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Absence of endotoxin-fever but not hyperthermia in Brattleboro rats 

S.B. Kandasamy and B.A. Williams 

Biosystems Division, NASA -Ames Research Center, Mail Stop 239-6, Moffett Field (California 94035, USA), 
February 8, 1983 

Summary. l.c.v, administrat ion o f  bacterial endotoxin produced a fever in the Long-Evans rat but not in the Brattleboro 
rat. Similar administrat ion of  arachidonic acid, prostaglandin E2, prostacyclin, dibutyryl cAMP, norepinephrine,  morphine  
and f l-endorphin caused hyperthermia in both Long-Evans and Brattleboro rats. Variable doses of  exogenous arginine 
vasopressin (AVP) when centrally administered with endotoxin caused fever in the Brattleboro rat. It is suggested that 
AVP may play an important  role in the production and release of  endogenous pyrogen. 

Fever  produced by bacterial endotoxin is said to be mediat-  
ed by metabolites o f  arachidonic acid such as prostaglandin 
(PG) of  the E series 1. However,  evidence incompatible with 
this view has also accumulated 2. For  example, PG antago- 
nist (e.g., SC-19220) which effectively attenuated PG-in-  
duced hyperthermia in rabbits, had no effect on h jper ther-  
mia induced by sodium arachidonate and pyrogenL Lesion- 
ing of  the preoptic-anterior hypothalamus results in the 
inability of  the rabbit to respond to PGE l with a fewer 
while the fever due to endogenous pyrogen is unaffected 
which" suggests that other  pathways, not4s including PGE may 
be involved in the genesis of  f e v e r ' .  The neuropeptide,  
arginine-vasopressin (AVP), has been implicated as an 
endogenous antipyretic agent in sheep since AVP perfused 
through the septal area o f  the brain was found to block the 
fever due to i.v. administrat ion o f  endotoxin 6. In addition 
to PG, biogenic amines and cAMP have been implicated in 
the production of  fever 7'8. A variety of  endogenous pep- 
tides capable of  producing opiate-like effects have been 
isolated from brain tissue 9,a~ and peptide and non-peptide 
opioids have been implicated in thermoregulat ion n. Rats 
of  the Brattleboro strain that are homozygous for heredi- 
tary hypothalamic diabetes insipidus have no vasopressin 12. 
After  comparing the responses o f  Brattleboro rats and the 
parent strain, the Long-Evan rat, to bacterial endotoxin and 
PGE2, Eagen et al. 13 reported that although both of  them 
produced fever with PG, only the Long-Evans responded 
with fever to endotoxin. The objects of  this study were to a) 
compare the effect of  bacterial endotoxin, arachidonic acid, 
PGE 2, prostacyclin (PGI2), dibutyryl cAMP (DBC), nore- 
pinephrine (NE), morphine  and f l -endorphin (BE) on tem- 
perature in the Long-Evans and Brattleboro rats b) find out 
the effect of  AVP on endotoxin-induced temperature re- 
sponse in Brattleboro rats and c) determine the effect of  
AVP on pyrogen-fever  in Long-Evans rats. 
Methods. Male Long-Evans and Brattleboro rats weighing 
300-400 g were used. The rats were anesthetized with 0.8 
ml /kg ,  i.m. o f  a mixture consisting o f  Ketamine 50 mg/kg,  
xylazine 5 m g / k g  and acepromazine 1 mg /kg  and were 
placed in a rat head holder  (David K o p f  Instruments, 
No. 320). After  exposure and the retraction of  the superior 
sagittal sinus, a single cannula was inserted into a lateral 
ventricle according to the coordinates: (derived from the 

i4 atlas o f  De Groot  ) 0.8 mm posterior to bregma, 2.5 m m  
lateral, vertical until cerebrospinal fluid rose in the cannu- 
la. Dental  acrylic was used to secure the cannula. Injection 
sites were histologically verified at post-mortem. The 
volume of  injection was always 10 lal. At least 1 week was 
allowed for recovery before animals were used for ex- 
periments. Animals  used once were randomly used again 
only one more time, but  after a 7-day period. Injections 
were made at the same time of  day (10.00 h) to avoid 
diurnal variation in temperature.  Arachidonic acid sodium 
salt, Salmonella typhosa endotoxin, NE, DBC (Sigma), 
morphine  sulfate (Merck), f l-endorphin (Peninsula) and 
AVP (Calbiochem) were dissolved in sterile, non-pyrogenic 
0.9% NaC1 solution. The sodium salt of  PGI  2 (Upjohn),  

stored at - 9  ~ was dissolved in 0.9% NaC1 solution and 
was adjusted to pH 9,0 with N a O H  immediate ly  before use. 
PGE 2 (Sigma) was stored at - 4  ~ in 95% ethanol. Shortly 
before use, the ethanol was evaporated by blowing nitrogen 
over the solution and PG residue was redissolved in saline 
solution. The animals were placed in cages where they 
could move freely 2 h before the beginning of  experiments 
carried out at an environmental  temperature of  21_+ 1 ~ 
Body temperatures were measured with copper constantan 
thermocouples inserted approximately 6 cm into the rectum 
and connected to an Autodata  Nine Analog/Dig i ta l  Data 
acquisition system (Acurex Corp., CA). Statistical signifi- 
cance was assessed with Student's t-test, and value for 
p < 0.05 was considered significant. 
Resuhs. 0.5-3 gg o f  endotoxin induced fever in the Long- 
Evans rats while the same dose produced an insignificant 
rise in temperature in Bratt leboro rats (table 1). PGE2 
(0.5-2 lag), arachidonic acid (30-100 lag), PGI2 (30-100 lag), 
DBC (30-100 lag), NE  (30-100 lag), morphine  (30-100 lag) 
and BE (10-50 lag) caused hyper thermia  in Long-Evans and 

Table 1. The effect of various i.c.v, treatments on rectal temperature of 
Long-Evans and Brattleboro rats 

Long-Evans rats Brattleboro rats 
Mean Mean 
A temperature (~ A temperature (~ 

0.9% saline 0.1 �9 0.04 (n = 10) 0.t • 0.08 (n = 9) 

Endotoxin 0.5 gg 0.8 5:0.18 (n = 5)* 0.2 • 0.10 (n = 5) 
Endotoxin 1.0gg 1.25:0.10(n= 5)* 0.35:0.08 (n=5) 
Endotoxin 3.0 lag 1.6 + 0.20 (n = 5)* 0.4 • 0.22 (n - 5) 

PGE 2 0.5 gg 0.5 :t: 0.05 (n = 5)* 0.6 5:0.10 (n = 5)* 
PGE 2 1.0 gg 1.05:0.12 (n = 5)* 1.25:0.08 (n= 5)* 
PGE2 2.0 lag 1.4+ 0.15 (n = 5)* : 1.6 5:0.20 (n = 5)* 

Arachidonicacid 30~tg 0.45:0.10(n= 5) 0.5:t:0.08(n=5)* 
Arachidonic acid 50 lag 0.9 5:0.15 (n = 5)* 0.8 5:0.08 (n = 5)* 
Arachidonic acid 100 lag 1.3 �9 0.18 (n = 5)* 1.2 5:0.15 (n = 5)* 

PGI 2 30lag 0.5+0.12(n= 5)* 0.45:0.08(n=5) 
PGI 2 50 I~g 0.8 + 0.12 (n = 5)* 0.7 5:0.06 (n = 5)* 
PGI 2 100 lag 1.2 5:0.18 (n = 5)* 1.4 da 0.20 (n = 5)* 

DBC 30 gg 0.5 5:0.08 (n = 5)* 0.4 5:0.04 (n = 5) 
DBC 50gg 0.85:0.12(n= 5)* 0.9• 
DBC 100 gg 1.1 5:0.06 (n = 5)* 1.3 5:0.15 (n = 5)* 

NE 30gg 0.45:0.10(n= 5) 0.55:0.I0(n=5)* 
NE 50gg 0.7.t- 0.10 (n= 5)* 0.8• 
NE 100 ~tg 1.1 5:0.04 (n = 5)* 1.0 5:0.09 (n = 5)* 

Morphine 30lag 0.6+0.12(n= 5)* 0.55:0.10(n=5)* 
Morphine 50 lag 0.9 + 0.04 (n = 5)* 0.8 :k 0.06 (n = 5)* 
Morphine 100 lag 1.4+ 0.15 (n = 5)* 1.3 J: 0.12 (n = 5)* 

BE 10 lag 0.6 + 0.04 (n = 5)* 0.7 �9 0.18 (n = 5)* 
BE 30 lag 1.1 5:0.04 (n = 5)* 1.0 �9 0.04 (n = 5)* 
BE 50 lag 1.5 5:0.20 (n = 5)* 1.4 5:0.08 (n = 5)* 

PGE2, prostaglandin E2; PGI2, prostacyclin; DBC, dibutyryl CAMP; 
NE, norepinephrine; BE, ]3-endorphin. *Significantly different from 
0.9% saline value: p < 0.05. 
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Brat t leboro rats ( table 1). In  Brat t leboro  rats, var iable  doses 
of  AVP (0.5-2 lag) did not  produce  any significant  change  
in body t empera tu re  ( table 2) bu t  doses above  2 lag, for  
example  5 lag induced  a 0.6_+0.12 ~ fall in t empera tu re  
( n =  5). In add i t iona l  test groups, 0.5-2 lag of  AVP injected 
30 min  before  endo tox in  (1 lag) significantly p < 0.05 in- 
creased the febri le  response  ( table 2). In  Long-Evans  rats, 
var iable  doses of  AVP (0.25-1 lag) had  no  effect on  body  
tempera tu re  in control  an imals  ( table 3). However ,  it 
significantly (p < 0.05) a t t enua ted  pyrogen-fever  w h e n  it 
was given 30 min  af ter  pyrogen  (table 3), 
Discussion. The p r imary  difference be tween  Long-Evans  
and  Brat t leboro  rats is the genetic  defect tha t  prevents  AVP 
product ion  in Bra t t leboro  rats m. Both  Long-Evans  and  
Brat t leboro rats deve lop  hype r t he r m i a  with a rach idonic  
acid, P G E  2, PGI2, DBC,  NE, m o r p h i n e  and  BE, which  
indicates  tha t  the induc t ion  of  h y p e r t h e r m i a  by  these agents  
was not  different  in these strains and  that  AVP did not  play 
a significant  role in  the p roduc t ion  of  hyper the rmia .  The  
absence of  fever in Bra t t leboro  rats to bacter ia l  endo tox in  
conf i rms the results of  Eagen  et al. 13 that  Brat t leboro  rats 
are incapable  of  developing  a fever in response  to centra l  
and  per iphera l  injections of  endo tox in  in amoun t s  tha t  will 
produce  fever  in  thei r  pa ren t  strain, the Long-Evans  rats. 
The  lack of  febri le  response to endo tox in  is p robab ly  not  
due to an  increased abil i ty of  the Bra t t leboro  rats to 
detoxify the bacter ial  endo tox in  as has been  pos tu la ted  for  
the absence o f  fever fol lowing the 1st exposure of  the 
Wis tar  rats to i.v. inject ions of  endotoxin  15, since Eagen  et 
al. 13 have  demons t r a t ed  that  daily in t racerebra l  inject ions 
of  endotoxin  did  not  cause fever in the Bra t t leboro  rats. 
AVP was ant ipyret ic  since it reduced fever  due to pyrogen  
in Long-Evans  rats at a dose which had  no signif icant  effect 
on  no rma l  body  t empera tu re  of  control  animals .  Similar  
f indings have been  a l ready repor ted  in rats, sheep  and  
guinea_pigs 6,16,17. There fore  it is less l ikely that  the absence 

Table 2. Effect of i.c.v, pretreatment of arginine vasopressin on the tem- 
perature response-induced by i.c.v, administration of endotoxin in 
Brattleboro rats 

Treatment Mean 
A temperature (~ 

0.9% saline 

0.9% saline + endotoxin 1 gg 

Arginine vasopressin 0.5 lag + 0.9 % saline 
Arginine vasopressin 1.0 lag + 0.9 % saline 
Arginine vasopressin 2.0 lag + 0.9 % saline 

Arginine vasopressin 0.5 lag + endotoxin 1 ~tg 
Arginine vasopressin 1.0 lag + endotoxin 1 lag 
Arginine vasopressin 2.0 lag + endotoxin 1 lag 

0.1 • 0.08 (n = 10) 

0.3 • 0.14 (n = 5) 

0.1 • 0.12 (n = 6) 
0.2 • 0.06 (n = 6) 
0.2 • 0.16 (n = 6) 

0.6 • 0.10 (n = 5)* 
1.0 • 0.15 (n = 5)* 
1.3 • 0.18 (n = 5)* 

* Significantly different from endotoxin 1 lag value: p < 0.05. 

Table 3. Effect of i.c.v, arginine vasopressin on fever-induced by i.c.v. 
administration of endotoxin in Long-Evans rats 

Treatment Mean 
A temperature (~ 

0.9% saline 0.15 + 0.08 (n = 5) 

Endotoxin 1 lag + 0.9% saline 1.1 A_ 0.12 (n = 5) 

0.9 % saline + arginine vasopressin 0.25 lag 0.1 • 0.04 (n = 5) 
0.9 % saline + arginine vasopressin 0.5 gg 0.1 • 0.18 (n = 5) 
0.9 % saline + arginine vasopressin 1.0 lag 0.2 + 0.20 (n = 5) 

Endotoxin 1 lag + arginine vasopressin 0.25 lag 0.6 + 0.18 (n = 5)* 
Endotoxin llag + arginine vasopressin 0.5 lag 0.3 + 0.20 (n = 5)* 
Endotoxin l~tg + arginine vasopressin 1.0 lag 0.2 • 0.10 (n = 5)* 

* Significantly different from endotoxin 1 pg value: p < 0.05. 

of  pyrogen-fever  in Bra t t leboro  rats is due to the absence o f  
AVP, since it is an  endogenous  ant ipyret ic  in m a m m a l s  18 
and the lack of  it in  Bra t t leboro  rats should  lead to 
uncont ro l led  fever. 
Vasopressin  neurons,  t r ansp lan ted  f rom n o r m a l  rat  fetuses 
into the 3rd ventricle of  adul t  Brat t leboro  rats, al leviate the 
polydipsia  and  polyuria  of  the hosts 19. In our  exper iments ,  
exogenous AVP when  admin i s t e red  with endo tox in  caused 
fever in Brat t leboro  rats. It is suggested that  AVP may  play 
an  impor t an t  role in  the p roduc t ion  of  endogenous  pyrogen  
(EP) f rom endotox in  r a the r  than  the genesis of  fever since 
central  admin is t ra t ion  o f  endogenous  pyrogen induces  vir- 
tually identical  fever in Long-Evans  and  Brat t leboro  rats 2~ 
and  that  the media tors  of  fever such as a rachidonic  acid 
and  its metabol i tes ,  DBC and  N E  induced  hype r the rmia  in 
Long-Evans  and  Bra t t leboro  rats. It is bel ieved tha t  EP 
produced  and  released by  cells of  the ret iculo endothe l ia l  
system (RES) dur ing  inac t iva t ion  of  exogenous bac ter ia  
acts central ly wi th in  the rostral  d i encepha l an  to activate the 
heat  conse rva t ion /p roduc t ion  mechan i sms  which subserve 
the febri le  response 21. The  funct ional  integrity of  the RES 
dur ing some forms of  shock (e.g.) endo tox in  shock may  be 
critically d e p e n d e n t  upon  the release of  endogenous  AVP 22. 
Thus, the role of  AVP may  be in the p roduc t ion  and  release 
of  EP. 
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