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A R S TI? A C T  

water proton Ti in blood from healthy volunteers 
and patients with acute leukaemia,lyophoma;iron defi- 
ciency anaemia. post hepatitic cirrhosis and tuberculo- 
sis, was measured by a FT-NUR spectrometer. Relaxation 
measurements were performed at 60HHz frequency and a 
temperature of (20 5 0 . 5 ) C .  The T1 measured for each 
disease correlates strongly with hemoglobin content. The 
spin-lattice relaxation time in each abnormal group was 
signaficantIy(p<O.OOi) elevated over normal group.There 
is little overlap between the healthy and abnormal 
groups. On the contrast, Ti ranges obtained tor 
malignant groups and non-malignant diseases do overlap. 

- I NTRODUC'T _. . -. I O N  

The possibility of using nuclear magnetic relaxa- 

tion times to diagnose cancer and to discriminate 

between malignant tumors and corresponding benign 

tissues has received more attention since Damadian first 

suggested NPIR as a diagnostic tool for the detection of 

925  
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926 YILMAZ, T E Z ,  AND DEGERTEKIN 

(1) 
cancer in 1971 . A systemic effect of cancer, evi- 

denced by an increased T1 of tumor -bearing tissues. has 

been demonstrated by several authors Furthermore, 
(2.3) 

NHR imaging techniques, developing on this basis. are 

being used to discriminate the normal and pathological 

tissues. On the other hand, water-suppressed proton NMR 

studies on blood plasma have recently suggested that a 

new convenient diagnostic procedure may be feasible . In (4-6) 

these papers the mean linewidths of the lipid methyle 

and methylene resonances of plasma samples from patients 

with malignant tumors were reported to be narrower than 

those of the normal and benign tumor-bearing groups. 

Nevertheless, Utilizing water proton relaxation measure- 

ments in blood to diagnose human cancer would be of a 

great value in cli,nical use because of a need to a more 

rapid and more simple diagnostic blood test. 

Blood consists of serum and cells. The systemic 

effect in the sera and cells of the tumor-bearing ani- 

mals and human beings has been demonstrated by several 

authors . Furthermore. Ti in blood from patients with 

leukaemia, myelofibrosis and multiple myeloma was found 

to be longer than that of blood from healthy volun- 

teers . To extend previous results we have examined the 

(7-10) 

(11) 

T1 measurements in blood from groups with non- malignant 

dLme8mem , 8. woll 8. group. of malignant diseases and 

healthy volunteers. 
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FJC,, Ti valuos  of healthy volunteers , patients with 
non-malignant disease (post hepatitic cirrhosis, tuber- 
culosis and iron deficiency anaemia) and patients with 
with malignant disease (lymphoma and acute leukaemia). 
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MATI~l3-l  A1 I AN!) METH!!D 

Patients for this study were selected by hospital 

specialists in 

sity Medicine 

disease, mostly 

in good cllnica 

nternal Medicine Clinic of Dicle Univer- 

School. They had a continuously active 

at advanced stage,and therefore were not 

conditions with regard to healthy ones. 

Venous blood from untreated patients and healthy volun- 

teers was collected into very little heparin and then 

used tor hemoglobin content(Hb) and NMR measurements.The 

Hb content of the blood samples was determined'by DHB-3 

hemoglobinomet.er(ATAGO,Co,LTD. ). 

Experiments were conducted on 159 blood specimens; 

45 from healthy controls; 44 from patients with malig- 

nant diease (acute leukemia and lymphoma); and 70 from 

patients with non-malignant diseaeeciron deficiency 

aneemia , post hepatitic cirrhosis and tuberculosis). 

Patients distribution is shown in TABLE 1. 

Ti measurements were carried out on a JEOL FX-6OQ 

FT-NMR spectrometer operating at 60HHz for proton and 

1 0 - m m  0.d. NMR tubes.filled with 1.5011 of samples, were 

used. The inversion recovery pulse sequence was used 

with pulse spacing . r  , being varied from 0.3 to 2.4 
(11.12) 

s . The peak heights of the magnetization recovery 
were normalized to the infinite I which was 12s. Pulse 

repitition time was set at 15s. The probe temperature 

was maintained at ( 2 0 5 0 . 5 ) C  by means of a JNM- VT-3C 
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TABLE 1 

Comparison of Whole Blood Relaxation Time 
T1 of Patients with Active Disease 

:Significancy : 
: Groups : Mean 5 SD : Range : N :compared with I 

: norma 1 
:Norma I : 1.15 0.04 : 1.13 - 1.17 : 45 : - I 

~~ ~~~ 

Tl(s) 

I I I I I '- I 

I I I 
I 

:Lymphoma : 1.40  5 0.15 ! 1.20 - 1 .51  : 25 : P < 0.001 I 

:A.Leukaemia : 1.61 t 0.09 : 1.53 - 1.69 : 19 : P < 0.001 : 
I I , I I , '-1 

I I I , 
'-I 1 

:I.D.Anaemia : 1.58 5 0.08 : 1.51 - 1.61 : 28 : P < 0.001 : - 
I I I 

'-1 

:P.H.Cirrhosis: 1.30 0.09 : 1.24 - 1.36 : 25 : P < 0.001 : 

:Tuberculosis I 1.40 5 0.12  : 1.28 - 1.52 : 1 7  : P < 0.001 : 

Range = 99% confidence limits of the mean relaxation time Ti 

, 
I-' 

I * '-1 I 

N = Number of samples 
p = significance of difference between normal and disease 

automatic temperature controller unit. The magnetization 

decay curve was found to be a single exponential , in 

agreement with reaent reports . The experimental 

error for  Tl was estimated to be about 50.03s. All 

measurements were made immediately after blood taken. 

(11-14) 

Comparisons of the examined groups were made using 

Student's t test because the distributions of the 

relaxation times were normal. 

REZU-LTZ 4N-D D 1 SCUSS 1 ON 

Tho mean values (+SD) of Ti for eaoh group are 

shown in TABLE 1. The mean Ti value of healthy controls 
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was Significantly shorter than that of anaemia (P<O.OOl), 

leukameia(P<0.001),1ymphoma(P<0.001), cirrhosis(P<O.OOl) 

and tuberculosis(p<O.OOl). Furthermore, the mean Ti in 

healthy controls falls out of the confidence range 

obtained for the mean T1 of each abnormal group. However. 

There is little overlap between T1 values in blood from 

healthy controls and Ti values in blood from patients 

uith lymphoma and cirrhosis. On the contrast. a consid- 

erable overlap exists in the range of T1 values measured 

for each abnormal group. 

The correlation coefficients between the spin - 

lattice relaxation rate , l/Tl, and the Hb contents in 

each group are shown in TABLE 2. The deviation of the Hb 

in each group is rather large, and hence the 

correlations are strong. 

A previous studies showed that T1 in blood from 

patients with malignant blood disease correlates 

strongly uith Hb content .It has also been reported 
(11) 

that the l/Tl in blood from patients with malignant 

diseases and non-malignant diseases is nearly linearly 

proportional to the Hb content . Therefore, the 

elevation of T1 in pathological blood is nearly 

explained by its Hb change. In fact, the strong 

correlations, given in TABLE 2, imply that the 

distribution of T1 in each examined group indicates 

nearly the same thing as its Hb distribution. A s  is 

(15.16) 
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TAn1.E 2 

Mean Hb Distributions and Correlation of 
Relaxation Time T1 to Hb for Each Group. 

: Groups I Hb(g/dl) 
: Mean L SD : N  I r  

' - 1  

: Normal : 13.97 t 1-60 I 45 I 0.86 I 

: Lymphoma I 9.25 5 3.11 I 25 I 0.99 I 

: A.Leukaemia ! 8.20 5 2.37 : 19 I 0.88 : 

I I .  D. Anaemia : 7.15 5 1.07 : 28 : 0.96 I 

: P.H.Cirrhosis : 9.36 t 2.92 : 25 : 0.97 : 

: Tuberculosis : 10.55 5 5.19 I 17 I 0.87 : 

r = The correlation coefficients between relaxa 
tion time Ti and Hemoglobin cantent(#h). 

' -' - ---' 

~- ___ __ 

-. -. - - _- __ - ._ 

1- - 1  -~ '--'-__' 

__ _ _  ____ 

~ - -- 

seen, the Hb deviation from normal range, depending on 

severity of diseases.is a common charactheristic for 

both malignant and others diseases studied. Therefore. 

we conclude that NMR T1 measurements are not a specific 

marker for malignant tumors. but may recognize patholo- 

gical disorder like erythrocyte sedimentation rate. 

However, recent studies showed that the 1/T1 in 

serum from healthy subjects can be correlated with 

total serum iron and total protein . It is well 

known that in many cases, this parnmPat#ra are ahariged b y  

(17,181 

diseases. Therefore, NHR T1 measurement.~ in whole blood 

and its associated serum and packad cells altogot.her may 
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represent a valuable approach for dintinquishing same 

pathological disorder. 
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