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Sadržaj: Da su autori mogli ustanoviti značaj magnetskih resonancija 
u dijagnostici rakastih tvorevina, merili su spektre elektronske para
magnetske resonancije (EPR), i relaksaoiono vreme spin-mreža Ti za
protone vode. Merenja su vršili na seriji pacijenata sa različitim pato
loškim promenama štitnjače, limfnih žlezda, i sa malignim melano
mima .. Prema zapažanjima, autori mogli su za:ključHi da su tkiva, u
ko jima je T1 veci od 700 msec, sumljiva na rakastu tvorevinu. Istovre
meno i tkiva u kojima su nadjene nekroze, pokazuju vrednost T1 iznad
700 msec, a sa druge strane opet se vrednosti T1 papilarnih karcinoma
štitajače ne razlikuju od vrednosti za nemaligna tkiva.
Pošto se nekroze mogu lako izdvojiti na osnovu histoloških ispitivanja,
njihove visoke vrednosti za Ti ne smanjuju korisnosti metode merenja
protonskog spin-mrežnog relaksacionog vremena za karakterizaciju ra
kastih tvorevina. Ova metoda mogla bi se verovatno upotrebiti za intra
operativnu dijagnostiku, jer su merenja brža od metoda intraoperativne 
histološke dijagnostike, i ne zavisne od ličnog iskustva. 
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Introduction. - Recently, there have 
been several attempts to characterize and 
specify tissue samples according to their 
malignancy with magnetic resonances. 

depend on the paramagnetic centres con
centration, water content and structural 
distribution of water molecules in tis
sues. They reveal the structure of the 
water molecules environment and the 
dynamics of the molecular motions. Spin 
lattice relaxation tirne T1 and spin-spin re
laxation tirne T2 have been found to be lon
ger for malignant than for normal tissues 
(4, 5). It was also found that T1 is prolon
ged not only in the cancerous tissue but in 
all other tissues of the animals with tu
mourous growth (6). 

By electron paramagnetic resonance 
methods (EPR) it is possible to follow 
the changes in the type and concentra
tion of the native paramagnetic centres 
and the free radicals in tissues (1, 2, 3). 
These centres are intermediates of the 
metabolic processes or are bound to the 
tissue structures. Their nature is only 
partially known and can change during 
the neoplastic growth. The changes in the 
concentration of these centres as well as 
the appearance of some new centres 
have already been reported for some ma
lignant tissues (3). 

Pulsed NMR technique is used to de
termine the proton relaxation times that 

* This work was supported by the »B.
Kidrič« Foundation. 

Considering all these findings, we have 
tried to estimate if the increased T1 is 
specific for malignant growth or can also 
be observed in some other pathologically 
changed tissues, benign tumours, inflam
mations etc. At the same tirne we have 
tried to examine the applicability of the 
magnetic resonance methods for the 
diagnosis of cancer. In our previous 
work (7) measurements have been per-
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formed on a series of patients with dif
ferent thyroid gland diseases. Increased 
T1 values, above 700 msec, were found 
for malignant thyroid gland tissue in 
comparison with the other pathologically · 
changed thyroid tissues, where the T1 

values were bellow 700 msec. 
In this work we have tried to extend 

our observations to some other mali
gnant tumours and increase the series of 
measurements on the thyroid gland tis
sue in order to obtain better statistics. 

Experimental. - The EPR spectra and 
proton spin-lattice relaxation tirne T1 

were performed on the thyroid gland 
tissue in the series of 47 patients with 
different thyroid gland diseases, on lymph 
nodes in the series of 10 patients with 
different primary tumours and on ma
lignant melanoma - 6 cases. In addition, 
measurements on one malignant schwan
noma, one fibrosarcoma and one breast 
cancer were performed. 

Samples were taken from different 
parts of pathologic and macroscopically 
normal tissue and cut in two for magne
tic resonances and histologic characteri
zation. 

About half an hour after the removal 
of the tissue, the samples for EPR were 
frozen in liquid nitrogen. The EPR spec
tra were taken at -1600 C on an E-9 Va
rian spectrometer. The microwave power 
100 m W and 1 m W was used in order to 
resolve free radicals from the other para
magnetic centres. Modulation frequency 
100 kHz and the modulation amplitudes 
up to 10 gauss have been used. In this 
study we are only looking for the appea
rance of some new EPR lines or some 
distinct changes in the paramagnetic cen
tres concentration, since only pronoun
ced differences can be used for cancer 
diagnosis. 

The intensity of EPR lines was com
pared to the ruby standard in a double 
microwave cavity. An equal quantity of 
tissue was used in ali sample tubes. 

About one hour after the removal of 
the tissue, the proton spin-lattice relaxa
tion tirne was measured at room tempe
rature on a pulsed 32 MHz NMR spectro
meter IJS-2-72 with pulse sequence 
-rq/2-n/2. A retrospective comparison of 
the magnetic resonance data and defini
tive histologic diagnosis for the same 
samples were made. 

Results. - A typical change between 
the EPR spectra of the malignant and 
nonmalignant thyroid gland tissue is pre
sented in Fig. l. The strong increase in 
the g = 1,94 centre concentration was 
observed in the cancerous thyroid gland 
tissue as well as in the lymph node me
tastases. This observation can well be 
explained by the histological diagnosis of 
isostructural malignant tissue in the 
lymph node and thyroid gland. The para
magnetic centre with g 1,94 belongs to 
the reduced state of nofohaeme iron pro
tein (8), and coincides with the one pre
viously found in the malignant thyroid 
gland tissue (9). Increased concentration 
of this complex is probably due to the 
anaerobic conditions sometimes observed 
in malignant tissues. It was shown, na
mely, that in tissues stored in an anae
robic atmosphere concentration of the 
g 1,94 centre increases as the enzyme 
concentration in its reduced state incre
ases (10) . 
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Fig. 2. EPR spectra of the triplet signal 
which appears during the warming of some 

tissues up to 500 C for 20 min. 

It was also found that the formation 
of the triplet signal with g 2,012 and 
hyperfine splitting constant of 16 gauss 
(Fig. 2), which appeared during the war
ming of the samples up to soo C for 
20 min, was more frequent in malignant 
than in non-malignant tissue. This signal 
is supposed rto belong to NO-haeme iron 
protein complex (11). 

From the experimental point, these two 
paramagnetic centres might be suitable 
for a rapid oharacterization of malignant 
tissue but were found to be poorly corre-
1a ted with the histological findings as 
shown in Fig. 3. Here the intensity ratio 
between the centre with g = 1,94 and free 
radical, for different tissue samples are 
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paramagnetic centre and free radicals for 

the series of patients with different thyroid 
gland diseases 
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grouped according to their histologic di
agnoses. The values corresponding to the 
samples with the same histologic diagno
sis in the same patient are presented in 
one column. Since the samples were ta
ken from different sites of the surgical 
specimen with different pathologic chan
ges, the same patient's code number ap
pears in more than one column. Samples 
with triplet signal are marked with full 
circles. No additional paramagnetic cen
tres in the whole range from O to 4000 
gauss have appeared in the maEgnant 
tissue as compared to the normal one. 

Proton spin-lattice relaxation tirne of 
the thyroid gland tissue, malignant me
lanomas and lymph nodes are presented 
in Fig. 4 and 5, in the same way as in 
Rig. 2. The lymph nodes metastases, fibro-

sarcoma, breast cancer and some cases 
of malignant melanomas show T1 values 
above 700 msec. These values are in ac
cordance with our findings on malignant 
thyroid glands. In spite of the fact that 

values for the malignant samples from 
th e same patient are scattered, there 
were always at least some of them ex
ceeding this value. 

On the other hand, however, in almost 
ali other cases with different pathologi
cal changes of thyroid gland: adenoma, 
reactive nodules, thyroiditis and hormo
na! hyperactivity, T1 values never exceed 
700 msec, with the exception of a few 
samples (no. 14, 16 and 45) which are 
characterised by other preoperative exa
minations as suspicious for malignancy. 
Therefore, tissue samples with T1 values 
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Fig. 4. Proton spin-lattice relaxation tirne of the thyroid gland tissue for the series of 
the patients with different thyroid gland diseases 
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above 700 msec should be considered su
spicious for malignant growth. 

Necroses and haemorrhages are excep
tions which also show T1 above 700 msec. 
These values are usually even higher than 
in malignant samples and even exceed 
1000 msec. It has to be stressed at this 
point, that the critical value 700 msec is 
valid for T1 measurements performed at 
resonant frequency 32 MHz. Recently, si
milar results were reported by Damadian 
(12, 13). Their measurements were done 
at resonant frequency 100 MHz. Since 
T1 in the tissues increases with increased 
frequency (14), the values reported by 
Damadian are higher than ours. 

However, there are some well differen
tiated carcinomas, like papillary thyroid 
gland carcinoma, where T1 values are in 

'Z; 1000 
Q) 
v-. 

E 

'--' 900 
� 

= 

� 800 
� 
X 
<r: 
_J 

M[LANOMATA 

Poor/y 
d;!krentiafed 

SU RRO U N D ING 
TISSU[ 

the same region as in nonmalignant tis
sues. In Fig. 4 they are plotted in their 
own group since they behave specifically. 

Another type of malignant tissue with 
T1x below 700 msec are some cases of ma
lignant melanoma. Low T1 values for ma
lignant melanoma were also reported in 
the already mentioned work (13). In our 
series of ma1ignant melanoma, however, 
T1 values are ranged from 350 to 1100 
msec. In order to explain this scattering 
of results, specimens were carefully exa
mined for the presence of necrotic areas. 
In Fig. 5 necrotic samples are marked 
with full circles. From Fig. 5 it can be 
seen that T1 values in some malignant 
melanomas with no necrotic areas are 
high. Therefore, we have tried to deter
mine the histologic grade of malignancy 
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Fig. 5. Proton spin-lattice relaxation tirne of the lymph nodes and malignant melanoma. 
Necrotic samples are noted with full circles 
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and the arnount of rnelanin in rnelano
mas. It seerns that well differentiated 
rnelanomas have lower T1 values as un
differentiated types (F,ig. 5). At the same 
tirne the arnount of melanin was higher 
in the cases with low T1 values. Both 
before mentioned characteristics of me
lanoma could be the reason for decrea
sed T1 values. The series of 6 cases stu
died in this wor,k is too small to allow 
any defini,te conslusion. T,herefore, fur
ther studies are in progress. 

Discussion. - There are two irnportant 
questions to be answered: what is the 
reason for T1 prolongation in some pa
thologic tissues and why this prolonga
tion is most pronounced for rnalignant 
tissues and necroses. 

For the tirne being, prolongation of the 
proton spin-lattice relaxation tirne is still 
a matter of discussion concerning the 
relaxation rnechanisms in tissues, and 
only by explaining this part, reliable con
clusions could be rnade about the chan
ges of the intra and eX:tracellular water 
in rnalignant tissues. Now the model 
is being used accorcling to which se
paration of water protons in two frac
tions is supposed - 1Jhose which relax 
fast, the so called modified water pro
tons which are influenced by protein sur
faces and ions dissolved in intra and 
extracellular water, and protons of free 
water which are not influenced that way. 
Therefore, their relaxation tirne is lon
ger. Assurning the exchange of rnolecules 
between the two fractions of water is 
fast; the relaxation rate 1/T1 is: 

1/T1 = x/T1 (mod) + (l-x)/T1 (free), 
where x is a fraction of rnodified water. 
Using this model, some possibilities arise 
for T1 pro1ongation in malignant and ne
crotic cells. 

l. The ratio of free to modified water
molecules alters at the constant arnount 
of total water. Darnadian suggested that 
the prolongation of T1 could be due to 
the increased potassium content in rna-

lignant tissues. He found that increased 
K+ ion concentration can imply increase 
in the arnount of free water in the tissue 
(15). 

2. The total amount of water content
increases in rnalignant cells in favour to 
the free fraction. It was shown that the 
prolongation of spin-lattice relaxation ti
rne is correlated to an increased water 
content in tissue (16). The longest T1 was 
found in nondifferentiated tissues. 

3. The lowering of the paramagnetic
centre concentration in malignant cells 
can result in an increase in T1 value. 
This question arose several tirnes (17) 
but has never been sisternatically exa
rnined. There are rnany pararnagnetic 
centres which are not observable by EPR 
rnethod, and their role on the proton re
laxation is not easy to estimate. 

4. Nonspecific changes, dirninishing of
the 02 and glucose concentration in rna
lignant cells, lowering of pH value down 
to 6 and other changes could also influ
ence spin-lattice relaxation (18). 

None of these factors was cornpletely 
proved or omitted until now, but the as
surnption l. together with 2. seerns to be 
the most probable. 

In order to discover, how different fac
tors influence spin lattice relaxation ti
rnes and EPR <lata, we have rnade seve
ral experirnents on the rat liver tissue 
hornogenate. In these experirnents we 
studied the influence of the anirnal diet 
(19), the oxygen content in the atrnosphe
re, where the tissue was stored after re
rnoval, and the age of the anirnal. At the 
same tirne we also rneasured how the 
tirne between the rernoval of the tissue 
and measurernents influences T1 values 
and EPR spetra of the rat liver tissue. 
Significant changes in free radical con
centration and T1 values were found 
about two hours after the removal of the 
tissue (10, 19). Therefore, they could not 
appreoiably influence the results of our 
measurements. 
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In an experiment with animal diet the 
rats were fed on avitaminous diet whe
reas in another one the carcinogen dime
thylamino-azobenzene was added to the 
avitaminous diet. Both diets did not in
fluence T1 values of the rat liver tissue 
appreoiably. The changes were about 
50 msec. On the EPR spectra of the rat 
liver, however, the increase of the centre 
at g = 2,03 was observed. This parama
gnetic centre was asaribed to the nitro
xy-iron protein complex (20). In a simi
lar experiment with the rats, which were 
on the diet with different carcinogens, 
the same centre was found at g = 2,03 
(21). It was supposed to have been a po
tential tool for an early diagnosis of can
cer. In our experiment this signal appears 
in the liver tissue of the rat fed on the 
diet containing dimenthylamino-azobenze
ne and in the liver of the rnts fed only 
on avitaminous diet. Therefore the signal 
at g = 2,03 was considered as nonspeci
fic for malignant growth. 

In the experiments concerning the in
fluence of the oxygen concentration in 
the storage atmosphere, an increased con
centration of the g = 1.94 centre was 
found in the rat liver tissue when the 
tissue was in the nitrogen atmosphere 
(10). In the same samples no changes in 
the spin-lattice relaxation tirne were de
tected. 

In figures 6 and 7 the paramagnetic 
centre concentration and the proton spin
lattice relaxation tirne in the rat liver 
and muscle tissue are presented as a 
function of the animal age. The para
magnetic centre concentration was found 
to increase up to the third month of the 
rat's life. This is the tirne in which the 
animal developes and the enzymatic acti
vity reaches the optimal value. After this 
period, the paramagnetic centre concen
tration remaines unchanged. 

T1 decreases in the first month after 
the birth, which is in accordance with 
the intracellular water content decrease 
in the same period (22). After this tirne 

T1 remains independent of the animal 
age. 

These experiments have proved that T1 

values are influenced mostly by the water 
content variations in tissue whi1e other 
influences are not so important. On the 
other band, it was shown that the same 
effects do influence the rparamagnetic cen
tre concentration. Taking this into ac
count, the scattered results in Fig. 3 can 
be better understood. 

In addition, from the comparison of 
our EPR and NMR results obtained on 
the same tissues (see for example Fig. 
6 and 7 and ref. 19) we can concluded 
that the changes of the paramagnetic 
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centres concentration which were obser
ved by EPR are not influencing proton 
re1axation. 

Conclusion. - It was found that pro
ton spin-lattice ,relaxation tirne in almost 
all malignant tissue we had examined, 
exceeded the va1ue of 700 msec i,f measu
rements were performed at the resonan
ce frequency of 32 MHz. All the other 
pathologic changes as well as normal tis
sue provided T 1 below this value. W e 
believe that the proton spin-lattice rela
xation measurements can be helpful not 
only in thyroid gland intraoperative dia
gnosis, where frozen sectrion technique 
is often inconclusive, but also in the dia
gnosis of other malignancies, since it is 
much faster (about 2 min) and ,requires 
considerably smaller samples as frozen 
section technique. Their interpretation is 

not dependent on personal experrience as 
the histological findings are. 

T1 measurements are inconclusive in a 
few cases of well differentiated carcino
mas which provide T1 values in the same 
region as nonmaliignant samples. On the 
other hand, T1 values in the necrotic tis
sues exceed 700 msec. 

Since necroses and haemorrhages can 
be easily characterized by histologic exa
minations, the usefulness of T1 measure
ments for the characterization of ma
lignant growth has been not diminished. 

ln ,further work it would be worth
while to find out if the same critical va
lue, i. e. 700 msec, for spin-lattice rela
xation tirne is valid for other malignant 
growth also, and the usefulness of EPR 
measurements has to be considered for 
other malignant tissues. A correct inter-
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pretation of T1 prolongation in malignant 
tissues has still to be found in order to 
contribute to the understanding of the 
basic molecular mechanisms of malignant 
growth. 

Abstract. - Eleotron paramagnetic resonan
ce spectra and the proton spin-lattice rela
xation ,time T1 have been measured on a 
series of pathologically changed human thy
roid glands, Iymph nodes and malignant me
lanomas. The T1 values above 700 msec seem 
to be reliahle indicators of ma:lignancy. Ne
crotic tissues, however, can likewise yield 
T1 values exceeding 700 msec. On the other 
side the T1 va:lue of the highly differentiated 
papilary carcinoma of the •thyroid gland 
closely resembles that of ,the nonmalignant 
thyroid gland tissue. 

The obtained EPR data were found to be 
inconclusive for characterization of thyroid 
malignancy. 
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