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Descriptions for the Front and Back Covers

The front cover shows NMR images of the breast. Image a) is of the breast of a young
woman without children. Image b) is of the breast of a woman with children. Image ¢) is of the
breast of a mother 'who is giving milk. Image d) is of the breast of a woman who has passed
the menopause. €) is a diagram showing some of the different parts of the breast. The images
shown here were taken at the Clinical NMR Unit, University of Alberta, Canada

The back cover shows aspects of the design of a coil for NMR imaging. The equation
gives the components of the magnetic field from a set of W coaxial rings in terms of a spherical
harmonic expansion. Above is a plot of the calculated field for the 3 turn conical helix coil
shown on the right. Only the component of the field in the xy plane, perpendicular to the coil
axis, is plotted. Calculation was performed using Turbo Pascal on a Macintosh 11 microcomputer.
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Propionic 74.08 141.5 25 20
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Column
Packing material

Detector

Carrier gas

Oven temperature
Injection temperature
Injection volume
Attenuation

Range

: Stainless column & 3mm, 2 m length
: 10% FFAP Chromosorp WHP, 80-100 mesh
: FID,Fuelgas: H,

Support gas : Air

: N,, Flow-rate : 50 ml min™'
: 130" C (isothermal)

y 1897°C

S

. 25(64)
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Abstract

Nowadays, a group of the patients which come to hospital with acute and virulent signs and
iptoms is affected by poisons. Immediate diagnosis and treatments are the important roles for increasing
ival rate and decreasing the following deformity. The expert system in toxicology is a tool which
for the general practitioners to diagnose and treat these patients in time. It is developped by the
s and will be amended to be a perfect expert system in the future.
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ABDOMINAL PAIN DIARRHEA LACRIMATION
ALOPECIA DILATED PUPILS LETHARGY
ANURIA DOUBLE VISION OLIGURIA
ATAXIA DROWSINESS PARALYSIS
BLURRED VISION DRYNESS PARESTHESIA
BRADYCARDIA EDEMA PSYCHOSIS
BURNING FASCICULATIONS PTOSIS
GARDIAC ARRHYTHMIA  FLUSHING PULMONARY EDEMA
COLORED VISION HALLUCINATIONS RESPIRATORY DIFFICULTY
COMA HEADACHE SALIVATION
CONFUSION HEMATEMESIS SWEATING
CONTRACTED PUPILS HEMATURIA TACHYCARDIA
CONVULSIONS HEMOPTYSIS TINNITUS
CORROSION HYPERTENSION TREMORS
COUGH HYPERTHERMIA TWITCHINGS
CRAMPS HYPERVENTILATION VERTIGO
CYANOSIS HYPOTENSION VOMITING
DEAFNESS HYPOTHERMIA WEAKNESS
DELIRIUM HYPOVENTILATION WHEEZING
DEPRESSION JAUNDICE

4 <
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Tosdiviedu 177 #0ia leun

1,1,1-TRICHLOROETHANE
2,4-DICHLOROPHENOXYACETIC ACID

ACETALDEHYDE,METALDEHYDE,PARALDEHYDE

ACIDS

ACONITE

AKEE

ALKALIES AND PHOSPHATE
AMINOGLYCOSIDES

AMISOMETRADINE

AMITRIPTYLINE, IMIPRAMINE

AMMONIA AND AMMONIUM HYDROXIDE
AMODIAQUIN

ANILINE, TOLUIDINE AND NITROBENZENES
ANTICOAGULANTS

ANTIHISTAMINES

BARBITURATES WITHDRAWAL
BARIUM

BENACTYZINE, MEBUTAMATE
BENZENE HEXACHLORIDE
BENZENE, XYLENE, TOLUENE
BERYLLIUM

BITHIONOL

BLEACHING SOLUTIONS
BORIC ACID, SODIUM BORATE
BOTULISM

BROMATES

BROMIDES

CADMIUM

CAFFEINE, THEOPHYLLINE, THEOBROMINE
CAMPHOR
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ANTIMONY AND STIBINE

ARSENIC AND ARSINE

ASPIDIUM

ATROPINE, HYOSCYAMINE, BELLADONNA
AZACYCLONOL

CATIONIC DETERGENTS
CHENOPODIUM

CHLORAL HYDRATE
CHLORAMPHENICOL

CHLORATES

CHLORDIAZEPOXIDE
CHLORMEZANONE

CHLOROBENZENE (DDT)
CHLOROQUANIDE -
CHLORZOXAZONE

CHROMIUM

CINCHOPHEN AND NEOCINCHOPHEN
COCAINE

COLCHICINE, COLCHICUM

CROTON OIL

CYANIDES

CYCLANDELATE

CYCLOSERINE

DEPRESSANTS

DIAZEPAM

ETHYLENE GLYCOL, DIETHYLENE GLYCOL
FAVA BEANS

FLUORINE, HYDROGEN FLUORIDE
FLUOROACETATE

FORMALDEHYDE

FUROSEMIDE

GANGLIONIC BLOCKING AGENTS
GLUTETHIMIDE

GLYCERYL TRINITRATE, NITRITES, NITRATES
HEMLOCK

HYDRALAZINE

INDANE

IODINE, IODOFORM, IODIDES

IPECAC AND EMETINE

IPRONIAZID

IRON SALTS

ISONIAZID

ISOPROPYL ALCOHOL

LEAD

LSD

NITROPRUSSIDE
ORGANOPHOSPHATE AND CARBAMATES
OXALIC ACID

OXANAMIDE
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MIRREE T

CANTHARIDIN

CARBON MONOXIDE

CARBON TETRACHLORIDE
CARBONIC ANHYDRASE INHIBITORS-
CASTOR BEAN, JEQUIRITY BEAN
DIETHYLCARBAMAZINE

DIGITALIS

DIHYDROCODEINONE
DIMETHOXANATE

DIMETHYL SULFATE
DINITROPHENOL AND DINITRO-O-CRESOL
DIPHENIDOL

DIPHENYLHYDANTOIN

DISULFIRAM

DITHIAZANINE

ECTYLUREA

ERGOT, ERGOTAMINE, ERGONOVINE
ERYTHROMYCIN

ETHACRYNIC ACID .

ETHAMBUTOL

ETHCHLORVYNOL

ETHIONAMIDE

ETHYL ALCOHOL

ETHYLENE CHLOROHYDRIN
ETHYLENE DICHLORIDE
MAGNESIUM SULFATE

MEPERIDINE

MEPHENYTOIN

MEPROBAMATE

MERCURY

METAL SALTS

METAXALONE

METHAQUALONE

METHYL ALCOHOL

METHYL BROMIDE, CHLORIDE, IODINE
METHYPRYLON

METRONIDAZOLE

MUSHROOMS

NALORPHINE

NAPHTHALENE

NARCOTIC ANALGESICS
NEUROMUSCULAR BLOCKING AGENTS .
NICKEL CARBONYL

NICOTINE

NITROGEN OXIDES

POISON IVY

POLYMYXIN-B, COLISTIN
POTASSIUM PERMANGANATE
PROCAINE
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PARAQUAT AND DIQUAT
PARASYMPATHOMIMETIC AGENTS
PARGYLINE

PAS

PELLETIERINE TANNATE
PENICILLIN

PENTAZOCINE

PETROLEUM DISTILLATES

PHENACETIN, ACETANILID, ACETAMINOPHEN

PHENOL

PHENOTHIAZINE
PHENSUXIMIDE

PHOSGENE

PHOSPHORUS, PHOSPHINE, PHOSPHIDES
PICROTOXIN

PIPERAZINE

THALIDOMIDE
THIABENDAZOLE
THIOCYANATE

TOXAPHENE AND STROBANE
TRICHLOROETHYLENE
TRINITROTOLUENE
TYBAMATE

VOLATILE OILS

ZINC STEARATE
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PROPOXYPHENE
PYRAZOLONES

QUINIDINE

QUININE, QUINACRINE, CHLOROQUINE
RAUWOLFIA

SALICYLATES

SANTONIN

SEDATIVES, HYPNOTIC, ANTICONVULSANTS
SILVER NITRATE

STIBOPHEN

STRYCHNINE

SULFIDES

SULFONAMIDES
SYMPATHOMIMETIC AGENTS
TETRACHLOROETHANE
TETRACYCLINES

THALLIUM

THIAZIDE DIURETICS
THIOCYANATES

TRIAMTERENE
TRIMETHADIONE
TRIORTHOCRESYL PHOSPHATE
VERATRUM

ZINC FUMES
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ii SEARCH FOR POISONS _j

Enter signs or symptoms 1. CONVULSIONS
2. LETHARGY
3. HYPOTENSION
4. COMA

SUSPECTED POISONS

ANILINE, TOLUIDINE AND NITROBENZENES
BROMATES

SALICYLATES

BORIC ACID, SODIUM BORATE

Press any key to continue...

4
N 2 HARIMIRUHIDIMINAZDINMIHARIYBITIINY

SEARCH FOR SIGNS AND SYMPTOMS J
Enter then name of poison SALICYLATES
Signs and symptoms
BURNING ABDOMINAL PAIN HYPERVENTILATION
LETHARGY VOMITING TINNITUS
DELIRIUM SWEATING COMA
CONVULSIONS CYANOSIS OLIGURIA
HYPOTENSION RESPIRATORY DIFFICULTY HYPERTHERMIA

Press any key to continue..,

1 1
3N 3 HARINIAUMEAIRENEIdEININIHAZOINITHUAA




mMaTieludTAYY

apluazinsed

Uslagifineriacldsuanmal#lusunss
fanan anauwuilddu 2 Usems fe
1. drulumsdnmeestindnmn  nie
Wl AN IMSUALaIMSUEANTBIE TR

a A A
2. dawlumsfumarsiendsds e

duuwimalumasnmnealyl

a oA -

Iumstumdamaneiideds  maden

- k2 v =
21MSnIaaImauanaly lUsunsueumayi
naathan uwndmslflnsugralumsidan
WMwmazan  msidanamanIaamsuansi
Tmwziagas  agvilildsedamsfinann
mn@ lumenduiuiediusiens 9 lutlqtiv

dnazlisstuvasrfiedetuniuv - 1w eneh

wNay  efiheaRiismandasimsuanaly

VAHTELUY  BIMTNIEDIMSUEMININETRY
UnriaaagnnanIauaiIna TR AN Tie
wie  Salusunsuanadumamanslaing
{lf@anamandamaudaalimsnzen

nymyimnmand wy. i 18 a0iun 3 psngiay - Auniod 2533 163

v oa a ' = [

Jidpuiianugananenavlilusunsy
a ' = | % § e a L
ganan  Sgmdaliuwndgriimsinmngihe

A 1 a - =3
AdedunaclfSumanean  svanieaany

- ¢ ava & &
U‘N'ﬁuﬂidLLWﬂﬂmﬁm\lﬂuﬂﬂd Lwaﬂﬁxﬂﬂn

o ' v oa ¥ o
warmslumsdnmeialy  Eilsuadassiam
Tusunsalfiensnsouanuassimauazamauan
MNTEUUGTY 9 WadN uwanemsSnnuag

mavnwelsalulamadaly  wndvimleaula

[ =~

arnessnhlll¥  neondedeiuidunlélen

A . o oAl & a “ﬂlv [
@549 mnumtm:mrfgL'ﬂﬂunuuﬂuamu‘lﬂ
ﬂjuﬂqauﬁ‘lm@ia‘lﬂ

([DNANIONDA

1. Robert H. Dreisbach, Handbook of Poisoning,
California : Lange Medical Publications, 1980.

2. Lewis R. Goldfrank, Neal E. Flomenbaum, Neal
A. Lewin et al., Goldfrank's toxicologic Emergen-
cies, Connecticut : Appleton Century-Crofts.




2. IMu.uY. 18(3):164-168 (2533)

NMR IMAGING OF THE BREAST.

Abstract

Throughout the world, many women die
every year of breast cancer. Although much
progress has been made in the treatment of
breast cancer, there is still not a clear under-
standing of the biochemistry and energy meta-
bolism of the cancer. NMR imaging and spec-
troscopy are tools which may be able to help
in understanding the metabolism of the breast
and the progress of breast cancer, since they
are non-invasive (i.e. do not involve physically
disturbing the patient by biopsy).

In order to correlate spectroscopy infor-
mation with the living breast, we need to know
its structure and composition. NMR images can
be used to do this, with analysis of the images
being performed either manually or by computer.
Correlation between organ structure, composi-
tion and biochemistry will help understand the
working of the normal organ, and thus assist in
diagnosing and treating a diseased organ.

Introduction to the Breast

Description

The female breast is an unusual organ
because it develops slowly, normally is not used,
and may never be used throughout the life of
the woman. There can be a large variation from
woman to woman.

The skin of the breast is similar to the skin
elsewhere in the body, in that there is a layer
of fat below it (subcutaneous fat). The breast
grows into this layer of fat at puberty, and more
fat is deposited. This fat is not used directly by
the breast, but is part of the fat store of the
body. The gland of the breast (mammary gland)

/ Ian Thomas*

lies between the subcutaneous fat and the
muscles of the chest (pectoralis major etc.) as
shown in image (e) on the cover of this journal.
The organ has lobules which produce milk in
the active breast, and milk passes down ducts
which meet at the nipple. Throughout the breast
there is connective tissue and fat which supports
the organ. There are also ligaments which hold
the breast in place. In older woman these
ligaments stretch, causing the breast to lose its
round shape.

The tissue of the mammary gland is
contained mostly in the breast, although there
is a tail of the gland which extends to the armpit,
where it joins the lymph nodes. The gland weighs
about 200g and is 10 to 12 cm from top to
bottam, and 3 to 5 cm thick [1].

Breast tissue can be broken down into
two types: stroma and parenchyma. Stroma
consists of fat cells and their supporting tissue,
blood and lymph supply and nerves. Paren-
chyma consists of ducts and lobules of the
mammary gland. The ratio of stroma to paren-
chyma has been measured by dissection, and
varies from about 9:1 at puberty to about
1:4 during pregnancy. This wide ratio demon-
strates the large changes which can take place
in a woman'’s breast during her life.

Development

At puberty, when periods start, the breasts
begin to develop under the influence of
hormones from the ovaries [2]. The ducts which
have been present from birth begin to grow
and divide. The development is not continuous,
but has periods of growth (before a period)
and recession (after a period). Overall the
breasts increase in size, until they achieve a

* Physics Department
Faculty of Science
Khon Kaen University
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constant level in the mature woman. There
is still a monthly variation, but the periods of
growth have the same effect as the periods of
recession, so the size is stable. Since the size
of the breast largely depends on the amount
of fat in the breast, women with small breasts
can often give as much milk as women with
large breasts. It is the amount of gland material
that is important for milk production.

During the lifetime of the woman the
breast changes constituent as well as size.
The breast of a young woman who has never
had children (nulliparous premenopausal) has
less gland material than the breast of a woman
who has had children (multiparous menopausal).
This is because during pregnancy and lactation
the organ develops fully, untii most of the
fat in the breast has been replaced by organ.
When the child is weaned, the organ does
recede, but not to the same level as before.
Thus a woman who has had children has
different breast constituents from a woman
who has had no children. This variation is
shown diagramatically in Figure 1.

lactation
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magnetic field (Bo) around the sample. Because
the frequency of the radio wave is exactly
correct, the nucleus is able to absorb some of
the energy from the radio wave. Sinee all the
nuclei in the sample have the same resonant
frequency, they all absorb energy. After the pulse
is turned off, the nuclei return to their ground
states, giving out the energy that they had
absorbed. The frequency that they give out is
thus the same as the frequency that they absorb.
This NMR signal, which is many times weaker
than the radio wave originally applied, gives
information about the state of the nuclei in the
sample, as well as their number [3]. A simple
NMR experimental setup is shown in Figure 2.

radio frequency
pulse in —s»

MR signal «—
out

/ain nagnetic
field (By)

nagnet

Figure 2. Experimental arrangeme
a simple NMR experime

Figure 1. The development
of the breast.

NMR Imaging

In an NMR experiment, a short high power
pulse of radio frequency waves is applied to the
sample using a coil. The frequency of this signal
is carefully tuned to the resonant frequency of
the hydrogen, or other, nuclei in the large

One way that NMR images can be used,
apart from diagnosing diseases, is to measure
the volumes of different types of tissue. This
can be useful when comparing the results of
NMR spectroscopy with those of NMR imaging,
or with biological tests. NMR imaging can be
used to measure the volume of glands, bones,
cysts and other items within the body.
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In NMR spectroscopy, the NMR signal is
analysed by Fourier transform to measure the
small (about 0.0001%) changes to the resonant
frequency caused by the magnetic field of
neighbouring nuclei. The spectrum which results
enables the chemist to determine the chemical
structure of the molecules in the sample, or the
biologist to measure the quantity of metabolites
of different types [3].

NMR imaging, which is an extension of
the simple NMR experiment, was developed in
the early 1970’s [4,5]. It aims at including
information about the position of the nucleus
within the sample into the NMR signal. To
produce a two-dimensional NMR image, fre-
quency is used for one coordinate and phase
for the other. The method used to add phase
and frequency information into the signal is
beyond the scope of this paper, but involves
the use of magnetic gradient coils which modify
the main Bo magnetic field in three orthogonal
directions, and also shaping the radio frequency
pulse. The NMR experiment must be repeated
many times to make an image, varying the
magnetic field gradient each time to encode the
position of the sample into the NMR signal.

The resulting image is formed on a televi-
sion screen, with bright parts of the image
corresponding to parts of the sample with large
numbers of resonant nuclei. In this paper, the
breast images show high intensity (appearing
dark on printing) where there is fat, since fat
contains large numbers of hydrogen nuclei, for
which the spectrometer was adjusted. Other
nuclei give insufficient signal for imaging.

Experimental method

The NMR images were taken using a
specially constructed bed, having two holes in
it for the breasts, so that when the woman was
lying on her stomach, her breasts hung into the
holes. Inside the holes were specially designed
NMR coils which fitted around the breast. The
design of the coil was based on making the
magnetic field inside the coil as uniform as
possible. A spherical harmonic expansion of the
magnetic field was used to make a mathematical
model of the coil. A plot of the calculated
magnetic field inside the coil and the design

. ' il :
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equations are given on the back cover of this
journal. To take the images the woman lay in
the NMR spectrometer for about 15 minutes.
During this time, six images were taken of
different slices through the breast, transverse
to the body.

The images shown here were taken on a
Philips’ Gyroscan NMR spectrometer at the

. Clinical NMR Unit, University of Alberta, with a

magnetic field Bo of 1.5 Tesla and a proton
resonant frequency of about 64 MHz. The six
images in each set were taken simultaneously
in order to limit the time that the woman was
lying inside the magnet to about 15 minutes for
the images. The coil around the breast was
carefully tuned for each woman. The experimen-
tal setup is shown in Figure 3, which also shows
the plane through the breast shown in the
images on the front cover of this journal.

Figure 3. Experimental arrangement for the NMR
imaging reported in this paper.
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Interpretation of the Images
An NMR image of the breast of a young

woman is shown in Figure 4. Some of the parts
of the breast are indicated in the figure.

ducts and
gland tissue

Figure 4. NMR image of the breast of a young woman,
showing the parts of the breast.

The NMR images taken for this study
demonstrate certain features of the breast in
different types of women. Firstly, different kinds
of fat are seen. In a young woman who has had
no children (nulliparous premenopausal), the fat
is in lobules, as can be seen in image a) on the
cover of this journal. This fat has blood vessels
and supporting tissue passing through it. In the
breast of a woman who has had children
(multiparous premenopausal), and in which the
breast has developed and receded ofter, the fat
appears much more broken up by blood vessels,
ducts etc.. This can be seen in image c) on the
cover. A third kind of fat is the subcutaneous
fat which is present in every breast under the
skin, except near the nipple.

Secondly, gland tissue is seen as lower
intensity -areas spreading into the breast from
the nipple region. In the breast of a woman who
is giving milk, this gland tissue spreads over the
whole breast, as shown in image b) on the cover.
The fat has largely disappeared.

Thirdly, blood vessels appear in the images
as either lines, if the slice is parallel to the blood
vessel, or as circles with a dark halo arond them.
This halo is an effect seen in NMR images if

Mmmyinnmans uv. i 18 M 3 MINGIAN - Auwion 2533
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blood from outside the slice flows into the slice
while the image is being taken.

The image in d) on the cover shows the
breast of a post-menopausal woman, aged over
65. In this breast the gland tissue has been
largely absorbed by the body, and fat deposited
to replace it.

Discussion

In the case of the breast, NMR imaging
has been used to measure the ratio of gland
material to fat [6]. The amount of gland material
in the breast has been found to correlate with
the amounts of certain phosphorus containing
compounds in the breast, such as adenosine
triphosphate (ATP), phosphomonoesters (PME)
and phosphodiesters (PDE) [6]. ATP is important
in the energy metabolism of cells as the main
energy storage compound [7]. Knowledge of its
concentration in gland tissue would help to tell
whether cells in the gland were active or inactive.
PME is used to produce cell membranes, and
PDE is one of the products formed when these
membranes break down [8]. The concentration
of these compounds and their ratio could
provide information about the production of new
cells and the breakdown of old cells, especially
in cancer [9].

The amount of gland material has also
been found to correlate with the menstrual status
of the woman. As mentioned above, from
dissection women who have never had children
(nulliparous premenopausal) have on average
less gland material than woman who have had
children. Women who are giving milk (lactational)
have the highest proportion of gland material,
while women who have passed the menopause
(postmenopausal) have lost much of the gland
material. This is confirmed by the results in
Figure 5 which shows the ranges of the percen-
tage of parenchyma measured from images of
the breasts of about 25 women [6].

The measurements of breast constituents
described above was performed manually by
counting the number of sduares in the images
with different levels of intensity. At present the
image processing research group in the Depart-
ment of Physics, KKU is exploring ways to
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measure these volumes automatically by com-
puter. This would increase the speed of the
analysis, as well as its accuracy.

g 100
o .
® so}
£t 70
L]

60
5 30

40
g 30
20 '
: 10}
" 0
0 lactat ional nultiparous
by : prenenopausal

nulliparous
1 postrencpausal

Figure 5. The percentage of parenchyma in the breast
of women with different menstrual status.
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