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The purpose of the present study was to examine the effect of cycloheximide (Cx) — 
inhibitor of protein synthesis, on the development of pyrogenic tolerance to LPS. It 
has been observed that Cx at a dose of 1 mg/kg given intravenously 1 h prior to LPS 
did not prevent fever response, however it modified the induction of pyrogenic 
tolerance. It was manifested in existence of the second phase of fever after the 
following administrations of LPS into rabbits pretreated with Cx. In control group 
of rabbits the induction of pyrogenic tolerance was accompanied with decaying of 
the second peak of fever visible as early as the second dose of LPS. 

Key words: pyrogenic tolerance; cycloheximide; rectal temperature; rabbit. 

INTRODUCTION 

Fever is a regulated increase in body temperature that occurs in response to 
endotoxins — exogenous pyrogens of bacterial, viral or fungal and other origin 
(1). These pyrogens activate the production and release of endogenous pyro- 

gen(s) (EP) (2) identified as interleukin 1 (Il-1), interferon, interleukin 6, tumor 
necrosis factor (3) which in turn raise the thermostatic set-point. 

Rabbits treated with endotoxin repeatedly at daily intervals displayed the 

pyrogenic tolerance to this agent, a process thought to be related in part to 
diminution of the II-1 synthesis by host’s cells following successive injections of 
an exogenous pyrogen (4, 5). 

Some earlier studies suggested that “in vitro” formation and release of EP 
from blood leucocytes was susceptible to blockade by cycloheximide (Cx) — 

a protein synthesis inhibitor (6). It has been reported that Cx given at a dose of 
5 mg/kg of body weight prevented pyrogen-induced fever in the rabbit (7, 8, 9, 

10, 11).
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Recent observations, on the other hand, indicate that “in vitro” П-1 
production can be enhanced and prolonged in murine macrophages (12) and 
human monocytes (13) by exposure to a low dose of Cx (of the order of 
nanogrammes per ml) prior to inclusion of endotoxin into the culture. 

The “in vitro” effect of Cx on II-1/EP production suggests that a certain 
dose of Cx administered systemically before endotoxin may not prevent the 
febrile response and may desturb the development of pyrogenic tolerance to 
endotoxin. In this paper we report that a moderate and entirely unlethal single 
dose of lmg/kg Cx given intravenously Ih prior to endotoxin (LPS, 
lipopolysaccharide from Salmonella abortus equi) did not act as an antypiretic 
agent, however it prevented a rapid induction of tolerance to the subsequent 
daily injections of LPS. 

MATERIALS AND METHODS 

Male New Zealand white rabbits weighing 3—4 kg were used throughout the study. The 

animals were housed in individual cages at 20°C, with free access to food and water. All 

experiments were performed at the same time of day, and at ambient temperature of 20+1°C. 

In the experiments, a thermistor probe was inserted 10 cm into the rectum, and temperature 

was recorded using a digital chart recorder. Base-line temperature measurements were recorded for 

at least 0.5h prior to injection. All drugs were administered via the marginal ear vein (i.v. 

injections). A new pool of rabbits which had not been previously injected with any agents was used 

for experiments. Each rabbit acted as its own control and was pretreated with saline then injected 

with LPS for four consecutive days (at a dose of 0.3 wg/kg LPS each day) to assess the development 

of tolerance to this pyrogen. Six weeks later the rabbits were pretreated with cycloheximide (at 

a dose of 1.0mg/kg) for 1h before being injected with pyrogen (LPS, 0.3 ng/kg). Cx was given at 

the first day of tolerance induction, and in the following days rabbits were treated with LPS only, 

at a dose as previously. | 

Lipopolysaccharide (Salmonella abortus equi) and cycloheximide were obtained from Sigma 

Chemical Co., Dorset, UK. These were dissolved in saline (sterile non-pyrogenic 0.9% sodium 

chloride, Polfa, Poland) immediately before use. 

The magnitude of febrile responses were expressed as the change in rectal temperature from 

a base-line (AT°C) and as the fever index, defined as an area under the curve of AT for 6 hrs. Data 

were analysed by the paired Student’s t-test and the difference considered to be significant when 

the probability p < 0.05. 

RESULTS 

In preliminary experiments (data not shown) we observed that 1.v. pretreat- 

ment with Cx at a dose of 5mg/kg for 1h before the LPS administration did 

indeed abolish the febrile response in rabbits. A base-line of rabbit colonic 

temperature dropped by 0.8°C soon after the Cx administration, accompanied 

with tachypnea and enormous ear vasodilation. This dose of Cx,
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however, appeared to be lethal to 6 of 8 treated rabbits within 24—48h of 
administration. Decreasing the dose of Cx to 1 mg/kg resulted in survival of all 
treated rabbits within an experimental and longer period, although it had still 
been proved to cause a drop in normal colonic temperature, approximately by 
0.5°C, and this has been considered as a base-line for AT changes assessment 
following LPS injection. 

Cx at a dose of 1mg/kg administered i.v. did not prevent the febrile 
response to LPS given i.v. 1h afterwards. It been shown to modulate, however, 
the time-course of the post-endotoxin changes of rectal temperature during the 
first-day injection of LPS and, furthermore, this single dose of Cx transiently 
eliminated the development of pyrogenic tolerance to LPS during the following 
days (Fig. 1). 

Both in saline (control) and in cycloheximide (experimental) pretreated 
rabbits the LPS (0.3 ug/kg) produced a biphasic fever with the increase in body 
temperature beginning with 20min of injection. Cx pretreatment, however, 
delayed the peak temperature of respective phases, and the first peak was 
significantly lower (p < 0.05) than that of observed for saline pretreatment 
(Fig. 1I/I). Nevertheless, this modulatory effect of Cx did not result in 

significant changes in the magnitude of febrile responses, 1. e., in fever indexes 

calculated for 6 hrs of fever duration (Fig. 2/I). As shown in Fig. 2, a mean 

fever index of the first-day response to LPS was even higher after the Cx 
pretreatment than that of saline, although the difference was statistically 

insignificant. 
If the dose of 0.3 wg LPS per b. w. was 1. v. administered repeatedly at 1-day 

intervals into the saline pretreated rabbit, the febrile response was attenuated 

(Fig. 2). Already after the 2 nd injection the second phase of fever disappeared 
and the time-course of rectal temperature elevation coincided with the first 

phase of fever (Fig. 1). 

Cycloheximide (1 mg/kg) pretreatment for lh at the first day of LPS 

administration, significantly modified the response to endotoxin given repeat- 

edly in the following days. The second phase of fever still persisted after the 

2nd and the 3rd dose of LPS injected into the Cx-treated rabbits, and was on 

the decline after the 4th injection (Fig. 1). The fever indexes of the 2nd and 

3 rd day-response of Cx-treated rabbits approximated to that of the | st day, 

and were significantly higher (p < 0.01) than fever indexes assessed for 

respective days of saline pretreated rabbits (Fig. 2). 

DISCUSSION 

Our study reports that cycloheximide at a dose of 1 mg/kg, administered 1h 

prior to LPS is not antipyretic in the rabbit, in spite of the drop of normal 

rectal temperature ascertained soon after the administration of Cx. However in
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Fig. 1. Changes of the rectal temperature (AT, mean+ SD, n = 6) during induction of tolerance to 

LPS i. v. (S. abortus eq., 0.3 wg/kg) in rabbits pretreated with cycloheximide 1. у. (1 mg/kg) (heavy 

line) or its vehicle (fine line) on the first day of experiment. Respective days of experiment are as 

follows: first (I); second (II; third (III); fourth (IV). Pyrogen was injected in time “0” and 

cycloheximide 1 h prior to pyrogen. The first peak of temperature curve on the 1 st and 2nd day of 

experiment is significantly different (p < 0.05) in Cx pretreated from vehicle injected animals.
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Fig. 2. Changes of the fever indexes (mean + SD, n = 6) during induction of tolerance to LPS i. v. 

(S. abortus eq., 0.3 ug/kg in rabbits pretreated with cycloheximide 1. v. (1 mg/kg) (closed bars) or 

its vehicle (open bars). For symbols description see fig. 1. The fever indexes on the 2nd and 3 rd 

day-response of Cx pretreated rabbits are significantly different (p < 0.01) from vehicle injected 

animals. 

conflict with studies by Siegert et al. (7, 8) our results are similar to those 

published by Stitt (14). He has found that although Cx at a dose 5mg/kg 

impaired cold-induced thermogenesis in rabbits but like in our study it failed 

to prevent the febrile response to intravenous E. coli endotoxin. Therefore he 

concludes that fever production pathway per se is unaffected by Cx treat- 

ment (14). 

The observations reported by Stitt (14) are consistent with those of Barney 

et al. (15) that cycloheximide has a general depressant effect on temperature 

regulation in the rat. Alternatively, and perhaps more likely, Cx may have 

a general debilitating effect on the organism as a whole, interfering with the 

ability to regulate body temperature. A well known adverse effects of Cx 

including lethality observed by us after 5mg/kg dose of this protein synthesis 

inhibitor are, for the most part, dose dependent (16, 17). However, a dose 

dependent effects of Cx on temperature regulation and fever response have not 

been studied so far.



170 

The most striking observation in our studies, however, is the effect of 
cycloheximide on tolerance induction to LPS in rabbits. Presented results 
confirmed the earlier findings that repeated daily injections of LPS produces 
a refractory state to this pyrogen, the process characterized by loss of the 
second peak of fever (5, 18, 19). Rabbits pretreated with Cx failed to develop 
a pyrogenic tolerance, which was manifested by keeping the second phase of 
fever in response to LPS given for three consecutive days. A mode of action of 
Cx in inhibition of pyrogenic tolerance induction is a matter of speculation so 
far, owing to lack of relevant experimental data. It may be related to “‘in vivo” 

superinducing effect of a low dose of Cx on Il-1 production. It might also be 

considered, on the other hand, in terms of cycloheximide-induced corticos- 

teroidogenesis inhibition. It was observed that the blood level of corticos- 

teroids increased during induction of tolerance (20, 21), and it has been 

postulated that these hormones play role in processing of membranes for 

adaptation to repeated doses of exogenous pyrogen (5). It has been shown that 

cycloheximide pretreatment abolished steroidogenesis in ACTH-stimulated 
adrenals (22). 

REFERENCES 

1. Dascombe MJ. The pharmacology of fever. Progr Neurobiol 1985; 25: 327—373. 

2. Cooper KE. The neurobiology of fever. Thoughts on recent developments. Ann Rev Neurosci 

1987; 10: 297—324. 

Kluger MJ. Fever: Role of Pyrogens and Cryogens. Physiol Rev 1991; 71: 93—127. 

Rosendorff C. Neurochemistry of fever. S Afr J Medici 1976; 41: 23—48. 

Soszyński D, Kozak W, Szewczenko M. Course of fever response to repeated administration 

of sublethal doses of lipopolysaccharides, polyinosinic: polycytidylic acid and muramyl 

depeptide to rabbits. Experientia 1991; 47: 43—47. 

6. Atkins E, Bodel PT. In Pyrogens and Fever, GEW Westenholme J Birch (eds) Churchill 

Livingston, London, 1971, pp. 111—123. 

7. Siegert R, Philipp-Dormston WK, Rodsak K, Menzel H. Inhibition of Newcastle Disease 

Virus-induced fever in rabbits by cycloheximide. Arch Virol 1975; 48: 367—373. 

8. Siegert R, Philipp-Dormston WK, Rodsak K, Menzel H. Mechanism of fever induction in 

rabbits. Infect Immun 1976; 14: 1130—1137. 

9. Milton AS, Sawhney VK. Dissimilar effects of cycloheximide on the febrile response to the 

intravenous and intracerebroventricular administration of various pyrogens. Br J Pharmacol 

1980; 70: 97P. 

10. Milton AS, Todd D. The effect of cycloheximide on endogenous pyrogen fever. Br J Pharma- 

col 1981; 72: 543P. 

11. Milton AS, Sawhney VK. Protein synthesis and fever. In Handbook of Experimental 

Pharmacology, Vol. 60, Pyretics and Antipyretics AS Milton (ed). Springer-Verlag, Berlin 

Heidelberg, 1982, pp. 305—315. 

12. Mizel SB, Mizel D. Purification to apparent homogeneity of murine interleukin 1. J Immun 

1981; 126: 834—841. 

13. Arend WP, D’Angelo SD, Joslin FG. Regulation of interleukin 1 production in human 

monocytes. I. Effect of y-interferon and cycloheximide. Clin exp Immun 1988; 74: 377—381. 

я
м
ы



14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

171 

Stitt JJ. The effect of cycloheximide on temperature regulation and fever production in the 
rabbit. In Thermoregulatory Mechanisms and Their Therapeutic Implications, B Cox, 
P Lomax, AS Milton E Schónbaum (eds) Karger, Basel, London, 1980, pp. 120—125. 
Barney CC, Katovich MJ, Fregly MJ. The effect of cycloheximide on temperature regulation 
in rats. Brain Res Bull 1979; 4: 355—358. 

Ch'ih JJ, Olszyna DM, and Devlin TM. Alteration in plasma and cellular enzyme and protein 

levels after lethal and nonlethal doses of cycloheximide in the rat Biochem Pharmacol 1976; 25: 
2407—2408. 

Grahame-Smith DG. The prevention by inhibitors of brain protein synthesis of the hyperac- 

tivity and hyperpyrexia produced in rats by monoamine oxidase inhibition and the administra- 
tion of L-tryptophan. J Neurochem 1972; 19: 2409—2422. 

Frens J. Thermoregulation set-point changes during lipopolysaccharide fever. In Temperature 

Regulation and Drug Action, P Lomax, E Schénbaum, J Jacob (eds) 59—64. Karger, Basel. 

Kozak W, Chesy G, Kadziela W, Caputa M, Lachowski A. Arylsulphatase A and acid 

phosphatase activities in plasma and leucocytes during LPS fever in the ox (Bos taurus). Comp 

Biochem Physiol 1985; 81A: 165—169. 

Suzuki T. The influence of endotoxin on urinary crticosteroids. Jap J Bacteriol 1960; 15: 

294—298. 

Besedovsky H, Sorkin E, Keller M, Miller J. Changes in blood hormone levels during the 

immune response. Proc Soc exp Biol Med 1975; 150: 466—470. 

Kimura T. Transduction of ACTH signal from plasma membrane to mitochondria in 

adrenocortical steroidogenesis. Effect of peptide, phospholipid, and calcium. J steroid Biochem 

1986; 25: 711—716. 

Received: September 2, 1991 

Accepted: February 10, 1992 

Author’s address: Wiestaw Kozak, Department of Physiology, University Medical 

School, 85-092 Bydgoszcz ul. Karłowicza 24, Poland


