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Considerable attention has been focused recently on the 
role macrophages play in the regulation of both sym- 
pathetic neuron activity and the regeneration of nerv- 
ous tissue [8]. It has been shown that macrophages 
realize their effect by the production of interleukin-1 
(IL-1) [7-9]. It is agreed that IL-1 is responsible for 
increasing nerve growth factor (NGF) production by 
fibroblasts [10] and Schwann cells [6]. Nerve growth 
factor is an obligatory trophic factor for sympathetic 
neurons. In postnatal ontogenesis NGF enhances the 
growth and regeneration of adrenergic axons and pre- 
vent effects of sympathectomy [11 ]. In vivo the direct 
effect of NFG on immune cells is the opposite of the 
effect of sympathectomy [3], and the immune response 
is strengthened. However, the effects of the sympathetic 
nervous system on IL-1 production by macrophages 
have not been adequately investigated. 

Al tera t ions  of sympathicoadrenal  sys tem in 
carcinogenesis are known to manifest themselves in a 
reduction of adrenoreceptor affinity [1], sympathetic 
denervation of various organs [2], and persistent el- 
evation of sympathetic tonicity. At the same time, 
various disturbances of immunocellular activity, includ- 
ing macrophage IL-1 production, are observed [131. 

Inst i tute  of Clinical  Immunology,  Ins t i tu te  of Clinical  and  
Exper imenta l  Lymphology,  Siberian Branch of the  Russian 
Academy of Medical  Sciences. (Presented by  V. A. Trufakin, 
Member  of the  Russian Academy of Medical  Sciences) 

Thus, it is important to know whether  the 
changes in IL-1 production in carcinogenesis are as- 
sociated with the pathol%oy of the sympathetic inner- 
ration. The aim of this study was to establish the 
correlation between the morphofunctional alterations 
of sYmpathetic innervation of the  lungs with IL-1 
production by alveolar macrophages during urethane- 
induced carcinogenesis. 

MATERIALS AND METHODS 

The experiments were carried out in summer on 45 
2.5-month-old male BALB/c Sto mice weighing 20- 
21 g. The mice of the experimental group received 
i.p. a 10% solution of urethane (Reakhim) in me- 
dium 199 in a dose of 0.7 mg/g eight times during 
one month. The control animals received an equal 
volume of medium 199 i.p. at the same times. The 
mice were killed by neck dislocation 1, 2, 3, and 4 
months after the start of urethane treatment. Some of 
the experimental animals with tumors which were 
killed in the third month received during the last 
four weeks N G F  i.v. 325 ng/g per injection accord- 
ing to a scheme described elsewhere [3] ( N G F  was 
made available by V.N. Kalyunov, Institute of Physi- 
ology, Academy of Science of Belarus). 

The density of sympathet ic  innervation, the 
catecholamine content in the lung parenchyma, and 
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Fig. 1. Sympathetic fibers of peribronchial plexus in u re thane - induced  pulmonary adenoma. Glyox-ylic acid, epiobjective 95MI, ocular 
10. a) intact fibers; b, c) nerve fibers with features of hyperfunction; d) after a o n e - - m o n t h  course of NGF. 

IL-1 production by alveolar macrophages were exam- 
ined for all groups of animals under investigation. 

The density of sympathetic innervation was com- 
puted on cryostat sections 25 g thick. The sections 
were cut in the plane parallel to the mediastinal sur- 
face of the lung lobe crossing the lobar bronchus bi- 
furcation. Nerve fibers were stained with glyoxylic 
acid I151. 

The slides were examined under a LYuMAM 
luminescence microscope with $3S21-2, SS15, and 
FS1-2 exciting filters, epiobjective 95MI, ocular x7. 
The photometry procedure was performed with an 
FMEL-1A spectrofluorometric attachment with inter- 
ference filter No 6. A Stropus point grid was used to 
determine the density of sympathetic fibers. The 
whole surface of the slide was examined and the re- 
sult was expressed as the number of intersections per 
100 visual fields. 

Catecholamine content was measured with epi- 
objective 21, ocular x l0 ,  probe diameter 0.5 at 25 
randomly chosen points. The intensity of fluorescence 
was expressed in conventional units (c.u.). 

Alveolar macrophages obtained from a broncho- 
alveolar flush were washed three times with Eagle's 

medium and concentrated by adhesion to plastic. 
Adherent cells in a concentration of 106 ceUs/ml were 
incubated in 24-well plates (Nunclon) for 18 h in 
5% CO 2 incubators (37~ 

Five percent embryonal calf serum, 2 mmol L- 
glutamine (Sigma), and 80 gg/ml gentamicin were 
added to the  culture medium (RPMI-1640) for 
macrophage cultivation. E. coli lipopolysaccharide 
(LPS) 0111:B4 (Difco) was used as macrophage 
stimulator in a concentration of 10 tig/ml. The ac- 
tivity of IL-1 was tested in the supematant by the 

TABLE 1. Densi ty  ( Number of Intersections per 100 Visual 
Fields) of Sympathetic Innervation of Lungs in BALB/c Mice 
under U r e t h a n e -  Induced Carcinogenesis (M'*'m} 

Time from 
beginning of  

urethane injection 
months 

Urethane 

49.8*-9.5 
37.7-*-4.1 
11.6.-1.8 
19.4--3.2 

Agent 

Medium 199 

34.54-3.3 * 
48.3.-6.4" 
29.2.-5.8" 
46.5*-8.3* 

Urethane and 
N G F  

m 

43.4*-5.4" 

Note: here and in Table 2 an asterisk signifies that the difference 
from the control (medium 199) is significant (p<0.05). 
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Pig. 2. Dynamics of I L -  1 production by alveolar macrophages in ure thane--  
induced pulmonary adenoma. Abscissa: time from beginning of urethane injection 
(months); ordinate:  IL--1 act ivi ty in supernatant  (in EI). Whi te  columns: 
spontaneous production,  shaded columns: LPS-s t imu la t ed  production, a: I) 
control group, II) experimental group; b: I) experimental group in second month 
of carcinogenesis; II) same as I, with prior o n e - m o n t h  course of NGF. 

routine method of  measuring the proliferation re- 
sponse of mice thymocytes [12] and expressed as the 
effective index (EI): 

EI= 

number of cpm in ConA-induced culture of 
thymocytes with supematant of cells 

number of cpm in ConA-induced culture of 
thymocytes without supematant 

Statistical analysis of the data was performed 
using the nonparametfic Wilcoxson-Maim-Whitney U 
test. 

RESULTS 

It has been shown previously [14] and was recon- 
firmed here that urethane injection towards the end 
of the third month results in histologically and visu- 
ally identifiable carcinoma nodes in the lungs of 
BALB/c  mice. As this took place, the adrenergic 
nerve fiber density increased significantly in compari- 
son with the control fight at the end of one month 
of carcinogen treatment and then steadily decreased 
until the end of the third month of treatment. Thus, 
the density of adrenergic innervation was already sig- 
nificantly decreased after two months of treatment and 
during the third month decreased by one half. During 
the fourth month this ratio was preserved (Table 1). 

In the third month of carcinogenesis a functional 
heterogeneity of the sympathetic nerve fibers was ob- 
served together with a decreased density of adrenergic 
innervation. While a majority of the neurons had a 
pronounced varicose structure (Fig. 1, a), as was the 
case in the controls, some of them brightly fluoresced 

without any varicosities (Fig. 1, b) and had 
blurred outlines due to catecholamine dif- 
fusion (Fig.l, c). The hyperfunction of 
some adrenergic fibers may be a compen- 
satory mechanism due to the process of 
sympathetic denervation, as has already 
been reported in the literature [5]. 

The dynamics of the  catecholamine 
content in the lung parenchyma was of the 
opposite nature. Decreased at the end of 
the first month, the content did not differ 
significantly in the experimental and con- 
trol groups towards the second month and 
by the third month was 1.3 times higher 
than in the control. Over the fourth month 
the catecholamine concentration increased 
until .it became 1.6 times as higJa as in the 
control (Table 2). 

The increase of catecholamines in the 
lung parenchyma during carcinogenesis 
may be related to the hyperfunction of 

some nerve fibers, impaired catecholamine reception 
and metabolism, decreased neurotransmitter reuptake, 
and synchronous activation of the adrenal medulla [1]. 

From the end of the third month  of carcino- 
genesis IL-1 production by alveolar macrophages 
stimulated with LPS fell markedly while the sponta- 
neous level of production was preserved. By the end 
of the fourth month both spontaneous and stimulated 
production were decreased (Fig. 2, a). 

The treatment with N G F  prevented the processes 
of desympathization (Fig. 1, d, Table 1) and the re- 
duction of IL-1 production (Fig. 2, b) but the 
catecholamine content in the lung tissue was not af- 
fected (Table 2). 

The findings do not allow us to deduce whether 
the described phenomenon pfimariIy arises from the 
direct effect of N G F  on the immune cells or whether 
this plays a protective role for the sympathetic neu- 
rons. However, it should be taken into account that 
many of the sympathetic effects relate to the changes 
of the local synthesis of N G F  by axons. Nerve 
growth factor is also constitutively produced in vari- 
ous tissues throughout ontogenesis. 

TABLE 2. Ca techo lamine  Con ten t  (Conven t iona l  Units of 
Luminescence) in Lung Parenchyma of BALB/c Mice under 
U r e t h a n e -  Induced Carcinogenesis (M•  

Time from 
beginning of 

urethane injection, 
months 

Urethane 

11.7• 
8.3• 
13.8• 
14.7• 

Agent 

Medium 199 

13.0---0.8" 
8.0~0.5 

10.3---0.2" 
9.3---0.3* 

Urethane and 
NGF 

14.2---0.53 
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Hence,  the results presented suggest that  the 
sympathetic nervous system can modulate IL-1 pro- 
duction by the  macrophages through the release of 
NGF,  affecting both the immune cells and adrenergic 
neurons. Disturbances in these regulatory processes 
probably take place during carcinogenesis. 
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There have been few investigations of the circadian 
rhythm of  hemocoagulat ion [2-5,8-11], and some of 
these studies were performed using obsolete techniques. 
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In recent years refined methods  of assaying hemo-  
coagulation have been created, one of which is the 
anticoagulation test [13] in a modification [6] which 
assesses the kinetics of both the coagulation and anti- 
coagulation processes. The hemolysate aggregation test 
[1] is suitable for studying platelet ag~egation capacity. 
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