At
BN 9434336



INVESTIGATION OF OXYGEN IN RED BLOOD CELLS USING NMR TECHNIQUES

M VWrirm Wemartern

AThesis Shmitted in Partial FUfivert of tre Recuireerts
for tre Deyee of Vister of Soence
Deyartert of Cravisty
Qanlae oo

Cudagom Unesiy
1

BN T
Quyit o te Gerlee Shod, Culdorgom Uy




Thesis Title INVESTIGATION OF OXYGEN IN RED BLOOD CELLS

LAING NVR TECHNQUES
B/ Mssv\ﬁ]anV\mﬁdﬂun
Dpatret Crenidy
Thesis Adisor ~ Assisart Professor St Parreedt, FhDD
Tress Coacsor — Asidart Professor Biaoom ra Nigara, FhD

Aveptad by the Qaclete oo, GljalmjmmvaﬂlylnPa‘ud
Fuifilert of tre Recuirarmere for tre Véster's Deyee

7/ Dt o Gtk S
(Pofesr Trevom \gjecreyg, FD)

\I—‘hSLUdt‘ HOEsU % Roany

(Awstatprofmsm%meedamu
...................... T ... Tnesis Corachsor
(AssistatPrdessangamra { d,PhD




AITUIUT ITTUSWIYU

(INVESTIGATION CF OGN LN RD BLODD (LS
LBNGNVR TECHNIQLES - |
: 7 ISNGURLERS

qivatice (T) g (1)
T 7

relavetion tines
thoghete [uffer sdlire (P Tl

T T

Tl
IV
Tl
, ]
SINSN Eadion
.............................. ° R L TR LA
;

A ML AVET



##¢525221 MAJOR ORGANIC CHEMISTRY

KEYWICFD SPINLATTICE RELAYATION TIVE SPINGPIN RELAXATION
TIVE OXHEMOG.0BN RDELOD (LS
WANIANAVANNEPHAHOLN INVESTIGATIONCF
OXYGEN IN FED BLOCD CELL LBING NVR TECHNQLES
THESS ADVSR  ASSTRRCE. SOMCHA PENGFFRECHA
D, QOADMSR ASSTFRCE, BYAFCRVNANAGIRA
D, 72 m, ISNGASAR6

In tre sy of relsiornip beiween SrHattice (TT) and spnson (12
relaxation tirves & cissoived a4yoen, 1 and T2 values of prosgete uffer slire
solutiors (PES) were esstred Tre resuit ircicated tret nly 1 viss oy
ogait. The results from essurenet of 1 ad T2 of the dissolved o4
m%mnrgdﬁerm%mydmuaﬂmllsammmﬁs
Incicated et T1 Clpey mnptlmdrajtiadcellsaﬂtm
qmltyofredkiaﬂoellsvhlev( on e quartity of red bloodl cells

jorvaneysis, e reieiorsip ketween T crerge and the ety of Gy
corsunption of redl blood cells wes lineer andl ook ke presented i tre famof
cpetion and rate of Soinspin relveticn ves lineer relticrship With percentag of
red blood el Aocorairgly, roion relasetion tings cud! (e gdlied in tre
Investicgtion of axyoen corsLption of red blood eells




AKNONLEDGVENTS

| wouldl fike to exressd my aqreotion © ny aisar, At
" N

Sorvetei Pereyresy, and ny coathisar, At Pref O Byapom

ot O

for

ﬁiﬂdmea&mwmmmmLMﬂemdm

The work cisonbed In this tresis Wkl ot reve been possible withot the
assisane of Ms. e Koannaneana ad the offices fom Faulty of

Ml Tedmolay, Culdorglom Uiy,

| iould like to record ny sincere gratuce to e Hma[ofGH"nslTy

Feulty o inces, Crilerfern sty fr e firami s

0| lhm

this research vk

Uil | vish o trerk e tesis conitee for i el i
ad ko terk 0t el gt and sisree by ey feh o it

the ceoartvent and autsice

i




CONTENTS

PACE

ABSTRACT INTHAL. ..o eecevvvvesssvsssssssnssssssssssssssssssssessssnnns m

ABSTRACT INENGLISH. ..o vrsnvrrssssnssessssnsssssssnnsses \Y

VENT.......oovrrinrnsssnsssssssssssssssssssssssssssssennns V

USTCFTABLES....cccoocevvveessssssssssssssssssssssssssssssssssssne \

LSTCFAGRES.....ccccccvvresssnsssesssinsssssinnns Vm
CHAPTRR

L INTRODUCTION. ... vcvcvvnsssisssssssssssssssssssssssssssssssssnsnns 1

2 LTERATLRESLRVEY....cccccoovvveessnnssessssnsssssssssssssssenns 4

L 012 0200 (0| O 4

14100V o1 0 OO RSO 4

NVEOPEC [YOQRIES OF TLORL........ovecvvvvvresvnsssessrnsrnn 4

The PUCEY TBSOTBIE. ..o 0

- BESIC ConOEt OF BTN [

- Tre opalioriumof ruokeer son in e il (B [

- The Hoisabarg Unoertairty FAnae........ovcecv v 8

- RelveliOn [YOOSSES......ov v Locrrrensssnssssenssnns 9

V0L 11053025 (01 10 OO D

VO TO L (0 D

- VeasLrenvert of qoirHattioe relawelin (TI)........oveeecevvvvvvvereennn D

- INBISIOHRR0AY MBIOL.......ooocvvvns e )

- Proyessve LRI MECL.......oo s B

- VeesUrament of anson 1o AU T2....cvvvvvveevvvrveen /A

- JINENS TR, ..o vecvvvrrresssvsssssssssssnnssssnes X

- CarRroe-veiboomGll (VG messrmert of 2. 2



CONTENTS
PACE
- The aocelerated relaetion tVES fadrS......cc.vvv v 5
o7 0 0 5% 1011 5
JoirHattice reDtion NBCBNGTS..........ooovvvvecevvvvssrnssssennnnn b
SR 2 (011 OO 1
3 DERVENTAL......oooovmrisiisrmnssnsssssssssssssssssssssssssssee 3
- Areratls e Cemical SUBANES ..o v 3
TN 111 301 1 OO 3
TR MO0, .. b
S 23 N T3 o 7 B elS 83
D € 3 0 RN d
B QONCLUBION. ..o vesssssssssminnnmsssnssssssssssssssssnssssssssnnns ®
REFFERENTES......cccccoeensssssssssssssssisisssssssssssssssssssssssssones o7
APENDIXES.......ooocivressssssssssssis st sssssssssssssssssssssssssnnns ®
] /- Py RPRE SRy A [/



2-1

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

LIST OF TABLES

TABLE PAGE
Equations for spin-lattice relation rates, TI'l, of a spin -1/2 , A, for
various mechanism in the extreme narrowing approXimation......esmsmennns 30
Proton spin-lattice relaxation time (TI) of phosphate buffer saline solution
(PBS) without degassing oxygen and with degassing oxygen, average Tl
values (Tlav) and sample standard deVIationS......mmmmmmsmmsmmsmsmsssssmssssissnns 44
Proton spin-spin relaxation time (T2) of phosphate buffer saline solution
(PBS) without degassing oxygen and with degassing oxygen, average T2
values (Tlav) and sample standard deViationS. ... 44
Proton spin-lattice relaxation time (TI) of dissolved oxygen solutions
containing red blood cells at 30% by volume between 0 to 120 minutes..........45
Proton spin-lattice relaxation time (T1I) of dissolved oxygen solutions
containing red blood cells at 15% by volume between 0 to 120 minutes.........46
Proton spin-lattice relaxation time (T1) of dissolved oxygen solutions
containing red blood cells at 7.5% by volume between 0 to 120 minutes........ 47
Proton spin-spin relaxation time (T2) of dissolved oxygen solutions
containing red blood cells at 30% by volume........ e ————————— 48
Proton spin- spin relaxation time (T2) of dissolved oxygen solutions
containing red blood cells at 15% DY VOIUME...ovvvvcvvcrssrvsssmssssssssssssssssssnn 49
Proton spin-spin relaxation time (T2) of dissolved oxygen solutions
containing red blood cells at 7.5% by VOIUME......rmcmsmsssmssssssssssssssssinns 50
The values of number of red blood cells (RBC), hematocrit (HCT) and
mean cell volume (MCV) of dissolved oxygen solutions containing red
blood cells 30%, 15%, and 7.5% by volume measurements were carried
0Ut USING NeMAtOlOgY ANAIYZEN .o 51



Vil

LIST OF TABLES

TABLE PAGE
4-10 Average proton spin-lattice relaxation time (Tiav) of dissolved oxygen
solutions containing red blood cells at 30%, 15%, and 7.5% by volume
betwen 0 to120 minutesand sample standard deviationS........mmmmmmsrmssmnisnn 52
4-11 Percentage of consumed oxygen of solutions of red hlood cells at 30%,

15%, and 7.5% DYVOIUME .o 53
4-12 Average T2 values (T2av) and standard deviations of dissolved oxygen
solutions of red blood cells 30%, 15%, and 7.5% by VOIUME..vrsrriiins 54

4-13 Calculated hematocrit values (HCT,%) of dissolved oxygen solutions
containing red blood cells at 30%, 15%, and 7.5% by volume using
T2 U8E8srvnrserssssses ot e ST e Shsssessssss s ssesssssesssssmesssssnssassses 55
4-14 Calculated hematocrit values (HCT,%) of dissolved oxygen solutions
containing red blood cells at 30%, 15%, and 7.5% by volume using



2-1

2-2
2-3

2-4

2-5

2-6

2-T

31

3-2

LIST OF FIGURES

FIGURE PAGE
(a) Procession of a nuclear magnetic moment Jll.in a magnetic field Bo

(for Y>0).
(b) Energy levels of spin 1/2 and spin 1 nuclei in Bo (for Y>a). m is

given a positive values in the in the field direCtion....vrrmsmssinsesnn 5
Corresponding energy levels and Spin POPUIALIONS.....cvvrvvvecsvmssmnsssissssssssssssssssnn T
(a)-(g) Pulse driven motion of the magnetization vector in the rotating
frame difference during an inversion-recovery experimental for the

MEASUTEMENE OF T 1ot 16
Experimental results from an inversion-recovery sequence. The group of

peaks at low field (i.e. to the left) all have slightly longer Tl than those

0f the Nigh field QroUD ... ————————————. 17
Stacked set of progressive SatUration SPECIIA.......mmmmmmmmmmmmmsmmsmmsmssmmssssmmssssinsns 19
Magnetization vectors in the measurement of T2 : the spin echo pulse
SUUBIICE evrrvvverssssessssssssssssssssess s s 21
Magnetization vectors in the measurement of T2 Carr-Purcell-Meiboom-

Gill (CPMG) pulSe SEQUENCE....vvervvmrvrssrvrssrsrsssssssnnens 24
Exponential curve plot from the relative intensities of the peak picking

through a series of plus sign with delay times displayed as a circle
INVErSION-reCOVEry PUISE SEQUBNCE .. mmmmmmmrmmmsmmmmsmmssmssssmssssssssssssssssssssssssssssssssssnes 41
Exponential curve plot from the relative intensities of the peak picking
through a series of plus sign with delay times displayed as a circle

CPMG PUISE SEUUBNCE . vvvsrvvvsrvrsssrmssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 42



LIST OF FIGURES

FIGURE PAGE
4-1 Average Ti values (Tiav) of dissolved oxygen solutions containing
red blood cells at 30%, 15%, and 7.5% by volume and measured
times 0 10 120 MINULES....vvrvvvrvmsrvmsmsssssssmsssmsssssssssssssmssssssssssssssssssssssssssssssssssses 57
4-2 Delta average T1 values (ATlav) per unit volume of red blood and
percentage of consumed oxygen per unit volume of red blood cells.....c........ 58
4-3 Delta average T1 values per unit volume of percentage of red blood
cells and percentage of red DIOOA CEHS...ummrrvmrimmirmmsrnsissssssssrssssssssnnns 59

4-4 Rate of spin-spin relaxation (1/72, ) and percentage of red blood cells......... 60



	Cover (Thai) 

	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English) 

	Acknowledgements


	Contents



