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Fig. 1. Absorption coefficients of pure water (black),
202-mg/mL HEWL aqueous solution (red), 0.25-mol/L
ammonium sulfate aqueous solution (green), and
200-mg/mL HEWL and 0.25-mol/L ammonium sulfate
aqueous solution (blue).
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Fig. 2. Absorption spectra of 202-mg/mL HEWL
aqueous solution (black) and 0.25-mol/L ammonium
sulfate aqueous solution (red) subtracted by the
baseline of water in each solution.
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Introduction

Fourier transform infrared (FTIR) microspectroscopy has emerged as a potential
technique for the analysis of biological samples (1 - 3). In our study, we report the application
of FTIR imaging to study grade IV brain cancer. Even though WHO guidelines are available
but still histopathological classification of brain cancer remains a challenging area. In
medical community, increasing need has been felt for interdisciplinary methodologies to

improve the diagnosis of difficult to determine cases in a shorter time frame.

Experiment

Normal and brain cancer tissue samples were collected from National Institute of
Mental Health and Neuro Sciences (NIMHANS) Bangalore, India. Sample collection and
experiments were approved by the human ethics committee of NIMHANS. Liquid nitrogen
cooled FPA detector having 64 x 64 detector elements was used to collect IR spectroscopic
images in reflection mode. Multiple IR images were recorded from a tissue section by
moving the sample stage. FTIR hyper-spectral data images were recorded in the range of
950-4000 cm™ at 4 cm™ spectral resolution and data were analyzed using Cytospec,
resolution pro (Varian) and Origin software programmes.

Results and Discussion

This study not only presents the characterization and classification of normal and
grade 1V brain cancer tissue specimen but also shows the potential FTIR microspectroscopy
in identifying different cell types within grade IV brain cancer tissue samples. The advantage
of this technique is that it is capable of bringing out the inherent chemical heterogeneity in
conjunction with the morphology of the sample. At first, we characterized and classified

normal and grade IV brain cancer (glioblastoma) tissue specimen and then within grade 1V



brain cancer we identified different cell types. Imaging experiments gave idea about the
inherent biochemical nature of the samples which directly co-related with the morphology of
the samples. It is well known that grade IV brain cancer show large heterogeneity in tissue
morphology. Based on this fact our aim was to take the maximum cellular heterogeneity into
account and recognize spectral markers for them. Thus, in our study, within grade 1V brain
cancer, morphologically different cell types namely fibrillary, pleomorphic, small, giant and

lipidized were differentiated spectroscopically.

In short, this study contributes towards improving our understanding towards possible
future use of IR imaging in the field of biomedicine for diagnostic purposes, especially it can
play an important role, in determining tumour margins or while dealing with frozen sections

of soft tissues like brain which often lose their morphology at low temperature.
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Fig. 2 Representative fluorescence decay profiles

NADHIZA R L MilEE TH » MAARNIZIA < fE/E  of NADH in buffer solution (a) and in HelLa cells (b)

S . = s . _  at different pH of 5.0, 7.0 and 9.0. Excitation and
T oo HHE=aF T I FENLIEL, Ml detection wavelengths were 370 and 440-450 nm,

respectively.
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Fig. 3 Fluorescence intensity images (upper) and corresponding fluorescence lifetime images (lower) of
autofluorescence of Hela cells at the intracellular pH indicated at the top. Excitation and detection wavelengths
were 370 and 417—-477 nm, respectively.
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DOENNBR SN 5, Fig. 201CNADH D )85 #h #f o0 pHIK -
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LEBIIL TS LB IS, ML T O R B R pH
VX3R4 DFEEBIEIC CTHBLE N, TRTORS D% NFHh Fig. 4 Plots of the fluorescence
lifetimes as a function of pH using the
DAHIAENpHOEEIMZ 3 L T35 Z Enbho Tz, values obtained at mitochondria (red)
17, HeLaflIIIZ 3515 2 NADHO WK i 2 — 3oy  andatnucei (blue).
7 DA pHIK T 2 | E U 7255 3R % Fig. 3127797, Fig. 3128\ C, LA HeLaffifid N ONADH
OECIRE R, FAXST 28 EFEMEGR TH D, MIENpHILEE DO EIRLTH D,
SO {8 T, NADHO AR EE 12 U CHOBBREE [ I NAL ER T IE R B 0, 58 <
o TWAHFIN I b KU T, BENHOIEOEEAEICHIET D, —F, St
E{§ T, MENpHA/ NS R DI T, ®AEFMOMPELR>TWVDH, I har KU
7 L BN T ONADHD 7 A O M NpHIK /77 A Fig. 412777, AIARNpHO N3 L T
NADHO#H A F DN D LD, Fio, dtHFMICITMBaNALBIRFERH Y, %
WNONADHODE DS, MOEE D o> TWbd, A4/ 747 %/ TFig. 4D X
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Monitoring Response of Cells to Nanosecond Pulsed Electric Fields with
Fluorescence Lifetime Microscopy

(RIES, Hokkaido Univ.) K. Awasthi, T. Nakabayashi, M. Honma, N. Ohta

[F] #MENCEERERCTEIERT I EATELEVELIBRVBAEEAEFET S
CEMEREINTLNDS, £, HlE~DOEZENMIEIESZFFLiE (Electroporation) & L TA L
ALoshTHY, SEESICKYMREICATEMNEHALZZEF, HMENICEGFOERZE
ATESIENHMONT WS, —A, F/78, EaRDOIEREIZEVVNILRAEBDOES ZMAEIC
g b2 &IckY, MBIEZEDITAZ L4, MIERBOKEZELIELONEZIEN
I hTWLWA[1-3], LA >T., HlEBRANDESZHAEHLESZLICKYHMBRADS A
T2 RAOHEDFHEHNRETHY . HMABILHAIARREEZITINS, AAETIX, EXE
MAA—D VT VRATALIZRAVOBBF ¥ N\—2 A EHE, HiE~DFT/#B/INILRE
BNREZE—MBRLANILCTHARSIERZTo1-, HiREEMETHEE L fzHeLlafliig 2+ / B
INIVRBIZZFHML, 7ATSLESN-HMBEETHLITRE—LREFLETHENTE
B EHETRTEMTES,

[EER] HELERS R
BBDE— 2 EZDA A— LF'
B %EFig. 1259, D %
BEF Y N—&ELT, AN
—AHSRLEICHEHHBEERE

ERRL TS, £90. TmmD &

= . Fig. 1 (a) Design of the electrode microchamber. (b) Top view of the
= < 2
EEOMETHREERL, four-channel Au electrodes constructed on a cover glass. (c) 3D-image

HBEDNEEISIZ & DAL of the electrode.
22T, BB DHESLFa
AA—DUTVRTLERVTEHAT S, 40V
DEETHLI W n'OEZZHKICEMT 5
ENTED, EBOFS(E, $90.02mmTH 5,
F/ BNV RABEOMME, BED/ILRES
RERKEZTAL, BYIRLEKEK kHz, /\L
AMRIFHIO0 nsTHSH. HMRAETEKXE2 VNV E
(EGFP) A% 3R L f={+7& #I}& T & SHelaffifa & F
WM =, Fig. 220. 1 mOEEBDREEA TEEE  Fig. 2. Image of HeLa cells in spacing of
Xntf-HeladaDREHELE A 7T . L TOS the constructed Au electrodes.
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Nd, BREEGAA—DUTORTAIK, 7z
LR L—Y - HESHEBEMBZAL, B
BOERICEWVWTHRBZY— MEICE>THEE
MERERIERE LI-4] hERE & HARK
RlX, FhFh440 nm&515-560 nmTH S,
[(#%R] Fig. 3ICHE—HelLaMifanF / #/
WRABEMRD—BlETRT . (A)MNEZEDAET,
(B) A4 W m'@ /)L R E 5 % 1kHz T60FREENAN
LE-RICEEL-E®RTHS, EhHelatifanN
DEGFPOHAAEER, ANRIET SHAFH
ERTHY, BIHMMATEENMEOHLFRD
EX TS L%EFig 3CIZRY, BEZENMT S
ZEITE-T, FTRE—=VREBADOEENEA
ahd (Fig. 3B) , & BIZHEREISIC & YEGFP
DHERAFGHEL G D, FIMATHHK2.3 nsTH
HOITx L, ENMRIEH2. 1 ns&iiof=, S8
BEMNEWNEEICE, HEABESLIUHLES
EGEICHBEEN TN EnD, /850
REBIZK>TTRM—VREFETERZ &
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Fig. 3 Fluorescence intensity images (left) and
fluorescence lifetime images (right) of a Hela cell
expressing EGFP before (A) and after (B) application
of nanosecond pulsed electric fields. The histograms
of the fluorescence lifetime of the images of (A) and
(B) are shown in (C). Scale bars are 20 pm.

Mg, MBI R F—RERITROIZE  § .

FHRF—LRBEREEMAICEAT B ISR — Mpukes
IZALBNBI5]. RERE 7/ BALAESER 3 o osatk
Wb EITkY, REZVLEBELETICERFHETT R 2.0 25 3.0

F—RZFRTEDEZRLTLS,

Lifetime /ns

Fig. 4 The histograms of the fluorescence lifetime

EGFP(QUR 1) ~ 709: F‘ﬁﬁ@ﬂ%@ﬂq%ﬁl:, %é?’)‘ of Hela cells expressing EGFP before and after

application of five and twenty nanosecond pulses of 4

ﬁﬁ?é*ﬁﬁ T2, /NLR BEOHMICZ&Y 7R MV m”. The histograms of the same cells after
F—>Z75\E§Eé?hu %@Jﬁ@fﬁﬁ@%ﬂﬂ:ﬁf application of 4 MV m™ at 1 kHz for 90 s and 150 s
> CEGFPREFRBEDRBAESENEIL L, FEALIKE

DEEFEFMRENEMST 5 EFEZ TS [0], EGFPHRIR L f=HeLafila DR FHER T
SLIZOWNT, MM/NLRAESBIREEOERZ g 42FRT, 5Hh 020/ LADMMTE &
REMEXA M SLIZEEABRASNDS, 7R F—DRFEOMBEOREGOEILE, 20/8
WABETEH2{HAEINGENI &M, ECFPOREFGERANSIZLITKST, 7R E—

are also shown in this figure.
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Super-resolving IR imaging of Japanese black hair by using VSFG

detected IR super-resolution microscope
(Tokyo Tech.) Makoto SAKAI, Katsuya KIKUCHI, Tomoki TAJIMA, Masaaki FUJII

(F] E2EYSFUAVNRIEBENOEDER 30-120um BEORKBHEEZL OHMETH S,
BRAARZOEZMFEOBABRER 1ISTTHN, SN ATLS. MIZBE-TLEIELE
ME¥21—TFTAILTHY., AT253EF1—TAVILDRDEBDES%ULDKREBREEHDH DD
MNALTYVIRTHD, AT VI RBETIE. aoN) v I RBED T 5 F 2 U\ BEHEEHIK
ICEELTHEETI 442k (IF) ZEEL. EZ2OBEARICT 74 N —KIZHEATWSZ
ERFIoNTWS[1], EFE, EZ2OYY OBRKOYWEIZIEILT

VY AONEBHEBENKELEEEZEZHL0HE AN SIRTS
KEPDELE-RBBERTINTONTE, TO—AT. EE
CEASZoEVS8F (H1HF0OaLT Y RAEHICEDERELN

Mo LTHRERIATWS) BNEEFENTEY., #EAZHTD

OBEDI I UVEMRICLIBREIRETHY . AEICTHE

WEHE LEEZBOEBHEASZUNDEVLDZEANIBEN

Hd, Ff-. FNBEMBETE. ERPBESFNERT—EICE
FHORFBRRIZCESDTHIESNTLEMO M BELBOHTELS. E1: BRARZOHEKED
LTV ARBOBFULRREIEE L RAETH 1. BBE FEHOES : 3 pm)
AHRTIE, REFBRFELE (VSFG) EZAFHEMBREMICKHAL. FALORFRRAEZE
BLE-EVWERS#REE (ThhbEHRNERE) 28T 5RMEMBERIZAVTAERARZOER
BFENDHA A =D T %701z RFETIE, ATZ00FLLYLERRICRET S VSFG
KERET S0, RELNEBEZEOLELGS ZOEFFARAZREZOHEN AT H D LRI,
ERPFERED VSFG ADEER (THHLLARIEER) T—EICRFHEMBRETALTE S8,
H10BEBRGBLRABECREBETCHTIASKAA—DUIDNAETH D, MA T, VSFG EIF2R
DB AFBETHY . FRBEZE Y2 (2KET S0, REXHEOBRIIZRE (RE) I
BOHTHRERTHD,. CO=H. RAICERB LE-EBEDOHAOCRKREICKRE L= FEROE R
EHZOXRET (RE) OH/FREMARINITONTES -, §EFK LI, VSFG EZDHFHUTH S
DFERMICET ZEHROME LEF L TEBEFINDIRA A DU T 217012,

[EER] FIEXBETHIFNN EAIRAIEIBEEIEERIC & > THEIE S iz Ti: Sapphire L—H—
DEAW/INIWREREEMRT S ETHELN, FREFNRFIAE59um (1111-2000cm™) HL U
AR GI3NM DEEFRA Wz, ChoDrEFE—La VN F—TRE@IZEDHE., CaF, LU X (F
=100 mm) ZAVWTEZHMICESF L. BN 5D VSFG A FEF@mA SIHL VX (NA=04)
FRAVWTED. /YFITANE— FRADY BTN E— RO RNRR T4 LA —%FBLIZRIC



BBELXIZKY ICCD A AZEIZHBE LIz, EEZ2HEMIZIE, BRAOEZZIRXT UHIEICE
BLER, SO0 F—LATEZBHEZYYHL CaF EREICEE, T4/ —LTHIREFESZ
EICKYERLEICHFBEELELDZERAW =, EZDOESE 3 ym THDH, EEABIEIHRAR
HOFEERELT, REZRKICRHALTEW:,

(HREER] BAARRBICVSFGZEEAL., BREGRNADKAA—D U T 2T o#EREZR
2(2FT, (a) [EBEBBTHD, (b) & (@) [THLTZI F ANy FOIREEKIZHELT 575
& (1260 cm™) EAFLTHONIEFRNA A—STHb, TORE. LT V9 REEHTIXR
WEENBBI IS LT, BEOFNBEMETIIBRERATREL. 1 um OM/IEE (&
BEPTROND LS LBER) NHARICEEIA TV, A Lz& 512, J)LTYv I RE
BICIE aNY I RBEDTSFUORVNIEREZSHEELTEY. SEOHERIE7TIFII
N FEBICEVWVTERETC oA v ABEZHRHE LD EFERLIZ, — AT, AT
SRXA—TFT AV ILDEXSFEBIZHBVD. FLE. 2BAShGVI EABALMNE - T=,
ATATEAFENNK DEEL &5 ELTHY., ETSFUI NI ETHERS
nTLdELvbhbnTLdi=dH, VSFG EANFWLWEEZOND, £z, Fa—T 1 VILEE
TRTIFURANIENTIUALIAMNIBEETE>TWAERESNA T[], TV LA
DA IEEDEE. 2 RDEJMBEZR Y 2ANIFIF0 £45DTHERBLE VSFG IFFELEL,
INEF2—T 1V ILEENIDS VSFG EANELBRASINLBENWI LERVL—HETT,

K2: BRAAREZOBBGBINASHKAA—DUYT.
(a) BB, (b) P RINIZHBFZFME, (¢) T RIIZBITEKRNME

B2 () FFMEBMET I FINYE (1650cm™) ITEZTHENA A —D UG %ITo1=
HETHD. 7TSRFUNNAVFOBREBRLT, BANECHBISAhTVEWLI £
BMEEoTz, ZERINAYRFIEEIZ C=0 MRS E—FICHIEL. 72 FIII/A2 FIXC-N
BERBE— FICHET 5, a N v I RBEDHEE. MEORIE— FEIEELERIZH
Y, DFERAN VSFC RABEICKREEEEEZ-LNEZOND, SRIDAIEIZHL
TIE. aNY Y RBENT I F Il OAEHARELGARAERL TSI EZHMTRELT
W5, FETIE. ACTEHEISORFLEDTHFERICOWVTHMICERT

(&% #k] [1] Nagase, S.; Shinozaki, T.; Tsuchiya, M.; Tsujimura. H, J. Soc. Cosmet. Chem. 43
(2009) 3. [2] Inoue, K.: Fuijii, M.; Sakai, M, Opt. Express 17 (2009) 12013.



