Chapter I

Introduction

The Basis of Nuclear Magnetic Resonance

; Certain a l%such as the hydrogen
nucleus 'H or the é 31 P, posses a property

known as spin. (—' vi d as a spinning motion
of the nucleus W \x\ Associated with the
spin is a magneti ; 3, S0\ ths e nucleus can be

regarded as a axis along the axis

@f roftatien. .1 applied to a sample
containing such in the case of 'H
NMR) , we might expect | dr magnets to align along

the field justyasga igns along a magnetic

field. HoweveZp ‘ Eé‘d obey the laws of
quantum mechaniEL e find A nucigi such as 1!'H that

nfufs number I & 1/2 can have one of two

have a spin a

orlentatlcﬁlhﬂ lggeﬂnim ﬂllﬂileld These two
orienta s have _slig e ene gzﬁé nd the
ener;atl ﬁﬁ@iﬂjmﬂ;ﬁﬁﬁ}aaﬁ sszortional to
the magnitude of the applied field transitions'between

these states can be induced by applying an oscillating

magnetic field of frequency ( Jo)

Jo = ""SBo/2T



-

where Bo is the magnitude of the applied magnetic field,

is known as ‘the magnetogyric ratio of the nucleus and 'Vo
is the resonance frequency. The Magnetogyric ratio (%)
varies from one nuclear isotope to another, and this is why
1H, 183C and %'P NMR for example, are all performed at

different frequencies in iven field.

&

The reso f a nucleus is directly

o)
J‘ S
proportional toy mag . ield experienced by the

nucleus. The se frequencies from an

arbitrarily cho is termed the
chemical shift a ‘ pressed _ ms of the
dimensionless uni ax Pes million (p.p.m.). The

intensities of N. 'A&ﬂ""'i'f s measured from their

areas, are proporti =T i' mber of nuclei that

and the nucle

intensities.

AWE INURTIY I Fosecser

structure and interactiofis , NMR jhas some inbteresting
poss:ﬂ;ﬁnafﬂ'nsmmtm;]g w Ehl:la Ejpecially,
31p NJL is suitable for observing small but important
molecules such'as inorganic phosphates, sugar phosphates,

phospholipids and nucleotides; more complex organic systems

such as phospholylated proteins, poly-phosphates,
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polynucleotides, cell wails and circulating lipoproteins;
and also a variety of intact tissues and cellular
organelles such as erythrocytes, reticulocytes, platelets,

muscles, nerves, livers, kidneys, hearts, embryos, sperm,

eggs, brains, tumor cells, mitochondria and yeast.

The applications of 21 P N ‘ ogical analysis fall

1) lites concentrations,
2) racellular pH.,
3) effect from line
spectrum of an ATP
solution has three sfzm?‘; / esponding to the of- , /B',

- phosphates: S che concentration of
 — -

T \n'
ATP in the liv  <t oying them. In the

‘c phosphate, the NMR "Spectrum has only one

signal, ‘Frﬁﬂma w\'ﬂ m wg ’Wﬂ lj ions are

present 1n1§ 51gn1f1cant proportlon in the glven pH. With

this &Wﬂ]&ﬁﬂvﬂ ?Wﬂlﬁﬂ tgﬂma]ﬁ}ar PH. of

living) tissues.

case of inorga

Recently, a powerful technique of intracellular
pH measurement using 3!P NMR spectroscopy was developed for

the study of various cellular systems such as red blood



cells, bakers' yeast, muscles, heart muscles, E. Coli,
liver mitochondria, and sea urchin eggs. Since the pK's of
several small molecules such as inorganic phosphates and
sugar phosphate are around 7, their chemical shifts are

very sensitive to pH alteration and hence can be used to

fa}

of an NMR spectrometer as a

#f of its nondestructive

tic experiment.
E——

measure pHi. This applic

pH meter is advantag

character and its

The initd | dy - iving cells was carried
ing red blood cells.

They reported hi Tuts studies of intact

red blood cells. g from 2,3~
diphosphoglycerat te and ATP and showed
how the spectra cou termine intracellular
pPH.

In », rhigh resolution,
31 P NMR spectram 1d be obta froﬂ intact muscle

freshly excised f¥om the hindaleg of the rat (2). The

signals COﬁjduiL’J Qﬂﬂ uihw&rlnh sphate groups of
%iﬁﬁpﬁ%?ﬁ’me PMRLERGEN

From the experiments of Hoult et.al (2),it was
shown that high resolution ®!P NMR spectra could be
obtained from frog sartorius muscles that were maintained

-

in good physiological condition within the spectrometer..
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More recently, developments in magnet technology
and in radio frequency coil design have permitted high -
resolution 31P NMR spectra to be obtained from selected
regions of live animals such as the rat. In these
experiments (4) an anesthetized rat is positioned within

cy coil is placed in the

W% the rat. Remarkably
QE from a disc - shaped

‘_*‘-Eﬂt of the coil, in the

”Ve' region has a volume

the magnet and a radio £

required position ag
clear 81 P NMR sigr

region of the le
studiés describe
of about 1 ml. that the animal
undergoes no s '5_ , ; 2L periment can be

linkened to exa

stethoscope.

3),

have been repor' heart (4), and

muscle 27, 9; }0 ) Thls was made possible by the

developmenﬂoﬂﬁ%%x&kﬁﬁ w;ﬁa{} ﬁf?esolv1ng

phosphorus %Pesonances of‘small molecule such as ATP,

e QAN T RUUAAFRHAGY oo
phosph te (Pi). Furthermore, their phosphorus chemical
shifts are very sensitive to pH and can be used to measure
pH. The use of nuclear magnetic resonance signal for the
determination of pH is advantageous because it is a S

nondestructive procedure.



Casey et. al (6), used the chemical shifts of
the ¥ - phosphate of ATP to detect PH changes within the

vesicle of chromaffin granules from adrenal medulla.

Codeine Phosphate

Source &' is an alkaloid in opium
which obtained fr e mi YZAte of the incised unripe

seed capsules o aver somniferum Linn.

The milky juice forms a brownish,

gumny mass. T "powdered to make the
official powder btained from opium

directly or made from morphine.

i S Dhe i prepared by dissolving
codeine in an equlmol *ﬂif?; ity of aqueous phosphoric

acid add1ng»4 C salt to crystallize

from solution.‘ﬂ

j
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Pharmacolqgical Action

Codeine phosphate produces major effects on
the central nervous system (CNS) and the bowel. The
effects are remarkably diverse and include analgesia

drowsiness changes in mood, respiratory depression,

decreased gastrointestina /

“ %lity, nausea, vomiting, and
alterations of the VEg‘ rin éggsh%ptonomic nervous systems.

analgetic, sedati : fﬂ §1f holinergic and

antitussive agent.

Preparations:

1973
1973
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Analytical Method of Codeine Phosphate

Many methods are used to analyze the quantity
of codeine in several preparations. These can be clarified

into three methods.

injection (24), ine phosp ablet (24)

alkaline with 6 order to form

alkaloid. Extrdc ke Wi loroform, Titrate

the final soluti acid. Each ml. of

0.02 N. sulfuric, 8.128 mg. of

C18Hz21NOz., H3 PO4 . !

gllution PH 2.8 and

Add acetate buffer
4

dimethyl yﬁmﬁeﬂkﬂ:mwgﬂﬂ?n extract w1th-

chloroform.q] trate the solutlon w1th 0.01 M dioctyl
TR I
1nd1caﬂpd when the colour of the chloroform layer changes
from green to pinkish-grey. Repeat the operation without
the preparation being examined. The différence between the
titrations represents the amount of 0.01 M. dioctyl sodium

sulphosuccinate VS. required by the sample. Each ml of
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0.01 M. dioctyl sodium sulphosuccinate VS. is equivaléﬁt to
0;004064 g. of CieH21NO3sH3POs4.1/2H20. .Determine the weight
per ml and calculate the concentration of CisH21NOsH3PO4.1!/2H20,

weight in volume.

2) High Performance Liquid Chromatography

I
,///é until the

(Codeine phosphate syr

concentration o
mg/ml with the ¢
the solution wi gL lorphéniramine maleate was
es of comparison.

used as an int

The chromatogra . KH2PO4 in water

containing 13% (V : ﬁQ_ g 11gh pressure liquid

Aspirin, phenacetin and Caffeine Tablets (18))

- LY
FJJHEJ ganﬂrnrjawﬂ:lﬂ 1ighed port:{on of
the finely powder of codfine ph e iﬁ, phenacetin
e A QAT ST IR e
swirl to mix and then extract the solution with methylene
chloride, filtering each extract through anhydrous sodium

sulfate into a beaker. Evaporate the combined extracts to

near dryness on a steam bath and complete the evaporatioﬁ'
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to dryness with the aid of a current of the air, withéut
heating. Dissolve the residue in Internal standard
solution (a solution in chloroform containing 400 mcg of
U.S.P. Propoxyphene HCl Reference Standard in each ml).
To do a standard preparaﬁion as directed above but use
sphate. Then inject a portion

// itable gas chromatograph

tector and record the

powder of U.S.P. codeine

of standard preparatioer
equipped with a £
chromatogram. t of each component.
Similarly, injeé  the sample preparation into
the chromatogr togram under the
same condition andard preparation.

Meésure the pea ent calculate the

quantity of codei

Statement of PrObl?Qﬂﬁg;T‘;,

yical application of

Phosphorus -31 g}cle;;‘ esodgpce convey to the

development of pharmaceuticalgguantitative analysis using

snosproree 135 bl oAb SN Grkided e . ne

codeine phosphate is notfonly complicate to tbe analyzed but

oe SR AU AR e

for studying the quantitative analysis by 2! P NMR.

The objective of this project is to apply

phosphorus -31 nuclear magnetic resonance technique in
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Pharmacy. Many factors that effect to the quantitatiée
analysis of codeine phosphate will be studied in order to
set up the condition which are giving an high precision and
accuracy. Even the method of analysis is more

sophisticated due to the using of highly expensive

instrument (3!P NMR) but thel method is much more simple and
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