for Veterinary Nursing
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Prerequisite: VNS2211 Anatomy and Physiology of Domestic Animals

Define biomechanics of locomotion in animals. Explain exercise physiology.
Describe mechanisms of pain and aggression. Implement the assessment and management
of pain in animals, animal lameness, and physiotherapy assessment. Describe and implement
manipulative therapy, thermotherapy, electrotherapy, ultrasonic therapy, and hydrotherapy.
Manipulate the post-operation rehabilitation, prosthesis and orthosis, and neurological

rehabilitation. Apply the principles of rehabilitation in patient to the actual practice.

VNS4403 n1susMsgsRalssneunadnd 2(2-0-4)
Animal Hospital Business Administration
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Explain the Animal Hospital compartment, human resource, and financial
management. Describe business in companion animal, equipment, and pet products. Give
examples of laws concern to companion animal business. Explain how to manage

occupational health in clinic and hospital.
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VNS3701 N3MTEURNUIZAUNITAIVITNAITWINUAERS 2(90)
Preparation for Field Experience in Veterinary Nursing
wilaguuvuuagnszuunsinUszaunisaiendn annsavhaududiulaosnsd
Uszansnn U%"UéhL%ﬁﬁué’QﬂmLLazaawuﬂWiajmq6] v"v’mmﬁﬂwmﬂﬁlﬂuﬁ@mLawwwﬁmazmiamﬁu
TaluanufiufoRou Uszgnalaanugwaznisufvinununisneiviadmlulaesamungay
wandeandan1sidnansisay finnusufinvey iy uagn1snsanenian
Understand system and process of vocational training, able to work effectively
as a team adapt to different societies and situations, develop immediate problem-solving and
decision-making skills in the workplace, appropriately apply the knowledge and practice of

animal nursing. exhibit of public mind, responsibility, discipline, punctuality.

VNS4702 nsEnUszauNITAlITNNTNYUIAERN] 5(450)
Field Experience in Veterinary Nursing
JwriideaFeuniniou : VNS3701 n1swdesiinuszaunsalividnntsweuia
dnd
UfURulundingnudng lsamenunadag wie an1ulsznounisnenuiadng lu
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Prerequisite: VNS3701 Preparation for Field Experience in Veterinary
Nursing
Practices in clinics, hospitals, or animal-health service sector in a relevant
position that suitable for the knowledge and ability of the students, be able to apply theoretical
knowledge to the practice of nursing and animal health management. Adapt to working
effectively with team in the workplace, compliance with the workplace’s mandatory terms,
condition, regulations throughout the training experience. Demonstrate skills, expertise, self-
confidence, supervision, and evaluation under a systemic follow-up process throughout the

course by both teacher and a cooperative education coordinator from the workplace.
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CO4705 aunafnen 7(540)

Co-operative Education
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Practice in a workplace as temporary full-time employee of the workplace
Understand the concept and operate according to the process, regulation of cooperative
education, able to write application letter, express good skills in the interview, personality
development as well as the basic knowledge necessary for working in the workplace, capable
to link and apply theoretical knowledge to nursing practice, animal health management to
implement projects or routine tasks assigned by the workplace appropriately. Students
demonstrate professional morality, virtue ethics in specific disciplines. Able to write reports
and present academic work, supervision, and evaluation under a systemic follow-up process
throughout the course by both teacher and a cooperative education coordinator from the

workplace.
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5. WHUNKEAINTIINTZANEAUTURAYIUHNAANSNISITBUTIINUENGATEI183% (Curriculum

O mnusuiinvausas

Mapping) sslan3unAneninaly
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8. UWHUTLANINIINTENBANUTURAYOUNIATFIUNANTITUFAIINUANGATEI183YT (Curriculum Mapping) HINAYNANIZAIY

® arusuRinvounan

o)

AMUSURNYBUTDY

NAANSNISITEUSLBIENTIAULNAIANIS

eIV 93U (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4 PLO5 | PLO6 | PLOT
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VNS1103 FvendmSunsneuadng O O
VNS1104 ARAFNERS VUM INETUNAER @)
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nguvNanUeAY
VNS1101 dninen O @ O O O
VNS1102 anﬂiimmzmﬁuﬂ’ﬁué’mﬂ o ® O O O o (]
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VNS3213 NI marUURN1sTNEINeIRalnnIang

o © o o o o O @

NYNUNAAR
VNS3304 MsneUIadnIegniduaringd ® o o o @) o ®
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Properties of life, organization of life, scientific methodology,

chemicals of life, cells and metabolisms, genetics, mechanisms of
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evolution, diversity of life, structures and functions of plant and Indicate the properties of life, methods of life organization, and
animal, ecology and behavior. scientific methodology. Give examples of chemicals of life, cells, and

explain metabolisms, principle of genetics, mechanisms of evolution,

and diversity of life. Identify and perform structures and functions of

plants and animals, as well as, principles of ecology, and behaviors.
MA0401 adiadnaniNugiu 1 3(3-0-6) VNS 1104 agiadansansunsneutadnd 3(3-0-6) Thduluaawuanie

Foundation of Mathematics |
Wanduuagniinl Adauazanuneisweatsndy osywusves
WanduiuUnfswaznisUszgne néninueladnia LLazauﬁuéé’uﬁuqa
Usviusileanu
Study the functions, graphs, limits and continuous of functions,
derivative of a function of one variable and application, L'Hopital's rule,

higher order derivatives and basic Integration.

CM0401 iafiNugu 3(3-0-6)
Foundation of Chemistry
Tnssassosnan Usinuansdniug Wusziadl AR RIS IN
waYNIIUATU ;1”'1‘11 VDWNAI d138¥anY SUBQLL%Q qmwwamam% aauwamam%
aunaiadl nan — wa idflvinn weiliuedes iBuvde wiidwanaon
Atom structure, stoichiometry, chemical bond, representative
elements, transition gas, liquid, solution, solid, thermodynamics,

kinetics, acid-base balance, electrochemistry, nuclear chemistry,

organic chemistry, environmental chemistry.

Mathematics for Veterinary Nursing
a%mwé'ﬂmiﬁuimmmajmmam% LLaxawaﬂimJizqﬂﬁiﬁgmmgm&
ﬂﬂjmﬂ?ﬁm%Lﬁlaﬂ’ﬁﬁﬂx‘ﬂuaﬂ‘l‘lﬂ'ﬁwEJ"IUWaéJG]?LG;I?JEJINQﬂg?N \wu Msluaunis
il M9msng Snsrann invanu dnaiu uay msmulasesdun wie
sevay (uau
Explain basic principles of Mathematics and correctly apply
fundamental Mathematics for veterinary nurse practice, e.g., using
general equation, calculation of rate, ratio, fractions, proportion,
percentage calculation, and so on.
VNS1105 wafidwmsuniswanuiadnsd 3(2-2-5)
Chemistry for Veterinary Nursing
gsvelassassezney Usinaansdius Wussiell uay auURveIsWLING
v Uaﬂ@mam%ﬁﬂﬂmaammaﬁu;w VBUNAT FTATANY WAL
voauds a%mwayﬂm3LLa5°LJﬁﬁ’amﬁmqqmmwamam% FaUNAFERNS auga
wil n3m - e willivi indifauedes wildunse wae wildwanaey
IWustrate atomic structure, Stoichiometry, chemical bond, and
representative elements. Indicate general characteristics of transition

gas, liquid, solution, and solid. Explain and perform the principles of
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Whduluauuuanig
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thermodynamics, kinetics, acid-base equilibration, electrochemistry,
nuclear chemistry, organic chemistry, and environmental chemistry.
Thdulumuuuinig

SN0401 waluladansaumeauazmsdoasinenans  3(2-2-5)
Information Technology and science Communication
ﬂ’]ﬂ‘gﬂﬁmﬁlLW@%LLﬁgiﬁiLLﬂiNﬁ’lL%ﬁ]gﬂiuﬂ?iimi’wﬁ‘l}l@ﬁ;}a ATIANTT
voyauarnsUszaananaeniunsUszgnalumaluladarsaumalunis
duay é’nmiwzﬁuasﬁwLaua%”a;ga‘[,ugﬂl,wum 9 Tununisdeansingneans
ogsiusvaving I@EJLﬁumiﬁﬂﬂﬁﬁa‘ﬁ'mmzamﬁmwﬂazawﬁm
Data analysis and interpretation by computer software,
application in search engine, effective generation of scientific data

synthesis and presentation, intensive practicing in specific for each

subject branches.

ST0401 dfRgmSutinAnwInemans 3(3-0-6)
Statistics for Science Students
ANUMINEURIERR YeuALaTUSElvesERn aRRnlelLINgmans
Funeunsluadiitensindulandivendans nénidew mnuuandu &
mheju mswanuas rrstnasdusuuniung lemesieewssn wuutases
N1SHINLIUNG wavUnFitnsgIu ASLANKIIDENN N1TUTTNAUATNNS
naapuaLLAgIY MINeNEUSTENGIUT MInanosLaTaVETUS

Definition, scope and benefits of statistics, statistics using in

science field, statistics method for scientific decision-making, basic of

VNS1106 malulagaisaumadimsunisneiuiadnd 2(2-0-4)
Information Technology for Veterinary Nursing

UE]ﬂ‘Wauﬂﬂ?is[ﬂ;ﬂ@ll‘ﬁ’éLW@;LL@%I‘UELLﬂiM?f’]L%ﬁ]gﬂiuﬂ’]i’?mi’l%ﬁ
Yo 05U1835N13TANRNALArNIIVTEINANA Uszgnaltmalulad
asaumplunsduay duasen LLasﬁwLaua%aagalugﬂl,wucm 9 Tusunis
AeasingnenantesnaiisyAndng ImaLﬁumiﬂﬂuﬁﬂ’ﬁﬁmm:auﬁuLm'az
a1

Indicate the principles of computers and package programs for
data analysis. Explain data management and processing. Effectively
apply information technology for data searching, synthesis, and
presentation in scientific communication by intensive practice
specifically on each subject branch.

aa o ¥ o

VNS1107 afndmdudmiuniswenuiadn 2(2-0-4)
Statistics for Veterinary Nursing
a%mﬂmmgﬁugmmaaﬁﬁ mmnazidy fudsgunisuanuases
FuUTaN N15AUFIDENY NMIUINLANBIMARA NFUTTINAALAZANT
mmaauamagmnémLﬁsnu,azamﬂfjm ﬂ’lﬁaLﬂﬁ’Wﬁﬂ’J’mLLUiﬂi’Ju NINAEU
lﬂaLLﬂTg Ly m‘ﬁwmzﬁmsmaaauazaué’uﬁu'g
Explain the preliminary statistics, probability, random variable,

random variable distribution, sampling, sampling distribution, estimation

Ud4 Outcome-
based Learning

(OBE)

Whduluauuuanig
a4 Outcome-
based Learning

(OBE)
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probability, random variable, binomial, hypergeometric, poisson, normal and hypothesis testing of one and two sample means, analysis of
and standard normal distribution, estimation and hypothesis testing, variance, chi-square testing, and regression and correlation analysis.
relationship between variables, regression and correlation.
VNS1101 dnamen 3(2-2-5) VNS1101 dna3nen 3(2-2-5)
Zoology Zoology W dulumuuuamig

SviikesSeunnriou: Faneniugiu (810401)
Ffaunsuazdaine1vesdng waa delde wavnssuundssan
y990103n5dN Fuguinen neinma d35inen maaiauiula msduitug
Teine1reednd n15uTIUTILLAE S I¥IRI0819dRT Saudan1senn
UURnsnmauy
Prerequisite: Foundation of Biology (BI0401)
Evolution and biology of animal, cell, tissue, and classification of
animal kingdom. Animal morphology, anatomy, physiology, growth, and
reproduction. Animal ecology, collection and preservation of animal

specimens; including field-trip study.

VNS1102 naRnssuuazn1suteauan’ 3(2-2-5)

Animal Behaviors and Restraint

wgAnssuunfnazinunfivesdny niswnlungfnssuiiiaunf n1s

v o @

wandsivdnimendmalun1snsiashwr nsluen nisiedeusny uay

I
o A

POUITAIADU )
9

o)

a

fideaseunnnow: VNS1103 §a3nendmiunisweiuiadend
JemnsiTauinisuasaine1vesdng waa oo uazduun
Ussimvesdsditinlueandngdng eduednuasmsdugiuiner medinie
a393nen maasyiivln msduitug Sneivewesdng ssynsdamien
G'ha&mé’mil,azﬂmﬁu%fnmaéwgrﬁ% FudansdanansanunIaauILd
\Rertes
Prerequisite: VNS1103 Biology for Veterinary Nursing
Define evolution and biology of animal, cell, tissue and classify
type of organisms within animal kingdom. Explain features of animal
morphology, anatomy, physiology, growth, reproduction, and animal
ecology. Identify the proper preparation and storage of animal
specimens; including observing of related field-trip study.
VNS1102 WaRnssuuazn1sauteAuan’ 3(2-2-5)
Animal Behaviors and Restraint
afunengAnssuunduasAnunAvesdnl sauiensunlodym
wfnssufiiaundufunismuaudsdudmtiienfmalunisasasne ns
Tnen naiediousny uazingUszasndu q aunsaideniviaiesiiovdotan
qﬂﬂiﬂjﬁmmza:uh"“umsﬁ”ﬂﬁué’migﬂaLLoﬂ'awﬁﬂlmyasmqﬂoﬁVaa wandlmdiuds

nsiissyussamazaudleluaiafnmvesdmluvauzujuRauiudnm
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Normal and abnormal behaviors in animals, behavior Explain normal and abnormal behaviors of domestic animals, as
modification, animal restraint for medication, sample collection, | well as, behavior modification. Perform animal restraint for clinical
transportation and other objectives. examination, medication, sample collection, transportation, and other
objectives. Choose the suitable tools to restraint the companion
animals and livestock. Demonstrate ability with ethics and concerns of
animal welfare, while working with animals.
VNS1301 HUIAALASNIOENNNNITHETUIAEND 2(2-0-4) VNS1301 LUIAALALNIOBNNNITHEIUIAEND 2(2-0-4) Thduluasuuania

Concept and Theory of Veterinary Nursing
NENNITUALNOBYN1TNEIV1EFNT NTEUIun1TiunIsUURMuNS
NYIWAERI TLUUTUANNIINTNGIVIAERI NISIUSAISNEUIRERILUUDIA
FAUATNANKAIU AMUNTTAN LaFuaunIn n1sUasiulsn Mshymeua wag
mszjamwﬁmSﬂw
Principle and theory of veterinary nursing, processes in veterinary
nursing practicum, veterinary nursing record system, holistic veterinary
nursing services and integrated to health extension, disease prevention,

nursing and rehabilitation.

VNS2201 3a323nemnansédnd 3(2-2-5)

Microbiology in Animal Science
NaNNIANB19aTTINGT §UT19 1ATeasauasaising1vegatin gadn

v

wilmAalsaludin nMsidadeilenunagadyine,

Concept and Theory of Veterinary Nursing

BFUNLNANNITHALNOURNIINYIUIAFRT FIudanszuIunsUURnY
NINYIVI1FRNT T1891UTLVUTUTNNNINITHEIUIRER? Ussqﬂﬁ‘zﬁmzﬁ’l
ﬂ?'m;;ﬁyWUﬂﬁiﬂuémi‘WEﬂUWafﬁmLL‘U‘U@QﬂﬂﬂJLLﬁ%Nﬁ@JNﬁWU ATUNITELEATY
guam n1sUeaiulsa nsshwine1una LLazmsWuvjamwé’m’iﬂw Tatans
ﬁ‘amﬂﬁ%ﬁgam&&uqmmwLLazmﬁ@LLaé’me?:ENﬁL“I;LLf{Lﬁ;lwaﬂﬁ'm{l,gmﬁ
annsathlUlglumsufoRnuaidaesnsgnaeuasisnsea

Explain principle and theory of Veterinary Nursing, as well as,
processes in veterinary nursing practicum. Report the veterinary nursing
record system. Apply and implement correctly and properly the holistic
veterinary nursing services and integrated to health extension, disease
prevention, nursing, rehabilitation, and convey information of animal
health and care to pet owner in actual practice.
VNS2212 3a%2ineuazUsaningmnanmswerunadnd 3(2-2-5)
Microbiology in Animal Science

Furfidaasaunnney : VNS1103 F23nendimsunisnenuiadng

Ud4 Outcome-
based Learning

(OBE)
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Principle of Microbiology, morphology, structure and physiology
of micro-organisms, disease-causing organisms in animal, basic microbial
diagnosis in laboratory.

VNS2209 UsanIangivmienisweuiadna 3(2-2-5)
Parasitology for Veterinary Nursing
AvniideaFeusndau : BI0401 FaTmeniugiu
wueune1snely Usdnniouen wazluslads AwWuusdnii i
mmﬁwﬁig‘i,uﬂaé’mLLazﬁngm JUTENYY 2935970 neaSiuila 81013
NaAdIn NIRUANEMNaIANA S¥UIAINGT N1IRTI93THadY N15AIUAY
wagnsuaatuysaslude
Important helminthes, ectoparasites, and parasitic protozoa of
livestock and companion animals, morphology, life cycle, pathogenesis,
clinical signs, immune response, epidemiology, diagnosis, prevention and

control for parasites in animals.

o8 urendnn1sfnyIn1agadaiveuasUsdninemianisneuiadng
Fausznauluaaegusns Taseasns wagassing1vesgainuasysin lnagna
gnnos SuunUssianvesadnuazsdndvilminlsafad eludnidos
UBNANANYAENIaTITN1v09aTnuaza nvazveInuauned nely
Usdnnieuen warluslada daduusdnidanudidngluladniuazdng
WA 89 US38193U5 9 Fnway 2995939 nedduda eanisnisaddn s
mauauawwqﬁ{mﬁu LLﬁ%éﬂyaiﬂaWWGiﬂﬂqﬂaﬂEﬂi’!liﬁ’;\‘iﬂ’liLNEJLl,Wﬁ"lrﬂialja
wiowszTalsn Ussgnalyanugniqadaineuasusiningnesugnaos
wion1sidadeidesnunanisneuiadad sdunisnsaitdades aruau
sdsesturadnuasUsdnludng d vela oo 1amanzan naenauliy
A gvosadnuazUsiniiduainnvedsadaidoludniides

Prerequisite VNS1103 Biology for Veterinary Nursing

Correctly explain the principle of Microbiology and
Parasitology in Veterinary Nursing, e.g., morphology, structure, and
physiology of microbes and parasites. Classify types of microbes and
parasites, which are the causes of infectious diseases in domestic
animals. Define microbiological characteristics of those micro-
organisms and unique characteristics of Helminthes, external
parasites, and Protozoa that are important for livestock and domestic
animals. Describe morphological structures, life cycles, pathogenesis,
clinical signs, immune responses, and epidemiological information
with forecasting for disease surveillance. Apply knowledge of micro-
organisms and parasites correctly for basic disease diagnosis.
Implement diagnosis, control, and disease prevention properly. And
demonstrate the importance of microbes and parasites as the major

causes of infectious diseases in domestic animals.

VNS2212 unissau
I9atiineuas
UsanInen wausu
ANNUANTINAN

nangasuiuugs
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VNS2202 Faafiidastumsgunindns 3(3-0-6) VNS2214 faiasidmiumswerunadnd 3(2-2-5) \uAvfiiadun

Fundamental of Biochemistry in Animal Health

Snvnrlasias mnivesnsialinanans 4 nszsviunismeduad
fiAnluAdiTin wunueddu uarausiniaaivensnesdly Wiy dfin
aslulatase Wulssl uazTadules sufanisaruqunisuandoonnis

NUFNTIUVRIBU
Structures  and  functions of biomolecules,
biochemistry process, metabolisms and chemical properties of amino
acid, protein, lipid, carbohydrate, enzyme and coenzyme, including gene

expression regulation.

VNS2203 meinamansvasdniides 3(2-2-5)
Anatomy of Domestic Animal
mMsfnudnvasnseinavesdniaeeeaduszuy weliauay
nstssenaaugemeimalulausslonilumuns 4 nssiyimae
Faunssu uaziitonsdedudng
Systemic, comparative anatomy in domestic animals,
techniques and knowledge application in medicine, surgery, and animal
restraint.
VNS2204 s35inenvesdnfiaes 3(3-0-6)
Physiology of Domestic Animal

nufikagnalnn1syinuresszuuae 9 Tustsmeunfvesdniibes

Biochemistry for Veterinary Nursing
Juriidesdeuanniou : VNS1103 F9dnerdmdunmswenunadad uaz
VNS1105 wadidwmsuniswenuiadnd
anddnuarmddasaneiugiy uasUssnvvesansialuanasian
q wrlanszuaumsmaduaifiinluddtin wunveddy wavaudinig
il veansnewiily Wsiiu afin asiulawnsn Suley uaslauley souds
A1UT0BTUILNITAIVANNITUAAIBDNTIINUGNTTUVDIEY
Prerequisite: VNS1103 Biology for Veterinary Nursing and
VNS1105 Chemistry for Veterinary Nursing
Recognize basic structures and functions of biomolecules, know
biochemical process in living organisms, metabolisms and chemical
properties of amino acid, protein, lipid, carbohydrate, enzyme, and
coenzyme, including explain regulation of genetic expression.
VNS2211 meiniauazeassine1vasdniiass 3(2-2-5)
Anatomy and Physiology of Domestic Animal
sSuednwarmeneinavesdniifiesesadusyuy usseemniuaznaln
nMsvhuresszuume 9 lusmeunivesdmides loun ssuulamls ssuu
Uszam soxllsne svuumaiumels maiiuemis madudaany svuu
duiiug ssuunsegnuaznatuile uay ssuuiilouasuasaiden sauds
ansaUsEgnARNIINIEINALaasTIne e sdin Ul selovilunny
A9 9 LY N33NYIM9018INTTU AAENTsu nsedurensdsuulamia
nMeinamansvesdnifienadsunadlundsndai eguadaiuionda
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szuURamls Uszam aeulsve madumels madivemns madudaanis Explain  anatomy of the domestic animals
iswﬁuﬁué ﬂ'ﬁzamnasngmtﬁa wag szuuinlalasviaoniion systematically. Describe normal functions and working mechanisms in
Function and working mechanism in normal body of domestic | normal body systems of the domestic animals; e.g., integumentary,
animal; e. ¢ , integumentary, nervous, endocrine, respiratory, | nervous, endocrine, respiratory, gastrointestinal, urinary, reproductive,
gastrointestinal,  urinary,  reproductive, = musculoskeletal, and | musculoskeletal, and cardiovascular systems. Apply anatomical and
cardiovascular systems. physiological knowledge for using in any field of animal nursing, such
as, in medicine, surgery and convey post operative health care to pet
owner, and for animal restraint.
VNS2302 maliamemsnenuradnaidon 2(1-2-3) VNS2302 wadiansnsnenunadnaidosau 2(1-2-3) Thdulumuuuinig

Basic Veterinary Nursing Techniques
waniUewnulunisguaazugunerviadng wallan1sdulsdudm n1s
asguamdn inadalunesufifinisadin wasvinwenisneruiadng ou
& v
wugululsameuadenm
Basic principle of Animal care and first aid, animal restraint
techniques, physical examination, clinical laboratory techniques, and

basic veterinary nursing skills practiced in an animal hospital.

Basic Veterinary Nursing Techniques
aturevannsiewulunisguagua Lzl gune1Uadnd ussey
walan133uleAudn n1395398301MdENY N13nUseIRdniUiganniaives

dmides wazmallaluneslfufinisadiin dnufudfaunisneruiadnitu

v
=1

Augmilulsmennadonm wnine1desvigdess dolasuaTenungey
dmsuihlulrlunisviauess

Explain basic principles of animal health care and first aid.
Describe animal restraint techniques, physical examination, client
history taking, and clinical laboratory techniques. Manipulate the basic
veterinary nursing skills practiced in an Animal Teaching Hospital of

CRRU, in order to strengthen preparedness of the students before

working in the actual settings.
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weuradnuazUaing 2(2-0-4)
Ethics and Laws Concerning for Veterinary Nursing and
Livestock
9531UTIANIN Ngvne warnszsydAfAeestuindnns
weunadmuazUadng wizsdygRemsdng uasngvanedvduayatan
ANEN
Ethics, Laws, and Acts concerning veterinary nursing and livestock.

Acts for animal feed and laws for animal rights and welfare.

VNS3205 Wen8Inemen1snegnuIaand 3(2-2-5)
Pathology for Veterinary Nursing
SnwarnsiUdsuilamieassinelaeiiluuasnszuiunisialsn
mane13inen lueaa iewde uazeTrzvesdnd laun UARSevouTaauat
dowde msdonanin nsme Msdhiay nszurumsYeNLTL Lewnuaz
aiiaunanuaiidn madianistugaseindng 3Bnsfudesns msifu
fnwndlaifio manmamamnieiane uazqaneSIneilentsfiganlsn
General physiological changes and pathological process in
animal’ s cells, tissues, and organs; e.g., cell and tissue reaction,
degeneration, necrosis, inflammation, repairing, tumor, and congenital
abnormalities. Necropsy technique, tissue

sample collection,

weuradnIuazUaing 2(2-0-4)
Ethics and Laws Concerning for Veterinary Nursing and
Livestock

o1 wlam Uy UsIene ey Y195581UIIINITN NHNUY

vaa o

waznszydRTRsvestuiTinmaneuadmuazadn v §iR
351 eduensEv Ty Romsdng suwdamsinguuneansuasaiannmn
ﬁm{l‘d‘dizEgﬂ@h%iﬁyaéwmmzam ag LﬁuqmﬁwsimmimamﬁwLﬁams
voudunenuadng

Define, interpret, describe, and implement the Ethics, Laws, and
Acts concerning veterinary nursing and livestock for the actual work.
Explain the Acts for animal feed, including properly manipulate Laws

for animal rights and welfare, as well as, appreciate the value of ethics

for working as a veterinary nurse.

VNS3213 wesimeuazufjianiswensineraddndmiunisneruiadnd
3(2-2-5)

Pathology and Clinical Laboratory for Veterinary Nursing
efunensAsuulameEd sineuaznsruIunsiAnlsanmes
Ineveneaa iawe uazeTurzvesdan laun ﬂg’jﬁ%mmaqL%aéLLamf‘j@Léa
n1stdoNanIn N13Me N1ISALAY NITUILNTTTRNLEY LiBenuazAI
Anunfsuarindn Uﬁxqﬂﬁﬂlﬁgmﬁmmglﬁamwﬁﬂ'ﬁmuluamumﬁzﬁﬁ&
loun wiadian1stugassndng Fnaifiuiaesns msifuinudiosns n1s
ATIIMILMNIEINIALazane 1IN efigaulsa uazn1sRTIINIIWENS
Inennatin laun n1srmadenlasauysal nsnsaadiesidenuaznseend
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preservation, gross- and histo-pathology for disease diagnosis.

1(0-2-1)

a va

VNS3206 UfuRnswendinenadin
Laboratory in Clinical Pathology
msiuiesnadon UuRnsnsiadenlasanysa nsnsvasles

\don (Blood Smear) N3t auduarnsUseifiuadssiden 1desionaiy

\waas Al N139599MmeIlfiRn1svesruinunfivenizidensen

Anund msesameesUfuiinisvesaiadindin Msnsamagaaive1ves

FYUVAUNUS mﬁmﬁwzﬁﬁuaamaaﬁ‘v-ﬁ"‘qaql’l,uuiamm 897714989519078

(Effusion) mallavmanalulaginiw

Blood collection, practical in complete blood count (CBC), blood
smear, staining, and evaluation of blood smear, automated cell counting

machine, laboratory testing for bleeding disorder, clinical blood

chemistry, cytology of reproductive system, effusion analysis,
biotechnology techniques.
VNS3207 Ingngiifufiunisnisnerunadnd 2(2-0-4)

Immunology for Veterinary Nursing
szuugiiauifu nalnnisdestfunsinidevessnsmelasialy uoufiau
wouivad a1zqiilaiiu ﬂﬁ‘wﬂaaUizwqﬁvjvuﬁ'mmzmimnmﬁ%’ﬁmﬂ
Tudn
Immune system, mechanism of immune responses, antigen,

antibody, hypersensitivity, immunology and serology testing in animal.

psr9mtafinddn N13RTIMNBAAINIVBITTULAUTLS N15TATIEN
GUEJQLWG’JV;@IJGBE«JJIUU%L’Jm’?JIBQ'JVNGUEJﬁINﬂWEJ ﬂﬂsﬂizqﬂﬁngmﬂﬁﬂvma%
%’ﬁwmLﬁamimn‘iﬁﬁ]ﬁ’ﬂiiﬂ‘lué’migmLLamega”m’; Sudeaunse LAy
WUARANSATIRUTANG 9 lﬁyaingﬂ(;{m

Explain physiological changes and pathological disease
processes of cells, tissues, and organs of animals, including cell-tissue
interactions, deterioration, death, inflammation, repair process, tumors,
and congenital abnormalities. Applying of knowledge for the actual
practices, such as, necropsy techniques, sampling methods, specimen
preservation, gross anatomical and histopathological examinations for
probing the diseases. Perform blood sampling and pathological
operations accurately, e.g., complete blood count, blood smear, and
blood staining. Using of automatic cell counting machines, laboratory
examination of bleeding disorders, clinical blood chemistry, cytological
examination of the reproductive system, and analysis of retained body
cavity fluid . Applying of biotechnology techniques for disease diagnosis
in pets and livestock, and be able to read and interpret diagnostic
results.

VNS2207 Ingngiifufiunisnisnerunadad 2(2-0-4)

q

Immunology for Veterinary Nursing
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Explain Immune system, mechanism of immune responses,

antigen, antibody, classify type of hypersensitivity, immunology, be able

to search case information, apply knowledge of immunology in

veterinary vaccination and serological diagnosis of animal diseases with

correctly lab interpretation and report.

VNS3208 WNn&uIngkasneIng1nnen1sngIuiadn 3(3-0-6) | VNS3208 wduInguasieIng1nnen1sneIuiadng 3(3-0-6) | Thdulumuuuins

Pharmacology and Toxicology for Veterinary Nursing

vannsveundring uazfivinel sanquana lrlunsdnuwuas
Uosiulsaludng enmuuuafidauazenmuides sundan endilalusyuy
MuAues grnuUsan srihaaukavenaay Sadu @1sin erloianzd
gosluy gneuide erusmAaInde LLazEJ"lmﬁz}lluma:igmau AU UYL
Wnseddademansie

Principles of pharmacology and toxicology, antibacterial and
antifungal drugs, analgesic, gastrointestinal drug, antiparasitic drug,
sedative and anesthetic agents, vaccine, fluid therapy, topical drug,
hormone, disinfectant, antiseptic, emergency drug, toxicology and

diagnostic methods for toxin investigation.

Pharmacology and Toxicology for Veterinary Nursing
oS unendnnsveunduineuariviner SuuneInaunns o flaly
mssnwuardesiulsaludng esunenalnnseengsuazuendnuaymsly
mumawﬂumjm@w 9 VL(;{LLﬂI EJWT’]‘ULLUﬂﬁL%EJLLa%EJ’W’]IWuL%E]iW EJ’]LLf’{IJ’Jﬂ EJ’]‘17|I
Teluszuumaiiuewns eeulsan sthaauuazetdau Sadu asih el
LQ‘W’]%‘ﬁ 88%1&114 EJ’I"Zj’WL%‘E] EJ’Iﬂi’]ﬁﬁ]’lﬂL%E) LLa%HWm%Iuﬂ’]’J%QﬂLaU EJﬂ(;]I’JE]EJIN
anuduiivreseuaveiuieisnmsnniailademansity Uiz‘&gﬂﬁh“gﬂl’mg
wensilnufuRnuatdulsmenuiadng
Explain principles of pharmacology and toxicology. Classify
types of medicine using for animal disease treatment and prevention;
e.g., antibacterial and antifungal drugs, analgesic, gastrointestinal drugs,
antiparasitic drugs, sedative and anesthetic agents, vaccines, fluid
therapy, topical drugs, hormone, disinfectant, antiseptic, and emergency
drugs. Give examples of medical toxicology and describe the diagnostic
methods for toxin

investigation. Apply knowledge related to

Pharmacology for actual practice in Small Animal Hospitals.

U89 Outcome-
based Learning
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Small Animal Nursing
Avniideadsuannou : VNS2302 wmallanswerunadadidasdy
N1INEIUIALIALAZU YMAVNINVDIFUY L7 wazdniaouduiiou
yuadndu @ sEU1RINEN 91n1sMeRalin mIfumealemsidady
miﬂmﬁuuazmﬁ@mimuqmliﬂlmﬁﬂ
Nursing for diseased- and health-related problem-dog, cat, and
other small companion animals. Etiology, epidemiology, clinical signs,
sample collection for disease diagnosis, disease prevention, and control

management in small animals.

Principle of Nursing and Innovative Design for Companion
Animal

UsIBIBRIAMNg lunIANguesugnAstLarasieUfiRluI aeil
Lr“fmfﬁ”’umi@LLau,asmiwmmaéfmigmﬁﬁmmﬁmﬂaﬁ%a%wma %390
Futhe Tunalinuadlsmenuiadng lnegnamnge uenanniiudausath
s lUlszgnalaiile v Sufinveyaquawden saufenisastiudin
%a;ﬂaﬁméﬂw wu Spsnsiauresidla Samniamela gamnfisnne ua
FoyeyrauTin \unu fidunisdudedudnaitensivinants wie nsusms
EHLLa%ﬁﬁl}l"lL“Uy%jilﬁQm&lﬁﬂﬂﬁyaﬂwaﬂgaﬂﬂa@@ﬁlﬂ aawa&aaﬁumwma
atafnmdns donlogunsninig 4 nanisweruiadnilaessgnmos
(N FUSETHY ‘UﬁEJ']EJLLﬁzﬁW%bﬁ%ﬂﬁ@]LLaﬁ@]éﬂUﬂUﬂﬂzqmau 2DNLUU WY
Usgvguinnssudmiudnifinng iwu sadulseiug anfleudmiudnifing

us
Correctly describe body of knowledge and act properly in health
care and veterinary nursing in companion animals with physical
abnormalities or illnesses admitted in animal clinics and animal
hospitals. Besides, be able to apply knowledge for making animal health
records; e.g., heart rate, respiratory rate, body temperature, and vital
signs. Manipulate the proper animal handling techniques for any
veterinary clinical procedure, drug- and physiological saline
administration in animals with safe and sound, conformed to an animal
welfare act. Choose the right or proper clinical equipment for any

operation of veterinary nursing. Describe and demonstrate management

of ill animals in case of any emergency. Design and invent an innovative

U89 Outcome-
based Learning
(OBE)
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instrument to support the disable small animals, e.g., trolly innovation,
artificial legs for handicapped animals, and so on.
UNS3316 Tsaiddnludndidesdmiuniswerunadad 3(2-2-5) Dudniliutuan

VNS3304 n1swenunadniuleaniduuazingd 3(2-2-5)
Veterinary Nursing for Emergency and Critical Animal
azandulayingiluden nisussluiasinanslunegniduuas
Ing@ n3nTn nsdanisdmivieluanizden nslvesndiaunasnisivans
1h msfemuuaziEhsz T dnUaeingd wazn13stnansomsYnLe
Emergency and critical situation in animal. Evaluation and

procedures in emergency and critical care, cardiopulmonary

resuscitation (CPR), management of patient in shock, oxygen- and fluid

therapy, monitoring and intensive care, nutritional supports.

Main Diseases in Companion Animal for Veterinary

Nursing

oo o o

aSunguavendleetlsauazTymavamidAgvesdnilies @

o

Y

Uszneulumeanme n1sinne 0an15neadtdn n153lady nsUesiunas

o

ns¥nw wsesssgnavdnarugiisaulsaiiddeludedeaiielalunis
ARNENIIEEN
Explain and give examples of the main diseases in companion
animals; including etiology, clinical signs, diagnosis, disease prevention,
and treatment. Apply the principles of the main diseases in small
animals to the actual practice.
VNS3304 n1swenunadniuaeanidunazingd 3(2-2-5)
Veterinary Nursing for Emergency and Critical Animal

a%mamazqﬂLauLLaﬁﬂqasLué'mﬁ usTgneuarUURNTUTEEI AN
dragingidesau laun anmiluvesdnitae seiumugani Usndiu
madumela Uszidiunismela wasszuulvaisy afuisuazyjunnag
AamunazienseTadniUieingd visersuararanisvisinanislunnay
QﬂLﬁuLLﬁﬁnqﬁlﬁT@éNgn@T@& a%ma%umauuaﬁ%mﬁfi%w Ujuan1sdnns
dmagluannieden nislveendiaunaznisluansiilnes 1 anunzay
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VNS3305 3duin1en1snetuiasgng

()

2(1-2-3)
Anesthesia for Veterinary Nursing
%ﬂﬁgmﬁsumﬁau - VNS3303 ﬂ’]iWEJ’]U’]aéJC‘I'SLgEN
nsUssiiudmneulvenaau nstnansii silavessniaauuay
g1dau Lﬂ%‘IENﬂlI?J’]ﬁﬁ“uLLﬁ&‘»QUﬂiiﬁm%ﬂ’JUﬂMﬂ’ﬁaaU m'szmsaaﬂué’m 13
ﬁﬂmmLgawlyﬁzi’amﬁtyzmmﬁw nsdan1sanuiulan nsdanisquadng
MendauiiaInnsaay
Animal pre- anesthetic evaluation, fluid therapy, types of
preanesthetic and anesthetic drugs, anesthesia machine and anesthetic
monitoring devices, animal anesthetic conditions, vital signs monitoring,
pain management, post-anesthetic care management.
VNS3306 NSWUIaanInnefagnssy 2(1-2-3)

Veterinary Nursing for Surgical Animal

Explain emergency and critical situation in animal. Describe and
implement the initial assessment of critical animals, e.g., general
impression, mental status, airway, breathing, and circulation. Elucidate
and practice in following up and monitoring the critical animals.
Correctly describe and demonstrate the medical procedures, during
emergency and critical care. Correctly illustrate the processes and
methods of cardiopulmonary resuscitation (CPR). Practice in proper
management of patients in states of shock, suitably administrate
oxygen- and fluid therapy. Perform critical patient monitoring and
intensive care, as well as, properly manipulate nutritional supports,
conformed to the good veterinary nursing regimes.

a

VNS3314 Fdudluazfagaansnienisneunadn’

v

3(2-2-5)
Anesthesia and Surgery for Veterinary Nursing

oSuretuunUsEliudnineulenaau wenUssannisivansi
Tudn Suuneilnvessnhaauuazenaay Usstemnikagudnnslviaies
mmmaavLLaquﬂsajﬁT%mUQmmiaaﬂué’mfg JUmnn shanuuazeisy T
amnsadauludng mmlyﬁzi’aé’aumunm%w MsinmsAndulan way s
i’]’mms@uaé’mﬂﬂwwé“mﬂyuﬁamﬂmsaau VBNUNUWLAY T8 INENUNE
domsdasnssy Wisuisuiunersruiadninisenysnssuialy asfle
UATRlunniaauuaznsetensadniuae dulunisnsenaaudaaiiients
vindasnsan edutslazUfUAvAnn1sIANITUIALHE N1TANLAY WazN1TY
uHa UsENEndn NI adnImeiasnssnieessy daunssuanyd
Fasnssuiukazyesuin naenauUfoAnisquadnitiendainsuidn

Explain the process of animal pre-anesthetic evaluation. Classify

types of fluid therapy in animals. Classify types of preanesthetic and

VNS3314 Junissau
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fineadeunine : VNS3303 n1sneuiadnadn anesthetic drugs. Describe the functions and using principles of
wmmaaQywmmaﬁmmqﬁaaﬂiim nMsthaaularn1sIeNdIdnd | anesthesia machine and anesthetic monitoring devices. Practice to
178 MvRenaaudaiiionsdasnssa MsIANISUINLKE NSANLAMAZNTS | detect and monitor animal anesthetic conditions, vital signs monitoring,
Wuura wénmsweuavnsdaenssuitialionsu faunssuamsi daenssity pain management, and post-anesthetic care management. Distinguish
kagYaeUINn mi@l,l,aﬁmﬂ’mwﬁdmimm”m the roles of veterinary nurses for surgery, compared to veterinary nurses
Role of veterinary nurse for surgery, pre-anesthesia and patient | for general medicine. Perform pre-anesthesia and patient preparation.
preparation, animal anesthesia for surgery, management of wound, | Manipulate animal anesthesia for surgery. Elucidate and manipulate the
dressings and bandages. Nursing principles of soft-tissue surgery, specific | principles of wound management, dressings, and bandages. Describe
surgery, dental and oral surgery, postoperative care of patient. veterinary nursing principles of soft- tissue surgery, specific surgery,
dental and oral surgery, as well as, work for post-operative care of
patient.
VNS3501 ¥anszuInIngImIan1sanaunng 3(3-0-6) VNS$3505 #anszuInangImIenIsnenuIagng 3(3-0-6) Thdulumuuuinis

Principle of Veterinary Epidemiology

wansruIninet lsanazssanwvesniainlsaludng n1sianiain
IiﬂLLaszgmm:lmﬁzmm"?wm mLwaLLazmigNSﬂmmmaﬂiﬂ ASANY
warATeNeIEUININYT TradAluanuinenisszuin AMsaouaIulIALaznIg
sz Telsaludo nsenuau Uasifu waznsidalsaludnd waslsadnaild
Aud Ay ARYLTL

Principle of epidemiology; disease and natural history of disease
in animals; measures of diseases and events in epidemiology; causes and
causal association of disease; studies and research in epidemiology;
biostatistics used in epidemiological study; disease investigation and
surveillance; disease control, prevention, and eradication; the important

animal diseases in local community.

Principle of Epidemiology for Veterinary Nursing

@%UWFJ‘WSHﬂ’]i‘UENi%‘U’]Gﬁ‘VlEJ’WWNﬂ’]i‘W?JWU’]ﬁﬁW; FUUNUTELANUD
TsanazeSunesssumfveansinlsaludnd usseneisnmsianisinlsauay
IMANSAIMNITEURNEN szumLmLmz‘uammwaiumsay'mﬁammmaﬂsﬂ
oS Uit msAnYIMIesTUIRINeT TeeuisnsdevailsauaynsRsY T
Tseludon usserendnnisniunu Jasiu uaznistidalsludng sndaosn
miUﬁxqﬂ(ﬁiﬁgﬁzmmimﬂumﬁuﬁﬁ’ﬁmuwmmaﬁ’mé

Elucidate the principles of epidemiology for veterinary nursing.
Classify types of diseases and explain natural history of diseases in
animals. Describe the measurements of diseases and events in
epidemiology. Identify causes and give the reasons for causal
association of diseases. Illustrate the studies in epidemiology. Report in

animal disease investigation and surveillance. Describe the principles of

U89 Outcome-
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animal disease control, prevention, and eradication. Give examples of
epidemiological applications in veterinary nurse practice.
VNS3502 321i8u35398M19n15We1unagng 3(2-2-5) | VNS3502 5sdauisidenien1snenuagna 3(2-2-5) | TWdulumuuuama

Research Methodology in Veterinary Nursing

wdnnsuazszdevizisemamsneuiadad sisluaatuneuaden
warlunipauny n1sivualgvn MIegURUUNIITe ms&gﬁmqﬂssam
LagANNAFIU ASLAUTIVTINY ?JialjaLLazLﬁUE]VQSEJINLﬁ‘aﬂﬂiﬁﬂ‘t&"ll‘u
ﬁmﬂﬁﬁ’&‘mi NNTATNLUUABUNNN NMTIATIZNUAEAANUMINEYaLA N15lY

gdRvitensITemanisda madeusieanu waymsiduenan1TIde
Principle and research methodology in veterinary
nursing, both conducted in animal health- care and field settings,
identification of research problems, research formulation, objective and
hypothesis setting, collection of data and research samples for
laboratory study, construction of questionnaires, data analysis and
interpretation, application of statistics for veterinary research, report

writing and presentation.

Research Methodology in Veterinary Nursing

a%mEma”ﬂmiLLazizLﬁwﬁ%'%uwwmwmWmaﬁm{a&mgﬂgaﬂ ity
anumgadmuarlunaauy ﬂ1sﬁwaaﬁmmgmﬂ%l,ﬁaﬁmumﬂigw a3
1N9gURUUNSIdY miﬁy’ﬁmqﬂizaﬂﬁuaxamﬁgﬁu AUHULAY AT 19T
LﬁaLﬁusamm{agauaxLﬁwﬁaﬂwnl,ﬁ'amiﬁﬂwiuﬁmﬂﬁﬁﬁmi a974
LUUADUOTY TIEIATIEN Uay ﬁmmwma%auﬁaﬁﬁwumiﬁlo;’aéﬂﬂqﬂ@?ﬂﬂ
‘UsimEJLLazﬂﬁﬂ’ﬁmsﬂszqﬂsﬁfu”aﬁﬁLﬁamﬁf{‘fwwmiwmmaé’mﬂ uan
Tunouuarsvasdonven1adoussnuLaznI i IaeNan1sIve Aaey
AuLAsiuAAA195381U55N153T8luguE g AR LAnd A1 Aves
éﬁmﬁ'ﬁ%’wazﬂuanmiv‘iﬁ%’a

Correctly elucidate the principles and research methodology in
veterinary nursing, both conducted in animal health- care and field
settings. Manipulate the body of knowledge to identify research
problems, research formulation, objectives, and hypothesis settings.
Plan and construct teamwork for collection of data and research
samples for laboratory study. Construct the questionnaires, as well as,
analyze and correctly interpret the given data. Describe and perform
the application of statistics for veterinary nursing research. Indicate the
processes and details of report writing and research result

presentations. Conform and appreciate values of ethics in research as

an important mindset for the researchers and for the research itself.

Ud4 Outcome-
based Learning

(OBE)
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VNS3801 &uun 1(0-2-1)
Seminar
mﬁﬂmguﬂ;wLLazmisauswﬂagamﬁmmsﬁl,?fwzjymﬁ“umﬁmms
WeIWIAdMT M TEuTIeIL MstEYe waznisenUsiewae siiutaule
MINSHEIUIadnIlusERUUI Y Ing
Literature review and data collection on topics related to

veterinary nursing, report writing, presentation and discussion on current

interesting topics in veterinary nursing at the bachelor’s degree level.

VNS4802 Ugymiiteiy 2(1-2-3)
Special Problems
MMIANIAUAIT ATNARBY SO N1SINITEVINISHENUIadnIlusE Ay
USeygesuaziseussadsulusieau
Study, experiment, and research in veterinary nursing at the

bachelor’s degree level and compile into written report.

VNS3801 daiiun 1(0-2-1)
Seminar
ﬂﬁﬁamihyuﬂ';wLLaxi’JusmszTaaﬂamﬁmmiﬁ?‘im%@aﬁ’m’m‘ié’ww
A1UINTNENRET vFe dmunmeaians UfvAnaideusisau way
thausaluguuuuma ufvefunsuandeniveinaulafieatuns
omensneunadng TussiulSyes
Perform the literature reviews and data collection on topics
related to veterinary nursing or veterinary medicine. Carry on report
writing and data presentation in many forms. Discus on and choose a
current interesting topic related to research in veterinary nursing at the
bachelor’s degree level.
VNS4802 Ugyninieiy 2(1-2-3)
Special Problems
AudidesFounndeu : VNS3801 dumun
vssBendnmskazUftAnisAnwauai vaaes ie vin13ise lu
Wveidenuazdniunisuuaslusieivdunun (VNS3801) way aved
‘v‘hmﬁﬁmsmyaqL?‘im%aaﬁumswmmaér’mﬁuizﬁw%zyay’m% ﬁw%a;&aﬁlgﬁgwm
Tfsranisfin wanseAsie uay valauauuy Fsuisadoudugian
swmuaﬁ'uaugmj
Prerequisite: VNS3801 Seminar
Describe the principles and perform the studies, experiment, or
research, on the chosen topic which recently constructed during Seminar
(VNS3801) and that topic must be concerned with veterinary nursing at the
bachelor’ s degree level. Compile all information, including the study results,

discussions, and recommendations, into the complete written report.
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VNS4601 N1e189nguamsun1sneIuIasn’ 3(3-0-6) VNS1601 NMe1899nguamisun1sneuIasn’ 3(3-0-6) W dulumauuuanig

English for Veterinary Nursing

Fmmadamanmsngunaden saudamsilniinszmenn 4 inwe
wwiwemsouarmsdeuteai 9 Wildenanmilide s midediun
d137UNTU AT LL&iuWU maamuﬁém‘%awmmmmmuﬁuﬁm%mLLas
AN

Technical terminology in veterinary nursing, including the four-
skill-practicing, mainly focusing on English communication selecting from
actual experience in animal health settings, general books, veterinary
textbooks, newspapers, encyclopedias, journals, brochures, and stories

or articles concerned to veterinary nursing and medicine.

VNS3309 Tnsudrunnien1sneIunagng 2(2-0-4)

Nutritional Therapy for Veterinary Nursing
AvfideeSeunneu : VNS2302 walanisngtunadniilssiu
oo o o o ¢ o o o o oo X o
150N NUUEMTUEND 9 sELSagUd s UdmLasaLazdn
gilavesemnsdmdniogy Msdan1semnsnaenyiteny MsIAN1TANTO IS
dmsudniuae
Nutrient requirements of animals, commercial feed for pet and
wildlife, types of animal feed, feeding management throughout animal’s

life span, nutritional management for diseased animals.

English for Veterinary Nursing
nfiegaiazianaNansalunisly dmmadanisniswetua
ﬁmﬂﬁyaengﬂﬁ”aq ussreEnmsuarasoUfiRnmstinnue et 4
Vinwy Tnewwinvgaseuuarmsifeudonts 1 lUfdenanuilsde fs
wilsdefiun 194N 789 wuifU maensuSevdaunATiAsITes
funswenuadng vize nsdmunne
Give examples and demonstrate ability to use technical
terminology correctly in veterinary nursing. Describe methods and
perform the four- skill- practicing, which mainly focusing on English
communication, selecting from actual experience in animal health
settings, general  books, veterinary textbooks, newspapers,
encyclopedias, journals, brochures, and stories or articles concerned to
veterinary nursing and veterinary medicine.
VNS3309 Tnwuinian1enisweiunadng 2(2-0-4)
Nutritional Therapy for Veterinary Nursing
Suidesdeumndeu : VNS2302 mallantswenunadadidosdu
ventemsomsiisndudmivdng sndeesemsduiagudmiu
Fnadpauazdni Fanquuszianvesemisdniduiagy uaz Fansln
onsTInzaunaeyNeydng Sudadenlavuinisdmiudniuniuas
Fnglaesravanzan annsadeaswazfiinusuiuivnuinwlsn
dnaloduessd maam}uLﬁuqmﬁwmmﬁﬁﬁ’iguamﬁmmﬁmﬁummi
WeUIREN
Prerequisite: VNS2302 Basic Veterinary Nursing Techniques

Name nutrients necessarily required for animals. Give examples

U89 Outcome-
based Learning
(OBE)
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VNS3310 MMINEIUIaEALALILDDS 3(2-2-5)
Ruminant Nursing
o X X X ¥ ¥ o
nsNeIUIagUAINERILALa s lsnfindouaslsaluAnevasdm
REILD99 INNTN9ATN SEUIAINeT Msiiudleenafianisitade nsues
Auarn13dnnsauaulsa
Ruminant health care, infectious diseases and non- infectious

diseases of ruminant, clinical signs, epidemiology, sample collection for

diagnosis, disease prevention and control management.

of commercial feed for pet and wildlife. Classify types of animal feed
and manipulate feeding management properly throughout animal’s life
span, as well as, choose the nutrients properly for both normal- and
diseased animals. Well communicate and work properly with the others
in animal treatment team, as well as, appreciate the importance and
ethics of animal nursing.
VNS3310 mswenuradnaiieaises 3(2-2-5)
Ruminant Nursing

a%‘mwﬁﬂﬂ?iﬁugmmqgwmﬂﬁywLLa:mﬁmmiqmmwﬁméLgm
Lﬁymlﬁ"aé'mgﬂﬁyaa EJm?haijaisﬂLl,axﬂfymzjsumwﬁwuiuﬁmfL?ﬁysnl,gaa T
uluis anmvsedlsa 81n13N9AETn dNYaENSTUININET Way wanNN1s
WHWUWaﬁI@I'ELﬁH’)Lg@ﬂLﬁaﬁéu Ui%QﬂéﬂﬂqugLﬁaﬁNLLNuﬂﬂiLﬁUﬁly’JE)?J’NéI@Y;
Aeages uavannsaluedesdenenmsdmunmelunisiiufeetaiionts
Atadelselaosnamngay uandlndiufienuaansalumsufofnumums
auagunndnaidsndedlaesaduiivinels deauisadssifiulaain
ﬂ'J’11J?|’11J’1iﬂiﬂﬂ’ﬁﬂ§ﬁﬁﬁ’]ﬂﬁ?’1ﬂﬂW‘SWEJWUWEﬁ’WSLé{?J’JLgEN Ussmssﬁumaums
$hw msvesariulsa LLazﬂwﬁmmimmmiﬁﬂluﬁmigﬂaLgaﬂéyaéwqﬂgaa
Fernilufls dawannsalunsdentser amsad uazgunsaiivanzauly
mMsdutiudnaifeatoms ansndeamauarUtRnunuiuiunuinm
TsadmiAsudadlaidussnsd aeAIUTiuAMAININE A LA ITTHIUTIO
TeINTHETUNASIIRE G oS

Correctly explain basic principles of ruminant husbandry and
health care management. Give examples of ruminant diseases and
health-related problems found in ruminant; including etiology, clinical

signs, epidemiological aspects, and fundamental principles of ruminant

Whdulumuuuamig
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VNS3311 n1swenunagnsuazdniun 3(2-2-5)
Pig and Poultry Nursing
NINYIVIBFVANENTHaTERIUN LIALAZU Y VBIGUAINYDIANT
wardmaUn @ SLUIAINgT 8IN1IeAATN SELIRANeT NsLfufiesng
wlensidads nsUesiu msdanisauaslsn
Pig and poultry health care, diseases and health- related
problems in pig and poultry, etiology, clinical signs, epidemiology,

sample collection for diagnosis, disease prevention and control

management.

nursing. Apply knowledge for sample collection planning and properly
use veterinary medical tools to collect samples for disease diagnosis.
Demonstrate satisfied ability in ruminant health care, which can be
evaluated from ability to work for ruminant nursing. Correctly describe
treatment procedure, disease prevention, and control management;
including ability to choose proper drugs, chemicals, suitable equipment
for ruminant handling. Well communicate and work properly with the
others in ruminant treatment team, as well as, appreciate the
importance and ethics of ruminant nursing.
VNS$3317 nrswenuiadaddn 3(2-2-5)
Poultry Nursing
a%mEmé'ﬂmiﬁugmmﬂﬁ?ﬂumslﬁmLLazmsﬁ'ﬂmiq%mWﬁ’mSﬂﬂlﬁT
aijwagﬂéyaa UﬁimUﬁxuumﬁﬂmﬁ‘V\IﬁuLLﬁzmmngﬁmﬁ'mﬂﬂﬂ (GAP)
oggnaes endaseslsauasdymauniniinuluvhiudmdn fesulude
Annadlsn 91N1INIAFNN ANBULNITTUIAINGT Uag NENNITNEIUIA
dmdnidesmu Uszqﬂoﬁrﬂ'sm;ﬁ,ﬁa'ml,l,mumsLﬁuéf’;amaﬁmﬁﬂﬂ KA
o3 peflonanisdmaunmelunsidusiesnai ennsidadelsalaoens
R QB LLamﬂﬁLﬁuﬁﬂmwmmsaiumsuﬁﬁamuﬁmﬂmgLLaqﬂumwﬁmﬁ
dnlaeraduiiumels Feaunsaussdivlannanuaunsalunsufdfou
mumsnenuadnatn usseetunountsine msvsaiulse uaynsdanis
muaslsaludmidnlaesnsgnass Fesailuls fanuaansolunisdoniyen
asiadl wazgunsnifinzanlunisduiadudnidnae aunsadoasiay
UiTRmusmiuiinnuinelsadnd dnladusssi naonuiunmuan

ﬂ'J’]iJﬁ’]ﬁligLLatﬁ)‘ﬁEJ'mSim‘U@ﬂﬂ'l‘éWEJ’]Uﬂaélﬁl’Jﬂﬂ
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Correctly explain basic principles of poultry husbandry
and health care management. Correctly describe poultry farm
management system and Good Agricultural Practices (GAP). Give
examples of poultry diseases and health-related problems found in
poultry farms; including etiology, clinical signs, epidemiological aspects,
and fundamental principles of poultry nursing. Apply knowledge for
sample collection planning and properly use veterinary medical tools
to collect samples for disease diagnosis. Demonstrate satisfied ability in
poultry health care, which can be evaluated from ability to work for
poultry nursing. Correctly describe treatment procedure, disease
prevention, and control management; including ability to choose proper
drugs, chemicals, suitable equipment for poultry handling. Well
communicate and work properly with the others in poultry treatment
team, as well as, appreciate the importance and ethics of poultry

nursing.

VNS3318 MsweuIagng 3(2-2-5)
Pig Nursing

a%msmé’ﬂmﬁﬁugmm«;ﬂumﬂgmLmsmﬁmmsqmquﬂﬂﬁ
asjquévm UﬁmmsuumﬁﬂmﬁwﬁmLLazmmgmwﬁmqnﬁ (GAP) 1ot
og19gnaes onieslsauazdymaunininulussuans desauluds
aunguedlsn 91N1IM9ARTEN ANBUENINTFUIAINGT Uag NANNITNETUTA
qﬂsuﬁyaaoﬁyu Uizqﬂm{mmiﬁmmmumsLﬁuﬁ'samwqu{uqﬂs uay
anunsalatedasionisnisdmunnelunisiiuiesaienisideselsela
QEINALZAL LLamﬂﬁLﬁuﬁammmm1sa’lumsﬂﬁﬁamuﬁyﬂums%aa;jumw
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VNS3312 mswenunadadin 3(2-2-5)
Aquatic Animal Nursing
mswmmaqmmwé’mﬁw I’iml,azﬂzgmsumqﬂumwmaﬂﬁmugﬂ AR
STUININEN BINITIARTEN SEUIRINEN NSLURIesaien1sI ey nsy
93 N1sianisAIvALlsA

Aquatic animal health care, diseases and health-related problems

ﬂﬁﬂ’amuﬁmmiwmmaqﬂi UsTEeduneunsing nsvesiulsn uaznns
Fansmueulaelugnslaesisgnaes Fesauiluile Sanuannsalumadenly
81 @15l LLasqﬂﬂizﬁ‘ﬁ'mmxam‘lumﬁuﬁ&ﬁ’uqmﬁw aunsndoasuas
Ufvhnusuduiunusnulseanslaiduosnsd maonauiugmai
ANUAIAYUALITIYIUTTUVBINTNYIUAENT
Correctly explain basic principles of pig husbandry and health
care management. Correctly describe pig farm management system and
Good Agricultural Practices (GAP). Give examples of pig diseases and
health-related problems found in pig farms; including etiology, clinical
signs, epidemiological aspects, and fundamental principles of pig
nursing. Apply knowledge for sample collection planning and properly
use veterinary medical tools to collect samples for disease diagnosis.
Demonstrate satisfied ability in pig health care, which can be evaluated
from ability to work for pig nursing. Correctly describe treatment
procedure, disease prevention, and control management; including
ability to choose proper drugs, chemicals, suitable equipment for pig
handling. Well communicate and work properly with the others in pig
treatment team, as well as, appreciate the importance and ethics of pig
nursing.
VNS3312 msnenunadadiin 3(2-2-5)
Aquatic Animal Nursing

a%mwé’fﬂmiﬁugmma;ﬂumsL?:ENLLazmsﬁ’mmsqmmwﬁmﬁﬂcﬂy
EJEJI’NQHGTEN ﬂﬂGTUEJEJ‘NIsﬂLLazﬂmwﬂmaaqmﬂﬂwﬁwuiuﬁmﬁw Fesawilui
a9 204lsA 9IN1INAFEN FNUUENITTUIATNYET LagnannIsHnEIuIa

dmanlewmu Usvgnamugitensununisiiufies1sdni wazawsoly

Whdulumuuuanig
U9 Outcome-
based Learning

(OBE)

891



=p

NANGATLAN W.A. 2562

nangnsuFuuse wa. 2567

wanalun1s

Uiuuss

in aquatic animals, etiology, clinical signs, epidemiology, sample

collection for diagnosis, disease prevention and control management.

wieslenansdmunmelumsifiviesaiionsifadelsalaesnanuzan
Lhﬁﬂﬂlﬁhﬁuﬁﬂﬂ?WEJm;‘JﬁﬂI'L!ﬂW’iﬂﬁﬁamuélﬂumiﬂLLaqmﬂﬂwﬁmg‘l}ﬂgﬁjéw
uiiumela Seanunsovsedulannauannsalunsufifnuaiunis
WeUAEIT Usseneduneunsinw nisUssiulse KA¥N13IANTAIVAY
Isﬂiué’mﬁﬂlgﬁléwgﬂﬁ"@ﬂ Fasauluis rwanansalunisidenleen answedl

a wva

wazgUnsumuzanlun1sIudsRudnIuinie aunsadearsuarufuRnu

o

swiuinnunulsedniiladuesnad asenauiugueeuddyuas
3T TUTTUVDININEU AN

Correctly explain basic principles of aquatic animal husbandry
and health care management. Give examples of diseases and health-
related problems found in aquatic animals; including etiology, clinical
signs, epidemiological aspects, and fundamental principles of aquatic
animal nursing. Apply knowledge for sample collection planning and
properly use veterinary medical tools to collect samples for disease
diagnosis. Demonstrate satisfied ability in aquatic animal health care,
which can be evaluated from ability to work for aquatic animal nursing.
Correctly describe treatment procedure, disease prevention, and
control management; including ability to choose proper drugs,
chemicals, suitable equipment for aquatic animal handling. Well
communicate and work properly with the others in aquatic animal
treatment team, as well as, appreciate the importance and ethics of

aquatic animal nursing.
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Zoo Animal and Wildlife Nursing
nsweunaguamdmlumudminazdniui Tsauazd amuesaunin
vosdnudssensilumudniuazdniu A0 FEUINTINGT 81N1TN9AETN
szUingn mafusesiaiion1sifeds nsUsaiu msdanisnueilsa
Zoo animal and wildlife health care, diseases and health-related
problems in captive-zoo animals and wildlife, etiology, clinical signs,
epidemiology, sample collection for diagnosis, disease prevention and

control management.

Zoo Animal and Wildlife Nursing
a%mwé’ﬂmiﬁugmmﬂﬁmmsl,?;mﬁm{ﬂﬁaﬂsqLLasmﬁmms
zjﬁumwﬁmﬁumuﬁmﬂﬁyaijagﬂﬁvaa snogslsauazdapmaunmiinulu
dnidtiluuardnidiideduaiudng lauwn auvmuedsa oansveedin
Shwazmasyuining) wasvdnnisnetuadnituasdnslumudad ey
Mo uaslniatesdiomansdmunmslunsifiudesuite
meiladelsalaeenamnzay ﬁﬁﬂwﬂumiﬂﬁﬁamuﬁyﬂumﬁqLLﬁ'@mm‘Wﬁuaa
dnuhlluardnidosinsdumude vsseretunounistne msvesi
Tsn waznsdanismunulsalaognagnaos dssauludsnadenlyen ansued
uay gunsaingaulumsiutsdudnmunardnilumudng aunsodems
wazUiRnunuiuivnusnulsedniiesdaluaudniladuesisd
maamul,ﬁuﬂzummmﬁﬂﬁfyuamssmussmaamswmmaﬁmfzﬂwLLasé’m’i
Tuauden
Correctly explain basic principles of captive-wildlife husbandry
and zoo animal health management. Give examples of diseases and
health-related problems found in general wildlife and zoo animals;
including etiology, clinical signs, epidemiological aspects, and
fundamental principles of wildlife and zoo animal nursing. Apply
knowledge for sample collection planning and properly use veterinary
medical tools to collect samples for disease diagnosis. Practical skills in
wildlife and zoo animal health care. Correctly describe treatment
procedure, disease prevention, and control management; including
ability to choose proper drugs, chemicals, and suitable equipment for

wildlife and zoo animal handling. Well.
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VNS3402 5$U‘Uﬁ']5ﬁul1/|ﬁ1/|’]\3ﬂ']5wE|']U']ﬁf;°{ﬂ’3 2(1-2-3) VNS3402 5$‘U‘Uﬁ']iﬁuL‘VlﬁVl’Nﬂ’]iWEJ’]U’]ﬁﬁuﬂ’J 2(1-2-3) 1‘15!1‘?]1411161'1111,!&'3%'1\1

Information System for Veterinary Nursing
srUUAsaUmAlUlSINeIUIadRT SEUUAISAUTANIINISUIHITFINY
oyadny U sruunisameleudninie ssuumsaumanesufuanis
Wos3edInen wazndunssa sruuinnanssnuuazdanine waluladiily
Tuszuvansauma
Information system in animal hospital, administrative information
system, patient database, patient registration system. Information

system for laboratory, radiology, and pharmaceuticals, monitoring and

patient appointment system, technology for information system.

VNS3405 winnssuavnsuazgdniniauden 3(2-2-5)
Innovation of Animal Feed and Alternative Medicine

AIALTIDIMITRALE1d AT LN KUUATUIIDT AINAILABINTS
mim‘mmaxmmmgﬁﬁmmﬁuﬂmmaaé’m{ Tnennsine naes AuAI
303y Lﬁ@ﬁ'@umqmmmﬁmmmmﬁvmﬂﬁ iiontamalunisinu s
UszAUUIzABIDINIT N30 m‘sﬂwuvjamwwé'ﬂmiﬁuﬂw FWAINTITEGAT
wsdnuarandnIitaumInaunulsauaraseredin

Complete cycle of animal feed and medicine innovation, newly
created according to nutritional and alternative medicine requirements

of animals; through the methods of study, experiment, searching, or

research of a suitable feed recipe and local medicine, in order for disease

Information System for Veterinary Nursing

oSuuarUsvynalrssuumsaumalulsmeunadnilaogagnaes
laun 53‘U‘Uﬁﬁﬁuw|FWINﬂﬁU%Mﬁﬁﬂuﬂ@Hﬁﬁﬁ;U%EJ sruun1sameileou
e sruvasaumEavosUfiRnng wes¥Eing uazndunsau svuv
Aamunisinwinagiaving waluladilvlussuuansauma waginisagy
Guyau“aiwumiauL'Vlﬂ‘uaﬂamuwmmaﬁ’m{lﬂyqﬂmyan wazaszninluy
ﬂ?'mﬁ'lﬁiyfu8\‘1ﬂﬁLﬁU%ﬂ‘tﬂ%@ﬂJﬂaLTvizL‘ﬁEluﬁl(ﬂéijﬁHLLaz“JajJua“U@ﬂN:l‘L%U%ﬂﬁi

Explain and apply to use information system in animal hospital,
administrative information system, patient database, patient registration
system. Information  system for

laboratory, radiology, and

pharmaceuticals, monitoring and patient appointment system,
technology for information system and be aware of the importance of
keeping animal medical records and pet owner information.
VNS3405 winnssuamvisuazenaniniaden 3(2-2-5)
Innovation of Animal Feed and Alternative Medicine

93NN ILUIUN TR AL TUAZENTRI IULUUATUIIRS AUAITL
ﬁyaaﬂwsmsm‘miLLaxammqﬁﬂzyzyﬁuﬂmmmﬁmﬂﬁuazmmmsam Rl
nsfnuludesuaznanfunensvialvl way vinsmaaes AU 15e
eRL] LﬁaﬁwmqmmmsLmz&nﬁyuﬁmmmamﬁv@;ams WenTawalunis
$nwn N13UTEAUUIEABIDINTT USO miﬁuyjﬁmmmé’dmiﬁuﬂ’m EGR A
Qmmmmazwémﬁm%mﬁmﬁumﬂmi fifimsmngausuaaumsailsedi
Urgluvaizdaqiu vide muunasvsiovesdin

Explain complete cycle of animal feed and medicine

innovation, newly created according to nutritional and alternative
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treatment, supportive care, or rehabilitation, as well as a special recipe

and local herbs for animals in suitable disease and age of their life span.

VNS3503 Tsninagau 2(2-0-4)
Zoonoses
avnedlsa ﬁzjaqmqmiamﬁyaimmﬂﬁmqﬂu T IV PIRRI o
mansvitadommestfiing msvessiuuazemunulsn uaslsedmgaud
wuvesluUsymalng
Causes of diseases, routes of transmission from animals to

humans, sample collection for laboratory diagnosis, prevention and

control, and common zoonotic diseases in Thailand.

medicine requirements of animals. Implement the new study and carry
on an experiment, searching, or research of a suitable feed recipe and
local medicine, required for disease treatment, supportive care, or
rehabilitation, as well as, create a newly special recipe and new local
herb products for animals, suitable for current disease situations or
according to the range of ages in their life-span.
VNS2504 Tsadnigauuazniseunsivdauinden 3(2-2-5)
Zoonoses and Environmental Health

Fuunansuedlsn wumawwmiﬁmL%@Iﬁﬂmﬂﬁmlﬂqmuazam
aulgdn UTRnsiiuiesnaienisnsaifiedemavesufuinag
usstnevdnnisUssiunasmuaulsanndagau ondesndlsadmgauiiny
veslulszinalne a%m8mmgﬁugmmamsamﬁa?mmmayam agunanns
Ej“lJWﬁ“lﬂa?J'WﬂiLLﬁ%ﬁﬂﬁlmﬂéﬂ‘lﬁﬁaﬂﬁwﬁmﬁm{ asuendnnsianisi

winganlunmsdauidenarnisidndafganndnn Ufdansinuuage

Y

o

nushesnimsianseuvdunnaeuiifeivestunisudnniensinudan
:ﬂmmmﬂ%@gaé’mﬂﬁawﬁmlﬁasﬁ'smw ST}JLL’NT]EJGSLEQ]‘EJG]‘UENﬂ’]iﬁ’ﬂﬂﬂiﬁ
mezauﬁumﬁlzgaﬂaaLLawUzé’umﬁa%mﬂuwawaaalﬁzlmﬂﬂizmumiwam
w3e N133nwdna Uaﬂmé’ﬂmimuqmLmzﬂmﬁué’m{uazLLmaawmxﬁﬂsﬂ
JTEmsnusarMsamseuid winasu e siunsnanuie
nMssnwdn

Classify causes of disease. Indicate routes of disease transmission
from animals to humans and from humans to animals. Perform sample
collection for laboratory diagnosis. Describe the principles of zoonosis
prevention and control. Give examples of common zoonotic diseases

mostly found in Thailand. Elucidate basic knowledge of environmental
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UNS3604 mstingtiuidasdu 3(2-2-5)
Basic Dog Training
wannsiinguanialy veinrsanlumsingiaiietaguszasanis 4
gUnTazanufidmsuin %um’eJUf\"liﬂﬂﬂmﬁmﬂaﬂaﬂﬁjﬁﬂﬁﬁ’%ﬁﬁ 1oA73
sudinseYasgmnennsiin
Basic dog training, consideration for various training objectives,
instrument and training field, training procedures, qualification for good

trainer, cautions during training course.

health. Summarize the principles of animal feed and water supply
sanitation for animal production. Illustrate the suitable principles of
wastewater treatment and animal sewage disposal. Perform the studies
and fieldtrip expedition for the examples of environmental health
management related to animal productions and treatments. Report the
usage of animal sewage for bio-gas production. Clarify the suitable
management of solid- and hazardous wastes, as the byproducts from
animal production and treatment processes. Indicate the principles of
control and prevention of biological animal- and insect vectors. Analyze
environmental health plannings and management related to animal
productions or treatments.
VNS3604 nmsflngiiuiiaady 3(2-2-5)
Basic Dog Training

usssendnnisingtuialUnasvefinsanlunsdngduuuni 4
G-TWLﬁuﬂﬁmuﬁ’mQUwaﬂﬁﬁﬁﬂ 9 maamulﬁaﬂﬁqﬂﬂiﬂjuazamuﬁ EHIN
Funeunsinlnesramnyay yEouuansosniansiiquautivesiingdvi
A uaz ﬁ']lﬂiﬂ’e]%ll’\EJ‘I’Jl?Jﬂ?ﬁzﬁﬂix’ajﬁzwﬁﬂﬂﬁﬁﬂlﬁ%EJINQﬂ(;{a\‘i RV FURERHY

Describe basic dog training and consideration for various training.
Operate followed the various objectives, as well as, choose appropriate
instrument and training field, including proper training procedures. The
learners demonstrate qualification of a good trainer and correctly and

properly explain the cautions or pre-cautions during the training course.
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VNS4210 sua1siienvasdn’ 2(2-0-4) VNS4210 su1a1siienvasdn’ 2(2-0-4) W dulumauuuanig

Animal Blood Bank
NSATUANAAIN KALYDULUAAINUTURAYBUVBISUIATSIEDN Uagn1s
ansaisaiumsuenviiaueuiaureadede nsidede LLazmiLLﬁyﬁﬁym

ety mstnidonuasnnizdu 9
Quality control and responsibilities of animal blood bank,
demonstration of classification of tissue antigen, diagnosis and problems

solving of blood transfusion and other conditions.

VNS4308 LI¥AEnsHLYNINITHEIUIEEAD 3(2-2-5)
Rehabilitation for Veterinary Nursing
FuniideaFounnnou : VNS2201 3a¥ainenvesdnd uaz
VNS2204 35nenvasdniiaes
Fanamansnisiadoulmvesdan a3sineiniseandidenie naln
ANUAUIA MNNN12511 MsUsEluLaznsdansaudulinludng nns
Wunludmn nisusadui enistidanisassanansvesdnd n1svin
meamiidalnenislatie amnuseu v adudssanuiigauaznisviisn
U1dn nymansuynendsdaenssy nggunI waghvmansiuyssuy
Useam
Biomechanics of locomotion in animals, exercise physiology,
mechanism of pain, aggression, assessment and management of pain in
animals, animal lameness, physiotherapy assessment, manipulative
therapy, thermotherapy, electrotherapy, ultrasonic therapy, and
hydrotherapy, post-operation rehabilitation, prosthesis and orthosis and

neurological rehabilitation.

Animal Blood Bank
25UIHITNIAIUANAMNNULAL VB ULAANTUHAYOUDITUIANSIAEN
msansaieafunsuenaiaueuiuresiiode ussseiEnmsuenueuiiou
nniffeide msitads LLasmiLLrTﬂ“zymLf“imfﬁ"umﬂﬁl,ﬁamLmsmux?’iu 9
Explain the methods of quality control and responsibilities of
animal blood bank. Demonstration of classification of tissue antigen,
diagnosis, and problems solving of blood transfusion and other
conditions.
VNS4308 1fansnunnIenIsng1u1agng 3(2-2-5)
Rehabilitation for Veterinary Nursing
JwriideeSeuanneu : VNS2211 neinnauasadsine1ves
dadides
fomdnamansnisedeulnvedni eduieadsineaniseendid
e ussBenalnAIE uUIALAEANNN1IT 1 UjuRnisuszifiunaznig
Fanserudutanludm msduludm way n1sUszfudientstisani
arsmansvasdn usssuardfiRnisinienmirialaenisledie aaws
au Tvin ﬂﬁuLﬁmmmﬁgﬁLmzmsv‘hﬁ’lswﬂﬂﬁm ANTUNIINUASNLIYAIENT
Wunevdefaenssu mﬁﬁﬁymaqﬂnﬁm wazgmanI Ul szuulTEam
Uszgnalsanugfeatunymansiulunisquadnivaslumsufofnuese
Prerequisite: VNS2211 Anatomy and Physiology of
Domestic Animals
Define biomechanics of locomotion in animals. Explain exercise
physiology. Describe mechanisms of pain and aggression. Implement

the assessment and management of pain in animals, animal lameness,

U89 Outcome-
based Learning
(OBE)

Whduluauuuanig
a4 Outcome-
based Learning

(OBE)

LT



7 elh) VANGATLAN W.A. 2562 wanansuSuUse w.a. 2567 Wianalun1g
u 9
Uiuuss
and physiotherapy assessment. Describe and implement manipulative
therapy, thermotherapy, electrotherapy, ultrasonic therapy, and
hydrotherapy. Manipulate the post-operation rehabilitation, prosthesis
and orthosis, and neurological rehabilitation. Apply the principles of
rehabilitation in patient to the actual practice.
VNS4403 M3UsMsgsnalsaneruadng 2(2-0-4) VNS4403 115031155503 L5enenunadng 2(2-0-4) Thduluaawuanie

Animal Hospital Business Administration

a o

1AT9aTLSINEIVIA NITUTMINTNYINTYUAAALAEAITIEIU 55T

gl
£

Ao Q"dﬂimLLazwamﬁm%ﬁm%’ué’mt,gm ngnefiieaveatussiadmides
guanvewUvRnulunddnuaglsmeruiadng

Hospital ~compartment, human resource and financial
management, business in companion animal, equipment and pet
products, law concern in companion animal business, occupational

health in clinic and hospital.

VNS3701 msideutinUszaunisaliendnnsneunadnd 2(90)
Preparation for field Experience in veterinary Nursing
ﬁm’lﬁﬁﬁaﬂsimﬁam%smmmw%awuaﬂsgyﬁauf{auaaﬂﬂﬂ%zaumiﬂj
3%1%w1u§1uma%’u§é’nwmxLLaziammaqmiﬂﬁxﬂaumﬁ'w MR
gi3oulvianug inwe waed usgdla uasaudnuusianauiuindn
Tensnszvirluaaiunisal w%agmmwm q FuReavoetUNUMInILANg

NYNUIAERD

Animal Hospital Business Administration
85U18lATIAT 19V TMEIUIadNT NMSUTMININYINTYUARALAY

N13RY U3I818N159ANNTgINERIGe QUNIal wagndndnndmsudnaaes

%
a o 1

gndfegnanguneiiievesiugsiadmiaes sduneisnsdanisgua sy
UuRnulundtnuaslsmeuading

Explain the Animal Hospital compartment, human resource, and
financial management. Describe business in  companion animal,
equipment, and pet products. Give examples of laws concern to
companion animal business. Explain how to manage occupational

health in clinic and hospital.

VNS3701 msseaiinUszaunisaliendnnsnetunadn 2(90)
Preparation for field Experience in veterinary Nursing
Lsz]uﬂsuguu:uuLLa5ﬂizmumsc‘iﬂﬂizmmsaﬁm%w anunsavihaudu
lpegnfisyananin Uusmfudinuuaraaiunisanng 9 WaIlYinwe
nsunledamianigmnuagnsindulsluaeuiiuoinu Uizqﬂmfh?mmg
Lmzmiﬂﬁﬁﬁmu&?ﬁum?wmmaﬁ’mﬂuﬁaémmmmu LAMIDONEINTTUAN

515l RNSUReYeU T3y warnsnsmeLian
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Variety of activities are provided to prepare the learners before Understand system and process of vocational training, able to
field experience practicing in veterinary nursing - related to career | work effectively as a team adapt to different societies and situations,
opportunities, development of the learers to have knowledge, skills, | develop immediate problem-solving and decision-making skills in the
proper attitude, motivation that suit the profession by practicing in | workplace, appropriately apply the knowledge and practice of animal
various working situations, observing activities at the places of field | nursing. exhibit of public mind, responsibility, discipline, punctuality.
experiences; following with seminars for increasing skills.
VNS4702 nsinUszaunisaligndnwniswaiunadad 5(450) | VNS4702 nsnUszaunisadidvndwniswanutadad 5450) | Thdulumauuansg

Field Experience in Veterinary Nursing
FudidesFeuinnou : VNS3701 mawSeaflnuszaunisel
YPIIWAIHEIUIAER T
msinUsraunisaluadiin Tssne1uia wie anulsznaunsnenuia
& Tumsussgnaaugiasiinueiugy nsdanisqunindnd uaznis
FLANIZAINN TN TR Lﬁﬂﬁ;ﬁmmg Winwg AugIY AL
L%ﬁulumul,aa LLazﬁmsﬁ%auamammﬂuswauﬂﬂa
Practice in actual clinic, animal hospital, or animal- heath service
sector, in order to apply basic knowledge and skills, animal health
management, and specific veterinary nursing practicum for the
improvement of better knowledge and skills, enhance self-confidence,

and individual progress presentation.

Field Experience in Veterinary Nursing
FuniideaFeunnnou : VNS3701 nsweSesiinuszaunisal

LR IR P TR B (b
UfvRnuluadindnwidng lsamenunadnd vie anulsznaunis
WeUIaER 1u@?1Lmﬁm‘/'immza:uﬁummgymmmmwuaaﬂ’nﬁﬂm a14150
WeulsauazUszgnannugmamgeiifumsufoinuaunmennawagns
Famsgunindns Usudlunmsvinnusstuyeainsluanuiiufofonule
p879ilUsEANE nm UfsAnunuszidounisuimsiuyaaavesaniui
UfvRnunaenszeransiinyszaunisnl wanseanienisiivinue At
Frungy muidesiulunuies SnsRamuuaznisUssiiunansufoinueena
\uszuu Tngerarseiive LLastgﬁmmmiuamuﬁﬂﬁﬁamumaamsamm

UjURnu

Prerequisite: VNS3701 Preparation for Field Experience

in Veterinary Nursing
Practices in clinics, hospitals, or animal-health service sector in a
relevant position that suitable for the knowledge and ability of the

students, be able to apply theoretical knowledge to the practice of
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C04705 avinafinu 7(450)
Co-operative Education

miﬂﬁﬁ’amim%Emmmwiuamauaaﬂﬂﬁﬁc‘ﬁmuiuamuﬂizﬂaumi
Imy’lﬁﬁaqémmg Fowdnnsuwdniefuaniafnw nssuaumsiuney
vosaniadne sdsuretifuifisatuaviadnw mmiﬁuimmﬂﬁﬂms
\Feuaamnglunisatasu n1saeudunival yadnam way nsdenaniu
Usgnaunis cﬂaamummgﬁugmﬁﬁwLﬂufﬁ’m%'umslﬂﬂﬁﬁﬁmﬂuamu
Usznounts mslaiuasainezuazasessuluiviimanizanaie mmg
WA BafunnsgIuaIna snsgiuauUasnde uazendieuntoluaniu
U5ENaUNTT MITEUTIBNUNITINNITUaTNTULAUINANY

Practicing in government or private sectors as temporary staffs

according to assigned projects, and preparation for practice reports and

presentation.

nursing and animal health management. Adapt to working effectively
with team in the workplace, compliance with the workplace’s
mandatory terms, condition, regulations throughout the training
experience. Demonstrate skills, expertise, self-confidence, supervision,
and evaluation under a systemic follow-up process throughout the
course by both teacher and a cooperative education coordinator from
the workplace.
CO4705 annafnen 7(450)
Co-operative Education
UivanuluanuiufsRnuatiouduminnudanmiuduiaives
an1ufl UfUAeu wilawunded saduaniadnu wazUjudauny
nsrUINNITURRuTetaniafiny suideurededu eafuaniafne
amnsadeuaavnglunisasinsnu uansinuedilunisaoudunival Waun
yadnam napnIuAmNgNugui s dudmiunisluufoaauluaay
Usenauns mmmLﬂ'fflauiamawix&;ﬂﬁmmguquwfjﬁ’wwﬁﬂﬁﬁamu
AuNIINETUA wagnsdanisgenindn lvlunsdiiulasaunienuy
Uswﬁﬁllﬂy‘%’waumm&Jmﬂamuﬁ'ﬂﬁﬁﬁmulgaEfNmeﬁm WnAnw
uanseoniasusssluininanzaviivn awnsalisusisulasiieaue
HATUNSIYINT In1sRenuuansUssdunansufiRnuesadussuu
Tage19156finea LLasr;;ﬁmﬂmu’luamuﬁﬁﬁﬁamumaamwznmﬂﬁﬁamu
Practice in a workplace as temporary full-time employee of the
workplace Understand the concept and operate according to the
process, regulation of cooperative education, able to write application
letter, express good skills in the interview, personality development as

well as the basic knowledge necessary for working in the workplace,
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capable to link and apply theoretical knowledge to nursing practice,
animal health management to implement projects or routine tasks
assigcned by the workplace appropriately. Students demonstrate
professional morality, virtue ethics in specific disciplines. Able to write
reports and present academic work, supervision, and evaluation under
a systemic follow-up process throughout the course by both teacher
and a cooperative education coordinator from the workplace.
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919158 1. wegsAng WasTauwaliy* 1L wedndidun  eaderTuves flonansdinBemengy
g 9 9
fSuRinuau 2. weANEEUR  ANIFIUNDY 2. ueENSYY Fauduns* 51%015 1 AY
v
WaNENS 3. UNAMN 21931y 3. UNAMUN CRRGRAYY) wazduenasdingun
v L3 ° L3 6 N L3
4. uagnasu  gaunine 4. uagmasu  gauning nAWNY 1 AY
5. ud 995 Uzl 5. UA.0TITIU WU
= w,mﬁuamm1n1:mua'muiuinvnuma55114nanwsﬁwfmmé’nqaﬁgm%mmﬁmmmz 2. SEFUAR N A U e TR W mSnEaedeeT (Cumculum Mapping) e T
12 HHUVINTS o aufulimtaundn O Arwdullaveused * wruduih in O wrwhil
o @)
AsZane e | S Thdulumuuuama
o RN URY O T L e m—
iqyaqjq ijﬁm 2emuf | 3 insemelynn ﬁ'n‘wanwué isdoms uasms e e {Progrm Learning Outcomes (PLos]) 9849 Outcome-
T“ﬁ‘iﬁ‘ﬂ %Eﬁﬁ1 wiva m?’ll\.!ﬂﬂﬂﬂﬂﬁ hkﬂﬂn[uiﬂa FLOA FLOSZ FLO3 FLOA FLOS | FLOG | PLOT
(Curriculum rrefuimey i — based Learning
| SCH00L wrgTam o o
M in) 12 3|af1 231 23|45 1 23 4 1 2 e e o o (OBE)
applng SCI00S werliledtummidneieeaed o o
niju"‘mﬁupuma’muwﬂq%ua:arﬁwmams’ — e i eand =]
PRI - VIELLOA relmn il e meeded o
BI0401 V"Jﬂl‘lt‘h‘d_i;m ] 0|0 ¢ | 0/0|e|0 o0 O e s} o] e ———
BI0402 Vijfm".E:iﬂmﬁuyu ¢ 0 0/e |0 o e|0 [} . [} 0 wELLoL [— [e) o o) o [s)
e - ol Telol [elolalol [ole s o [ e [ [oc[o|o[e]|e
U el 0 olelolelelo e olols o o - D e e | ® | O ° »
1 - - Fardilimeiumadunnded o L ] L ]
e 0 o0 e 0 A el g SR mereeded . L o * | ®|»
| .' | C‘ .. | o] | e 0 | 0 | . | o} | o B D Lt . ) (] . L ] [s]
PHO402 |_Jj"\um' ¢ (0 0|e |0 a|e|0 8|0 Ce Qo o o]
‘S\Jﬂaﬂ] ‘.\ﬂﬂ'.u'.?ﬁm FLEEASADRT . _\‘ . . . . ‘)\‘ N
nwand - b Rl I - o0
STOA0T | adRdwAT I aR ole ol o o]

8.1



=p

NANGATLAN W.A. 2562

nangnsuFuuse wa. 2567

wanalun1s

Uiuuss

e folm

nfuruenisfy

2 don
M W0l

nuivienisdu

dwaen

VNS1101

Vaduded

VNS1102 | woRnssuuee

VNS130 wfA

VNS2302 [N TR Ry IR

VNS2401 | 93suTusiaiey

fumsmwumn

nanTswe A

.
.
1. AneTIN
N 2
dlver
2 3)ef1
.
.
.
.
.
.
.
.
.
1. QBT
VivsT
123
| ® C
.
e lolo
e |00
.
.
e | C
e | C
.
.
.
e ClOC|e
LR BN )
e C .

X

L < C .
.. .
. 5. imenmd
4. finez e .
L. wmshBsiome
. Al
] 3. imewialoggn rrifleaTs wiend
h - rwhaynnnauas . .
v Tonwlulsd
ATRAUSY
ATV
231 a5 12|38 1 2
. . . .
.
. .
. . . .
- LY .
. . .
. . .
. . . .
. . . L]
. . . . ® . .
. 5. viny
4. Winwz .
.. (L=t
. AUl
2 auf 3. simezmailgn X mafloar]
- FEWTIYRAAUAZ
L Téine
amsiufirau
Ll
12 2/3|a|s5/1 2|3 a 1
C . C . = .
. . Ole ® * . L] .
o e * . . e o L]
SHE . C . C
. P ol e .
. . .
ofo e O o e o .
C . . C [=
. . " .
. C . .
.
C e C 0 L]
Cl e = . C 0 e ® o ]
LR BN ] * o 0 0 0 0 0 b
C . . . © .

PR FI—
uadwsmadoudifisnusrousiianania

eI Foim (Program Learning Outcomes (PLOs))
PLO1 | PLO2 | PLO3 | PLO4 | PLOS | PLOG | PLOT
VNS2212 Sedaimeuazsdainensnaneuiaded [ ] [ ] e} [ J ® | O
VNSZ302 e denrmenede ey ° ° [e] e o e | o
VNS2401 FsTETUTIAE gmneiifersaatunis ° ° o eleol e
wonnadefunsuadag
VNS2504 T Tdruuesnmsauiedunndon ® ® ® [e) ®
VNS3208 ndwinemarivingmanTmenaded [ ] [ ] o] o ] [
VNS3213, werEimer vmoTEivenmAiaman T
wernnaded b b g . ° ®
VNS3304 awsmnadaithognifuuaringi [ ] [ ] [ ] [ cl|le | e
VNS3307 achenmisduaznmmadmuwmd ® [ ] [ ] [ ] (] e | @
VNS3314 Ay uasdaonTanrmeuadag [ ] [ ] [ ] [ ] [ ] [ ] [ ]
VNS3315 s mdweiudal | ° ° N eleol e
éin
VNS3316 Tamiidhdigludadidnvmanne o ) [} ] [ ] [ I BN ]
VNS3502 sudieAT Somammmennadad ® [ ] [ ] [ oo @
VNS3505 wnszwinman e Tuaded [ ] [ ] [ ] [e] [J L]
VNS3801 Fnn (o] [ ] [ [e] e | o o
wadmdmaiouifdusnuzimawia
o a1 (Program Learning Outcomes (PLOs))
PLO1 | PLO2 | PLO3 | PLO4 | PLOS | PLOG | PLOT
VNS4802 ggwiivens (o] ® [ ] [ ] e | ® O
ARt @nden
nguivienden
VNS1601 amndangqedmiunameuadad (o] [ ] [ ] o [ ]
VNS3309 Tnmunindanenmamemnaded [ ] [ ] [ ] [ ]
UNS3310 mamewadadidoudes ] [ ] [ ] [ ] e | ® O
VNS3312 rramemredii * ] [ ® |eo |0 |0
VNS3313 mrmenadatluandoriussdadn [ ] [ ] [ ] [ ] oo o
WNS3317 rmewadadln ® [ ] [ ] * ® |0 @
VNS3318 nTEnETAdR [ ] [ ] [ ] [ ] e o
VN53402 sEEIATATnEadad o [e] [ ] [o] [} [ J
VN53405 uianrmevnasazedrinadon [ ] [ ] [ ] [o] [} [}
VNS3604 e [e) ® ® o |e|e®| O
VNS4210 munnsfanadnd [e] L] [ ] ® |O|@® | O
VNS4308 AR Tme T dng * o ® ® (O|e®@ | O
VNS4403 sevuAmnsivls e radad [ ] [ ]
saawsmaiouiidassrnusinania
AT Fainn (Program Learning Outcomes (PLO))
PLOL | PLO2 | PLO3 | PLO4 | PLOS | PLOG | PLOT
AguFuAnUszauAsal
i
wisamiafine
VNS3701 nasTeilnurzauntaalisiwnTmeuiaded [ ] [ ] [ ] [ ] [ ] [ ] L]
VNS4702 mamzaumIa i e eded [ ] [ ] [ ] ° L )
€04705 afiaflwn ® L] [ ® ® | o o

6.1



180

AANUIN
‘U’i%ﬂ’]ﬁﬂm%ﬂii&lﬂﬂiuﬂﬂiﬁWUﬂﬂSQﬂuﬁﬂﬂﬁ

1399 INATNUIATFIUNENGATILAUUTYYIAT WA, 2565



W e®
8l eme FOUNLEE ek 4 WAV MPUNEN & NUEEU bdod

UseNAANZNTINNTUINTFIUNMTRAUANY
Fo4 AR Undnan s iU Pt N, ke

nfegnnanmandlule be UWHNYNTENTIINATTIUMANEATNITANY SR UgANANY
WA, beoe Usznaufuufnmenssumsuinsgiunisgaudng Tuasndssauadsdl oleese
(nfua) ot mo Squiey wa wese JwenUsznald Fwiolud

o UsrmadBenn “Ussnmannenssimanesgumsgeadne Fes nasinsgu
AANgRIIEAUUSUYIPT WA bdod”

b, Usgmadlalddeduduiiug oo fusiou wa bewe Guduly

Tl Useneddmiundngnssedusiygninnannin Taglddwiundngns

faz Dalninagmdngnsufudssvasantugaudnumasguazionyy

o, lutsgnaad

“AMZNTINNTG” MINBTH AMYNITUNTINATEIUNTALANY

“ornsduszd” mnefl yeeadidisiumensd dremaniiasd sesmans1sd
mansa1ss wariuwmiduiifisusiluantugaudnwusisiumafianandugeunmsmun
vioyaaalusIAnsNwueniiimInnasnan Ssiivinfisulnreunuiusiavesnsgaudnm
wazdmnudlafetuinnsgunandsssugaudne

dwFuennnsdusefianitugaudne fudilnd dausdinasiinassudisulddsdy
FosfizuuumaaaumLann I SnguldmunasifiamaniugauAnusivue

“rnsduszimdngns” wiefls 019138UsEiifinndn svdeduiudiuaruie
voamdngasianiantugaudnviiiureunieayld fndhiiaeunazdunirideluanunin
fanam vl awsailivenvnsgussdmdngasmanenanga sidlunaieaiu

“RanATduR S fuaInvesmdngns” wunefls auqddfvuallusasg
a1 mnarwiniediidvsenaninsgiuannivn vieUsEn1ANINTFIUAIIN
laildtmundesild Wvuneimand@ffedestuirnsdoininvemingns uionandau
wiiisyaumsalnssiioadosiundngnaiduiivssdnéfasduaiulimaFounsaeulundngns
amuintuussanadnsnisGousvesinnwildmuiduualilundngns laenisfinnsan
aondviduiudiulvoglunasitave ssananugaudnm

“9101sfFURmTBUMANgRs” mnells ensduszdmdngasiidansyuiiilumsuims
LaE AL VAN ZISULALNTSSIUNTERY AAWIMITHLKL MIAIUANALATN MIARMUsHiTuRa

= ar o

WAENITHAILIVA NGRS aw13&Tﬁ%’uwwauwaﬂqmmma&jﬂﬁza‘imé'ﬂqmﬁ'umaamzamm

Y
€ Ve o ar

o 2 a : ) P @ W e
m'ﬁ]ﬁﬂ"l‘iﬁﬂ@"l IﬁEIﬁ]SLﬂJu'E]’I'i]"I‘SEINﬁUN@’HBUﬂaﬂQW‘SLﬂuﬂ'ﬂ @ waﬂgmﬂuna’lmﬂaﬂﬂﬂm

U

181



W el
i eme AaUTIAY belb 4 FMAIINPBUAW & MU odoe

niundngaswineimsvieavineins Widuensddiuinveundngnsladnuilmangns
Tunsdlil o1sdgSuiinveundngmsannsasldlify © Ay

“msifiay” v gaouilildennisdussi

“n1senassaundn” wuaedis nasiidennassialiodustintuninissendig
antugeufnuriuesAninisuanlun1simuiuasuivisuangns 1agrIuALRUTaUTDY
annantugaufnyuazasdnsmeuentiy 1

“padnsneuen” ey andugaudnuiluviessUssmaildiunisiusesan
miapuiisuiavaunsAnevasUsematy wisdumhessnisssiunsuniodisuii
vidomapaudgiamie wisesdnisumvy wisuTdnionsuieansieulunaandnning
udsUszinAlnewiii

mnduuisnenvuilildaansideulunanmdnninduisssmdlng Weglunaeida
s iugandnyt laedeianidnenimiazanunisulunmsnundadudinvesuien
fanam  wavdoslvldnunmmunnsgIunnsaauAny

“Usgaunsaldnuluinis” wineds msvihnuswivaniulsenounisiaeivangiu
fusesnansUfiRauilifaUszlovdfvantuusznauns wiendngiudusesuinsgiu
Hilouwsanu viekanumadnnsussiannsisnmalulad vieasasnassAmuinemans
uaseluladilisadetumagnanun ssumeunsinuay

< Fouinan anniugandnwiiinismsmszsnguimindaouiaygluaviin
wazdnwstadrmduarviinliuan ’Lﬁ’t%’%aﬂ%mymﬂmm'ﬁﬁmuﬂiuwszswﬂq@ﬁﬂﬁu Tunsdl
Azygladaildimuadelilunsssenquinn wiensdiianiugaudnunlalifiniing
wizsnguininfeiggnluaniien wardnuvsdedmivarudn Wilddeugan
mumdnnaein1siMuateysyaiinaenssunsvun

& Uswgn uavlnguszaen

dalvimandnUadiniinnuduiusaennd eaiuuauiiniunsfnsssaugaufing
04117 UTugvesmsganfine USurvemaiduganding uassnsgdvnisuay v
Aduanalimsndndudinssiugaudnueguugiuanudoiridweuiiaunm doaduysaa
Afdndrinvesnnudunadiesifiaiuassausslovidednn  uariidnunmlunisfannues
vugnugiityanlnensldnsoufass s duiing tievmnusemagnaimuniddunay
VinLfgusnasguang
dieil §vgusvasAitemdvdaddunsyuaunisuandudinfiiunsiaun i oy

Titidnwurvesnnuuiyudiauysal aunsadmsanuegludiumyinusssunelinsu
TanATaufisinisdeansuuulinsuuny ddnenmlumsGouinaondin feuanunsalunis

182



YU @
131 eme ADUTLAY el 9 519NN o MUY lbdod

UTRMUlAmILNsoULMIEIULALATIBTUTIAAR MR dnunsaadasssauiiAeyU syl
somuewardinislusedutioafunazaina Tnouvmdngnsdu o nqu dadl
o vaNgnIUinaeIvneivnis wiadu b uwuu liun
to.o WANgAIUIyQIRIMalvims Afendadudnliiniuseus
Hananquiuazannuiod TasenafinsufoReuluaniudszneunts whumnuduasing
amdninig annsadanuilulszgndléluaamnisalaialdegainasse
eol ndngaslngywivuuimimdnms Jalundngnsiyged
dmfugiFouiimiuansofiay gadundatnddiiaoug anumuisassiuge laeld
vangasunAfidnaeuegudn udliaiudnemwuesiFoulnefimunligSouldfneuissmein
TusgdutudindnuidnaousguduarativayuligFouliiidomadnnisiquan udngns
Amnthkuuinnsfesdiniaisunginsyautadiadnulideosnil oo wiefn
&lo wangnsUiynIniv@nuieujiiing wialu o wuu léun
to.o vangmIyERATEmRoUfIRms Tijsdsiadirliienaseus
fenanguiuarn1aUfoR ueued aussouruasinesduivinisuasividnuie
faussouruasiinuedunisujoadanadalumanianidsdu q TasdunisdfoRau
luaamudsznaunis
winansuvudvhduidondngnsvinnw @eiiles) 18 Tasfe
ﬁ]uahuwﬁwawé'ﬂeimstﬁmmw‘%LLazazﬁaaazﬁauﬂ%'m*nLLazLﬁ'ammswawﬁﬂeﬁimstﬁmmwmﬁﬁu q
Tnoasuinu uagliszydin “saides” lnadusiovhodendngns
antugaufnwiidesmsuanymainslussdudigged (reidle
wfailingussasAlilondntaudinfifivinuensudanimdeinue A dnogud e
Fdvmsuindady sawstldsumsinuitiadugaiuiy Weliudnaulydutnufoa
B3 esiumsdnmaseunisaeuluuiidmiusrinanulssnoumsivaaUugaung
waymsuImsamsiBoumsaeuiiysanmsmanguiuasufiRTuUTuntemsi e
el Anwussquadndnisidousiannsaneulandanusemisting §RT ugenuanuisual
UBINANENT
Tusueanansdiasudwnunilsieaiugivsyaumsalduujinns
1udr wasmndudasuainaniulszneunisieaiinnudlaiisrfuuinsgiunuad
SeAUgALANY
&lolo MingnsUIgInsLuuiIME M Inusad fuanis Fadu
vangmsdmiufiFouitimuausoiy dudundatudiiimigg aussousndninmie

U q

Ujuanstuge Ieeldvangasundnildageuaguailisessufnenmuedisou laeivuali

183



W e
Wl ene ABUNWAY belb 9 FIWATINPUN & MUY lodod

= =

B L4 - s ar - Eil - ] 5 o & e L= 2 as
E\jlL‘SEI'L!bLﬂﬁﬂ‘tﬂ‘U"N‘5”IEI’D‘ﬂ”IIu‘i3@UUEH‘VIW§F]H”WIL‘UF]E1E]ME]%LLEi') wazvinIdeiiquanuielasu

(]
2

msiinufiRduadduasdnsvioaniutsznoums udngas Sy eduuuirmihmsininmie
Ufjuinsdeainsieuneivsdutadindnulitosnil oo wiedn
o sruun1sdanisfnyr Tdssuuninie e o Unisdnwiwvsesnlu b
MANSANYIUNG o Mansfinuunddszaznandnubidesndt e dUaW viaiieudsda
Liteunin e &Uami anrtugaudnwiililamsdnwiniaggieu Tiimuaszeziia
warduuntede eefidadrufisudssiuldiunsineninund
anugaufnuiidanisiinulussuudy Wimsfusresnailumsfnuifisudsds
fuszuumime Tneliananitugaufnwidugiuun Gsasfosanineazideniotussuy
msfnyulilundngaslidaau UssneumenesandenifisniussesnaveaensGous
WeuRssiumisinluszuuniaig 518390 anguiazseigin1aljuRnisinaumse
nsfinnaaun mavhlassnuviefanssudulefiaduairenianieuilidanuaenndouay
wangaufUTEUUNMTIAM AN fiamamugeuneiivun
. NEARMUIBRAMUSTUUNTINA
we Teinmanquiilinaussoevissiunedymilidesni e¢ dalu
semensansund IAWiU e iefia
o seAmMAUFIRTlTnaHmSevnaedaitosnin mo FiluwemamsimnUng
Wilawiiu e wiiefin
. mAnmwEensEinmeanilinadnlidesnin «¢ FibisiememsAmn
WillAmwiiu e widein
we matilassuienanssunsioudulamuitlafuseumneilinanilassm
voRanssuii 9 liffesnin «e Hluwenanisinuund Tilawiniu o wiedn
we AnssumsiFeudulaiiaienisFeuiuenmileanguuuuiiiimuadaedy
mstuszoznalunmsyiianssfudeniansiinmund Widwinty o whefn WRIulUmui
antaniugaudnwimun
anugauAnwiidanisdnunlussuuduilildssuuniana Widuszeziom
mMsAnwuaznisinniisiafisufssldiuszuuninig Taglianianidugaufnwidingn
\ugrivun
&, MUUMHBANTINUALTLYSIANTANY
Go wangasUignedfiszeznansfnviund @ U SSuumisinny
liitfesndn ebo ninein

184



Wi o
Bl e PAURLAY bol 9 TR MPRUNY @ MUPPU oo

&l wé’nqmﬂ%mmﬂm‘%ﬁﬁszaznmmsﬁﬂmﬂﬂﬁ ¢ U f9ruuniieingiu
Linfeendn oo viefn
o wangasUsyyinsiszezainsinwdnilddesndt » U dd1usu
mhefnsulitesndl eco Miefin
s vingnslinanns (eies) SSwaumeienulitosnit ol miwein
< lanadundngas Usenoudie mnedvidnwiall mnsiviews wasvaneien
doniad Tnefidadudnnumheinvessasmnain fil
®a mninAnuily wnefs waednfeuaieaaduuyudliniey
dwiulanlutagiunazounan lelhiduyeradliiuasivinueisuludmivamsswi e
gensuin Wudnsendndfansysannismandang q Tunsiaumvideudlotym (Hudi
aunsaadalenauasqualinuwowardiay fiiiunisdeuulavosdauuazuedlan
Wuyepraiidsmubunadeduuds fotvssnuasiniiludeiignior fauauarndanaduie
suflormmdaioainsassauarimundsauoieiiiu wasdunadesiifnuimvasdny
anvugaufnwenadaiv@nuinluludnvusduundunegivmiednuns
ysunsle q Al ieliussgingusvasivesmnaindnuinly Tnelifiswaumheingu
Litloonin ee whodn uazdosnanimsiawasUssiunaiasiiountsussgradndmsizoud
vouji3suiiaenndestuuiugas IngusvasvasnisinmsfnuinAnululdedietaa
nsdeimdnwhludmiundngnsSyged Giewdes) ealdduniseniiu
meinillddnwuudlussdussnatodhsindndugviossiuaytinan
clo MNIATUANIE MUBEY Jvunu Fvuaniga %ﬁugwi’m%wuaz
SprdwiajmauneldfiFouianud anudily uarufoinuld Tagliisiuumieinm
vosmneIv ANy Fall
oo vangasliyges (@ U) mannms Wlawumdeiannedn
angihidesndt o miiefn
clolo nangIUIes (@ 1) madndnniauifinns Tiddiuu
whefionnairiamysulidesndt oo wiwein lesdeuiswirmiujifinskidesnd
oo whiefn wasmamguiilidesnin e wihedn dusundngasuinaned laudles)
Tiduumheiamnaivianysalifonnh o wawfn ludwaudufonduivmmnsg
hidesndn o wiiefin
clom vangnsliyyws (¢ 9) Wldwiumheianuandrianzsiy
Lidesnin wo miefin

185



W @b
WY oo PAUNLAY beb 3 FIUAIYLUN & NUEEY oo

clog ndngniliyynd (Widesndn o 0) Wildnnumbeinnnnin
angsulidesnil eox MR
antugaufnuanadanineiviansludnuurinieniss Jvieng
walrenwazdrilanla leedrendasdidinunihsialitosnd mo wuwin wasiyly
fosldnnumheialidosni ee miheia lunsalfidaudngasuuuiviengdeafinduy
mheinvedvendnlitesnit mo wihein waslilidwaumieinsulivesnin e¢o
niaefin dmiundngasUyginsuuuinvi gllsudessousiednseauladfinfnm
lumndvamglidesnin o mhedin
<o wandndonad vaneis JviidddilEeuiened anudile awd
sutesadanieauls lao@alomalvigisoudonounednle 9 lundngasseaudTygns
mudidontugauAnmimun uaglidsnumiefnsulidesnin » wiwfn
andugaudnwienssniuvieiiouloumheinednlumneivdnwiiald
vinadrang wagmaadvndenad TifudnAnwfdeiuimiuainsn fiaiunse
Tournsgrula Taoiluluamundninuduasisnisiievleumiisfnuaznanisdneilu
sefugauinuirngnssumsivun el dndnufesinwliasunsuoumefndsmuels
Tundngmsfiindne
so. AU AuANUR Larduiue1nsd
so.0 VANFATUSYIATNIINMT Usenaude
sc.em 819136UsEImANgns fnuyddudUiyginudeiiouin
videfldunuadragaansnansdudeiiounin uasdeslinasumvinisililvdiuniaves
msfnwiiefuliygvesaues wazsidunanunidinnsilasunismeunsmundninus
tmuslumsfinsanuisidliyanamseiumimdnnsedislies o 13es Tusou ¢ ¥
goumnea
nsdifimanashundniuosdnsmeouenildldantugauiinm
mnsnduyarafiuianesdnsduealdsunissniunuaduiygilnagnaiiundisns
widesilnandduin B yanedv aftsusifiesed eduius fuasmewdngnsuasilysyaunsal
msvholussdnswisiu wiensvhoussiandetusssaiionnudlidesni o
eo.elo B15EHSURATEUMENGAS TRujAluarAuauTRdue iy
g1sgUsEdmangns Iwedntey & A
nsldmnasaEaRUarnEeuen Aadlomsdumdmangnsmn
antugnudnmiiwemdngastuiunnsdiiuinveundngnsetiedos o au

186



W e
@l ene ABUNLAY kel 4 F1UAIINPBUNN & UL lodod

& Vas =

nsiliindngesdplifivniennnnd o Jvien inenansdySuiney

k1]

wanansiiinanduarauauiinsaseduiudivaninidezeulidosninivienay e Ay
Al uetwdsdms vy i bissnsoassmenaisd
HSURATaUNANgRsATUANNTILIY a010URRNAn YA AU TIUIULAL AN AIUDI81315E

U A

Vs = ar PR v} Ly = i<t =
NSURATRUNanan A ulA gnssun TR s dusensel

U U
-

eo.om 8191588aou araduenasduszdwtenasdfieuiiiinmgd
Fus Uy liviedfieunin n3edlfuml i emanI1TeuI LU Tuanvivdunde
muniidiusfuislumuiivivesnginilaeu
Tunsdififorndussdiinandiynwiviaieuriuasimmii
919138apununaTNAsTIUMANgRsIEAULSYYNAT WA, beoe xUssmeldliaunsa
vhuthitenasdaeusieluls
dufundngasidnisanassrundniuesdnsatouenilaly
anugaudnyn mndnduyasaiiinainesdnstu ealdunisenuaurd@ivingin
i sfinnndtuiiUiygiaiviofsuiuariiuszaunisainisvhadluesdnsuviedy
vidomsvhawUssamidnfusgudeidosnudlidesnin o ¥
naonmdiimitlifinandiouitdmund iy deadunsnand
filnmduarussauntsaiifuiivensu Fawmsafeduiuiuneiviiaey Tneriumiuiuteu
MnanamtugauAnuiiaiy vl mnsiedslafiarusuiudeddorasdfiey doed
919158U58T1 INFUAATEUNTZUIUNISITBUNS AR ULAL RILITNAN Y ARBASTEZLIANUDY
nsdan1sSeumsasusneivit o e
eolo waNanITUSTYNININIINITNnIe U URNS wazndngasUIygyins
(siorile) Usznaue
aolb.e 819156UsETmMEngns daudduduiyyilnuieiiieuia
wiaildumisgtiomansinsduiaounh uasfesiinaumeivnsililsdiuniaves
msfnwiiesuyIyyvesnmes uaztdunanumisdsim sildTunisimeunsmamaninas
fAtmuslumsfansanudstdliyanadissiumimdsnnsetiaties o o luseu & T
dounad
nseifimsanasiumaniuesdinsmeusnilailianidugaudn
mndnduyanaiiinmnesdnsdu enslduniseniunuadUiygilnuazasumsdsms
widesfinnndtudiUsggrainieifisuinfinsmieduiustuainrisivesudnansuas
fiusraumaainahelussnswisiuiemsinudsiamifeniust wiadounudlaitiosnd
o U

187



W oz
Bl oo AIUTLAY bk SR MPUUNEN & MUY &

eololo 919159X5UANYOUNANGNT fAnaiuazAuandRldwRefy
91RdUsEImMangns Jtues Nty ¢ Au
lunsdlvomangn suTgyeynamadelinvieufuinisnidurinee

oo

o e e =Y es

FrunsuiiRidamatalumansanvidviiy o1sdisuinveundngnsedration  lu @ eu
feailusraunisalnuuuninis
NIUANITANAITIUNENTUDIANTABUDN  ABIHR19158Us8I0
vanansnnamtugaunuidwamdnansiuuonsddfulateuvingnsediios o au
nydiindngnsdaliifiivieninnnit @ 3ven Tidaenansd
fuRnreundngnsfiiiand uauatAnswiediiusivainiiUaaeubidesniAuienay

U

o AU wagAplldadiuensdniiussaunsalduliiing o lu «
Asandausndusgedsdusuanvndvnaliaiuisaassun

& Was

919130 HSURAYBUNANGATATUAINIIWIU @010 URANANYIAD LAUD INUIULATAMA
19491913855 uRinyeunangnsuuliinuznssunsiiasandusensdl
eclom 9191589Haeu 01 due1sdUTEIIME eI TENIAY A

q
2/

el

JumUIlnsalieumn viedmunisYisaans1nsevsedisunin Tuanvdntunie
UMY IMAUNUS Y isslua1r v esselsiaau

=

lunsdififionarsdusedndlgay @Sy gy
wagyiminienasddaounouiiinusiuinsgrundngnsseauUigyin

U

=1 =

InTeiiiguiin

WA b&dbe
ayUsgneld Tienusavimihfienansdgasuseluls

dwfundngnsiinisanasirundnfuosdnsnieusnilaly

andugeudne wndnduyamafisnainesdnstu eraldfunisenluaaiduiggiln

'
]

v = ) = a3 A e | = " o ¢ A
LLmmaﬁuﬂmqwmum1ﬂimmﬂﬁ‘iﬂﬁ‘iaLVIEI“U LﬁmLLﬁzNU‘izaUﬂ”l‘imﬂ”l‘iw”lﬂ”luluadﬂﬂ‘iLm&uu“ﬂ‘ia
oS W .

AsYauUsE e ueenssatda s uwdliiounin » U

= e 2

nsdorasdiasilufianydaiuidmuadedy Foadu
fnsannndfinnuiierusraunsalifuiveonsy fenswFeduiusiunedviiiaeu lasru
aaiiureunaniantugendnuuiaiy el mnsedviladmmsdudeddernsdfiem
fesilana1dusedndiuduiingounssuluniIsiigunIsasulagiauIdnAny,
PRamsTYELIANNaNSIANIsSeunsaeus EInIty q e
oo. AuautRvoEitdnm
oo.0 NangnIliyys (€ ¥ ¢ U warlidosndt o U) awsondugdnsa
nAnwsEAUis B AnymouUaenIaIie U

188



W e
Wl ene ABUTIAY beb 9 SR NPUN & NUPU lodoe

oolo udngnsUignind (deidey) sxdeududduianisdnuiszdiu
Ussmallatinsivndugadeiisusin viessiveyUsyywiafiouni luanininsmie
FutusiuauiniosdhAnwsuiiantaaiugasdnwdmun

eo.m vANgRTUTYITUUUA Ml warmadndnrieufoinis
doudufddansdnussiuisoudnvineulareuiofsusin Tnefasuuuedsazeay
hitfoundn m&o NIV & svAuAsULLMSaLTisuL wariinanaseulundngn U3y ns
wuuinamtdlidesndn m¢o nnmanisAnwlusenitimisinwlundnansuuuinmin
wnnransAnuilanianisdnyindedinanisfoudind meo 1NTEUU @ TERUATLUY
vEeLiguW AziielElssunananRlunsAnymangasuuuiTIm

ob. mamziouSou WamulouSouldlifiu v wihedn luwiazmanisfinyng
dwsunisamelouGeowinna warlamudoudeuldbiiu « mihein Tuudazain
nsdnwunddmiunisamadeudeulivuna

dmsunsamzdeudeulumaggiou amsdoudeulalify « wihedn

winantugauAnwlnfivsmatazanuduiuiiey nsame Joudeuiiduoy
mihefnunnasluaninasidnsiuienavild Taeniseydfivesantanrfugeudnm undoq
LinsgnuremnasgukazAmNINN1Sing

o, innueimsTamauazmsdufanisinm feaFouasunmsnaumoiaiidmunly
Tundngns Tnglfsziuazuuuwadolinini voo 3nsEUU ¢ sTUATLULMEBLTBULN
LAYUTIANAANSNN TS EUIIUINATTIUA A sEA UUSe3
aniugsAmeiildssuunsimauasnsd S ansfine fwind it axdosivslbis
AfguAgeiula
nswuanmingliduamsnulidulumuiianaaniugaudnuiimun
oz, USgninsuazluwanuanisdne

msserluByaninsusduuansamsing Tsydelygn Jommin wedeniin

Tinsaiutssyliluenavdngasatiufinaenssunsiuses

o€ MiUsziuguamvamangns Tinudngnsmuuaszuunisuseiiununinees
wingpsmiianianitugaudnuriivun

eb. MIaumangns Tuynuanansimuivangasianuadelasinisyssiliunag
MenuranisiLiunsvemdngasnmsAnuiite thdeyaiildlul sulgeiauvangns
Dusvey q agaldoemusousvusia1venangns sevnsey ¢ U

189



Wi oo
Y oo PAUAY belk 9 WAV PUNEN & ey lodod

oo, Tunsalfiliarunsaujidnuuwuimiadengnale vielinudnludoaufjua
weniloaniidmunliludsenmeall Thegluneeflsvesnuznssuns wazliiiomidadvves
AanssuN1stluign

Useme o Uil oz NINQIAN WA bdod
AaRsINIEiysAnufeAty Janndns
UIEBIUNTTUMIUINTFIUNTRALANN

190



191

AANUIN

oAU NGB 1AL Bee38 I1daen1sANESEAUUSYINT W.A. 2565



davsduunminerdusvigdivesey
(% 4 o -
femsfnesrauliyyns
W.A. bdod

Tneidunsaumsliidatedu ddhensAnumsduyiyginiveminedesuiy
Fuasne weldlumsuszdiunamsanslunmsdanisdnsnseiuuyyed Wasandestundninwue
finsznsnanisgaudnu Inermans Ideuaruianssy dmualiluvsznimamznssunisunnsgiu
NMIgANAN (399 INEUTNIASEIUNANGRIIEAUUT YIS WA lodod NsfmuagdSanisAng
sTAUUIYY IR LA UUI AL AtaNm NS Uy ANINe deT19AY W.A. bdew LarUsenie
N3ENTAINIPANANY Inermans Iouazuinnssu Fosuumumsaniunussuuadimiein
FEAUYANANT WA lodod

27U NANNIUNINTT o (B) NINTT & WATNINTT &c WHINTET YUY R

UM INIFLIIWAY N.A. beew uarlnsaruiugeurIanuMINedeuiglissse Tuasn
¥ 4 a4 v o« Y - Y v ow vy v &
UsrguRian ea/odod Woiuil ba Sunau beod Jwwantedsduly dwielul

1o o FotiAUTGENI “YaveAuuminerdesivdgilisssie Irdrenisiine
SEAUUSUYINS WA, lodod”

v
v Y v v oa

v W e o v o - ' ) v
18 o FovrullWldveduundnAnwinldvdngasnezlalmivazndngasuiuuy

¥ v dyv v oo &

Ypavivendes s Tundevaduiivsemalivadudusiuly

- v v ow

& o W a o T )
{J'a e Uiiﬂ']n{] s8UBU UaUIAY Usemd Vﬁaﬂ1aﬂlﬂﬂaﬁﬂwqjﬂﬂqalﬂuaqu'ﬂﬂ']Muﬂ.l’)’

v v v

warludovsdutl vSedataviaudanudataduil Tulddededuiiunu
v L :
da « Tutavsiuil

“umminenae” MNEAINN wninedeagdieae

“anuminendy” VHNEANT anuvinerdesviglesse

“amivimg” MNEAIININ AN IVINTUMINGNAYIIVAY
Weesny

“g8nsuf” VNEANTY 25N1SUANNIINGIFY 1YY
WWeasny

“anugandnwm” VAN andunsfnwsedugaudne

C | | Y - a av ) - ' v aa
viaisuwilundngesnnsensnnsgaudne Ineimans IVouasuinnssu viominsuuesigindl
FMMIMUNGMINESUTEY

192




-lo-

“syuuRdaingin” wnemwd  syuvkaznalnlunisiisuleu
AmiAuannsauasyisaussaurldannsneilusruy msAnwuenszuy nsAinwen
g5fe waranUszaunisaiyana sufvasaililuadmiefinvesminends

“pRIeAn” MNEAINI syvunsilguazaumiisinuag
wamsAnydmiugFeutiannisAnmlussuy nsAntwuenseuy wasmsAnwinudsends o1f
wdngesiiiosuuina udngssvusdu vingnsiinausy msadreuszaunsal lnefivdnguidu
asdUsynaulumsivisumeinsiusulinig

“msfinwluszuy” WNeANI nMsAnwfifvuageyvune 33
MsANWY NANFAT SEEERAYBINIANY MsTauarysediuna Fafudeulvveanmsdniansfinuii
wiuau laelasudseniatiodng Uszmﬂiuﬁ’mvsuqa VS ionndinannsAnendu q
FaaotugauAnweany

“msfinyuensyuy” VLA nsfnwfifiaudanguluns
fvngesiamng gukuy 3nsdansiine ssernanwensdine msiauavysudiuna Faduidouly
ddguamsdndamsane eidomuammd ngmsavs palmuvanvavaemrd aaiuanwlavuayaL
ABINTVRIYARBUFAZNEN

“mifinnaudsends”  vnem nsAnwAligiSouldFous
Mmunusanuaauls Anenm anunden uarlenia lnsfinwiannyana Yssaunisel dau
anmuanden Ao visuvasenuitu 9

PRy % ' vl a v @ v ot

dnfnw WNEANIN ARuniinerdeiuidndneilu
wingmsUigaywivesminerdueig ey

v oo ' val a v v

“fsou” MNEAININ dnuviingrdeudndneiuay

amzdsuSounmeldguuuumsiamsiiounmsasunutesduuminerdenuigdsaneimens
AliunuszuuAdIMmILin

“wangms” mNgMWN NANFNTVRIUMING Y1V Y
- o a -
Weee Akuanuiiugeuananiumingide

“§3m” mngAI I UNANgATveRIMNINgdY

Ty

fo ¢ WiinsianamsGeunisasunnareinlundngasvoumiing1ds nininmue
383 war wUjud Didulumuussmaveamninede

o o tnAnwidavdaeuiananisiieularemarosaglunws delui
(o fnanEalunginiu q vieldusailufenssmseunsasuluseismiu 4

Livfesninfetay o oG MM aTBIaMsIARanTIIMSEBUMSABU VIR
(o) Tunsdiifinandoulussiela wie nanlunsiidusnlufnssunsSeu
nsasuluseinile awde 5 (e) Yesnirfesar go uilishninfesar vo WWeglugafits
1899197385AUYsEI5E3 lnsAnuiurouYeIRMUR

193




-n-

] -

(@) lunsdinfnanSeulusigdnila vie dnalumsiidusulufanssumsisou
nsaeuluswinlatesnindosar vo srlifidndasuluseivniy uadlifasulinanisGoudy
“F” %130 “U” udusnsel

1o o Wifinsuszdiunanisdnelusigiviing q aundngeavesmiinede Tunils
maseu lnsuaduassszuy fe

(@) sruvilArszauaruuy fvuadgyanualssiuaruuunisusadu wiadu
wiaseeu laun

dgdnwalnamsUsudiu AvueYamanIsUsTliy ANSTAUATILY

A fden (EXCELLENT) &0
B* #inn (VERY GOOD) &
B # (GOOD) m.0
e fnald (FAIRLY GOOD) o.&
c weold (FAR) ©.0
b* 89U (POOR) o.&
D oauun (VERY POOR) ®.0
F #n (FAILED) 0.0

Jq v o a a - - - [ a

seuvilgdmiunisusadiuseivnamalouGeunundngnsuanisuseiiu
aa vy T R e PO
ntanasulasaslisaniy “D

UnAnwiildnanisusedivlusedodeduiu “F” desamadoudoulmisunin
sraoulswaslilufinnansusedivadlusuilounaninanisfinedeynass

dmiunedvnden drasuldnanisusediudu “F” avamsidousoud

- O o - - - o v - - - Y v Vo e
lusgdviudn visdenamalouluseindulunguividenideaiuunmild wadlidufinuanis
Ussdluaslusulouuansianisfinwmennass
(o) svuvliifiinseivazuuy fvusdydnwelnsusadiudam

PD HABEY (Passed with Distinction)
S WU (Satisfactory)
U Tk (Unsatisfactory)

sruuilddmiunsussdiu
(n) sredrlunguujifnisuazuionisiinUsaunisalivdnuasvioania
Anwuagniemsfinwidaysannis
(@) It muslifnsiudun e musamzve mingns
() ednlumnaindnuvily (General Education)
ns@ifuminerdedmualiindnsideuseivladudulasbituduniedin

- - e a v o v o - « v a
dvay V‘saﬂfmwu“'\'J'VlU'TaﬂﬂqﬂuﬂlwuﬂﬁnEWV]ﬂaﬂUﬂsaanlJW'\Nlﬂm‘nﬁJ'\ﬂiﬁ']u'UaﬂUm 2048

- g g - Vo o « - g '
UMINBIRYINYNLTBINY 'lﬁ‘lﬁamanvmmsﬂszmumnan‘[maaq‘[au

194




-G~

nednvRuildFunanisusediudu “U” dnfnvidesamalouwasGeulni
umnhunsUssiuesitufinnenmsussiivasussidousanmanisdoushonnads

dmduneividen Srasuldaziuuseiy “U” aramadoudousiluseiamiy
snuaidenamulouluneivdulunguividenidsaiuunudle uarliiuiinnanisusadiuasiy
sudbuanwmansinydennase

fo & dydnualBuilélunisusadiu s
(@) Au (Audit) WamsumsamadeuFouiesouits
(o) W (Withdraw) I¥lunsdifsieluil
(n) WemiutuiinndinnilédsueyElienidnaeismiunoutmusaey
Umemalidesnianduudmiumanisiineund uarlitesninduiiudmiumaggiou
(@) WdmdutuiinndannildfueudiliendnseienFeulunsdd
UnAnwveainnisane u%agnﬁaiﬁﬁnnwsﬁnvw wimnamafoudeulunmanisinedy uay
Fufmuana msvensusEI YU
(o) | (Incomplete) Wlunsdisielui
() lunsdlitindnundahmibivdaasasiedumamsinmiy
(v lunsdiigaoulimusadmanisussdivluneiniindnwamado
Goumelunafiuminedetmuatsssmanmsinuiy 4
nsdswamsyszdiudy “7 Wiaoudwanmsuszdiulaesrypzuuuniniiieg
Tueuiiy
natiffasudmanisusadiusedvudu “” viewyjFou wpsiividetuanmana
wazarwsnduiiaenadostuunuuimsnisasuiiseyluenans uae.m veas1ednn uazdedlidu
ANUTLYUIINVIUIBIURUA R
(@ M (Missing) Wouiinmsussiivluseginiindnwuaasulateninuay
Wiaoudspruvuiifiogniomnasinisussiiuseseinniu
windnAnwilimasusuiiuninendedmun Iansansussdiunuazuuy
filagmunasimsusziiureseividy
dnAnwiilddunsusadiudu 7 vie “M” Fosddunisveiunisusadiu
WewdsunanisuseiiulfiaiadunieluduifuivanfuiiasudmuadananisiFou
yosnransanedy 9 Wuuddndnwezldsuniseydfainumiinerdsliverenanld fai
Fosdndunsliiaiedunelunanisdnmdaly mndudiunshivduase WaeininAnwdangn
WFunanisusadivluseiodinanmuazuuuiiivienanisuszdudu “F” wie “U” lnoviud
wdusnsel

195




-@-

do & dgdnuaiduildlunisldiunaiisuleunhsinuaznamsing audotsdivees
wivendes WdsumamsGeu dail
(o) gldEuUMsFeUlaumireinuasamsAnuseivlundngessedugauding
wiafisuwhitanuminerdesusedlilédsunansanudu «s”
() wdnildsumsiisuloumieinuasianmsanyainnsanwiadaviein
3o MsAnwuensEuy vie msdnwmudsendy Wdsuramsanwdil
() CE (Credits from Exam) nsdifiléivusefnainnisnaasudiae
wuunAABUINAIVTINE s INMIMaasuiililimmaaeuinsg Iy
(%) CP (Credits from Portfolio) N3¢ #ilfnueAnainnisusziiiy
Uszaumsal lnesnmsuiauauinazaunany
(A) CS (Credits from Standardized Test) nsdifildmireAnanmsvaasy
NI
. (3) CT (Credits from Training) nsfifilémuasAnanmsUseiiiuainnig
Aneusumnnsssiumsinyvissusuidelnemizsamuduitlildantugaufinm
wadninas SnsuazdoullumaiisulaumisefnuaziansAinumaute «(e)
Tidulsenmavesmineds

sa

v £ - " a - - v & v <
Quawﬁ'uaWIau‘[auwmunmuaznamsﬂnmmmiiﬂwua ﬂsmauﬂugﬁmw

MsAnwlidnIsesutulissudnwnauUaieniafisumi

Y

49 oo MIMIANSEAUATLULIRAEYSERINANSANY warATsERUATLLLIRAsaTay
Tidnduawatisuaswiumislaglivaiay
dwduseinildsunanisany iy “F7 WhihwmiheAaundusmisiede
mnseninsamaleudy udldnansinwilussdvduisnslivimiefnildiunanisdnm “F”
ufusmsiede widinaeatuiinuanisusudivlilusyideuwansmanisfine dmsugldsu
wamsnma 38 o (o) 98 < uay 4o « LithmisAnnduimsads

oo v et - ¥ & a ¥ a - v
18 0o luNsENINAnwIasunnLasiSousmsassuslusieivineasulauan
v o ' a - & o o daa - & a ° ' v
'lwuwmunnuazuamsmnmnsaﬁlo‘isunamsﬂszmuvquﬂmuaﬂsqmmmmmmmsxﬂm:uuu
- ° ' ) -
RAYUTEIINANMSANYILATANSEAUATLLULRA AT A

48 o Mslounamsiinw
“n1slaunanisfine” wuneauinsimilsinuaruan1susvidiuvemn
e Tasfnvanvingrsvesmminedsuazadmbeinulilnghifasdinueiomiudn
ditansvelounanisinudeadugdnianmsanyilishnissdudulisenfine
nouUaEvTaIiBUw
waninast nsuazreulylunislounanisdinu Widuluaudsenieves
WMINYAY

196



48 om Msifisulounilsinuasnanisiine

“msiisulaunneiauarnan1sfne” vungA1131 NMSUIMNERnYeIsIeInN
Tundngnsvasumingrde wisvesanugaudnwduvdeiiivuninfianumine1deiuses wie
admbhein AldAnvuudddlidomaseasaunqulitiosninanludvesneinilvenaiiovlou
wmitAnuaznanmsanwantd Taghifesdnuseimiugn

diiavivadisuloumieinuazkansdnsdeudugduiamsdnuilishnia
sufutuiseufnuneuyaneviaiisui

wininast 33n1suazdoulvlunsifisulouminefnuaruanisanu Widuly
AIUUTENAYDINVINEE

19 oc AsssudisnlunisvelounanisAnwiuaznisiieulaumisfnuaznanisdne
WlvlumuUseniavesuninends

48 o0& MsaNNISANYT

(@) Wunransdnwund windndnwiliamzdeudeudsmgla 9 Anw
tnfnwerdesweainmsdnwdwmiunianisAnwunitu Taeduddesveainnisnwisadin
duasudvnisuaraunadeu wazdesdrsvarsssuflomitednwanunimdndnwmulsenia
vauminedunsvasuvatsnialitesnindudiy

(o) MsainnsAne dndnwlmilifiandainnsdinulunianisdnwiusn
Viuwsldisuayinainasnisud

() Msainnsinwdadesddliiuasinianis@nerund nsdiiiaau
Sududssaminmisfnyinnninasanmansfinwing sedldsumsayidnnesmsud

f0 oo giiduSamsinmundnges FosinuauTRsd
(o) fimunszngdn Snwilifafssiuardniwisrudutndnyumiinedy
TN
(o) @purUlusIBINF 9 ﬂsumwﬁnqmsuazﬁ'au'l'uﬁﬁwuﬂ
(@ Wesziuezuuuaivavaunasandngnslisnit e.oo
(@ fisvznaAnuanesiva
(n) wangnsviggns (« U) dusanmsdinwldlineunnnianisdnsung
dwunsamadeudouiing warlineudvdniansAnsmunddmiunsamadeudoulidiy
nan
(v) nangasuiggyes (@ V) dusamsAnwnldlineuwuanianisfin
UndidmiunmsamzideuSouiunat uarlinouduldanamsanwunddwiunsamudouseuld
Wanan
(R) wingmsszAudigeyes (bivesndt o U) dusanmsfinule lideudu
mamsAnsnddwmiunisamedoudeudunat warlideuidunanisAineunidmiuns
amudouSsulidunan

197




-¢0-

) a o, A I - o
() wangasusyyIns (Mawag) dnsanmsanwilalineudnianisfine
UndidwiumsameilouSsudunal warlineuwdanianisAnmunddmiunisamaloudouli
W
(@) Fuadisulounanisfnyvieduesniiumsfnwseivdesdinaidnmey
Tuuminerdslivesnimilslmsane
a wa v «l & v < - el
(o) UftRAsuiumuReulumsduddiiansfinmaulsenie vie sudvy
YWV INENAY

40 o0 Msvuanmmnduindnw e
(@) oy
(o) an@0N
(@) vnnuanRvesfalnsdudulinfnwm
(@ nszvindeady suleu nisusemavamminerdsuazumine dsdl
Uszmalmiuanmnsiutdndinm
@ lifrsziumamadsusarlidrszduarinvaniunwlunilinia
MANYIUNG
(o) hausimsUszidiunanisfine
(n) WWpzuuuadsarausnin e.oo dledumamsanwuning dusausiy
Budhdnw MildiuaansAniiainasanedg
(@) Wazuuuindsazansiini o.go dedunianisdnwunivinn Auuadi
du fiavans idud faunn fauwn wariitay Tudawsududdnm Wildiunamsfneiiain
ASANYINIY
(@) fisveznandnviimunasiseialuil
(n) vdngnsuTyyes (€ U) Tdnardnsufuwlatnis@nundmiums
amzifuSouduna wasiuduasslmsdnumdmiunmsamalouSoulidunm
(v) vangmsvigyns (@ U) WhanSeuiududnisAnwdmiuns
amzdouSouduna wasiuduiinisAnwdmiunisamadoudsuliduna
(A) néngrsszauyigas (Livesnit o U) Wnardnwuiudvassd
msAnwd@msumsamuouGsuduna wuiuduwalmsAnwdmiunmsamalouSoulidiunm
() wdngasuIgygnd Waides) Woadnviiuddnisdnudmiunis
amafsuSsuduna wasiurntnsanmndmiunsameloudouliviunm
(@) Anwpsundngmsuarlisuaulilidusanmsinmnude oo
(&) freanudnwm

1 Y1 - o ) a . -
19 o UnAnwiivuaniminAnwidismglidrseduarsssudsunisAneiuay
) a 1w val Ld o w - v e @ ¢ aa -
lLidrszRuarsnwantunn WianstuAsasvaduanmidndnw Tnevidninaus 35015 wavidaule
msveAuanmnsiutindnw Wdulusmusenavesumine dy

198




o o dietinAnmamaleuGeulimhennmuiidmuallundngasud warlduen
syfuATULLIRADATaNR UG o.c0 Uikt b.oo THdenamadsunsivuiuduionsedu
suuuRdsasaulify b.oo aildeswnglusssznanude on (@)
4o bo fduFansAnwrseiudigyniarlasuigyuiesatey desdnuant?d
Famoluil
(o) Wazuuiadvavauious o.oo 1l wldduieshteususunis uay
Whruuuiadeazautous oloe TlRlA URsAdonSufuans
(o) asvlaldlusiedenla q Lishndr “C” muszuuaszduasuuuLarsadli
weld “F” vide “U” vise “W” lusneinla 9
(@ Linsamudoudluneinle
(@ fisvoznafnw il
(n) wangnivigyes (@ U) Wnamsdnnbidesnimnanianisinm
Unfuarlifudtnsinm
(v) wdngasUigeyns (¢ U) Mhansinnlidesniuuanianisdnw
Unit wazliiiiuiUn1sdnem
(A) angnsvigyey19s (o V) WnamsAnnbivesnindunianisnm
Unit wazliiidumnlUnisfinw

asanAnwthearvivnneluamineds Wluaansansluaivisivg
LaYa1UITNANTINAY
(o) Litregndainnisdinsinsiznszviaistndnw

4o bo UnAnwiiamuteuseuluninggioulidednsiunslasuuiyyiesitden

10 oo WUnAnwiinain wietumeinseivla q lunisasunatainiavienisasy
Vaneaafiuminerdeniamissnuiansdnwdaasy 'lv"uﬁ’nﬁnmc\q";f’ulﬁ%’unamsﬁnmvﬂu “E>
3o “U” lusgivnfu q uasliinmisSeuntanisdneniy wasliidsunanisdnendu “w”
Tunedndu q

10 om MllamznssuniseylifnansSoudaldiunisudaininaniuminerdodu
HouliRransiseusEAUUS Y M TUMUanvTine de Usznaume
(@) o8msud Wuusesrunssums
a a0 - <, a ot
(o) s0903n15UATINIUMTIRUITUsESTSIUATINATS UavBnuiianudu
ASINNTS
' v o =
() AuAlumbsuidanmsAnwlusedudigyns Wunssuns
(@ nssuMsaNIUMTINEIdEInAISEUsEST Suauassrulunssuns
@ gBnnemsdnindaaiiivnmsuasenmaleu Wunssumsuazianiyn

199




-

(o) wiensnlounminedvssigdosy wazfamihdineuggiuaenis
dninduaiiivinsuasiunadoy Wudtreavyms
nsldnganssunisnu (e) way (@) Wusiazngudeniues
uns@fesaiumiona (e) (o) () (&) w3s (o) Lieg wiolienaufUanidily
'lﬁ'@"?nms'mmsuwu'[uohwﬁaé‘anﬁmﬂmjﬁmﬁwﬁwu
'lﬁﬁaiﬁuﬁﬂmsnssumsﬁqna'naqﬁ'ﬁwamsﬁuu Wutududanisdnea il
'lﬁum‘iwmé’aaan'lu%’usmmsﬁnmuauszLﬁuuuammanm’s‘uu’lﬁuriﬁ’nﬁnm

10 oe Wednmsuasnwnishidulunudeteiud warlwiisweeensadeu Usenae
O Y YV  aua @ ¢d o - vuw-ﬁlv adv o - - v o v
fds deujuivsoinmsiieduiiunsmudeduils 'lunsmwmammwmmma{]mvnwawmm
o a V v v dqu oa saa o & o vy ald
Tunssutiunmsmudovesui 'lwaﬁmsumwnwsaé’anﬁuaz'lvmatfluwauqﬂ

Usenie o Uf be SUAN WAL bdoe

X

b s ’U «
diiesAguiamed nednaug)
nedeIuAniease

(Mans
WLNEN

200



201

ANMANUIN Y

a

U5TNIARMZNITUNITUINTFIUNITANANYT 1309 T18ALBEANAANSNITETEUTAINUIATFIUAMA

9

FTAURANANYT W.A. 2565



UsTnIAARIZNTSUNTIATIIUNTANANT
(399 T1UALIBUARATHSNITIFTIUFAIUINATIUANNAITLAUGANANY WA, ndod

afisdnnamuarilute o 155AdAY WAINYNIENTINNIFIUANN A TEAUALANY
= g & d o oo
WA badd ANYNTIININATFIUNMIEANANE TuMTUsYYNATIN ¢/odod WM oo WHENIAN
WA, bane Jadlufesnyszmall dwsluil

o. Uszmaii3ondn “Uszmanmznssunsunasgunsgaung (31 1eazdon
HAAWSMIE BUTAMINATTILAMNA ST UALANY WA odod”

% Vo w o a o T oo v
o, Ussmeti ki sfuvdsnusemelus i aemguune uasiaus iun oo fune odod
Wusiuly

o. lutszmail

“aniugaufnw” vuneAudn an1ﬁuﬁﬁ'ﬂn1$qﬂnﬁnvwisﬁuu‘%tyfyﬂuaxs::vTU
s‘ﬁm’1U‘s‘ty:mﬁv’aﬁ'tfluvaq%’§uawaaLan‘uu

“UnAsgIuRARisEAugaLAnK” w1 Yervuaifisriunadnsnsieui
'uaqvjt%'au-?'il,ﬁﬂ%umﬂmsﬁnmmumﬂspwé’nqmsm'iﬁntmzﬁuqﬂuﬁnmﬁﬁwuﬂ'ﬁumuisﬁu
M3IfnwusazIziu

“wadwinsiiouy” mneaud waiieduundiiouiunszuiunsSeusald
nmsAne Aneusi wieUsraunsaiiAeiuanansinufoa wiemsSeuadluivhausywing
AN

& HAAWENITTHUFNMUANIAILAGLTEAY ABsdBnAdBINUSRANYAIvaIMANgRS

anugaudnm I1din Uszinard wazuiuvlan Ussneusmeeties « fu ldun

& A (Knowledge) vaneiia AaidsaunannsdineaGou msauaia
wioUszaunsaiiinannvdngns SududiidniuwaniivmeremsulUUiiR vieresenaiug
Tumsuseneuenin fsedin agsmiuludeny uavianneiedidu dmiumsisidinlugaidvia

<o Vinwg (Skills) manefis mwannsofiiaanmsiFeud Anduljialiiae
AmuaaIndes Fedla wazdiung ey Wannindwieinns Nannau waswaundanu
dmiunaidinlugaadvia

.o 9385950 (Ethics) e ngAnssuvienisnszvirszduyanaiasviauis
aundudiinusssu Aasssu wazesseussa ieustlomidusuuardunu Wrevuazaunds
fou

202



203

&.& anwuryana (Character) nuneie Yyaannwm dnvuzlids wazariloy
hazvioundnvuzianzaans Judn waraniu TnewauiunsGoud uasnistnuszaunsod
Vandnges Witianumnzauiuusazssivaasguganalsyaugauinn

¢ Twandanadnsnmsiseuiusaziulute « muaudiudazsedvu Wuluay
naskuuNeYsTMARTULl

5. anugauAnyidesnansauivinveuiinssasulalunisudnvudsinlild
wadnsmsieuiiidmuslundngns Tnssenuuuuasiiaunszuuuaznaln w3e3sns nieamdngu
Bauszing dwiunsasndeundngnsmsdnuuavasindeumsaiiumsdnnsdne Wemsiuses
WATFIUNTRAUANNTBIMANGATNTANY

sz s il B0 iieu nsngian wa. e

(manssiiivsinuinade Tanuniing)
U5 MUNTIUMTINATFINNTRANAN



204

@ lenasuuLYnBYsENA

swazBuaradnsmMsGouiuiazdumunandiuiagsziu

A21u3 (Knowledge)

Tnssadivasmuidmivudarseaugand

igail
. AMEIBESE/MENNTS MiinsuIuns wasmmETisudusionsensedin

vel o . - &~ ' vl o . . . B, e
. * anuiidutudanisiealos msuiule nsaesanmmEThitlUgnsRRKaEN T Y
* mneme snuRaamsEiueyUSygn

G T a ) g . - va
A1§ (Knowledge) vneila AsiidsannainmsnyidSou nsduada wisusvaumsadiinanudngss Sadhdsfisnusasniivimedenisuiluugud
Wiesevammmilunisusenavein disadin egsuiuludsa wasWanneteditu dmsunsessiislugaidta

o
Uiy iryauas UsznatlpUnsUndia Yiyayrin ﬂi:mﬁz:l;:summa Ysnysyian
s duaziivme | mugisidueaniome | euiisuluevioms | miisufuaniome | mwiisduenioms | mmufisiduasiome
dmiunisiilulivinnu | densitlujuR deven | demsiilUUAUR reven | sen il uR Aeven | denisurlUUfUa deven | AensuilUuGvR desen
srasummii Ay v¥uldanng | s uerdenilbwmng | mwd uardesilomnud | a210d vazifoules | mond doslownsg uos
Wemmiannm Twifewaninidn Imitfonisiuwy uax | a$1909dar1u§Tmi | msldnszuunsiduiie

afvadwidduienssu | Swivalunsuitom | a¥1eeada ERPEATRY
M EWLUURIATI | T Tgnsuddagmiuuy
warithuiiveusu avinm daduiemsuua

18l warvdausulidlu
- o vy
Wuvoule

v g
AMuFBINTs v

g N - - o ° v - el g - 9 - v Y v
nsadedsimel o nsruaunisiteuaiam Jailildnandslmifiiudsssivg dawes nszuiunis seuu wunAn ami‘)uﬁmasuﬁumnm‘mz
ANARS I3 Wi ARadtasIAlwml nialinsiau deven Ussund warUiuuse Wannsoldlfegramnzay uavasnadasiuusurilmi 383slmi wie

msa¥essdauilmi et nszuunsiSeRlEEIMe N ISeUssnvse q Fuidlilduantn wietofumuannisise Wuuunin nqui viearss
mmlmifglunsduaimieraunmansluauniiy vioduasiliiianisasemanslmivuuysanms

4

yinwe (Skills)

vy (Ski 3 aa P e Y == =
nnwz (Skills) wanetis Armannsaifinanmsisoug dndud jiRliAeawueaandes doala drungy Wowaunaw Waudvnwiainims fauau
uazinnndann dmiunsassiinlugendva

Inssaiveninuedwivuiarsyduand i
v a e - fed o v
o. MinvensUURNuAITdN wiemumaniminde

" v g v 5 G v e GG e - 5 st o o4 v
. vinuzihily Uszneusevinugnisidous Yinwzduynna wnwmsmwuimnugé‘uﬁm‘lﬂqmswmumu Fulin nsansainnagnsinuieaswassa

< Y - v, o
83AN3 uavdenn Famnzauiunsasaiinlugn

Fdvia
_ UsznmativUnsundia
aylynn Wiy Uszmailotnstudia Vigain B Viggayien
. inwznsiious o. MinwensiFouf @. inwzn1siiong . invznsiSeu . Yinwznmsiious . inwensiioug
N3EBUIEAULDY msBouiinenie mIBeuiiuaules MsGeuimoaues uay | MsiFeuifionuies uny | MsiSeuimeaues uay
TumsuiRals TunsURUR uax TunsURUR waz Yinwrnisainen g vinwznisademmg Yinwenisaianmg
awado . 0 &, o - . - e a ua a aa - - P

AMUMUATRN UG | msuSulsaiaunu msUfuugianng | lunsufod nmsdedise | lunsufoR msdedEe | lunsuia nsAesicy

A - - y L [ v, ¢ d

denisusznevenin | Willeoundullonn®n | a¥redslmi eadhe adeassa eadna

lo. ViNwzAUAIE

0. inwesuava

. inwgmuIna

mugmidaiving
WipININ

lo. YNWEAUAIA

Au3Imiganns
windniwluszauiu
- o

fvansu uauiu
WU{URL

aa o

lo. ViNwzauAdva

adreassd ieadn

oM Imiddnns
Wil S 1B
wiouuldlunundule

o VoV ey - - - ] . =
niingnsneddinurannsauwAninuen1seuluamsswil be Wad Top o Skills u8a World Economic Forum

Arathavinee : nwznsuaamnImEiEnuea (inquiry skils) n1sAnidainnduazAneda3iiasmnyin (critical thinking) NTUANUNANE (reasoning)

AuARai19aTIA (creativity) n13i3oud (learning) 11538a75 (communication) Aawsaufiasamma (collaboration) nswtiauiiufi (team working)

A dughin (leadership) Anuiiiugusznaunis (entrepreneurship) n1sufiludm (problem solving) msnz‘js"mﬁ'uéﬁu Wnwensviiauiivainwane
(multitasking skills)




205

&

V38535 (Ethics)

= - - - - o o, v o va ] : vd
938555% (Ethics) vuneds wqmnsswmmsnsswmnuqaﬂaﬁa=waummwmﬂuquqmsisu Aasssu uarassesin ieUselomidusinuazdiunu
ﬁadawﬁwuazé’uwé’agﬁu -

Tswainvessiusssudmivuarsyduaond il
o o - a il e
o. Mmsnsyviidulunungaing uaziinusslominodann
o o a aa - 1o a
. MsvdndgINsnsEiaRangnAntvesdan uarlivhAangming

L v_ o - 4 v, - ' v a - = de - - -
Y vangnsnanmuasisTsuTmnzanivaiviludazsedugond wazasessaamzininiimualasaninin visUszmminin e
assessalunisusznouain

#ired1eniessan : nsnswiitindesss wWu mudedndanin mmideeioud muiidalawam samiloudeusns nsidamsisue msdnw
Awandon Huu
nsnsshithigneiesssy idu msdnaensa MsNiamMaivING nsazvidlaningduneilygn nsazdindvsiad nw nsanulue
msyaiansaey nsdelne nslinssimmdygn mslavanasswaamesdufiiui nmsnasiniiBeyssleminewaniissilsignies iy

dnunizyana (Character)

Anwauryana (Character) vanefls yadnnn Snuneiidy eriiey Aasiougudnsarianzamani Juin wavandy Ineiaudiunisifous
waznsiinUszaumsnionvdngns Millenumnvauiuuiassdunasgunpadssiugaufin :

lnssairsesinunsyaradmiuusayseaunandl kil
o. dnuaizypraiily

W a o “ idd v
o, AnuRIzYARARRANTN WEamumansifetes

drethainynizyana : yadniiideite \Huilas T Wi Sdeld3lGeu ndwansoan ndwinduls wam ngan Shnsvianiduii dreduna
Amadiliasounyn fivgua dnfleudaulugaunisaiiignes mssnundunden mumeriios prmiiienfuludery Anuiuiiatourodey sousy
A ludeny Tiwedhaiivona mwiuiintey savulunsiuainin swseurey amwasdenitu Muuvueeld yadnami fnsdeas
i Anuszuy destilunuies Squniotion fidauids Sumnnts Saufeadrassd 3nnsisy Snnsuans dutihuinsdans Tarmdndemssng

v s ¥ voiouod 6t I} v . g e
mwuﬂu@ﬂszﬂavmi N153AdvIA (digital literacy) uayn15§ivinviude (media literacy) 1w ms3malulad (technology literacy) Ms3asauwiet (information
vd oo d ¢ g v S 2 v i v
literacy) msgLﬁanﬂdmﬁu (visual literacy) mij‘miﬁaa'ﬁ (communication literacy) n153dAn (social literacy) s

T T da o g i V. g o Godu e ;
Wieil navdngasdosimundnvaryaraiiudnvuzyrramluiivm zaudenaseiusasnuaivemingasuavaniliy daundngasivin msimun

v P s & v W o o wa o v q v v_w o

shunrypraRmEINEnamnasgwiniuhe lnsewidandnvaryarailiinimuafusuaiindugauhliseandssiudhunevewmdngns




206

AAKUIN Y
$19AYLUAEN
Usen1ASMILNNEENTN 47/2564 1389 NANTTU NaNEAT AMENUR unumuasniig

vasgiregusznaudnInnisdnunng



207

M e
Lﬁﬁ] @M mauﬁmw |SYedcd 3 iwﬁamqmnm & Qa’lﬂil &b
U
USLNIAFNILNNYANN
7 @/odoe

1399 fNTTN vidngns AuaNtR unumwasmihiives
WY Uszneuinndnnmsdnaunme

wieilunisimun Ranssu wangms auandR unumuaswiivesyaratiatuayy
HusznevivInmsdmunmd neurragidnsunseusiviangnsiierUssnewisinnsdnunmed
Auiidnunveam3uses ﬂzﬁaaﬁaﬂﬁﬁamuﬂszmﬂﬁ
prdesamuanlude o widelifudmunneant dhodesdu 1 suegly
voulm Tnquszasd vidosnavthilvesdmuweanlunsimunumuuazmifivesyaaa
fatuayuifUsznoudvInnmsdmumd wa. beom uazuRvesraznITUNIERILIMEANT
Tumstszguadell </oeoe iotuil ox Bunan beoe Twonussmeli ddeluil
fo o UszmiaiiFenin “Uszmadnaunnean 1 co/edod 3os Aansu
véngns AuautR unuuazThivestielUszneuivBnmsdniumme”
fo b UssnmedlASsEUTuuaTuUsEmendudily
fo o Wendnussmadmummeam 7 vo/edom (3es Aanssu ndnges Anaua
mewuawﬁﬂ“?imamﬂﬂaﬁaﬁuaqucjﬂszﬂau%ﬁwmsa"muwvxé AU om SunAl beom
49 & ANENITUNIAMILNNGANT 9IMNUARINTTN nangns Amauld unum
uagwihiivestaoiussneuitinnsdmums fwielud
(@) Aanssy Msweruadn’d
(0.0) nENGAT NITNLBERN]
AN TRLay U mThve swiinaun s ade s
(@ UNISANWISTAUUSYYINT @1v1Ine1rdnstuda In.U.
(Msne1uadnd viEedieuwin) uazkunmsineusivanaasnsnenuiadng
(o) WBUWATBIUIUWAZ W
(M) UftRnumunssuumaetuadaiaes T Ussluanmdes
AeIN1s Adadeeinisvesdnd aﬂaLtwu%’umaumsUguwemnaLﬁaaﬁuﬁnﬁummawﬁlw
ameIMs wazfaamomsvesdninidsunisudly
(@) PrufuiRnuiudasnssursoiinanseng q Annsesdnd
WSeENsEIUUsTAMANAIES, WIufdniUae, nSeNTamNIRe qﬂnszﬁm%‘mﬁamaammu
Ay dn YIUEoAMIUNNE TN IHIRALAZAAM N INTENINAIN THIRA



M o
@l eag AOURNLAY bee 9 F19RIYLUNY & fanal beoe

(A) INITOUAZIITAUN A LEUNNTINIVDIERMNNS N UTAWIEN
WAz UTEN AL 8ANUAA DYER LS
@) ungadaithetiveinntlsauazosindaitae
@) guasulnvunmsiignavdnvaziteiiununmdindes
@ UftRnudu q fieaiuayuniswetuiadng
(o anufivjifnunaznismuaunsujoRaunuiiguseneuinis
nsdmunmdtunilseumneimun
(0l0) wdngns wAtANTERILME
A TRLaz U veninaumatiantsdenumme
(@ UNISANEITEAVYSYYINT @191 Inermianstiada an.u.
(nadlansdnunnd visewieuni) wazkunisineusuvangasatian sdniunmeg
() VOULUABIUNIUNNLAT VLT
() mil,ﬁ‘uc%azmmsmaﬁLﬂiﬁzﬁﬁaaehﬂuﬁuﬁuazi"nmgmmw
eenaftessamaiosl foRns
(@) FeNUHALATUINIIANITgIUTRYaNIiBIUURNNS
(M quawdewdleildlunmsitedelsalviegluanmmioslde
@) 352935 1ENN1eUURN1S 1 ¥u Hematology, Blood
chemistry, Urinalysis ﬁadﬂﬁﬁami Hormone, Serology and toxicology, Histology &
Cytology, Radiology (ton®is58 wax ®am319129), Microbiology, Parasitology, A15AT29
Fecal examination, N15@¥19 PCR %38 Molecular techniques
@) nmanernadadidesdu
@ UjTRnudu q Iwatuayunsidadelsa
() amw?iﬂf]ﬁ'ﬁmuLLazm'smuﬂ:umiﬂﬁﬁamumuﬁ@ﬂsznaﬁm%w
msdmuwmdtunilweumnerimun
(o) Aanssu nsadeiauiulsndn
(0.0) wnéngns nisasealifuiulsadnd
anaTRkazunuvthilvesiinnudniadu
(@ aumsanwlidinitssdulssanfnudil o wiedleurinuazeu
nstineusuvangnsnisasiagiiduiulsadnd
() VOUUATOIUNUINLAT VLT
(n) AnipTuainegiauiulse
@) whszddlsaszun

208



209

M e
@l eag AOURNLAY bee 9 F19RIYLUNY & fanal beoe

(A) AUt
@) ausubiruiinuasns Reatulsaszunde?
@) srenudnithe
(@) anufivfiRauwarnsasuaunisuifsunwiguszneuivdn

Y &

nsdmuImEtunilaeuningnvug
() Aanssu msindudaiuazendad
(o) wndngns nsindudaduazendal
A TRLazUUIthilvemtinaudnAudaiuazsnde
(@ awmsAnwlidinisenmadedasivndn (Uav) dmenans
Wiaisuwuaziunslineusivangasmsiniudn luazendn
(o) VOUAYBIUIUINUAL LT
(M nshsedlse
(@) fiuegn
() dunponis uavsoslse
@ swaunnihsyidse TnsufoRuludiuinfudaisus
AoNdnienvu
(en) amw?‘iﬂfjﬁamuuamsmuﬂumiUﬁﬁ’ﬁmumuﬁ@ﬂsxnau%m%w
nsdnmwmdtunilsoumneiue
(€ fenssu mMImuAMsAABuedn Tuazendnd
(€®) wangns nsmuANNTIARB UG EdR LAY N dn
AuaTRLaz Ut vemiinnumuaunsLedeuiedaiuazende
(@ aunsanwliiinivszmaidetasivdn Uav) dnmansd
LLazcfnumi?]nauswé’nqmsmimuqumiLﬂﬁlauﬁwaﬁmiuawwnﬁmi
(b) VOUAYBIUYIUINNAL LT
() ssvaeulundeuiedaiuazeindi
(@) ssnguamLazaueUTInsAfeuiedn iuazendnd
() T1w9uRan1sUfiRau
(en) amw‘?‘iﬂﬁﬂﬁmuuazmsmuﬂumsﬂﬁﬁ'ﬁmumuﬁ@ﬂsznau%ﬁw

Y &

nsdmwmdtunilseunaneniviug
(@ fnssu nsguaguawdsiluvhiiannsgu (GAP) uagwhsuvnly
(@) wangns nisguaguamdniluniiuinesgiu (GAP) wazvsuvialy



M ol
@l eag AOURNLAY bee 9 F19RIYLUNY & fanal beoe

s TAkazunumihiivesninauguaguandnilurifuunnsgu (GAP)
wavwhiuinly
(@ aunisanwilidinitvszmaidotasiondn (Uaw) dmenand
uazsnumsiineusvangnsnsnuaguamdnisdatulunsusnsgu (GAP) wazvhiaily
(b) YBUABILVIVIMUAEMTIT
(n) Anfudaiidudhlue
v) asgunmdniidesiu
viningulviundn Tlursy

=

f
nadaulsAlagsy

Lo
~

whsdslsanazmuRnUn@ luniu

&)
—

trialsadainundniunndnivue
yInanegn

2
=

NaLEERI NS ER)

C

pauaumsldgunsaleng q Aldiudng

- =

) Msldasadluvisy
(1) MsviaeTasHs
(en) amuﬁﬂfjﬁﬁmuuazmsmuf-]umsﬂﬁﬁ’&mumuﬁ@ﬂsznau%m%w
nsdmumdtunioumnesimua
(o) AINTsU MIMUANANNINDINTENT (Hauendn)
(0.0) MANGNT NIAIVANAMAINOINTANT (Wawe o)
AuaTRLazUUIThiveminnumuauRRINIeISERT (Haue1dad)
(@ aunisanwlidinivsmaietasivdn (Uaw) daammans
WaHIUNMSENDUIUMANGAINITAIUANANNINENMSART (Hasendsrd)
(o) voUWAvBIUYUIMAZThT
(n) PUALLAZIANUENER INEND NS
@) wangdwiluemnsdnl
@) davhuaziiuenats laun aastufinnsudnenmsdninaus
nsAIUANAMNNEER TSR
(1) iusegisensdn naueitedsmaaaunmnm
() anufivfinuuaznismuaunsuoRaunuiiguseneuinis
nsdnummdsuniaoumnetvue

210



M lom
@l eag AOURNLAY bee 9 F19RIYLUNY & fanal beoe

() Aonssu n1snsremuRNamIn L iedn Tl sssindn
(.0) WANGAS msmsmmuqnﬂmmwﬁaé’fwiﬁiiwﬁmi
anaTRkas U mThivemiinnuasialsnde
(@ sumsAnwilisniusmadotninintugs ) dmeans
u,axchums?]namwé’nqmmismﬂm‘uﬂu9-1sumwﬁaé’mi%ﬁmﬁ?uﬁiswhﬁmi
(o) VOUAYBIUVIUINUAT LT
(n) asvguawdnineusn wazvdwen (IensIvdnd)
(@) Fusesmssmheiiodes
@) WNuietendniwavendniduissufiRnns
(@) aadowuie Test kit 1ty msisuilouns
(en) amuﬁﬂﬁﬁ'ﬁmuuaxmsmuaumsﬂﬁﬂ'&mumuﬁ@ﬂsznau%ﬁw

¢y &

ANTEN NN ITUNRTINOUNLNENINUA
() fanssu nswauiie
(®.0) WANEAT NSHANLTION
A TRLazUMUIMT T ve swinauN AL
(@ aunisinwildainiivsenafiodasiondn (Uav) &aaenans
LLazchums?]nauswé’nqmmiNamﬁauﬁmiﬂjﬁmﬁv'u
(0) VOUAVBIUNUIVIHATILT
() LﬁuﬁﬂL%@Ltazmmqmmwﬁwﬁa
) AIsNAdRUNENUS
WeLLTgy

=

(
@G
@) uwhlatgmmwaudinenn
@) quadninendinisaaengn
() anufivfifnunaznismuaunsujoRaunuiiguseneuinis
nsdmummituniouvneimus
() NANsTU MsTIvdeULazENsyIIsEUUNSIANISYRUREINER)
(®o) ndngns nisevvdeulaniszitsyuunsiansvendunnda’d
anautRuazunumihive swiinsun ssaeunaziihs Jsruumsianisveade
RNNERI
(@ aunsAnwildiiniivseniafedasivndn (Uav) deanarans
wazshumMsEneuIUnangnIn1snTIRaeukaih sz Ssssuunsinnsvesdeandn
(©) VOUAVBIUNUIVIMAZILAT

211



M o
@l eag AOURNLAY bee 9 F19RIYLUNY & fanal beoe

(n) AufI9EN ﬁwgn e Jaanz gannsy vendssamsia
gndn’ Tidouavisiavdsing o iedwsaalsadng
@) andeukazisrisruunIsinn1sveudeainvirsudedng
® AIUANNITIANITVEZUATVR AL INADIUNYIUIAEN T
anuusznoun1siuladad 1y Tsendnd Tssnuudsun
(o) anufivfinunaznismuaunsu§oRaunuiiguseneuinis
nsdmuwmdtunilaoumnesimue
fo ¢ dodrimuazdoulvvesuszniafiotnsiiaeduszneudndnmsdniumme
Dﬂﬁ%ﬂﬂ‘i%ﬂ’]ﬂﬁ&lﬁﬁliﬂﬁ‘lﬁﬂéﬂi%ﬂaua‘m%wﬂ’]'iE:fGl’JLLWﬂiﬂzjﬁﬁﬂéLLax?WI%GH&I&J’]@T] & ()
KAXUINSY em (©) AUNTTIIWUYAIMTNNTERIUNMEG w.a bece lagldamisn
isemadedasiulduslenllunsasinsduaudndmunneanlé
do o nsadvanunseni1sYIndevedYvIelUsznauivaInnisdniunme
wazagmelsinmmunuvesUszneuivi@nmsdmung hidunsussneudy@innsdaunmeg
fo o Tlunsaliadamenudsvneil 'lﬁmané’mLmeamLTJwﬁﬁaﬁa%‘m

Usenid Uil oo AWNneN NA. bdobe
FOINANTINTETSE SnANEY
u’]EJﬂE%YJLLWVIEJﬁﬂ"I

212



213

ANANUIN &

UszmagudnisAnerdaliasmednaunmg 7 4/2565 Faansaunsdeududyoe

Y

HUsznaudvinnisdniunmddunile



ﬂs:mﬁg}uﬂmfiﬁnmmmﬁmm«ﬁmuwwa
#1 4/ 2565

' I v, v - o ¥ '
1529 m's%uwzLﬁﬂmﬁugmﬂgﬂsznfamﬁﬁwmsﬂmuwwawnﬁe

BNBIMNSENAFRUNIEANT 47/2564 E09 AanTTH NANGAT ATENTR UNLUMUaLIT
YDIHHIBRUSENDLANTNANTAAWINE B9 04 Tl 26 BvAN 2564 UATANKNATIISL AN AMIEN TN
1AMsgHEnsAnEmilasdnauneassil 4/2565 Waduil 5 wuneu 2565 Weiiunistmun
naninorAsnsuetmadeuiugmenssnaidrdnnisdnauwms Humdds guimstnuiseiiiomng

o 4 o L= ¢
FAAWNNEUDUTENFANRNLNTUN AN

1. dnunmeanidusssnisdunateudugrasgusznardminnisdnaunmelu 10 ndngns
Fane il
1.1 MANGAINEINGLNARRA
1.2 yangmawailanmsdnaunme
1.3 néngrantansngRaniulsadng
14 véngmanafiniudmiuazsndog
15 HngRanNIEALANNSLARDUENE FRILAL TN ERA
1.6 %5ﬂ2§m‘5ﬂ’ﬁ@]LLﬂ'Zﬁ‘Uﬂ’IWﬁ/WﬁuWW%NNWﬁﬁﬁu (GAP) WagWaNviatL
1.7 MANGAINTATLANATNTNEWNTART (HANEIARY)
1.8 nAngRananaaaAuaNAn e dRITilseRndan
1.9 NANgRINITHANAEN
110 néngmantsmsnsasuLAtilisEIssILNsdnnTsYsaREaNERa
2. yanafinesnstumasdouiugmnestnodrinnsdnoumms funth asaneinaimanifiany
Ustnadmaunneanil 47/2564 daualuusazvdngns wistunsdfnaas@lunseny
Usgnadmaunnesniii 47/2564 q@nisRneAngmansiudaieuniunasiansss
swnsneatunaiodln laesnnadfadeinabituwennendmoummesni
5. yaaRagaasdmiAseauiuginnduniseusunanitiuidafineusy Taansududngnsi

NIRNIFFUSENINARINNYFNT WIBNEITLANFITHHENNTANASIZITUNNSAARENNISELSN

WANGAS AWAL 500 UM (M13BELMNIN) Munaantilfidaeusy

214



4. YARATUABINIUNISOLSHNANGASNTIENLSENELAT BN S AR eI unneaniins
Suspanangms uasimangmlulseniefiednerseluiudunisniunisiinousiiy wsandnsy

ﬂ’]ﬁ‘ji&llﬁﬂﬂﬂ’]iﬂ’ﬂﬂT‘UUi%ﬂ’]ﬂﬁﬂﬁ/m‘jfﬁw’?uﬂ’ﬁﬂlﬁﬂﬁ]ﬂ‘if‘.ﬁﬂtm@’] 51 Auay 3,000 U (N

v

Wuumaaw) Munaniufidneusy saxnfeanssssiflannnafiusnuma deugiinunisauss
ALAE 500 LW (Mssguman) Munaariiuitdneusy

5. yaratResfimisReduuesanysEnaLArEnnadnumsiumilsanantugasugu dafu
unumuazminfivesiu Tasgusenauardnnnsdnounnegduniedanon 1 au axilymany

=Y o/ ¢ . o Y. ° i =3
ﬂ‘itﬂﬂ‘l.l’]’lﬂ%Wﬂ’ﬁﬂW?LLWVI?_ITW,LG'Iﬂziﬂﬂﬂijﬂﬁfﬂ@’m’nﬁﬂmu 20 AK

] v
Py

6. AnAifiyEaEKUszNBLAMENINSERIUNEENTlNzINeN ANLUMUAE AT Aviua Tl
. . vy ¥ i, w - . i Gow ¥
Usrnadnaunneaniil 47/2565 (aiu Iusgiuyussnaudsn@nmadaqunmesuniaduy

AUA

A
ar

'uumumsm"ﬁyuml,ﬁﬂuLﬂuéﬁﬂéﬂsznﬂu’im%wmsﬁ'mLtwwé%y'unﬁq
1. gulsrasnretunuden annlwanuuunedn fea.an 013-1 anmidulendnaumesn (u
AMBIEHENaRinEReiiedmIume)
2. naonTEanBen uardnaaanaTRIAlL
21 wwudeiunsnfeugmeylasnoudrdnnisdnunnasunids uuienans a.
FL.AN. 013-1)
22 dniinsiszdndanssrm vdedunlinsussidinminfinessy
23 duumadening
2.4 duunlussneileninsnmumsiineysy
25 wikRsBusaranUstne AT EnnsdRIwWsTIrURNi i UF T RN
(WWLLBNRT ALALAN.013-2)
2.6 dlusyyRKLsEnaLAs BRI sRRIwWsTMsmUANTT UM sUR TR
2.7 wingumatnszAinumaden 500 - um uazareantulszniaileningy 3,000.-
v g9l 3,500~ (@wisMIaEIMaaY) Falasuananiudalnausas Hdnauwme
annnnsiuees
3. @ wfinsnaseuATHgnAeee TUATAS UULA3USEY uasenaavdng HiinedTeian
5.1 winfuains WWUABLS8Y LANBNASVANGIH gABIULALATLATY KANATILRSY
voprmmeusunalsLenans ety 7 Swiins velnedivie Bua
3.2 yntuming uuM3Ues uasenaEvdng i TugnassuaLAsLnY HasATaLlnsy
Tuiufin 2 disenanaiiasuaa@anii) meluiuiiduenans wefuieminilaiuienas uay
waAsazasun falngnasuaasuniunsl 7 iwinig mnwudmuadenang Kiuazaaeinisiu

LONEITVIINHA N

215



¢ v 5 ¢ v v v - 5 P
4. ﬂuﬂﬂ’ﬁﬁﬂiﬂ%ﬂﬂmmﬂ’]\?ﬂﬁ’l LLWVIEW%‘W@’]?W’]TMﬂ’ﬁiUi’m f{j‘lf’lﬂﬁdﬂﬁzﬂ’rﬂu’}‘lﬂ%‘i"lﬂ’]‘iﬂmqLLW‘VI?.I

TuiiussguanenssnnUAMINTY Wauas 1 A59 uasdnasludsenefiens anetu 30 Swinns

ATANUIN

! oo @ - v o o s
. ’ﬁ@ﬁVl']\iﬂ’ﬁﬂﬂﬁlﬂﬂ‘jtﬂ"ludﬂu@luﬂﬂ’l‘jﬁﬂ‘lﬂ’m@L‘ﬁﬂ\i‘i’l’]\?ﬂﬁl’JLLWVIﬂ ARNIUNNENNT

a : s { ° o o 4 as 4 ! *
Wﬂﬂﬂ?‘l‘! Fuaznanidavinnng fa usuns t AUFNT IENTINIRT 08.30 — 16.30%. 8NLIU

TMEATINTT
awudt | yaennsiinne FeRBYA
1 finmafidniinem guenIsfinunReifiamedmoums
2 | aevnalsudle Aminemdmumean nel 68/8 My 1 auuLATEWNS
Fmauneln s1ineifles Samimaga 11000
5 ﬁNﬁﬂLﬂ%TWiﬁW‘ﬁ 02-017-0700-8 Giﬂ 201, 203, 204 way 205
wsiarlnaans | 02-017-0709
4 g vetcce@vetcouncil.or.th
5 LINE Official account | LINE ID: @vetcce
2. %ﬂqumfiﬁnm‘fmvgﬂﬂi:mwgfﬁuﬁﬁmu;wwmm
Aeudi 2RIV seazidun
1 LRSI Hhen1s@uuasioy® 94 2 dninemdmaunesni
1l 68/8 13y 1 enATBINS FuALNITN Sneiles
Fandaun3 11000
2 | wwawms sUIA1INRNI Me
o o4 « <
—9IEAUBEANNT | NIATIABIIUIANINANT MY
szytulususes . giafiln
fiansau ALNMSEULINteret banking?e4811ANINENS I8

winlu Pay-in
Tuananaaleniiu
WAl
—PBaRBNINYINY

Dawiu

L HBLEUNALATULBIEHIANSNANS e
A 2., Tw.r?z'@mmémaﬁa 3%1] comp. code B 35096
«
FU1ANS e sase)
Y A
NGB
1 - s
2. WNIUSEUInternet banking2@98W1 AT e dlae)
! a o/ o L4
A.HULEUNAATIBIsHIANS MENTYE

28 N.-A. Weniuya1eda 92y comp. code An 0932




T - Py 7 7 v [N
WIWUINTT VeI NITLAT KA DI LR IV YN A

’s < 7 L) P 8 L o o A
LARIABILTDIIN —LWQWT?&QNTW@W’JLLWV]EIGJT’] (TNC‘I?J\?T?}TU‘H’?ixNuﬂ‘Eﬂ

TUPay-in AMH1TAUAINENIUlATIR)
o & a s : s . E
_ADNINRU NI INIIINTT RENRRIUNEENN

(@R8N TR wedeiAsAn MasterCardlm)

ﬁ\iﬂixﬂ’]ﬂu’]sfﬂﬂﬁ”mi:ﬂﬂﬁ')ﬁfu

Usene s 347 5 BN 2565

<« i v
(ABIFANFERT19198 AT RIBAAUNNLNHNNR  LLNILNY)

v, ¢ v » %
gmmﬂm‘s@uﬂmiﬁnmmmﬁmmmmuwm

217



218

NARUIN €

ANUINAUITINTITANUN LN NS

o a

Y2991 FURAYOUNANGNTUAZD1ATIUTEIMANGAT



= a [ I Ao a 3 v a v
U2 - UEnNa NAITUIYINTT M/ dhouAl A1FAVINANUN FUVYAIIUIY
Ao a 4
NANUN
Nel.UaW.A. Avisadun mae | msfnwanugnuasdededuiusiuaniy atudl 1 NIANTINYINENTURS TCI2
Junes indaidenmlugiviianiunmssnuly UNTIAY- UINYIRYTNVAYINYTUT
Tsaneunadn uvninendesinides Tqugu
(2566)
0..an.A5.AV3%U $auduns | 1. In vitro study of sodium hypochlorite 9-10 The 13" VET MUT conference | s1eaudiuiiiesannns
concentration for Aeromonas hydrophila NEFINEU 2022. Us¥uuIvINS
elimination. 2565

2. The detection of Salmonella
Typhimurium from the TSR1 gene by using

the conventional PCR method.

5 WeAINYU
2565

The 10" CAS National and
International Conference.
College of Asian Scholars,

Khon Kaen, Thailand.

(Proceedings) 5£AUYIA

SYNUFULLDINNNNS
UsesIrnig

(Proceedings) 5£AUYA

R TR T T B R B ST nsfnwmuYnLay Tadefiduiusiunie atufl 1 MIATINGNANANTUNS TCI2
indadonslugtvfinnsunssneilu UNTIAN- UMY IVAYNYTYI
Tsanenunadng uvninerdesindeens guiey
(2566)
NELAW. Q). AN1NT0 gaamine | mMIrnwaranuazdadeiiduiusiunney AUl 1 MIATINN AN TUNS TCI2
indadendlugtuiinsunssnuly UNIIAY- UNINGIRUTIVAYNYTYS
Tsswenunadm uvninendesdnidess Tquieu
(2566)

61¢



8.05.9575504 LTI

1. Sesamin Attenuates VEGFA-Induced
Angiogenesis via Inhibition of Src and FAK
Signaling in Chick Chorioallantoic
Membrane Model and Human Endothelial

EA.hy926 Cells

2. Soluble Expression and Purification of
Bioactive Recombinant Human Bone
Morphogenetic Protein-2 from Escherichia

coli

11 un3nAy
2566

28 NEFINEU

2563

Biomedicines

CMU J. Nat. Sci

SClmago
Journal
Rank/Scopus

SClmago
Journal
Rank/Scopus

0cc



Journal of Science and Technology Phetchabun Rajabhat University Volume 3 Number 1 (2023)

nsAnanuynuazdadeiiduiusiunisiianizinanidennlugiv
drsumsinunlulsimeunadad uminendesuigidessie
Prevalence and Associated Factors of Thrombocytopenia in dogs
visited the Animal Hospital of Chiang Rai Rajabhat University
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Abstract

Cross section descriptive study was performed to investigate the prevalence and to determine
associated factors of thrombocytopenia in dogs visited the Animal Hospital of Chiang Rai Rajabhat
University (CRRU). Blood samples were collected from 36 dogs from June to September 2022.
Platelet counts were examined by using the VetScan HM5 blood monitor by Zoetis, and the
associated factors of thrombocytopenia were obtained from the constructed questionnaires and the
animal medical records. The study revealed that the prevalence of thrombocytopenia in dogs visited
CRRU Animal Hospital was 41.67% (15/36). Using Logistic Regression method, a statistically associated
factor of thrombocytopenia was the history of blood parasite infection (OR = 8.890, 95%C| = 8.552 -
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9.928, p-value = 0.003). The study results could be used as a primary and useful information for
veterinarians as well as the dog owners in disease preventing and surveillance of thrombocytopenia
from blood parasite in dogs. This also could be the fundamental information for the further,

advanced studies.

Keyword : Thrombocytopenia, Dog, Prevalence, Blood Parasite
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Abstract

Aeromonas hydrophila is an important pathogenic bacterium frequently found and spread in
tropical countries fish farm such as Thailand, especially in free chlorinated water, high culture density and
organic matter, low dissolved oxygen, and there is some injury of animal. This disease is called “motile
aeromonad septicemia” or “hemorrhagic septicemia”. The proper specific treatment for each identified
pathogenic bacteria is a method to provide a culture — independent technique which have concerned to
reduce the spread of microbial disease and provide the bioremediation in aquaculture system. This study
aimed to investigate the concentration and exposure time of sodium hypochlorite (NaOCL) in A. hydrophila
elimination. The experiment composed of 1 control and 3 treatments (100, 300, and 500 ppm of NaOCl)
with initial 10° cfu/ml of A. hydrophila, in vitro in microcentrifuge tube, and 30°C of incubation. Each A.
hydrophila concentration was investigated at 0, 3, and 24 hrs. of incubation by Total plate count (TPC)
method. The result showed that A. hydrophila could be eliminated by 500 ppm of NaOCl immediately,
and by 300 ppm of NaOCL within 3 hrs. These concentrations are lower than suggested concentration, but
higher than some experiment, probably because of the different strain of bacteria. Therefore, the suggested
concentration and contact time for freshwater preparation in aquaculture system would be 300 ppm and
3 hrs. at least. In addition, the biofilm forming process, other factors that affect the disinfectant efficacy,

including of the residual chlorine should be the further study.

Keywords: Aeromonas hydrophila, Chlorination, NaOCl
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Introduction

Aeromonas hydrophila, a bacterial species is characterized as facultative anaerobic Gram-negative
rod-shape, non-spore forming, motility with a single flagellar, biochemical test positive for oxidase, catalase,
and nitrate reductase. Nutrients and chemicals including monosaccharide, glycosides, some sugar such as
d-mannitol and glycerol, and nitrate, are required for growing of A. hydrophila. These bacteria frequently
found both in freshwater and saltwater environments. The wide spreading of A. hydrophila is common
among fish farms in tropical countries such as Thailand, especially during monsoon season that water
temperature has lower and higher fluctuation than the other period of year. In addition, the spreading
frequently occurred in fish ponds which have free chlorinated water for rearing, overcrowding, low dissolved
oxygen, high organic matter and some injured fish during culture (Percival and Williams, 2014; Samanta and
Bandyopadhyay., 2020).

A. hydrophila can infect in a wide range of hosts such as both freshwater and marine animal
species, also in human as well (Percival and Williams, 2014; Verma et al, 2022; Samanta and
Bandyopadhyay., 2020). This disease is called “motile aeromonad septicemia” or “hemorrhagic septicemia”
and causes of gastrointestinal infection which is diarrhea and soft tissue infection which is wound and
septicemia in human (Percival and Williams, 2014; Agbabiaka et al., 2022; Verma et al., 2022). The clinical
lesions of fish caused by motile aeromonad septicemia can be varied by infective duration and progression
of disease individually. External lesions often observed in fish with septicemia include diffused hemorrhages
on the body surface, skin ulceration, congested fin and fin rot, inflammation of anus, exophthalmia an
abdominal swelling. Internal lesions seen mostly in diseased fish are accumulation of yellowish or bloody
ascitic fluid, enlarged and friable of visceral organs (Emeish et al., 2018; Azzam-Sayuti et al., 2021). While
the infected animal will have hemorrhagic septicemia, infectious abnormal dropsy, exophthalmia, and fin
and tail rot (Percival and Williams, 2014; Verma et al, 2022; Samanta and Bandyopadhyay., 2020).
Furthermore, due to the improper use of antibiotics in fish farms for a prophylactic control of microbial
contamination by farmers, therefore, this might be the predisposing causes of antimicrobial resistant
zoonotic bacteria, which can transmit from infected aquatic animal individual and contaminated aquatic
environment to human (Percival and Williams, 2014; Verma et al,, 2022; Samanta and Bandyopadhyay.,
2020).

Verma et al. (2022) stated that in aquaculture system, the proper specific treatment for each
identified pathogenic bacteria is a method to provide a culture - independent technique which have
concerned to study in purpose to reduce the spread of microbial disease. The method to protect
aquaculture fish from pathogenic microbes without using antibiotics are being commercialized and verified,
thus, the biosecurity system in fish farms with using of disinfectants to control and decontamination of
pathogenic microbes should be promoted. Chlorination is the use of chlorine as disinfectant to contribute
the bioremediation in aquaculture as bacterial elimination (Verma et al., 2022; Percival and Williams, 2014).
Hajam et al. (2022) stated bioremediation is the improvement of water quality and fish environment which

is one of the suggested treatments for fish diseases. The application of disinfectant and prebiotic are the
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method that have suggested to provide the bioremediation in aquaculture, in the purpose to reduce
amount of pathogen especially bacteria which is the most significant cause of death in aquaculture.
Therefore, the precise concentration of NaOCl of A. hydrophila elimination in aquaculture system is
necessary. This study aimed to investigate the concentration and exposure time of NaOCl in A. hydrophila

elimination

Materials and methods

A. hydrophila (AH) culture and preparation

Aeromonas hydrophila (AH) strain number TISTR No.1321, received from Thailand Institute of
Scientific and Technological Research (TISTR), was cultured in LB at 37°C for 24 hours. Fresh bacterial culture
was used for the experiment
Disinfectants

Disinfectants used in this experiment is Sodium hypochlorite (NaOCl) 10% v/v active, Jemon
company limited, Thailand. Phosphate-buffer solution (PBS), pH 7.4 was used as control (0 ppm NaOCl) and
mixture of each NaOCL solution (100, 300, 500 ppm) (Mainous et al., 2011).
Experiment

The experiment was designed by completely randomized design (CRD) with triplication and
composed of a control and 3 treatments, in vitro in microcentrifuge tube (Mainous et al., 2011). Control
unit was 0 ppm of NaOCl addition, while treatments varied in NaOCl concentration including of 100, 300,
and 500 ppm (Djimeli et al., 2014; Sirimanapong et al., 2020; Jahid and Ha., 2014).

Each experimental unit contained 900 pl of NaOCl solution and 100 pl of AH which was given 10
cfu/ml after 0, 3, and 24 hours of incubation at 30°C. The 100 pl of each sample were transferred into 24
multi well plated for AH concentration investigation which was conducted by Total plate count (TPC)
method. TPC used Tryptic Soy Agar (TSA) as solid plate and bacteria were incubated in 37°C for 24 hours
(Massa et al., 1999; Stratev and Vashin, 2014; Djimeli et al., 2014; Sirimanapong et al., 2020; Jahid and Ha.,
2014).
Data analysis

Average of AH concentration (cfu/ml) between treatment and exposure time were compared using

one way analysis of variance (One Way ANOVA)

Results
The result showed that AH concentration had significantly different among varying of NaOCl
concentration and exposure time, especially between low concentration group (control and 100 ppm) and
high concentration group (300 and 500 ppm). This result is in accordance with the study of Jade and Ha
(2014) that the concentration and contact time increased the microbial inactivation.
At 0 hr. of exposure, AH concentration in control and 100 ppm NaOCl were 6.37x10° + 1.43x10°

and 6.97x10° + 2.04x10° cfu/ml, respectively. There were not significantly different among each treatment
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in low concentration group. The amount of AH in control indicated the initial AH concentration in
experimental unit which was approximately 6.0 — 7.0 cfu/ml. This AH concentration is in accordance with
the study of Jade and Ha (2014) that investigated the efficacy of commonly used disinfectants to inactivated
AH. While AH concentration in 300 ppm NaOCl was 2.6x10° + 6.08x10° cfu/ml, significantly lower than
control and 100 ppm NaOCL. And AH concentration in 500 ppm NaOCl was 0.00 + 0.00 cfu/ml, showed the
significantly lowest when compared to other treatments (Table 1).

At 3 hrs., amount of AH exposured by 100 ppm NaOCl was 1.27x107 + 3.95x10° cfu/ml. This
concentration was higher than AH in control which was 6.43x10° + 5.59x10° cfu/ml, but not significantly
different. When the AH concentration between low and high were compared, the results showed that AH
concentration in higher dose (300 and 500 ppm NaOCl) were 0.00 cfu/ml, significantly lower than control
and 100 ppm NaOCl.

At the end of experiment, 24 hrs. concentration of AH in control, 100, and 300 ppm NaOCl had
raised to be higher than 0 and 3 hrs. Both control and 100 ppm NaOCl had AH concentration over 3.00x10”
cfu/ml. while AH concentration in 300 ppm was 1.97x10” + 3.41x10° cfu/ml and AH concentration in 500

ppm was zero. (Table 1)

Table 1 TPC of AH (cfu/ml), after exposure by varying of NaOCl concentration (mean + SD)

NaOCl concentration (ppm)

Exposure time (Hrs.)

0 (control) 100 300 500
0 6.37x10° + 1.43x10° ° 6.97x10° + 2.04x10° ° 2.6x10° + 6.08 x10°° 0.00 + 0.00 ¢
3 6.43x10° + 5.59x10° 1.27x10" + 3.95x10° ® 0.00+ 0.00 " 0.00+ 0.00°
24 3.00x10" + 0.00 * 3.00x10” + 0.00 * 1.97x107 + 3.41 x10°® 0.00+ 0.00°

! Mean + SD with different letters are significantly different (p< 0.05) by Duncan test.

Discussion

The suggested concentration of NaOCl accorded to Hajam et al. (2022) to eliminate pathogenic
bacteria in fish farm is 1% or 2,500 ppm but had not mentioned the contact time. While the study of
Mainous et al., (2011) showed that NaOCl 50, 100, and 200 ppm could eliminate AH within 1 min.
Comparison to our experiment, NaOCl at 100 ppm or 0.04% v/v could not reduce AH concentration within
1 min, even up to 24 hrs. of the exposure. The NaOCl concentration that could reduce the AH to be 0
cfu/ml immediately was 500 ppm or 0.20% v/v and NaOCl at 300 or 0.12% v/v ppm need 3 hrs. to reduce
AH concentration to be 0 cfu/ml.

The effective concentration that could eliminate AH immediately in this experiment is lower than
2,500 ppm but higher than 200 ppm. This probably because of the different strain of AH. Jade and Ha (2014)
stated that the planktonic cell AH has higher susceptibility and lower resistance to disinfectants than biofilm
AH which means that biofilm cell need higher disinfectants concentration to eliminate compared to
planktonic cell. AH used in our experiment may be a biofilm strain. Since the experiment has conducted

within 24 hrs. which perchance there was no biofilm forming yet. Thus, the forming process of biofilm will
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be our future experiment. Furthermore, efficacy of disinfectants depends on many factors such as pH,
organic matter content. Ability of bacteria to form biofilm is one of the factors to be resistance (Mainous et
al., 2011). Therefore, the further study on this AH, besides the study of biofilm forming process, it should

be accessing on other factors which effect the disinfectant efficacy as well.

Conclusion
Application of 300 ppm NaOCl for 3 hrs. at least is a suggested AH elimination method for rearing
freshwater preparation procedure. As this concentration and exposure time could reduce AH concentration
to be 0 cfu/ml within 3 hrs. The concentration of 500 ppm NaOCl was not recommended because of the
risk of toxicity to the user and environment and the wasting of production cost. However, the process of
biofilm formation which is another aspect that affect disinfection effectiveness and the residual chlorine

should be further study.
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Abstract

The TSR1 gene is one of the essential functional genes in the metabolism and
pathogenesis of Salmonella and can enhance the fitness of S. Typhimurium. The slide
agglutination test is a gold-standard technique for identifying Salmonella serovar. However,
this method has some limitations for specific gene identification. Therefore, this study aims to
evaluate the rapid identification of Salmonella Typhimurium by conventional PCR targeting
the TSR1 gene. The 59 samples of Salmonella enterica with unknown serovar using DNA
primers specific to serovar-specific genomic regions (SSGRs); TSR1 of Salmonella
Typhimurium. The result revealed that the conventional PCR using TSR1-specific primers can
identify Salmonella Typhimurium in 24 samples of Sa/monella Typhimurium from 59
Salmonella samples. Interestingly, this finding was consistent with Sa/monella bacterial
serotyping results by using the slide agglutination test. This study, therefore, elucidates the
effectiveness of PCR as an alternative tool for identifying Sa/monella Typhimurium by
detecting the TSR1 gene. However, detection reliability with more identified genes or

replication is required for further study.

Keywords: Salmonella Typhimurium, conventional PCR, slide agglutination test, TSR1 gene
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1. Introduction

Salmonella spp. is a bacterial specie in the family of Enterobacteriaceae. Non-
typhoidal serovars of Salmonella enterica (NTS) is leading cause of foodborne disease,
diarrheal disease, and a significant public health problem for humans and animals found
worldwide, including in Thailand. It is also a zoonosis found in many animals, mainly
consumed animals such as pigs, cattle and poultry, etc. (Graham et al., 2000; Scallan et al.,
2011; Ansari et al., 2012; Kozak et al., 2013).

TSR1 gene is one of the essential functional genes in the metabolism and pathogenesis
of Salmonella and can enhance the fitness of S. Typhimurium in a mouse colitis model. One of
the methyl-accepting chemotaxis proteins (MCPs) called the TSR1 gene is the by-product of
the host inflammatory response. (Rivera-Chavez et.al, 2013; Gholampour et.al, 2015)

The confirmation requires biochemical and serological qualification testing using a
serological test based on the sedimentation principle—the agglutination of antigenic proteins
on bacterial cells with antibodies to identify a Salmonella serovar or serotype. (Guthrie, 1992).
The agglutination test is a gold-standard technique commonly used today (Vassiliadis, 1983;
Ter Veen, 2022). However, this serological assay has some disadvantages; for example, it takes
at least 3-4 days to get the results with labor intensive. Therefore, to reduce the problems that
arise from the diagnosis by gold standard assay, the alternative method of testing that provides
fast and accurate results, such as Polymerase Chain Reaction (PCR), is now becoming popular
at the laboratory level. Conventional PCR is a molecular biology method that can be used to
diagnose a wide range of diseases and is widely used in molecular biology, microbiology,
genetics, and various biomedical kinds of research, by using the principle of amplification of
target DNA or genes of interest. The genetic material that is commonly used in conventional
PCR is a nucleic acid, especially DNA, as a template (Kadri, 2019) that can identify target

genes quickly and accurately, reducing the time for confirmation.

2. Objectives

This study aimed to verify the contamination of Salmonella serovar Typhimurium
from eatable samples that were submitted by consumers and certified food handlers to the
laboratory by using the conventional PCR method. A Typhimurium serovar specific genomic
regionl (TSR1), which encodes for a putative RHS-family protein (Akiba et al., 2011), was

used to design specific primers to detect these bacteria.
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3. Research Question
How can specificity of designed DNA primers specific to the TSR1 site on the
Salmonella Typhimurium genome be used precisely as a PCR detection that distinguishes

strains of serovar Typhimurium from other strains?

4. Literature Reviews and Research Framework
4.1 Literature Reviews

Akiba et al. (2011) studied the ability of the m-PCR method to ascertain Sa/monella
serovars Typhimurium, Choleraesuis, Infantis, Hadar, Enteritidis, Dublin, and Gallinarum. In
this study, the researchers designed three primers specific to the Salmonella Typhimurium
genome: TSR1, TSR2, and TSR3 (strain-specific genome region, SSGR), which are specific to
Salmonella Typhimurium. The result showed that all three primers were 100 % specific to this
serovar with less cross-detection of other non-target serovars (12.5, 20.5, and 8.5% for TSR1,
TSR2, and TSR3 specific primers).

4.2 Research Framework

Independent variable: Dependent variable:
- Isolated Salmonella spp. - PCR product of serovar
- Conventional PCR test using specific ~ for  Salmonella
DNA primers specific for Typhimurium
TSR1 genome region

Control variable:

- PCR cycling condition
- PCR reaction mixture

5. Methodology
5.1. Bacterial strains

To investigate the specificity of each Conventional PCR assay, we used target strains
of serovar Typhimurium as a positive control. The Deionized distilled water was used as a
template for negative control. The 59 unknown samples were submitted to the National Institute
of Health of Thailand (NIH) for microbiological diagnostic purposes, in which isolated bacteria
were identified as Salmonella spp. based on their colony morphology on selective media and

biochemical testing (Edwards and Ewing, 1986). Different strains of Salmonella were isolated
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from samples from different geographical regions in Thailand. The Sa/monella Typhimurium
strains were serovars identified by slide agglutination methods according to the latest version
of the Kauffmann and White scheme (Popoff et al., 2004), then stored in nutrient broth
containing 25% glycerol at -80 °C.

5.2. PCR amplification

Whole genome sequence data of serovars Typhimurium from GenBank
(http://www.ncbi.nlm.nih.gov) (Benson et al., 2009) administered by the National Center for
Biotechnology Information (NCBI) were obtained. Specific primers for the TSRI genomic
region, a representative gene STM0292 (Akiba et al., 2011) as a target serovar-specific gene
for Salmonella Typhimurium were designed as follows; forward primer: 5°-
ATGCGGGTATGACAAACCCT-3"; and reverse primer: 5’- TTAGCCCCATTTGGACCTTT
-3’). The estimated PCR product size is around 94 bp.

Stock Salmonella Typhimurium colonies were isolated in sterile endo agar for 18-24
hours at 37°C. The DNA from Salmonella Typhimurium was extracted by boiling with sterile
water using a heat box at 100°C for 15 min, then kept at -20°C for 15 min. After that, the cell
debris of the extract was centrifuged at 10,000 rpm for 1 min to collect the DNA sample. The
concentration of DNA was determined by the nanodrop spectrophotometer at 260 nm of
absorbance wavelength.

The PCR reactions were conducted in a total volume of 25 pL. Each reaction contained
10 pL of 2x PCR master mix (ThermoFisher Scientific), 0.5 uM of each forward and reverse
primer for TSR1, 1 puL of template DNA, and distilled water, respectively. PCR cycling
conditions were as follows: 94 °C for 2 min, 94 °C for 30 s, and 53 °C for 30 s repeated for 40
cycles, followed by 72 °C for 5 min.

Amplified products were detected by electrophoresing in 2% agarose gel, and 1.5 kbp
DNA ladder was used as a size reference. After staining with ethidium bromide, the gel was

documented with a gel documentation apparatus (Bioimaging system).

6. Results

According to the results of electrophoresis of PCR for confirmation TSR1 gene in
strains of S. Typhimurium. Primer TMP1 has location specificity on the TSR1 genome of
Salmonella Typhimurium, with 94 base pair sizes, using conventional PCR methods. A positive
uptake of a PCR product on a specific primer on a Sa/monella Typhimurium genome, TSR1,

was found. The results reveal that the TSR1 gene was amplified successfully from all the
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Salmonella typhimurium strains but not from all the other-Salmonella serovars strains used in

this study. As shown in figure 1.

920021 223 24 25 829 3031 32

94 bp

38 39 40 41 42 43 44 45 46 47 48 49 50 51 %2

1100

Figure 1: Experimental results of electrophoresis for amplified product (94 base pair, bp) from
59 bacterial isolates by convention PCR detection using designed primers specific on the TSR1
region on genome of Salmonella Typhimurium. A; dedicated to samples No. 1-18. 1B;
dedicated to samples No. 19-36. 1C; dedicated to samples No. 37-54. 1D; dedicated to samples
No. 55-59. M refers to the DNA ladder. Neg; refers to the negative control.

The 59 Salmonella samples were identified at the serovar level by using TSR1 location-
specific primer on the Salmonella Typhimurium genome from conventional PCR methods; a
positive effect of the PCR product against the TSR1 location-specific primer on the Salmonella
Typhimurium genome was identified in 24 samples (Sample
2.5.6.7,8.,9,10,15,16,18,26,27,28,29,34,35.42.45,46,47,49.53.56 and 59) and resulted in 44
samples was negative. The serovar class identification between slide agglutination and
conventional PCR results were compared for confirmation. 24 of 59 samples of Salmonella
Typhimurium were identified from the slide agglutination section, consistent with the results
of conventional PCR. Therefore, the amplification frequencies of the TSRI gene in the

Salmonella Typhimurium could be identified at 100%, and non-target serovars were 0%.
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7. Discussion

For the gold standard used to confirm Salmonella Typhimurium serovar to
distinguish it from other Salmonella serovars, the slide agglutination test is the current standard
serological assay. (Merkevi“ciene et al., 2022) For the detection of serovar of such bacteria.
However, due to limitations such as late results with approximately 4-5 days of testing,
erroneous results may occur if inappropriate antibody or antigen doses are used.

Therefore, another method of assay that yields rapid and accurate results are
conventional PCR is a molecular biology method that can be used to diagnose many diseases.
It provides accurate and fast results in just one day, using a gene-specific primer that can
identify the pathogen. Therefore, it is a technique that helps quickly identify the type of serovar
infection, accurately and also reduce the time of infection confirmation quite a lot.

Based on research by Akiba etal. (2011), the ability of the m-PCR method to confirm
Salmonella Typhimurium, Choleraesuis, Infantis, Hadar, Enteritidis, Dublin, and Gallinarum
was studied. Location-specific primers were designed on the genome. Of the six Salmonella
serovars, the investigators were interested and focused on studying the ability of conventional
PCR methods to test for confirmation of Salmonella Typhimurium, mainly found in Thailand.
Therefore, a primer was selected from the research, which was designed to be specific to the
location of TSR1 on the Salmonella Typhimurium genome. The test results found a PCR
product specific to the primer of the TSR1 genome of Sa/monella Typhimurium in 24 samples,
consistent with the slide agglutination test, which is the standard method of the Department of
Science. 24 samples were identified as Sa/monella Typhimurium, representing 100 percent.
The results of this trial are consistent with those of Akiba etal. (201 1), and compatible with
other experiments such as Rapid Identification of Sa/monella Typhimurium Using TSRI in
Milk as a Food Model by Multiplex PCR Detection (Gholampour et al., 2015) and In vivo
passage of Salmonella Typhimurium results in minor mutations in the bacterial genome and
increases in vitro invasiveness in chicken and raw or undercooked egg-containing food items

that use TSRI1 to detect the S. Typhimurium (McWhorter et al., 2019)
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8. Conclusion and Recommendation
The selection of a primer specific to the TSR1 site on the Salmonella Typhimurium
genome by conventional PCR was a fast and accurate assay using only one day of assay time.
The results were found to be able to identify Salmonella Typhimurium. from other Salmonella
serovars, as observed in the gel electrophoresis images, 24 of 59 samples of the PCR product
to primer specificity per TSR1 position were observed, and the results were consistent with the
results of the slide agglutination test, which is a standard method (gold standard).
This study defines the alternative tool for identifying Sa/monella Typhimurium by
detecting the TSR1 gene. However, detection reliability with more identified genes or

replication is recommended for further study.
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Abstract: Sesamin, a major phytochemical in sesame seeds and oil, has been reported to have effects
on physiological and pathological angiogenesis in several studies. Nevertheless, the underlying
mechanisms of sesamin’s effect on angiogenesis are not understood well enough. This study aimed
to investigate its effect on both physiological and pathological angiogenesis using the in vivo chick
chorioallantoic membrane (CAM) model and the in vitro human endothelial cell line, EA.hy926,
model. Sesamin inhibited the VEGFA-induced pathological angiogenesis significantly, although no
effect was seen on angiogenesis without induction. It reduced the formation of vascular branches
in the VEGFA-treated CAMs and also the proliferation and migration of EA.hy926 endothelial cells
induced by VEGFA. Sesamin impeded the VEGF-mediated activation of Src and FAK signaling
proteins, which may be responsible for sesamin-mediated reduction of pathological angiogenesis.
Moreover, the effect of sesamin on the expressions of angiogenesis-related genes was then investigated
and it was found that both mRNA and protein expressions of Notch1, the key pathway in vascular
development, induced by VEGFA, were significantly reduced by sesamin. Our results altogether
suggested that sesamin, by inhibiting pathological angiogenesis, has the potential to be employed in
the prevention or treatment of diseases with over-angiogenesis, such as cancers.

Keywords: angiogenesis; sesamin; VEGF; EA . hy926; NOTCHI1

1. Introduction

Angiogenesis is the process of developing new vessels from the pre-existing vascu-
lature and it occurs throughout the entire lifespan of an organism under both physiolog-
ical and pathological conditions [1]. Since the vascular network is mostly quiescent in
adulthood, physiological angiogenesis mainly occurs in developmental contexts such as
embryonic blood vessels [2] and endochondral bone formation [3]; the exception is the
female reproductive tract such as cycling ovary and uterus during pregnancy, where the
formation of new vessels is required [4]. However, in numerous pathological conditions
such as tumors or inflammation, the resting vasculature can be reactivated [5].

Angiogenesis takes place in a number of sequential steps: endothelial cell activation,
cell sprouting, proliferation, migration, lumen formation, cell remodeling, and maturation.
It is initiated in normally quiescent endothelial cells (ECs) upon receiving pro-angiogenic
factors such as Vascular Endothelial Growth Factor (VEGF), the principal angiogenic factor.
When VEGF contacts the VEGF receptor (VEGFR), the receptor generates the signals to
develop a vascular system in the embryo or to generate blood vessels and lymphatic
vessels in adults [6]. Among various VEGFs (VEGFA, VEGFB, VEGFC, and VEGFD)
and VEGFRs (VEGFR1, VEGFR2, and VEGFR3), VEGFA /VEGFR?2 signaling prominently
mediates angiogenesis processes of blood vessels. Diverse downstream signaling pathways
including MAPK pathways: p38, ERK, phospholipase y (PLCY), Src, and FAK pathways
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are reported to regulate the cell survival, proliferation, migration, and cellular attachment
of endothelial cells [7,8].

VEGF/VEGER signaling also has an influence on a variety of other pathways. Notch
signaling is an evolutionally conserved pathway involved in the determination of fate of
many tissues and cell types including endothelial cells. Notch receptors and their ligand,
the delta-like ligand 4 (DIl4), are responsible for tip and stalk cell differentiation from
endothelial cells (ECs) in nascent vascular sprouts, while the migration and proliferation
of tip and stalk cells governs the formation, elongation, and maturation of new vessels
eventually [5,9].

As angiogenesis is regulated by the balance between pro-angiogenic and anti-angiogenic
signals, any disturbance in that balance would lead to pathological conditions. While an
insufficient vascular supply results in ischemic diseases, excess neovascularization is a
hallmark of solid tumors [10,11]. The hypoxic and acidic nature of the tumor microenvi-
ronment (TME) induces the secretion of VEGFs from cells such as macrophage, fibroblasts,
endothelial cells, and tumor cells, rendering TME to be angiogenic, which in turn enhances
the tumor growth and metastasis [12]. Accordingly, the inhibition of angiogenesis has been
one of the therapeutic options in cancer and there are a variety of approved anti-angiogenic
drugs; Bevacizumab, a neutralizing monoclonal antibody directed against VEGF, and tyro-
sine kinase inhibitors (RTKi) such as sorafenib, sunitinib, cediranib, and axitinib are the
most commonly used ones in this category [13,14]. Moreover, the monoclonal antibody
against DI14 also exhibited inhibitory properties on breast tumor growth [15].

Sesamin (Sesamun indicum L.), a lignan found in sesame seeds and oil, is reported to
have biological effects including chemoprevention, anti-inflammation, and anti-oxidant
properties [16-18]. The effect of sesamin on angiogenesis under physiological and patho-
logical conditions has been studied by different scientists, however, the findings were
contradicting and confusing. A study has shown that sesamin increases the in vitro and
in vivo angiogenic processes including endothelial cell proliferation, migration, tube for-
mation, and neovascularization via activation of signaling modulators: ERK, Akt, focal
adhesion kinase (FAK) and p38 mitogen-activated protein kinase (MAPK) [19]. In contrast,
sesamin was shown to inhibit angiogenesis in other studies [20,21]. In addition to these
controversial findings for the effect of sesamin on angiogenesis, the underlying signaling
mechanisms and its effect on Notch signaling have not yet been elucidated enough.

This study thus aimed to investigate the effect of sesamin on angiogenesis in an in vivo
model using the chick chorioallantoic membrane (CAM) [22] and in EA.hy926, a human
endothelial cell line. Although sesamin did not affect either in vitro or in vivo physiological
angiogenesis, it could inhibit VEGFA-induced pathological angiogenesis in the CAM model.
This might be due to its ability to decrease endothelial cells proliferation and migration
via inactivation of Src and FAK signaling. Moreover, inactivation of those pathways by
sesamin might also result in a lower expression of NOTCH, eventually inhibiting DI14-
Notch signaling.

2. Materials and Methods
2.1. Chemicals

Methylthiazoletetrazolium (MTT) (PubChem CID: 64965), Dimethyl sulfoxide (DMSO)
(PubChem CID: 679), and Resazurin (PubChem CID: 11077) were obtained from Sigma
Chemical, Inc. (St. Louis, MO, USA). Recombinant human vascular endothelial growth
factor A (Srf21-derived, Catalog number 293-VE) was purchased from R&D systems®
(Minneapolis, MN, USA). Illustra RN Aspin Mini RNA Isolation Kit and the primers for real-
time RT-PCR were acquired from GE Healthcare Europe GmbH (Freiburg, Germany) and
BioDesign (Bangkok, Thailand), respectively. A Tetro cDNA Synthesis kit and a SensiFAST™
SYBR® No-ROX Kit were purchased from BIOLINE (London, UK). Angiogenesis Antibody
Sampler Kit, Notch1 (D1E11) and 3-Actin Rabbit monoclonal antibody were procured from
Cell Signaling Technology® (Beverly, MA, USA).
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2.2. Sesamin Preparation

Sesamin seeds were procured from the Lampang province of Thailand, and the
voucher specimens (BKF no. 138181) were approved by the National Park, Wildlife and
Plant Conservation Department, Ministry of Natural Resources and Environment, Bangkok,
Thailand. Sesamin was extracted from the seeds by using the method reported in the pre-
vious study [23]. The sesamin obtained was first dissolved in DMSO to prepare the stock
solution (100 mM) before being diluted with the culture media to the required concentra-
tions. All the experiments were carried out in compliance with the relevant guidelines of
the institution.

2.3. In Vivo Angiogenesis Model: Chick Chorioallantoic Membrane (CAM) Assay

Fertilized chicken eggs were incubated at 37 °C and approximately 50-60% humidity.
On day 3 of incubation, 5-6 mL of albumen was aspirated to detach the developing CAM
from the top part of the shell. On day 8, a window of around 1.5 cm? was gently opened
on the wide end of the egg without damaging the embryo. A plastic ring was placed
directly on the top of the CAM. Various concentrations of sesamin and/or 20 ng/mL of
VEGFA were added directly onto the plastic rings. The eggs were transferred back into the
incubator and the numbers of vascular branches were counted at day 10 of incubation by
photographing the CAM area of each egg. Images were analyzed by counting the number
of branching vessels in the plastic ring. Scores of primary-, secondary-, tertiary-, and
quaternary-branching vessels are denoted by 1, 2, 3, and 4, respectively. Further branching
vessels with more than quaternary-branching were scored as 5. Scores from each group
were averaged by the number of eggs and the average score of each group was normalized
to that of the control group [22,24].

2.4. Cell Line and Culture

EA hy926, a human umbilical vein endothelial cell line, was purchased from ATCC®
(CRL2922™). This cell line was derived by fusing human umbilical vein endothelial cells
with the permanent human cell line, A549. This study used EA . hy926 because this cell line
shows endothelial characteristics and more cells can be obtained than from the primary
cells [25]. The cells were cultured as a confluent monolayer in Dulbecco’s Modified Eagle’s
Medium (DMEM), containing 10% fetal bovine serum and 2% HAT (100 uM hypoxanthine,
0.4 uM aminopterin, and 16 uM thymidine). Cells were maintained in a humidified
incubator with 5% CO, at 37 °C. A cell passage of six or seven was used in the experiments.

2.5. MTT Assay

To determine the toxicity on cells and select the optimal concentrations of sesamin, a
MTT assay was performed. EA.hy926 cells were placed in a 96-well-plate (1000 cell /well)
and incubated overnight. After cells were treated with various sesamin concentrations for
24 h, the culture media were discarded and replaced with 100 uL of MTT (0.5 mg/mL)
solution for 4 h. Then, the MTT agent was discarded and 100 pL dimethyl sulfoxide
(DMSO) was added into each well to solubilize the formazane crystals. The absorbance was
measured at 540 nm using a microplate reader and the percentage cell survival compared
to the controls was calculated as follows:

(OD of sample x 100)
(OD of DMEM control)

Percentage of survival =

0]
2.6. In Vitro Wound Healing Assay

To determine the migration ability of EA hy926 cells, an in vitro wound healing assay
was performed. EA.hy926 cells were seeded into 24 well plates (200,000 cells /well) and
incubated. After 24 h of incubation, a line was scraped through the monolayer of the cells

using a 250 pL-pipette tip (wounding). The cells were then washed with PBS and treated
with various concentrations of sesamin and/or 20 ng/mL VEGFA. The wounds were
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photographed at different time points under a light microscope (40 x magnification). The
measurements of the scratched region were calculated using AxioVision Analytic Software
version 4.7 from Carl Zeiss (Jena, Germany). [20] The migration ability was calculated

as follows:
(Width x hrs) x 100

(Width 0 h)

Migration ability = 100 — (2

2.7. AlamarBlue Assay

The extent of cell proliferation was assessed using the AlamarBlue assay. EA hy926
cells were seeded into 96 well plates (1000 cells/well) and incubated at 37 °C, 5% CO,
for 24 h. The culture media was then discarded, and the cells were treated with various
concentrations of sesamin and/or 20 ng/mL VEGFA for 1 week. Every 24 h, the culture
media was discarded and replaced with 10% (v/v) Alarmar Blue fluorescent dye in media
for4 h at 37 °C. The absorbance of the media was read at 540 and 620 nm using a microplate
reader spectrophotometer. The absorbance was measured at wavelengths of 540 and 620 nm.
The percentages of the differences in reduction were calculated, and the data represented
as percentages of the differences in reduction relative to those of the control group.

2.8. Gene Expression by Real-Time Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Real time RT-PCR was used to examine the gene expression in EA.hy926 in response
to treatment with various concentrations of sesamin and/or 20 ng/mL VEGFA. After
24- or 48-h incubation periods, cells were lysed, and the total RNA was isolated using the
RNA extraction kit (GE Healthcare) following the manufacturer’s protocol. Samples were
treated with DNase before washing and elution steps. After extraction, the amount of total
RNA in samples was measured using nanodrop spectrophotometer (Thermo Scientific,
Waltham, MA, USA), and 200 ng of total RNA were converted to cDNA using a Tetro
cDN A Synthesis Kit in a final volume of 20 uL. Reaction conditions were set as suggested
by the manufacturer. After reverse-transcription, the product cDNA was diluted with
RNase free water in 1:10 dilution. Then, 8 puL of the cDNA mixture was used for real-time
PCR experiments. Real time PCR was performed using a SensiFastTM SYBR® No-ROX
kit on Chromo4TM Four-Color Real-Time Detector from Bio-Rad (Hercules, CA, USA)
in a final volume of 20 uL. The primer concentration was 500 nM. Forty cycles of PCR
amplification were performed at 95 °C for 5 s and 60 °C for 10 s. The primers used are
shown in Table 1. The relative expression for each gene was normalized to that of GAPDH
and against the control group by the 2T method [26]. Additional information on
normalized gene expression (ACT) of each target gene against GAPDH gene was described
in Supplementary Materials.

2.9. Western Blotting Analysis

EA hy926 cells were treated with various sesamin concentrations and/or VEGFA
and incubated at 37 °C, 5% CO,. At the indicated times, the cells were lysed with lysis
buffer containing 50 mM Tris-HCL, pH7.4, 250 mM NaCl, 0.5% NP-40, 5mM EDTA, and
50 mM NaF along with protease and phosphatase inhibitors (Roche Diagnostics GmbH,
Mannheim, Germany). An equal volume of whole cell lysate was electrophoresed and
transferred to a nitrocellulose membrane. After blocking with 5% skim milk in 0.05%
PBS-TWEEN, the membranes were incubated with specific primary antibodies. After the
incubation of the secondary antibodies and washing, specific protein bands were developed
using Supersignal West Femto Substrate (Thermo Scientific, Rockford, IL, USA) and were
photographed using the molecular chemidoc XRS system (Bio-Rad, Hercules, CA, USA).
The band density was analyzed using TotalLab TL120 software version 2006 and calculated
in relation to the control sample. The beta actin was used as an internal protein control.

245



246

Biomedicines 2023, 11, 188 50f16

Table 1. The real-time PCR primer sequences.

Gene Real-Time PCR Primer Sequence (5'-3') Reference
Forward: 5 CAGGAGGATGGTGGTTTGATG 3’

Angl Reverse: 5’ TGGTTTTGTCCCGCAGTATAGAA 3/ ROA001T45A
Forward: 5 AGCTGTGATCTTGTCTTGGC 3’
g Reverse: 5’ GTTCAAGTCTCGTGGTCTGA 3/ DM UHTe857:L
4 Forward: 5' GATTTTGGATTGTCCCGAGGTCAAG 3'
De2 Reverse: 5’ CACCAATATCTGGGCAAATGATGG 3 NM-000459.4
Forward: 5 CTACCTCCACCATGCCAAGT 3’
VEGFA Reverse: 5" AGCTGCGCTGATAGACATCC 3 NM.001025366.2
Forward: 5 AGCATGGAAGAGGATTCIGG 3'
KDR Reverse: 5 CGGCTCTTTCGCTTACTGTT 3’ NM_002253.2
Forward: 5' GTCAACGCCGTAGATGACC 3
NG Reverse: 5 TIGTTAGCCCCGTTCTTCAG 3 NM017617:5
Forward: 5 GCACTCCCTGGCAATGTACT 3'
Bl Reverse: 5 CGACAGGTGCAGGTGTAGC 3' M 1120743
ol — ¢ U
— Forward: 5' CCCTTCATTGACCTCAACTA 3 R ——

Reverse: 5 AGATGATGACCCTTTTGGCT 3/

2.10. Statistical Analysis

All data are given as mean =+ standard error of mean (SEM) from triplicate samples of
three or two independent experiments. One-way analysis of variance (one-way ANOVA)
and student’s t-test were used to compare the treatment and control conditions using
data from three or two independent experiments, respectively. Statistical significance was
assumed at p < 0.05.

3. Results
3.1. The Effect of Sesamin on Angiogenesis in In Vivo Chick Chorioallantoic Membrane
(CAM) Model

This experiment was preliminary to the investigation of the effect of sesamin on both
physiological and pathological angiogenesis in an in vivo model. The experiment focused
on the number of vascular branches formed on the CAM. The results showed that various
concentrations of sesamin (1.5, 3.0, 5.0, and 10 uM) did not cause significant changes on the
formation of new branching vessels in the CAM. Therefore, the concentrations of sesamin
used did not affect in vivo angiogenesis under physiological conditions (Figure 1A).

To mimic the pathological conditions with reported increased angiogenesis, such as
cancer, the CAM was treated with the vascular endothelial growth factor A (VEGFA) [22].
After 48 h treatment of 20 ng/mL VEGFA, the number of branches of capillaries devel-
oped from pre-existing vessels in the CAM had increased compared to the untreated
control. However, co-treatment with sesamin significantly decreased the number of vas-
cular branches induced by VEGFA in the CAM (Figure 1B). The results indicated that
sesamin could inhibit the angiogenic effect of VEGFA, prompting the therapeutic potential
of sesamin in pathological conditions with increased angiogenesis such as cancer. Therefore,
the effects of sesamin on angiogenesis were further investigated in the endothelial cell line
EA hy926.

3.2. The Effect of Sesamin on Cytotoxicity and Proliferation of Human Endothelial Cell Line
EA.hy926

Before the effects of sesamin on angiogenesis could be determined in the in vitro
model, its cytotoxicity on the cell line was first examined. EA.hy926, a human endothelial
cell line, was treated with sesamin, 1.6 to 25 uM concentrations, for 24, 48, and 72 h and
the percentage of cell viability compared to the untreated control was determined by the
MTT assay. The percentages of cell viability under all conditions were greater than 80%
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relative to the control, indicating that sesamin up to 25 uM had no significant cytotoxic
effect on EA.hy926 (Figure 2A). DMSO, in which sesamin was solubilized, also showed no
effect on the cell viability at the concentration of 0.1%. According to the result, sesamin at
concentrations of 1.5, 3.0, 5.0, and 10 uM were used in further experiments.

A
Sesamin (uM) 1.5 3 5 10
g "o
? ; .E g 140
g [ B
3t .
)
2
Sesamin (uM) - 15 3 5 10

B

20 ng/ml VEGF + + + - +

Sesamin (uM )

Number of vascular branch
% of control)
g

D@[‘]@]

20 ng/mL
H--.. "“' g
(W) - - 15 3 5 10

Figure 1. The effect of sesamin on angiogenesis in the chick chorioallantoic membrane (CAM)
model under physiological and pathological conditions. (A) Patterns of vascular branching and
its quantification in uninduced CAM treated with various sesamin concentrations. (B) Patterns of
vascular branching and its quantification in CAM cotreated with various sesamin concentrations
and 20 ng/mL VEGE. Fertilized chicken eggs were incubated for 8 days. After opening the eggs
shield, a plastic ring was plated on the chick chorioallantoic membrane, and the treatments in the
volume of 20 pL were added in the ring. For each condition, three eggs were used. Two days later,
the number of vascular branches was quantified as described in Materials and Methods and the
percentage of vascular branching in treatment conditions compared to the control was calculated.
The uppermost rows in the figures show the top view of the experimental eggs, where the circle
indicates the treatment area. The middle and lower rows show the treatment areas of each condition
under a stereo microscope with 25x magnification and 45x magnification, respectively. The white
arrows show the vascular branching points counted. The data are expressed as the mean + SEM.
The results are representative of two independent experiments. * indicates a significant difference
compared with the untreated control at p-value less than 0.05. # indicates a significant difference
compared with VEGFA treatment at p-value less than 0.05.
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Figure 2. The effect of sesamin on cytotoxicity and proliferation of human endothelial cell line,
EA.hy926. (A) The cytotoxic effect of various doses of sesamin on EA.hy926 for 24, 48, and 72 h
was investigated using the cell viability (MTT) assay. (B,C) The effect of sesamin (1.5-10 uM) on the
proliferation of the EAhy926 cells was investigated using the AlamarBlue assay (B) in the absence of
VEGFA and (C) in the presence of VEGFA (20 ng/mL). The data are expressed as the mean + SEM
from three independent experiments. * indicates a significant difference compared with untreated
control at p-value less than 0.05. # and ## indicates significant differences compared with VEGFA
treatment at p-values less than 0.05 and 0.01, respectively.

Since proliferation of endothelial cells is an important step in angiogenesis supporting
the elongation of new blood vessels, the effect of sesamin on endothelial cell proliferation
was investigated. EA.hy926, human endothelial cells, were treated with various concen-
trations of sesamin (1.5-10 uM), with or without VEGFA, and the cell proliferation was
analyzed using the AlamarBlue assay at days 5, 7, 9, and 11. The percentage of proliferation
of uninduced EA hy926 cells was not significantly affected by the treatment with sesamin,
compared with that of the control, indicating that sesamin has no effect on angiogenesis
itself (Figure 2B).

VEGFA expression is high in various pathological conditions such as cancer and in-
flammation. Moreover, previous studies have reported that in vivo induction with a single
VEGFA treatment, VEGFA (164 /5), can result in the formation of new blood vessels that dif-
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fer from normal vessels [27]. Therefore, pathological angiogenesis under these conditions
were simulated by induction of the endothelial cells with a high concentration of VEGFA.
When EA hy926 cells were induced with 20 ng/mL VEGFA, the percent proliferation of
EA hy926 compared to the control was significantly increased, starting from day 7. Here,
cotreatment with various concentrations of sesamin reduced the enhanced proliferation of
EA hy926 significantly. Sesamin at a concentration as low as 1.5 uM can significantly inhibit
the induced proliferation of the cells by 25%, 22%, and 11% at day 7, 9, and 11, respectively
(Figure 2C). The result reflects the role of sesamin in the inhibition of angiogenesis under
pathological conditions through the reduction of endothelial cell proliferation.

3.3. The Effect of Sesamin on Endothelial Cell Migration under Physiological and
Pathological Conditions

During angiogenesis process, endothelial cells migrate through the basement mem-
brane, leading to the generation of new sprouting vessels. As the migration process is
another crucial process in angiogenesis, the effect of sesamin on the migration of endothe-
lial cells was also investigated in this study. After the monolayer of human endothelial
cells, EA.hy926, was wounded using a 250 uL-pipette tip, they were treated with various
concentrations of sesamin for 9, 12, and 24 h. After each incubation-time point, the size of
the wound gap was calculated with Axio Vision analytic software to examine the migration
ability of the cells. In un-induced EA hy926, the migration ability was not changed signifi-
cantly by the treatment with various concentrations of sesamin (1.5-10 uM) (Figure 3A).
This result showed that sesamin did not affect the migration process of the endothelial
cells under the physiological condition. For the monolayer of endothelial cells cotreated
with 20 ng/mL VEGFA and sesamin, VEGFA significantly induced the migration ability of
EA hy926 as the wound space inflicted was reduced obviously after 9 h (Figure 3B). How-
ever, co-treatment with sesamin obviously diminished the VEGFA induced-migration in
EA hy926 cells atall three incubation periods; the percentages of migration ability compared
to the control was 45% in VEGFA treated EA.hy926 cells and it was reduced to only 35% in
cells co-treated with VEGFA and sesamin, as low as 1.5 uM, at 24 h-time point (Figure 3B).
These data indicated that sesamin suppressed the migration of endothelial cells induced
under the influence of VEGFA, further confirming that sesamin can inhibit angiogenesis in
pathological conditions although it has no effect on the angiogenesis without induction.

3.4. The Effect of Sesamin on Activation of VEGFA Signaling Pathways in Human Endothelial
Cells EA.hy926

Following the pre-treatment with sesamin, EA hy926 cells were induced with VEGFA
to study the effect of sesamin on the activation status of signaling pathways such as ERK,
p38, PLCy1, Src, and FAK, which are reported to be responsible for the proliferation and /or
migration of endothelial cells induced by VEGFA [7].

The results of the western blot assay showed that VEGFA (20 ng/mL) activated
all signaling pathways; the expression of phosphorylated forms of ERK, p38, PLCy]1,
Src, and FAK proteins were obviously enhanced by VEGFA treatment in EA hy926 cells.
Interestingly, pre-treatment with sesamin (3, 5, and 10 uM) can diminish the expression of
phosphorylated Src and FAK proteins augmented by VEGFA, although it had no effect on
the VEGFA-induced expression of phosphorylated ERK, p38, and PLCy1. Moreover, 10 uM
sesamin alone slightly reduced the phosphorylation of ERK, p38, and Src compared to the
untreated control, but had no effect on that of PLCy1 and FAK (Figure 4). Taken together,
it was suggested that sesamin decreased VEGFA-induced proliferation and migration of
EA hy926 via inhibition of activation of Src and FAK.

3.5. The Effect of Sesamin on Angiogenic Gene Expression in Human Endothelial Cells EA.hy926

It is well known that VEGFA signaling has effects on the expression of the genes related
to angiogenesis [5,27]. Since sesamin could interfere with some of the intracellular signaling
induced by VEGFA in EA.hy926, it was expected to have some impacts on the expression
of these genes. This experiment investigated the expression of angiogenic genes, namely
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NOTCH]1 receptor 1 (NOTCH1), delta like 4 (DII4), vascular endothelial growth factor
A (VEGFA), Kinase Insert Domain Receptor or VEGF receptor 2 (KDR), Angiopoietin-1
(ANG1), Angiopoietin-2 (ANG2), and Tie 2 receptor (Tie2), using real time RT-PCR.

A B
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Figure 3. The effect of sesamin on the migration ability of human endothelial cell line, EA.hy926, un-
der physiological conditions and pathological conditions. (A) The effect of sesamin (1.5-10 uM)
on the migration ability, represented by the wound area, in the uninduced EA.hy926 cells.
(B) The effect of sesamin (1.5-10 pM) on the migration ability, represented by the wound area,
in the EA.hy926 cells induced with 20 ng/mL VEGFA. The monolayer of EA.hy926 cells were
scratched with a 250 pL-pipette tip (wounded) and treated (at 0 h of treatment) with sesamin and/or
VEGFA for 24 h. At the indicated time points (9, 12, and 24 h), the cells were photographed using a
light microscope with 40 x magnification. The dermacation line between the wound area and the
area with packed cells was indicated by the black line. The enclosed wound area between the two
black lines was measured as a representative for the rate of migration. The data are expressed as the
mean + SEM from three independent experiments. * indicates a significant difference compared with
the untreated control at p-value less than 0.05. # indicates a significant difference compared with the
VEGFA treatment at p-value less than 0.05.
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Figure 4. The effect of sesamin on the activation of intracellular signaling pathways induced by
VEGFA in human endothelial cell line, EA.hy926. Following the pretreatment with sesamin (3-10 uM)
for 2 h, EA.hy926 cells were treated with 20 ng/mL VEGFA for 5 min to study the expression of
phosphorylated ERK, p38, and PLCy1 or for 30 min to study that of phosphorylated Src and FAK.
The expression levels of the phosphorylated forms were determined by western blot analysis using
their specific antibodies. B actin was used as a loading control. Each sample was prepared for the
detection of all signaling proteins together. The number above each band shows band density relative
to its control.

After EA.hy926 cells were incubated with VEGFA (20 ng/mL) alone or together with
various concentrations of sesamin (3, 5, and 10 uM) for 12 h and 24 h, the abovementioned
genes were examined. For genes involved with specifying tip and stalk cells, VEGFA
induced the expression of NOTCH]I significantly after 24 h of incubation, but not that
of VEGF or DIl4 gene. In case of the VEGFA receptor, the KDR gene, VEGFA decreased
the expression, but not to a significant extent (Figure 5A,B). Here, sesamin at various
concentrations was found to significantly reduce the induction of NOTCH1 mediated by
VEGFA treatment. However, no significant influence of sesamin was seen on the expression
of other genes, DIl4, VEGF, or KDR, induced by VEGFA (Figure 5A,B).

Regarding the expression of genes controlling the interaction between endothelial
and mural cells, thereby regulating the stabilization of the vasculature [5], neither of the
expressions of ANGI, ANG2 nor that of their receptor Tie2 were changed significantly
by any of the treatments, either by VEGFA alone or cotreatment of VEGFA and sesamin
(Figure 5C). Although the expression of ANG2, which is required for the initiation of the
neovascularization, was increased after VEGFA treatment, the extent was not enough to be
significant. Interestingly, cotreatment of sesamin with VEGFA, in a 12-h incubation period,
can increase the expression of ANG1, which is responsible for the recruitment of mural cells
stabilizing the newly formed vessels, although it was not significant. However, this effect
disappeared in the 24-h incubation period (Figure 5C).

These data speculated that sesamin hindered the induction of angiogenesis through
the reduction of the VEGFA-induced NOTCHI expression. This speculation was confirmed
by investigation of the NOTCH1 protein expression in the following experiment.

3.6. The Effect of Sesamin on NOTCH1 Protein Expression in the Endothelial Cell Line EA.hy926

The NOTCH receptor 1 (NOTCH1) plays an important role in the sprouting step of
angiogenesis. The balance of NOTCH1 activation status between tip cells and stalk cells
determines the formation and branching of new vessels [5,28].
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Figure 5. The effect of sesamin on (A) NOTCH1 and D114 gene expression, (B) VEGFA and KDR
gene expression and (C) ANG1, ANG2, and Tie2 gene expression in human endothelial cell line,
EA.hy926. Cells were treated with 20 ng/mL VEGFA alone or cotreated with VEGFA and various
concentrations of sesamin (3, 5, and 10 uM) for 12 and 24 h and the relative mRNA expression of
the specific genes compared to that of GAPDH was determined by real time RT-PCR. The data are
expressed as the mean = SEM from three independent experiments with technical triplicates in
each. * indicates a significant difference compared with untreated control at p-value less than 0.05.
# indicates a significant difference compared with VEGFA treatment at p-value less than 0.05.

This experiment investigated the effect of sesamin on NOTCH1 expression in EA.hy926
using western blotting. After EA.hy926 cells were treated with 20 ng/mL of VEGFA for
24 h, the expression of NOTCHI1 protein was increased and cotreatment with sesamin
inhibited this induction significantly, corresponding to the result of mRNA analysis in the
previous experiment (Figure 6). These results further confirmed the suggestion that sesamin
prevents the angiogenesis induced by VEGFA through the reduction of both mRNA and
protein expression of NOTCH1, eventually reducing the proliferation and migration of
EA hy926 cells.
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Figure 6. The effect of sesamin on NOTCHI expression in human endothelial cell line, EA.hy926.
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Cells were treated with 20 ng/mL VEGFA alone or cotreated with VEGFA and with various concen-
trations of sesamin (3, 5, and 10 uM) for 24 h. The relative NOTCH1 protein expression compared
to the control was examined by western blot analysis and the band intensity was normalized to
the corresponding f-actin. The data are expressed as the mean = SEM from three independent
experiments. * indicates a significant difference compared with the untreated control at p-value less
than 0.05. # indicates a significant difference compared with the VEGFA treatment at p-value less
than 0.05.

4. Discussion

The angiogenesis process occurs throughout the entire life of vertebrates and plays
an important role in both the physiological and pathological conditions [5,6]. Abnormal
angiogenesis, either insufficient or excess, may creating implications in a variety of diseases
such as placental insufficiency, ischemic heart disease, or tumor growth [11]. Having an
increased vascular supply is essential for tumors not only to match with its high demand
of nutrients but also to enhance its dissemination and metastasis [10]. Consequently, VEGF
signaling inhibitors have been used as one of the therapeutic options in cancer [13]. Many
phytochemicals have also been investigated for their effect on angiogenesis; previous stud-
ies have reported the effect of the phytochemical sesamin (Sesanun indicum L.), with known
anti-inflammatory and anti-oxidant activities on the angiogenesis process. Nevertheless,
their findings were contradicting as Tsai et al. reported sesamin as being anti-angiogenic
while Chung et al. stated that sesamin induced angiogenesis [19,20]. Moreover, the effect
of sesamin on the NOTCH signaling pathway, the key signaling in different stages of
angiogenesis, has not yet been elucidated. Hence, this study attempted to confirm the
effect of sesamin on angiogenesis and the underlying signaling pathways in both in vitro
and in vivo using the human endothelial cell line, EA.hy926, and the chick chorioallantoic
membrane (CAM) models, respectively.

We first investigated the effect of sesamin on in vivo angiogenesis in the CAM model
and the formation of vascular branches in CAMs was not affected by sesamin, reflecting its
lack of influence on the physiological angiogenesis. This finding is contrary to that of Chung
et al,, in which sesamin significantly increased neo-vascularization using the Matrigel
model in male BALB/c mice [14]. It appears that different in vivo methods used to observe
the formation of vascular branching may yield different results. We then examined the
effect of sesamin on angiogenesis under pathological conditions using vascular endothelial
growth factor A (VEGFA) as an instigator in the same CAM model. VEGE an inflammatory
cytokine, is the key driver of sprouting angiogenesis and is well-known to be overexpressed
in tumor cells, via induction of HIF-1ex under hypoxic conditions, promoting proliferation
and migration of vascular endothelial cells and blood vessels outgrowth, thereby assisting
the growth and metastasis of tumors [10,29]. Hence, we treated the CAM with VEGFA, the
major VEGF involved in the growth of blood vessels, to mimic the pathological conditions
of tumors, and it was found that VEGFA doubled the vascular branches formation in
the CAM. This effect of angiogenesis induction by VEGFA was significantly reduced by
cotreatment with sesamin, prompting the role of sesamin in the inhibition of pathological
angiogenesis mediated by VEGF.

Next, we further studied the effect of sesamin on angiogenesis and its underlying
mechanisms, including its effect on NOTCH signaling, using the in vitro cell model, human
endothelial cells EAhy926. During the sprouting process of a new vessel, quiescent
endothelial cells become activated and secrete enzymes that degrade extracellular matrix
(ECM) proteins in basement membranes, allowing endothelial cells to migrate through.
Then, endothelial cells in a nascent sprout are differentiated into two cell types, namely tip
cells and stalk cells: tip cells are highly migratory and responsible for sensing the directional
cues, thereby defining the route of the new sprouts and stalk cells, which highly proliferate
and support sprout elongation [9]. Hence, the effect of sesamin on the proliferation and
migration of endothelial cells was studied in EA.hy926 endothelial cells. VEGFA indeed
induced the proliferation and migration of EA.hy926 as expected, in accordance with the
findings of previous studies in endothelial cells, HUVEC and EA.hy926 [19,30,31]. Sesamin
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was found to inhibit the induced proliferation and migration significantly, although it had
no significant influence on the uninduced EA hy926 cells. Agreeing with the results of
in vivo CAM, the findings in the EA.hy926 cells once again indicated the ability of sesamin
on hindering the pathological angiogenesis. This study endorsed the findings of Tsai
et al. stating that sesamin can inhibit the VEGFA-induced proliferation and migration of
HUVECGs endothelial cells. However, sesamin was claimed to inhibit the proliferation and
migration of uninduced HUVEC as well in that study, contradicting our results [20]. The
different endothelial cell types may respond in a different way to sesamin, accounting for
the distinct results.

The responsible signal transductions for the inhibitory effect of sesamin on VEGFA
mediated angiogenesis were also investigated. We focused on the activation of p38, ERK,
PLCy1, Src, and FAK pathways, given that activation of ERK through PLCy1 was reported
to associate with the regulation of endothelial cell survival and proliferation while that of
p38and FAK was to control the migration of endothelial cells and that of Src was to regulate
cell-cell contacts, proliferation, and migration [7,32]. Although the study by Byung-Hee
Chung showed that 30 M of sesamin could induce the activation of ERK, Akt, and FAK
in uninduced HUVECs [19], we did not find the activation of these pathways by sesamin
in EA.hy926. In contrary, VEGFA obviously induced all signaling pathways related to the
activation of angiogenesis and sesamin pretreatment significantly impeded the activation of
Src and FAK by VEGFA but not that of ERK, p38, and PLCy1. Previous studies in HUVECs
reported that total saponins and carvedilol could inhibit VEGFA-induced angiogenesis by
the inhibition of FAK and Src activation, respectively [30,33], implying that Src and FAK
signaling might be responsible for the proliferation and migration abilities of endothelial
cells. The results of this study and previous studies altogether indicated the role of Src and
FAK pathways in mediating the inhibitory effect of sesamin on angiogenesis under high
VEGFA conditions.

As mentioned above, endothelial cells in the form of tip or stalks cells work together
in a harmonious way in sprouting angiogenesis. While the spear head tip cells migrate and
lead the sprout towards the stimulant, a high VEGF gradient, they suppress the tip cell
phenotype in the adjacent cells, which then become stalk cells. Stalk cells highly proliferate
and facilitate the guiding of tip cells, resulting in elongation of the new vessels. Notch
signaling pathway, which plays a critical role in cell fate determination, is involved in
the specification of endothelial cells into tip and stalk cells [9]. When VEGF interacts
with its main receptor VEGFR2, also known as KDR, the expression of the DII4 ligand
is upregulated in tip cells, which in turn activates Notch signaling in the neighboring
stalk cells, resulting in increased proliferation but suppression of tip cell-behavior in
these cells (lateral inhibition). Notch activation also reduces VEGFR2 expression in the
stalk cells. In contrast, VEGFR2 expression is increased in tip cells as they have low
activation of Notch signaling [5,9]; consequently, tip and stalk cells exhibit distinctive
gene expression profiles. In this study, we studied the expression of angiogenic genes in
VEGFA-induced EAhy926 cells and the effect of sesamin on them. The results showed that
when cells were induced with VEGFA, the NOTCH1 expression was significantly induced,
whereas DIl4, and VEGF expressions were not significantly changed. KDR expression was
reduced, though not significant, by VEGFA treatment. This profile of high Notch and
low KDR expressions proposed that endothelial cells in this study represent stalk cells,
although it cannot be definitely distinguished since we used monolayer endothelial cell line
lacking 3D interaction. Interestingly, sesamin was found to reduce the Notchl induction
by VEGFA significantly in both gene and protein levels. Previous studies found that
inhibition of Notch signaling leads to an increased formation of non-functional vascular
sprouts in tumor vasculature, which was explained by the de-repression of tip-cell behavior
in endothelial cells [34]. Since sesamin was shown to reduce vascular branching in the
previous experiment using the CAM model, the finding of Notch expression inhibition by
sesamin was found to be contradicting. However, Liu et al. reported that vascular network
formation was partially inhibited by blocking Notch signaling on the other hand [28]. These
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conflicting results might be explained by the plausible mechanism: inhibition of Notch
1 signaling will hinder the proliferation of stalk cells, a necessity for the elongation of new
sprouts in angiogenesis. The results of inhibition of VEGFA-induced proliferation and
migration of EA.hy926 cells also support this explanation.

Activation of alternative angiogenic signaling pathways is contributing to the resis-
tance against VEGF blockade therapy in cancer patients. Angiopoietin 2 (Ang2), being the
antagonist of Angl that stabilizes nascent vessels by recruiting mural cells, is implicated in
the formation of unstable and leakier vessels and it is upregulated in many cancers [13].
Hence, we examined the effect of sesamin on this pathway; specifically the expressions
of Angl, Ang2, and their receptor Tie2, in EA.hy926 cells. Nevertheless, no conclusive
finding was obtained. Sesamin increased the expression of Angl under VEGF influence of
12 h-duration, suggesting its potential to help the newly formed vessels to become stabi-
lized, but the finding was not confirmed as the effect was not significant and disappeared
in the 24-h period. On the other hand, treatment with sesamin alone reduced the expression
of Ang1 and increased that of Ang2 in EA hy926 cells without VEGF induction, although it
was not significant. Therefore, the effect of sesamin on angiopoietins is yet to be confirmed
in future studies using other endothelial cell types or a different dose and duration of the
sesamin treatment.

5. Conclusions

Summarizing our study, sesamin inhibited in vitro and in vivo VEGFA-induced an-
giogenesis, while there was no influence on angiogenesis without induction, and this effect
was accounted for by the reduction of the activation of Src and FAK induced by VEGFA. In
addition, inhibition of Notch signaling, which was crucial for the proliferation of stalk cells,
may also be responsible for the inhibitory effect of sesamin on VEGFA-induced angiogen-
esis. These results altogether highlighted the potential of sesamin as an anti-angiogenic
therapeutic adjuvant, nonetheless, confirming that its effect in therapeutic animal models
for accessing functions of the vasculatures is an absolute must.
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ABSTRACT

Human bone morphogenetic protein-2 (hBMP-2) is a potent growth and
differentiation factor for bone induction and regeneration. Recombinant
hBMP-2 (rhBMP-2) was cloned and expressed as a soluble protein using
E. coli-based expression system. A full-length gene encoding mature hBMP-2
was amplified by RT-PCR, cloned into an expression vector and expressed
using SHuffle E. coli cells. The rhBMP-2 was successfully expressed as a
soluble protein under the control of the lacUV5 and protein A promoters by
IPTG induction. The rhBMP-2 fused with ZZ domain at its N-terminus was
successively purified with a single step by using IgG Sepharose 6 fast flow
affinity chromatography. Analysis of the purified protein on SDS-PAGE,
Western blot analysis and LC-MS/MS, verified that the purified protein was
rhBMP-2. The biological activity testing on hFOB 1.19 showed that rhBMP-2
had the ability to significantly induce cell proliferation in a dose dependent
manner. ALP staining and activity assay also increased after rhBMP-2
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treatment. The mRNA expression of the osteogenic genes by quantitative
real-time PCR (qRT-PCR) showed that rhBMP-2 was able to up-regulate the
gene expression of ALP, COL1, BMP-2, Runx2, and OPN. This data indicates
that rhBMP-2 is functionally active to induce human osteoblast proliferation
and differentiation. The production of rhBMP-2 by this developed method
could be useful for bone regeneration and repair applications.

Keywords: Human bone morphogenetic protein-2, Recombinant protein,
Soluble protein, Osteoblast differentiation, Escherichia coli

INTRODUCTION

Bone morphogenetic proteins (BMPs) are the secreted growth factors
which belong to the transforming growth factor-p (TGF-B) superfamily of
multifunctional cytokines. BMPs have been involved in the regulation of cell
proliferation, survival, differentiation, regulation of cell-matrix interactions and
the stem cell development in a wide variety of tissues including bone (Hogan,
1996; Lind et al., 1996; Massague, 1996; Nissinen et al., 1997; Balemans and Van
Hul, 2002; Xiao et al., 2007; Du and Yip, 2010). BMPs are key regulatory factors
in the growth and regeneration of bone and cartilage (Tuan et al., 2003; Ishikawa
etal., 2007; Poon et al., 2016), and also function in the repair and remodeling of
the adult skeletal system (Sellers et al., 2000). Of the BMP family, BMP-2 is the
best characterized protein which has the strongest bone-inducing activity (Gao
et al., 2006), that also plays an important role during bone regeneration, repairs
and the induction of mesenchymal stem cells into osteocytes (Wang et al., 1990).

Native human BMP-2 is a homodimeric protein of identical monomer with
a dominant beta-sheet structure and forms the cystine-knot assembly. Each
monomer connected together with three intramolecular disulfide linkages and one
interchain disulfide bridge to form an active dimer (Scheufler et al., 1999). The
interface between the two monomers is stabilized by hydrophobic interactions
and an intermolecular disulfide bond. For BMP-2 processing, a 396 amino acid
precursor 1s proteolytically cleaved to yield the mature form of 114 amino acids
(Hillger et al., 2005), and demonstrates the biological activity only in a dimeric
form. The stabilization of disulfide bonds involves the protein interaction with
transmembrane serine/threonine kinase receptors on osteogenic cells, leading to
activate cell proliferation and differentiation of osteoblasts (Reddi, 2000). Owing
to its osteoinductive capacity, BMP-2 renders a therapeutic protein for de novo
bone formation in clinical use, which is utilized as an alternative to bone
autografting during the healing of critical fractures, for spinal fusions or the
treatment of bone and periodontal defects including dental implants (Gautschi
et al., 2007; McKay et al., 2007; Bessa et al., 2008; Tang et al., 2009; Kimura
etal., 2010; Shimono et al., 2010; Luo et al., 2012; Marques et al., 2015; Gomes-
Ferreira et al., 2016; Poon et al., 2016; Herford, 2017; Gonzaga et al., 2019).



However, 1solation of hBMP-2 directly from bone is an economically unfeasible
process because of very low yields in microgram quantities, the laborious
purification process, and safety (potential health risks associated from allogeneic
bone donor) (Kirker-Head, 2000).

Since its significance in therapeutic treatment; several heterologous
expression systems have been published for recombinant hBMP-2. Heterologous
production of constitutively active thBMP-2 from mammalian systems like
Chinese hamster ovary (CHO) cells (Wang et al., 1990; Israel et al., 1992) aids
disulfide bond formation and protein folding, but has disadvantages of imperfect
monomer processing, time intensive, expensive cultivation and poor yield with
high varability (Jayapal et al., 2007). Similar problems occurred during the
production of thBMP-2 in virus infected insect cells (Maruoka et al., 1995) and
transgenic plants (Gao et al., 2006). Expression of rhBMP-2 using bacterial
systems may overcome those problems therefore it is an attractive alternative.
Bacteria host cells are the most popular choice for the expression of human genes
due to advantages such as rapid growth, low cost, high yield, and, that they can
be manipulated for various purposes (Graumann and Premstaller, 2006).
Production of biologically active thBMPs through in vitro refolding of E. coli
produced inclusion bodies have been reported ( Long et al., 2006; Sharapova
et al, 2010; von Einem et al., 2010; Hyup Lee et al,, 2011; Zhang et al., 2011;
Pramesti et al., 2012; Retnoningrum et al., 2012; Rane et al., 2013). However, the
refolding procedure was complicated, labour intensive, time consuming and
required expensive reagents (Ruppert et al., 1996; Vallejo et al., 2002).

The purpose of this study is to develop an effective method to improve the
production of an active thBMP-2 as a soluble form without any refolding or
solubilization steps. A 342-bp gene encoding mature human BMP-2, was isolated
from a cDNA human osteoblast cell line hFOB 1.19 and expressed in SHuffle
E. coli, to promote a disulfide bond formation. The efficient method of expression
and purification yields a soluble protein of thBMP-2 with biological activities to
induce the osteogenic properties in a human osteoblast cell.

MATERIALS AND METHODS

Cloning and construction of rhBMP-2

The nucleotide sequence of human BMP-2 gene (GenBank Accession no.
NM 001200) from NCBI database was used as a reference gene. Human cDNA
encoding 114 amino acids long mature form of BMP-2 (residue 283 to 396) was
cloned by reverse transcription-PCR (RT-PCR). Total RNA was isolated from
the cultured human fetal osteoblast cell line (hRFOB 1.19 (ATCC® CRL-11372™,
USA) by Nucleospin® RNA II (Machere-Nagel, Germany), and was reverse
transcribed by RevertAid™ H Minus First Strand cDNA Synthesis Kit (Thermo
scientific, USA) using oligo (dT),s primer. The mature BMP-2 cDNA sequence
was amplified by PCR using GoTaq® Green Master Mix (Promega, USA)
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with primers 5-CAAGCCAAACACAAACAGCG-3" (20-mer) and 5'-GCG
ACACCCACAACCCTC-3" (18-mer). The PCR condition was the two minutes
of pre-denaturation at 94 °C, 35 cycles of 45 sec at 94 °C, 1 min at 55 °C, 1 min
at 72 °C, and 5 minutes for post-elongation at 72 °C. For cloning purposes, the
sequence encoding EcoR I, Nco 1, six histidine residues and recognition sequence
of factor Xa protease was introduced to 5’ end (forward primer) whilst
termination codon and BamH 1 restriction sites to the 3’ end of hBMP-2 gene
(reverse primer). The forward primer had the sequence of S5'-GAA
TTCGGCCATGGCTCATCACCATCACCATCACATCGAAGGGCGCCAAGC
CAAACACAA-3' (60-mer) and the reverse primer had the sequence of 5'-CGCA
AGCTTGGATCCTTAGCGACACCCACAACC-3' (33-mer). The PCR reaction
was performed with the following conditions, five minutes of pre-denaturation at
95 °C, 30 cycles of 30 sec at 95 °C, 30 sec at 58 °C, and 30 sec at 72 °C, and
5 minutes for post-elongation at 72 °C. The amplified product was ligated into
CloneJET™ PCR Cloning kit (Thermo scientific, USA) and transformed into
competent E. coli XLL1-Blue. The digested EcoR I/BamH I fragment was purified
using a gel extraction kit (QIAGEN, Germany) and sub cloned into the
corresponding sites of pEZZ18 Protein A Gene Fusion Vector (GE Healthcare,
USA). The recombinant clones were randomly screened by colony PCR,
analyzed with EcoR I/BamH 1 restriction digestion, and finally verified the insert
DNA sequence by automated DNA sequencing (First BASE Laboratories,
Malaysia). The resulting nucleotide sequences were analyzed using a Blast
Similarity search tool on NCBI database. The expression vector pEZZ18
harbouring hBMP-2 gene was transformed into SHuffle® Express Competent
E. coli (New England Biolabs, USA) for protein expression.

Soluble expression and purification

The pEZZ18-hBMP-2 in SHuffle Express E. coli was cultured at 30°C
overnight in Luna-Bertani (LB) medium supplemented with 100pg/ml
ampicillin. The fresh culture was inoculated with 1%inoculum into the LB media,
then grown at 30°C at 180 rpm agitation until the ODggy reached 0.5-0.6.
Thereafter, thBMP-2 expression was induced by adding isopropyl p-D-
thiogalactopyranoside (IPTG) at a final concentration of 1 mM and further
cultured for 18 h at 30°C. The bactenal cells were harvested by centrifugation at
2,300xg for 5 min at 4°C and resuspended in a lysis buffer (S0mM NaH,PO,,
pH 8.0, 300mM NacCl) containing protease inhibitor cocktails (Amresco, USA),
then the cells were disrupted using a sonicator. After removing the cell debris by
centrifugation at 15,300xg for 25 min at 4°C, the clear supernatant was applied to
pre-equilibrated IgG Sepharose 6 Fast Flow resin (GE Healthcare, USA) and then
incubated at 4°C with gentle agitation overnight. The column was washed with
the binding buffer (TBST; 20mM Tris-HCI, pH 7.5, 150mM NaCl, 0.05%Tween
20) and followed by a washing buffer (TBST containing 0.6M NaCl) and finally
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washed with TBS (20mM Tris-HCL, pH 7.5, 150mM NaCl). The bound proteins
were eluted with 50mM ammonium acetate with 2M MgCl,, pH 5.0. The eluted
fractions after measurement at OD,so were pooled, concentrated and exchanged
with 20mM Tris-HCI, pH 8.0 using Amicon ultra-4 MW cut off 10 kDa
(Millipore, USA). The protein was kept in aliquots with 20mM Tris-HCI, pH 8.0
buffer containing 20%glycerol at -80°C, and the concentrations were determined
by Bradford protein assay with BSA as a standard.

SDS-PAGE and Western blot analysis

The proteins were resolved on 12% SDS polyacrylamide gel, then the
bands were either stained by Coomassie Brilliant Blue R-250 or analyzed by
Western blot. For Western blotting, proteins were electro-transferred to the PVDF
membrane using semi-dry blotting apparatus (Biorad) at a constant voltage of 20
V for 20 minutes. It was then blocked with 5% non-fat milk in TBST for 1 hour
at room temperature and incubated overnight at 4°C with rabbit anti-hBMP-2
polyclonal antibody (Biovision, USA) at dilution 1:2000. The membrane was
washed 3 times with a TBST buffer and then incubated with a goat anti-rabbit
horseradish peroxidase (Merck, USA) at 1:4000 dilution for 1 hour at room
temperature. After washing with TBST, the immune-blots were visualized by
Luminata™ western chemiluminescent HRP substrate (Merck, USA).

Protein identification by LC-MS/MS mass spectrometry

The protein band was excised from a Coomassie Brilliant Blue-stained gel
after separating from 12% SDS-PAGE gel, reduced with DTT, alkylated with
10odoacetamide and digested with trypsin. The digested peptide solutions were
analyzed with Impact [l UHR-TOF MS system (Bruker Daltonics, USA) coupled
to a nanoLC system: UltiMate 3000 LC system (Thermo Fisher Scientific, USA).
Peptides were separated on a nanocolumn (PepSwift monolithic column 100 mm
1.d. X 50 mm). Eluent A was 0.1% formic acid and eluent B was 80% acetonitrile
in 0.1% formic acid. Peptide separation was achieved with a linear gradient from
10% to 45% B for 8.5 min at a tflow rate of 1 pl/min, including a regeneration
step at 90% B and an equilibration step at 1% B, one run took 20 min. Peptide
fragment mass spectra were acquired in data-dependent AutoMS (2) mode with
selecting most abundant precursor ions in a 3 second cycle for fragmentation. The
mass range of the MS scan was set to extend from 150 to 2200 m/z. The MS/MS
data was searched against the local database using multiple-search-engines
available in SearchGUI and the obtained proteomics identification results were
interpreted by Peptide Shaker (Vaudel et al., 2011; Vaudel et al., 2015) .

Cell proliferation assay
The effect of thBMP-2 on cell proliferation was performed with
PrestoBlue™ cell viability reagent (Invitrogen, USA). The hFOB 1.19 cells were
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seeded at a density of 1 x 10* cells/well in the 96-well black plate and maintained
in 1:1 mixture of phenol red-free DMEM/Ham's F-12 medium (Sigma-Aldrich,
USA) supplemented with 10%fetal bovine serum (FBS), 100U/ml penicillin,
100 pg/ml streptomycin, 0.3mg/ml G418, 1.2 g/ NaHCO; and 2.5 mM sodium
pyruvate at 37°C with 5%CO,. After 24 h of incubation, the cells were washed
with PBS buffer and changed with fresh medium containing 0.5% FBS with
rhBMP-2 at different amounts (3.125 to 50 ng/ml) or E. coli-derived hBMP-2
(R&D Systems, USA) as a positive control. After 4 h of culture, the cell growth
was determined by PrestoBlue™ cell viability assay which based on a resazurin-
based method of the reducing ability of living cells to quantitatively measure cell
proliferation. The fluorescence signal was measured at excitation 530 nm and
emission 590 nm using multi-mode microplate reader (Synergy™ HT, BioTek,
USA).

Alkaline phosphatase staining

hFOB 1.19 cells were plated at 6 x 10* cells/well in a 24-well plate and
cultured until reached 70-80% confluence in a completed medium. Cells were
treated with thBMP-2 or E. coli-derived hBMP-2 at concentrations of 25 and 50
ng/ml in a medium containing 2% FBS. Cells were continuously cultured at 37°C
with 5%CO, for 48 hours. The treated cells were carefully washed with PBS,
fixed with 10% neutral buffered formalin for 10 minutes and then rinsed with
PBS. After the fixing step, the cells were stained with BCIP-NBT solution
(Amresco, USA) and incubated at room temperature in the dark for 1 hour. The
reaction was stopped by removing the substrate solution and washed with PBS.
Photographs were taken to evaluate the staming results using an inverted
microscope with digital imager (IX71, Olympus, Japan).

Alkaline phosphatase activity assay

The quantitative analysis of thBMP-2 on the induction of alkaline
phosphatase (ALP) activity in hFOB 1.19 was determined by the modified
colorimetric method (Wanachewin et al., 2015). The cells were seeded as
previously described and replaced with thBMP-2 or E. coli-derived hBMP-2
(R&D Systems, USA) in a medium containing 2% FBS. After treatment for 5
days, the cells were washed and the attached cells were scraped off. The cells
were lysed with 100 pl phosphatase buffer followed by sonication and the protein
concentration was determined using Bradford assay. ALP activity assay was
performed in a 96-well plate by adding the cell lysate with 150mM alkaline buffer
solution (Sigma-Aldrich, USA). The reaction was initiated by adding 1 mg/ml
phosphatase substrate solution (Sigma-Aldrich, USA) and incubated at 37°C for
60 min. The reaction was stopped by 0.1N NaOH when the color intensity was
measured at 405 nm using a microplate reader. The alkaline phosphatase activity
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was quantified by the production of p-nitrophenol (M) product per mg protein
per minute and compared as a percentage with the untreated control (100%).

Gene expression by quantitative real-time PCR

The hFOB 1.19 cells were cultured in 6-well plates and exposed with
rhBMP-2 at 25 and 50 ng/ml in media containing 0.5% FBS. After 12-h
treatment, the total RNA was extracted by Ribozol™ RNA extraction reagents
(Amresco, USA) and the concentration was determined by a NanoDrop™ 2000
spectrophotometer. One microgram of total RNA was then reverse-transcribed to
cDNA using the RevertAid™ First Strand ¢cDNA Synthesis kit (Thermo
scientific, USA). A real-time quantitative polymerase chain reaction was
performed in triplicate samples by a LightCycler® 96 Real-Time PCR System
using Fast Start Essential DNA Green Master (Roche, Switzerland) following the
manufacturer’s instructions. Primer sequences were summarized in Table 1. The
quantification cycle (Cq) values were calculated using Light Cycle 96 SW 1.1.
Relative expression levels for each primer set were normalized to the expression
of GAPDH as a reference gene. N-fold difference expression (relative to control)
was calculated using the 2444 method (Livak and Schmittgen, 2001). Mean fold
difference was calculated and represented as + standard deviation.

Table 1. Primers used for gene expression by real-time qRT-PCR.

Gene Primer sequence (5'—3') Accession number
Forward (F); Reverse (R)

ALP F: CATGGCTTTGGGCAGAAGGA NM 001114107.4
R : CTAGCCCCAAAAAGAGTTGCAA

COLI1 F: AGCCGCTTCACCTACAGC NM 000088.3
R:TTTTGTATTCAATCACTGTCTTGCC

BMP-2 F: GCTGTCTTCTAGCGTTGCTG NM 001200.3
R : CTGTTTCAGGCCGAACATGC

Runx2 F : GCCTTCAAGGTGGTAGCCC NM 001024630.3
R : CGTTACCCGCCATGACAGTA

OPN F: ATGGCCGAGGTGATAGTGTG NM _000582.2
R : TCAGGGTACTGGATGTCAGG

GAPDH F: GAAGGTGAAGGTCGGAGTC NM _002046.5
R : GAAGATGGTGATGGGATTTC

Statistical analysis

All data were presented as the mean + SD. Comparison among groups were
performed by one-way ANOVA analysis using SPSS statistic version 17.0
followed by Tukey's t-test. Differences were considered significant at a value of
P <0.05 for all tests.



RESULTS

Cloning and construction of rhBMP-2

A full-length of gene encoding for mature hBMP-2 was achieved from the
human fetal osteoblast cell line (hFOB1.19) by RT-PCR. Human BMP-2 cDNA
was amplified by PCR and gave a single band at 342 bp of mature hBMP-2.
In order to facilitate the cloning step, the EcoR I and BamH Irestriction sites were
added at 1ts 5’ and 3’ends, respectively, whereas the histidine 6 amino acids and
factor Xa were fused at N-terminus to facilitate the purification step. The
amplified product at 406 bp in length was observed and ligated into pJET1.2
plasmid vector. The coding region of the mature hBMP-2 was subcloned into the
corresponding sites of the expression vector pEZZ18 to generate pEZZ18-hBMP-
2 (Figure 1) and characterized by PCR. Both plasmids were analyzed by the
double restriction enzymes with EcoR I and BamH I, showing the hBMP-2 gene
fragment. The nucleotide sequence of the insert fragment was a perfect match
(100%) with the mature hBMP-2 gene using nucleotide blast search on NCBI
database, confirming that the recombinant clones harbored the hBMP-2 gene.
Translated amino acid sequences of protein product showed the fusion protein
rhBMP-2 (302 amino acids) containing ZZ peptide, histidine 6 amino acids,
factor Xa cleavage region and mature hBMP-2 (Figure 2).

IEGR BamH 1
Not1 EcoR 1

I I 1
Ori Plac P spa > S y A 7 A 6x His hBMP-2 lac Z'
Figure 1. The pEZZ18-hBMP-2 construct.

MMTLOQIHTGGINLKKKNIYSIRKLGVGIASVTLGTLLISGGVTPAANAAQ
HDEAVDNKFNKEQONAFYEILHLPNLNEEQRNAFIOQSLKDDPSQOSANLLAE

AKKINDAQAPKVDNKFNKEQONAFYEILHLPNLNEEQRNAFIQSLKDDPSQ
SANLLAEAKKINDAQAPKVDANSAMAHHHHHHIEGRQAKHKQRKRLK

SSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADHLNS
TNHAIVQTLVNSVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQ
DMVVEGCGCR

Figure 2. Translated amino acid sequence of thBMP-2 fusion protein. Amino
acids in regular letters belong to tag fragment while those in bold letters
correspond to mature human BMP-2 protein. ZZ peptide is shown in
italic letters; followed by histidine 6 amino acids and factor Xa
cleavage region, respectively. Underlined letters are residues identified
from LC-MS/MS analysis.
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Expression and purification of rhBMP-2

The initial investigation for expression of thBMP-2 at 37°C observed that
the resultant protein product consisted of only inactive inclusion bodies in the
crude extract of the transformed bacteria. Induction with IPTG at 30°C for 18 h
yielded a soluble protein in the crude extract, whereas some inclusion bodies were
remained. The thBMP-2 from the soluble fraction was purified with a single step
by affinity chromatography using IgG Sepharose 6 Fast Flow. The eluted proteins
appeared in a single band with the migrated protein at about 67 kDa with > 95%
purity (Figure 3A) on the coomassie-stained gel. Western blot analysis with
polyclonal antibodies against hBMP-2 detected a purified protein product at
about 67 kDa, confirming that the purified protein was thBMP-2 (Figure 3B).
The overall yield of purified thBMP-2 was approximately 4 mg per liter of culture
medium with 11.3% yield. Theoretical 1soelectric point of fusion protein rhBMP-
2 calculated on Expasy based on a deduced amino acid sequence, a web-based
program was 7.26, whereas the molecular mass on monomer was 33.7 kDa.

(A) (B)

kDa M 2 kDa M 1 2

135
100
75 —

63 —

48—

4L
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Figure 3. Analysis of expression and purification for thBMP-2. (A)
Coomassie-stained 12% reducing SDS-PAGE of purified protein
samples. (B) Western blot analysis using polyclonal antibody to
human BMP-2 developed by chemiluminescent substrate. Lane M,
prestained protein marker; lane 1, supematant fraction from IPTG-
induced SHuffle expressed E. coli harboring pEZZ18-hBMP-2; lane
2, purified thBMP-2 after IgG Sepharose 6 Fast Flow purification.
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Confirmation of rhBMP-2 using mass spectrometry

Purified protein was analyzed by LC-MS/MS and further identified using
multiple proteomics identification search engines, including OMSSA,
MariMatch X!Tandem, Andromeda, Comet and more which were available in
SearchGUI. A Peptide Shaker was used to increase the confidence and sensitivity
of combined results from multiple search engines. Six tryptic peptides were
identified and assigned to the sequence corresponding to the coverage of 31.79%
as summarized in Table 2. These results verified that the purified protein was
rhBMP-2.

Table 2. Results of LC-MS/MS analysis of purified thBMP-2 matched with
human bone morphogenetic protein-2.

Amino Calculated Charge Peptide sequence Modification
acid mass
residue (m/z)
1-16 615.98 +3 MMTLQIHTGGINLKKK Oxidation at M

82-89 461.26 +2 NAFIQSLK -

139-147 461.26 +2 NAFIQSLK .

163-188  485.87 +6 LNDAQAPKVDANSAMAHHHHHHIEGR ~ Oxidation at M
265-289  483.95 +6 ACCVPTELSAISMLYLDENEKVVLK Oxidation at M
290-302  802.89 +2 NYQDMVVEGCGCR Oxidation at M

The effect of rhBMP-2 on cell proliferation

The biological activities to induce the osteogenic properties of thBMP-2
were examined in vitro using human osteoblast cells (hFOB 1.19). The effect of
rhBMP-2 on cell proliferation is shown in Figure 4 based on Prestoblue™cell
viability assay. The hFOB 1.19 cells were cultured and treated with different
rhBMP-2 concentrations for 4 hours. As expected, the thBMP-2 significantly
stimulated cell growth increasing from 100% to 229% from 3.125 to 50 ng/ml in
a dose dependent manner. Similar effects were observed when treated with
commercial E. coli-derived thBMP-2. Therefore, the purified thBMP-2 was
functionally active in inducing cell proliferation on human osteoblast cells.
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Figure 4. Cell proliferation of thBMP-2 on hFOB 1.19 cells. Graph showing the
effect of purified thBMP-2 on proliferation by PrestoBlue™ reagent
compared with commercial E. coli-derived thBMP-2 (R&D Systems)
at 4-h treatment with the various thBMP-2 concentration of 3.125,
6.25,12.5, 25 and 50 ng/ml, respectively. All data are shown as mean
+ S.D. of triplicate experiments. Statistical analysis was analyzed by
one-way ANOVA by SPSS followed by Tukey's t-test.

Note: ‘denoted for P-value < 0.05 was statistically significant.

The effect of rhBMP-2 on cell differentiation

ALP activity 1s an early biomarker of osteogenesis and quantitatively
estimated the degree of osteoblast differentiation. The potential effect of rhBMP-
2 to induce the production of alkaline phosphatase was processed by staining,
using BCIP/NBT as a substrate. The staining results after thBMP-2 treatment for
48 hours appeared the positive reactivity (blue-purple colour) at 25 and 50 ng/ml
(Figure 5A). After 5 days of treatment, the ALP activity of thBMP-2 at 25 and
50 ng/ml significantly increased its activity at 170% and 210% compared to the
untreated control (100%control) (Figure 5B). Similar results were shown after
treatment with commercial E. coli-derived thBMP-2 (Figure SA and B). Thus,
rhBMP-2 had the biological activities necessary to stimulate osteoblast
differentiation.
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Figure 5. Alkaline phosphatase detection on hFOB 1.19 after treatment with
rhBMP-2. (A) Alkaline phosphatase staining using NBT-BCIP
substrate solution. A and B, treatment with purified rhBMP-2; a and
b; treatment with commercial E. coli-derived thBMP-2; C, no
treatment as a control. A, a=25 ng/ml; B, b = 50 ng/ml. Magnification
= 10x, Bar = 200 pm. Blue-purple color of positive alkaline
phosphatase staining was pointed by black arrow. (B) Alkaline
phosphatase activity after treatment with purified thBMP-2 for 5 days.
Data represent mean + standard deviation (n = 3), *P < 0.05 compared
to control.



Gene expression analysis of rhBMP-2

To confirm the functional activity of rhBMP-2 on the osteoblast
differentiation process, we examined the degree of mRNA expression for genes
associated with osteoblast differentiation, alkaline phosphatase (ALP), type I
collagen (COL1), bone morphogenetic protein-2 (BMP-2), runt related protein 2
(Runx2) and osteopontin (OPN). Relative quantitation of Real-Time PCR results
1s shown in Fig. 6 where the mRNA transcript of ALP, COLI and BMP-2 in the
cells was stimulated by thBMP-2 at 25 ng/ml (Figure 6A). The mRNA expression
levels of ALP, COLI and BMP-2 were increased to 4.3-fold, 6.7-fold and 4.2-fold
relative to control, respectively. The up-regulated gene expression was also
significantly increased to Runx2 transcription factor and OPN was significantly
increased to 2.2-fold and 2.3-fold at 50 ng/ml treatment, respectively (Figure 6B).
Therefore, the thBMP-2 could significantly increase the expression level of
osteoblastogenic genes in human osteoblast cells during osteoblast
differentiation.
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Figure 6. Gene expression analysis by qRT-PCR with thBMP-2 treatment.
hFOB 1.19 cells were cultured for 12 h at 25 and 50 ng/ml purified
rhBMP-2. Fold change in mRNA expression level are relative to
GAPDH and normalized in the untreated control groups. Relative
gene expression of ALP, COLI, BMP-2 (A), and Runx2, OPN (B)
shows 1n the figure. Control group was taken as the calibrator. All data
are shown as mean = S.D. of triplicate experiments. Statistical
significance of differences was assessed with one-way ANOVA by
SPSS followed by Tukey's t-test. P-value < 0.05 (*) was assumed
statistically significant.
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DISCUSSION

Human BMP-2 is a crucial growth factor for osteoinductive and
osteogenesis processes of bone development and regeneration (Poon et al., 2016).
Native hBMP-2 is a disulfide bonded homodimeric protein which is needed for
biological functioning and is accompanied by a posttranslational modification of
N-glycosylation (Wang et al., 1990). The absence of carbohydrate residues does
not affect the biological function of BMP-2 (Kubler et al., 1998). Previous studies
(Long et al., 2006; Sharapova et al., 2010; von Einem et al., 2010; Hyup Lee
etal., 2011; Zhanget al., 2011; Pramesti et al., 2012; Rane et al., 2013; Nasrabadi
etal., 2018; Quaas et al., 2018) have expressed rhBMP-2 from a prokaryotic host
in the form of inclusion bodies by the pET expression system under the control
of T7 promoter using E. coli BL.21(DE3), Origami™ E. coli or E. coli SHuffle T7
Express strain. Nevertheless, these bacterial expression systems are limited in
their ability to perform post-translational modifications and facilitate disulfide
bond formation, resulting in eukaryotic proteins that are improperly folded with
the formation of inactive inclusion bodies. The misfolded protein needs further
in vitro refolding in order to regain its active structure. The complex nature of
this process 1s time-consuming, labor intensive and dependent upon various
variables for optimal conditions. Inclusion bodies may be formed due to there
being no disulfide bond formation in the reducing state of the cytosol in E. coli.

In the current study, we have investigated an E. coli-based expression
system to produce a soluble and functionally active rhBMP-2 protein using the
human osteoblast cell line (hFOB 1.19) as an in vitro biological testing. Our
strategy for improvement of the soluble expression of rhBMP-2 was
circumvented by changing the expression conditions which included the use of a
weaker promoter, the co-expression with fusion protein, lowering the growth
temperature and using a specific host strain allowing the formation of disulfide
bridges in E. coli host cells. The hBMP-2 was successfully expressed as soluble
protein after induction by IPTG with the pEZZ18 expression vector by using the
bacterial host strain SHuffle E. coli. The fusion partner with ZZ peptide at its
N-terminal was selected for helping the protein folding and aided in the
purification step. The active thBMP-2 was expressed as a soluble protein under
the control of lacUVS and a protein A promotor at a lower temperature (30°C).
These results indicated that that type of promoter and a lower culture temperature
increased the soluble expression due to a slow rate of protein synthesis (Rosano
and Ceccarelli, 2014). Nevertheless, the hBMP-2 protein was expressed in low
amount of total cell protein, which may be circumvent this problem by reducing
temperature (<30°C) or co-expression with chaperone proteins (Martinez-
Alonso, 2010). Furthermore, the E. coli SHuffle strain produced the correct
folding of active thBMP-2 protein within its cytoplasm. This agreement with the
information that this strain is based on the deletions of the genes for glutaredoxin
reductase and thioredoxin reductase, which allows disulfide bonds to form in the
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cytoplasm (Lobstein et al., 2012). It also expresses the cytoplasmic disulfide bond
1somerase DsbC which helps the oxidizing cytoplasmic environment and its role
in assisting the formation of correctly folded multi-disulfide bonded proteins
(Lobstein et al., 2012). The advantages of expression as a soluble protein with an
active protein in the E. coli system include inexpensive, less time and no refolding
and solubilization steps for protein purification. Recombinant hBMP-2 protein
was employed in a single step by affinity chromatography with IgG Sepharose 6
Fast Flow column. This data suggested that hBMP-2 fusion with ZZ peptide was
enriched with the IgG Sepharose 6 Fast Flow column which 1s tightly bound with
the IgG binding domain of protein A. The storage of rhBMP-2 was held at the
alkaline buffer, pH 8.0 with 20%glycerol. At pH 8.0, the biological function of
the proteins is maintained, as reported previously on the usage of thBMP-2 in
alkaline solution (Sharapova et al., 2010). The molecular mass at approximately
67 kDa was detected by both SDS-PAGE and western blot analysis, suggested
that the thBMP-2 might be a homodimeric form which composed of a monomeric
33.7 kDa hold together. The molecular mass of thBMP-2 monomeric form
(33.7 kDa) 1s larger than native mature hBMP-2 (12.9 kDa) because it composed
of the protein fragment containing ZZ peptide, histidine 6 amino acids, factor Xa
cleavage region (20.8 kDa) and mature hBMP-2 (12.9 kDa). However, the
purified thBMP-2 dimer was insensitive to SDS, heat and beta-mercaptoethanol,
suggesting that this dimerization creates a hydrophobic core between the
monomers that stabilizes the molecule (Scheufler et al., 1999).

Since the biological activity of thBMP-2 is the key indicator for successful
protein production, we demonstrated the osteogenic effect of E.coli-derived
rhBMP-2 using human fetal osteoblast cells, not rodent cells, such as C2C12
cells. Most studies evaluated the osteogenic activity of E.coli-derived rhBMP-2
using the C2C12 cell line (Fung et al., 2019). Proliferation of hFOB 1.19 cells
was promoted by increasing the hBMP-2 concentration, indicating the thBMP-
2 contains the ability to stimulate the proliferation of human osteoblast cells. This
result agreed well with high biological activity of BMP-2 in nanogram level
reported previuosly (Long et al., 2006). Alkaline phosphatase 1s a key enzyme in
the osteogenic differentiation process and its activity increases with the
enhancement of osteoblast differentiation. The increasing of ALP activity
indicated that thBMP-2 was able to induce osteoblast development from the
pre-osteoblast to the extracellular matrix maturation stage. The purified thBMP-
2 has a similar level of activity to commercially available thBMP-2, indicating
that our thBMP-2 has the functional activity as same as a commercial product.
During the bone formation process, increased expression of specific genes in
playing roles in the extracellular matrix formation and mineralization was
reported (Kirkham and Cartmell, 2007). The up-regulation of five osteoblast-
associated genes including ALP, COLI, BMP-2, Runx2 and OPN indicated that
rhBMP-2 could stimulate the osteoblast differentiation process. ALP and
collagen type I are the early indicators of osteoblastic differentiation. Collagen



type I is an important component of bone extra-cellular matrix, forming
connections with cell surface integrins and other ECM proteins. BMP-2 is an
osteoinductive protein, that is capable of inducing bone formation and healing,
and 1t also promotes cell proliferation and differentiation towards the osteogenic
pathway. Runx2 1s an important transcriptional factor on osteogenic
differentiation and controls bone formation. OPN is one of the noncollagenous
proteins involved in the bone matrix organization. The osteoinductive properties
of purified ThBMP-2 suggest that it might be a homodimeric protein of two
monomers with identical subunits held together due to the biological function of
the dimer (Long et al., 2006: Sharapova etal., 2010; von Emnem et al., 2010; Hyup
Leeetal., 2011; Zhang et al., 2011; Pramesti et al., 2012; Rane et al., 2013). This
rhBMP-2 demonstrated in vitro biological activity capable of inducing osteogenic
abilities which coincided with positive control commercial preparation of R&D
research products. In our study, the purification process exposure to acidic
conditions may be deactivated endotoxin (Ribeiro et al., 2010). Furthermore, the
biological function of thBMP-2 could stimulate the hFOB1.19 cells, suggesting
that no or very low endotoxin contamination contained in our purified protein. To
address this question, the quantitative measurement of bacterial endotoxin may
be further verified using endotoxin detection assay.

CONCLUSION

The E. coli-based system to produce soluble thBMP-2 with biological
activity to stimulate the osteoinductive properties on a human osteoblast cell was
established. This optimized expression and a single step purification are
beneficial in the rapid production of active thBMP-2 from E. coli without any
refolding or solubilization steps from inclusion bodies. This information has
potential applications for bone regenerative research, therapeutic intervention in
bone disease and the production of other homodimeric proteins.
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