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Summary. The effect of a- and fl-adrenoceptor blocking agents 
on endotoxin-induced release of tumour necrosis factor (TNF), 
and of interferon in the circulation of Corynebacterium 
parvum-treated mice was the subject of this study. TNF was 
quantified after injection of TNF containing heated serum 
(TNS) into Meth A sarcoma-bearing mice by determining 
colour, extent, and incidence of haemorrhagic necrosis. The 
release of TNF was weakly inhibited by the competitive 
a-blocker phentolamine and the r-blocker propranolol. The 
non-competitive a-blocker phenoxybenzamine inhibited to a 
higher degree. Endotoxin-induced elicitation of growth-inhibit- 
ing principles into TNS was antagonized by propranolol and 
phenoxybenzamine. Administration of adrenaline before endo- 
toxin inhibited the elicitation of TNF and growth-inhibitory 
activities, which indicates tachyphylaxis. The release of inter- 
feron was effectively inhibited by both a-adrenoceptor blockers 
but not by propranolol. The interferon was heat-labile. The 
results indicate that endotoxin-induced TNF and interferon are 
separate factors, elicited in different ways. As both a-blockers 
do not only inhibit reactions at the a-adrenergic receptor but 
also reactions at the serotonin receptor and in the case of 
phenoxybenzamine also at the choline receptor, it is suggested 
that endotoxin-induced release of the anti-tumour factors is 
controlled by reactions mediated by one or more of these 
receptors. It is suggested that the inhibition of TNF release by 
propranolol may be due to the membrane-stabilizing activity of 
this agent. 

Introduction 

Among the many effects that can be observed after admin- 
istration of endotoxin to an animal are the induction of 
haemorrhagic necrosis in subcutaneously transplanted 
tumours, with tumour regression in a fixed number of instances 
[1] and the appearance of interferon in the circulation [27]. 

Haemorrhagic necrosis is believed to be an indirect effect 
of endotoxin as this agent is not toxic for tumour cells in vitro 
[20, 25]. Moreover, haemorrhagic necrosis can be induced by a 
factor elicited by endotoxin in vivo, hence called tumour 
necrosis factor (TNF) [7]. TNF is a glycoprotein with a 
molecular weight of 70,000 daltons [15], and is probably 
produced by macrophages [7]. Optimal quantities of TNF were 
elicited in the serum of Corynebacterium parvum-treated mice 
90 min after IV injection of endotoxin [9]. Almost identical 
treatment appeared to be optimal for the induction of 
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interferon in serum [27]. Even injection of endotoxin into 
untreated mice, however, induced considerable quantities of 
interferon, while elicitation of measurable amounts of TNF 
required pretreatment with macrophage-activating agents such 
as C. parvum, bacille Calmette-Gu6rin, and zymosan [7]. The 
endotoxin-induced interferon was shown to be mainly of 
macrophage origin [10, 22] and could be readily inactivated by 
heating at 56 ° C [12, 26], while TNF was shown to be stable at 
this temperature. Serum with TNF (TNS) appeared to be 
cytostatic for Meth A sarcoma cells in vitro [4]. Recently we 
have demonstrated that the induction of haemorrhagic necrosis 
of Meth A sarcoma by endotoxin was inhibited by prior 
administration of the a-adrenoceptor blocking agents phen- 
tolamine and phenoxybenzamine. The latter drug also anta- 
gonized the growth retardation and regression of the tumours 
induced by endotoxin [5]. Histopathological examination 
showed that endotoxin induced a profound inhibition of the 
mitotic activity within Meth A turnouts 4 and 24 h after its 
administration. The latter effect was not affected by prior 
administration of phenoxybenzamine [14]. 

In the present study the effect of adrenoceptor-blocking 
agents on the elicitation of TNF and interferon by endotoxin in 
vivo was investigated. In addition the role of adrenaline in 
endotoxin-induced TNF release was studied. 

Materials and Methods 

Mice. Female Swiss random mice were bought from the 
Central Institute for the Breeding of Laboratory Animals 
(CPB, Zeist, The Netherlands). Female BALB/c inbred mice 
were bred and maintained in our own facilities. All mice were 
used at the age of 12 weeks. 

Production of TNS. Swiss random mice each received 1 mg C. 
parvum IV (Coparvax, Burroughs Wellcome Research Labo- 
ratories, Beckenham, Kent, England) and 25 ~tg endotoxin IV 
(LPSw from E. coli 0111 : B4, Difco Laboratories, Detroit, 
Michigan, USA) 14 days later. Blood was collected 90 min 
after endotoxin injection. The adrenoceptor-blocking agents 
phenoxybenzamine, (15 mg/kg body weight), kindly provided 
by Smith, Kline & French (The Hague, The Netherlands), 
phentolamine (50 mg/kg, Ciba-Geigy N.V., Groot Bijgaarden, 
Belgium), and propranolol (50 mg/kg, Sigma Chemical Com- 
pany, St Louis, Missouri, USA) were diluted with or dissolved 
in saline and administered IP 15 min before endotoxin. The 
doses of a-adrenoceptor blocking agents used have been 
shown to inhibit endotoxin-induced haemorrhagic necrosis 
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[5, 14]. Adrenaline (1 mg/kg, Sigma, St. Louis, USA) was 
dissolved in phosphate-buffered saline and a few drops of 0.1 N 
HC1. The pH was adjusted to 7.0 with 0.1 N NaOH. It was 
injected IV 30 min before endotoxin. The dose used was shown 
to induce haemorrhagic necrosis of murine sarcoma [2, 17; N. 
Bloksma et al., unpublished work]. 

Determination of TNF. TNF was quantified by determination 
of the colour, extent, and incidence of haemorrhagic necrosis 
after IV injection of 0.5 ml heated (10 min 56 ° C) serum into 
BALB/c mice bearing a subcutaneous Meth A sarcoma (mean 
diameter about 7 mm). The size of the tumour and the 
haemorrhagic necrotic area were measured with a caliper. The 
percentage of haemorrhagic necrosis was calculated by the 
formula: 

length + breadth of the necrotic area 
x 100%. length + breadth of the tumour 

Quantitation of Interferon. Interferon was assayed by the 
plaque reduction method [23]. In brief, monolayers of mouse L 
cells (clone 929) were propagated in Eagle's minimum essential 
medium (MEM) and 10% heated (30 min at 56 ° C) calf serum 
(National Institute of Public Health,  Bilthoven, The Nether- 
lands) in 6 mm diameter wells (Titertek, Flow Laboratories, 
Great  Britain) at 37 ° C. They were incubated with 0.1 ml 
volumes of twofold dilutions of the serum samples in MEM for 
18-24  h, after which 30 -40  plaque-forming units of vesicular 
stomatitis virus were adsorbed on each well for 1 h at 20 ° C. 
The wells were overlaid with 50 ~1 MEM containing 5% calf 
serum and 0.5% Oxoid agar no. 1 (Oxoid Ltd, Great  Britain), 
and incubated for 18-24  h at 37 ° C. Plaques were visualized by 
flooding the agar overlay with 0.02% neutral red in Hank's  
balanced salt solution. One unit of interferon was defined as 
the dilution of serum causing 50% decrease in the plaque 
number. One unit of our interferon corresponded to 2.8 U of 
the mouse interferon standard of the National Institutes of 
Health (Bethesda, Maryland, USA).  Data have been 
expressed as laboratory units. 

Statistics. When appropriate data have been expressed as mean 
+ SEM. Significance analysis was done by Student's t-test or 

Table 1. In vivo anti-tumour activity of TNS elicited by endotoxin 

the Mann-Whitney U-test [21], as indicated in the legends. 
P-values over 0.05 were considered not significant. 

Results 

In Vivo Anti-Tumour Activity of TNS Prepared 
During Adrenoceptor Blockade 

Injection of 0.5 ml normal TNS IV caused 100% incidence of 
dark-coloured haemorrhagic necrosis in tumour-bearing mice 
(Table 1). The necrosis measured on average 62.2% of the 
tumour size. Necrosis was followed by a growth stop in eight 
out of ten tumours, and in one mouse the tumour disappeared 
completely. The same amount of TNS which had been 
prepared in mice treated with one of the adrenoceptor 
antagonists before elicitation with endotoxin caused a lower 
incidence of necrosis. Adrenoceptor  blockade with proprano- 
lol and especially phenoxybenzamine yielded sera which 
caused less dark-stained necrosis in addition. Only the latter 
serum caused a reduced extent of the necrotic area. Necrosis 
was followed less frequently by a stagnation of tumour growth 
after injection of 0 .5ml 2"~S from mice treated with 
phenoxybenzamine or propranolol prior to endotoxin, while 
the incidence of regression was the same as in the control 
group. TNS obtained after blockade with phentolamine 
induced a higher incidence of regression. Injection of 0.2 ml 
normal TNS resulted in reduced necrosis with respect to all 
parameters.  An equal dose of TNS obtained from mice during 
blockade with phentolamine and propranolol had about the 
same anti-tumour activity as normal TNS, but TNS from mice 
treated with phenoxybenzamine was almost devoid of anti-tu- 
mour action. 

Induction of Interferon by Endotoxin 
During Adrenoceptor Blockade 

Endotoxin induced more interferon in C. parvum-treated mice 
than in normal untreated animals (Tables 2 and 3). When the 
a-adrenoceptor  blocking agents phentolamine or phenoxyben- 
zamine were administered before endotoxin less interferon 

after adrenoceptor blockade of C. parvum-treated mice 

Treatment of serum donors Quantity Necrosis Incidence of 
of serum 

Incidence a Extent b Growth stop c Regression d 

Dark Light 

Cp/saline/endotoxin e (TNS) 0.5 ml 10/10 0/10 62.2 + 3.6 8/10 1/10 
Cp/PA/endotoxin 0.5 ml 6/10 0/10 61.9 + 3.0 6/10 3/10 
Cp/PB/endotoxin 0.5 ml 3/10 4/10 5i.6 + 4.8 ~ 2/10 1/10 
Cp/PP/endotoxin 0.5 ml 5/10 2/10 57.1 + 3.5 4/10 1/10 
Saline (NMS) 0.5 ml 0/10 0/10 0/10 0/10 

Cp/saline/endotoxin 0.2 ml 0/10 2/10 36.0 + 5.2 4/10 1/10 
Cp/PA/endotoxin 0.2 ml 0/10 3/10 29.8 + 10.1 3/10 0/10 
Cp/PB/endotoxin 0.2 ml 0/10 0/10 1/10 0/10 
Cp/PP/endotoxin 0.2 ml 0/10 1/10 55.8 4/10 0/10 
Saline 0.2 ml 0/10 0/10 1/10 0/10 

a The incidence of dark brown to black necrosis and red to light brown necrosis have been scored separately 
b Mean _ SEM of necrotic tumours 2 days after injection of serum 
c Growth stop was scored as positive when tumour size did not increase for at least 2 days after serum injection 
d Total disappearance of the tumour within 12 days after serum administration 

Abbreviations used: Cp, C. parvum; PA, phentolamine; PB, phenoxybenzamine, PP, propranolol 
f P < 0.05, compared with TNS (t-test) 



Table 2. Effect of adrenoceptor-blocking agents on serum interferon 
induced by endotoxin in normal and C. parvum-treated mice 

Blocker/elicitor Interferon (U/0.1 ml, median) a 

C. parvurn-pretreated Normal 

Saline/endotoxin 441 156 b 
Phentolamine/endotoxin 49 b 42 d 
Phenoxybenzamine/endotoxin 174 e, e < 20 d 
Propranolol/endotoxin 617 158 e 

Saline/saline < 20 < 20 
Phentolamine/saline nd f < 20 
Phenoxybenzamine/saline nd < 20 
Propranolol/saline nd < 20 

a Per group sera of four individual mice were tested in quadruplicate. 
For significancy analysis (U test) values < 20 U have been equalized 
to 20 

b p = 0.014 compared with C. parvum/saline/endotoxin treatment 
(U-test) 

c p = 0.028 compared with C. parvurn/saline/endotoxin treatment 
(U-test) 

d p = 0.014 compared to saline/endotoxin treatment (U-test) 
e n = 3  
f nd, not done 

Table 3. Thermolability of endotoxin-induced serum interferon 

Treatment of serum donors Interferon (U/0.1 ml) a 

Normal serum Heated serum b 

C. parvum/endotoxin 720 22 ~ 

- /endotoxin 284 c 22 d 

a Median value of four determinations in pooled serum of four 
mice 

b Heat treatment for 10 min at 56°C 
c p = 0.014, compared with normal C. parvum/endotoxin serum 

(U-test) 
d p = 0.014, compared with normal - /endotoxin serum (U-test) 

could be  m e a s u r e d  in the  se rum (Table  2). f l -Adrenocep to r  
b lockade  with p roprano lo l  did no t  affect in te r fe ron  induct ion  
by endo tox in  significantly. Admin i s t r a t i on  of e i ther  C. parvum 
or b locking  agent  a lone  yielded no  substant ia l  quant i t ies  of 
in te r fe ron .  The  in te r fe ron  induced  by endo tox in  in bo th  
C. parvum-treated and  no rma l  mice appea red  to be  heat- labi le  
(Table  3). 

Possible  inh ib i to ry  activity on  the  in te r fe ron  de t e rmina t ion  
by  res idual  b locking  agents  in the  se rum was tes ted  by  addi t ion  
of se rum of mice t r ea t ed  only with b locker  to se rum of 
endo tox in - t r ea t ed  mice. N o n e  of the  sera of b locker - t rea ted  
mice affected the  m e a s u r e m e n t  of in t e r fe ron  in pos t -endotoxin  
se rum (Table  4). 

Induction of Interferon by Endotoxin 
and TNS in Tumour-Bearing Mice 

The  an t i - t umour  activities of  25 ~g endo tox in  and  0.5 ml 
h e a t e d  TNS in mice with M e t h  A sarcoma are comparab le  [7]. 
W e  m e a s u r e d  the  capacity of these  agents  to induce  in te r fe ron  
in the  circulat ion of mice with 9-day-old M e t h  A sarcoma.  
B lood  was col lected 90 min  af ter  IV  in jec t ion  of e i ther  agent.  
Only  endo tox in  induced  substant ia l  quant i t ies  of in te r fe ron  
(Table  5). 
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Table 4. Effect of residual blocking agents in the serum on interferon 
levels measured in post-endotoxin serum 

Serum mixtures a of mice treated with Interferon 
(U/O. 1 mO b 

- /endotoxin and -/saline/saline (0) ¢ 347 
- /endotoxin and -/phenotolamine/saline (4) 309 
- /endotoxin and -/phenoxybenzamine/saline (7) 284 
- /endotoxin and -/propranoloFsaline (0) 354 

a Equal quantities of pooled sera were mixed prior to assay 
b Median of four determinations 

Figures in parentheses indicate interferon titres of the sera 
added 

Table 5. Induction of interferon by endotoxin and TNS 
in tumour-bearing mice a 

Agent Interferon (U/0.1 mO b 

Endotoxin 568 
TNS < 75 c 
- /endotoxin serum < 75 c 
NMS < 75 c 

a Groups of five BALB/c mice each bearing a 9-day-old Meth A 
sarcoma received 25 Fxg endotoxin or 0.5 ml heated serum IV. Blood 
was withdrawn after 90 min 

b Median of five mice, each tested in quadruplicate 
c p = 0.014 compared to endotoxin (U-test) 

Table 6. Effect of adrenaline on the elicitation of TNF by endotoxin 

Treatment of Necrosis Incidence of 
serum donor 

Incidence a Extent b Growth Regres- 
stop c sion a 

Dark Light 

Cp/saline/endotoxin 4/5 0/5 66.2 + 3.8 4/5 3/5 
(TNS) 
Cp/adrenaline/ 1/5 2/5 46.6 + 2.2 e 1/5 1/5 
endotoxin 
Cp/adrenaline 0/5 0/5 0/5 0/5 
Saline (NMS) 0/5 0/5 0/5 0/5 

a Dark and light brown necrosis habe been scored separately 
b Mean + SEM of necrotic tumours 2 days after injection of 

serum 
c No increase of tumour size for at least 2 days after serum 

injection 
d Total disappearance of the tumour within 12 days after serum 

injection 
e p < 0.05 compared with TNS (t-test) 

Effect of Adrenaline on the Elicitation 
of TNF by Endotoxin 

T h e  inh ib i to ry  effect  of  ad renocep to r -b lock ing  agents  on  the  
endo tox in - induced  T N F  produc t ion  may  indicate  tha t  endo-  
toxin s o m e h o w  acts by release of adrenal ine .  Blood  collected 
90 min  af ter  in jec t ion  of adrena l ine  in to  C. parvum-treated 
mice con ta ined  no  d emo n s t r ab l e  T N F  or  o the r  tumour- inhi -  
bi t ing pr inciples  (Table  6). W h e n  adrena l ine  was admin is te red  
before  endo tox in  the  se rum ob ta ined  caused less in tensely  
co loured  and  significantly less extensive haemor rhag ic  necro-  
sis, g rowth  stop,  and  regress ion than  no rma l  TNS. 
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Discussion 
The effect of adrenoceptor-blocking agents on the endotox- 
in-induced in vivo release of TNF and interferon was the 
subiect of this study. A decrease of interferon was observed 
after treatment with the a-adrenoceptor blocking agents 
phentolamine and phenoxybenzamine (Table 2). Only the 
latter blocker clearly inhibited the release of TNF (Table 1). 
The decreased interferon titres in the serum of mice treated 
with a-antagonists are probably due to an inhibited production 
and/or release in vivo, as sera of mice treated only with blocker 
did not affect the measurement of interferon in vitro (Table 4). 
The observation that TNF production in C. parvum-treated 
mice is significantly inhibited by the non-competitive a-adre- 
noceptor blocker phenoxybenzamine [24], while the compet- 
itive a-blocker phentolamine had much less inhibitory activity, 
is in line with their capacity to inhibit the induction of 
haemorrhagic necrosis by endotoxin in tumour-bearing mice 
[5] and suggests that the latter might be at least partly due to 
reduced availability of TNF. It is questionable, however, 
whether the induction of haemorrhagic necrosis by endotoxin 
in tumour-bearing mice is mediated by TNF, as we could not 
demonstrate measurable quantities of TNF in the serum of 
endotoxin-treated tumour-bearing mice [2]. Moreover, the 
necrotizing principle could not be removed from TNS by in 
vitro absorption with the turnout target cells [2; N Bloksma et 
al., unpublished work]. These observations are consistent with 
data of Kull and Cuatrecasas [13], who could not detect 
cytotoxic activity against L cells in vitro in serum of 
tumour-bearing mice after injection of a necrotizing dose of 
endotoxin, while the purified necrotizing principle from TNS 
had overt cytotoxic properties in vitro. 

Besides haemorrhagic necrosis TNS induced temporal 
stagnation of tumour growth and incidentally tumour 
regression (Table 1). The elicitation by endotoxin of 
growth-reducing mediators in TNS was considerably inhibited 
by propranolol, and especially by phenoxybenzamine. These 
results are only partly consistent with previous data [5]. 
Phenoxybenzamine, but not phentolamine, clearly antagon- 
ized the tumour growth-inhibiting effects of endotoxin in Meth 
A sarcoma-bearing mice, while propranolol rather potentiated 
the tumour growth inhibition induced by endotoxin. Propra- 
nolol possibly delays rather than prevents factor release, as a 
consequence of its membrane stabilizing activity [24]. This is 
likely as many endotoxin-induced factors are thought to be 
released by the membrane labilizing activity of endotoxin [8, 
19]. On the other hand interferon release is not at all 
diminished by r-blockade (Table 3). Nevertheless, glucocor- 
ticosteroids, pre-eminently membrane-stabilizing agents, rea- 
dily inhibited the induction of interferon by endotoxin in 
rabbits [16]. Apparently there is no direct relation, if any at all, 
between membrane stability and endotoxin-induced interferon 
release. 

Inhibition of tumour growth after injection of endotoxin 
[5] or heated TNS (Tables 1 and 6) may be due to decreased 
mitotic activity within the tumour [2, 14]. Interferon and/or 
heat-stable cytostatic principles induced by endotoxin [3] may 
mediate this. A major role of interferon in the observed 
anti-tumour activities, however, is questionable, a-Adreno- 
ceptor blockade with phenoxybenzamine appeared to inhibit 
the induction of interferon by endotoxin (Table 2) but did not 
influence the induction of reduced mitotic activity [14]. In 
addition, phentolamine hardly antagonized the induction of 
tumour growth inhibition by endotoxin [5], while it inhibited 
induction of interferon effectively (Table 2). Moreover, heated 

TNS induced no substantial quantities of interferon (Table 5), 
while its anti-tumour activity Jin vivo is about equal to that of 
endotoxin. 

The inhibition of interferon production (Table 2) may be 
related to the observations of Jensen [11] that high doses of 
adrenaline given 1 h before endotoxin decreased the interferon 
release in the serum induced by the latter. Butler et al. [6] 
showed that the release of colony-stimulating factor in the 
serum of mice by endotoxin in vivo was inhibited by 
pretreatment with adrenaline. These data indicate tachyphy- 
laxis and thus an adrenoceptor-mediated mechanism. Admin- 
istration of adrenaline in a dose which was shown to be capable 
of inducing haemorrhagic necrosis (N. Bloksma et al., 
unpublished work) failed to elicit TNF or tumour growth-re- 
ducing principles in the circulation of C. parvum-treated mice. 
On the other hand, adrenaline given before endotoxin reduced 
the elicitation of both necrotizing and tumour growth-inhibit- 
ing activities by endotoxin (Table 6). These results, combined 
with the property of endotoxin of inducing the release of 
adrenaline [18] and the observation that adrenalectomized 
mice do not produce TNF (C. Galanos, personal communi- 
cation cited in [9]), suggests that adrenaline has a kind of 
permissive action in the elicitation of TNF by endotoxin, which 
may be mediated by the a-adrenergic receptor. As phento- 
lamine and phenoxybenzamine antagonize not only effects 
mediated by a-adrenergic receptors but also effects mediated 
by serotonin receptors, while llhe latter agent also antagonizes 
cholinergic effects [24], a role of serotonin and/or acetylcholine 
in the effects of endotoxin cannot be excluded. 
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