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INokanizauia mitoxoHapianbHUX doepMeHTIB

30BHIWHA MeMOpaHa:
MoHoamiHooKkcuaasa®
TiOKIHa3U XXNUPHUX KNCIIOT
Penykrasa untoxpoma c
Aunn-CoA-cunHTasa
docdoninasa A2

MpocTip Mixk memOpaHamu:
AJeHinaTuuknasa
HykneosngandpocdokiHasa
Lintoxpom c

BHyTpilwHA mMeMbOpaHa:
depmMeHTU gmnxarnbHOro naHurora
(B T.4. ULMTOXpPOMOKCHMAa3a™)
depmeHTn cnHesy ATP
[erigporeHasn a-KeETOKUCIOT
CyKumHaTaerigporeHasa
D-B-okcmnbyTtupataerigporeHasa
KapHiTnH — auunTtpaHdepasa

MaTpuKc:
LintpaT-cuHTasa
|3oumTpargerigporeHasa
dymapasa
ManatoerigporeHasa™
AKOHITasa
[myTamaTgerigporeHasa®
PepMEHTU OKUCHEHHS XKUPHUNX
KMCIOT

* - MapKepu ANs BUABNEHHA MITOXOHAPIa/IbHUX CTPYKTYP.
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Tunoea nonaporpama guxaHHA mitoxoHapin (A)
Ta Il giarpamHe 306pakeHHa (b)
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Puc. 18.2. TUWNORa NONAPOrpaMa OMXaHHA MITOXOHAPIA (A) Ta T piarpamue 300pasedHs (6), Wo aac
aMory igesTibikyeatH MeTabonivdl CTaHW MITOXOHOPIA. CyUNbHAMK BERTHEANEHUMK CTRIN-
KaMi (=) NOKA33aHi 000asaHHa ¥ nonAporpadiuyy komipey. C — cyGotpar, MX — mimoxoHopil



pH-meTpIsA

Puc. 18.3. pH-MeTpWYHWA 3anvc okMcHOM docdopumosanHa (1), Kanswiesol eMHocTi (I1) Ta Yacy yTpu-
MaHHA Ca> (lll) y miToxoHOpiAx



AnepHo-marHiTHun pesoHaHc (NMR)

Protons Align With An External
Magnetic Field

Spinning protons act like magnets

Protons, or spins, posses a positive charge and
are constantly turning around an axis. A moving
electrical charge is an electric current, which is
accompanied by a magnetic field.




A slight excess number of protons align parallel with the external magnetic
field. The other protons align anti-parallel to it.
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L =g K Boltzmann’s equation
n; can be used to calculate
the ratio of the particles
constant that of another.

n, = the number of particles in
energy level one



Larmor Eguation

Wy = YBg

‘W, = precession frequency (in Hz or MHz)
B, = strength of external magnetic field (in Tesla, T)

ey = gyromagnetic ratio (42,5 MHz/T for protons)

* Higher magnetic field = faster precession



Spinning protons wobble or precess.
This precession is directly proportional

to the magnetic field strength. The The Coordinate System

stronger the magnetic field, the faster
the protons precess.

Ay

———Proton vector

> Y

X
*Z is the direction of the magnetic field, B,

A vector represents both direction and magnitude (magnetic force)



Opposing protons cancel each other out




Because more protons align with the magnetic field than against it,
there is a net magnetic force in the direction of the magnetic field
called longitudinal magnetization

Longitudinal magnetization
cannot be measured directly
because it is in the same
direction as the external
magnetic field.

In order to measure
magnetization, a new .
magnetization transversal Al

to the external magnetic -
field must be introduced.

A



The RF pulse causes some protons to go to a higher energy state.

Z
A

VA RF pulse

As a result of the new anti-parallel protons canceling out the charge of
other parallel protons, the longitudinal magnetization decreases.



The RF pulse also causes the protons to precess together, or be in phase
(resonation)

Z RF pulse

This results in a transversal magnetization in the x-y
plane that moves with the precessing protons.



When the RF pulse is switched off, the
protons begin to become out of phase
because protons do not all precess at
exactly the same rate due to magnetic field
iInhomogeneities and influence by small
magnetic fields from surrounding nuclei.

This disappearance of transversal
magnetization is called
transversal or T, relaxation.




This recovery of longitudinal
magnetization is called
longitudinal or T, relaxation,
also known as spin-lattice
relaxation because the protons
hand over their energy to the
lattice, surroundings, in order to
return to a lower energy state,
parallel to the B, field.

Also after the RF pulse is switched
off, the protons return to their original
energy state in a continuous process.
This results in the longitudinal
magnetization recovering and the
transversal magnetization decaying, a
return to equilibrium.




Net angle magnetization

T, is described as the time it takes 63% of the original longitudinal
magnetization to recover. It is mathematically described by an
exponential curve. T1 is about 300-2000 milliseconds long. T1
values are usually longer at higher field strengths.
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Net X-Y Magnetization

T, is described as the time it takes the transversal magnetization to
decay to 37% of its original intensity. It too is mathematically represented

as a exponential curve. T2 is about 30-150 milliseconds long
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What Influences T,

» When the lattice consists of pure liquid/water, it is difficult for the
protons to get rid of their energy because the small water molecules
move too rapidly. As a result, T, takes a long time.

* When the lattice consists of medium-size molecules (fat) that move,
and thus have fluctuating magnetic fields near the Larmor Frequency of
the precessing protons, energy can be transferred easier so_T, is short.

What Influences T,

«_Water molecules have local magnetic fields that fluctuate fast
because the molecules move around a lot. So, the fields average each
other out, decreasing local magnetic field inhomogeneities, causing T,
to be long because the protons take longer to dephase since their
frequencies are not that different from one another.

« With substances that contain larger molecules, the local magnetic
field is more varied because the molecules do not move around as
fast. T2 is shorter (the protons dephase faster) as a result of these
larger differences in the local magnetic field.




NMR/MRI

Modern 3 T clinical MRI scanner.

1.5 T magnet, occupied be researcher’s leg (Dr. Britton Chance)
Magnetic Resonance Angiography
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9.4 T NMR Scanners in the Imaging Center of
Radiology Department, IUPUI




Set-up for NMR in vivo experiment with surface coill
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Effect of implantation site and growth of
hepatocellular carcinoma on apparent
diffusion coefficient of water and sodium MRI

Andriy M. Babsky*, Shenghong Ju', Stacy Bennett’, Beena George and
Gordon McLennan' and Navin Bansal*

“NasQ 'HMRI

2Na TQF

Days after Cell Inoculation

Figure 5. Selected sections from Tweightad 'H, and 5Q and TQF Na MR of representative intrahepatic (a) and subcutaneous HCCs (b), 14 and 28
days after N151 call inoculation
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