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. Introduction
PC based Oigitallmaging Systems have gained wider atlentlon since 1985 with

the development of PCI bus and Pentium chip, which together have contributed to

speed computation and data transfer to PC's central processing unit (CPU).

with the availability of a wide variety of imaging devices such as hlgh-

Jigitai video, '3-CCO (R-G-B) and cooled-CeO cameras have also

signiticantly to the progress in this area. During recent years a number

aging techniques and software packages have been developed for
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variousapplicationsin blo-medicalresearch.Earlier

we have reportedthe developmentof a semi-
automaticDigital ImagingSystem:Gylo-Profor

vanouscytogeneticapplications.(Chaubey.R.C.

et al. 1999).Herewe reportthedevelopmentat a

FluorescencebasedDigilalImagingSystemand

ApplicalionSoftwareSGGE-Pro,tor thefirsttimein

India,to measureDNAdamageusingSingleCell

GelElecfrophoresis(SCGE).

SCGEor Cometassayis a sensitive,versatile

techniqueandcanbeusedIndiverseareasof bio-

medicalresearch,e.g.,genetictoxicology,radiation

biology, ageing, oiinical and molecular
epidemiologicalstudies,predictiveassaysin cancer

radio-therapyand biologicaldosimetryin caseof
radiationexposure(Singhel al. 1996;Oliveel al.

1993;Olive& Banath1995;Oliveel al. 1998).The

techniqueis capableof detectinga widevarietyof
DNA damageand lesionssuchas DNA single

strandbreaks,doublestrandbreaks,cross-linking
agents,basedamage,inoiudingDNArepair(Pouget

el al.1999;Sauvaigoel al. 1998;Nocentini,1995;

Ticeelal.1990).

SystemsDescription

The systemconsistsof a Carl ZeISs Axiopian

microscopewithbrightfield,phasecontrastandepi-

fluorescencefaciiity(HBO50highpressuremercury

lamp),O.5xcameraadapterlens,highpertormance
colourcamerawith750 lineshorizontalresolution

(KY-F55BE3CCD, JVC, Japan).The Integral

FlashpolntIntrigueframe grabber,used in this

system,is a PCbasedcardandit acceptscolour

compositevideooutputof the camera.It digitizes
eachof RGBplanesat a tonalresolutionof 24 bits

perpixel.It hasspatialresolutionof 768x 576per

frame. A PentiumPollcomputerwith superVGA
colourmonitor,CD-ROMdrive,4.3GB HardDisk

andWin95orWinNToperatingsystemis required

tor Imageacquisitionand processing.A complete

colorimagerequires640X 480X 24 bits (921600

bytes)of dataspace.Thuscomplexoperationson

largeimagesrequirelargestoragespaceanda fast

computer.The systemalso has a CD writer for
imagestorage,and HP DeskJet printer.Flg.fA

showsthemonogramat thesoftwareandIB shows

the photographof the Digital ImagingSystem:
SGGE-Pro.

~

Fig.IA shows the monogram01 the software and 18
shows the photograph01 the Digital Imagmg System
SCGE-Pro.

Materials and Methods

Irradlalion

Heparinisedwhole blood from human samples was



irradiated at OOCto different doses of gamma rays,

e.g., 2, 4 and 8 Gy, using a "Cobalt Teletherapy

machine at a dose rate of 0.668 Gylmin.

Alkaline singie cell gel electrophoresis for detecting

DNA singie strand breaks

. 100~I of heparinisedwholebloodwasmixed

with 1.5ml of 0.8%agarosesolutionat 42'C

andpouredonfullyfrostedslidesuniformly.

. Afterpolymerization,theslideswerekeptin 50

ml lysingbuffer,(2.5M NaCI,100mM Na,-
EDTAwithfreshlyadded1%TritonX-100and
10%DMSO),for Ih at4°C.

. The slides were removedfrom the lysing

solution,washedwith alkalineelectrophoresis
buffer3 times,andthenpla<;edon horizontal

electrophoresistankfilledwithfreshlyprepared
alkalinebuffer(300mMNaOH,ImMNa2-EDTA,
pH13.0)at4°C.

. Theslideswerekeptinthesamebuffer(pH13)

for 20 min to allow DNA unwindingand

expressionofalkali-labilesites.

. Electrophoresiswascarriedoutfor20minat1.1

Vlcm(25Volts,300mAlusingacompactpower
supply.Afterelectrophoresis,the slideswere

washed gently to removethe alkali and

detergentsby placingthem horizontallyand
floodingthemslowlywith0.4MTrisbufferatpH
7.5.

. The slideswerestainedin propidiumiodide

(5~glm!)for 1 h. Afterstainingtheslideswere
rinsedwithdistilledwaterandkeptonwetpaper
ina closedboxat4'C.

. Stained slides were observed under

fluorescencemicroscopeat 40x magnification

usingSCGE-ProSystem.

Neutralsinglecellgelelectrophoresisfor detecting
DNAdoublestrandbreaks

100~I of heparinisedwholebloodwasmixed

with 1.5ml of 0.8%agarosesolutionat 42°C

andispouredonfullyfrostedslidesunifonmly.

. Afterpolymerization,theslideswerekeptin 50

mllysingbuffer,(30mMEDTA;0.5%SDSpH

8.3 and 0.5 mg/mlProteinase-K)at 50°Cfor
3 h.

. Theslideswerekept in IxTBE (45 mMTris-

borate,2mMEDTA)bufferovernight.

. Next day the slides were again washedin
IxTBEbufferfor5-10min.

. Electrophoresiswascarriedout inIxTBEbuffer

at0.9Vlcm.(20volts,20mAlfor25min.

. Slideswerestainedin propidiumiodide(5~gl
mil for 1 h and observedunderCarl Zeiss

Axioplanmicroscopeat40xmagnificationusing
SCGE-ProSystem.

Stepsinvolvedin measurementof DNAdamage
usingtheSCGE-Prosystem

Carl Zeiss Axioplan microscope with
epifluorescence,usingFilter15(BP546112,FT580,
LP590), was used for observation and

measurement.Theimagesof the individualcomets
arecapturedusinga 3-CCDcameraandstoredin

separatefiles. The acquiredimagesare pre-

processedto removeacquiredartifacts.Thesignal

to noise ratio is improvedby frame averaging
technique.Thetotalpropidiumiodidefluorescence
intensityistakenastotalDNAcontentinthecomet.

The softwareallowsquantitativemeasurementsof
totalfluorescenceot thecomet,fluorescenceof the

tail, lengthof migratedDNAtragmentsandfinally
calculatesthetailmoment(productof fractionof



Rg.2 Nucleiof humanfeucocytesexposedto differentdosesofgammarays.Rg.2A showsundamagedand damagednucfei
(25xmagnifica~on).F,g.28, 2C and20 showdamagednucfeito differentextenf,as evidenffromthe increasein the tail length
of thecomets(40xmagnification).

DNA in the tailandtail length),an internationally
mostacceptedparametertor comparingthe DNA

damage.

Fig.2 showsnucleiofhumanleucocytesexposedto

differentdosesof gamma rays. Fig.2Ashows
undamagedanddamagednuclei(25xmagn_ieation)

and Fig.28-Dshowsnucleidamagedto different
extents,as evidentfrom the increasein the tail

lengthof the comets(40xmagnification).Fig. 3

showsthevariousstepsinvoivedinmeasurementof

tailmomentFig.3Ashowstheenhancedimageof
thecometThesystemhasto beealibratedat 25x,

40x or IOOxbeforemakingany measurement,

dependingonthemagn_icationusedduringimage

acquisition.Fig.38 showsprovisionfor selecting

areaof interest(ADI),dialogueboxesfor intensity

and lengthmeasurement,graylevelsetting,both
lowerthreshold(LT)andupperthreshold(UT)limns,
and the resu~window.The DNAcontentor the

fluorescenceintensityof the entirecometeanbe

measuredby pressinga singlebutton. Fig. 3C
showstheselectionof freshADI,restrictedonlyto

thetailregionof thecometFormeasuringtheDNA

contentinthetailregion,bothLTandUThavetobe
settothesamelevelas it isintheeaseoftotalDNA

measurementin the comet.Fig. 3D showsthe

measurementof the lengthof the migratedDNA

fragments(~m)by selectingthe linemode.Fig.4

shows an alternatemode for measuringDNA
contentin comet,tail, tail lengthandtail moment



Fig.3 showsthe variousstepsinvolvedin measurement01talllengthandtail moment(productofDNAcontentin the
tail andlengthofmigratedDNAfragmentsinI'm) by usingthesoftwareSCGE-Pro(Fordetails see texQ.

Here, again the basic steps involvedin the
measurementofDNAcontentinthecometorinthe

tailregionisessentiallythe sameas describedin
Fig. 3, but this mode allows more distinct

differentiationbetweenthehead(nucleus)andtailof
the comet.This is a uniquefeature,whichallows
moreaccuratemeasurements.As we can see,

whilesettingthegraylevels(bothLTandUT),the
headof the cometor the nucleusis seen very

clearlywith the originalcolor of the dye used

(propidiumiodide,redfluorescence),whilethe tail

regionisshowingthepseudocolor.Fig.5A-Cshows

themeasurementof taillengthandtailmomentfrom

thecontrolnucleus.Thedataisautomaticallystored
in the applicationspecificformatin the resultliie,

whichcanbe importedto MicrocalOriginver.5 for

various statistical calculationsand graphical

representations.

Results

Heparinisedwholebloodfromhumansampleswas

exposedto differentdoses,e.g.,2, 4 and8 Gy,of
gammarays, embeddedin agarose,lysed and
electrophoresedunder differentconditions,e.g.

alkalineconditionfor measuringDNAsinglestrand
breaks(ssb)andneutralconditionfordoublestrand

breaks(dsb).ThebrokenDNAfragmentsmigrate
towardsanodeduringelectrophoresisdependingon

the totalchargeandfragmentsize. Afterstaining
with propidiumiodide,the nucleiwere observed

underfluorescencemicroscopeusing SCGE-Pro

system.Eachcellappearsas a cometwithbrightly

fluorescingheadandwithdiminishingfluorescence

intensityin the tail. Fig.6showsthe relationship

betweenDNAdamage(tail moment)producedby

differentdosesof gammaradiation.Celis were
analyzedfor DNA single strand breaksusing



Fig.4 Anaiternatemodefor measurementaltai! lengthandtailmoment (Fordetailsseetext).

Fig.S Measurementof taillengthand tailmoment fromthe controlnucleus.
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Tail moment

Fig,7 DNAdoubleslrandbreaks:Distributionof cometswithdifferenttailmoments,PanelA: control,PanelB:2 Gy,
PanelC: 4 Gyand PanelD: 8 Gygammairradialedhumanleucocytes,
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Fig.8DNA single strand breaks: Distributionof individualcells based on taii length (Panel Ai and taii moment (Panel B) in
control and gamma irradiated human leucocytes.

alkaline gel electrophoresis.The plot shows

frequencydistributionof cometswith differenttail

momentsincontrolandradiationexposedcells.As
we can see from the data.there is a clear-cut
differencein the medianvalueof tail momentin

controland irradiatedsamples.the valuesbeing
1.89.16.57,25.92and64.63incontroland2,4 and

8 Gy samplesrespectively.Fig.7 showsdataon

gammaray InducedDNAdoublestrandbreaksin

humanleucocytes.Fig.7AtoDshowsdistributionof

cometswithdifferenttaii momentsin control(Fig.
7A) and gammairradiated(Fig.7Bto D) human

leucocytes.Herealso a clear-cutdifferencein the
mediantail momentwas observedbetweenthe

controiandtreatedgroups.Thisdataaisoshows

heterogeneityintail momentsin differentirradiated

groupssimilarto thedataobtainedon singlestrand
breaks.Fig.8showsresultsof DNAsingiestrand
breaks,theplotshowsdistributionof individualcells

basedon tail length(PanelA) and tail moment
(PanelB) in controlandgammairradiatedhuman

leucocytes.A distinct differencein distribution

patternwasobservedincontrolanddifferenttreated

groups.Fig.9 showsresultsof DNAdoublestrand
breaks.Theplotshowsdistributionof individualcells

basedon taii iength(PanelA) and tail moment
(PanelB) in controlandgammairradiatedhuman

blood cells. A heterogeneouspattern 01 DNA

migrationwasobservedin individualceilsexposed
to different doses of gamma radiallon.
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Fig. 10 shows3 0 ribbonplot of dataon dose
responseeffectof gammaradiationon DNAsingle

strandbreaks(PanelA) anddoublestrandbreaks

(PanelB) in humanleucocytes.Ploton distribution

ofcometlengthortailmomentisveryimportantand
shouldbepresentedforeachexperiment,becauseit

mayreflectevidenceforany heterogeneityamong

different cell populations.Fig.11 shows the

histogramof dataobtainedon DNAsinglestrand

breaks(PanelAI anddoublestrandbreaks(Panel

B)of humanleucocytes.Fiftyto seventycellswere

measuredforeachdosepoint.Valuesaremeanof

tailmomentiostandarddeviation.One-wayANOVA

wasappliedto testthestatisticalsignificanceof the
II

data.TailmomentofcellsmeasuredforDNAsingie

strand breaks showed statisticallysignificant

(p<O.OOI)differencf with increasingdoses of

gammarays.Similarly,dataon DNAdoublestrand

breaks also showed statistically significant
differenceintail momentwiththe increasingdoses

of gammaradiation.Dataon tail lengthof comets

alsoshoweddosedependentincrease(p<O.OOI)for

bothssbanddsbinhumanleucocytes.

Therearea numberoffactorswhichmayaffectthe

sensitivityand resolvingpower of the SCGE

technique, e.g., concentrationof low-melting
agarose, compositionof the lysing solution,
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compositionand pH of the eiectrophoresisbuffer,

electrophoreticconditions such as voltage,

amperage,durationandgeisize.Thesensitivityof

thistechniquealsodependsuponthetypeof DNA-

specificdyeusedforvisualization.Thenucieiorthe

DNAtragmentscanbestainedwitha varietyofdyes
such as ethidiumbromide,propidiumiodide,etc.

However,currentlymore sensitivetiuorochromes

suchas Sybrgreen,YOYO-1(benzoxazolium-4-

quinoiiniumdimer),etc.are avallabiecommercialty
which can increasethe sensitivityat detection.
Imageacquisitionthroughcooied-CCDcamerawili

furtherincreasethesensitivityofthistechnique.

Conclusions

SCGEis a sensitivetechniqueandcanbeusedfor
detectingDNAdamageunderin vivoand in vitro

conditionsfromhumantissuesexposedto ionizing
radiations.The techniqueis best suited tor

monitoringDNA damagein human population

exposedoccupationalty,ciinicallyor environmentally
to any physicalor chemicalagent,becausevery
smallamountof bloodor fewthousandcellsare

enough for measurement.The indigenously

developedFluorescencebased Digital imaging

SystemSCGE-Prowasfoundto beverysensitive,
accurate,fastandreproduciblemeansto measure

and analyzetheceltsor cometswith DNAsingle
strandanddoublestrandbreaks.Thesoftwarehas

theadvantagethatthedataoncestoredintheresult

file(whichcouldbemorethan1000celtsperstudy),
can be importedto differentsoftwarefor various

statisticalcalculationsandgraphics,ascanbeseen

fromvanousanalysisdoneinthisstudy.
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Ni-Ti SHAPE MEMORYALLOY HEAT SHRINKABLE
SLEEVES

I
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Heat shrinkabiesleevesof a Ni-Ti-Feshape

memoryalloyhavebeensuccessfullydevelopedby
the MaterialsScienceDivision(MSD),BARC,for

applIcatIoninaninsulatorassemblyofanadvanced

amaft underdevelopment.Researchon shape

memoryalloyshasbeengoingon in the Materials
ScienceDivisiontor overa decade.A numberof

importantscientificcontributionson shapememory
phenomenahave originatedfrom MSD. These
inciude,the determinationand rationalizationof
reversionstress,the roleof selfaccommodationof

martensitecrystalsintheshapememoryeHectand

identificationat thecriteriato befulfilledbyanalloy

to exhibitshapememory. In a paralleleffort,the
developmentof the meltingand fabricationflow

sheetfor shapememoryalloyshas beenpursued

and severalNi-Ti,Cu-Zn-AIand Fe-basedalloys

havebeensuccessfullyproducedinsmallquantities.

Fewdemonstrationitemshavealsobeenfabricated,

viz.,a solid-stateheatengine,a heatshrinkablepipe

couplingandafewthermallyactivateddevices.The

present achievementin developingthe heat
shrinkablesleevestor the aircraftapplicationis a

culminationat theseresearchand development
13

Ni-Tishapememoryalloyheatshrinkablesleeves

efforts. The entire flow sheet invoivingalloy

preparation,fabricationandmachiningwasscaled

upfroma laboratoryscaletoabout20kgingotsize.
Whilethe makingand hot rollingof thesealloys
havebeencarriedoutat theAtomicFuelsDivision,

the requiredfhermo-mechanicaltreatmentsandthe

detailedcharacterizationhavebeenpertormedin
MSD.

The Ni-Ti-Fesleevesare utilizedto clasppolymer

insulatorsonto metallicconduitpipes.Duringthe

assemblyof this component,the sleevesare

expandedina liquidnitrogenbathandappliedtothe

insulator-conduitpipe joint. In theseailoys,any

shape change impartedby deformationat the



~

martensitephase is annulledand the original
dimensionsrecoveredinthecourseof the reverse

transformationto theaustenitephaseonheatingthe

materialto roomtemperature.T~edimensionsot the
assemblyandthesleevesare so chosenthatthe

completeshaperecoveryisnotpossibleandthereis

a residualstraininthesieeve.Thesleevesgenerate
a largestressunderthe constrainedconditionof

shaperecoveryandtightlyclasptheinsulatorsonto

the conduitpipes.The tools for expandingthe
sleeveshaveaisobeendeveiopedatBARCandare
suppliedaiongwiththesleeves.

These componentssuccessfullygone through

rigoroustestsfor airworthinessand havealready
beencertifiedforapplicationincombataircrart.The

componentsaretestedfor leakage,sealing,ultimate

pressure,thermalshock,vibration,pull out and
enduranceupto1,40,000cyclesof pressurization

underthe combinedactionof shearand bending
forces.Thesetestsensurethat thesleevesapply

sufficientgripoverthetemperaturerange(-50OCto
150°C)encounteredinservice.At thispointintime,

the developmentphaseof this projecthas been
accomplished.

BARCTRANSFERS
TECHNOLOGYOFLASCAN
CIAGAUGE

BARChastransferredthetechnologyof LascanDia

Gaugedevelopedby Laser& PlasmaTechnology
Divisionto MIsJaschIndustriesLtd.,NewDelhi.

Thetechnologytransferagreementwassignedon

March14, 2000. LascanDia Gaugeis a laser
based non-contactdiameter/lineardimension

measuring(1to 25mm)instrument,ideallysuitable

for dimensionalmeasurementof hightemperature,
toxic,radioactiveor corrosiveproducts.It canalso

be usedfor on-linemeasurementandfor process

monitoringandcontrol.It workson theprincipleof
laserbeamscanning.

Dr R.B. Grover Head, TTCD,BARC,and Mr
VA Likhateof MisJaschIndustriesLtd.,NewDelhi,
greeteachotheraffersigningtheagreement

A fine beamof visiblelighttrom a laserdiodeis

reflectedby a highspeed rotatingmirroron to a
lensto produceparallelscanningbeams. These

parallelbeamsarterinteractingwiththe objectare
focussedbyreceiveropticsontoa photodiode.Any

objectkeptinthemeasuringplanewillobstructthe
scanningbeamfor a periodproportionalto its

dimension.Theparallelbeamsarethenfocussedby

opticalmeanson to a photodiodeto generatea
shadowpulseof the object,whichis electronically
processedtogivethedimensionoftheobject.

MrVA LikhatefromMIsJaschIndustriesLtd.,New

Delhi,Dr N.Venkatramani,Head,Laser& Plasma

TechnologyDivision(L&PTD);Dr A.B. Grover,

Head,TechnologyTransfer&CollaborationDivision
(TT&CD);Mr M.K. Makker,Mr A.S. Rawatand

Mr U.C.Bhartiyafrom L&PTD;Dr A.K.Kohliand

Mr S. Nawathefrom TT&CDparticipatedin the

technologytransferprogramme.
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RETROFITTINGOF CNC
DECKElMilLINGMACHINE

Thefirst ComputerizedNumericalControlMachine

ofBARCwasinstalledinCentralWorkshops(CWS)

abouteighteenyearsago.ThedeterioratedGrundig
Control System was recently replaced with

indigenouscontrolsystemat a costof Rs5 lakhs.
Thenecessarycontrollogicwasdevelopedin-house
at CWS and the machinewas restoredto the

originalcondition.Commerciallyavailableequivalent

system(includingcommissioning)wouldhavecost
aboutRs12lakhs.Thus,in-housedevelopmenthas

resultedinself-relianceanda substantialsavingof
aroundRs7 lakhs.Withtheexperiencegained,it is

nowproposedto convertthepresentconventional

DIXIJig-boringMachineinto CNC Machineat a
savingataroundRs15iakhs.

BARCGETSAERB
INDUSTRIALSAFETY
AWARDS

BARC was the receipientat Atomic Energy
RegulatoryBoard(AERB)IndustrialSafetyAward

for thebestsafetypertormancefor theyear1999,

underthe categoryof R&Dunits and also for

Prof SP Sukhatme,Chairman,AERB,presenting the
AERB IndustrialSaietyAward (R&D calegory)for year
1999 to Dr MC Abanl. Head,RadiationSafetySystems
Division(RSSD),BARC. in the pholographfrom feb to
right are: Mr S. Narayan,Head. fndustrialHygiene &
Safety Section ((IHSS),Or MC. Abani, Head, RSSD.
Prof. SP. Sukhatme. Chairman, AERB, and
Mr P.G.G.Menon.IHSS

the categoryR&D(Industrial),the latierbeingwon

by the Ore DressingSection,Hyderabad.The
shieldsareinstitutedbyAERBto promoteindustrial
safetyamongthedifferentconstituentUnitsofDAE.

The shields were given by Prof. Sukhatme.
Chairman,AERB,onMarch6,2000.

BARCSCIENTIST
DEVELOPSA NEW
COMPUTERSOFTWARE

Mr R.P. Hans of Divisionof

RemoteHandlingand Robotics,
BARC,has recentlydevelopeda

computersoftwarewhichenables
the userto typein "Typeas you

pronounce"mode in Hindi, Marathlor Sanskrit

languages. This softwarefollowsthe "phonetic

conventions"and is available for typing in

"Typewriter"modeaswellasinHindi.Thesoftware,
namedas "DropadiShabd",canalsobe usedin



many packagesunder Windows,like MSWord,

',CorelQraw,MSPaint,Excel,etc, Itcanbeusedfor,
creatingHTMLfiles and for sendinge-mailsin
Indianlanguages,BilingualHindifont has been

igclud~dinth~softwarelortypingbothinDevnagari
andR6manscripts.

A workshopwas held in the HindiCell of BARC

~yring>d~nua'Y,12-11,2009to givetrai~ingto the
"stafffor workingin Hindiusingcomputers.In the
workshop,the 'Dropadi Shabd' software was

introducedandabout20 participantstookpart.Mr
:"',Hanswasgivena SpecialAwardof Rs.1,000/-for

thedevelopmentofthesoftware.

BARCSCIENTISTS
HONOURED

. Dr HirendraNathGhoshof

Radiation Chemistry & Chemical

Dynamics Division, BARC, has

been selected for the prestigious

Anil Kumar Bose Memorial

Award (2000) by the Indian National Science

Academy, New DeihL The'award carries a bronze

medal and cash prize of Rs 1,0001-. The award will

be presented during the Annual General Meeting of

Academy scheduled at Delhi during October g to

2000. Dr Ghosh ,had won the prestigious iNSA

Young Scientist Award (1998). The present award is

givento an INSAYoungScientistawardeefor best

researchoutputduringthe year after the INSA

YoungScientistAward.
!

. Dr B.K.Jain, Head,NuclearPhysicsDivisiog,
BARC, was recentlyappoint~d
theChainnanoftheReviewPanel

constitutedby theDepartment01
Arts, Culture, Scienc~' arid'

Technology,GoV!.ofSouthAfrica

to reviewin depththe research

reactor,SAFARI,oftheirNuclearEnergyCorporatiog
(NECSA).Othermembersof thepanelwerefrom
Atomic Energy,U.K., IAEA and South African
educationalandmedicalinsmutes.Thereviewwasa

partof theongoingSouthAfricanAECreview.The

panel submittedits report followingdeliberations
during April 6-11, 2000.

t

(

Dr K.G. Raghavanof RadiationBiology
Division,BARC,wasnominated

by the Director and faculty,.
members of Dr A.L.M.P.G:
Insmute 01 Basic Medical

.,J Sciences,Universityof Madras,
TaramaniCampus,Chennai,to

deliverthe Dr P. KutumbaiahMemorial(Medicine)
EndowmentLecturefor the year 1999-2000on
February28, 2000. Thetopicof the lecturewas

"Urolithiasis:Yesteryears- Today- Tomorrow."

I
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