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Guidelines for Handling, Treatment and Disposal of Waste Generated during
Treatment/ Diagnosis/ Quarantine of COVID-19 Patients

Meenakshi‘andRamneet Kaur?

1. ChandigarhSchoolofBusiness,Jhanjeri,Mohali,Punjab.
2. RIMTUniversity,Mandi Gobindgarh,Punjab

Abstract

In order to deal with COVID-19 pandemic, State and Central Governments have initiated various
steps, which include setting up of quarantine centers/camps, Isolation wards, sample collection
centers and laboratories. Following specific guidelines for management of waste generated during
diagnosticsandtreatmentofCOVID-19suspected/confirmedpatients,arerequiredtobefollowed by all
the stakeholders including isolation wards, quarantine centers, sample collection centers,
laboratories, ULBs and common biomedical waste treatment and disposal facilities, in addition to
existing practices under BMW Management Rules, 2016. These guidelines are based on current
knowledge on COVID-19 and existing practices in management of infectious waste generated in
hospitals while treating viral and other contagious diseases like HIV, HLN1, etc.

Keywords:Pandemic,BMW,Guidelines,Covid
Introduction

These guidelines will be updated if need arises. This revision-4 of guidelines issued to provide
revised guidance on segregation of general solid waste and biomedical waste from quarantine
centers/home-care/healthcarefacilitiestreatingCOVID-19 patients andto recommendon disposal
ofPPEs.GuidelinesbroughtoutbyWHO, MoH&FW, ICMR, CDCand otherconcerned agencies
from time to time may also be referred for understanding other aspects related to COVID-19.
Guidelines for handling, treatment and disposal of COVID-19 waste at Healthcare Facilities,
Quarantine Camps/ Quarantine-homes/ Home-care, Sample Collection Centers, Laboratories,
SPCBs/PCCs, ULBs and CBWTFs is given below.

(A) COVID-19lIsolationwards:

Isolation wards are those where COVID-19 positive patients are being kept for treatment /
diagnosis) Healthcare Facilities having isolation wards including temporary Healthcare Facilities
likerailcoachwards,COVIDCareCentersetc.1forCOVID-19patientsneedtofollowthesesteps to
ensure safe handling and disposal of biomedical waste generated during treatment; - Keep
separatecolor-codedbins(withfootoperatedlids)2/bags/containersinwardsandmaintainproper

segregation of waste as per BMWM Rules, 2016 as amended and CPCB guidelines for
implementationofBMWManagementRules.-Asaprecautiondoublelayeredbags(using2bags)

ISBN:978-81-957858-1-0
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should be used for collection of waste from COVID-19 isolation wards so as to ensure adequate
strength and no-leaks; - Collect and store biomedical waste separately prior to handing over the
same CBWTF. Use a dedicated collection bin labeled as “COVID-19” to store COVID-19 waste
and keep it separately in a temporary storage room prior to handing over to authorized staff of
CBWTF. Biomedical waste collected in such isolation wards can also be lifted directly from ward
into CBWTF collection van.

(B) SampleCollectionCentersandLaboratoriesforCOVID-19suspectedpatients:

ReportopeningoroperationofCOVID-19samplecollectioncentersandlaboratoriestoconcerned
SPCB/PCC. Guidelines given at section

(a) forisolationwardsshould beappliedsuitably incaseof testcentersandlaboratories.

(b)Pre-treat viral transport media, plastic vials, vacutainers, eppendorf tubes, plastic cryovials,
pipette tips as per BMWM Rules, 2016 and collect them in red bags.

(c) Responsibilities of persons operating Quarantine Centers/Camps/Home Quarantine or Home
Carefacilities4LessquantityofbiomedicalwasteisexpectedfromquarantineCamps/Quarantine Home/
Homecare facilities. However, the persons responsible for operating quarantine
camps/centers/home-care for suspected COVID-19 persons need to follow the below mentioned
steps to ensure safe handling and disposal of waste; - General solid waste (household waste)
generatedfromquarantinecentersorcampsshouldbecollectedinbags,securelytiedandhanded- over to
municipal solid waste collector identified by Urban Local Bodies for final disposal.

(d) General solid waste should comprise of waste generated from kitchen, packaging material,
wastefoodmaterial,wastepapers,wasteplastics,floorcleaningdust,etc.includingleft-overfood,
disposableutensils,waterbottles,tetrapacks,usedbysuspectedquarantinedpersonsand COVID- 19
patient at homecare or home quarantine.

(e) Only the used masks, gloves and tissues or swabs contaminated with blood / body fluids of
COVID-19patients,includingusedsyringes,medicines,etc.,ifany generatedshouldbetreatedas
biomedical waste

Clarifications: - Quarantine Camps / Quarantine-Home are the places where suspected people or
thecontactsofsuspected/confirmedcaseswhohavebeendirectedbyauthorizedhospitalsorlocal
authoritiestostayathomeforatleast14daysormoreforobservationforanysymptomofCOVID-
19,ifany.-Homecare—HomecarefacilityisahomewherecareistobeprovidedtoaCOVID-19
positivepatientathome.4-BiomedicalwasteatQuarantineCamps/Home-caremayalsocomprise of
used syringes, date expired or discarded medicines, used masks/gloves and in case of patients with
other chronic diseases may also include drain bags, urine bags, body fluid or blood-soaked
tissues/cotton, empty ampoules etc. - Biomedical waste generated from Quarantine Camps /
Quarantine-Home/Home-carewouldbetreatedas‘domestichazardouswaste’asdefinedunder

ISBN:978-81-957858-1-0
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SolidWasteManagementRules,2016,andshallbedisposedofasperprovisionsunderBiomedical Waste
Management Rules, 2016 and these guidelines.

(d) Duties of Common Biomedical Waste Treatment Facility (CBWTF): - Report to
SPCBs/PCCs about receiving of waste from COVID-19 isolation wards / Quarantine Camps /
Quarantined homes / COVID-19 Testing Centers; - Operator of CBWTF shall ensure regular
sanitizationofworkersinvolvedinhandlingandcollectionofbiomedicalwaste;-Workersshallbe
provided with adequate PPEs including three layer masks, splash proof aprons/gowns, nitrile
gloves,gumboots and safety goggles; - Use dedicatedvehicle to collect COVID-19 ward waste. It
isnotnecessarytoplaceseparatelabelsonsuchvehicles;-Vehicleshouldbesanitizedwithsodium
hypochloriteoranyappropriatechemicaldisinfectantaftereverytrip.-COVID-19wasteshouldbe
disposed-off immediately upon receipt at the facility. In case it is required to treat and dispose of
more quantities of biomedical waste generated from COVID-19 treatment, CBWTF may operate
theirfacilitiesforextrahours,bygivinginformationtoSPCBs/PCCs.-Operatorsof CBWTFshall
maintain separate records for collection, treatment and disposal of COVID-19 waste.

(e) Duties of SPCBs/PCCs - Shall maintain records of COVID-19 treatment wards / quarantine
centers / quarantines homes in respective States. - Ensure proper segregation, collection and
disposal of biomedical waste as per BMW Rules, 2016 and this guidance document; - Allow
CBWTFs to operate for extra hours as per requirement; - May not insist on authorisation of
guarantinecampsassuchfacilitiesdonotqualifyashealthfacilities.However,mayallowCBWTFs to
collect biomedical waste as and when required; - In case of States not having CBWTFs as well
asruralorremoteareas,nothavingaccesstoCBWTFs,theexistingcaptivefacilitiesofanyhospital may be
identified for disposal of COVID19 waste as per provisions under BMW Rules, 2016 and
theseguidelines. Thismayincludepermittinguseofdeepburialpitsfordisposalofyellowcategory
wasteasperstandardsprescribedinSchedule IlofBio-medicalWasteManagementRules,2016.2
-CoordinatewithCBWTFsandULBsinestablishingadequatefacilitiesforcollectionanddisposal of
COVID-19 waste.

() DutiesofUrbanLocalBodies

Urban Local Bodiesareresponsiblefor ensuring safe collection and disposal ofbiomedical waste,
ifany,generatedformQuarantineCamps/QuarantineHomes/HomeCareforCOVID-19suspected
persons. Information on each Quarantine Camps/ Quarantine Homes/ Home-Care should be
available with local administration and provide updated list to SPCBs/PCCs from time to time; -
Ensurethatgeneralsolidwasteandbiomedicalwastegeneratedfromquarantinecamps/quarantine
homes/Homecareisnotmixed. Thebiomedicalwasteandgeneralsolidwasteshouldbecollected
separately. Inform the persons responsible for operating isolation wards, quarantine centers and
residents of homecare units to collect solid waste and biomedical waste in separate bags securely
tiedpriortohandovertoauthorizedwastecollectorsofULBs.ULBsshouldensurethatleft-over

ISBN:978-81-957858-1-0



ResearchAspectsofMultidisciplinaryAreas

food and general solid waste is not collected in yellow bags; 1 - In quarantine camps, ensure that
biomedical waste is collected directly by CBWTFs identified by ULB. Biomedical waste from
quarantine camps to be lifted by CBWTFs on call basis as and when the biomedical waste gets
generated. Provide contact details of CBWTF operator at Quarantine Camps; - Provide necessary
support, security including authorization to staff of CBWTFs;

(9) Managementofwastewaterfrom HCFs /IsolationWards

As per the information available at CDC, the risk of transmission of virus that causes COVID-19
through sewerage systems is thought to be low. Transmission to operators may be possible during
treatment of sewage treatment plants, however there is no evidence to date that this has occurred.
Therefore, following guidance recommended for HCFs and the operators of STPs; - Responsible
agenciesareHealthcareFacilities/IsolationWards/operatorsofterminalsewagetreatmentplants
(PHED/Jal Board/etc.). - HCFs and the agencies operating Sewage Treatment Plants should
continuetoensuredisinfectionoftreatedwastewaterasperprevailingpracticestoinactivatecorona
viruses.-OperatorsofETPs/STPsattachedwithdischargefromHealthcareFacilitiesandisolation wards
should adopt standard operational practices, practice basic hygiene precautions, and wear personal
protective equipment (PPE) prescribed for operation of STPs. PPEs should include Goggles, face
mask, liquid repellent coveralls, waterproof gloves and Rubber boots. - During the period of
COVID-19 pandemic, utilization of treated wastewater in utilities within HCFs may be avoided.

ISBN:978-81-957858-1-0
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CareandMaintenanceofLaboratoryEquipmentUsedinHistotechnology
Meenakshi

ChandigarhSchool of Business,Jhanjeri, Mohali, Punjab.

Abstract

Laboratory equipment needs to be in peak condition if you want best performance and or results.
Avoiding unknows and contamination ensure most accurate performance and reliable results in a
lab. Inside a scientific laboratory, one can find expensive apparatus and equipment pieces that are
usedforresearch,experiments,andmedicaltesting.Fundingasciencelaboratoryisexpensive,and
thosewhoareusingitshouldalwaysrememberthattheyneedtomaintainorderinsidethefacility.  Many
research centre across the world with a built-in laboratory have a series of rules and regulations
that the scientists and staff should always follow. These rules and regulations would prevent the
laboratory from excessive wear and tear, and it would protect the expensive apparatus and
equipment inside.

Keywords:Laboratory, Equipment,Cleaning,Histotechnology,Maintenance.
CleaningyourLaboratory Equipment

Housekeeping remains the biggest problem in a lab. The exteriors of your equipment should be
wipeddowndailyandafullcleanshouldbedoneonceaweek.Cleaningwillalsohelptomaintain the safety
of the laboratory environment; restoring the laboratory after accidental spills and to prevent
contamination of on-going experiments.

CalibrationofLaboratoryEquipment

Regular calibrationof equipment is vitally important; if calibrations are not done when required,
youmayfindyourresultsmaybequestionableduetolackofaccuracyorconsistency. There are various
services available for calibration which could range from basic preventative maintenance to
advance accuracy.

MaintenanceofLaboratoryEquipment

Maintaining Laboratory equipment if vital it prolongs the lifespan of the equipment and ensures
optimum performance. In some cases, laboratory equipment requires replacement but other times,
especiallylargerlaboratoryequipment,youcansimplyreplacepartsorperformotherrepairwork.

ReplacementofLaboratory Equipment

Inspiteofpropermaintenance(servicing/repairs/calibrations),equipmentwilleventuallyreachthe end
of its workable life. When the time comes, it is advised to purchase quality equipment from
reputablemanufacturerswhichensuresdurability,accuracyandreliability.
Contactoneofourrepresentativeswhocanassistyouwithyourdecisiononyourreplacements.

ISBN:978-81-957858-1-0
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The fume hoods and the fume chamber are where the sample is being isolated or quarantined to
avoid being inhaled by anyone inside the facility. This is important especially in a chemistry lab
where experiments are being conducted more often. With the fume hood and the fume chambers
activated, those who are working inside the facility would not be at risk of inhaling the chemicals
that are produced by experiments. It is also important for the staff members to look after the fume
hoodsandfumechambers,checkingiftherearetracesofchemicalsleftinsidetheapparatus.Having an
equipment piece that is filled with trace minerals can be deadly and this is what the science
laboratory is trying to avoid.

To clean the fume hoods and the fume chambers, the laboratory should look for an outsourced
cleaner or a direct hire. The decision on who the research facility would choose is based on the
experiences of the applicant, and they should also show their skills on cleaning the fume hoods as
well as the fume chambers. After the cleaning process is completed, the staff inside the laboratory
would be able to use their equipment without thinking about the harmful chemicals coming from
theequipment. Theyshouldalsolookatthesealsoftheapparatus,andmakesurethatthechemicals
beingtestedinsideitarecontained.ltwouldbeabiggerproblemifmorepeoplestartedgettingsick because
the fume hoods and the fume chambers are not locked tightly.

Sometimes,thefumehoodsandthefumechambersmightexperienceminordamagesfromusingit ~ over
and over through the years. The facility should invest in repairing these minor damages because if
they will be ignoring it, these small damages can become larger and it would cost the
facilityalotofmoneytobuynewequipment. Thefumehoodsandthefumechamberscannormally
experienceseveraldamagesbecauseofhowitis  designed.Whensomeoneisusingthis ~ equipment
continuously, it can alert the user that the equipment is already running for so many hours and it
might fail if it is not properly maintained.

Thefacilityshouldalsorememberhowtheywouldcalibratetheirfumehoodsandfumechambers.  Most
laboratory staff tend to forget this stage, and they would just resort into using the equipment
immediately after it has been announced that the repairs have been completed. Calibration is
important in getting the most accurate data, and some laboratory apparatuses and equipment are
having an incorrect reading because it has not been calibrated. Make sure to remember this stage
every time the equipment is undergoing maintenance.

MakingtheLaboratory CountertopsCleanand Organized

Thelaboratorycountertopsarewherethesinkisinstalled,anditcanbefoundinsidethelaboratory ~ being
used as a platform where other items or devices will be placed upon. The laboratory
countertopsshouldbekeptcleanallthetime,andthestaffcanuseaclothtoremovethestainsthat have
appeared on the laboratory countertops. Alternatively, they can also use specialized cleaning
chemicalsthatwouldmaketheircountertopslooksparklingclean. Thelaboratorycountertopsare
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amongtheeasiesttowearbecauseitcanbedamagedanytime,andmanylaboratorycountertopsare stained
by different chemical reactions or being chipped off because of accidental scratches.

TakingCareoftheLaboratory Sinks

The laboratory sink is commonly located on a countertop, and this is where the scientists are
washing their hands and the smaller equipment like test tubes and cylinders before coming into
contactwithaspecimen.lftherearechemicalexperimentsthataregoingoninsidethefacility,itis
importantbecausethesinkcanactasimmediatedisposalforhazardouschemicals,andifsomeone  came
into contact with these chemicals, they can reach for the sink and have it washed off. A
laboratorywithoutaworkingsinkcan bedangerous,andscientificexperimentscan end uphaving awry
results. It is recommended that science laboratories should have a sink equipped on their
countertops.

To clean the laboratory sinks, the laboratory can either outsource someone who can do the job or
hiresomeonewhocancleanitdirectly.Whencleaningthelaboratorysink,makesurethatthewater is
running, and then start looking for any obstructions that are present in the tubes. Make sure that
anychemicalthathasbeendisposedofintothesinkhasbeenflushedoutcompletely. Thecleaners  should
also do a test whether the sink is efficient in flushing out all ofthe water, and if it does not
flushoutthewatercompletely,theyneedtodoanalternativeapproachonhowtheycanremoveall of the
dirt and external materials that might have clogged the sink. Once the task is complete, the staff
inside the laboratory would notice that the sink started working fine once again.

PreventingtheFragileGlassContainersandBeakersfrom Breaking

Theglasscontainersareimportantinalaboratorysettingbecausethisiswheremostofthesamples
arebeingkept.Withoutthesecontainers,thesampleswouldneverbestoredproperly,andtheycan be
prone to breakage. The glass containers should always be washed with soap and water after it has
been used as a storage container for a liquid or solid sample. The glass containers can be kept on a
rack that would hold them vertically, and it would also lower down the chances of the glass
containers from breaking. If a glass container slipped off the hand of the staff working inside the
facility, they would need to clean it up immediately because the small broken glasses can easily
injure someone.

Beakers are containers that have a particular measurement helping scientists obtain a sample that
has a definite amount, and they require the same treatment as glass containers. Beakers are also
fragile and can break easily if someone accidentally dropped it. To take care of beakers, the staff
should always clean it with soap and water after it has been used for an experiment. They should
bewipedwithacleanclothafterithasbeenwashedandleaveitasitdries.Beakersshouldbestored on a shelf
or cabinet so they are protected from damage by outside forces.
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Abstract

Medical lab management is a type of discipline that consists of laboratory medicine that has
expandedsignificantlyinthelastfewdecades. Themaximumrangeofquantitiescalculatedandthe variety
and complexity of the analytical techniques, procedure, instruments used have increased day by
day systematically. The turnaround time for the submission of a specimen to the receipt of a result
has decreased day by day and the performance of different analytical methods has continuously
improved. Simultaneously with these changes, the clinical use of results has also
altered.Themajorityofresultsfrompatienttohospitalareusedformanagementratherthanasaids to
diagnosis. Frequently, laboratory tests areperformed prior to the actual clinical examination. In
manycountrieslikelndialaboratorytestsareperformedforfurthertreatmentproceduresratherthan
diagnosispurposeandalsoforpreventingpatientsagainstmedicines.Nowday’shospitalspractices  also
changed with significant ramification on laboratory services. For example, most serious newborn
babies are treated in neonatal intensive units.

Keywords:QualityManagement,Laboratory Testing
Introduction

The changing day to day spectrum of diseases, for example, the growing number of patients with
certain acquired immunodeficiency syndrome also puts pressure on laboratories to expand them.
Thus,laboratorymedicalprofessionsarenotstaticandchangingwillcontinuetooccur.Evenmore
rapidlyastimeprogresses.Thelaboratoryfieldchangesdramatically.Morethantwentyyearsago,  labs
did not question order: quality was assumed. Though in a public set up those managing
laboratories are not directly concerned with the rising cost of testing but in the private set up labs
are concerned because it cuts on their profitability. The main challenge is to cut costs without
compromising quality. Although laboratory costs represent a small percentage of the budget, they
affect the entire system of laboratory management significantly. Health managers are confronted
with growing challenges of controlling escalating costs beyond the rate of inflation without any
compromise on quality. Many physicians believed that well over half of the diagnostic tests
performed do not really contribute to patients' diagnostic therapy. For the above reasons many
laboratories do modification and improvement in the laboratory’s services will be introduced
withoutsignificantnew expenditure onstaff andequipment.ltisthereforebeholden upontrainees
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in laboratory medicine to develop adequate skills in laboratory management. Responsibilities for
excessive laboratory use can be assigned primarily to the following four groups:

Groupl Practicingphysicians
Group2 Physiciansin training
Group3 Patients

Group4 Clinical Laboratory

Consumers of health care i.e., doctors and patients expect nothing less than perfection, accuracy
and quality are assumed. An improvement in the condition of a patient is the gold standard for
decision making. Accurate and timely testing can improve the patient's conditions. Measuring
outcomes is the challenge. One area where the laboratory can affect patients' care for the better is
to ensure that testing should be done appropriately, (Medical Laboratory Observer, June, 1989 by
Annemarie Barros).

Duringthelast fewyears,clinicallaboratorieshavebeen faced withchallengesfrom allsideswith
allegations of quality deficiencies, fraud, excessive charges and reimbursement. Since 1982, there
havebeenmanylegislativeandregulatoryissuesrelatedtolaboratorytesting.Congress,theHealth  Care
Departments Financing Administration and the Health Human Services Department’s inspector
general have been focusing on charge abuses and reimbursement.Each year private
independenthospitalslaboratorieshavebeenhitwithreducedpaybackfromgovernmentagencies.
Someprivateagencieshavedevelopedsomeguidelinesforsometestswhicharerecommendedby
doctors, theywill reimbursetheircash. In 1987, when theBlueCrossandBlueShield Association
published testing guidelines in cooperation withAmerican College of Physicians, the listwas said
to be purely educational. But it was widely accepted that individual Blue Cross/ Blue Shield plans
would eventually use the guidelines as criteria to deny claims for tests deemed medically
unnecessary.Meanwhile an updated version of the list , adding more tests, is planned for release
soon. The Code of Ethics of the American Society for Clinical Laboratory Science (ASCLS) sets
forth the principles and standards by which clinical laboratories professionals practice their
profession.

Pledgetothe Profession

Asaclinicallaboratoryprofessional, Istriveto:
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Maintain and promotestandards ofexcellencein performing and advancing the art and science of
my profession.

Preservethedignityandprivacyofthe others

Upholdandmaintain the dignity andrespect ofour profession.

Seektoestablishcooperativeandrespectfulworkingrelationshipswithotherhealthprofessionals.

Contributetothegeneralwellbeingofthe community.

Iwillactivelydemonstratemycommitmenttotheseresponsibilitiesthroughoutmyprofessional life.

This book chapter addresses change and quality improvement in health care. It was developed out
ofmistakesmadeandlessonlearned and focused onthedifferent labsasa majorpartofthehealth system.
Quality is essential to health care system survival whether it is cared by managed care, an
integrated delivery system or standalone system.
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Abstract

Branch of medicine, which involves taking decisions about the wellbeing of individual patients as
wellascateringtotheoverallwellbeingofthesocietythroughcontinuedlearningthroughscientific

observationandinterventionsonpatients,LaboratoryMedicineisalsomandatedwithethicalusage of
patient data and other materials for the optimum utilization of the same for benefit of the
individualandthesociety.“Decisionsaboutdiagnosis,prognosisandtreatmentarefrequentlybased  on
results and interpretations of laboratory tests. Irreversible harm may be caused by erroneous tests.

Keywords:MLP.Medicine,Ethics,Wellbeing, Interventions
Introduction

A Code of Ethics may be described as an expression of basic values - the principles and standards
by which we should conduct ourselves. Numerous laboratory professional organizations have
developed codes of ethics, with common principles of conduct which act as guidelines to
professional members of those organizations. The International Federation of Biomedical
Laboratory Science (1) advises to maintain strict confidentiality of patient information and test
results, safeguard the dignity and privacy of patients and above all be accountable for the quality
and integrity ofclinical laboratoryservices being provided. Onsimilarlines theAmerican Society
ofClinicalPathologistsadviselaboratoryprofessionalstotreatpatientsandcolleagueswithrespect,
careandthoughtfulness;performdutiesinanaccurate,precise,timelyandresponsiblemanner;and
safeguard patient information as confidential, within the limits of the law.

Thecoreethicalprinciples ofall thesedocuments include:

(i)Respectforpersons,i.e.,Acknowledgementofautonomyandprotectionofthosewith diminished
autonomy;

(if)Beneficence,i.e.,thedutytoactinthebestinterestsofpatientsorresearchsubjectswiththe goal of
maximizing benefits and minimizing harm (nonmaleficence);
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(iii) Justice, i.e., the duty or obligation to treat patients equally and to distribute, by allocating
fairly, what is rightly due in terms of benefits, risks and cost.

I. Consent

Most often the laboratories receive patient samples for testing. In such a setting obtaining consent
for such exercise is the responsibility of the treating physician. In the hospital setting this is often
‘implied’,especiallywhenthepatientisadmittedandsometimesnotinapositiontogiveconsent
(2).Hence, itisoftenapracticetotakeablanketconsentforsuchdiagnostictestswhichdonotadd
significant risk to the patient. However, it is a good practice to take consents for such diagnostic
procedures which might be adding significant risk to a patient's life.

I1. Genetictesting

In principle, the‘right to autonomy’should allowpeopleto decidewhether genetictesting is to be
performed or not. However, different governments have different policies regarding 'newborn
screening’, which is performed automatically, without physician orders. Once a disease or risk for
disease is detected, patients and physicians face a dilemma whether to disclose the results of the
tests to other family members who we now know to have increased risk (3). This may help
individualsandthesocietyasawholedevicebetterpreventiveandtherapeuticstrategiesandhence the
principle of beneficence overrides the individual’s right to autonomy. If the diseases detected are
treatable, the benefit to the public outweighs the autonomy of the individual.

I11. Incidentalfindings

These are results that have potential health or reproductive importance and are unintentionally
discovered while processing for other tests. Incidental findings may be carefully evaluated of the
benefitsagainstthepotentialrisksandmayinvolveevaluatingtheresult’saccuracy,significanceto health,
and clinical actionability. In the resource limited settings in developing countries, it often has
other ramifications like cost of treatment and potential benefit of such treatment. Moreover,
societal benefits must also be considered simultaneously before ruling in favor of the patient's
autonomy (4).

IV. Errordisclosure

DisclosureoferrorsinLaboratoryMedicinesettingscomeswithuniquechallengesrelatedtoerror
reportingbecausethelaboratoriesusuallyhavenorelationshipwiththeaffectedpatient.Hencethe
disclosurehastohappenthroughthetreatingcounterparts.Severalbarrierstodisclosingerrorsexist
viz.uncleardefinitionsoferror,fearthatpatientsmaynotunderstandtheerror,worrythatclinicians
maynotbeabletoproperlyexplaintheerror,anddisclosureoferrorthatwasactuallycommitted
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by someone else (5). The process of disclosing medical errors is gradually becoming formalized
into the health care process.

V. Testutilization

One of the major problems in resource limited settings is inappropriate test utilization. In
developing countries like India, the healthcare system is run parallelly through government and
private mechanisms. In the private setting patients generally pay from out of their pocket to meet
the expenses incurred during their treatment etc. Only a small percentage of patients are covered
under insurance (6).0n the other hand, in the government facilities the services are either free or
atasubsidizedrate.However,thewaitingperiodsinthosesystemsarelongandoftentheancillary facilities
are inadequate, hence not preferred by people who can afford. Hence, inappropriate test
utilizationisaprobleminboththescenarios:intheprivateset-upunethicalpracticesforprofiteering might
be discouraged by the labs; in government set up inappropriate test utilization should be
discouragedasitleadstomis-utilizationofpublicmoney.Laboratoriansshouldadvocateforproper  test
utilization and communicate with physicians when they feel testing has been ordered
inappropriately.

V1. Direct-to-Consumer(DTC)testing

DTClaboratorytestingisgrowingrapidlyallovertheworldalongwiththedevelopingworld.DTC
allowsconsumersto ordertheirownlaboratorytests providing greaterautonomy in somecases, is
moreaccessiblethangoingthroughstandardhealthcareprovidersandmaybelessexpensive,which is
also a source of justice for patients with limited financial means. However, it has several
limitations; consumers are less likely to properly interpret their own laboratory tests and may find
erroneousinformationwithoutexpertguidance. Thisbecomesevenmoreevidentinlow-prevalence
disease which increases the chances for false positive results. Hence, although not directly under
the purview of the laboratories, ethically laboratories are bound to provide support to their
customers (7).

VI1. Emerging disease setting

Theemergence of COVID-19 and some othernovel diseases in recent years have presented a new
challengetoethicalprinciples(8).Alotofquestionshavecomeupintheseunusualcircumstances like how
the decisions are taken to ascertain which risks are acceptable for laboratory workers? Who
decides what risks to patients areacceptable to protect laboratory workers or to protect other
patients? But most importantly in resource limited settings where there is shortage of appropriate
personal protective equipment (PPE) creating awareness among lab staff about the level of PPE
required for each lab activity. Importantly, there should be initiatives to spread awareness among
staff to mitigate their apprehensions.
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Abstract

Streptomycin is a pseudotrisaccharide having a mono substituted aminocyclitol to which a
disaccharideisattached.Streptomyciniseffectiveagainstmostoftheorganismswhichareinhibited
bypenicillin.Inaddition,however,itexertsapotentactionagainstgram-negativeorganismswhich  are
uninfluenced by penicillin. While bacteriologic experiments suggest a very wide field of
usefulness for streptomycin, direct experience in the treatment of human diseases has greatly
restricted the scope of its application. Experience thus far indicates that because penicillin is non-
toxic while streptomycin possesses toxic actions which are sometimes quite serious. There is also
the fact penicillin is administered in quantities measured in milligrams and streptomycin in
quantities of grams and these large amounts of the drug are not practical for some of the special
technics of administration such as suspension in wax and oil for delayed absorption. Thus far,
streptomycin has been found especially useful in urinary infections caused by the Escherichia coli
and some other, gram-negative bacterial infections of the urinary tract such as the Bacillus lactis
aerogenes, Bacillus proteus and Bacillus pyocyaneus. It is highly effective in Friedlander’s
pneumonia, Hemophilus influenzas meningitis and tularemis. It has also been found effective in
pneumonias, abscesses, peritonitis and other infections caused by the gram- negative bacteria
frequently found in the urinary tract. It appears to be without value in virus infections. One of the
most stirring aspects ofstreptomycin action is theobservation that it cures certain forms ofanimal
tuberculosisandthenowwell-establishedclinicalexperienceshowingthatitmaychecksomeforms  of
human tuberculosis, especially those in exudative stage. There was considerable discussion in the
conference concerning the details of its role in the therapy of human tuberculosis.

Keywords:Streptomycin,Susceptibility, Influenza, Tuberculosis, Antibiotics
Introduction

Twootherphasesofstreptomycintherapyreceivedspecialconsideration. Thereissomeindication  that
different members of the same bacteria species show wide difference in susceptibility to
streptomycin and it is now well established that for most infections, resistance to streptomycin is
acquired quite rapidly, in a matter of days to weeks. The limits the application of the drug to brief
coursesoftreatmentinnecessitatestheuseoffullyeffectivedoses,fromtheoutset. Thenextpoint is the
matter of toxicity. Streptomycin is not an innocuous drug. In addition to the various allergic
drugreactionssuchasskinrash,fever,itmayproduceseriousrenaldamage,itmayaffecttheblood-
formingorgansanditexertsanactiononthecentralnervoussysteminvolvingthevestibular
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apparatus and the eights nerve causing vertigo, tinnitus and impaired hearing, some of the effect
becoming permanent. These effects are apt occur after prolonged of the drug, after three or four
weeks. They are more frequent with the larger doses, Doses larger than those usually necessary.
One needs to keep them in mind, for the full scope of the applications of the streptomycin has not
yet been established and a good deal of the exploration is still necessary to establish the full
potentialities of streptomycin in human infections. In the present state of our knowledge, there is
justification in giving streptomycin in a trial in serious bacterial infections in which the other
specific anti- microbial agents have failed. It is suggested that an IN VITRO test of the sensitivity
of the organism may help to establish the indication for its trials in such cases. Streptomycin
Belongs to a group of compounds, it is as antibiotics which are produced by microorganisms and
whichpossessthepropertyofinhibitingthegrowthandevenofdestroyingothermicroorganisms
Antibiotic vary greatly in their chemical nature, mode of action upon different organisms. And
effectanimal upon thebody. Streptomycin, antibiotic synthesized by the soil organism
Streptomyces griseus. Streptomycin was discovered by American biochemists Selman Waksman,
Albart Schatz, and Elizabeth Bugie in 1943 The drug acts by interfering with the ability of a
microorganism to synthesize certain vital proteins It was the first antimicrobial agent developed
after penicillin and the first antibiotic effective against a wide variety of diseases. Streptomycin is
an antibiotic medication used to treat a number of bacterial infections. This includes tuberculosis,
Mycobacterium avium complex, endocarditis, brucellosis, Burkholderia infection, plague,
tularemia, and rat bite fever. It is an aminoglycoside antibiotic produced by the soil actinomycete
Streptomycesgriseus.ltactsbybindingtothe30Sribosomalsubunitofsusceptibleorganismsand
disrupting the initiation and elongation steps in protein synthesis. It is bactericidal due to effects
that are not fully understood. Streptomycin irreversibly binds to the 16S rRNA and S12 protein
within the bacterial 30S ribosomal subunit. As a result, this agent interferes with the assembly of
initiation complex between mRNA and the bacterial ribosome, thereby inhibiting the initiation of
protein synthesis. In addition, streptomycin induces misreading ofthe mRNAtemplateand causes
translationalframeshift,therebyresultsinprematuretermination. Thiseventuallyleadstobacterial ~ cell
death.

STRUCTUREOFSTREPTOMY CIN:Streptomycinischaracterizedchemicallyasanaminoglycoside
antibiotic. It consists of three components linked glycosidically.

1) Streptidine(inositolwithtwoguanido groups)
2) Streptose(methyl pentose)and
3) Streptoscamine(N-methyl-L-glycosamine)
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Both guanido groups of streptidine are essential for the antibiotic activity and removal of one
group reduces antibiotic activity upto 90%

NH NH
HzN - C- HN NH-C- NHa2 Streptodine
(inositol with two
guanido group)
OH

Streptose
(Methyl pentose)

Streptoscamine
0 (N-methyl-L-
CH20H glucosamine )
HzC-NH

OH

Chemicalstructureofstreptomycin
PRODUCTIONOFANTIBIOTICBYSTREPTOMYCIN:

The isolation of streptomycin was the culminatingpoint of a painstakingSearch for
antimicrobial agents producedbyantinomycetes , a group of organism closelyrelated to the
bacteria. This was precededbylong and continuous research,dating backto 1915 ,on
actinomycetes theirOccurrence and abundance in nature, their systematic or taxonomic
position ,the role in soil process notability in the decomposition of plant and animal residues
andintheformationofhumusandfinallytheirassociativeandantagonisticeffectuponbacteria  and
fungi . it was finally established that as many as 20 to 50 percent of all the actinomycetes
found in the soil and in other natural substrates had the capacity to inhibit the growth of the
other microorganism.

Streptomyces grisesus, the organism which comprised the streptomycin producing strain, was
known in our laboratories from the beginning of our work on actinomycetes ,although it was
not tested at that time for its antibiotic-producing properties .The ability of actinomycetes to
exertinjurious effectsuponbacteriaand fungihas been knownformanyyears.Lieskeshowed in
1921 that certain strain are able to bring about lysis of many bacteria and antagonize their
growth. This process is active in nature some of the bacteria are affected, and others are not.
Otherinvestigators notably Gratiaand Dath and Rosenthal, demonstratedin 1925 that cultures
oforganismdesignatedasstreptothrix,andnowknowntobeactinomycetesinsoil:80culture
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wereisolated ,ofwhich47wereabletorepressbacterialgrowth,butonly27liberatedintothe medium
substances which had the capacity to inhibit the growth of gram positive bacteria, but not of
gram negative bacteria and fungi.

Theproduction ofantibioticsby actinomycetesin 1939 , only two preparations wereknownto
processantimicrobialproperties. Thesewerenottruerecognizedassuch.Onewasobtainedby gratia
and had the capacity to lyse dead typhoid cells and certain living bacteria, it was later
designatedbyWelschasactinomycetin. Theotherwasbelievetobelysozyme,whichhadlytic
principle.

The first true antibiotic to be derived from a culture of an actinomyces was isolated. The
organism,Actinomycesantibioticus,yieldedasubstancewhichwasdesignatedasactinomycin. It
was soon crystallized, and its chemicals and biological properties were established. This
antibiotic proved to active against various gram positive bacteria but to a much lasser degree
upon the gram negative organisms. It proved to be extremely toxic to experimental animals.

GROWTHPROMOTER:Inaninvestigationofmicrobiologicalaspectsconnectedwiththeuse of
streptomycin and other antibiotic supplements in turkey nutrition , in this case it was observed that
cases of considerable drug fastness in the intestinal microflora since the development of
antibioticresistantstrainsofmicrobeshasabearingonthesuccessfuluseofantibioticasnutrional
supplements. culture for this purpose isolated from two types of material.

In one type of experiment , intestinal contents were obtained at autopsy from turkey poults which
for about a month had been fed an adequate , high soyabean- oil meal ration to which was added
50mg of streptomycin per kg of ration . In a second type of experiment the intestinal microflora
wasfollowedbyperiodicculturingfromhatchinguntil5Sto6weeksfrombothsourcesweretreated
inasimilarfashion.sincethisworkisonephaseofageneralstudyoftheoveralleffectofantibiotic
ontheintestinalmicrofloraofpoultry,quantitativeplatingofintestinalcontentsandfecalmaterial
contents and fecal material ere carried out on a vsriety of culture media.

The use of streptomycin as a growth promoting supplement in turkey poults results in the
appearance within three days of streptomycin-resistant coliform bacteria.
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In thistablethedistributionofstreptomycin resistancein coliform cultureisolatedatrandomfrom
intestine of turkey poults , calculated as percentage of total number of culture in each of the
following categories :the blank line =195 culture from poults on basal diets : the black line = 122
culture from poults on streptomycin diet.

CLINICAL USES : Streptomycin in combination with penicillins is used in the treatment of
enterococcal carditis , tuberculosis , and plague.

Becauseoftheriskofototoxicity ,streptomycin shouldnotbeusedwhenotherdrugswell serve.

Owing to their toxic potential, neomycin, and kanamycin are usually restricted to topical (for the
conjunctiva or external ear ) or oral use (eg , eliminatebowel flora). Gentamicin is also available
for tropical use.

Because of their toxicity with prolonged administration, aminoglycosides should not be used for
more than a few days unless deemed essential for a successful or improved outcome.
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Once the microorganism is isolated and its sensitivities to antibiotics are determined, the

aminoglycoside shouldbe discontinued if the infecting microorganism is sensitive to less toxic
antibiotics.

DOSAGEAND ADMINISTRATION: :

1. TUBERCULOSIS:It was the first antibiotic discovered that was effective against TB.
Today it is widely used as a first line TB medicine in patients that have previously been
treated for TB. Streptomycin is added to first line regiments because patients that are
resistant to both rifampicin and isoniazid are classified as having MDRTB ; these patients
should not be retreated with first line medicine but instead initiated onto a second line

regimen.
Adults with liver .
. children :
Adults: damage- creatinine < 30
ml/min:
15-20 mg/kg daily 12-15 mg/kg 2 or 3 times | 20-40 mg/kg [max dose
[max dose 1000 mg] aweek 1000 mg]

streptomycin is administred via injection daily or 5 days a week during the
intensive phase, in the first two months of treatment

Streptomycin is usually administered daily as a single intramuscular injection. A total dose of not
more than 120g over the course of therepy should be given unless there are no other therapeutic
options.Inpatientsolderthan60yearsofagethedrugshouldbeatareduceddosageduetotherisk of
increased toxicity.

2. TULAREMIA:Oneto2gdailyindivideddosesfor7tol4daysuntilthepatientisafebrile for 5 to 7
days.

3. PLAGUE :Two grams of streptomycin daily in two divided doses should be administered
intramuscularly .Aminimum of 10 days of therapy is recommended.
BACTERIALENDOCARDITIS:
Streptococcalendocarditis:inpenicillin—sensitivealphaandnon-hemolyticstreptococcal
endocarditis . streptomycin may used for 2 weeks treatment concomitantly with penicillin.
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Thestreptomycinregimenislgforthefirstweekand500mgforthesecondweek.Ifthe patient is
over 60 years of age , the dosage should be 500mg for the entire 2 week period .

b. Enterococcal endocarditis : Streptomycin in doses of 1 g for 2 week and 500 mg for an
additional 4 weeks is given in combination with penicillin . Oxotoxicity may require
termination of the streptomycin prior to completion of the 6 week course of treatment.

5. CONCOMITANT USEWITH OTHERAGENTS : For concomitant use with other agents
towhichtheinfectingorganism isalsosensitive.Streptomycinisconsideredasecondline agent
for the treatment of gram negative bacteremia , meningitis, and pneumonia,;
brucelloosis;granulomainguinale;chancroid,andurinaryinfection.

Approx. conc. mg/ml volume(ml) of solvent
200 4.2
250 3.2
1.8
400

For adults: 1-2 grams in divided doses every six to twelve hours for moderate to severe
infections.Doesshouldgenerallynotexceed2gramsperday.

Forchildren:20to40mg/kg/day(8to20mg/1g/day)individeddosesevery6tol2hours.
(Particularcareshouldbetakentoavoidexcessivedosageinchildren.) The dry lyophillized cake
is dissolved by adding Water for Injection USP in an amount to
yieldthedesiredconcentrationasindicatedinthefollowingtable:

Sterile reconstituted solutions should be protected from light and may be stored at room
temperatureforoneweekwithoutsignificantlossofpotency.

Parenteraldrug products should be inspected visually for particulate matter and
discoloration prior to administration, whenever solution and container permit.
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SIDE EFFECTS:

Along with its needed effects, a medicine maycausesomeunwanted effects. Although not
allofthesesideeffectsmayoccur,iftheydooccur,theymayneedmedicalattention.

Checkwithyourdoctorornurse immediatelyifanyofthefollowingsideeffectsoccur: More

common

e Black,tarry stools.

¢ Burning,crawling,itching,numbness,prickling, ‘pinsandneedles”,ortingling feelings

e Chestpain

e Chills

e Clumsiness

e Cough

e Dizzinessorlight-headedness

e Feelingofconstantof selfor surrounding

o Fever

e Large, hive-like swelling on the face, eyelids, lips, tongue, throat, hands, legs, feet,
Or sex organs.

e Nausea

e Painfulordifficulturination

e Sensationof spinning

e Sore throat

e Swollen glands

Less common

e Back,leg,orstomach pains
e Bleedinggums

e Bloodyorcloudy urine

e Blurred vision

e Changein vision

e Dark urine
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e Deafness

e Fastheartbeat

e Dry mouth

e Headache

e ltching

e Muscleweakness
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Abstract

Laboratory tube collection is a process applied when withdrawing blood samples from patients
beforetheygettestedinthelaboratory.ltfollowstheprinciple,whichismostcommonlyknownas the
"order of draw." Different tests and biochemical assays require varying types of sample collection
tubes. The reason why tubes are color-coded is for practical and easy identification. In- vitro
analysis of blood samples can be performed in clinical laboratories. However, these blood
samplescomeindifferentforms. Testingprocedurescanrequireanyofthefollowingbloodsample
types:serumorplasma. Inperformingmultiplecollectionsofvenousand/orarterialbloodsamples in a
single patient, a color sequence of withdrawing and its indications based on the Clinical &
Laboratory Standards Institute (CLSI) is the recommended procedure.

Keywords:Vial,BloodCollection,BloodTesting
Introduction
(A). Redtop

Theredbottleislesscommonitisusedforbiochemistryandserologytestsrequiringserumwhich might be
adversely affected by the separator gel used in the yellow bottle. « Additive: None or contains
silica particles which act as clot activators. * What additive does:Clot activator promotes
bloodclottingwithglassorsilicaparticles.sLaboratoryUses:Serumtesting(glucose,cholesterol,
triglycerides, HDL, potassium, amylase, alkaline phosphates, BUN, CK, liver enzymes), blood
bank, serology (RH Typing, Antibody screening, Red Cell Photo typing, DAT, RPR, monospot,
rheumatoid factor, ANA) Figure 4: red top test tube 2-Yellow top ¢ Additive: anticoagulant SPS
(Sodium Polyanetholsulfonate) & ACD (acid citrate dextrose) « What additive does: Prevents the
blood from clotting and stabilizes bacterial growth.

m-tube
“om

(B). Yellowtop
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Additive:anticoagulantSPS(SodiumPolyanetholsulfonate)& ACD(acidcitratedextrose ) What
additive does: Prevents the blood from clotting and stabilizes bacterial growth. ¢ Laboratory Uses:
Blood and bodily fluid cultures (HLA, DNA, Paternity) Tubes with SPS — For Blood and bodily
fluidcultures(HLA,DNA ,Paternity). TheSPSaidsintherecoveryofmicroorganismsbyslowing down/
stopping the actions of complement, phagocytes, and certain antibiotics. Tubes with ACD are for
cellular studies, HLA typing, paternity testing.

3-Blue top

Thebluebottleisusedforhematologytestsinvolvingtheclottingsystem,whichrequireinactivated whole
blood for analysis. * Additive: Sodium Citratel3 » What additive does: Binds and remove calcium
to prevent blood from clotting ¢ Laboratory uses: Coagulation (clotting process-P. T) PT
(Prothrombin Time — evaluates the extrinsic system of the coagulation cascade & monitors
coumadin therapy) APTT/ PTT (Activated Partial Thromboplastin Time — evaluates the intrinsic
system of the coagulation cascade & monitors heparin therapy) FDP (Fibrinogen Degradation
Products) TT (Thrombin Time) Factor assays.

Thislesscommonlyusedbottleisforbiochemistrytestswhichrequireheparinizedplasmaorwhole blood
for analysis. ¢ Additive: Heparin (Sodium/Lithium/Ammonium) ¢ What additive does: Inhibits
thrombin formation to prevent clotting ¢ Laboratory uses: Chemistry Testing (Plasma
determinations in chemistry): ammonia, carboxyhemoglobin & STAT electrolytes, chromosome
screening, insulin, renin and aldosterone

4-Greentop

5- Purpletop (Lavender)

Thesebottlesaregenerally  usedforhematologytestswherewholebloodis  required foranalysis.®
Additive: EDTA (Ethylenediaminetetraacetic Acid) « What additive does: Removes calcium
preventing clotting of blood ¢ Laboratory uses: Hematology testing (ESR, CBC w/diff., HgBALc)
blood film for abnormal cells or malaria parasites, reticulocytes, red cell folate, Monospot test for
EBV, parathyroid hormone (PTH)
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6- Greytop

Additive:PotassiumoxalateandSodiumfluorides Whatadditivedoes:Sodiumfluorideactsasan
antiglycolytic agent to ensure that no further glucose breakdown occurs within the sample after it
is taken. Potassium oxalate removes calcium and acts as an anticoagulant. * Laboratory uses:
Chemistry testing, especially glucose(sugar) and lactate, Glucose tolerance test (GTT)14

7- Royalbluetop

Additive:SodiumHeparinalsoSodiumEDTAWhatadditivedoes:InhibitsThrombinformation
topreventeLaboratoryuses:Chemistrytraceelements(suchasZinc,Copper,LeadandMercury),
toxicology, and nutritional chemistry testing.

8- Blacktop

Additive:SodiumCitrates Whatadditivedoes:Formscalciumsaltstoremovecalci

|
1l
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Abstract

Preparation and sterilization of Explant for inoculation. The first important condition for the
successfultissuecultureproceduresisthemaintenanceofasepticcondition.Sterilizationeliminates
microorganism and thus avoids contamination by bacteria and fungi. To maintain an aseptic
environment, all culture vessels, media and instruments used in handling tissue, as well as the
explant itself is should be surface sterilized. During sterilization, the living materials should not
lose their biological activity and only contaminants should be eliminated; therefore, explants are
surface sterilized only by treatment with disinfectant solution at suitable concentrations for a
specified period. The disinfectants widely used are sodium hypochlorite, calcium hypochlorite,
ethanol, mercuric chloride, hydrogen peroxide, silver nitrate and bromine water. Hypo-chlorite is
known to be a very effective killer of bacteria, even micro molar concentrations are enough to
reducebacterialpopulationssignificantly.However,littleisknownabouttheexactmechanismsof its
bactericidal activity.

Keywords:Inoculation,Explant, Population
Introduction

Surface sterilizing plant material is an important step when establishing a plant tissue culture
protocol. Commonly used disinfectants for plant tissue culture and methods for disinfecting green
capsules, dry seeds, and orchid seeds disinfecting are detailed below.

Somecommonlyusedchemicalssterilantareas follows:
1%sodiumhypochlorite(NaClO):

It is generally available with 5 % active chlorine content, so 20 % can be used for normal
sterilization.

CalciumhypochloriteCa (ClO)2:

This comes in the powder form. Generally, 100 ml of Ca (CIO)2 is used. The desired weight of
hypochloriteisaddedintothewater,agitatedfor10min,allowedtosettleandtheclarifiedfiltered
supernatant solution is used for sterilization. The filtrate is used immediately because of
deliquescent (take up water) nature. Calcium hypochlorite enters the plant tissue slowly as
comparedtosodiumhypochlorite. Thestandardconcentrationusedisoftheorderof4to10%and the
soaking time varies from 5 to 30 min.
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Bromine Water:
1to2%brominewatersolution isusedfor thesterilization purpose.
Mercuricchloride:

It is dissolved in water to create the solution. Concentration of 0.01 to 0.1 % for 2 to 10 min,
depending upon the tissue, is used. Mercuric chloride is an extremely toxic substance for plant, so
rinsing must be very thorough at least five times.

Alcohol:

70 % alcohol is used for sterilization of plant material by dipping them for a period of 30 sec to 2
min. Generally, alcohol aloneis not sufficient to kill all themicroorganisms and theplant material
after alcohol treatment is treated another chemical sterilant.

Antibiotic

Cefotaximeantibioticat50mg/Lconcentrationinthenutrient mediumisgenerallyusedtocontrol bacterial
infection.

Explantsaftertreatmentwithsterilantsmustbethoroughlyrinsedwithsteriledistilledbecause retention of
such toxic chemicals will seriously affect the establishment of culture.

MaterialRequired:

Apparatus:LaminarAirFlow,Autoclave,pHmeter,Weighingbalance,Magneticstirrers,Scalpel,
Surgical blades etc.

Reagents & Chemicals: Tween 20 (liquid detergent),0.1% HgCl2,70% alcohol,sterile distilled
water

Glassware:Beakers,sterilepetri plates,sterileblades, sterileforceps,muslin cloth
Procedure:

1. Plant part to be used was first thoroughly examined so as it should not be diseased or under ant
stress.

2. If you see symptoms of any pathogenic attack or plant to be under stressed conditions then it is
advisable to not to use that plant.

3. Suitable size of part from either root, shoot, leaf or bud could be used which will be called
asExplant.

4. Aftercuttingtheexplantwithscalpeltransferthemintobeakercontainingsufficientwater,soas the
explants are completely submerged. Add few drops of liquid detergent — Tween 20.

5. Now,wewillinitiate thestepsfor surfacesterilizationofthe explants
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Step-1

Tumblingunderrunningtapwater(30min.)

Step-2

Washingwith1%anti-fungal(Bavistin)(10min.)

Step-3

TumblingunderrunningtapwatertowashoffBavistin(30min.)

Step-4

Transfertheexplantintolaminarairflowhoodforfurtherworkto avoid contamination.
WashingtheexplantswithHgCI2(0.1%HgCl2solution)forrequiredtime-60sec Step-
S)

Washingexplantswithautoclaveddistilledwater(3times)

Step-6

Washwith 70%alcohol for30secondstoremovewaterfrom the surface

Explantsarenow readyfor inoculation

OBSERVATIONS

ExplantswerepreparedandSterilizationforinoculationtoobtainnewlydeveloped plant.
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Abstract

Ayurveda accepts the laws of uniformity in nature, and suggests that medicinal substances and
living bodies are similar in composition, being products of the same cosmic forces. Hence, herbs
and drugs influence the body according to their nature and attributes. Substances of opposite
attributes can be used to correct conditions of imbalance within the body. In ayurveda, all bodily
processes are believed to be governed by a balance of the 3 doshas. Whichever dosha appears to
dominate a person's behavior and physique is called his constitution type. Each constitution type
hasparticularstrengthsandsusceptibilities. Tridoshasareconsideredsimilartoaetiologicalfactors
responsible to derange normal health condition.

Keywords:Ayurveda, Herbal medicine
Introduction

Tridoshaj theory: Tridposha, which means three dosha. Dosha is a Sanskrit word, which means
"abnormal”. It is one of the main parts of the basic principles of ayurveda. The 3 main doshas
(humours) are: vata (the energic humour), pitta (the thermogenic humor), kapha (the cohesive
humour). Herbal preventive medicine basic ideas balance and harmony is the key to successful
preventive medicine. Herbal medicine can transform metabolic and physiological processes. -
nutritionmustbeofa quality thatenables thebodytorenewitselfin a way thatensureshealthand
wholeness. A conscious and free-flowing emotional life is fundamental to achieving any inner
harmony. Herbal actions, tonics and alternatives. The plant kingdom is an abundant and rich
resource for treatment & prevention of diseases. Detoxification and eliminative programmes. The
herbalapproachtodetoxificationisbasedupontheperceptionthatthehumanbodyisaself-healing and
homeostatic organism, and that the therapist simply has to support normal processes. Herbal
actionsandeliminationThereareherbalactionswhosephysiologicalimpactmakesthemespecially
indicated for the support of the different pathways of elimination in the body: - for the digestive
systemandcolon-laxative - forthekidneys andurinary system- diuretic- for the liver andblood

- hepatic, alterative - for the lymphatic system-alterative, lymphatic tonic - for skin - diaphoretic,
alterative-fortherespiratorysystem-expectorant,anti-catarrhal-andforsystemicingeneraltonic,
alterative, adaptogen, antimicrobial.

Herbalapproachtotheimmunesystem
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Theimmunesystemhasbecomeanincreasinglycrucialissueinrecentyears.Notonlyinmedicine but in
many aspects of our lives, having a grasp of the new concepts concerning human immunity has
become essential in understanding our world and making personal choices. There are many
waysofusingherbstoenhanceimmunologicalvitality. Allthemanydiverseherbaltraditions,with
theiruniqueculturalrootsandexpressions,havevaluableinsightsintotreatmentsandspecificherbs  for
the system. Ayurvedic compound formulations are dividing into two groups viz

(1) Kasthausadhi: -predominantly plantdrugs, and

(2) Rasausadhi:-Predominantlymetalsandminerals. ThereareseveralcategoriesofKasthausadhi
formulation such as Asavarista, Avaleha, Ghrta, Churna, Taila, etc. and of Rasausadh is such as
Bhasama, Pisti, Lauha, Mandura, Kupipakva Rasayana etc.

1 ASAVA&ARISTSAsavas& Avristsaremedicinalpreparationsmadebyfermentationprocess,

generating alcohol. Thus, facilitating the extraction of the active principles contained in the drugs.
The alcohol, so generated, also serves as a preservative. Examples: - Ashokarista, Lohasava,
Drakshasava.

2 AVALEHA Avaleha or lehya prepared either the addition of jaggery, sugar or sugar-candy and
boiled with prescribed drug juice or decoction. Examples: - Chyawanprash, Gulukand.

3 GHRITA Ghritas are preparations in which ghee is boiled with prescribed kasayas (decoction)
and kalkas of drugs according to the formula. Examples: - Brahmi Ghrit, Triphala Ghrit etc.

4 CHURNA Churna is afine powder of drug or drugs. Examples: - Hingvastaka Churan, Triphala
Churan.

5 TAILA Tailas are preparation in which taila is boiled with prescribed Kajsayas (decoction) and
Kalkas of drugs according to the formula. Examples: - Bhringraj Taila, Laung Taila

6 BHASMA Powder of substance obtained by calcinations is called Bhasma. Examples: - Lauh
Bhasma, Mandur Bhasma .

7 PISTI Pisties are prepared by triturating the drug with the specified herbal extract and exposing
to sun or moon-light. Examples: - Mukta Pisti, Praval Pisti, etc.

8 LAUHA Lauha are preparation of Loha Bhasma as main ingredient added to other drugs.
Examples: - Guduchi Lauh.

9 MANDURA These are preparations containing sodhita mandura along with other drugs.
Examples: - Punernava Mandur, Triphla Mamdur etc.

10 SATTVASattvaiswaterextractablesolidsubstancecollectedfromadrug. GHANSAT Visthe
drugconcentratederivedfromextractablewatersolubleextractfromthedrugpart. Theconc.ratio
ofGhansatvtothedrugisabout1:10to1:30,dependinguponthepartofHerbusedforpreparation.
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11 ARKAArkaisaliquidpreparationobtainedbydistillationofcertainliquidsorofdrugssoaked
inwaterusingconvenientdistillationapparatus.Examples:-ArkGulab,GiloeArk,PudinaArketc.

12 KVATHA CURNA Certain drugs or combination of drugs are made into coarse powder and
keptforpreparationofkasaya.Suchpowdersarecalledkvathcurna.Examples:-AmritadiKwatha
Churan, Patoladi Kwatha Churan

13 GUGGULU Guggulu is an exudate obtained from the plant Commiphora mukul. Examples: -
Triphal Guggulu, Yograj Guggulu, Rasnadi Guggulu etc.

14 DRAVAKADravakasareliquidpreparationobtainedfromlavanasandksaras.

15 VATI/GUTIKAMedicinespreparedintheformoftabletsorpillsareknownasVatiandGutika. These
are made from one or more drugs of plant, animal or mineral origin. Examples: - Lasunadi Vati,
Khadiradi Vati etc.

16 PARPATI Parpati is a rasa preparation. The name is derived from the method by which flakes
of the compound are obtained. Examples: - Lauh Parpati, Shwet Parpati etc.
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Abstract

Nanotechnology is currently being utilized for tissue engineering and regenerative medicine.
Nanostructurescanmimictissue-specificbio-environmentsbydesigningconstructswithparticular
biochemical, mechanical and electrical properties. The Use of Nanostructures for Tissue
EngineeringScaffoldsTissueengineeringrequiresaporousscaffoldthatwillserveasbothsubstrate and
support for tissue growth.The scaffold forms the necessary spatial composition for directing cells
to grow into the correct anatomical shape.The nanostructures developed for use as tissue
engineering scaffolds can have variable functionality dependent on their design.For example,
neural tissue requires electrical conductivity whilst bone and cartilage cells necessitate enhanced
mechanical properties.

Keywords:Nanotechnology,CarboParticle,Nanotubes,Engineering
Introduction

Thepropertiesofnanostructuresvarydependentonthenanomaterialused.Carbonnanotubeshave  been
proposed for use in tissue engineering because they can conduct electricity, are chemically stable
and are strong enough for use as scaffolds. Moreover, filamentous carbon nanotubes have a
structural composition that is comparable to the extracellular matrix which supports surrounding
cells.Thismeans that carbonnanotubesmayhavetheabilitytostimulatecellfunctioninthesame way as
the extracellular matrix.

CarbonNanotubesforBoneTissueEngineering

Bonetissueengineeringrequiresthecomplexformationofcelltypessuchasosteoblasts,osteoclasts  and
osteocytes within a non-cellular mineral component.Previously, nanomaterials chosen for
bonetissueengineeringwerelimitedduetotheirlowmechanicalstrength.Studiesinthelastdecade
haveshownthathighstrengthcarbonnanotubesarefullycompatiblewithbonecells.Multi-walled carbon
nanotubes have also been proven to produce bone repair that can be fully integrated into new
bone.

CarbonNanotubesforNeuralTissue Engineering

Nanotubes are especially suited for neural tissue engineering as their structure mimics the natural
tubularformsofmicrotubulesandaxons.Carbonnanotubesarecharacterizedbyrelativelyhigh
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conductivity which is necessary for maintaining electrical signals between neuronal cells. Studies
have found that neuronal cells can grow neurites onto carbon nanotube substrates.

CarbonNanotubesforCardiacTissueEngineering

The electrical conducting property of carbon nanotubes is also being put to use in cardiac tissue
engineering.Regeneratingcardiactissuewouldimprovetheprognosisofheartpathologiessuchas
cardiovascular defects and heart failure.Carbon nanotubes are being used to develop devices for
functional regenerative purposes. Through embedding carbon nanotubes into gelatin methacrylate
hydrogels, a two-dimension patch was formed which allowed for the engineering of
cardiomyocytes.The cells produced displayed synchronous beating as the carbon nanotubes
promoted cell-cell adhesion and improved cell-cell electrical coupling.
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Abstract

It is the largest gland in the body and weighs between 1- 1.25 kg. It is divided into right and left
lobes. The right lobe is much larger than the left one. Liver is an extremely vascular organ
(approximately 1/5th of the liver volume is blood). It plays a vital role in metabolism. Production
and excretion of bile Storage of glycogen Metabolism of carbohydrates, proteins, fats. De-
aminationofaminoacids(removalofnitrogencontainingportionofaminoacidanditsconversion to
ammonia which in-turn combines with carbon-di-oxide to form urea which is excreted by the
kidneys.)Production of plasma proteins — Liver forms 90-95 % of the plasma proteins, albumin,
globulinandfibrinogen.Storageofvitamins(A,D&B12)andiron.Productionofclottingfactors.
Productionofheatduetometabolism.Detoxificationoftoxicsubstancessuchasalcoholanddrugs.

Keywords:Liver,Metabolism,Hepatitis, Inflammation, Cirrhosis
Introduction

Thegall bladderbile: It is astoragefacility forbileproduced by theliver. Asmall pouch-shaped
organtuckedawayundertheliver,thegallbladderformsapartofbiliarysystem,joinedtothebile
ductbythecysticduct. Agreenish-yellow/brownish-yellowfluidthatissecretedbytheliver,stored
intheGallbladderanddischargeintoduodenumthroughbiliarytractandbilehelpsinthedigestion and
absorption of fats.

Liver function tests (LFTs): LFT’s are the blood test parameters showing the functioning of the
liver-Whentheseparametersarewithinreferencerange,itshowsnormalfunctioningoftheliver

/ healthy liver. When these parameters are above the normal reference range, it shows abnormal
liverfunction/liver damage/poor liverfunctioneTotalbilirubinReferencerange 0.2-1.2mg/dL

« DirectbilirubinReferencerange0.1-0.4mg/dLeAspartatetransaminase(AST/SGOT)Reference
range 5 to 47 IU/L » Alanine transaminase (ALT/SGPT) Reference range 7 to 56 IU/L « Alkaline
phosphatase (ALP) Reference range 30 to 120 IU/L * Albumin Reference range 3.5 to 5.3 g/Dl.
Diseases associated with liver sluggish liver are anorexia, nausea, malaise, hyperbilirubinemia
Jaundice, hepatitis (inflammation of liver), fatty liver (accumulation of fat in the liver), cirrhosis /
fibrosis of liver (scarring of liver), gall bladder stones, hepatotoxicity induced by alcohol and at/
chemotherapy, Sluggish liver (anorexia, nausea, malaise), ‘sluggish liver’ is a non-technical
medical term that is used to describe a liver that is not functioning optimally. Generally, this term
is used when theliveris freeofdisease, but performing at areduced rate. - anorexia,thesymptom
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ofpoorappetitewhateverthecause.-nauseaisthesensationofuneaseanddiscomfortintheupper
stomachandheadwithanurgetovomit.-malaiseisageneralizedfeelingofdiscomfort,illness,or lack of
well-being. Malaise is a symptom that can occur with almost any significant health condition. It
may start slowly or quickly, depending on the type of disease. Hyperbilirubinemia a condition
where there is a high level of bilirubin in the blood. Bilirubin is a natural byproduct of the
breakdown of red blood cells; however, a high level of bilirubin may indicate a problem with the
liver. Jaundice causes skin and the whites of your eyes to turn yellow. Too much bilirubin in the
blood causes jaundice. Bilirubin is a yellow pigment in hemoglobin, the substance that carries
oxygeninyourredbloodcells.Asredbloodcellsbreakdown,yourbodybuildsnewcellstoreplace  them.
The old ones are processed by the liver. If the liver cannot handle the blood cells as they
breakdown,bilirubinbuildsupinthebodyandskinmaylookyellow.Hepatitisisaninflammation of the
liver, most commonly caused by a viral infection. There are five main hepatitis viruses, referred to
as types a, b, ¢, d and e. Fatty liver fatty liver, also known as fatty liver disease (fld), is a
reversible condition where large vacuoles of triglyceride fat accumulate in liver cells due to
alcohol intake, high fat diet or improper metabolism cirrhosis / fibrosis of liver chronic liver
diseases lead to fibrosis which leads to derangement of the architecture, portal hypertension and
mayproducesuchanirreversiblerearrangementofthecirculationastocausecirrhosis.Gallbladder stones
(cholelithiasis) a gallstone is a crystalline concretion formed within the gallbladder by accretion of
bile components. Gallstones are small, pebble-like substances that develop in the gallbladder. Bile
contains water, cholesterol, fats, bile salts, proteins, and bilirubin—a waste product. Two types of
gallstones areseen, 1. Cholesterol stones 2. Pigment stones. Hepatotoxicity induced by alcohol and
chemotherapy drugs are an important cause of liver injury. More than 900
drugs(i.e.Paracetamol,anticancermedicinesetc.) Toxinsandalcoholhavebeenreportedto cause liver
injury, and drugs account for 20-40% of all instances of hepatic failure.
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Abstract

The foods that we eat often carry with them particular ties to cultural traditions, stories, memories
and histories. In this way, foodsand thediverseplant speciesfrom which they areproduced, often
connect communities of people across diasporas and across generations. Plants, as with humans,
havealongevolutionaryhistoryacrosschangingecologicalzonesandtheserelationshipsbetween
humans and plants are an important part of the entangled history of human evolution across the
globe. For example, some plants that have become weeds were introduced to North America by
early colonizers and settlers bringing familiar European plants with them. Escaping cultivation,
thesenon-nativeplantsfoundtheirplaceinsettlementlandscapesandeventuallyspreadbeyondthe point
of introduction. Yet others arrived accidentally in contaminated shipments of grain destined to be
sown as field crops or stuck in the shoes and clothing of a new human immigrant or refugee.
Someofthosefieldcropseedssuccessfullyescapedcultivation,establishedwithoutassistance,and
became weeds.

Keywords:Weeds,Nourishment,Ethnobotany,Diet, Crops.
Introduction

Ethnobotanyis the study of a region's plants and their practical uses through the
traditionalknowledgeof a local culture and people. An ethnobotanist thus strives to document the
local customs involving the practical uses of local flora for many aspects of life, such as plants as
medicines,foods,intoxicantsandclothing.RichardEvansSchultes,oftenreferredtoasthefather of
ethnobotany", explained the discipline in this way: Ethnobotany simply means investigating plants
used by societies in various parts of the world. Since the time of Schultes, the field of
ethnobotanyhasgrownfromsimplyacquiringethnobotanicalknowledgetothatofapplyingittoa modern
society, primarily in the form of pharmaceuticals. Intellectual propertyrights and benefit- sharing
arrangements are important issues in ethnobotany.

History

The idea of ethnobotany was first proposed by the early 20th century botanist John
WilliamHershberger. While Hershberger did perform ethnobotanical research extensively,
including in areas such asNorth Africa,Mexico,Scandinavia, andPennsylvania,it was not until
RichardEvans Schultesbegan his trips into theAmazonthat ethnobotany became a more well
known science.However,thepracticeofethnobotanyisthoughttohavemuchearlieroriginsinthefirst
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century AD when a Greek physician by the name of Pedanius Dioscorideswrote an extensive
botanical text detailing the medical and culinary properties of "over 600 mediterranean plants”
namedDeMateriaMedica.HistoriansnotethatDioscorideswroteabouttravelingoftenthroughout  the
Roman empire, including regions such as "Greece,Crete,Egypt, andPetra” ®land in doing so
obtained substantial knowledge about the local plants and their useful properties. European
botanicalknowledgedrasticallyexpandedoncetheNewWorldwasdiscoveredduetoethnobotany.
Thisexpansioninknowledgecanprimarilybeattributedtothesubstantialinfluxofnewplantsfrom the
Americas, including crops such as potatoes, peanuts, avocados, and tomatoes. The French
explorerJacquesCartierlearnedacureforscurvy(ateamadefromtheneedlesofa coniferoustree, likely
spruce) from a local Iroquois tribe

MedievalandRenaissance

Duringthemedievalperiod,ethnobotanicalstudieswerecommonlyfoundconnected withmonasticism.
However, most botanical knowledge was kept in gardens such as physicgardensattached to
hospitals and religious buildings. It was thought of in practical use terms for
culinaryandmedicalpurposesandtheethnographicelementwasnotstudiedasa modern anthropologist
might approach ethnobotany today

Ageof Reason

In1732,CarlLinnaeus carriedoutaresearchexpeditioninScandinaviaaskingthe Samipeopleabouttheir
ethnological usageofplants. Theageofenlightenment sawarisein
economicbotanicalexploration. AlexandervonHumboldt collecteddatafromtheNewWorld,
andJames Cook's voyages brought back collections and information on plants from the South
Pacific.Atthistimemajorbotanicalgardenswerestarted,forinstancethe RoyalBotanicGardens,Kewin
1759. The directors of the gardens sent out gardener-botanist explorersto care for and collect
plants to add to their collections.

Asthel8th century becamethel9th, ethnobotany sawexpeditions undertaken with more colonial
aims ratherthantradeeconomics such as that ofLewis and Clarkewhich recorded both plants and
the peoples encountered use of them. Edward Palmercollectedmaterial cultureartifacts and
botanical specimens from people in the North American West (Great Basin) and Mexico from the
1860stothe1890s. Throughallofthisresearch,thefieldof"aboriginalbotany*wasestablished—
thestudyofallformsofthevegetableworldwhich  aboriginalpeoplesuseforfood,medicine, textiles,
ornaments and more

Developmentand applicationinmodernscience

The first individual to study theemicperspective of the plant world was a German physician
workinginSarajevoattheendofthe19thcentury:LeopoldGliick.Hispublishedworkon
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traditional medical uses of plants done by rural people in Bosnia (1896) has to be considered the
first modern ethnobotanical work.

Otherscholarsanalyzedusesofplantsunderanindigenous/localperspectiveinthe20th
century:MatildaCoxeStevenson,Zuniplants(1915);
FrankCushing,Zunifoods(1920);Keewaydinoquay Peschel, Anishinaabe fungi (1998), and the
team approach of Wilfred Robbins,JohnPeabodyHarrington,andBarbaraFreire-
Marreco, Tewapuebloplants(1916).Inthe
beginning,ethonobotanicalspecimensandstudieswerenotveryreliableandsometimesnothelpful. This
is because the botanists and the anthropologists did not always collaborate in their work. The
botanistsfocusedonidentifyingspeciesandhowtheplantswereusedinsteadofconcentratingupon
howplantsfitintopeople'slives.Ontheotherhand,anthropologistswereinterestedinthecultural role of
plants and treated other scientific aspects superficially. In the early 20th century, botanists and
anthropologists better collaborated and the collection of reliable, detailed cross-disciplinary data
began. Beginning in the 20th century, the field of ethnobotany experienced a shift from the raw
compilation of data to a greater methodological and conceptual reorientation. This is also the
beginning of academic ethnobotany. The so-called "father" of this discipline is Richard
EvansSchultes, even though he did not actually coin the term "ethnobotany". Today the field of
ethnobotanyrequiresavarietyofskills:botanicaltrainingfortheidentificationandpreservationof
plantspecimens;anthropologicaltrainingtounderstandtheculturalconceptsaroundtheperception  of
plants; linguistic training, at least enough to transcribe local terms and understand native
morphology, syntax, and semantics.
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Abstract

Biofilmformationconstitutesanalternativelifestyleinwhichmicroorganismsadoptamulticellular
behaviorthatfacilitatesand/orprolongssurvivalindiverseenvironmentalniches.Biofilmsformon
bioticandabioticsurfacesbothintheenvironmentandinthehealthcaresetting.Inhospitalwards,
theformationofbiofilmsonventsandmedicalequipmentenablespathogenstopersistasreservoirs  that
can readily spread to patients. Inside the host, biofilms allow pathogens to subvert innate immune
defenses and are thus associated with long-term persistence. Here we provide a general review of
the steps leading to biofilm formation on surfaces and within eukaryotic cells,
highlightingseveralmedicallyimportantpathogens,anddiscussrecentadvancesonnovelstrategies
aimed at biofilm prevention and/or dissolution

Keywords:Biofilm,Bacteria,Attachment
Introduction

Bacterial Adherence on Surfaces—What Does It Take to Stick and Stick Around Bacterial
aggregation and subsequent biofilm maturation consists of reversible and irreversible stages and
involves numerous conserved and/or species-specific factors. The first step involves the
introduction of bacteria to a surface, a process which is at least in part stochastic, driven by
Brownian motion and gravitational forces, and influenced by surrounding hydrodynamic forces.
Within a niche, bacteria encounter attractive or repelling forces that vary depending on nutrient
levels, pH, ionic strength, and temperature. Medium properties, along with bacterial cell-surface
composition affect velocity and direction toward or away from the contact surface Motile bacteria
have a competitive advantage, utilizing flagella to overcome hydrodynamic and repulsive forces.
The importance of flagellar motility for initial attachment has been documented for several
pathogens,includingP.aeruginosa,Vibriocholerae,Listeriamonocytogenes,andE.coli.Insome
bacterial species, chemotaxis also plays a role in directing attachment in response to nutrient
composition; mutations in the CheR1 methyltransferase have been shown to alter the amino acid
responseofP.aeruginosaandimpairattachmentandbiofilmmaturation.Previousstudiesshowed  that
chemotaxis is dispensable in E. coli, however, recent investigations have revealed that disruption
of the methyl-accepting chemotaxis protein Il (tar), imparts biofilm defects in UPEC
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Upon intercepting the surface, adherence is mediated by additional extracellular adhesive
appendages and secreted adhesins. However, the decision to “stick” is not absolute; initial
attachment is dynamic and reversible, during which bacteria can detach and rejoin the planktonic
population if perturbed by hydrodynamic forces (sloughing bacteria off the surface), repulsive
forces, or in response to nutrient availability

BiofilmMaturation—KeepingltTogether

Surface contact triggers responses that lead to gene expression changes, up-regulating factors
favoringsessility,suchasthoseimplicatedintheformationoftheextracellularmatrix.Inthecase ofE. coli,
relatively little is known about matrix constituents. Cellulose was first identified as an
importantcomponentofcommensalE.colipelliclebiofilms,andwaslatershowntobecoexpressed
withcurliinUPECandgastrointestinal E.coliisolates.Curliareamyloidfibersthatarecriticalfor
theformationofpelliclebiofilms,ascurliinhibitors(curlicides)inhibitpellicleformationandcurli
mutantscannotformpellicles.Additionalstudiesshowedthatpolyglucosamine(PGA)andcolanic
acidcontributetobiofilmarchitecture,withPGAbeingprevalentamongclinicalisolates,including
UPEC. More detailed analyses are required for a complete characterization of the extracellular
matrix in pathogenic E. coli.

ExtracellularmatrixcompositionhasbeenmoreextensivelyinvestigatedinP.aeruginosa,andhas
beenshowntovarydependingonenvironmentalconditions. TwoprimaryEPScomponentsarePel
andPslaugmentsPseudomonasattachmenttomucinandairwayepithelialcells,whereasincreased
expressionofpelinsmallcolonyvariantsisolatedfromcysticfibrosispatientshasbeenassociated  withP.
aeruginosapersistence in lung airways . Recently, Borlee and colleagues identified CdrA,
alargesecretedadhesin,whichisexpressedinthebiofilminresponsetohighlevelsoftheuniversal
signal3,5-cyclicdiguanylicacid(c-di-GMP)andbindsPsl,stabilizingbiofilmstructures.Alginate,
anotherP. aeruginosaEPS component, has been associated with increased resistance to antibiotic
treatmentsandhostimmunedefensesduringchronicinfect. AsisthecasewithPelandPsl,alginate
production is subject to regulation by fluctuating levels of c-di-GMP. Recent studies have shown
thatasurface-bounddiguanylatecyclaseMucRpositivelyactivatesalginatesynthesis,presumably
throughhighlocalconcentrationsofc-di-GMP(Hayetal.2009).InadditiontoEPS,severalstudies
haveshownthateDNAuiscriticalforcell-to-cellconnectionsandstabilization ofPseudomonasbiofilms.
YoungPseudomonashiofilms are more sensitive to DNase treatment compared with mature
biofilms, indicating a stabilizing role for eDNA during the initial biofilm
stageswhenEPScomponentsarenotasabundant. Asthebiofilmmatures,eDNAamountsincrease
through lysis of a bacterial subpopulation in response to the P. aeruginosaquinolone signal (Pgs)
guorum sensing system. Allesen-Holm et al. showed that eDNA is organized in distinct patterns
andlocalizesinthestalk  portionofthemushroom-shapedbiofilms.Thislocalizationmayact as a
scaffold for the formation of the mushroom structure, as type IV pili show high eDNA binding
affinity,inducingtheaccumulationofmigratingbacteriatowardareasofhigheDNAconcentration.
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The contribution of eDNA to biofilmarchitecture has also been reported for E. faecalis, making it
one of the few knownE. faecalismatrix components. Thomas et al. first reported that eDNA is
criticalfork.faecalisbiofilmsandidentifiedthatthesecretedenzymesGelE(zincmetalloprotease) — and
SprE (serine protease) influence biofilm formation by affecting cellular autolysis and DNA
release. In a separate study, Mohamed et al. reported that a mutant lacking the Atn autolysin had
30% reduction in biofilm. Guiton and colleagues later established that Atn plays a role in the
temporal regulation of DNA release at specific stages during biofilm formation

EscapefromtheMatrix—DispersingMechanisms

Within the mature biofilm there is a bustling community that actively exchanges and shares
productsthatplayapivotalroleinmaintainingbiofilmarchitectureandprovidingafavorableliving
environment for the resident bacteria. However, as biofilms mature, dispersal becomes an option.
Besides passivedispersal, brought about by shear stresses,bacteriahaveevolvedways to perceive
environmental changes and gauge whether it is still beneficial to reside within the biofilm or
whether it is time to resume a planktonic lifestyle. Biofilm dispersal can be the result of several
cues,suchasalterationsinnutrientavailability,oxygenfluctuationsandincreaseoftoxicproducts,
orotherstress-inducingcondition.InUPEC, increaseinextracellularironinducesbiofilmdispersal,
whereasP. aeruginosabiofilms disperse in response to increased amounts of various carbon and
nitrogen sources. Several sensory systems monitor the levels of small molecules, as a proxy to
environmental changes, and alter gene expression accordingly, promoting dispersal. Among other
signals, the universal c-di-GMP has been extensively implicated in the shift between sessility and
motilityinbacteria,includingP.aeruginosaandE.coli. Typically,anincreaseinc-di-GMPfavors
sessility, whereas reduced c-di-GMP leads to up-regulation ofmotility. Maet al. recently reported
that a c-di-GMP binding protein, BAcA, is at least partly responsible for the reduction of available
c-di-GMP in biofilm communities, down-regulation of EPS, and up-regulation of swimming and
swarmingmotility;aphenomenonthattheinvestigatorsshowedalsooccursin -~ Pseudomonas  species
and Rhizobium mellioti .

EPS-degrading enzymes, such as alginate lyase in P. aeruginosa,also contribute to bacterial
detachmentfromthematrix.InE.coli,theCsrAproteinwasshowntorepressPGAsynthesis,also aiding in
dispersion. Besides down-regulating EPS, surfactant molecules are produced, reducing surface-
bacterialinteractions;forexample,althoughcontrolledrhamnolipidproductioncontributes to channel
formation within matureP. aeruginosa biofilms, an increase in rhamnolipid levels aids bacterial
dispersal. In addition, studies have identified flagellated subpopulations within P.
aeruginosabiofilms, which emigrate from the biofilm, creating microcolonies with a central void.
Voidswithinthebiofilmarealsocreatedbycelldeath,servingasanadditionaldispersalmechanism  that
frees resident livebacteria, as shown by studies in P.aeruginosa.Dispersing bacteria have the
capacity to reinitiate the process of biofilm formation, on encountering a suitable environment.
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Studies using Bacillus subtilis as a model organism revealed another sophisticated dispersal
mechanism that may be widespread among bacteria. B. subtilisforms robust biofilms, which lose
theirintegrityafter5-8d;Kolodkin-Galandcolleaguesfoundthatbiofilmdisassemblyisfacilitated by a
mixture ofb-amino acids (D-leucine, D-methionine,D-tyrosine, and D-tryptophan) that are
producedduringthestationaryphaseofgrowthandgetincorporatedintothepeptidesidechainsof
peptidoglycan in place of the terminal D-alanine. This D-amino acid incorporation interferes with
theanchoringofadhesivefibersonthecellsurface,leadingtofiberdissociationandlossofbacterial
adherence, without influencing bacterial growth or expression of matrix components Exogenous
additionofthep-aminoacidmixtureortheindividual D-aminoacidsdisruptedpreformedbiofilms
ofB.subtilisand otherbacterial speciesFurtherstudies revealed that p-amino acids work together
withnorspermidine,anotherfactorproducedby B.subtilus,tocausebiofilmdisassembly.Thus,D- amino
acid/norsperimidine treatment may hold promising potential in preventing or eradicating biofilms

THELIFEWITHIN—INTRACELLULARBIOFILMS

Accumulating evidence indicates that many bacterial pathogens previously considered as strictly
extracellular can persist inside the host by adapting an intracellular lifestyle that involves the
formation of bacterial communities with biofilm-like properties. These intracellular bacterial
communities(IBCs)werefirstdocumentedforUPEC,usingamurinemodelofinfection,triggering
events that lead to bacterial internalization. Although internalized UPEC are expelled in a TLR-4-
dependentprocesssomebacteriaavoidtheexocyticprocessandescapeintothehost-cellcytoplasm,
where they replicate into IBCs

IBCs progress through several developmental stages that show distinct morphological
characteristics. During the first 6 h following bladder inoculation, UPEC divide rapidly (doubling
time of ~30-35 min) resulting in small clusters of loosely associated rods (early IBCs), morphing
into coccoid-shaped bacteria, with an average length of 0.7 um that begin packing into a tight
biomass.Then,between6and8h,thegrowthratedropsdramatically,resultingindoublingtimes
>60min.Atthisstage,bacteriaaretightlypackedtogetherformingahighlyorganizedsphereinside the
cell that comprises the mature middle-stage IBCThe number of IBCs can range between 3 and 700
IBCs in an infected bladder; each IBC is clonal and composed of ~10*-10°bacteria. IBC bacteria
aresurroundedbynumerousfibersthatemanatefromthebacterialsurface,resemblingan  extracellular
matrix and encasing bacteria in individualized compartments. Polysaccharides, such as the sialic
acid capsule, are also present throughout the IBC and function, in part, to protect the bacteria from
neutrophil attack. Similar to extracellular biofilms, IBCs are heterogeneous, composed of
subpopulations with different gene expression patterns.
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Abstract

Stress is a fact of life, wherever you are and whatever you are doing. You cannot avoid stress, but you can
learntomanageitsoitdoesn’tmanageyou.Changesinourlives—suchasgoingtocollege,gettingmarried, changing
jobs, or illness—are frequent sources of stress. Keep in mind that changes that cause stress can also benefit
you. Moving away from home to attend college, for example, creates personal-development
opportunities—newchallenges,friends,andlivingarrangements. Thatiswhyit’simportanttoknowyourself ~ and
carefully consider the causes of stress. Learning to do this takes time, and although you cannot avoid stress,
the good news is that you can minimize the harmful effects of stress, such as depression or hypertension.
The key is to develop an awareness of how you interpret, and react to, circumstances. This awareness will
help you develop coping techniques for managing stress. For example, as an Army platoon leader,
managing stress will require techniques that include an awareness of yourself and your Soldiers.

Keywords:Stress,Experience,Overwhelming,Perception,Lifeevents

Introduction

Stressisthewayhumanbeingsreactbothphysicallyandmentallytochanges,events,andsituations in
their lives. People experience stress in different ways and for different reasons. The reaction is
basedonyourperceptionofaneventorsituation.Ifyouviewasituationnegatively,youwilllikely feel

distressed—overwhelmed, oppressed, or out of control. Distress is the more familiar form of
stress. The other form, eustress, results from a “positive” view of an event or situation, which is
why it is also called “good stress.” Eustress helps you rise to a challenge and can be an antidote to
boredom because it engages focused energy. That energy can easily turn to distress, however, if
somethingcausesyoutoviewthesituationasunmanageableoroutofcontrol.Manypeopleregard  public
speaking or airplane flights as very stressful—causing physical reactions such as an increased
heart rate and a loss of appetite—while others look forward to the event. It’s often a question of
perception: A positive stressor for one person can be a negative stressor for another.

Causesof Stress

Themostfrequentreasonsfor‘stressingout”fall intothreemain categories:
1. Theunsettlingeffectsofchange

2. Thefeelingthatanoutsideforceischallengingorthreateningyou

3. Thefeelingthatyou havelostpersonal control.

47
ISBN:978-81-957858-1-0



ResearchAspectsofMultidisciplinaryAreas

Lifeeventssuchasmarriage,changingjobs,divorce,orthedeathofarelativeorfriendarethemost common
causes of stress. Although life-threatening events are less common, they can be the most
physiologically and psychologically acute. They are usually associated with public service career
fields in which people experience intense stress levels because of imminent danger and a high
degree of uncertainty—police officer, fire and rescue worker, emergency relief worker, and the
military.Youmaynotplantoenterahigh-stresscareer,butasacollegestudent,youmayfindthat the
demands of college life can create stressful situations. The National Institute of Mental Health
(NIMH) notes some of the more common stressors for college students:

* Increasedacademicdemands

« Beingonyour ownin a newenvironment

« Changesinfamilyrelations

+ Financialresponsibilities

« Changesinyoursociallife

» Exposuretonewpeople,ideas,and temptations

» Awarenessofyoursexualidentityand orientation

* Preparing for life after graduation. Symptoms of Distress Symptoms of stress fall into three
generals, but interrelated, categories—physical, mental, and emotional. Review this list carefully.
If you find yourself frequently experiencing these symptoms, you are likely feeling distressed:

« Headaches

* Fatigue

» Gastrointestinalproblems

« Hypertension(highblood pressure)

« Heartproblems,suchaspalpitations

» Inabilitytofocus/lackofconcentration

» Sleepdisturbances,whetherit’ssleepingtoo muchoraninabilityto sleep
» Sweatingpalms/shakinghands

* Anxiety

* Sexualproblems.Evenwhenyoudon’trealizeit,stresscancauseorcontributetoseriousphysical
disorders. It increases hormones such as adrenaline and corticosterone, which affect your
metabolism,immunereactions,andotherstressresponses. That can lead toincreasesin yourheart
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rate,respiration,bloodpressure,andphysicaldemandsonyourinternalorgans.Behavioralchanges are
also expressions of stress.

Theycan include:

* Irritability

« Disruptiveeatingpatterns(overeatingorunder eating)
« Harshtreatmentofothers

* Increasedsmokingoralcoholconsumption
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Abstract

Goodlaboratorypractice(GLP)isaqualitysystemofmanagementcontrolsforresearchlaboratories
andtheuniformity,consistency, reliability,reproducibility,quality,and integrity of products in
development for human or animal health (including pharmaceuticals) throughnon-
clinicalsafetytests;fromphysio-chemicalpropertiesthroughacutetochronictoxicity tests. GLP was
first introduced in NewZealand andDenmarkin 1972, and later in the US in 1978
inresponsetothelndustrialBioTestLabs scandal.ltwasfollowedafewyearslaterby
theOrganizationforEconomicCo-operationandDevelopment(OECD)PrinciplesofGLPin1992;
theOECDhassincehelpedpromulgateGLPtomanycountries.GLPappliestonon-clinicalstudies
conducted for the assessment of the safety or efficacy of products in development (including
pharmaceuticals) for people, animals, and the environment.)GLP, a data and operational quality
system,isnotthesameasstandardsforlaboratorysafety-appropriategloves,glassesandclothing
tohandlelabmaterialssafely. TheprinciplesofGLPaimtoensureandpromotesafety,consistency,
highquality,andreliabilityofchemicalsintheprocessofnon-clinicalandlaboratorytesting. GLP is not
limited to chemicals and also applies to medical devices, food additives,food packaging,
coloradditives,animalfoodadditives,othernon-pharmaceuticalproductsoringredients,biological
products, and electronic products. One of the fundamental purposes of the Principles of
GoodLaboratory Practice (GLP) is to ensure the quality and integrity of test data related to non-
clinicalsafety studies. The way in which study data, supporting human, animal and environmental
safetyassessment, is generated, handled, reported, retained and archived has continued to evolve
in linewith the introduction and ongoing development of supporting technologies. However, the
mainpurposeoftherequirementsofthePrinciplesof GLPremainsthesameinhavingconfidenceinthequal
ity, the integrity of the data and being able to reconstruct activities performed during theconduct
of non-clinical safety studies.

Keywords:GLP,Quality,Management,Responsibilities,Accuratedata
Introduction

Thepurposeof GLP is to

e Ensurequalitytestdata

¢ Ensuresoundlaboratorymanagement

e Ensurerobustconductanceoflaboratory testing
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e Ensureaccuratereporting oftest findings

o Ensuresafearchival oflaboratory data

TheGLPPrinciplesbasicallyencompassesfollowingpoints
1. Testfacilityorganizationandpersonnel

e Test facility management should designate personnel to assume responsibility for the quality
assurance programmer, and these personnel should not be involved in the conduct of the
regulatory work being assured. Test facility management should ensure that there is a quality
assurance programs, with designated personnel, and assure that the quality assurance programs
is being performed in accordance with the principles of GLP.

e StudyDirector’sResponsibilities
e Hastheresponsibilityfortheoverallperformance ofthestudyandthefinalreport.
e Approvesthestudyplanand amendmentsand communicatethem totheQA personnel.
e Ensuresthat SOPs,study plansand theiramendments are available tostudy personnel.

o EnsuresthattheSOPsarefollowed,assesstheimpactofanydeviationsandtakes appropriate
corrective and preventive action.

e Ensuresthatrawdataaredocumentedandrecorded.

o Computerizedsystemsare validated.

e Signanddatethefinalreportto indicateacceptanceof responsibility.
e StudyPersonnel Responsibilities

e Knowledgeof theGLP principles

e Accesstothestudyplan andappropriate SOPs

e ComplywiththeinstructionsoftheSOPs

e Recordrawdata

e Studypersonnelare responsibleforthequalityof theirdata

e Exercisehealthprecautionstominimizerisk

e Ensurethe integrityof thestudy

2. QualityAssurance(QA) programme
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e Quality control is the process, procedures and authority used to accept or reject all
components, drug product containers, closures, in-process materials, packaging material,
labeling and drugproducts and theauthority to reviewproduction records to assurethat no
errors have occurred, that they have been fully investigated.

e The quality and reliability of test data count on the state and condition of the test system
which is used in its production.

e ThetestfacilityshouldhaveadocumentedQualityAssuranceProgrammetoguaranteethat
studies performed comply with these Principles of Good Laboratory Practice.

e TheQualityAssuranceProgrammeshouldbeperformedbyanindividualorbyindividuals
designated by.

e The Quality Assurance personnel should be responsible of maintaining copies of all
approvedstudyplansandStandardOperatingProceduresinuseinthetestfacilityandhave access
to an up-to-date copy of the master Schedule, verifying that the study plan contains
theinformationrequiredforcompliancewiththesePrinciplesofGoodLaboratoryPractice,
conducting inspections to determine if all studies are conducted in accordance with these
Principles of Good Laboratory Practice.

o InspectionsshouldalsodeterminethatstudyplansandStandardOperatingProcedureshave been
made available to study personnel and are being followed.

e Inspectionsaremadeinorder todeterminecomplianceof thestudy withGLP principles.

e Threetypesofinspection arebasicallycarriedout: Study-basedinspections,Facility-based
inspections, Process-based inspections.

e These inspections should involve those parts of a study that have particular importance for
thevalidityofthedataandtheconclusionstobedrawnfromthere,orwheredeviationsfrom the
rules of GLP would most heavily have a powerful effect on the integrity of the study.

e Quality Assurance thus has to find a balance in their inspectional activities, evaluating the
study type and “critical phases”, in order to achieve a well supported view of the GLP
compliance at the test facility and within the studies conducted.

¢ In the final reports it should be confirmed that the methods, procedures, and observations
are accurately and completely described, and that the reported results accurately and
completely reflect the raw data of the studies.

e Inspectionsofthefinalreportsaredone foraccurateandfull description.
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Theauditofthefinalreport,henceservestoascertainthequalityandintegrityofthespecific  study
with its detailed assessment of GLP compliance throughout the study and with its
concomitant review of all relevant information, records and data.

3. Facilities

GLPrequiresthattestfacilitiesbeofappropriatesize,constructionandlocationtomeetthe
requirements of the study and minimize disturbances that would interfere with the validity
of the study.

They should be designed to provide an adequate degree of separation between the various
activities of the study.

Separation renders the assurance that different functions or activities do not interfere with
each other or affect the study.

Minimizingdisturbancebyseparationcanbe achievedby:

o Physical separation: this can be achieved by walls, doors or filters, or by the use of
isolators. In new buildings or those under transition or renovation, separation will be
part of the design.

e Separation by organization, for example by the establishment of defined work areas
within a laboratory carrying out different activities in the same area at different times,
allowing for cleaning and preparation between operations or maintaining separation of
staff, or by the establishment of defined work areas within a laboratory.

Isolationoftestsystems andindividualprojectstoprotectfrombiologicalhazards.
Suitableroomsforthediagnosis, treatmentandcontrolof diseases.
Storageroomsfor suppliesand equipment.
Separateareasforreceiptsandstorageofthetestandreference items.
Separationoftestitems fromtest systems.

Archive facilities for easy retrieval of study plans, raw data, final reports, samples of test
items and specimens.

Handlinganddisposal of waste insuch awaynottojeopardizetheintegrity ofthestudy.

Documentedinspection, cleaning,maintenanceandcalibrationof apparatus.

4. Test systems

Equipment,includingvalidatedcomputerizedsystems,usedforthegeneration,storageand
recovery of data, and for controlling environmental factors relevant to the study should be
suitably located and of appropriate design and adequate capacity.
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Equipmentrecordsshouldinclude:nameoftheequipmentandmanufacturer,modelortype  for
identification, serial number, and date equipment was received in the laboratory, copy of
manufacturers operating instruction(s).

Equipment used in a study should be periodically inspected, cleaned, maintained, and
calibrated according to Standard Operating Procedures.

Recordsoftheseactivitiesshould bemaintained.
Calibrationshouldbetraceabletonationalorinternationalstandardsof measurement.
Instrumentationvalidationisaprocessnecessaryforanyanalyticallaboratory.
Dataproducedby*“faulty”instrumentsmaygivetheappearanceofvalid data.

Thefrequencyforcalibration,re-validationandtestingdependsontheinstrumentandextent of its
use in the laboratory.

Chemicals, reagents, and solutions should be labeled to indicate identity, expiry date and
specific storage instructions.

Informationconcerningsource,preparationdateandstabilityshouldbeavailable.
Appropriatedesignand adequatecapacityofapparatus usedforthegenerationof data.
Integrityofphysical/chemicaltestsystemsandbiologicaltestsystems.
Properconditionsforstorage, housing,handlingand care.
Humanelydestructionofinappropriatetestsystems.

Recordsofsourcedateof arrivalandarrival conditionsoftest systems.
Acclimatizationofbiologicalsystemstothetest environment.
Properidentificationoftestsystemsin theirhousingorcontainerorwhenremoved.

Cleaningandsanitizationofhousingsorcontainers.

5. Testandreferenceitems

Recordsincludingtestitemandreferenceitemcharacterization,dateofreceipt,expirydate,
quantities received and used in studies should be maintained.

Handling, sampling, and storage procedures should be identified in order that the
homogeneity and stability are assured to the degree possible and contamination or mixup
are precluded.

Storage container(s) should carry identification information, expiry date, and specific
storage instructions.
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e Each test and reference item should be appropriately identified (e.g., code, Chemical
Abstracts Service Registry Number [CAS number], name, biological parameters).

e For each study, the identity, including batch number, purity, composition, concentrations,
or other characteristics to appropriately define each batch of the test or reference items
should be known.

e In cases where the test item is supplied by the sponsor, there should be a mechanism,
developedinco-operationbetweenthesponsorandthetestfacility,toverifytheidentityof the test
item subject to the study.

o Thestabilityoftestandreferenceitemsunderstorageandtestconditionsshouldbeknown for all
studies.

o If the test item is administered or applied in a vehicle, the homogeneity, concentration and
stability of the test item in that vehicle should be determined.

e For test items used in field studies (e.g., tank mixes), these may be determined through
separate laboratory experiments.

e A sample for analytical purposes from each batch of test item should be retained for all
studies except short-term studies.

e The register for all reference substances and reference materials should be maintained and
contain the following information:

e a)theidentification number ofthe substanceor material

o b)aprecise description of thesubstanceor material

e C)the source

o d)thedate of receipt

e e)thebatchdesignation orotheridentificationcode

o f)the intended useof the substance

o )thelocationofstorage inthelaboratory, andanyspecialstorageconditions
o h)expirydateorretest date

e i) certificate (batch validity statement) of a pharmacopoeial reference substance and a
certified reference material which indicates its use, the assigned content, if applicable, and
its status (validity)

¢ j)inthecaseofsecondaryreferencesubstancespreparedandsuppliedbythemanufacturer, the
certificate of analysis
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6. StandardOperatingProcedures(SOP’s)

Standard Operating Procedures (SOPs) are intended to describe procedures that are
routinely employed in the performance of test facility operations. Indeed they are defined
as “documented procedures which describe how to perform tests or activities normally not

specified in detail in study plans or test guidelines.”

Atest facility should havewrittenStandardOperating Procedures approved by test facility
management that are intended to ensure the quality and integrity of the data generated by
that test facility.

Revisions to Standard Operating Procedures should be approved by test facility
management.

Each separate test facility unit or area should have immediately available current Standard
Operating Procedures relevant to the activities being performed therein.

Publishedtextbooks,analyticalmethods,articlesandmanualsmaybeusedassupplements to
these Standard Operating Procedures.

LaboratorymanagementmustbesurethattheSOPsusedinthelaboratoryareusefulindaily
operationsandtheyshouldbescientificallysoundandalso,theyshouldalwaysbeupdated as
necessary and rewrites should be the part of the routine process.

While writing SOP guidelines there must be some precautions such as avoiding restrictive
languagesuchas‘‘vortexforexactlyl minute”’butincludeclearinstructionssuchas*“vortex
untilhomogenized”ifthatsatisfiesthepurpose.Unnecessarystepsshouldnotbeaddedsuch ~ as
“consult the manual” unless personnel are required to follow this step.

Study personnel should easily access the study plan and appropriate Standard Operating
Procedures should be applicable to their involvement in the study.

It is their responsibility to comply with the instructions given in these documents. Study
personnel should exercise health precautions to minimize risk to themselves and to ensure
the integrity of the study.

DeviationsfromStandardOperatingProceduresrelatedtothestudyshouldbedocumented  and
should be acknowledged by the Study Director and the Principal Investigator(s), as
applicable.
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Abstract

The quality control department of a company oversees good laboratory practice. However, it is
ultimatelytheresponsibilityofeverymemberofstaffinvolvedwith laboratorytesting. Intheearly 70’s
FDA (United States Food and Drug administration) have realized cases of poor laboratory
practicethroughouttheUnitedStates.FDAdecidedtocheckover40toxicologylabsin-depth. They
revealedlotdishonestactivitiesandalotofpoorlabpractices.Examplesofsomeofthesepoorlab practices
found were equipment not been calibrated to standard form, therefore giving wrong
measurements, incorrect or inaccurate accounts of the actual lab study and incompetent test
systems. Although the term “good laboratory practice” might have been used informal already for
some time in many laboratories around the world GLP originated in the United States and it had a
power-full effect worldwide.

Keywords:Qualitycontrol,GLPs,Principles,Regulation, Accreditation
Introduction

History of Good Laboratory Practice (GLP) GLP is an official regulation that was created by the
FDAIn 1978. The OECD(Organization forEconomicCo-operation and Development)Principles of
Good Laboratory Practice were first created by an Expert Group on GLP set up in 1978 under the
Special Programme on the Control of Chemicals. The GLP regulations that are accepted as
international standards for non-clinical laboratory studies published by the US Food and Drug
Administration in 1976 supplied the basis for the work of the Expert Group, which was guided by
the United States and consisted experts from the following countries and organizations: Australia,
Austria, Belgium, Canada, Denmark, France, the Federal Republic of Germany, Greece, ltaly,
Japan, the Netherlands, New Zealand, Norway, Sweden, Switzerland, the United Kingdom, the
United States, the Commission of the European Communities, the World Health Organization and
the International Organization for Standardization. Eventually after United States other countries
started making GLP regulations in their home countries. (Lori et al., 2009). Those Principles of
GLP were officially suggested for use in member countries by the OECD Council in 1981. They
were set about as an essential part of the Council Decision on Mutual Acceptance of Data in the
Assessment of Chemicals, which expresses that “data denoted in the testing of chemicals in an
OECDmembercountryinaccordancewithOECDTest ~ Guidelines ~ andOECDPrinciplesofGood
Laboratory Practice shall be accepted in other member countries for the aims of assessment and
other uses relating to the protection of man and the environment.

Definitionof GLP
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The quality is the capability to systematically produce the same product to meet the same
specificationstimeaftertime. GLPwasalteredtoprotecttheintegrityandqualityoflaboratorydata
usedtobackupaproductapplication. Thedefinitionoftheterm*“GoodLaboratoryPractice”itself,
whichidentifiesGLPas““aqualitysystemrelatedwiththeorganizationalprocessandtheconditions under
which non-clinical health and environmental safety studies are planned, performed, monitored,
recorded, archived and reported.” can be considered as an example of a brief and
accuratedefinition.GLPdescribesgoodpracticesfornon-clinicallabstudiesthatsupportresearch or
marketing approvals for FDA-regulated products (Seiler, 2005). Purpose of GLP Everyone makes
mistakes that’s why GLP is needed. GLP principles are a good idea even if you are not required to
follow the standards. There are some simple rules such as: Say What You Do (with written
standard operating procedures), do what you say (follow the procedures), be able to prove
it(withgoodrecordkeeping)(JeanCobb,2007).Theprinciplesofgoodlaboratorypractice(GLP)
istosupportthedevelopmentofquality — andvalidityoftestdata ~ used  fordeterminingthesafetyof
chemicals and chemicals product (Clasby, 2005).

The principles of good laboratory practice Good Laboratory Practice is based on four principles:
The Management; The Quality Assurance; The Study Director; and The National Compliance
MonitoringAuthority.Allofthemserveimportantfunctionsintheconcordanceofperformingand
monitoring safety studies, and it should be kept in mind that all of them are required for GLP to
achieve quality data. 2.2.1 Although GLP differs from other quality systems in aspects that are
important not only for the traceability of data but especially for the full reconstruct ability of the
study, there are certain co-occurrences between GLP and other quality systems like accreditation
schemes. (Seiler, 2005).

2.2.2 The aim of this chapterwill be to give enough information about the GLP in details with the
test facility organisation and personal, the facilities of quality assurance programme, test system,
archive and waste disposal, apparatus, material, and reagents, physical, chemical, biological test
systems,receipt,handling,samplingandstorageandcharacterisationofthetestandreferenceitems,
standard operating procedures, performance of the study, reporting of study results, storage and
retention of records and materials.

2.2.3Theconcernsofthe chaptermaybesummarizedas follows:
1. Testfacility management

2. Qualityassurance programme

3. Meetingtherequirementsofthetest facility

4. Equipment

5. Receipt,handling,samplingandstorage
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6. Standardoperating procedures.

7. Performanceofthestudy.

8. Reportingof study results

9. Storageandretentionofrecordsandmaterials.
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Abstract

The rapid emergence of resistant bacteria is occurring worldwide, endangering the efficacy of antibiotics,
which have transformed medicine and saved millions of lives. Many decades after the first patients were
treated with antibiotics, bacterial infections have again become a threat. The antibiotic resistance crisis has
been attributed to the overuse and misuse of these medications, as well as a lack of new drug development
by the pharmaceutical industry due to reduced economic incentives and challenging regulatory
requirements. TheCentersforDiseaseControlandPrevention(CDC)hasclassifiedanumberofbacteriaas
presenting urgent, serious, and concerning threats, many of which are already responsible for placing a
substantial clinical and financial burden on the U.S. health care system, patients, and their families.
Coordinatedeffortstoimplementnewpolicies,renewresearchefforts,andpursuestepstomanagethecrisis are
greatly needed

HistoryofAntibiotics

The management of microbial infections in ancient Egypt, Greece, and China is well-
documented.® The modern era of antibiotics started with the discovery of penicillin by Sir
Alexander Fleming in 1928. Since then, antibiotics have transformed modern medicine and saved
millionsoflives.Antibioticswerefirstprescribedtotreatseriousinfectionsinthe1940s.Penicillin -~ was
successful in controlling bacterial infections among World War 1l soldiers. However, shortly
thereafter, penicillin resistance became a substantial clinical problem, so that, by the 1950s, many
oftheadvancesofthepriordecadewerethreatened.’ Inresponse, newbeta-lactamantibioticswere
discovered,developed,anddeployed,restoringconfidence.*"However, thefirstcaseofmethicillin-
resistantStaphylococcus aureus (MRSA) was identified during that same decade, in the United
Kingdom in 1962 and in the United States in 1968.*°

Unfortunately,resistancehaseventuallybeenseentonearlyallantibioticsthathavebeendeveloped
(Figure 1).> Vancomycin was introduced into clinical practice in 1972 for the treatment of
methicillin resistance in both S. aureusand coagulase-negative staphylococci.**It had been so
difficult to induce vancomycin resistance that it was believed unlikely to occur in a clinical
setting.* However, cases of vancomycin resistance were reported in coagulase-negative
staphylococci in 1979 and 1983.*Fromthelate1960s throughthe early1980s, thepharmaceutical
industry introduced many new antibiotics to solve the resistance problem, but after that the
antibiotic pipeline began to dry up and fewer new drugs were introduced.” As a result, in 2015,
many decades after the first patients were treated with antibiotics, bacterial infections have again
become a threat.
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Benefitsof Antibiotics

Antibiotics have not only saved patients’ lives, they have played a pivotal role in achieving major
advancesinmedicineandsurgery.’Theyhavesuccessfullypreventedortreatedinfectionsthatcan  occur
in patients who are receiving chemotherapy treatments; who have chronic diseases such as
diabetes,end-stagerenal disease, orrheumatoid arthritis; orwhohavehad complex surgeries such as
organ transplants, joint replacements, or cardiac surgery.>*>

Antibiotics have also helped to extend expected life spans by changing the outcome of bacterial
infections.’®® In 1920, people in the U.S. were expected to live to be only 56.4 years old; now,
however, the average U.S. life span is nearly 80 years.® Antibiotics have had similar beneficial
effects worldwide. In developing countries where sanitation is still poor, antibiotics decrease the
morbidity and mortality caused by food-borne and other poverty-related infections

ANTIBIOTIC-RESISTANTBACTERIALINFECTIONS

Antibiotic-resistant infections are already widespread in the U.S. and across the globe.’A 2011
national survey of infectious-disease specialists, conducted by the IDSA Emerging Infections
Network, found that more than 60% of participants had seen a pan-resistant, untreatable bacterial
infection within the prior year.” Many public health organizations have described the rapid
emergence of resistant bacteria as a “crisis” or “nightmare scenario” that could have “catastrophic
consequences.”8TheCDCdeclaredin2O13thatthehumanraceisnowinthe“post-antibioticera,” and in
2014, the World Health Organization (WHO) warned that the antibiotic resistance crisis is
becoming dire.”> MDR bacteria have been declared a substantial threat to U.S. public health and
nationalsecuritybythelDSAandthelnstituteofMedicine,aswellasthefederalInteragencyTask ~ Force

on Antimicrobial Resistance.*

Among gram-positive pathogens, a global pandemic of resistant S. aureusand Enterococcus
species currently poses the biggest threat.>'®MRSA kills more Americans each year than
HIV/AIDS, Parkinson’s disease, emphysema, and homicide combined.™**Vancomycin-resistant
enterococci (VRE) and a growing number of additional pathogens are developing resistance to
many common antibiotics.'The global spread of drug resistance among common respiratory
pathogens, including Streptococcus pneumoniae and Mycobacterium tuberculosis, is epidemic
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Abstract

Anatomy and Physiology courses are branches of biology that help us to understand life. And
anatomy is the study of the FORM of living things. Gross anatomy=science of macroscopic
anatomy; studying large body structures visible with the naked eye. Surface anatomy=the study of
internal structures as they relate to the overlying skin surface. Regional anatomy=considers the
regions of the body such as head and the extremities and all the systems in the particular region.
Systemicanatomy=givesattentiontoallthestructuresofaparticularsysteminthebodyregardless of
location. Microscopic anatomy=concerned with structures too small to be seen with the naked
eye.Cytologystudyofcells,theircomponents,andtheirfunctions.Histology=studyoftissuesand  their
functions. Physiology is the study of the function of the parts that make up living things.
Complementarity of Form and Function Physiology and anatomy are closely interrelated both
theoretically and practically, for anatomical details are significant only because each has an effect
onfunction,andphysiologicalmechanismscanbefullyunderstoodonlyintermsoftheunderlying
structuralrelationships.Althoughourknowledgeisincomplete, itisquiteclearthatlivingsystems
aresubjecttothesamelawsofphysicsandchemistryasarebuildings,oceans,andmountainranges. Many
advances in our understanding of the human body only came after advances in one of the physical
or applied sciences.

Keywords:HumanBody,Anatomy,Function,Cytology,Microscopy,Physiology
Introduction
StructuralOrganization oftheHumanBody

A. Chemicallevel-theleastcomplexlevel;,composedofatoms,thesmalleststableunitsofmatter
arranged to form molecules and compounds that possess specific functional properties and
unique three-dimensional shapes.Examples:water molecules, glucose, proteins, etc.

B. Cellular level — Interactions between molecules and compounds form the organelles of cells.
Cellsarethestructuralbuildingblockofallplantsandanimals,canbeproducedonlyfrompre-
existingcells,andarethesmallestunitscapableofperformingallvitallifefunctions.Examples of
cells:muscle cells, blood cells, nerve cells, etc.

C. Tissuelevel—-specializedgroupsofcellsandcellproductsthatworktogethertoperformoneor
morespecificfunctions.Examples:muscletissue,nervetissue,connectivetissue,andepithelial
tissues.
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D. Organ level — consists of two or more tissues working in combination to perform several
functions.The type of tissues that compose the organ dictates the function of the organ.
Examples:heart, lungs, stomach, etc.

E. OrganSystemlevel-organsinteracttoformorgansystems.Organsandtheorgansystemsthey
compose perform vital life functions of the body.You need to be able to name the 11 organ
systems,identifythebasicorgansthatformeachorgansystem,andgivemajorfunctionsofeach  organ
system.

1. Integumentarysystem=composedofskin,hair,andnails;externalsupportandprotectionofthe  body
and temperature regulation.

2. Skeletal system=composed of bones; internal support and flexible framework for body
movement, forms blood cells, and stores minerals.

3. Muscularsystem=composedofmusclesattachedtotheskeleton;locomotion,support,andbody heat
production.

4. Respiratory system=composed of the lungs, trachea, larynx and nasal passages; exchange of
respiratory gases, such as oxygen and carbon dioxide, between the air and circulating blood.

5. Nervous system=composed of the brain, spinal cord, and peripheral nerves; directs immediate
response to stimuli, usually by coordinating the activities of other organ systems.

6. Circulatory system=composed of heart and blood vessels; internal transport of nutrients and
oxygen to body cells while wastes and carbon dioxide are transported away from body cells.

7. Lymphatic/Immunesystem=composedofthelymphnodes,spleen,thymusgland,bonemarrow, and
tonsils; houses the immune system cells of the body, provides protection against infection and
disease, transports tissue fluid (called lymph) and absorbs fats.

8. Endocrinesystem=composedofhormonesecretingglandssuchasthethyroid,pituitary,adrenal
gland,pancreas,pineal,etc.;secretionofhormonesthatdirectlong-termchangesintheactivities of
other organ systems.

9. Urinarysystem=composedofthekidneys,ureters,urinarybladder,andurethra;filterstheblood to
remove nitrogenous wastes, eliminates excess water, salts, and waste products, and controls pH
and electrolyte balance.

10.  Digestive system=composed of the salivary glands, esophagus, stomach, small intestine,
large intestine, liver, and gallbladder.Intake, breakdown, and absorption of food in order to
acquire nutrients, minerals, vitamins and water and the elimination of feces.

11.  Reproductivesystem=composedofovaries,uterus,vagina,andmammaryglandsinfemales
AND the testes, scrotum, prostate gland, seminal vesicles and penis in the male; production of
sperm and egg as well as secretion of sex hormones and copulation.
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F. Organism=alivingbeingthathasacellularstructureandthatcanindependentlyperformall
physiologic functions necessary for life. In multicellular organisms, including humans, all
cells, tissues, organs, and organ systems of the body work together to maintain the life and
health of the organism. The organism level is the most complex level of organization.

FunctionsofHuman Life
A.Biology isthe study of life.

1. Despitetremendousdiversity,alllivingthingsperformthesamebasicfunctionsand
exhibit the same basic characteristics.

2. Characteristicsoflifeinclude:

a. Organization — Separation of one area from another; organism, cell, organ,
etc.Ability to control what enters and exits each area.

b. Metabolism-Allchemicalreactionsinacell/organism(bothanabolismand
catabolism). Generally, can be:

i. Anabolic—Smaller,simplermoleculesarecombinedtocreate a
larger, more complex substance. Will require an input of
energy — endergonic.

ii. Catabolic — Larger, more complex substances are broken
downintosmaller, simpler,molecules.Will releaseenergy —
exergonic.

iii. Adenosine triphosphate (ATP) —A key chemical compound
used to store and release energy. Conversion ofADPtoATP
is anabolic. Conversion of ATP toADP is catabolic.

c. Responsiveness — The ability of an organism to adjust to changes in its
internal and external environments. Examples: Moving toward food and
water, or internal homeostasis of body temperature.

d. Movement - Coordinated, intentional change in location or position,
including internal movement of organs, substances.

e. Development, growth and reproduction — Changes in an organism over the
life cycle.

i. Development — All of the changes the body goes through in
life. Including growth and repair, and differentiation —
Unspecialized cells become specialized in structure and
function to perform specific tasks.
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ii. Growth -Anincreasein body sizethroughan increasein the
number of existing cells, non-cellular material around those
cells, and rarely, the size of existing cells.

iii. Reproduction—Theformationofaneworganismfromparent
organisms. For humans, from the interaction between male
and female reproductive systems.

RequirementsforHumanL.ife

A. Oxygen
1. Ourprimaryatmospheric gasessentialforhnumansurvival
2. Braincellsrequirelotsofenergy andthereforerequirelotsofoxygentoperform
3. Withoutoxygen braindamagecan occurwithin 5 minutes and deathwillfollow within
10 minutes of oxygen deprivation.
B. Nutrients
1. Essentialnutrientsforhumansconsistof:
a.  organiccompounds(carbohydrates,lipids,proteins,nucleotides, vitamins)
b.  inorganiccompounds(waterandminerals).
2. Nutrientsthehumanbodyneedsalargesupplyofarecalledmacronutrients,in contrast to
micronutrients that the body needs very small amounts of.
C. NarrowRangeofTemperature
1. Hyperthermia—ifbodyisoverheatedforprolongedperiodoftimeitcanleadtoheat stroke
and death. Sweating helps cool the body down using evaporation.
2. Hypothermia—ifthebodyistocoldit canleadto  shockand death.Shiveringhelps
generate heat within the body.
D. AtmosphericPressure

Pressure — the force exerted by a substance in contact with another substance. We can
withstand a certain range in pressures exerted on the human body via the gasses in
the atmosphere or the diving in the ocean.

Homeostasis

A. Homeostasisisastateofequilibriumorbalance.

1. Maintaining a “steady state”; constancy within narrow limits; balance or
equilibrium;adynamicstateinwhichinternalconditionsremainrelativelyconstant
despite changes in the external conditions.

2. Vital to an organism’s survival; failure to maintain homeostasis results in illness,
disease, or even death.
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3. Homeostatic control is not precise-it maintains a normal range rather than an
absolute value, or set point.For example:bloodpH ranges between 7.35 and 7.45
but the set point is 7.40.

4. Homeostatic regulation involves feedback mechanisms that consist of three

components:
a. Receptor=detects changes in either the internal or external environment, or
stimulus.

b.  Controlcenter=receivesandprocesstheinformationsuppliesbythereceptor and
sends out commands.
c.  Effector=respondstothecommandsbyopposingthe stimulus
B. Negativefeedbackmechanismsprovide stability.
1. Shutsofforreducestheoriginalstimulus.

2. Helpstostabilizesituation;essentialformaintaininghomeostasis.

3. Examples:bodytemperature,heartrate,breathingrateanddepth,andblood-glucose
levels.

C. Positivefeedbackmechanismsaccelerateaprocesstocompletion.
1. Intensifyorenhanceoforiginal stimuli.

2. Amplify and reinforce a change brought on by the stimulus; not typically used for
homeostasis.

3. Examples:bloodclottingandlaborcontractions.
AnatomicalTerminology

Wordroots,prefixes,and suffixesarethebasisfor thelanguageof anatomy

=

arter-=artery

a-=without

aer-=air

—algia=pain

artho-= joint

auto-=self

bio-=life

—blast=germ; immature
bronch-= windpipe;airway
10. cardi-,cardio-, -cardia=heart
11. cerebr-=brain

12. cervic-=neck

© o Noe gk wd
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.

47

chondro-= cartilage
cranio-= skull
cyt-,cyto-=ahollowcell
derm-=skin

—ectomy= excision
end-,endo-=within
epi-=on

ex-=outof, awayfrom
gastro-= stomach
hemo-=blood
hemi-=one-half
histo-= tissue
homo-=same

hetero-= different
hyper-=above;more than
hypo-=under;lessthan
inter-=between
iso-=equal
leuk-,leuko-=white

lyso-,-lysis, -lyze=to burst; to loosen

meso-=middle
micr-=small

morph-,morpho-= formor shape

myo-=muscle
nephr-=kidney
neur-,neuri-,neuro-= nerve
—ology = thestudy of
—0sis= state
ost-,oste-,0steo-=bone
oto-=ear
path-,-pathy,patho-=disease
peri-= around

phago-=to eat
—phil,-philia =love

. —phot, photo-=light
48.
49,
50.

physio-=nature
pre-= before
pulmo-=lung
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51.
52.
53.
54,
55.
56.
57.
58.

retro-= backward
sarco-= flesh
scler-,sclera-=hard
—scope=to view
sub-=below

super-= above
—trophy = nourishment
vas-=vessel

ResearchAspectsofMultidisciplinaryAreas

A. Superficialanatomyandregionalanatomyindicatelocationsonorinthebody.

1.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

2
3
4
5
6.
7
8
9

Abdominal=anteriortorsobelowdiaphragm

Acromial=pointofshoulder
Antebrachial=forearm
Antecubital=frontof elbow
Axillary=armpit

Brachial=arm

Buccal=cheek

Calcaneal=heel

Carpal=wrist

Cephalic=head

Cervical=neck

Costal=rib

Coxal=hip

Cranial=skull

Crural=leg
Cubital=orolecranal;backofelbow
Cutaneous=skin
Digital=fingersortoes
Dorsumordorsal=back
Epigastric=uppermiddleareaof abdomen

Facial=face
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22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45.
46.
47.
48.
49,

Femoral=thigh
Fibular=sideofleg
Gluteal=buttock
Hallux=greattoe
Inguinal=groin
Lumbar=orloin;lowerback
Mammary=breast
Manus=hand
Mastoid=belowandbehindear
Mental=chin

Nasal=nose
Occipital=backoflower skull
Olecranal=backofelbow
Oral=mouth
Orbital=orocular;eye
Otic=orauris;ear
Palmar=palmofhand
Patellar=kneecap
Pectoral=chest
Pedal=orpes,foot
Pelvic=lowertorso
Perineal=areabetweenanusandgenitals
Phalangeal=fingersor toes
Plantar=soleoffoot
Pollex=thumb
Popliteal=behind knee
Pubis=pubic region

Sacral=betweenhips
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50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

ResearchAspectsofMultidisciplinaryAreas

Scapular=shoulderblade

Sternal=breastbone

Sural=calf

Supraclavicular=abovecollarbone

Tarsal=ankle

Temporal=sideofskull

Thoracic=chest

Umbilical=areaaround umbilicus

Vertebral=spinalcolumn

Volar-palmorsole

B. Abdominopelvicquadrantsandregions
1. Abdominopelvic quadrants

a.
b.
C.

d.

Rightupperguadrant=containsliver
Leftupperquadrant=containsthestomachandspleen
Leftlowerquadrant=containsdescendingcolon

Rightlowerquadrant=containsthececumandascendingcolon.

2. Abdominopelvic regions

d.

b.

e.

f.

Umbilical=centermostregiondeeptoandsurroundingthenavel.
Epigastric=superiortotheumbilicalregion
Hypogastric=locatedinferiortotheumbilical region
Rightandlefthypochondriac=flankstheepigastric regionlaterally.
Rightandleftlumbar=lieslateraltotheumbilicalregion

Rightandleftiliac(inguinal)=lateraltothehypogastric region

C. Directionalandsectionaltermsdescribespecificpointsof reference.
1. Directionalterms

ISBN:978-81-957858-1-0

d.

Superior(cranial)=above;towardtheheadendorupperpartofthestructure or
body.

Inferior (caudal) =below; away from the head end or toward the lower part
of the structure or body.

Anterior(ventral)=towardorat thefrontofthebody.
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Posterior(dorsal) =towardorat thebackofthebody.

Medial=towardorat thelongitudinalaxisofthe body.
Lateral=awayfromthelongitudinalaxisofthebody.
Intermediate=betweenamoremedialandamorelateralstructure.
Proximal=closer to the origin of the body part or the point of attachment of
a limb to the body trunk.

Distal=fartherfrom the origin ofabody part orthepoint of attachment.
Superficial(external) =towardoratthebodysurface.

Deep(internal)awayfrom thebodysurface;more internal.

2. Sectionaltermsor planes

a.

d.

Sagittal=averticalplanethatdividesthe bodyintoright andleft parts.
i. Midsagittal(median)=theplanedividingthebodyexactlyinthe midline.
ii. Parasagittal=allothersagittalplanesoffsetfromthemidline
Frontal (coronal) =any plane dividing the body into anterior and posterior
portions.
Transverse(horizontal)=aplanedividingthebodyintosuperiorandinferior
portions.
Oblique=cutsmadediagonallybetweenthehorizontalandverticalplanes.

D. Bodycavitiesprotectinternalorgansfromshockorimpactsandallowthemtochangeshape.

1. Dorsalbodycavity=composedoftwosmallercavities:

d.

b.

Cranialcavity=containsthe brain

Vertebralcavity=contains thespinalcord

2. Ventral body cavity=also known as the coelom; houses internal organs of the body
collectively called the viscera or “guts”.Divided into two smaller cavities:

a.

b.

Thoracic cavity

i. Pleuralcavity=rightandleft;containsthelungs

ii. Mediastinum=space between the pleural cavities; containing the
thymus, lymph vessels, esophagus, trachea, and nerves.Embedded
within the mediastinum is the pericardial cavity, which houses the
heart.

Abdominopelvic cavity

i. Abdominalcavity=containsdigestive organs
ii. Pelviccavity=containsbladder,reproductiveorgans,andrectum
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3. Thedorsalandventralbodycavitiesarelinedwithserousmembraneswhichsecrete a
watery, lubricating fluid.

a.  Meningeslinethedorsalbody cavity.
b.  Pleuralinethepleural cavity.
c.  Pericardiumlinesthepericardialcavity.

d.  Peritoneumlinestheabdominalcavity;someorgansareretroperitonealsuch  as
the urinary and reproductive organs.

4. Otherless significantcavities ofthe body
a.  Nasalcavity=forthe passageof air intotherespiratory tract
b.  Orbitalcavity=areaoftheskullthathousesthe eye
c.  Middleearcavity=containstheossicles
d.  Synovialcavity=arejointcavitiesfilledwithsynovialfluid

Medicallmaging

A. X-Raymachineprojectshighenergyelectromagneticradiationagainstanareaofthe body
with ametal platebehind it. TheX-rays areslightly blocked by thesofttissue and fully
blocked by bone or teeth resulting in a white “shadow*

B. ComputedTomography(CT)ThepatientliesonaplatformwhiletheComputerized
AxialTomography(CAT)machinegeneratesmultipleX-raysasitrotatesaroundthe
patient. TheseX-raysor“slices”arethenassembledtocreateaverydetailedimage.
Softtissuemassescannowbemeasuredtothemillimeterwiththedrawbackoflarge
radiation exposure.

C. Magnetic Resonance Image (MRI) uses electromagnets and radio waves to scan
patients. The scan does not expose patients to large doses of radiation like a CT
however it is very loud and the tube might trigger claustrophobia.

D. Positron Emission Tomography (PET) uses a short-lived radioactive contrast that
will travel to areas with high metabolic activity such as cancer. The isotope will
breakdowncausingphotonstobereleasedanddetectedbythescannersresultingin
animage.PETscansshowusactivitywithinourbodies(physiology)whileCTand MRIs
show us structures (anatomy).

E. Ultrasonography uses high frequency sound waves to generate an image. It is the
least invasive imaging technique and commonly used to monitor pregnancy.
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Antibioticresistanceleadstolongerhospitalstaysinproblem
Meenakshi*andRamneetKaur

1. ChandigarhSchool ofBusiness,Jhanjeri, Mohali, Punjab

2. RIMTUniversity,Mandi Gobindgarh,Punjab

Abstract

Antimicrobial resistance happens when germs like bacteria and fungi develop the ability to defeat
thedrugsdesignedtokillthem. Thatmeansthegermsarenotkilledandcontinuetogrow.Resistant
infectionscanbedifficult,andsometimesimpossible,totreat. Antimicrobialresistanceisanurgent
globalpublichealththreat,killingatleast1.27millionpeopleworldwideandassociatedwithnearly
S5milliondeathsin2019.IntheU.S.,morethan2.8millionantimicrobial-resistantinfectionsoccur
eachyear.Morethan35,000peopledieasaresult. WhenClostridioidesdifficile—abacteriumthat is not
typically resistant but can causedeadly diarrhoea and is associated with antimicrobial use—
isaddedtothese,theU.S.tollofallthethreatsinthereportexceeds3millioninfectionsand48,000
deaths.Antimicrobialresistancehasthepotentialtoaffectpeopleatanystageoflife,aswellasthe
healthcare, veterinary, and agriculture industries. This makes it one of the world’s most urgent
public health problems.

Keywords:Resistance,Antibiotic,Antimicrobial,Veterinary, Healthcare,
Introduction

Antibioticsaremedicinesusedtopreventandtreatbacterialinfections. Antibioticresistanceoccurs when
bacteria change in response to the use of these medicines. Bacteria, not humans or animals,
becomeantibiotic-resistant. Thesebacteriamayinfecthumansandanimals,andtheinfectionsthey cause
are harder to treat than those caused by non-resistant bacteria. Antibiotic resistance leads to higher
medical costs, prolonged hospital stays, and increased mortality. The world urgently needs
tochangethewayitprescribesandusesantibiotics.Evenifnewmedicinesaredeveloped,without behavior
change, antibiotic resistance will remain a major threat. Behavior changes must also include
actions to reduce the spread of infections through vaccination, hand washing, practicing safer sex,
and good food hygiene.

Scopeofthe problem

Antibiotic resistance is rising to dangerously high levels in all parts of the world. New resistance
mechanisms are emerging and spreading globally, threatening our ability to treat common
infectiousdiseases.Agrowinglistofinfections—suchaspneumonia,tuberculosis,bloodpoisoning,
gonorrhea, and foodborne diseases — are becoming harder, and sometimes impossible, to treat as
antibioticsbecomelesseffective.Whereantibioticscanbeboughtforhumanoranimalusewithout
aprescription,theemergenceandspreadofresistanceismadeworse.Similarly,incountries
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without standard treatment guidelines, antibiotics are often over-prescribed by health workers and
veterinarians and over-used by the public. Without urgent action, we are heading for a post-
antibiotic era, in which common infections and minor injuries can once again Kill.

Preventionand control

Antibiotic resistance is accelerated by the misuse and overuse of antibiotics, as well as poor
infectionpreventionandcontrol.Stepscanbetakenatalllevelsofsocietytoreducetheimpactand limit the
spread of resistance.

Individuallevel: Topreventandcontrolthespreadofantibioticresistance,individualscan:

Onlyuseantibiotics whenprescribed byacertifiedhealth professional.
Neverdemandantibioticsifyourhealth workersaysyoudon’tneed them.
Alwaysfollowyourhealthworker’sadvicewhen usingantibiotics.
Nevershareoruseleftover antibiotics.

Preventinfectionsbyregularlywashinghands,preparingfoodhygienically,avoidingclose
contact with sick people, practising safer sex, and keeping vaccinations up to date.

Prepare food hygienically, following the WHO Five Keys to Safer Food (keep clean,
separate raw and cooked, cook thoroughly, keep food at safe temperatures, use safe water
andrawmaterials)andchoosefoodsthathavebeenproducedwithouttheuseofantibiotics for
growth promotion or disease prevention in healthy animals.

Policy makers

Topreventand controlthespreadofantibioticresistance,policymakerscan:

Ensurearobustnationalactionplan totackleantibioticresistanceisin place.
Improvesurveillanceofantibiotic-resistantinfections.

Strengthen policies, programmes, and implementation of infection prevention and control
measures.

Regulateand promotetheappropriateuseanddisposal ofquality medicines.

Makeinformation available on theimpact of antibiotic resistance.

Healthprofessionals

Topreventand controlthespreadofantibioticresistance,healthprofessionalscan:

Preventinfections byensuringyourhands,instruments,andenvironmentare clean.

Only prescribe and dispense antibiotics when they are needed, according to current
guidelines.
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Reportantibiotic-resistantinfectionstosurveillance teams.

Talk to your patients about how to take antibiotics correctly, antibiotic resistance and the
dangers of misuse.

Talk to yourpatients about preventing infections (forexample, vaccination, hand washing,
safer sex, and covering nose and mouth when sneezing).

Healthcareindustry

Topreventandcontrolthespreadofantibioticresistance,thehealthindustrycan:

Investinresearchanddevelopmentofnewantibiotics,vaccines,diagnosticsandothertools.

Agriculturesector

Topreventandcontrolthespreadofantibiotic resistance,the agriculturesector can:

Onlygiveantibioticstoanimalsunderveterinarysupervision.
Notuseantibioticsforgrowthpromotionortopreventdiseasesinhealthy animals.

Vaccinateanimalstoreducetheneedforantibioticsandusealternativestoantibioticswhen
available.

Promote and apply good practices at all steps of production and processing of foods from
animal and plant sources.

Improvebiosecurityonfarmsandpreventinfectionsthroughimprovedhygieneandanimal
welfare.

Recentdevelopments

While there are some new antibiotics in development, none of them are expected to be
effectiveagainst the most dangerous forms of antibiotic-resistant bacteria.

Giventheeaseandfrequencywithwhichpeoplenowtravel,antibioticresistanceisaglobal problem,
requiring efforts from all nations and many sectors.

Impact

When infections can no longer be treated by first-line antibiotics, more expensive medicines must
beused.Alongerdurationofillnessandtreatment,ofteninhospitals,increaseshealthcarecostsas well as
the economic burden on families and societies.

Antibiotic resistance is putting the achievements of modern medicine at risk. Organ
transplantations, chemotherapy and surgeries such as caesarean sections become much more
dangerous without effective antibiotics for the prevention and treatment of infections.
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CognitiveWorkloadAffectsOcularAccommodationandPupillaryResponse
SabnamBanu

ChandigarhSchool of Business, Jhanjeri,Mohali, Punjab.

Abstract

Duringlastdecades,computerandsmartphonetechnologyhasgrosslyaffectedtheamountoftime
weengageinperformingneartasksandhashypotheticallycontributedtotheglobalriseofmyopia.
Generally,nearworkisanimportantfactorinmyopia,butit”sroleisnotfullyexplainedyetitcould be due
to the altered physiology during reading and studying, but it could also be just due to the
prolonged time spent in this setting. It is also not clear how different psychological (or other)
processes might contribute to it.

Keywords:Cognitiveworkload,Microfluctuations,Restlessness, Autonomic nerves
Introduction

Inlearning,bydefinition,thecognitivedemandishigh. Theextrasympatheticarousalarisingfrom
cognitive load is proven to have the capacity of altering the optical properties of the visual system
most notably accommodation and pupils. The pupillary behavior is well explored: elevated
cognitive activity consistently causes mydriasis (enlargement of the pupils), whilst the effect of
cognitiononaccommodationislessclear—somestudiesfoundthatelevatedcognitiveeffortcauses
induced transient myopia (i.e. retained positive accommodation), whereas others revealed
accommodative fatigue and decreased accuracy. Both pupils and accommodation vary in time;
small changes are referred to as micro fluctuations. Pupils’ physiological restlessness (hippus) is
presumablycausedbydynamicequilibriumofbothautonomicnervesystems,withparasympathetic
input being dominant.In accommodation, oscillations are caused mainly by cardio-pulmonary
cyclesbutdependalsoontheabsolutevalueofaccommodation. Inworkergonomics,thelong-term
decrease of pupil size is considered a reliable measure of fatigue, whereas the alterations of
accommodation are not believed to be associated with fatigue. An important factor of oscillations
might be the modality of the presentation of stimuli: when looking into the source of light, i.e. the
back-illuminateddigitalscreen,theaccommodativesystemisnotasaccurateaswhenobservingan object
which is illuminated by secondary light source. Studies show that myopic progression is closely
related to the duration and level of education, to school grades as a measure of engagement®*and
to seasonal variations of near work intensity. Some authors found also a connection to
intelligenceand proposed that the prevalence of myopia could be linked to the stressfulness of the
school system. For instance, in the developed Asian region with traditionally rigorous schooling
system, myopia is increasing and has now reached highest prevalence on the planet, whereas
recent studies in the Scandinavian region which anecdotally has one of the most
flexibleandstudent-centeredschoolsystemshowthatmyopiathereisactuallystayinglow,despite
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unfavorable environmental lighting conditions. There is the genetic component to the myopia
growth as well — the COMET study found that parents of myopic children themselves were also
moremyopic than average and had higher educational levels than average. Asian race seems to be
more prone to short-sightedness; Asian students reach higher myopia growth rates during their
studies, regardless of whether they are educated in home- or international environment. Since
learning and studying is inevitably associated with high cognitive activity, we wanted to examine
whether cognition has a measurable effect on physiological properties of the optical part of the
visualsystem,andifyes,istheeffectdifferentwithdifferenttypesofcognitiveactivities.Causing stress to
the visual system might in the short run result in a fatigue and in the long run, hypothetically,
represent a factor in myopia growth.

Conclusion

In the study, we found important influences of cognitive effort on pupils and accommodation. We
discovered that pupil size was a good measure of cognitive effort in numerical tasks. However, in
other domains, such as textual tasks or the Stroop task, pupils did not reliably represent increased
mental activity. Accommodative responses varied more in textual tasks than in tasks in the other
two domains. In the most difficult condition with textual information that required logical
reasoning,theaccommodativeresponsedecreasedsignificantlyovertime(theaccommodationlag
increased). In the numerical task with the highest level of difficulty, the oscillations of
accommaodation werethe smallest. Thus, theresults ofourstudy showthattheeffects ofcognitive load
vary across domains and are therefore not generalizable. Although our results are not fully
conclusive, we can hypothesize that when performing demanding near tasks, at least one
physiologicalparameterisalteredtowardlessfavorablevalues.Pupilsarelargerinconflictingtasks
andwhenreadingtextswithlowreadability(asintheStrooptask)orwhenperformingcontinuous
calculationsandthechangeinaccommodativeresponseovertimeislargerintasksrequiringlogical
reasoningandinference. Thesefindingsareconsistentwithcurrentviewsontheeffectsofeducation ~ on
myopia growth and point to some potential risk factors.

Inclinicalpractice,goodmyopiamanagementincludesopticalandpharmacologicalinterventions,
butalsoadvisingaboutenvironmentalfactors.Patientsarecounseledonhowtoperformnearwork and
how to adopt good ergonomics. We hypothesize that when reading, the content presented to
young progressing myopes should be well matched to their comprehension ability, as excessive
cognitive load appears to be a disturbing factor in the physiology of near vision. In addition, we
would encourage school systems to favor clear, readable, and comprehensible texts and to
encouragestudents to releasing strain whilereasoning, ifpossible,forexample, by fixating distant
objects. Alternative ways of conducting high cognitive load learning activities, such as outdoor
content discussions, might work as preventive strategies. Further studies should be conducted on
the optical properties of the visual system in different learning situations to better understand
potential educational risk factors for myopia growth.

79
ISBN:978-81-957858-1-0



ResearchAspectsofMultidisciplinaryAreas

References:

[1]

B.A.Holden, T.R.Fricke,D.A.Wilson,etal.
Globalprevalenceofmyopiaandhighmyopiaandtemporaltrendsfrom2000through2050.
Ophthalmology, 123 (2016), pp. 1036-1042
http://dx.doi.org/10.1016/j.0phtha.2016.01.006

[2]

K.M.Williams,V.J.Verhoeven,P.Cumberland,etal.
PrevalenceofrefractiveerrorinEurope:theEuropeanEyeEpidemiology(E(3))Consortium.
Eur J Epidemiol, 30 (2015), pp. 305-315
http://dx.doi.org/10.1007/s10654-015-0010-0

[3]
BeattyJ.,WagonerB.Pupillometricsignsofbrainactivationvarywithlevelofcognitiveprocessing. 1978;
https://doi.org/10.1126/science.628837

[4]

L.N.Davies,J.S.Wolffsohn,B.Gilmartin.
Cognition,ocularaccommodation,andcardiovascularfunctioninemmetropesandlate-onsetmyopes.
InvestOphthalmolVisSci,46(2005),pp.1791-1796
http://dx.doi.org/10.1167/iovs.04-0986

[5]

E.H.Hess,J.M. Polt.
Pupilsizeinrelationtomentalactivityduringsimpleproblem-solving.
Science,143(1964),pp.1190-1192

http://dx.doi.org/10.1126/science.143.3611.1190

[6]

D. Kahneman,J.Beatty.

PupilDiameterandLoadonMemory.
(1966),http://dx.doi.org/10.1126/science.154.3756.1583

[7]

J.S.Wolffsohn,B.Gilmartin,R.Thomas,E.A.Mallen.
Refractiveerror,cognitivedemandandnearwork-inducedtransientmyopia. Curr

Eye Res, 27 (2003), pp. 363-370 http://dx.doi.org/10.1076/ceyr.27.6.363.18190

| Medline

ISBN:978-81-957858-1-0

80


https://www.journalofoptometry.org/index.php?p=doi-resolver&doi=10.1016/j.ophtha.2016.01.006
http://dx.doi.org/10.1007/s10654-015-0010-0
https://doi.org/10.1126/science.628837
http://dx.doi.org/10.1167/iovs.04-0986
http://dx.doi.org/10.1126/science.143.3611.1190
http://dx.doi.org/10.1126/science.154.3756.1583
http://dx.doi.org/10.1076/ceyr.27.6.363.18190
https://www.ncbi.nlm.nih.gov/pubmed/14704920

ResearchAspectsofMultidisciplinaryAreas

Modified Suction Apparatus to Reduce the Transmission Risk of COVID-19
among Healthcare Providers

Asif Bashir and Shabnam Banu
ChandigarhSchool ofBusiness,Jhanjeri, Mohali, Punjab.
Abstract

Coronavirus disease (COVID-19) has posed immense challenges for healthcare workers, among
them are procedures related to suctioning of bodily fluids during surgery or intensive care. These
procedures are potentially aerosol-generating and can lead to disease transmission. We have
modifiedtheusualsuctionapparatusinasimpleandeasytodomannersothatallsuctionedmaterial
firstpassesthrough the0.1%sodiumhypochloritesolution,whichisvirucidalanddecontaminates
thesuctionedmaterial. Thisinnovationmayhelpinaddressingthesafetyconcernsofallhealthcare
providers working in operation rooms and intensive care units.

Keywords:COVID,Modification,COVIDtransmission, Prevention,Suction bottle.
Introduction

This low-cost modification of the suction apparatus can help in decontaminating the suctioned
fluids and prevent the spread of transmissible disease like COVID-19. Many coronavirus diseases
(COVID-19) patients require emergency surgical procedures. A bigger challenge is to treat
emergency patients, where mandatory reverse transcription polymerase chain reaction (RT-PCR)
testing for COVID-19 cannot be done due to dire urgency before definitive treatment is
administered. COVID-19 virus is shed in nasopharyngeal secretions and even viremia has been
documented. Theoretical risks oftransmission from suctioning infectedblood and nasopharyngeal
productstohealthcareworkerscannotberuledout.? Thenasalcavityhasahigherviralload. Thus  neuro-
otorhinolaryngology and gastrointestinal procedures can carry higher risks. All possible
precautionsmustbetakenforpatientswherenasopharyngealapproachmightbe  required."Healthcare
providers, working on the floor of operation rooms, wards, and intensive
careunitsareparticularlyatriskbecausetheymustfrequentlyemptythesuctioncontainers.
Wehavemodifiedtheexistingsuctionbottlecapsandhavefittedthemwithalongerinnermetallic
tube.Onthismetallictube,anotherrubber/siliconetubecanbeattachedwhichgoesuptothebottom
ofthecontainer [Figurel]andVideol].Wepartiallyfillthesuctioncontainerwitha0.1%freshly prepared
sodium hypochlorite solution, which is a known viricidal compound.®'This way, all the products
sucked from the surgical field will pass through the sodium hypochlorite solution which
automaticallysterilizesthem.Thedrawbacksareminorlossinpowerofsuctionandmorefrequent
changeofcontainersisrequiredduetofrothing. Twocontainersjoinedintandemcanbeutilizedto  avoid
early blockage of the suction system.
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Figurel:(a)Originalsuctionbottlecap(b)Modifiedsuctionbottlecapwithametallictube (Arrow)
(c)Rubbertubeofappropriatelengthisattachedtotheinnermetallictube(d) Tubeshouldbelong
enoughtoreachthebottomofthecontainer,whichisfilledwith0.1%sodiumhypochloritesolution
(e)Suctionbeingusedintheneurosurgicalprocedure(f)Collectionofbloodandirrigationproducts in the
modified suction container

This low-cost minor modification in the suction system helps in addressing the safety concerns of
allhealthcareprovidersworkingintheoperatingrooms,intensivecareunits,andhigh-dependency units
during this COVID-19 pandemic and has the potential to reduce the transmission.
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CardiopulmonaryResuscitation(CPR)

Asif Bashir, Showkat Ahmad Bhat and Sabnam Banu, Chandigarh School of Business, Jhanjeri,
Mohali, Punjab.

Abstract

Cardiopulmonary resuscitation (CPR) comprises a group of interventions performed to provide
oxygenationandcirculationtothebodyduringcardiacarrest. Themostwidelyacceptedguidelines  for
cardiopulmonary resuscitation in North America are produced by the American Heart
Association (AHA). These are published every 5 years, following the International Liaison
Committee on Resuscitation (ILCOR) meeting. This activity describes the evaluation and
managementofpatientswhomayrequirecardiopulmonaryresuscitationandhighlightstheroleof  the
interprofessional team in improving care for affected individuals.

Keywords:CPR,Interventions,Cardiopulmonary,Resuscitation,Oxygenation
Objectives:
Explainthesteps involvedinrecognizing out-of-hospitalcardiacarrest.

Explainhowtoperform  one-rescuer  cardiopulmonaryresuscitationonavictimofout-of-hospital
cardiac arrest.

Explainhowtoperform cardiopulmonaryresuscitationon infantsandchildren.

Explaintheimportanceofimprovingcoordinationamongsttheinterprofessionalteamtoenhance care
for patients requiring cardiopulmonary resuscitation.

Introduction

Cardiopulmonary resuscitation (CPR) is a collection of interventions performed to provide
oxygenation and circulation to the body during cardiac arrest. Our current modern-day approach
to this process stemmed from the work of a handful of doctors in the 1950s and has now evolved
intotheprocessthatwillbediscussedfurtherhere. ThemostwidelyacceptedguidelinesinNorth
AmericaarethoseproducedbytheAmericanHeartAssociation(AHA). Thesearepublishedevery 5
years after the International Liaison Committee on Resuscitation (ILCOR) meeting.

Etiology

Every year almost 350,000 Americans die from heart disease. Half of these will die suddenly,
outsideofahospital,becauseofthesuddencessationofspontaneousorganizedcardiac function.The
most common cause of sudden cardiac arrest in adults is ventricular fibrillation.
Althoughadvancesinemergencycardiaccarecontinuetoimprovethechancesofsurvival,sudden
cardiac arrest remains a leading cause of death in many parts of the world. As of 2016, cardiac
disease continues to be the leading cause of death in the United States.
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Epidemioloeventy percent of cardiac arrests that occur outside of a hospital occur in the home.
Half of these cardiac arrests are unwitnessed. Despite advances in emergency medical services,
the survival rate remains low. Adult victims of non-traumatic cardiac arrest that receive
resuscitationattemptsbyemergencymedicalserviceshaveasurvivalratetohospitaldischargeof
only10.8%.Incomparison,adultpatientswhoexperiencecardiacarrestinahospitalsettinghave rates of
survival to hospital discharge of up to 25.5%.

Pathophysiology

The definitive treatment for ventricular fibrillation is electrical defibrillation. This is most often
performedusinganautomatedexternaldefibrillator(AED).IfanAED isnotreadilyavailablefor
defibrillation, brain death is likely to occur in less than 10 minutes. CPR is a means of providing
artificial circulation and ventilation until defibrillation can be performed. Conventional manual
CPR, combining chest compressions with rescue breathing, can provide up to 33% of normal
cardiac output and oxygenation when done properly.

HistoryandPhysical

PatientsrequiringCPRareunconsciousandunresponsivewithabsentpulses. Thereisaprognostic
benefitindeterminingthelasttimethepatientwasseennormal,orbetteryet,thetimewhenpulses ~ were
lost. Additionally, collateral history from bystanders, family members, friends, and the primary
care physician can help etiologic evaluation.

Therearenospecificphysicalexaminationfindings,butsignsofcyanosisandreducedperipheral
perfusion can suggest a cause for the arrest.

Evaluation
TheabsenceofapalpablepulseinanunresponsivepatientindicatestheneedforCPR. Treatment /
Management

Note: The technique described here is intended for a healthcare provider performing one-rescuer
CPRonanadultvictimintheout-of-hospitalsetting. Themodificationsforchildren,infants,and in-
hospital CPR are listed below. These recommendations are current as of the 2015 American
Heart Association's Guidelines Update for CPR and Emergency Cardiac Care.

Theimmediaterecognitionofcardiacarrestisessentialtoinitiatetheemergencymedicalservices (EMS)
response and begin CPR as soon as possible. In this era of universal mobile phone availability, it
is now possible to call 911 while remaining with the victim. Make sure that the
sceneissafe,thencallforhelp.Simultaneously,beginCPRbyfirstperformingchestcompressions
(C),followed by opening theairway (A)and deliveringrescuebreaths (B)(theCAB sequenceas
compared to the former ABC sequence). The hands are placed on the lower half of the sternum,
andchestcompressionsare begunata rate 0f100to120compressionsper minute.Thegoalisto
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depress the sternum to a depth of at least two inches while avoiding excessive depth of
compressions. The chest wall should be allowed to recoil fully on the upstroke to maintain
coronaryarteryperfusionpressure. Thirtycompressionsareperformed,followedbyabriefpause
fortworescue breaths. Because of the critical contribution of chest compressions to coronary
artery perfusion, interruptions in chest compressions should be minimized, and any interruptions
should be as short as possible when needed.

After30chestcompressions,therescuerperformsaheadtilt/chinliftmaneuvertoopentheairway
(assumingthereisnosuspicionofacervicalspinalinjury).  Ifacervicalspineinjuryissuspected, the
airway is opened using the jaw-thrust maneuver without extending the head. Two rescue
breathsareadministered:therescuertakesa'regular"breath(notdeeporexcessive)anddelivers
arescuebreathlastingapproximatelyonesecond, whichshouldbeenoughjust toallowthechest to rise.
The process is repeated for a second rescue breath prior to resuming chest compressions.

Ideally,ahealthcareproviderinclinedtointerveneasanout-of-hospitalrescuershouldhaveready access
to a barrier device such as a rescue mask. However, this is not always the case. Mouth-to- mouth
rescue breaths have been the alternative, which many untrained rescuers are hesitant to
perform,especiallyonanunknownvictim. Thisisadecisionthathealthcareprovidersmustmake for
themselves. Compression-only CPR has been accepted as appropriate for untrained lay
rescuers. Ifextenuatingcircumstancesprohibitahealthcareproviderintheout-of-hospitalsetting  from
performing rescue breathing without a barrier device, compression-only CPR should be
performed until EMS arrives.

Thecycle of30 chest compressions alternatedwith two rescuebreaths is continued until an AED
becomes available or until additional help arrives.If an AED arrives, its pads should be applied to
the front and back of the patient, taking care to minimize any delay in restarting chest
compressions.Most modern devices verbalize further instructions—after attached to the patient,
AEDs will detect the current cardiac rhythm and advise whether the patient should receive
defibrillation. If the AED advises a shock, cease chest compressions and stay clear of the patient
until defibrillation is completed.After defibrillation is completed, or if no shock is advised,
immediatelyresumecyclesofchestcompressionsandrescuebreathsfollowingtheCABsequence until
additional help arrives.

DifferentialDiagnosis

A quick physical exam focused on palpable pulses and mental status is important as sometimes
drug overdose, including heavy alcohol intake, may mimic cardiac arrest.

Prognosis
According to 2015 AHA data, survival to hospital discharge in patients who experience out-of-

hospitalcardiacarrestremainslowat 10.6%.8.3%ofpatients experiencingcardiacarrestout-of-

85
ISBN:978-81-957858-1-0



ResearchAspectsofMultidisciplinaryAreas

hospital will be discharged with good neurologic function.Witnessed cardiac arrests in patients
receiving high-quality CPR have a better prognosis, with 25.5% of patients surviving to hospital
discharge.

Complications

Cardiac arrest carries a dismal prognosis--most patients do not survive.In those that do survive,
their hospital course can be complicated by varying degrees of neurologic injury due to hypoxic
encephalopathy.All organ systems can suffer ischemic injury.Chest compressions, when
performed correctly, can cause rib fractures, which may be complicated by pneumothorax.

DeterrenceandPatientEducation

Intheeventofcardiacarrest,thepatient'sfamilyand/ortheirsurrogateorpowerofattorneyshould
benotified. Itisimportanttoascertainthepatient'scodestatus,andanypriordirectivesshouldbe honored
if appropriate documentation in accordance with laws of the local jurisdiction can be obtained.

PearlsandOtherlssues
PediatricCPR

By definition, infant CPR applies to patients whose age is less than one year. Child CPR applies
to patients from oneyear of age through puberty. From puberty onward, adult CPR guidelines
apply. ThemodificationsforinfantandchildCPRarelistedbelow.AllotheraspectsofCPRfollow
theadultguidelines,includingstartingtheprocesswiththeCompressionfirst(CAB)sequenceand
therateofcompressionsbeing100to120perminute. Thesternumshouldbedepressedtoadepth
ofapproximatelyone-thirdoftheanteroposteriordiameterofthechest;thisisabouttwoinchesin the
child and 1.5 inches in the infant.

Child CPR Modifications

Chest compressions on a child areperformed by placing theheel ofone ortwohands (depending on
the sizeof the child) over the lower half of the sternum. Thechest is compressed to a depth of
approximately two inches at a rate of 100 to 120 per minute. After 30 compressions, administer
twosequentialbreathsandreturntochestcompressions.Continuethecycleof30compressionsto  two
breaths until help arrives.

InfantCPRModifications

Chest compressions on an infant are performed by placing two fingers on the sternum just below
thenippleline. Theinfant'schestiscompressedtoadepthofapproximatelyl.5inchesatarateof 100 to
120 per minute. After 30 compressions, administer two sequential breaths and return to chest
compressions. Continue the cycle of 30 compressions to two breaths until help arrives.
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In-hospital CPR

Multiple rescuers are generally available in the hospital setting, and ventilation is usually
performed with a bag-valve-mask (BVM) device. BVM ventilation needs to be performed by a
providerskilledinitsuse. Ifthepatientisnotintubated, CPRisdonebyoneproviderperforming chest
compressions while the second provider provides breaths with BVM ventilation. The ratio of
compressions to breaths in this situation changes to 15 compressions to two breaths. Once a
patient is intubated, it is unnecessary to perform cycles of compressions and ventilation--chest
compressions are performed continuously, while rescue breaths are given independently via the
BVM at a rate of 10 per minute (one breath every six seconds). Novice operators frequently tend
to provide BVM ventilations at a higher rate than this.

EnhancingHealthcareTeamOutcomes

All healthcare workers, including nurses and pharmacists, must know how to perform CPR. In
fact,manyhospitalsnow makeitmandatory that healthcare workershave avalidCPRcertificate to
work. When done promptly and properly, CPR can save lives.
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DryEyeDisease:Anlmmune-MediatedOcularSurfaceDisorder
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Abstract

Dry eye disease is a multifactorial disorder of the tears and ocular surface characterized by
symptoms of dryness and irritation. Although the pathogenesis of dry eye disease is not fully
understood, it is recognized that inflammation has a prominent role in the development and
propagation of this debilitating condition. Factors that adversely affect tear film stability and
osmolarity can induce ocular surface damage and initiate an inflammatorycascade that generates
innate and adaptive immune responses. These immunoinflammatory responses lead to further
ocularsurfacedamageandthedevelopmentofaself-perpetuatinginflammatorycycle.Herein,we
review the fundamental links between inflammation and dry eye disease and discuss the clinical
implications of inflammation in disease management.

Keywords:Dryeyes, Inflammation,Pathogenesis,Cytokines,Ocularsurfaces,Chemokines
Introduction

Immunoinflammatorypathways: Theocularsurfacesystemconsistsofthecornea,conjunctiva,
lacrimal glands, meibomian glands, nasolacrimal duct, and their associated tear and connective
tissue matrices, as well as the eyelids and eyelashes, all integrated by continuous epithelia and
interconnectednervous,endocrine,immune,andvascularsystems.Factorsthatdisturbthedelicate
homeostatic balance of the ocular surface system can adversely affect tear film stability and
osmolarity, resulting in osmotic, mechanical, and inflammatory damage. Exposure of ocular
surface epithelial cells to elevated tear osmolarity activates stress-associated mitogen-activated
proteinkinases,suchasc-JunN-terminalkinase,extracellularsignal-relatedkinase,andp38.Mitogen-
activated protein kinase signaling pathways stimulate the transcription factors nuclear factor kB
and activator protein 1, thereby initiating the production of proinflammatory cytokines,
chemokines, and matrix metalloproteinases (MMPs). These inflammatory mediators
promotetheactivation(maturation)ofimmatureantigen-presentingcells(APCs)andinducetheir
migration to draining lymphoid tissues (Figure 1). The APCs are responsible for priming naive T
cells in the lymphoid compartment, leading to the expansion of autoreactive CD4 helper T cell
(Th)subtypelandTr17cellsubsets. Tcellssubsequentlyinfiltratetheocularsurface,wherethey
secreteadditionalproinflammatorycytokines.HelperTcellsubtypel—secretedinterferon(IFN)y
upregulates the production of chemokines, chemokine receptors, and cell adhesion molecules
(CAMs) that facilitate the ingress of pathogenic immune cells, including Tw17 cells that secrete
interleukin(1L)17,whichfurtherpromotesepithelialdamagebystimulatingtheproductionof
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proinflammatory cytokines and MMPs. Regardless of the origin, a self-perpetuating cycle of
inflammation develops that is central to the pathogenesis of DED.

Epitheliopathy: It is one of the most easily recognizable clinical features of DED. Staining the
ocularsurfacewithdiagnosticdyes,suchasfluorescein,rosebengal,andlissaminegreen,provides
apracticalmethodforevaluatingocularsurfaceintegrity. Dryeyediseaseincreasesepithelialcell
densityandthickness,decreasesepithelialcellsize,andincreasesepithelialcellturnover.Inflammationo
ftheocularsurfaceisintimatelylinkedtothisepithelialdysfunction.The proinflammatorycytokinesIL-
landIFN-ycausesquamousmetaplasiaofocularsurfaceepithelial cells,andIFN-
ydecreasesgobletcelldifferentiation.ApoptosisofocularsurfacecellsinDEDcan  be induced by
intrinsic (stress-associated mitogen-activated protein kinase) and extrinsic (tumor necrosis factor
[TNF] and Fas/Fas ligand) pathways. The MMPs (eg, MMP-9) are produced in
responsetodesiccatingstressandpromotecornealextracellularmatrixdegradationandepithelial
cellloss.HelperTcellsubtypel7—secretedlL-17wasrecentlyshowntodisruptcornealepithelial barrier
function.

Lymphangiogenesis

Traditionally,angiogenesishasbeenthoughttoinvolvelymphangiogenesisandhemangiogenesis,
producing afferent lymphatic vessels and blood vessels, respectively. Dry eye disease involves a
unique form of pathologic angiogenesis that produces lymphangiogenesis without associated
hemangiogenesis, and this is observed in experimental and clinical settings. The presence of
lymphatic endothelial marker 1-staining monocytic cells in the conjunctiva has been described
and linked to the growth of lymphatic vessels into the cornea. Immunohistochemical analysis of
dry eye corneas identified the infiltration of lymphatic endothelial marker 1-expressing
macrophages and lymphatic vessels (Figure 2).Dry eye induction increases the expression of
factors that promote lymphangiogenesis, including vascular endothelial growth factor (VEGF) C
and VEGF-D and associated receptors VEGFR-2 and VEGFR-3. Vascular endothelial growth
factorAisalsoupregulated,contributingtolymphangiogenesisthroughtherecruitmentof VEGF-  C-—
and VEGF-D—producing macrophages. In addition, recent datasuggest that Th17-secreted IL- 17
upregulates expression of VEGF-C and VEGF-D and promotes corneal lymphangiogenesis in
DED.PathogenicimmunecellsarepresentintheregionallymphnodesofDED-inducedmice.The
identificationofnewlyformedlymphaticvesselsinthecorneaprovidesapotentialroutebywhich
antigensandAPCscantravelfromtheocularsurfacetothesedraininglymphnodes.Accordingly,
blockage of lymphangiogenesis may prove to be an effective treatment for DED.

Neuropathy

The corneal epithelium has approximately 7000 nerve endings per square millimeter, making the
cornea one of the most densely innervated tissues in the human body. The nervous system is an
importantcomponentoftheocularsurfacesystem,andoptimalfunctioningofthecornealnerves
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is essential for the maintenanceof ahealthy ocularsurface. In healthy corneas, nerve endings are
located between epithelial wing cell layers, where they are protected from external stimuli.
Decreaseddensityandalteredmorphologicstructureofthesubbasalnerveshavebeenreportedin  DED-
induced corneas. These abnormalities are generally found to correlate with DED severity.
Elevated tear osmolarity induces inflammatory-mediated epitheliopathy that results in the
exposure of corneal nerves to mechanical and inflammatory insults. Inflammatory cytokines in
turn increase the synthesis of neurotrophic factors that stimulate nerve growth, potentially
explaining the altered nerve morphologic structure (nerve sprouts, tortuosity, and thinning)
commonly observed in DED. Corneal nerve abnormalities lead to further ocular surface damage
and help perpetuate the vicious inflammatory cycle of DED.

Fundamentallinksbetweeninflammationanddryeye
Molecularmediators
Cytokines

Cytokines are signaling molecules that mediate intercellular communication. The production of
proinflammatorycytokinesisupregulatedbyosmotic,inflammatory,andmechanicaldamage.The
terminterleukinalludes to intercellular communication between leukocytes; however, many
different cell types are capable of producing and responding to cytokines. For example, virtually
all nucleated cells, including epithelial cells of the ocular surface, are capable of producing IL-1,
IL-6, and TNF. Clinical studiesconsistently report elevated levels of these cytokines in the tears
of patients with DED. Similar trends are noted in the conjunctival epithelium, which contains
elevated levels of IL-1, IL-6, TNF, and transforming growth factor f1. Several additional
cytokines have been isolated from the ocular surface of patients with DED, including IL-2, I1L-4,
IL-5, IL-10, and IFN-y.These clinical findings have been corroborated by studies involving
experimental models of DED (Figure 3).

Chemokines

Chemokines are cytokines that regulate the chemotaxis, or directed migration, of immune cells.
The chemokine 1L-8 (CXCLS8) is consistently identified in the tears and conjunctiva of patients
with DED. Interleukin 8 can be produced by any cell with a toll-like receptor (eg, epithelial cells
andmacrophages),anditisaneutrophilchemoattractantinvolvedintheinnateimmuneresponse.
ThecloselyrelatedchemokinesCXCL9,CXCL10,andCXCL11areelevatedinthetearfilmand ocular
surface of patients with DED. These latter chemokines are produced in response to IFN-y and
function as T-cell chemoattractants on binding to the chemokine (CXCR3 motif) receptor.
Animal models of DED provide further evidence of chemokine activity. The chemokine (CC
motif) ligands CCL3 (macrophage inflammatory protein la) and CCL4 (macrophage
inflammatoryprotein1f)areupregulatedinDED. Thesechemokinesareproducedby
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macrophages, recruit inflammatory cells (such as neutrophils), and upregulate the production of
proinflammatory cytokines. Another potent T-cell chemoattractant, CCL5 (RANTES), is
upregulated in DED. The chemokine receptors CCR1, CCR2, CCR5, and CXCR3 have been
implicated in the pathogenesis of DED and represent promising targets for immunomodulation.

MatrixMetalloproteinases

Matrix metalloproteinases are endopeptidases involved in tissue remodeling. Corneal epithelial
cellsproduceMMP-1,MMP-3,MMP-9,andMMP-13inresponsetohyperosmolar
stress.ExperimentaldryeyeincreasesMMP-1,MMP-3,MMP-9,andMMP-10levelsinthetears  and
corneal epithelium ofmice. Elevatedlevels ofpro-MMP-9 and increased activity ofMMP-9
havebeenidentifiedinthetearsofpatientswithdryeye.KnockoutofMMP-9temperstheseverity of
experimental dry eye, implicating MMP-9 in the pathogenesis of DED. Not only is MMP-9
producedbygranulocytes,butitisalsoinvolvedintheactivationoflatentCL-83. TheMMPsare thought
to modulate the severity of DED by promoting corneal extracellular matrix degradation
andepithelialcellloss.Doxycycline,atetracyclinederivative,ameliorates DEDbyinhibitingthe
activity of MMPs, primarily MMP-9, promoting ocular surface integrity.

MajorHistocompatibilityComplexClassllandCostimulatory Molecules

Theexpressionofvariouscell-associatedimmunomodulatorymoleculesisincreasedinDED.The
ocularsurfaceofpatientswithdryeyecontainselevatedlevelsofHLAtypeDR(HLADR),CD40, CD154
(CD40L), CD80, CD86, Fas, and Fas ligand. HLADR is a major histocompatibility complex
(MHC) class Il cell surface receptor involved in antigen presentation. CD40, CD154, CD80, and
CD86 are costimulatory molecules involved in APC-T-cell interactions. Increased
expressionofthesemoleculessuggeststhatantigen(presumablyautoantigen)presentationoccurs
efficiently in DED. Fas is a death receptor that induces apoptosis on binding to Fas ligand. The
presence of these molecules in the conjunctiva and lacrimal glands of patients with dry eye is
indicative of cellular infiltration, as these molecules are responsible for regulating the activity of
immune cells.

Adhesion Molecules

Cell adhesion molecules are cell surface proteins that facilitate cellular migration by binding to
extracellularmatrixcomponents.Celladhesionmoleculespromotetheinfiltrationofimmunecells
intotheocularsurfaceofpatientswithdryeye.Elevatedlevelsofintercellularadhesionmolecule
landvascularCAM-1havebeenidentifiedintheconjunctivaandlacrimalglandsofpatientswith dry
eye.Intercellular adhesion molecule 1 binds to lymphocyte function—associated antigen 1.
Vascular CAM-1 is expressed by the vascular endothelium and binds to immune cell-expressed
very late antigen 4, also known as integrin a4f1. Treatment with monoclonal antibodies against
murineintercellularadhesionmoleculelandlymphocytefunction—associatedantigenlresulted
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in decreased ocular surface inflammatory infiltrates in experimental DED. Topical inhibition of
very late antigen 4 decreases dry eye severity and suppresses inflammation in a murine model of
DED.

Cellular mediators
Antigen-PresentingCells

Antigen-presenting cells are sentinel cells of the immune system that respond to danger signals
(eg,microbialpathogens)byinternalizing,processing,andpresentingantigens. Thephenotype,or
stateofmaturation,ofanAPCdeterminesitsfunction.ImmatureAPCsexpresslowlevelsofMHC  class
Il and costimulatory molecules (eg, CD80 [B7.1]); although immature APCs are proficient at
capturing antigens, they are inefficient at presenting antigens and promoting T-cell activation.
Inflammatory microenvionments can induce APC maturation via increased expression of MHC
class Il and costimulatory molecules, rendering APCs efficient at priming T cells. Antigen-
presenting cells of the ocular surface include monocytes and macrophages, dendritic cells (DCs),
andLangerhanscells(LCs).TheLCsaretheonlycellsinthecornealepitheliumthatconstitutively
express MHC class I1.The peripheral corneal epithelium contains MHC class Il-positive and
MHC class ll-negative LCs, while the central cornea contains only MHC class Il-negative,
costimulatory molecule-negative LCs; however, LCs of the central cornea are capable of
expressing MHC class Il and costimulatory molecules following inflammatory stimuli. The
anterior corneal stroma contains differentiated and undifferentiated resident monocytic cell-
derived DCs.Recently, the presence of a unique population of (non-LC) langerin-positive DCs
wasreportedinthecornealstroma.Incontrast, MHCclasslI—positiveDCsareabundantlypresent in the
conjunctiva. In vivo microscopy reveals that DED dramatically increases the presence of
DCsinthecentralcornealepitheliumofpatients.Similarly,inDED-inducedmurinecorneas,there
isevidenceofaninfluxofCD11b*APCs(Figure4). TheAPC-mediatedprimingofTnlandTul7  cells
against autoantigens has been proposed as a potential source of autoimmunity in DED.

EffectorT Cells

T-cell infiltration of the ocular surface is a pervasive finding in DED (Figure 5). CD4+ T cells,
includinglFN-y—secretingTH1cellsandlL-17—secretingTw17cells,arethoughttobetheprimary
effectorTcellsofDED.AlthoughtherelativecontributionsofThlandTr17cellsremainunclear,
recentfindingssuggestthatTn17cellshaveaprominentroleinthepathogenesisof DED. Thisis an
important finding, particularly given that Thl and Twl17 cells differentiate via divergent
pathways.ElevatedexpressionoflL-6haslongbeenrecognizedinDED;however,theroleofIL-

6 in the pathogenesis of DED has been largely unknown. It is understood that IL-6 and
transforminggrowthfactorfpromotethedifferentiationofTw17cells,whiletransforminggrowth
factorfsuppressesTv1-mediatedresponses. Theattenuatingeffectsof
CD4"CD25"Foxp3‘regulatoryTcells(Tregs)havebeendescribedinmodelsofocularsurface
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inflammation,buttheinabilityofTregstosuppressDEDhasbeenincompletelyexplained. ltwas
recently demonstrated that the Twl17, but not Tnl, cell subset is resistant and functionally
antagonistic to Treg-mediated suppression in DED, and in vivo blockade of IL-17 significantly
decreases DED severity.

RegulatoryTCells

RegulatoryTcellsareadistinctfamilyofTcellsinvolvedinthesuppressionofimmuneresponses.  Treg
abnormalities in systemic autoimmune diseases associated with DED, such as Sjogren
syndrome,systemiclupuserythematosus,andrheumatoidarthritis,havelongbeen
recognized.Tregabnormalitieswererecentlyimplicatedinthedevelopmentofexperimental DED.
Nude mice that lack CD4"CD25"Foxp3*Tregs were adoptively transferred with DED-primed T
cells and subsequently developed Sjogren syndrome-like DED. Tregs have been shown to
suppress DED-associated ocular surface inflammation. The resistance of effector T cells,
particularlyTn17cells,toTreg-mediatedsuppressionhasbeenidentifiedasanimportantfactorin -~ the
pathogenesis of DED.

NaturalKillerCells

Natural killer (NK) cells are large granular lymphocytes capable of secreting proinflammatory
cytokines and Killing infected or transformed cells. Although NK cells, T cells, and B cells are
derived from common bone marrow—derived lymphoid progenitors, they differ significantly in
phenotype and function. Natural killer cells have been implicated in the pathogenesis of various
autoimmune diseases; however, little is known about the function of NK cells in DED.
Investigations of NK cell activity and frequency in Sjogren syndrome have yielded varying
results.Natural Killer cells do not seem to infiltrate the conjunctival epithelium of patients with
dry eye.However, IFN-y—secreting NK cells located in draining lymph nodes have been
implicated in the early development of experimental DED.

Clinicalimplicationsofinflammationindryeye
Inflammationasameasureofclinical disease

Numeroustestsandguidelinesareavailabletohelpdirecttheclinicalmanagementof
DED.*Unfortunately,decisionmakingisoftencomplicatedbyalackofconcordanceamongthe  signs
and symptoms of DED. Someofthetechniques being used to investigateinflammation and dry eye
in the experimental setting may one day be available in the clinical setting to help overcome this
incongruity. As previously described, many markers of inflammation can be
identifiedinthetearsandconjunctivaofpatientswithDED.Someofthesemarkers,includinglL-
6andHLADR,correlatewithclinicalmeasuresofdiseaseseverityandtreatmentefficacy. Invivo
confocal microscopy is being used to examine the effects of ocular surface inflammation on
immunecellinfiltrationandonmorphologicstructureofepithelialcells,subbasalnerves,and
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meibomian glands.As experimental techniques that evaluate ocular surface inflammation are
further refined, they may become valuable tools in the physician's options. Diagnostic methods
that combine conventional tests with experimental measures of inflammation (eg, the scraping
cytology score system) have been proposed, potentially bridging the gap between bench and
bedside.

Anti-inflammatory treatment
CyclosporineA

CyclosporineAexertsimmunosuppressiveactivitythroughseveralpathways. Itformsacomplex
withcyclophilinthatinhibitsthecalcineurinphosphatasepathwayresponsibleforthetranscription of T-
cell-activating cytokines (such as IL-2).Cyclosporine A binds cyclophilin D, inhibiting the
activityofthemitochondrialpermeabilitytransitionporeandsubsequentcytochromec—mediated
apoptosis. TheimmunomodulatoryactivityofcyclosporineAisusedinthetreatmentofimmune-
baseddisorders,suchastransplantrejection,psoriasis,ulcerativecolitis,rheumatoidarthritis,and DED.
Topical administration of cyclosporine A has been shown to increase tear fluid secretion,
possibly by promoting the local release of parasympathetic nervous system-associated
neurotransmitters. ThebeneficialeffectsofcyclosporineAtreatmentinDEDarewellestablished;
however,itisclearthatmanypatientswithDEDdonotshowaconsistenttherapeuticresponseto  topical
cyclosporine A. The cumulative findings of several clinical trials indicate that long-term
treatmentwithcyclosporineA,0.05%,ophthalmicemulsioncanyieldpositiveresultswithregard to
objective and subjective findings, including corneal surface staining, Schirmer test with
anesthesia, blurred vision, and frequency of artificial tear application. In addition, topical
cyclosporineAtreatmentmaybeassociatedwithasignificantimprovementinmanyofthecellular  and
molecular markers of disease severity. Increased frequency of topical cyclosporine A
administration may be of benefit to patients refractory to the standard dosing regimen. Although
higher dosing frequencies may increase treatment efficacy, some patients experience bothersome
adverse effects (eg, burning or irritation) that impair medication tolerability.

Corticosteroids

Corticosteroids are steroid hormones that can be used to suppress inflammation. Corticosteroids
bindtoglucocorticoidreceptorsandinhibittheexpressionofproinflammatorymolecules,promote  the
expression of anti-inflammatory molecules, and stimulate the apoptosis of lymphocytes.
ExperimentalstudieshavedemonstratedtheefficacyofcorticosteroidsinthetreatmentofDEDat
thecellular,molecular,andclinicallevels.Clinicaltrialshavedemonstratedtheefficacyoftopical
corticosteroid treatment at diminishing symptom severity and minimizing ocular
surfacestaining.Systemic corticosteroid administration may also be effective in the treatment of
severe acutedryeyerefractivetomoretraditionaltreatmentmodalities.Unfortunately,long-
termtopical orsystemiccorticosteroiduseisassociatedwithdeleteriousadverseeffects,suchasocular
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hypertension, cataracts, and opportunistic infections. Repetitive short-term pulsatile
administration of topical corticosteroids is a promising method of harnessing their beneficial
effects, while minimizing the risk of adverse events.

TetracyclineDerivatives

Tetracycline derivatives are unique in that they possess antibacterial and anti-inflammatory
properties. They exert antibacterial activity by reversibly binding to the bacterial ribosome and
inhibiting the production of proteins. Tetracycline derivatives have been noted to possess
immunomodulatory properties at submicrobial doses. Experimental investigations have
demonstratedthatthetetracyclinederivativedoxycyclinecaninhibitc-JunN-terminalkinaseand
extracellularsignal-relatedkinasemitogen-activatedproteinkinasesignalinginepithelialcellsof
theocular surface exposed to hyperosmolarstress, downregulating the expression of CXCL8 and
proinflammatorycytokinesIL-1BandTNF.DoxycyclineinhibitstheactivityofMMPs(eg, MMP-  9)
and supports ocular surface integrity. In addition, the tetracycline-derivative minocycline inhibits
the expression of cell-associated proinflammatory molecules, including MHC class Il. A novel
topically applied liposome-bound form of tetracycline has shown some promise in the treatment
of experimental DED. The anti-inflammatory benefits of orally administered tetracycline
derivatives have been used in the treatment of chronic immunomediated diseases, including dry
eye secondary to ocular rosacea and blepharitis. Despite extensive evidence from experimental
trialsindicatingthepotentialbenefitsofadministrationoftetracyclinederivativesinthetreatment of
DED, there is limited clinical evidence of their efficacy.

EssentialFattyAcids

Essential fatty acids (EFASs) are biologically necessary fatty acids (FAs) that must be ingested
because they cannot be synthesized de novo by the human body. Humans require 2 EFAs for
optimal health, -3 (o-linolenic acid) and -6 (linoleic acid) FAs. Essential fatty acids are the
precursors of eicosanoids (prostaglandins, prostacyclins, thromboxanes, and leukotrienes) that
modulateimmuneresponses.Omega-3 FAsaregenerallyclassifiedas anti-inflammatory,while- 6
FAs are generally proinflammatory. Omega-3 FAs block the production of proinflammatory
eicosanoids (prostaglandin E> and leukotriene B4) and cytokines (IL-1 and TNF). The anti-
inflammatory effects of -3 FAs have been used in the treatment of immunomediated disorders,
including Sjogren syndrome. Investigations on the use of EFAs in the treatment of DED have
producedconflictingresults;however,mostoftheavailableevidencesuggeststhatadministration
ofEFAs,particularly-3FAs,canlessenDEDseverity.Severalclinicaltrialshaveinvestigatedthe
systemic administration of various EFAs and demonstrated beneficial effects with regard to the
signs and symptoms of DED. Topical administration of -3 FAs significantly decreased ocular
surface staining, cytokine expression, and immune cell infiltration in an experimental model of
murinedryeye.TopicaladministrationofresolvinEi,an-3FAderivative,increasedtear
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production,helpedmaintainocularsurfaceintegrity,decreasedcyclooxygenase2expression,and
decreasedimmunecellinfiltrationinexperimental ~ dryeye.  AvailabledatasuggestthatEFAscan
ameliorate DED; however, more evidence is needed to identify the most efficacious forms and
doses of EFAs.

Novel Therapeutics

The past several years have yielded a veritable explosion of new information about the
immunopathogenesis of DED. The successful application of cyclosporine in the clinical
managementofDEDhasimplicatedtheinflammatorymediatorsofDEDaspromisingtargetsfor
therapeuticintervention.Athoroughreviewofthetherapeuticagentsbeinginvestigatedisbeyond  the
scope of this article. Our laboratory has been involved in the evaluation of anti-inflammatory
agents using a short-term experimental model of murine dry eye. Positive results have been
reported using various therapeutic agents that target inflammatory mediators, including CCR2,
very late antigen 4, and IL-17, to name a few. Other laboratories have reported positive results
using medications that inhibit inflammation. Needless to say, interest in evaluating potential
therapeutic agents for DED has increased exponentially.

Inconclusion,theevidenceimplicatinginflammationinthepathogenesisofDEDhasopenednew
avenues for the treatment of this complex disorder. The successful application of anti-
inflammatory medications in the treatment of DED provides hope for the millions of individuals
who daily experience this deleterious condition. We anticipate that the advent of novel
immunomodulatory agents will herald a new era of DED treatment.
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Abstract

Laser in situ keratomileusis (LASIK) is a laser-assisted surgical procedure for the correction of
visual refractive errors. This activity will review the indications, laser, equipment,
contraindications, complications, and long-term prognosis of patients who undergo LASIK. The
activity will highlight the role of the interprofessional team.

Keywords:Lasser,Keratomileusis,Refraction,Astigmatism,Keratomileusis
Introduction

Laser-assisted in situ keratomileusis (LASIK) is a common ophthalmologic surgical procedure
used to correct refractive error. LASIK was patented in 1989 by Dr. Gholam Peyman. The first
publicationofLASIKusedinpatientcare wasbyDr.loannisPallikarisetal.,intheearly
1990s. Thisprocedurequicklybecamepopularduetodecreasedtimeofrecoveryandpost-surgical
complications,withnodecrease inefficacy. Sinceitsimplementationinclinicalpractice, LASIK is
among the most scrutinized and studied surgical procedures to have gone through FDA
inspection. Thirty years later, with advancements in technique and equipment, LASIK continues
to provide efficient, predictable, and safe outcomes with patients reporting satisfaction with the
procedure as compared to using spectacles or contact lenses.

AHistoricalPerspective

Understanding the impact of LASIK in refractive correction requires knowledge of its
development.Thefirstsignificantbreakthroughinrefractivetherapycameinthe1930s,withradial
keratotomybyDr.TsutomuSatoinJapan.BymakingincisionsdeepintoDescemet’smembrane, the
flattening of the cornea helped correct myopia. However, many complications, like corneal
decompensation, came from these deep incisions. Alternative methods were developed, such as
thehexagonalkeratectomybyDr.AntonioMéndezinMexico.Atthistime,itwasstilldifficultto  correct
patients with astigmatism or the asymmetric shape of the cornea. Keratomileusis is the medical
term for corneal reshaping, which came about in the 1950s and ’60s with the work of Spanish
ophthalmologist José Barraquer. His technique initially involved the microkeratome, a
mechanical instrument that, with its oscillating sharp blade, cuts the top layer of the cornea away
tocreatealenticuleandrevealunderlyingstroma.Anadditionalcutthroughthestromawasmade,
andthelenticulewassuturedbackintoplace. Thistechniquecametobeknownasanteriorlamellar
keratoplasty (ALK).He also developed a procedure called keratophakic, which corrected
hyperopiabyfreezingandshapingdonorcornealstromawithacryolatheandthenplacingitinto
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the patient’s cornea. His microkeratome, however, was rudimentary and led to imprecise
treatments. The microkeratome was further improved in the 1980s through Barraquer’s student,
Dr. Luis Ruiz. Variations on corneal excision and replacement by implantation also followed
throughtheyears,butitcamewiththeriskoftissuerejectionandcornealtearing. Theexcimer,or “excited
dimer”laser and its medical use, was discovered in 1970 by Dr. Stephen Trokel and Dr.
Rangaswamy Srinivasan in the early 1980s. These works led the way to the development of
photorefractivekeratectomy(PRK).Dr.MargueriteMcDonaldwasthefirsttoperformthisin the
late1980s. Thistechniqueusesanoblegascombinedwithahalogentocreatealasertoablatethe
superficial layers of the cornea. PRK allowed for more precise reshaping and further refractive
correction.

LASIK is essentially a combination of ALK and PRK, which was first utilized in the
early1990s.Advances in lenticule flap creation were made to allow for a hinged cap instead of a
free cap. With the innovation of the femtosecond laser, developed by Dr. Imola Ratkay-Traub,
Dr. Tibor Juhasz, and Dr. Ron Kurtz in the early 1990s, a corneal flap could be created without a
mechanical blade and then replaced without sutures.

Anatomy andPhysiology

Therefractivepoweroftheeyeisattributed,inpart,tothecornea. Itisresponsibleforabouttwo- thirds of
the eye’s power of refraction. LASIK alters the cornea’s refractive power in myopic, hyperopic,
and astigmatic patients.

Thecorneaistheone-halfmillimeterthicktissuecomprisingtheanteriorsurfaceoftheeye. Ithas five
layers consisting of, from superficial to deep, a squamous epithelial layer, the anterior
basementmembrane(Bowman’s),astromafilledwithkeratocytesandcollagen,andtheposterior
basementmembrane(Descemet’s)witha singlelayerendotheliumseparatingitfromtheanterior
chamber of the eye.

LASIK surgery changes the refractive power of the cornea first by creating a hinged corneal flap
from the epithelium, Bowman’s membrane, and the superficial part of the corneal stroma. The
more posterior layers of the stroma are exposed for ablation treatment. Thus, for a myopic
treatment, central corneal curvature is decreased with the ablation, and the total refractive power
of the eye decreases to attain emmetropia, or normal vision (see figure 1). For a hyperopic
treatment, the paracentral area is flattened, leading to a steeper central cornea and an increase in
refractivepower(seefigurel).Aftertargetedlasertherapytothestroma,theflapisreplaced,and
reepithelialization occurs over the flap margin. Sutures are not necessary.

Indications
LASIKisanoptioninpatientswithlowtohighmyopia,withorwithoutastigmatism. Ithasbeen

shownthatLASIKcanimprovemyopiafrom-2.00to-20.00D;however,itisgenerallyindicated
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inpatientswithlowtomoderatemyopia,from-0.5Dupto-9.00D,asthesepatientshaveahigher
probability of reaching emmetropia. This procedure is also reported as safe and efficacious in
patientswithhyperopiaandastigmatism.WhileLASIKcantreathyperopiawithmorepredictable
outcomesupto+6.00D, itisrecommendedtoperformLASIKforhyperopicpatientsofupto
+4.00Dandastigmatismupto5.00D.Theophthalmicsurgeondecidesonchoosingexcimerlaser
ablation or other treatment options for the patient based on the type and severity of the refractive
error,aswellasotherfactorssuchasthepatient’sage,cornealthickness,crystallinelenschanges,
keratometry, and corneal topography results, among others.

Currently,LASIK is the most common laser treatment for refractive error. In addition to its
applications for a wide variety of refractive errors, patients suffer relatively little pain compared
with techniques that do not create a flap, with recovery time to baseline being only a few days. It
is essential to clarify with the patient the realistic expectations of LASIK. These procedures are
typicallyhighincostandarenotusuallycovered byinsurancebecause = companiesconsiderthese
proceduresascosmeticandnotmedicallynecessary. Thishighcost,roughly$1,500t0$2,500per eye,can
be attributed to the use of two lasers (excimer laser and femtosecond laser) in most practices. In
addition, the patient should be informed that LASIK does not correct presbyopia;
thus,readingglassesmaystillbenecessary. Amyopicshiftwithcataractformationmayalsooccur at a
later age.

ContraindicationsAbsolute
Contraindications
Refractive Instability

Changesgreaterthan0.5Dinthelastyearconstituteinstability,andLASIKisnot recommended
forpatients since it is a permanent procedure and operating on eyes that change rapidly may lead
to severe complications such as postoperative ectasia. According to the FDA guidelines for
LASIK, conditions that may lead to refractive instability include pregnancy, nursing, and
uncontrolled diabetes mellitus.

CornealEctasia

Anormalcornealthicknessisaround540-550microns. Ifthepreoperativecorneaislessthan500
microns,orifthepostoperativeresidualstromalthicknessislessthan250microns,itincreasesthe risk of
developing keratectasia by 5%.

Keratoconus

A cone-shaped cornea is an absolute contraindication for LASIK due to the risk of the condition
causingcornealectasia.Apractitionermustalsobeawareofsubclinicalkeratoconus,including
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forme fruste keratoconus (FFK), which is, by definition, keratoconus that is not detectable with
slit-lamp and corneal topography testing. Therefore, it may be a false negative.

UncontrolledSystemic Diseases

Systemic lupus erythematosus, Sjogren syndrome, rheumatoid arthritis, Graves disease, Crohn's
disease,andotherdiseasesthatcausekeratoconjunctivitissiccaorotherformsofocularpathology.

Activelnfection

Bacterial blepharitis and keratitis can increase the riskof spreading infection and
inflammationthrough the cornea into the eye.

RelativeContraindications
Age

While LASIK is generally not advised for children due to the changes in refraction during
adolescence,ithasbeensuccessfulinpatientsunder18yearsoldwithhighmyopiaorothersevere
pathologies.

HerpesZosterOphthalmicusorHerpesSimplexKeratitis

Active infection by Herpes should be treated before surgery occurs. A study determined that it is
safe to operate on patients with a history of ocular Herpes; however, it is recommended to wait
one year for the virus to be in remission before surgical intervention.

Cataract

Patients with mild cataracts may still receive LASIK surgery, but with the caveat that when the
cataract progresses, visual acuity may be impaired despite LASIK. Intraocular lens implantation
following cataract surgery is an indicated alternative procedure to LASIK.

Glaucoma

PatientswithglaucomawhoundergoLASIKmaydevelopafalsedecreaseinintraocularpressure  (IOP)
after surgery due to decreased corneal thickness. In addition, advanced patients with
glaucomahavetheriskofincreased damagetotheopticnerveduringsurgeryduetothe transient increase
in intraocular pressure from the initial suction applied on the cornea.

CornealDystrophy(CD)

Certain diseases like Fuchs endothelial corneal dystrophy may be accelerated with surgical
interventions such as LASIK.Patients with other forms of corneal dystrophies, such as granular
cornealdystrophyandlatticecornealdystrophy,mayreceiveLASIK butrecurrenceofthedisease is a
possibility.

Keloidosis
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It is suggested by some sources that patients with a history of keloids may have their surgical
results complicated by the disease. However, it has been reported that patients with keloids
undergoing refractive surgery report good outcomes.

PupilSize

It has been historically reported that patients with a larger pupil size may have an increased risk
for postsurgical visual complications, such as halos/star-bursting with light, and glare.However,
with the advent of new technology lasers, larger ablation, and blend/transition zones, the
correlation of large pupil size and visual complications is diminishing.

Equipment
ExcimerLaser

Therearevariousexcimerlasersapprovedbythe UnitedStatesFederalDrugAgency(USFDA), each
with advantages that may be chosen according to the patient’s needs. Differences among lasers
include beam size, beam repetition speed, and other benefits such as eye-tracking. Today, the
technical approach called custom-LASIK is often utilized, either using topography-guided (using
the measured corneal topography to configure the laser) or wavefront-guided (calculating the
light refraction off of the cornea to configure the laser) approaches. These customized lasers may
be used in conjunction with spot or slit-scanning lasers and help decrease post-surgical
complications by shaping the cornea with more precision.

Femtosecond Laser

Flapcreationcanbemadewithvariousapproaches,asdescribedinthetechniquesection;however,  the
general approach with LASIK currently is to create the flap using a femtosecond laser. The
advantage ofthelaserovermechanical techniques is that theflap can be createdthinner and with
more precision, which leads to better results and fewer flap-related complications after surgery.

Preparation

Before a screening examination, contact lenses should be temporarily discontinued 1 to 2 weeks
in advance to allow the corneal surface to stabilize, thus giving more accurate measurements. A
thorough history and physical examination should be completed to help identify any
contraindications to LASIK. In addition to visual acuity testing, a full eye examination must be
performed prior to considering surgery. This exam should include an assessment of general eye
health by slit-lamp exam, fundoscopic exam, dry eye evaluation, and intraocular pressure.

Thecorneaisevaluated bykeratometryandpachymetry.Goodcandidates ~ forLASIKwillhavea
normalcornealthicknessofapproximately550microns. Topographyandtomographyarecrucial
forgoodrefractivescreeningandhavebecomethestandardofcareforpre-operativescreeningto rule out
keratoconus.
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Foramoredetailedevaluationofcandidacy,theRandlemancriteriacanhelpscreenpatientswho are at
high risk for developing post-surgical corneal ectasia. The criteria consider variables such
astopographicalresults,cornealthickness,age,andsphericalmanifestrefraction.Ascoreof4or more is
considered a high risk for developing post-LASIK ectasia.

Once the patient is approved for LASIK, the Munnerlyn formula is used to calculate the ablation
zone and depth for LASIK treatment, which incorporates the thickness of tissue ablated, the
diameter of the optic zone, and the dioptric correction. The percentage of tissue altered (PTA),
whichconsiderscornealthickness,ablationdepth,andflapthickness,alsohelpsphysicianspredict  risk
for post-LASIK corneal ectasia; it has been shown that a PTA of 40% or more is correlated with
the development of ectasia.

TechniqueorTreatment
Pre-Surgery

All equipment should be checked for safety, and to ensure patient topographical data is imported
into the excimer laser. The patient should be given education on the routine of the procedure, as
well as signing an informed consent document.

SurgicalTechnique

Ingeneral, LASIKsurgeryisperformedinthefollowingmanner:thepatientisbroughttothetable
andplacedinacomfortablesupineposition. Thefelloweyeistapedclosed,andtheoperativeeye is
positioned open with a speculum. The eye is anesthetized with eye drops. A suction ring is
placed on the cornea, whilethecornea is marked forflap creation by either amicrokeratome or a
femtosecondlaser.Withthelaser,theflapisdelineatedthroughtheformationofmicro-cavitation
bubbles in a cleavage plane. The flap has a customized diameter, thickness, side-cut angle, hinge
length, and hinge position. The femtosecond laser has largely superseded the microkeratome for
flap creation.

After the flap is created, the surgeon carefully reflects the flap to reveal the underlying stroma.
The surgeon positions and signals the excimer laser to provide sculpting to the stromal surface
throughphotoablation. Thesurgeon thenreplaces theflapto itsoriginalposition.Itissafeforthe patient
to receive LASIK in both eyes on the same day.

Post-Surgery

The patient instills preservative-free artificial tears because dry eyes are a common side-effect of
surgery. Patients are advised to use artificial tears frequently, but if symptoms persist, the use of
punctal plugs may be prescribed. The patient is also given antibiotics, and steroidal eye drops to
use for 5 to 14 days after the surgery. The patient follows up with their surgeon as prescribed by
theirpractice,and after examination, may requireadditional minor LASIKadjustmentstocorrect
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residual refractive error, known as an enhancement procedure, usually within a year of the initial
procedure. Enhancement procedures occur in about 10% of patients and more frequently in
patients with high initial corrections, over 40 years old, or with astigmatism.

AlternateProcedures

Thereareotherlaser-assistedproceduresthatmaybeoptionsforthepatientwithrefractiveerrors. In
addition, with advances in technology, variations to LASIK have been implemented successfully
in practice.

PRK

One study shows that while LASIK has better results for visual acuity sooner after the surgery,
patientswithPRKtendedtomaintainbetterrefractionyearsaftertheinitialsurgery. Anotherstudy
shows better outcomes with PRK, in patients with low to high myopia, with fewer complications
comparedtoLASIK ,despiteotherstudiesreportingbetteroutcomeswithLASIK.Multiplestudies
showsimilaryetexcellentoutcomesinbothprocedures. Thephysicianmustuseclinicaljudgment in
deciding which procedure will result in optimal outcomes for the patient. While pain has
itorically been labeled as a disadvantage of PRK, the use of bandage contact lenses and NSAIDs
have led to a smooth post-op recovery with little pain.

FemtosecondLenticuleExtraction(FLEx)orSmalllncisionLenticuleExtraction(SMILE)

Thefemtosecondlaserremovesthesquamousepitheliumwithoutleavingaflap. Itisindicatedin patients
with higher myopia (-6.00 D to -12.00 D) compared to LASIK. Studies have shown
similarclinicaloutcomesascomparedtoLASIK ,withfewerincidencesofdryeyesaftersurgery.

LaserEpithelialKeratomileusis(LASEK)

Lasek is a procedure where an alcohol solution is used to assist in the removal of the superficial
corneal layer. Epi-LASEK uses an epi-microkeratome to remove the layer. Both techniques are
variants of PRK and can be considered as viable alternative procedures.

Complications
Dry Eyes

One of the most common transient side-effects from LASIK is dry eyes due to a lack of tear
production.Thisisduetotheinterruptionofthelacrimalreflexasaresultofnervoustissuebeing  severed
during the procedure. Various studies have shown dry eyes to occur in 85% to 98% of patients
one week after surgery.This number drops to around 60% at 1 month . Artificial tears and/or
punctal plugs are applied until the nerves regenerate.

Visual Aberrations
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20% of patients will report some form of visual change.Some patients may suffer from visual
changes such as glare, halo, or star-bursting patterns around lights, haze, and decreased contrast
sensitivity. TheFDAreportsthatvisualdisturbancestendtostabilizethreetosixmonthsafterthe
procedure.

DiffuseLamellar Keratitis

Patients may also report blurriness and foreign body sensation that may be caused by diffuse
lamellarkeratitis(DLK),or“sandsofSahara”’syndrome,asterileinflammatory
response.Inflammatorycellinfiltratesoccurbeneaththecornealflapinterface. Thisphenomenon  may
happen in as many as 1 in 50 cases of LASIK. DLK usually presents one to two days post-
operatively and resolves with appropriate corticosteroid treatment after one week.

CornealFlapComplications

The incidence of microstriae, macrostriae, buttonholing, incomplete cap, free cap, cap
dislodgement, and epithelial ingrowth after surgery, is a low-risk event, with 0.1-4% of patients
reporting some form of complication.It has been shown that corneal flap complications can lead
to visual acuity loss.

Post-LASIK Ectasia

Athincorneabeforesurgerymayincreasetheriskofdevelopingectasiaorfurtherthinningofthe cornea.
The incidence has been reported from 0.04% to 0.6%.Femtosecond-assisted LASIK can help
prevent this complication dueto the thinnerflaps created.Theuse oftheRandleman criteria, as
described in the preparation section, can also screen for patients who are at high risk of
developing ectasia.

InfectiousKeratitis

Less than 0.1% of patients will develop an infection after LASIK.The most common sources of
infection come from gram-positive organisms, such as Staphylococcus species,or atypical
mycobacteria, especially if the onset of infection is one-two weeks after surgery.

RareComplications

Ischemic optic neuropathy, retinal detachment, vitreous hemorrhage, and posterior vitreous
detachment, are potential but very rare complications of LASIK, occurring in less than 0.1% of
patients.

ClinicalSignificance

While LASIK may be used in refractive errors, it was shown that this procedure is reliable in
patientswithmyopiaof-6.0Dorlessandastigmatismoflessthan2.0D.Arecentmeta-analysis
studyshowedsimilarimprovementofvisualacuityandpatientsafetywithLASIKcomparedto
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other refractive surgical procedures.This procedure has the added advantages of rapid recovery
anddecreasedpostoperativepain. Severalstudiesreporta92%to95%rate  ofsatisfactionamong
patients who obtained LASIK surgery.

EnhancingHealthcareTeamOutcomes

TheprofessionalteaminLASIKtreatmenttypicallyconsistsofophthalmicsurgeons,optometrists,
nurses,medicalassistants,andtechnicians. Teammembersworktogetherintheoutpatientsetting
todeterminethebestcandidatesforLASIKtopreventunnecessarycostsandcomplicationstothe

patient. Theteam,onthedayofsurgery,isresponsibleforadheringtostandardclinicalprotocols,
includingobtainingthepatient’sinformedconsentfortheprocedure,thecorrectmarkingofwhich  eye
will receive each specific treatment, the proper placement, and preoperative evaluation of
necessaryequipmentfortheprocedure,atimeoutcalledbeforetheoperation,andpatienteducation
throughout the treatment process. Communication among team members is vital, concerning any
changes in patient status at any time before, during, or after the procedure and optimizes patient
outcomes.[ Level 5]

Nursing,AlliedHealth,andInterprofessional Team Interventions

The team educates the patient regarding the procedure and obtains informed consent before
surgery.They perform instrumentation checks with correct placement and distribution duringthe
procedure and ensure sterility. Communication with other team members is crucial for patient
safety.

Nursing,AlliedHealth,andInterprofessionalTeam Monitoring

The team guides the patient through post-procedure education for proper eye care, including the
administrationofprescribedeyedrops. Theyassistwithpatientfollow-upinanoutpatientsetting,  with
eye examinations to document visual acuity and visual changes.
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Abstract

This chapter serves as an introduction to the field of clinical biochemistry, providing a
comprehensive overview of its foundations and applications. It begins with a historical
perspective, tracing the origins and evolution of clinical biochemistry, highlighting significant
milestonesthathaveshapedthediscipline. Thechapterthenexploresthemajorbiomoleculesand  their
roles in cellular metabolism, elucidating how carbohydrates, lipids, proteins, and nucleic acids
participate in key biochemical processes. Principles of laboratory medicine are introduced,
emphasizingtheimportanceofqualitycontrol,accuracy, andreliabilityinlaboratoryresults. The
conceptofreferenceintervalsandtheirinterpretationisdiscussed,emphasizingtheirsignificance
inevaluatinglaboratoryresultswithintheclinicalcontext.Diagnostictechniquesandtechnologies
commonly employed in clinical biochemistry, such as spectro-photometry, immunoassays,
chromatography, and molecular diagnostics, are explored, showcasing their applications and
limitations. The chapter also highlights the role of clinical biochemistry in disease management
across various medical specialties, demonstrating how biochemical markers and tests aid in
diagnosis, prognosis, and treatment decisions. Lastly, emerging trends and future directions in
clinicalbiochemistryarediscussed,includingtheintegrationofomicstechnologiesandtheriseof
personalizedmedicine.Overall,thisintroductorychapterprovidesreaderswithasolidfoundation to
understand the principles and significance of clinical biochemistry in healthcare.

Keywords: clinical biochemistry, biomolecules, cellular metabolism, laboratory medicine,
reference intervals, diagnostic techniques, disease management, medical specialties, emerging
trends, personalized medicine.

Introduction:

Clinical biochemistry is a vital discipline within the field of laboratory medicine that focuses on
the study of biochemical processes in the human body and their relevance to health and disease.
Thischapterservesasacomprehensiveintroductiontothefoundationsandapplicationsofclinical
biochemistry, providing readers with a solid understanding of its fundamental principles and
highlighting its significance in medical practice.

Historical Perspective:

The chapter begins by exploring the historical background of clinical biochemistry, tracing its
originsandevolution overtime. Fromearlydiscoveries inthel9thcenturyto thedevelopment of
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sophisticated analytical techniques in the modern era, we delve into the milestones that have
shaped the field and set the stage for its current prominence in healthcare.

BiomoleculesandCellular Metabolism:

Thissectionprovidesan overviewofthemajorbiomoleculesandtheirroles incellularmetabolism. It
explores the structure and functions of carbohydrates, lipids, proteins, and nucleic acids,
elucidating how they participate in key biochemical processes such as energy production, signal
transduction, and genetic information transfer.

PrinciplesofLaboratoryMedicine:

Clinicalbiochemistryreliesheavilyonlaboratorytestingtoanalyzebodyfluidsandandtissuesfor
diagnostic and monitoring purposes. Here, we introduce the essential principles of laboratory
medicine, including sample collection, handling, and analysis. We discuss the importance of
quality control, accuracy, precision, and reliability in laboratory results, emphasizing the
significance of these factors in clinical decision-making.

ReferencelntervalsandClinical Interpretation:

Understanding reference intervals and their interpretation is crucial for evaluating laboratory
results in the context of patient care. This section explores the concept of reference intervals,
factors influencing their determination, and their clinical significance. We also delve into the
interpretation of abnormal results, highlighting the importance of considering clinical context,
patient characteristics, and potential interferences.

DiagnosticTechniquesandTechnologies:

Advancements in technology have revolutionized the field of clinical biochemistry, enabling the
development of increasingly sophisticated diagnostic techniques. In this section, we discuss a
range of laboratory methods and instrumentation commonly employed in clinical biochemistry,
such as spectro-photometry, immunoassays, chromatography, and molecular diagnostics. We
explore their principles, applications, and limitations, emphasizing their relevance in diagnosing
and monitoring various diseases.

RoleofClinical Biochemistryin DiseaseManagement:

Clinical biochemistry plays a pivotal role in disease management, aiding in the diagnosis,
prognosis, and treatment of a wide range of medical conditions. This section highlights the
applications of clinical biochemistry in different medical specialties, such as endocrinology,
cardiology,nephrology,andoncology.Weexplorespecificexampleswherebiochemicalmarkers and
tests are instrumental in guiding clinical decisions and monitoring therapeutic interventions.
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EmergingTrendsandFuture Directions:

To conclude the chapter, we discuss the emerging trends and future directions in
clinicalbiochemistry. From the integration of omics technologies (e.g., genomics, proteomics) to
the rise of personalized medicine, we explore how advancements in research and technology are
shaping the field's landscape and paving the way for innovative diagnostic and therapeutic
approaches.

Conclusion:

This introductory chapter provides readers with a comprehensive overview of clinical
biochemistry, laying the foundations for understanding its principles and applications in
healthcare. By exploring its historical background, key biomolecules, laboratory principles,
diagnostictechnigues,andclinicalrelevance,readerswillgainasolidfoundationfordelvinginto  more
specific topics within the field. As the subsequent chapters unfold, readers will be well- equipped
to explore the intricacies of clinical biochemistry in the context of various disease processes and
medical specialties.
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Abstract

This chapter provides a comprehensive exploration of blood and hematology, focusing on the
cellular biochemistry underlying the composition and functions of blood components. It begins
with an overview of blood as a specialized connective tissue and the role of hematopoiesis in its
formation. The chapter delves into the cellular biochemistry of erythrocytes, leukocytes, and
platelets, discussing their structure, metabolism, and key biochemical processes. The importance
of cellular biochemistry in understanding blood disorders is emphasized, providing insights into
thepathophysiologyofvarioushematologicalconditions.Additionally,thechapterhighlightsthe
application of cellular biochemistry in diagnostic approaches and therapeutic interventions in
hematology. This chapter serves as a valuable resource for researchers, clinicians, and students
interested in unraveling the intricacies of blood and hematology from a cellular biochemistry
perspective.

Keywords:Blood,hematology,Cellularbiochemistry,Erythrocytes,Leukocytes,Platelets,Blood
disorders

IntroductiontoBloodandHematology
OverviewofBlood:Composition,Functions,andImportance

Blood is a vital fluid that circulates throughout the human body, delivering essential substances
and providing numerous physiological functions necessary for life. It is a specialized connective
tissue composed of cellular and non-cellular components suspended in a liquid matrix called
plasma.Understandingthecompositionandfunctionsofbloodiscrucialinunravelingtheintricate
mechanisms underlying hematological processes. The cellular components of blood include
erythrocytes (red blood cells), leukocytes (white blood cells), and platelets (thrombocytes). Each
cell type plays a unique role in maintaining homeostasis and responding to various physiological
and pathological conditions. Erythrocytes are responsible for oxygen transport, leukocytes
contribute to the immune response and defense against infections, and platelets are involved in
blood clotting and wound healing. The non-cellular component of blood, plasma, is a complex
mixture of water, electrolytes, proteins, hormones, and various other molecules. Plasma provides
a medium for the transportation of nutrients, gases, waste products, and signaling molecules
throughout the body. It also plays a critical role in maintaining osmotic balance, pH regulation,
and temperature control.
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Hematopoiesis:BloodCellFormationand Regulation

Hematopoiesis is the process by which blood cells are formed from hematopoietic stem cells in
the bone marrow. It is a highly regulated and dynamic process that involves a series of
developmentalstagesanddifferentiationpathways.Hematopoiesisoccursthroughoutthelifespan  of
an individual, ensuring the continuous production of all blood cell types to maintain homeostasis.
The regulation of hematopoiesis is tightly controlled by various growth factors,
cytokines,andtranscriptionfactorsthatinfluencetheproliferation,differentiation,andmaturation
ofhematopoieticstemcells. Thesefactorsactinacoordinatedmannertodirectcellfatedecisions and
ensure the production of the appropriate number and type of blood cells. Understanding the
mechanisms underlying hematopoiesis is crucial for comprehending the pathogenesis of
hematologicaldisorders,includinganemia,leukemia,andimmunedeficiencies.Disruptionsinthe
regulation of hematopoiesis can lead to abnormal cell development, impaired immune function,
and the onset of various blood diseases.

In this chapter, we will delve deeper into the cellular biochemistry underlying blood and
hematology.Wewillexplorethestructure,metabolism,andfunctionsoferythrocytes,leukocytes, and
platelets. Additionally, we will examine the role of cellular biochemistry in understanding blood
disorders, diagnostic approaches, and therapeutic interventions in hematology. By gaining
insights into the intricacies of blood and hematological processes at a cellular level, we can
enhance our understanding of health and disease and pave the way for improved diagnostics and
treatments in the field of hematology.

CellularBiochemistryofErythrocytes:
StructureandFunctionofErythrocytes

Erythrocytes,alsoknownasredblood cells,arehighlyspecializedcellsthatplayacrucialrolein oxygen
transport throughout the body. Their unique structure and function are optimized to efficiently
carry oxygen from the lungs to tissues and remove carbon dioxide, a waste product of
cellularrespirationErythrocyteshaveabiconcavediscshape,whichmaximizestheirsurfacearea  and
facilitatesthediffusion ofgases. They lack a nucleusand most organelles, allowing formore space
to accommodate hemoglobin, the oxygen-carrying protein. The flexible and deformable nature of
erythrocytes enables them to squeeze through narrow capillaries and deliver oxygen to tissues in
even the smallest blood vessels.

Hemoglobin:Structure,OxygenBinding,and Transport

Hemoglobin is the primary protein found in erythrocytes and is responsible for binding and
transporting oxygen. It consists of four subunits, each containing a heme group that can bind to
oxygen molecules. Hemoglobin exhibits cooperativity, meaning that the binding of one oxygen
molecule facilitates the binding of subsequent molecules.
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Inthelungs,whereoxygenlevelsarehigh,hemoglobinbindsoxygenandformsoxyhemoglobin. As
erythrocytes circulate through the body, they encounter tissues with lower oxygen
concentrations. The release of oxygen from oxyhemoglobin occurs, allowing oxygen to diffuse
into tissues where it is needed. This oxygen unloading is facilitated by factors such as pH,
temperature, and the concentration of carbon dioxide.

Erythrocyte Metabolism: Glycolysis, Pentose Phosphate Pathway, and Energy
Production

Erythrocytes rely predominantly on anaerobic metabolism for energy production, as they lack
mitochondria and cannot generate energy through oxidative phosphorylation. The primary
pathwayinvolvedin  energyproductioninerythrocytesisglycolysis,which  convertsglucoseinto
pyruvate and generates ATP as a source of cellular energy.

In addition to glycolysis, erythrocytes possess the pentose phosphate pathway (PPP), which
provides reducing equivalents in the form of NADPH. NADPH is essential for maintaining the
redox balance in erythrocytes and protecting them from oxidative damage. It also plays a critical
role in maintaining the activity of glutathione, a crucial antioxidant molecule.

MembraneBiochemistry:LipidComposition, Transporters, andSignaling

Theerythrocytemembraneisacomplexstructurecomposedoflipids,proteins,andcarbohydrates. The
lipid composition of the membrane, particularly its high content of phospholipids and
cholesterol, contributes to its fluidity and stability. Various transporters and channels are
embedded in the membrane, allowing for the movement of ions, nutrients, and waste products
across the cell. The erythrocyte membrane also plays a role in cell signaling and antigen
recognition.Glycoproteinsandglycolipidspresentonthemembranesurfaceparticipateinimmune
recognitionprocessesanddeterminebloodtypes.Furthermore,themembraneundergoesdynamic
changes in response to external stimuli, such as alterations in pH, temperature, and osmotic
pressure.

Understandingthecellularbiochemistryoferythrocytesiscrucialforcomprehendingtheirrolein
oxygen transport, energy production, and maintaining cellular homeostasis. By unraveling the
intricacies of erythrocyte structure, hemoglobin function, metabolic pathways, and membrane
biochemistry, we can gain valuable insights into normal erythrocyte physiology and the
pathogenesis of erythrocyte-related disorders.

Advancesin HematologyResearch:
OmicsApproaches:Genomics,Proteomics, and Metabolomicsin Hematology

Inrecentyears,omicsapproacheshaverevolutionizedthefieldofhematologyresearch,providing
valuableinsightsintothegenetic,proteomic,andmetabolicprofilesofhematologicaldisorders.
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Genomics studies have identified genetic mutations and variants associated with various blood
disorders, shedding light on disease pathogenesis, prognosis, and personalized treatment
approaches. Whole-genome sequencing, single-cell sequencing, and genome-wide association
studies have played a significant role in uncovering the genetic basis of hematological diseases.

Proteomics, on the other hand, focuses on the identification and characterization of proteins and
theirmodificationsinhematologicaldisorders. Techniquessuchasmassspectrometryandprotein
microarrays have enabled the identification of disease-specific protein biomarkers, facilitating
early diagnosis, prognosis, and monitoring of therapeutic responses. Proteomic studies have also
contributedtoabetterunderstandingofsignalingpathwaysandmolecularmechanismsunderlying
hematological diseases. Metabolomics, the study of small molecule metabolites, offers a
comprehensiveviewofcellularmetabolicpathwaysandalterationsassociatedwithhematological
disorders. By analyzing metabolite profiles in blood or bone marrow samples, metabolomics can
identify metabolic signatures and dysregulations that can serve as diagnostic or prognostic
markers. Metabolic pathway analysis can also provide insights into disease mechanisms and
potential therapeutic targets.

NovelBiomarkersand DiagnosticToolsinHematological Diseases

Advancements in hematology research have led to the discovery of novel biomarkers and the
development of sophisticated diagnostic tools for hematological diseases. These biomarkers can
helpintheearlydetection,accuratediagnosis,and monitoringofdiseaseprogression.Forexample,
inleukemia,thedetectionoffusiongenesorminimalresidualdiseaseusingmoleculartechniques has
become crucial for risk stratification and treatment decisions.

In addition to genetic biomarkers, circulating tumor cells, extracellular vesicles, and microRNAs
have emerged as promising non-invasive biomarkers in hematological malignancies. These
biomarkers can be detected in blood or other body fluids, allowing for less invasive and more
frequent monitoring of disease status.

Furthermore, advances in imaging technologies, such as flow cytometry, fluorescence in situ
hybridization, and next-generation sequencing-based assays, have significantly enhanced the
diagnostic capabilities in hematological diseases. These tools enable the identification and
characterization of specific cell populations, genetic abnormalities, and disease-associated
biomarkers with high sensitivity and specificity.

EmergingTherapeuticStrategiesTargeting Cellular Biochemistry

Recent research in hematology has focused on developing innovative therapeutic strategies that
targetcellularbiochemistryandmolecularpathwaysinvolvedinhematologicaldiseases. Targeted
therapies,includingsmallmoleculeinhibitorsandmonoclonalantibodies,haverevolutionizedthe
treatmentofhematologicalmalignancies.Forexample,tyrosinekinaseinhibitorshaveshown
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remarkable success in treating chronic myeloid leukemia by selectively inhibiting the abnormal
fusion protein BCR-ABLL.

Immunotherapies,suchaschimericantigenreceptor(CAR) T-celltherapyandimmunecheckpoint
inhibitors, have demonstrated remarkable efficacy in hematological malignancies, including
lymphomasand acutelymphoblasticleukemia. Thesetherapiesharness thepoweroftheimmune
system to recognize and eliminate cancer cells.

Additionally, gene therapies, such as gene editing using CRISPR-Cas9 technology, hold promise
for correcting genetic mutations underlying inherited hematological disorders, such as sickle cell
disease and B-thalassemia. By precisely modifying the patient's own hematopoietic stem cells,
gene therapies offer potential long-term solutions for these genetic diseases.

The advancements in hematology research, including omics approaches, novel biomarkers, and
emerging therapeutic strategies, have significantly improved our understanding of hematological
diseasesandtransformedpatientmanagement.Thesebreakthroughspavethewayforpersonalized and
targeted therapies, leading to improved outcomes and quality of life for patients with
hematological disorders.

Conclusion:

This chapter provides a comprehensive overview of the cellular biochemistry underlying blood
andhematology.Byexploringthecellularbiochemistryoferythrocytes,leukocytes,andplatelets,
readers gain insights into their structure, metabolism, and functions. The significance of cellular
biochemistry in understanding blood disorders is emphasized, shedding light on the
pathophysiology of various hematological conditions. Additionally, the chapter highlights the
application of cellular biochemistry in diagnostic approaches and therapeutic interventions in
hematology. With advances in omics technologies and the identification of novel biomarkers,
researchersandcliniciansarepoisedtounravelfurtherthecomplexitiesof bloodandhematology from a
cellular biochemistry perspective.
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Abstract

Theunderstandingofdiseasemechanismsatthebiochemicallevelisessentialforthedevelopment ~ of
effective diagnostic methods and therapeutic interventions. This chapter provides an in-depth
exploration of the biochemical basis of disease, focusing on the pathways and mechanisms
underlying various pathological conditions. It begins by discussing the fundamental concepts of
cellularbiochemistryanditsroleinmaintaininghomeostasis.Subsequently,itdelvesintospecific
biochemical pathways involved in disease development, including metabolic disorders, genetic
diseases, and dysregulation of signaling pathways. The chapter highlights the importance of
studying the biochemical basis of disease in elucidating disease etiology, identifying biomarkers,
and designing targeted therapies. This comprehensive overview serves as a valuable resource for
researchers,clinicians,andstudentsinterestedinunravelingtheintricatebiochemicalmechanisms
underlying disease processes.

Keywords:Biochemicalbasis,Diseasemechanisms,Cellularbiochemistry,Metabolicdisorders,
Genetic diseases, Signaling pathways, Etiology, Biomarkers, Targeted therapies.

Introduction

Millions of people worldwide are impacted by disease, which presents substantial obstacles for
global health. The complex molecular networks and mechanisms underlying diseased states are
examined in the biochemical basis of disease. For the development of efficient diagnostic
proceduresandtherapeuticapproaches,itisessentialtocomprehendthebiochemicalmechanisms  that
underlie illness onset and progression. The importance of identifying the biochemical causes
ofdiseaseisemphasized inthischapter'ssummaryofcellularbiochemistryanditsrelationshipto
illness.Understandingthecellularbiochemistryofdiseaseoffersunderstandingoftheunderlying
molecular pathways. Researchers can better understand the etiology of disease, find prospective
therapeutictargets,andcreatenewtreatmentapproachesbydecipheringthecomplexbiochemical
processes and pathways linked to disease.

TheValueof UnderstandingDisease’s Biochemical Basis

Itiscrucialtocomprehendthebiochemicalcausesofdiseaseforanumberofreasons. Itfirstmakes it
possible to pinpoint the cause of an illness. Researchers can learn more about the underlying
causes and contributing factors of disease by understanding the metabolic mechanisms that are
involved in itsdevelopment. This information is essential forcreating preventative strategies and
focused interventions to lower disease risk.
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MetabolicDisorders:Dysregulationof CellularMetabolism

Diabetesmellitusisametabolicdisordercharacterizedbyimpairedglucosehomeostasis,resulting
inpersistenthyperglycemia. Theconditionarisesduetodefectsininsulinsecretion,insulinaction,
orboth.Insulin,ahormoneproducedbythepancreaticbetacells,playsacriticalroleinregulating glucose
levels in the blood. It promotes glucose uptake into cells, stimulates glycogen synthesis,
andinhibitsglucoseproductionintheliver.Intypeldiabetes,anautoimmuneprocessleadstothe
destruction of pancreatic beta cells, resulting in an absolute deficiency of insulin. Without
sufficientinsulin,glucosecannotentercellseffectively,leadingtoincreasedbloodglucoselevels. Type
1 diabetes usually develops early in life and requires lifelong insulin therapy. Type 2 diabetes, on
the other hand, is characterized by insulin resistance and relative insulin deficiency. Insulin
resistance refers to a reduced responsiveness of target tissues, such as muscle, liver, and adipose
tissue, to the action of insulin. This resistance results in the pancreas compensating by producing
moreinsulin. Overtime,thepancreatic betacells becomeexhaustedand failto secrete adequate
insulin, leading to elevated blood glucose levels. Type 2 diabetes is strongly associated with
obesity, physical inactivity, and genetic predisposition. Lifestyle modifications, including weight
loss, exercise, and dietary changes, are often recommended as initial management
strategies.Insomecases,oralmedicationsorinsulininjectionsmaybenecessarytocontrolblood glucose
levels.

2.2Dyslipidemia: AbnormalLipid Metabolism

Dyslipidemiareferstoabnormallevelsoflipids,suchascholesterolandtriglycerides,intheblood. Lipids
play crucial roles in cellular structure, energy storage, and signaling processes. However,
disturbancesinlipidmetabolismcanleadtothedevelopmentofcardiovasculardiseases,including
atherosclerosis, heart disease, and stroke. Several factors contribute to dyslipidemia, including
dietary habits, genetics, and underlying medical conditions. Elevated levels of low-density
lipoprotein cholesterol (LDL-C), often referred to as "bad cholesterol,” increase the risk of
atherosclerosis and cardiovascular events. Conversely, low levels of high-density lipoprotein
cholesterol (HDL-C), known as "good cholesterol," are also associated with an increased risk of
cardiovascular disease.

Treatment of dyslipidemia typically involves lifestyle modifications, including a heart-healthy
diet, regular physical activity, and weight management. In cases where lifestyle changes are
insufficient,medicationinterventions,suchasstatins,fibrates,orcholesterolabsorptioninhibitors, may
be prescribed to lower LDL-C levels or increase HDL-C levels. Managing dyslipidemia is
essential for reducing the risk of cardiovascular complications and maintaining overall
cardiovascular health.
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2.3InbornErrorsofMetabolism:GeneticMetabolic Disorders

Inborn errors of metabolism (IEMs) are a group of genetic disorders characterized by defects in
specific enzymes or transporters involved in cellular metabolism. These disorders disrupt normal
metabolic pathways, leading to the accumulation of toxic substances or deficiency of essential
molecules. IEMs can affect various metabolic processes, including amino acid metabolism,
carbohydrate metabolism, fatty acid metabolism, and organic acid metabolism.

EachlEMuistypicallycausedbyaspecificgeneticmutationthatimpairsthefunctionofanenzyme or
transporter involved in a particular metabolic pathway. Examples of IEMs include
phenylketonuria (PKU), a disorder characterized by the inability to metabolize the amino acid
phenylalanine,andmaplesyrupurinedisease(MSUD),whichaffectsthebreakdownofbranched- chain
amino acids.

The clinical manifestations of IEMs can vary widely depending on the specific disorder and the
extent of metabolicdisruption. Symptoms mayrangefrom mild to severe and can affect multiple
organsystems,includingthecentralnervoussystem,liver,kidneys,andheart.Earlydetectionand
interventionarecrucialformanaginglEMseffectively. Treatmentapproachesmayincludedietary
modifications, enzyme replacement therapy, cofactor supplementation, or specific drug therapies
aimed at addressing the underlying metabolic defect.

Understanding the biochemical basis of metabolic disorders provides valuable insights into the
dysregulation of cellular metabolism and its impact on human health. By unraveling the intricate
molecularmechanismsunderlyingthesedisorders,researcherscandeveloptargetedinterventions
andtherapiestoalleviatesymptoms,improvepatientoutcomes,andadvanceourunderstandingof
cellular metabolism as a whole.

3. EtiologyandBiomarkers:InsightsfromBiochemicalStudies
UnravelingDiseaseEtiologythrough Biochemicallnvestigations

Biochemical studies play a critical role in unraveling the etiology of various diseases. By
examiningthebiochemicalprocessesunderlyingnormalcellularfunctionandcomparingthemto
thealteredbiochemicalpathwaysobservedindiseasestates,researcherscangainvaluableinsights  into
the mechanisms driving disease development and progression. These investigations often
involvetheuseofinvitroandinvivoexperimentalmodels,aswellashumanclinicalsamples.By
analyzing changes in gene expression, protein levels, enzymatic activity, and metabolite
concentrations, researchers can identify key molecular alterations associated with specific
diseases. For example, studying the dysregulation of signaling pathways or the accumulation of
abnormal metabolites can shed light on the pathogenesis of cancer, neurodegenerative disorders,
or autoimmune diseases. Biochemical investigations also help identify potential therapeutic
targets.Byunderstandingthespecificmolecularabnormalitiesunderlyingadisease,researchers
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can design targeted therapies that aim to restore normal cellular function. For instance, the
development of targeted therapies for cancer has been greatly influenced by the identification of
specific genetic mutations or alterations in cellular signaling pathways through biochemical
studies.

Biomarkers:BiochemicalSignaturesofDisease

Biomarkers are measurable indicators that provide information about the presence, severity, or
progression of a disease. Biochemical biomarkers, in particular, offer valuable insights into the
underlying pathophysiology of diseases and can be utilized for disease diagnosis, prognosis, and
monitoring of therapeutic responses. Biochemical biomarkers can be diverse, ranging from small
molecules, such as metabolites and hormones, to proteins, enzymes, or genetic markers. These
biomarkers can be detected and quantified using various techniques, including immunoassays,
mass spectrometry, and genotyping methods. The identification and validation of reliable
biomarkers require extensive biochemical investigations. By comparing biomarker profiles
betweenhealthyindividualsandpatientswithaparticulardisease,researcherscanidentifyunique
biochemicalsignaturesassociatedwiththedisease.Biomarkerscanaidinearlydiseasedetection,
facilitatepersonalizedtreatmentapproaches,andassesstreatmentresponseordiseaseprogression.
Forexample, elevatedlevels ofprostate-specific antigen (PSA)in theblood serve as abiomarker
forprostatecancerscreening,whilespecificgeneticmutationscanactasbiomarkersforhereditary
diseases such as cystic fibrosis.

Genomics,Proteomics,andMetabolomicsinBiomarker Discovery

Advancements in genomics, proteomics, and metabolomics have revolutionized the field of
biomarker discovery. These "-omics™ approaches enable comprehensive profiling of genetic,
protein, and metabolite alterations associated with diseases, providing a wealth of data for
biomarker identification. Genomics focuses on the study of an individual's complete set of genes
(the genome) and their variations. Through genome-wide association studies (GWAS) and next-
generation sequencing technologies, researchers can identify genetic variants that predispose
individuals to certain diseases or influence disease progression. These genetic markers can serve
as biomarkers for disease risk assessment and personalized treatment strategies. Proteomics
involves the large-scale study of proteins and their modifications within a cell or tissue. By
analyzing changes in protein expression, post-translational modifications, or protein-protein
interactions, researchers can identify proteins that are dysregulated in specific diseases. These
proteins can be potential biomarkers for disease diagnosis or therapeutic targets. Metabolomics
examines the global metabolite profiles within biological systems. By analyzing small molecule
metabolites,researcherscangaininsightsintothemetabolicdysregulationassociatedwithvarious
diseases. Metabolomic biomarkers can provide information about disease progression, treatment
response,ormetabolicphenotypesassociatedwithspecificdiseases. Integrationofgenomics,
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proteomics, and metabolomics data sets can enhance biomarker discovery by providing a more
comprehensive understanding of disease mechanisms and identifying multi-dimensional
biomarker signatures. These approaches hold great promise for precision medicine, where
individualized treatment strategies can be tailored based on a patient's specificbiomarker profile.

4. TargetedTherapies:ExploitingBiochemicalPathways
MolecularTargetingin Cancer Treatment

Cancerisacomplexdiseasecharacterizedbythedysregulationofmultiplebiochemicalpathways.

Traditional cancer treatments, such as chemotherapy and radiation therapy, often target rapidly
dividing cells without specifically addressing the underlying molecular abnormalities. However,
targeted therapies aim to exploit specific biochemical pathways or molecules that are critical for
cancer cellsurvival and proliferation. Molecular targetingin cancer treatmentinvolvestheuseof
drugsorbiologicsthatselectivelyinterferewithspecificmoleculesorsignalingpathwaysinvolved

intumorgrowth. Thesetargetedtherapiescanblocktheactivityofgrowthfactors,inhibitabnormal

signaling pathways, or promote immune responses against cancer cells. For example, tyrosine
kinase inhibitors (TKIs) selectively inhibit specific enzymes involved in aberrant signaling
pathways in cancer cells, such as the epidermal growth factor receptor (EGFR) in non-small cell
lung cancer. The development of targeted therapies heavily relies on understanding the specific
biochemical alterations present in different cancer types. By identifying key driver mutations or
overexpressed proteins, researchers can design drugs that selectively target cancer cells while
minimizing damage to normal cells. Targeted therapies have shown remarkable success in
improving patient outcomes and reducing side effects compared to conventional treatments.

EnzymeReplacementTherapyforGenetic Disorders

Geneticdisordersoftenresultfromthedeficiencyormalfunctionofspecificenzymesinvolvedin critical
biochemical pathways. Enzyme replacement therapy (ERT) is a targeted treatment
approachthataimstorestoreenzymefunctioninindividualswithgeneticdisorders.ERTinvolves  the
administration of purified or recombinant forms of the deficient enzyme to replace or supplement
the missing or dysfunctional enzyme in the body. These therapeutic enzymes can be delivered
through intravenous infusion or other routes depending on the target tissue or organ. ERT has
been successfully used in the treatment of various genetic disorders, such as Gaucher disease,
Fabry disease, and Pompe disease. By replenishing the deficient enzyme, ERT can alleviate
disease symptoms, prevent organ damage, and improve patients' quality of life.

GeneTherapy:CorrectingGenetic Abnormalities

Genetherapyisarevolutionaryapproachthataimstocorrectgeneticabnormalitiesbyintroducing
functional genes into affected cells. It holds great promise for the treatment of genetic disorders
thatresultfrommutationsinspecificgenes. Thereareseveralapproachestogenetherapy,
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includingthedeliveryoftherapeuticgenesusingviralvectorsornon-viralmethods.Viralvectors,
suchasadeno-associatedviruses(AAV)orlentiviruses,aremodifiedtocarrythetherapeuticgene  and
deliver it to target cells. Non-viral methods, such as lipid nanoparticles or gene editing
techniques like CRISPR-Cas9, offer alternative strategies for gene delivery.

Ingenetherapy,theintroducedgenescanproducefunctionalproteinsormodulategeneexpression to
correct the underlying genetic defect. For example, in severe combined immunodeficiency
(SCID),genetherapyhasbeensuccessfulinrestoringimmunefunctionbyintroducingafunctional
copyofthedefectivegene.Althoughgenetherapyholdstremendouspotential,challengesremain in
terms of ensuring long-term efficacy, targeting specific cell types, and addressing potential
immune responses or off-target effects. Ongoing research and technological advancements
continue to improve the safety and efficacy of gene therapy approaches.

Pharmacologicallntervention:ModulatingBiochemical Pathways

Pharmacological interventions play a vital role in modulating biochemical pathways involved in
various diseases. Small molecule drugs or biologics can target specific enzymes, receptors, or
signaling molecules to regulate or restore normal biochemical processes.

Pharmacological intervention aims to restore balance to dysregulated pathways, block abnormal
signaling, or enhance therapeutic responses. For example, statins are commonly used drugs for
dyslipidemia, which inhibit the enzyme HMG-CoA reductase involved in cholesterol synthesis.
Byblockingthisenzyme,statinscanreducecholesterollevelsandlowertheriskofcardiovascular
diseases. Other examples include inhibitors of specific kinases in targeted cancer therapies,
immunosuppressants in autoimmune disorders, and antiretroviral drugs in HIV/AIDS treatment.
These interventions are designed to specifically modulate biochemical pathways associated with
the disease while minimizing adverse effects on normal physiological processes.

Conclusion

Variousroutesandmechanismsareincludedinthefieldofthebiochemicalfoundationofdisease,
whichisintricateandmultifaceted.Researcherscanlearnalotabout theonsetandprogressionof
diseases by investigating the dysregulation of cellular metabolism, genetic anomalies, and
disrupted signalling networks. The identification of illness aetiology, the finding of biomarkers,
and the development of focused therapy approaches all depend on an understanding of the
biochemical underpinnings of disease. Future research and innovation in the area of biochemical
disease mechanisms have promising prospects thanks to developments in omics technologies,
systems biology methods, and personalised medicine.
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Abstract

The title focuses on diagnostic tools in clinical biochemistry and their application in improving
patientcare. Thechapterbeginswithanintroductiontotheroleofclinicalbiochemistryindisease
diagnosis,monitoring,andmanagement.Ithighlightsthediverserangeofdiagnostictoolsusedin
clinical biochemistry and their importance in detecting diseases, assessing disease severity, and
evaluating treatment efficacy. This explores laboratory testing as the foundation of clinical
biochemistry diagnostics, covering basic techniques and instrumentation used in clinical
laboratories. It discusses essential processes like sample collection, handling, and processing,
alongwithanalyticaltechniquessuchasspectrophotometry,chromatography,immunoassays,and
moleculardiagnostics.Biochemicalmarkersandpanelsplayacrucialroleinclinicalbiochemistry
diagnostics,providinginsightsintonormalphysiologyanddiseaseprocesses. Thechapterfocuses
oncommonbiochemicalmarkersrelatedtoorganfunction,metabolicdisorders,cardiacmarkers,
andinflammationmarkers. Italsoemphasizestheutilityofbiochemicalpanelsinassessingoverall
healthanddiagnosingspecificconditions.Lastly,thechapterdiscussesemergingtrendsandfuture
directions in clinical biochemistry diagnostics. It explores novel diagnostic platforms like
biosensors, microfluidics, and nanotechnology. Additionally, itexplores the potential ofartificial
intelligenceandmachinelearninginenhancingdiagnosticaccuracyandefficiency.Understanding
these emerging trends is vital for staying updated with the latest developments in clinical
biochemistry diagnostics.

Keywords: Clinical biochemistry, Diagnostic tools, Laboratory testing, Biochemical markers,
panels, Point-of-care testing, Molecular diagnostics

IntroductiontoClinicalBiochemistryDiagnostics

Clinicalbiochemistryplaysacrucialroleinthediagnosis,monitoring,andmanagementofvarious
diseases.Diagnostictoolsinclinicalbiochemistryencompassawiderangeoflaboratorytestsand
techniquesthatprovidevaluableinformationaboutthebiochemicalstatusofpatients. Thesetools aid in
the detection of diseases, assessment of disease severity, and evaluation of treatment
efficacy.Thischapterexploresthediversediagnostictoolsusedinclinicalbiochemistryandtheir
application in improving patient care.

LaboratoryTesting:BasicTechniquesandInstrumentation

Laboratory testing forms the cornerstone of clinical biochemistry diagnostics. This section
providesanoverviewofthebasictechniquesandinstrumentationusedinclinicallaboratories. It
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covers essential laboratory processes such as sample collection, handling, and processing.
Additionally, it explores common analytical techniques including spectrophotometry,
chromatography, immunoassays, and molecular diagnostics. Understanding the principles and
applications of these techniques is essential for accurate and reliable laboratory testing.

CommonBiochemicalMarkersand Panels

Biochemical markers are measurable substances present in the body that provide insights into
normal physiology or disease processes. This section focuses on common biochemical markers
usedinclinicalbiochemistrydiagnostics. Itdiscussesmarkersrelatedtoorganfunction(e.g.,liver
enzymes, renal function markers), metabolic disorders (e.g., glucose, lipid profiles), cardiac
markers (e.g., troponins, B-type natriuretic peptide), and inflammation markers (e.g., C-reactive
protein, erythrocyte sedimentation rate). Additionally, it highlights the utility of biochemical
panels in assessing overall health and diagnosing specific conditions.

Point-of-CareTesting:RapidDiagnosticsatthe Bedside

Point-of-care testing (POCT) refers to laboratory testing performed near the patient, providing
real-time results without the need for sample transportation to a central laboratory. This section
explores the advancements in POCT devices and their application in clinical biochemistry
diagnostics. It covers portable analyzers for glucose monitoring, cardiac markers, coagulation
tests, infectious disease diagnostics, and more. POCT enables prompt diagnosis, allows for
immediate treatment decisions, and enhances patient management in various healthcare settings.

MolecularDiagnostics:FromGeneticTestingtoPersonalizedMedicine

Molecular diagnostics revolutionized clinical biochemistry by allowing the detection of genetic
and molecular alterations associated with diseases. This section focuses on molecular diagnostic
techniques, including polymerase chain reaction (PCR), DNA sequencing, and gene expression
analysis. It explores the use of molecular diagnostics in genetic testing, infectious disease
diagnosis,cancerprofiling,andpharmacogenomics.Moleculardiagnosticsnotonlyaidindisease
diagnosis but also facilitate personalized medicine approaches by identifying specific genetic
variants that influence treatment response.

BioinformaticsandDataAnalysisin ClinicalBiochemistry

Withtheadventofhigh-throughputtechnologies,clinicalbiochemistrygeneratesvastamountsof  data
that require advanced bioinformatics and data analysis tools. This section discusses the role of
bioinformatics in clinical biochemistry diagnostics. It covers data management, analysis
pipelines, interpretation of complex datasets, and integration of multiple data sources.
Bioinformatics tools facilitate the identification of biomarkers, discovery of novel disease
associations, and development of predictive models for disease diagnosis and prognosis.
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TranslatingLaboratoryFindingstoPatientCare

Laboratory test results obtained from clinical biochemistry diagnostics must be effectively
communicated to healthcare providers and integrated into patient care. This section emphasizes
the importance of effective communication and collaboration between laboratory professionals
andclinicians.Itexploresstrategiesforresult reporting,datainterpretation,andclinicaldecision-
making based on laboratory findings. Furthermore, it highlights the role of clinical biochemistry
in monitoring treatment responses and evaluating disease progression.

EmergingTrendsandFuture Directions

The field of clinical biochemistry diagnostics continues to evolve, driven by technological
advancements and scientific discoveries. This section discusses emerging trends and future
directions in the field. It explores novel diagnostic platforms, such as biosensors, microfluidics,
andnanotechnology.Additionally,itdelvesintothepotentialofartificialintelligenceandmachine
learninginenhancingdiagnosticaccuracyandefficiency.Understandingtheseemergingtrendsis
crucial for staying abreast of the latest developments in clinical biochemistry diagnostics.

In conclusion, diagnostic tools in clinical biochemistry provide valuable insights into disease
diagnosis, monitoring, and management. Laboratory testing, biochemical markers, point-of-care
testing, molecular diagnostics, bioinformatics, and effective communication are all vital
components of clinical biochemistry diagnostics. By leveraging these tools, healthcare
professionalscanmakeinformeddecisions,personalizetreatmentapproaches,andimprovepatient
outcomes. The ongoing advancements in the field hold promise for enhancing the accuracy,
accessibility, and efficiency of diagnostic tools in clinical biochemistry, ultimately benefiting
patient care.
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Abstract

Metabolic disorders encompass a group of diseases characterized by disturbances in normal
biochemical processes, resulting in imbalances in essential molecules, energy production, and
cellularfunctions. Thischapterprovidesan in-depthexplorationof metabolicdisorders, focusing
ontheunderlyingbiochemicalimbalancesandtheirimplications.Itbeginswithanintroductionto
metabolic disorders and emphasizes the significance of comprehending their biochemical basis.
The chapter then delves into key metabolic pathways, including carbohydrate metabolism, lipid
metabolism, amino acid metabolism, and nucleotide metabolism, elucidating how imbalances in
these pathways contribute to metabolic disorders. Specifically, it discusses the impact of
carbohydrate metabolism disorders such as diabetes mellitus, glycogen storage diseases, and
disorders of fructose and galactose metabolism. Furthermore, it explores lipid metabolism
disorders like hyperlipidemia, hypercholesterolemia, and familial hyperlipidemias, emphasizing
the link between lipid disorders and cardiovascular diseases. The chapter also covers amino acid
andorganicacidmetabolismdisorders,includingphenylketonuria,maplesyrupurinedisease,and
organic acidemias, elucidating the biochemical pathways affected and their consequences on
neurological development and other organ systems. Additionally, it addresses mitochondrial
disorders, highlighting the biochemical abnormalities underlying mitochondrial dysfunction and
its diverse clinical manifestations. The chapter discusses the diagnostic approaches employed for
inbornerrorsofmetabolism,suchasbiochemicaltesting,genetictesting,andmetabolicprofiling,
underscoringtheimportanceofearlydetectionandthemultidisciplinarynatureofmanagingthese
disorders.Itfurtherexploresvarioustreatmentstrategies,includingdietarymodifications,enzyme
replacement therapy, and gene therapy. Finally, the chapter explores emerging research and
therapeutic advances in the field of metabolic disorders, such as targeted therapies, gene editing
technologies, and precision medicine approaches. Understanding the biochemical imbalances in
metabolicdisordersis essentialforaccuratediagnosis,effectivemanagement, andthedevelopment of
innovative therapeutic approaches.

Keywords: Metabolic disorders, Biochemical imbalances, Carbohydrate metabolism, Lipid
metabolism, Amino acid metabolism

IntroductiontoMetabolic Disorders

Metabolicdisordersareagroupofdiseasescharacterizedbythedisruptionofnormalbiochemical
processes in the body. These disorders can affect various metabolic pathways, leading to
imbalancesinessentialmolecules, energy production, andcellularfunctions. Thischapter provides
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an overview of metabolic disorders and highlights the importance of understanding their
underlying biochemical imbalances.

MetabolicPathwaysandImbalances

Metabolicpathwaysareintricatenetworksofchemicalreactionsthatoccurwithincellstoconvert
nutrients into energy and essential molecules. This section delves into key metabolic pathways,
including carbohydrate metabolism, lipid metabolism, amino acid metabolism, and nucleotide
metabolism. Itexploreshowimbalancesinthesepathwayscanariseduetogeneticdefects,enzyme
deficiencies, or environmental factors, leading to the development of metabolic disorders.

CarbohydrateMetabolismDisorders

Carbohydrate metabolism disorders involve dysregulation of glucose homeostasis and impaired
utilizationorstorageofcarbohydrates. Thissectionfocusesondisorderssuchasdiabetesmellitus,
glycogen storage diseases, and disorders of fructose and galactose metabolism. It discusses the
underlying biochemical abnormalities, the impact on energy production and utilization, and the
clinical manifestations associated with these disorders.

LipidMetabolism Disorders

Lipid metabolism disorders encompass a range of conditions characterized by abnormal lipid
synthesis, transport, or breakdown. This section explores disorders such as hyperlipidemia,
hypercholesterolemia, and familial hyperlipidemias. It discusses the biochemical basis of lipid
imbalances, including abnormalities in lipoprotein metabolism, cholesterol synthesis, and
triglyceride metabolism. The section also highlights the link between lipid disorders and
cardiovascular diseases.

AminoAcid andOrganicAcidMetabolismDisorders

Aminoacidandorganicacidmetabolismdisordersresultfromdefectsintheprocessingofamino  acids
and organic acids in the body. This section focuses on conditions such as phenylketonuria,
maplesyrupurinedisease,andorganicacidemias. ltdiscussesthebiochemicalpathwaysaffected by
these disorders, the accumulation of toxic metabolites, and the impact on neurological
development and other organ systems.

MitochondrialDisorders

Mitochondrialdisordersareagroupofgeneticdisordersthatprimarilyaffecttheenergy-producing
structures within cells, known as mitochondria. This section explores the biochemical basis of
mitochondrial dysfunction, including defects in oxidative phosphorylation, electron transport
chain abnormalities, and impaired mitochondrial DNA replication. It discusses the wide range of
clinicalmanifestationsassociatedwithmitochondrialdisordersandthechallengesindiagnosisand
treatment.
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InbornErrorsofMetabolism:Diagnosisand Treatment

Diagnosing metabolic disorders requires a comprehensive understanding of the underlying
biochemical imbalances. This section discusses the diagnostic approaches used, including
biochemicaltesting,genetic testing,andmetabolicprofiling.Ithighlightstheimportanceofearly
detection and emphasizes the multidisciplinary nature of managing these disorders, involving
geneticists, metabolic specialists, and dieticians. The section also explores treatment strategies,
including dietary modifications, enzyme replacement therapy, and gene therapy.

EmergingResearchandTherapeuticAdvances

The field of metabolic disorders is continuously evolving, with ongoing research and therapeutic
advancements. Thissectionexploresemergingareasofresearch,includingtargetedtherapies,gene
editing technologies, and the development of novel small molecules. It discusses the potential of
precision medicine approaches in the management of metabolic disorders and highlights the
importance of collaborative efforts between researchers, clinicians, and industry stakeholders.

Inconclusion,metabolicdisordersarecomplexconditionsthatarisefrombiochemicalimbalances
invariousmetabolicpathways.Understandingtheunderlyingbiochemicalabnormalitiesiscrucial ~ for
accurate diagnosis and effective management of these disorders. This chapter provides a
comprehensive overview of metabolic disorders, exploring their impact on different metabolic
pathways and highlighting the importance of ongoing research and therapeutic.
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Abstract

This chapter provides an overview of nutritional biochemistry and highlights the importance of
essentialelementsinmaintainingoptimalhealth.Nutritionalbiochemistryexploreshowessential
elementsandnutrientsinteractwithbiologicalsystems,influencinghumanhealthandwell-being. The
chapter discusses the role of essential elements as building blocks for macromolecules, cofactors
for enzymes, and regulators of physiological processes. It further delves into the biochemistry of
macronutrients, including carbohydrates, proteins, and lipids, exploring their digestion,
absorption, and utilization in the body. The biochemistry of micronutrients, such as
vitaminsandminerals,isalsoexplored,emphasizingtheirrolesascofactorsandantioxidants. The
chapter discusses the significance of antioxidants in combating oxidative stress, a key factor in
various diseases and the aging process. Nutritional genomics, which investigates the interplay
betweendiet,geneexpression,andhealthoutcomes,isexaminedinrelationtoessentialelements and
personalized nutrition. The impact of nutritional biochemistry on disease prevention and
management,particularlyincommonchronicdiseases,isexplored,alongwithitsroleintheaging
process and potential interventions for healthy aging. The chapter concludes by highlighting
emerging research areas and the future directions of nutritional biochemistry, including the gut
microbiome,epigenetics,andpersonalizednutrition,andtheirpotentialinprecisionmedicineand
dietary interventions.

Keywords: Nutritional biochemistry, Essential elements, Macronutrients, Micronutrients,
Antioxidants.

IntroductiontoNutritional Biochemistry

Nutritional biochemistry is the study of how essential elements and nutrients interact with
biologicalsystems,impactinghumanhealthandwell-being. Thischapterprovidesanoverviewof
nutritionalbiochemistry,emphasizingtheimportanceofessentialelementsinmaintainingoptimal
health.ltexplorestheroleofessentialelementsasbuildingblocksformacromolecules,cofactors for
enzymes, and regulators of physiological processes.

Macronutrients:Carbohydrates,Proteins,and Lipids

Macronutrients, including carbohydrates, proteins, and lipids, are vital for energy production,
growth, and tissue maintenance. This section examines the biochemistry ofthesemacronutrients,
discussingtheirdigestion,absorption,andutilizationbythebody. Itexploresthemetabolic
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pathways involved in carbohydrate metabolism, protein synthesis, and lipid metabolism,
highlighting the role of essential elements in these processes.

Micronutrients:Vitaminsand Minerals

Micronutrients,suchasvitaminsandminerals,areessentialfornumerousphysiologicalfunctions,
including enzymatic reactions, immune function, and cell signaling. This section delves into the
biochemistry of vitamins and minerals, discussing their roles as cofactors and antioxidants. It
explorestheimportanceofvitamins,suchasvitaminC,vitaminD,andtheBvitamins,aswellas minerals
like iron, calcium, and zinc, in maintaining optimal health.

AntioxidantsandOxidativeStress

Oxidative stress, resulting from an imbalance between the production of reactive oxygen species
(ROS) and antioxidant defense mechanisms, plays a significant role in various diseases and the
aging process. This section explores the biochemistry of antioxidants, including enzymes (e.qg.,
superoxide dismutase, catalase) and non-enzymatic antioxidants (e.g., vitamins C and E), in
neutralizingROS. Itdiscussestheimpactofoxidativestressoncellularhealthandtheimportance of a
balanced antioxidant defense system.

NutritionalGenomics: InteractionsbetweenDietandGeneExpression

Nutritionalgenomicsinvestigatestheintricateinterplaybetweendiet,geneexpression,andhealth
outcomes. This section explores the field of nutrigenomics, which examines how nutrients and
dietarycomponentscanmodulategeneexpressionandinfluencemetabolism. Itdiscussestherole of
essential elements in gene regulation and the potential for personalized nutrition based on genetic
variations.

NutritionalBiochemistryandDiseasePrevention

Nutritional biochemistryplays acrucial rolein diseaseprevention and management. This section
explores the impact of nutrition on common chronic diseases, including cardiovascular disease,
obesity,diabetes,andcancer. Itdiscussesthebiochemicalmechanismsunderlyingtheassociation
between diet and disease risk, highlighting the role of essential elements and nutrients in
maintaining optimal health and preventing the onset of these conditions.

NutritionalBiochemistryandAging

Aging is a complex process influenced by genetic, environmental, and lifestyle factors. This
sectionexaminestheroleofnutritionalbiochemistryintheagingprocess,focusingontheimpact of
essential elements, antioxidants, and caloric restriction on lifespan and age-related diseases. It
discusses the biochemical pathways involved in aging and the potential for nutritional
interventions to promote healthy aging.
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EmergingResearch andFuture Directions

The field of nutritional biochemistry is continuously evolving, with ongoing research and
advancements. This section explores emerging areas of research, such as the gut microbiome,
epigenetics, and personalized nutrition. It discusses the potential for nutritional biochemistry to
contribute to precision medicine approaches and the development of novel dietary interventions
for disease prevention and management.

In conclusion, nutritional biochemistry is a multidisciplinary field that examines the interactions
between essential elements,nutrients,and biologicalsystems.Understandingthebiochemistryof
nutrition is crucial for maintaining optimal health, preventing disease, and promoting healthy
aging. This chapter provides a comprehensive overview of the role of essential elements in
nutritionalbiochemistry,exploringmacronutrients,micronutrients,antioxidants,andtheirimpact  on
disease prevention and aging. The ongoing research in this field holds promise for further
unraveling the intricate relationship between nutrition and human health.
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Abstract

Molecular genetics and biochemistry are two closely intertwined fields that provide a
comprehensive understanding of the genetic and biochemical processes underlying biological
systems. This chapter explores the interplay between molecular genetics and biochemistry,
highlighting their collaborative nature in advancing our knowledge of cellular functions, disease
mechanisms, and therapeutic interventions. It delves into the fundamental principles and
techniques employed in molecular genetics and biochemistry and showcases their synergistic
application in various research areas. The chapter also discusses the emerging trends and future
prospects in bridging the gap between molecular genetics and biochemistry, emphasizing the
potential for transformative discoveries and advancements.

Keywords: Molecular genetics, Biochemistry, DNA, RNA, Proteins, Gene expression, Genetic
variations, Molecular mechanisms, Cellular functions.

Introduction

Moleculargeneticsandbiochemistryaretwodistinctyetinterconnectedscientificdisciplinesthat
contribute to our understanding of the fundamental principles of life. Molecular genetics focuses
onthestudyofgenes,geneticvariation,andtheinheritanceoftraits,whilebiochemistryexplores the
chemical processes and molecules that are vital for cellular functions. Together, they form a
powerful alliance in unraveling the complexities of biological systems. By bridging the gap
between molecular genetics and biochemistry, researchers can gain a deeper insight into the
molecular mechanisms that govern genetic information flow, gene expression, and the regulation
ofcellularprocesses. ThisintegrationenablesscientiststoexploretherelationshipsbetweenDNA,
RNA, proteins, enzymes, and metabolic pathways, shedding light on the intricate molecular
interactionsthatdrivebiologicalfunctions. Oneofthekeyareaswherethecollaborationbetween
molecular genetics and biochemistry has had a significant impact is in disease research.
Understanding the genetic basis of diseases and their biochemical consequences is crucial for
developing targeted therapies and personalized medicine approaches. By combining molecular
genetics techniques, such as genome sequencing and gene expression analysis, with biochemical
assays and metabolomic profiling, researchers can identify disease-associated genetic variations,
study their effects on protein function, and uncover novel therapeutic targets. Moreover, the
integrationofmoleculargeneticsandbiochemistryhasrevolutionizedthefieldofdrugdiscovery.
Biochemical studies provide valuable insights into the molecular targets of potential drugs and
theirinteractionswithcellularcomponents.Geneticapproaches,ontheotherhand,allowforthe
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identification of drug targets and the assessment of drug efficacy based on genetic variations in
patient populations. This synergy between the two disciplines has paved the way for the
development of more effective and personalized therapeutic interventions. The future prospects
for bridging the gap between molecular genetics and biochemistry are promising. Advancements
inhigh-throughputtechnologies,suchasnext-generationsequencingandproteomics,allowforthe
simultaneous analysis of genetic, transcriptomic, and proteomic data, enabling a comprehensive
understandingofbiologicalsystems.Integrativeapproaches,suchassystemsbiologyandnetwork
analysis, are emerging to integrate complex datasets from molecular genetics and biochemistry,
providing a holistic view of biological processes.

Conclusion

In conclusion, the collaboration between molecular genetics and biochemistry is essential for
advancing our understanding of life processes. By combining their respective strengths,
researcherscandeciphertheintricatemolecularmechanismsthatgoverngeneticinformationflow and
cellular functions. This integration has profound implications for disease research, drug
discovery, and personalized medicine. As we continue to bridge the gap between molecular
genetics and biochemistry, we open doors to new discoveries and innovations that will shape the
future of biological science.
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Abstract

Biochemicalmarkers,alsoknownasbiomarkers,aremeasurablesubstancesormolecularchanges
inthebodythatindicatethepresenceorprogressionofadisease. Thischapterexplorestheroleof
biochemical markers in disease diagnosis and prognosis. It provides an overview of the different
types of biomarkers, including proteins, enzymes, metabolites, genetic markers, and imaging
biomarkers. The chapter highlights their significance in various diseases, such as cardiovascular
disorders, cancer, neurodegenerative diseases, and infectious diseases. It discusses the principles
and techniques involved in biomarkerdiscovery,validation, and clinical application. Thechapter
alsoexploresthepotentialofemergingtechnologies,suchasomicsapproachesandliquidbiopsy, in
expanding the repertoire of biomarkers for improved disease management and personalized
medicine.

Keywords:Biochemical markers,Biomarkers,Diseasediagnosis,Diseaseprognosis, Proteins.
Introduction

Biochemicalmarkers,alsoknownasbhiomarkers,aremeasurablesubstancesormolecularchanges  in
the body that provide information about the presence or progression of a disease. They play a
crucial role in disease management by aiding in the diagnosis, prognosis, and monitoring of
variousmedicalconditions.Biochemicalmarkersarewidelyusedinclinicalpracticeandresearch
settings due to their ability to provide valuable insights into the underlying biological processes
associated with diseases.

DefinitionandSignificanceofBiochemicalMarkers

Biochemicalmarkersarebiologicalsubstancesorcharacteristicsthatcanbeobjectivelymeasured  and
evaluated to indicate normal or pathological processes occurring in the body. These markers
canincludeproteins,enzymes,metabolites,geneticvariations,orevenimagingfeatures. Theyare
oftenfoundinbodyfluidssuchasblood,urine,cerebrospinalfluid,ortissues. Thesignificanceof
biochemicalmarkersliesintheirabilitytoprovidevaluablediagnosticandprognosticinformation in a
non-invasive or minimally invasive manner. They allow healthcare professionals to detect
diseases at an early stage, monitor disease progression, assess treatment response, and predict
outcomes.Byprovidingquantitativeandobjectivemeasurements,biochemicalmarkerscontribute  to
evidence-based decision-making and personalized patient care.

TypesofBiochemicalMarkers
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Biochemical markers encompass a wide range of molecules and characteristics that can be
categorizedintodifferenttypesbasedontheirnatureandrole.Somecommontypesofbiochemical
markers include:

Proteins:Proteinsareoneofthemostextensivelystudiedbiomarkers. Theycanbemeasured
in various forms, such as total protein levels, specific protein isoforms, or protein
fragments. Protein biomarkers play crucial roles in various diseases, including cancer,
cardiovascular disorders, and autoimmune diseases.

Enzymes: Enzymes are biological catalysts involved in numerous biochemical

reactions.
Changesinenzymelevelsoractivitycanindicateorgandamage,suchasliverorheartdysfunctio
n. Enzymebiomarkers,suchas creatinekinaseandalanineaminotransferase,

arecommonlyusedin diagnosing and monitoring certain diseases.

Metabolites: Metabolites are small molecules produced during metabolic processes
in the
body.Theyincludesubstanceslikeglucose,cholesterol,andvariousorganicacids.Alterationsi
n metabolite levels can provide insights into metabolic disorders, such as diabetes or
inborn errors of metabolism.

Genetic Markers: Genetic markers refer to variations or mutations in the DNA
sequence
thatareassociatedwithdiseasesusceptibility,diagnosis,ortreatmentresponse. Thesemarkersc
an be single nucleotide polymorphisms (SNPs), chromosomal rearrangements, or
mutations in specific genes. Genetic markers play a crucial role in genetic disorders,
cancer genetics, and pharmacogenomics.

Imaging Biomarkers: Imaging biomarkers involvethe useofmedical imaging
techniques, such as X-rays, magnetic resonance imaging (MRI), or positron emission
tomography (PET), to visualize and evaluate disease-related changes in tissues or
organs. These biomarkers provide structural or functional information and are used in
cardiovascular imaging, cancer imaging, and neuroimaging.

RoleofBiochemicalMarkersin DiseaseManagement

Biochemical markers play a vital role in disease management across various aspects, including
diagnosis, prognosis, treatment monitoring, and therapeutic decision-making.

Diagnosis: Biochemical markers serve as valuable tools for disease diagnosis by
providing
objectiveevidenceofthepresenceorabsenceofaparticularcondition. Theycanhelpdifferentiat
e
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betweendifferentdiseaseswithsimilarclinicalpresentationsandaidintheidentificationofdiseas
e subtypes. For example, cardiac troponins are biomarkers used in the diagnosis of
myocardial infarction, and prostate-specific antigen (PSA) is used in the diagnosis of
prostate cancer.
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Prognosis: Biomarkers can provide valuable information about disease prognosis by
assessing the likelihood of disease progression, recurrence, or response to treatment.
They help clinicians estimate the risk of adverse outcomes and guide treatment
decisions. For instance, certain genetic markers in breast cancer, such as HER2/neu and
estrogen receptor status, provide important prognostic information for determining the
course of treatment.

TreatmentMonitoring:Biochemicalmarkersenablethemonitoringofdiseaseprogressio
n and treatment response. Changes in marker levels over time can indicate the
effectiveness of therapeutic interventions or the need for treatment modifications. This is
exemplified in diabetes management, where regular monitoring of blood glucose levels
provides feedback on the effectiveness of glucose-lowering medications and lifestyle
modifications.

Therapeutic Decision-Making: Biomarkers play a crucial role in guiding therapeutic
decisions, especially in personalized medicine approaches. By identifying specific
molecular targets orgeneticvariations, biomarkers help determinethe most appropriate
treatment strategies
andaidinpredictingresponsetospecificdrugs. Thisallowsfortheselectionoftargetedtherapies
tailored to individual patients, resulting in improved treatment outcomes.

ProteinBiomarkers
OverviewofProteinBiomarkers

Proteins are essential molecules involved in various biological processes and serve as key
biomarkers for numerous diseases. This section provides an overview of protein biomarkers,
highlighting their significance in disease diagnosis, prognosis, and treatment monitoring. It
discusses the characteristics of protein biomarkers, such as specificity, sensitivity, and stability,
that make them valuable tools in clinical practice and research.

ProteinBiomarkersinCardiovascular Disorders

Cardiovascular disorders, including heart disease and stroke, are major causes of morbidity and
mortalityworldwide.Proteinbiomarkersplaya crucialroleinthediagnosis,riskassessment,and
management of these conditions. This section explores prominent protein biomarkers used in
cardiovascular disorders, such as troponins, B-type natriuretic peptide (BNP), and C-reactive
protein (CRP). It discusses their association with cardiac injury, heart failure, and inflammation,
highlightingtheirclinicalutilityinriskstratification,earlydetection,andmonitoringoftreatment
response.

ProteinBiomarkersinCancer

Cancer is a complex disease characterized by uncontrolled cell growth and proliferation. Protein
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biomarkershaverevolutionizedcancerdiagnosis,prognosis,andtreatmentdecision-making.This
sectionfocusesonproteinbiomarkersusedinvarioustypesofcancer,includingbreast, prostate,
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lung, and ovarian cancer. Examples of cancer biomarkers discussed include carcinoembryonic
antigen (CEA), prostate-specific antigen (PSA), and human epidermal growth factor receptor 2
(HER2). It explores their role in cancer screening, early detection, prediction of treatment
response, and monitoring of disease recurrence.

ProteinBiomarkersinNeurodegenerativeDiseases

Neurodegenerativediseases,suchasAlzheimer'sdiseaseandParkinson'sdisease,posesignificant
challenges in diagnosis and treatment. Protein biomarkers have emerged as valuable tools for
understanding disease mechanisms and improving diagnostic accuracy. This section examines
protein biomarkers associated with neurodegenerative diseases, including amyloid-beta and tau
proteins in Alzheimer's disease and alpha-synuclein in Parkinson's disease. It discusses their role
in disease progression, differential diagnosis, and the development of targeted therapies.

ProteinBiomarkersinlnfectious Diseases

Infectiousdiseases,causedbybacteria,viruses,parasites,orfungi,presentaglobalhealthburden.
Protein biomarkers play a critical role in the diagnosis, monitoring, and treatment of infectious
diseases. This section explores protein biomarkers used in infectious diseases, such as C-reactive
protein (CRP) in bacterial infections, viral antigen detection, and antibody-based assays for viral
and bacterial pathogens. It discusses the significance of protein biomarkers in early detection,
assessment of disease severity, and monitoring of treatment efficacy.

MetaboliteBiomarkers
Overviewof Metabolite Biomarkers

Metabolites are small molecules that are involved in various biochemical pathways and cellular
processes within the body. They serve as valuable biomarkers for the detection, diagnosis, and
monitoringofdiseases. Thissectionprovidesanoverviewofmetabolitebiomarkers,highlighting  their
importance in understanding disease mechanisms and evaluating metabolic dysregulations. It
discusses the characteristics of metabolite biomarkers, such as stability, specificity, and
detectability, that make them promising tools for disease biomarker discovery.

MetaboliteBiomarkersinMetabolicDisorders

Metabolic disorders encompass a wide range of conditions characterized by abnormalities in
metabolic pathways and homeostasis. Metabolite biomarkers play a crucial role in the
identification and management of metabolic disorders, including diabetes, obesity, and inborn
errors of metabolism. This section explores metabolite biomarkers associated with metabolic
disorders,suchasglucose,insulin,andlipidmetabolites.ltdiscussestheircorrelationwithdisease
progression,metabolicdysregulation,andthepotentialforpersonalizedtreatmentstrategiesbased  on
metabolomic profiling.
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MetaboliteBiomarkersinCancer Metabolism

Cancer cells exhibit distinct metabolic alterations compared to normal cells, and metabolite
biomarkers provide valuable insights into these metabolic changes. This section focuses on
metabolite biomarkers used in cancer metabolism research, such as lactate, pyruvate, and amino
acid metabolites. It discusses their role in cancer progression, tumor metabolism, and the
development of targeted therapies. The section also explores the potential of metabolomics in
cancer diagnosis, prediction of treatment response, and monitoring of disease recurrence.

MetaboliteBiomarkersinNeurological Disorders

Neurologicaldisorders,includingAlzheimer'sdisease,Parkinson'sdisease,andmultiplesclerosis,
involvecomplex molecularand metabolicchanges within the central nervous system. Metabolite
biomarkers offer valuable information for understanding disease mechanisms, identifying
diagnostic markers, and monitoring disease progression. This section examines metabolite
biomarkers associated with neurological disorders, such as neurotransmitters, organic acids, and
lipid metabolites. It discusses their relationship with disease pathology, neuroinflammation, and
the potential for targeted therapeutic interventions based on metabolomic profiling.

ClinicalApplication of Biomarkers
DiagnosticBiomarkers

Diagnostichiomarkersplayacrucialroleintheearlydetectionandaccuratediagnosisofdiseases.
Theyprovidemeasurableindicatorsofdiseasepresenceorabsence,aidingintheidentificationof
specific conditions. This section explores the use of diagnostic biomarkers in clinical practice,
discussingtheirroleindifferentdiseasecontexts.Ithighlightsexamplesofdiagnosticbiomarkers, such
as specific proteins, genetic markers, and metabolites, and discusses their sensitivity, specificity,
and reliability in disease diagnosis. The section also emphasizes the importance of validated
diagnostic biomarkers for improving patient outcomes through early intervention and targeted
therapies.

PrognosticBiomarkers

Prognosticbiomarkersareusedtoassessthelikelyoutcomeorcourseofadiseaseinanindividual

patient. Theyprovidevaluableinformationaboutdiseaseprogression,severity,andthelikelihood of
response to treatment. This section delves into the use of prognostic biomarkers in clinical
settings, discussing their role in predicting disease outcomes and guiding treatment decisions. It
explores examples of prognostic biomarkers, such as gene expression signatures, genetic
mutations,andcirculatingtumormarkers,andtheircorrelationwithdiseaseprognosis. Thesection
highlightstheimportanceofincorporatingprognosticbiomarkersintoclinicalpracticetooptimize
patient management and improve long-term outcomes.
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PredictiveBiomarkers

Predictive biomarkers are employed to identify patients who are likely to respond to a specific
treatment or therapy. They aid in personalizing treatment decisions, maximizing therapeutic
efficacy, and minimizing adverse effects. This section examines the use of predictive biomarkers
in clinical applications,discussingtheirrolein predicting treatment response andguidingtreatment
selection.ltexploresexamplesofpredictivebiomarkers,suchasgeneticmutations,expressionof
specificproteins,andtumormolecularprofiles,andtheirassociationwithtreatmentoutcomes.The
section emphasizes the significance of predictive biomarkers in precision medicine, facilitating
tailored therapies for individual patients.

Monitoring Biomarkers

Monitoring biomarkers are used to track disease progression, treatment response, and disease
recurrence. They provide valuable insights into the effectiveness of therapeutic interventions and
help clinicians make informed decisions regarding treatment adjustments. This section explores
the application of monitoring biomarkers in clinical practice, discussing their role in disease
monitoringandfollow-up.ltexaminesexamplesofmonitoringbiomarkers,suchasbloodmarkers,
imaging agents, and molecular assays, and their correlation with disease status and treatment
response. The section highlights the importance of incorporating monitoring biomarkers into
clinical protocols to optimize patient care and ensure timely intervention.

TherapeuticBiomarkers

Therapeutic biomarkers are utilized to guide the selection and monitoring of therapeutic
interventions. They provide information about the likelihood of response to specific treatments,
potential adverse effects, and optimal dosage adjustments. This section examines the use of
therapeutic biomarkers in clinical practice, discussing the