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Abstract--A'oradrenaline and adrenaline concentrations were measured in tissue 
specirnem of malignant and non-malignant tumors as well as in adjacent normal tissue. 
Tissue specimens were obtained immediately after surgical excision. )vbradrenaline and 
adrenaline were nearly absent from all malignant tumors examined. In specimens from 7 
tumors from 6 different organs mean noradrenaline concentration averaged 1.7°~ of 
normal values. Several eases of leiomyoma of uterus examined sbnilarly contained very 
small amounts of noradrenaline while other benign lesions such as" serous cystadenoma of 
the ovary, hyperplasia of the prostate ,gland and 3qbroadenorna of the breast contained 
approxirnately normal amounts of noradrenaline. 

The very low noradrenaline concentrations in malignant and in some non-malignant 
tumors" indicate, in all probability, lack of sympathetic innervation. 

I N T R O D U C T I O N  

IN RECENT years there have been considerable 
advances in the understanding of the vascula- 
risation of tumors. Tumor vessels derive from 
preformed normal vessels and the growth of 
the vessels is stimulated by angiogenesis fac- 
tors [1,2]. Information regarding regulation 
of tumor circulation is sparse. Normal tissue 
contains considerable amounts of noradre- 
naline (approximately 1000 times the plasma 
concentration) which is located in the sym- 
pathetic nerve axon terminals. Centrally medi- 
ated changes in noradrenaline secretion con- 
stitute, together with local factors, the main 
regulation of the microcirculatory bed. The 
aim of the present study was to examine if 
malignant and non-malignant tumors contain 
noradrenaline. 

P R O C E D U R E  AND M E T H O D S  

Tissue specimens (approximately 200mg) 
were removed after surgical excision from 
non-malignant and malignant tumors and in 
most cases also from the adjacent normal 
tissue. No post-mortem material was used. At 
least two specimens from each tumor and 
normal tissue were obtained and all results 
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presented are the mean of at least two cat- 
echolamine determinations. All specimens 
were examined microscopically to verify the 
presence of tumor and normal tissue, re- 
spectively. Tumor tissue containing necrosis 
was excluded. 

Tissue specimens were immediately cut into 
small pieces added to 10 volumes of iced 
perchloric acid (0.4N) containing 2mg/ml of 
ascorbic acid (pro analysi, Merck), homoge- 
nized and frozen until the analysis could be 
performed. Each sample was homogenized in 
l min periods for 15 min. Further homogeni- 
zation did not increase the catecholamine 
content of the tissue specimens. Approxi- 
mately 50mg of tissue was used for each 
analysis. 

Noradrenaline and adrenaline were deter- 
mined by a double-isotope derivative tech- 
nique [3,4]. Reproducibility of noradrenaline 
determination in tissue specimens has been 
reported elsewhere [5]. 

Non-parametric tests (Wilcoxon) for paired 
and unpaired samples were used for statistical 
analysis [6]. 

RESULTS 

Table 1 shows mean tissue noradrenaline 
concentration in a number of malignant 
tumors and in specimens of normal tissue 
obtained from the same organs. The nor- 
adrenaline concentration was relativeh' low in 
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Table 1. 

T .  B¢rresen, ,,V. Palm gren and ..V. ,7. Christensen 

:Voradrenaline (ng/g 0/ tissue) in 7 ma/ig,mnt tumor.~ obtained j?om 6 
diJferent organs (2 cases o J breast cancer) and adjacent normal tis.sue 

Malignant Normal 
tissue tissue 

Tumor (ng/g) Percentage 

Carcinomatous hepatic metastasis 
Hypernephroma 
Pyloric adenocarcinoma 
Adenocarcinoma coli 
Bronchogenic carcinoma 
Breast carcinoma 

8 1097 0.7 
5 .I76 l. 1 
6 430 1 .t 
,1 110 3.6 
l 28  3 .6  
0 1 1 0 

normal lung and breast tissues. Noradrenaline 
was practically absent from the malignant 
tumors and averaged 1.7% (range 0-3.601,) of 
normal tissue concentration (2P < 0.05). 

The normal tissue contained small amounts 
of adrenaline, the concentration of which cor- 
related with the noradrenaline concentration 
(Fig. l, r=0.96,  2P<0.001). 

Very low tissue noradrenaline concen- 
trations were also observed in specimens of 
other malignant tumors [serous cystadenocar- 
cinoma of the ovary (0.Sng/g); metastasis 
fi~om an adenocarcinoma of the ovary 
(1 ng/g); seminoma of the testis (4ng/g)]. 

Figure 2 shows the noradrenaline concen- 
tration in specimens of leiomyoma uteri 
obtained ti~om 6 patients and in normal 
myometrium tissue obtained ti'om the same 
patients (3 cases) and ti'om 3 other subjects. 
The mean age averaged 46 yr in patients with 
leiomyoma uteri and 43 yr in the controls. In 
tissue from the normal mvometriuin the nor- 
adrenaline concentration averaged 280ng/g 
(range 13-787 ng/g) and adrenaline averaged 
3ng/g (range 0-7ng/g).  The noradrenaline 
concentration was very low in leiomyoma 
uteri and averaged 4ng/g I range 0 12ng/g 
(2P<O.O1)]. 

Relatively high concentrations of noradre- 
naline were found in serous cystadcnoma of 
the ovary (84ng/g, n = l ) ;  hypcrplasia of 
the prostrate gland (305ng/g, n = l ) ;  and in 
fibroadenoma of the breast (11 and 43ng/g, 
n=2) .  Although the noradrenaline concen- 
tration was relatively low in fibroadenoma of 
the breast it is not different from the values 
obtained in normal breast tissue. 

D I S C U S S I O N  

The present study shows that noradrenaline 
was nearly absent from 10 malignant tumors 
obtained from 9 difl'erent organs. Although 
the material is relatively small the difl'erence 
in noradrenalinc concentrations between nor- 
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b'~,. 1. Correlation between tissue noradrenaline and adrenaline 
concentrations (ng/g) in malignant (× )  and normal tissue 
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Fig. 2. 'l)Z~ue norad~enalim' concentralion (ng/g) in 6 case,~ 
o/ leiomyoma uteri m~d in 6 ca.te.~ of normal ry!~ometrium tissue. 

mal tissue and malignant tumors is 
pronounced. 

The noradrenaline content of a tissue in 
part rctlects the density of the sympathetic 
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inncrvat ion.  O u r  results indicate  lack of  sym- 
pa the t ic  innerva t ion  of  t u m o r  vessels. An in- 
creased tu rnover  of  noradrena l ine  in the 
tissues ei ther due to increased release or enzy-  
mat ic  destruct ion m a y  have  reduced  tissue 
noradrena l ine  concent ra t ion ,  but  such mech-  
anisms are unlikely to explain the ex t remely  
low noradrena l ine  concentra t ions  observed in 
the present  study. 

T u m o r  vessels, which are of  f u n d a m e n t a l  
i m p o r t a n c e  for t u m o r  growth,  arise f rom pre-  
formed no rma l  vessels. T h e  growth  of the 
vessels is control led by the t u m o r  cell popu-  
lat ion by angiogenesis factors [1,2].  T u m o r  
vessels are relat ively undifferent ia ted and  are 
ma in ly  composed  of  endo the l ium which lacks 
smooth  muscle cells. 

T h e  present  s tudy indicates tha t  ma l ignan t  
tumors  in contrast  to angiogenesis do not 
s t imulate  the g rowth  of  au tonomic  nerve 
tibers. T o  wha t  extent  this lack of  innerva t ion  
is due,  to the relat ively undifferent ia ted state 
of  the t umor  circulat ion or re lated to other  
factors, remains  to be settled. 

T h e  lack of t umor  ca techolamines  indicate  
that  t umor  circulat ion is not direct ly  under  
central  nervous control.  Because t umor  vessels 
arise fi~om normal  vessels vasodi la ta t ion  and  
vasoconstr ic t ion in these vessels outside the 

t umor  m a y  of  course indirectly inlluence 
t umor  circulation.  

T u m o r  blood flow has been repor ted  to be 
supersensit ive to the vasoconstr ic tor  act ion of  
noradrena l ine  [7]. I t  has also been  repor ted,  
however ,  that  t umor  vessles are unresponsive 
to ca techolamines  [8]. 

Fur the r  studies of  the control  of  microcircu-  
lat ion in h u m a n  tumors  are war ran ted .  I f  
t umor  circulat ion is relat ively insensitive to 
the vasoconstr ic tor  act ion of  noradrena l ine  it 
m a y  be possible by in t ravenous  infusion of  
noradrena l ine  to direct  chemotherapeu t i c s  
more  selectively into t umor  cells as opposed to 
no rma l  tissue. 

Interest ingly,  a very low noradrena l ine  con- 
cent ra t ion  was also found in l e i o m y o m a  uteri 
but  not in other  benign lesions such as serous 
cys t adenoma  of  the ovary,  hyperp las ia  of  the 
prosta te  gland or in f i b roadenoma  of. the 
breast.  T h e  reason for this difference is not 
clear. Hype rp l a s i a  of  the prosta te  gland is of  
course not a solid and  welldefined t umor  in 
the same way as l e iomyoma  uteri. 
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