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ENDOGENOUS PYROGEN 

Charles A. Dinarello 

I. INTRODUCTION 

Fever is a well-recognized biological response in all 
vertebrates, from fish to humans. The mechanism by which 
certain infections, toxins, or immunological reactions cause 
fever is through the action of a mediator called endogenous 
pyrogen (EP) (1). EP is a small molecular weight protein 
that is synthesized by phagocytic cells and seems to have 
molecular heterogeneity (2). The substances that induce 
phagocytic cells to synthesize EP are called exogenous pyro-
gens and, although exogenous pyrogens produce fever when in-
jected to severel species, there is no evidence that exoge-
nous pyrogens produce fever by acting on the hypothalamic 
thermoregulatory center; rather, these pyrogens cause fever 
by activating the host's phagocytic cells resulting in the 
production of EP. EP is not found preformed in cells but is 
newly synthesized from mRNA and released without significant 
storage. In vitro, EP appears in the supernatant fluid with-
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in 4 - 6 hr and maximal production occurs at 24 hr; thereafter, 
production is sharply reduced. With few exceptions, EP is not 
spontaneously produced by phagocytic cells in culture. These 
exceptions include certain murine and human tumor lines de-
rived from histiocytic lymphomas and Hodgkin's tumors (3,4). 
In addition, oil-induced (5) or glycogen-induced (6) perito-
neal exudate cells will spontaneously release EP into the 
supernatant fluid, but this is most likely due to activation 
in vivo. 

To measure EP in the supernates of stimulated phagocyte 
cultures, one must inject the supernate into a suitable animal 
and record core temperature. In every species studied, from 
Dispososaurus dorsalis (desert iguana) (7) to human beings (8, 
9), the injection of EP into the homologous species has re-
sulted in a brisk rise in body temperature that follows a 
short latent period. This early onset fever is the basis of 
the biological assay for EP. Although there is a radioimmuno-
assay for human EP (10), it determines EP antigen and not the · 
biologically active molecule. Fortunately, there is consider-
able, although not complete, species cross-over response to 
the fever-inducing property of EPs (11-13). Because of its 
response to EPs from several unrelated species, the rabbit re-
mains the most widely used assay animal for EP and other pyro-
genic substances (14-17). Other species have also been used 
including the dog, cat, goat, rat, and guinea pig (18-21). 
Recently, the mouse has been used to assay EP from human and 
murine sources (22,23), but far less is known about the mouse 
febrile response to exogenous pyrogens and EP from other spe-
cies. Table I illustrates the species cross-over response for 
assay of EP from various sources in different animals. 

II. REAGENTS 

A. Endogenous Pyrogen 

The cell sources for the production of EP will vary. 
Peripheral blood monocytes are separated in sterile, pyrogen-
free Ficoll-Hypaque gradients and washed several times in 
physiologic saline. Peritoneal exudate cells or alveolar 
macrophages must be carefully removed to avoid contamination 
by bacteria. Cells should be suspended at concentrations be-
tween 1 and 5 x 106 per milliliter in standard culture media 
that have been tested for sterility as well as for endotoxin 
in the Limulus amebocyte lysate (LAL) test (24). Most impor-
tant all reagents, glassware, pipettes, and routine solutions 
must be sterile and also free of endotoxin. The LAL test re-



TABLE I. Biological Assay of EPa 

Source Nonhuman Guinea 
of EP Human primates Goat Rabbit Mouse Rat Cat Dog pig 

Human 

Nonhuman 
primates 

Goat 

Rabbit 

Mouse 

Rat 

Cat 

Dog 

Guinea pig 

+ + 

+ + 

+ + 

aData compiled from refs. 11-23 and personal observations (Dinarello and Coceani, 1979). 
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mains the best way to check for the presence of nanogram quan-
tities of this ubiquitous material. Commercially available 
LAL test kits can be purchased from several firms. Serum 
sources must also be tested for the presence of endotoxin. 
Fetal calf serum may contain small quantities of endotoxin 
sufficient to stimulate EP production. Levels as low as 0.1 
ng/ml will stimulate EP production thus yielding positive con-
trol cultures. The importance of using endotoxin-free re-
agents and glassware cannot be over emphasized. Glassware 
needs to be heated at 180°C for 4 hr in order to render it 
endotoxin free. Disposable plastic culture plates and pi-
pettes are endotoxin-free because of the high temperatures 
used in the molding process. 

B. Rabbit Assay Test for EP 

There are several aspects to the rabbit assay for EP that 
reduce the unavoidable drawbacks of using an animal assay. 
Rabbits should be bred indoors. This allows for more consis-
tent baseline body temperature throughout the year. The type 
of rabbit preferred for pyrogen testing is the New Zealand 
albino between 2.5 and 3.5 kg. Females are generally more 
docile than males, but a consistent sex should be used in 
testing since female and male rabbits do not respond equally 
to the same dose of EP (25). The restrainers should be wood 
or metal with adjustable neck enclosures. Materials like 
thick plastic prevent good heat exchange, which is necessary 
for rabbit thermorégulation (26). Thermistors, a multichannel 
thermometer and an automatic recorder, are required for the 
assay (Yellow Springs Instrument Corp. is one of several firms 
which provides this equipment). 

III. PROCEDURES 

A. Production of EP in Vitro 

Whether testing for the ability of a certain cell prepara-
tion to produce EP or investigating whether a particular sub-
stance is capable of inducing EP synthesis, one must have a 
"positive" and "negative" control. There are several ways to 
stimulate phagocytic cells to produce EP in vitro for a posi-
tive result (1). However, the easiest and most dependable is 
phagocytosis of heat-killed staphylococci (2). Any culture 
of Staphylococcus albus, washed several times, boiled for 30 
min and washed in saline will suffice. The optimal concentra-
tion is 10-20 bacterial particles per phagocyte. Serum (5-
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10%, stored at -70°C) must be added as a source of fresh com-
plement. Phagocytosis is rapid (30 min) at 37°C in a shaking 
water bath and can be determined by simple light microscopy. 
Thereafter, the suspension can be centrifuged at 200 g and the 
cell-pellet resuspended in serum-free medium. For stimulating 
monolayers, the staphylococci will settle onto the cellular 
layer and be phagocytosed without agitating. Under these con-
ditions, removal of serum and excess bacteria by pouring off 
the supernate also removes 25 - 50% of the monolayer. These 
can be added back after centrifugation. It is not necessary 
to remove the excess bacteria or serum following phagocytosis, 
but doing so reduces the development of hypersensitivity to 
foreign proteins in the rabbit. 

Soluble activators of EP can also be used but these present 
problems in the rabbit assay. If endotoxin or other large mo-
lecular weight substances are used as stimulants, these may 
interfere in the rabbit assay by producing their own fever and 
obscure the fever produced by EP. In any case, whatever the 
activator used, cultures should be incubated at 37°C for 18 -
24 hr, centrifuged at 2000 g to remove cells and cellular 
debris, and stored at 4°C or frozen at -20°C before testing. 
Crude EP is stable at 4°C for several months. It is advisable 
to add 0.02% sodium azide during storage at 4°C to prevent bac-
terial contamination. 

If the stimulant is dialysable, then it should be removed 
before testing for EP in rabbits (27). For dialysis, routine 
dialysis tubing should be autoclaved for 30 min in pyrogen-
free water and the inside rinsed with sterile, pyrogen-free 
water. Supernates from stimulated cultures can be dialysed 
against 0.15 M NaCl or other suitable isotonic buffers at 100 
volume excess for 24 hr at 4°C. The material can be removed 
from the bag with a sterile needle and syringe through the air 
sac of the dialysis membrane. Before testing in rabbits, all 
supernates should be cultured for possible bacterial contami-
nation . 

B. Rabbit Assay 

Rabbits must be trained for 2 - 3 days before being used 
for the assay of EP. For each day of training, the rabbits 
should remain restrained for periods of 4 - 5 hr and then on 
the 3rd or 4th day, rectal probes can be inserted and baseline 
temperature recorded. It is best to insert the rectal probe 
6 - 8 cm by marking this distance with a centimeter-wide band 
of tape on the thermistor. The tape serves as both a marker 
for the distance and as an anchor point for fixation to the 
tail. Elastic bands or soft wire can be used to fix the ther-
mistor to the tail. The room in which the rabbit assay is to 
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be performed should be the same temperature and humidity as 
the room in which they are housed. The test room should be 
quiet and used for testing only. After 2 days of stable base-
line temperature, pyrogen-free saline should be injected intra-
venously into a lateral ear vein to ensure that the rabbits 
are well trained and do not get spurious fevers from a non-
pyrogenic substance. All pyrogen testing should be done at 
approximately the same time each day. Morning testing (10 AM 
- Noon) of rabbits produces more consistent results than late 
afternoon (28); this has been observed in other species as 
well (11). All injections should be as a rapid bolus and not 
exceed 5 ml for a 2.5 kg rabbit. The ideal volume is 1.0 ml; 
using larger volumes, it is necessary to warm the sample to 
37°C to prevent injection hypothermia. The reproducibility of 
the test depends upon the accuracy of the thermometer, place-
ment of the thermistors, function of the recorder, the proper 
training of the rabbits, and environmental control of the test 
room. In addition, the skill of the person injecting the 
rabbit plays a role. Rabbits with unstable baseline tempera-
tures, i.e., varying more than 0.3°C for 1 hr should not be 
used, and rabbits with baseline rectal temperatures greater 
than 39.6° or less than 38.0°C should also not be used. Nor-
mal rabbit rectal temperatures vary between these points for 
indoor bred rabbits. 

IV. CALCULATION OF DATA 

Individual rabbit response are calculated as a function of 
temperature versus time. It is important to record rectal 
temperature at least every 15 min. Depending on the time in-
terval of the recording device, body temperatures are plotted 
for 1 hr before and 3 hr after the injection of the material. 
There are two ways to calculate the amount of fever: Integra-
tion of the area under the fever curve or determination of the 
peak rise above baseline temperature. Several studies have 
shown that there is a direct correlation between the peak rise 
and the area under the fever curve (28) and clearly the latter 
is faster and less likely to yield technical errors. A record-
er which registers rectal temperature more often will clearly 
yield the best data, because it is likely to record the peak 
temperature when it occurs although intervals of 12 min are 
acceptable. 

In order to quantitate the amount of EP in a particular 
supernate, a dose response curve must be obtained. Rabbits, 
like other mammals, have a thermal ceiling and increasingly 
larger amounts of EP do not produce more fever. There is a 
sensitive section of the dose-response curve in rabbits to EP 
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from either human, rabbit or guinea pig sources. Peak tem-
perature levels (peak fever) above baseline between 0.4° and 
0.8°C fall on the straight or proportional section of the 
dose-response curve. Peak fevers above 1.0°C should not be 
used to quantitate EP. Between six and eight rabbits need to 
be employed for a two-point dose-response curve. In this as-
say, the rabbits are divided into two groups: one set re-
ceives an established volume and the other set half or double 
that quantity. A sensible concentration in an unknown sample 
is the supernate from 5 x 10° mononuclear cells. It is advis-
able to report data as the amount of fever produced from the 
supernate of a specified number of cells and not the volume. 
If the mean fever peak of one of the two groups of rabbits 
lies between 0.4° and 0.8°C, then quantitation is possible. 
Otherwise, the amount of EP injected must be increased or re-
duced until the febrile responses lie in the sensitive portion 
of the dose-response curve. For example, if two different 
stimulants are being tested for their ability to induce EP 
production from monocytes, then the data are expressed as the 
mean fever peak produced in 3 - 4 rabbits, injected with su-
pernates from substance "X" as compared to the mean fever peak 
produced with the supernate from "Y" for the same number of 
cells. If there is a difference between the potency of these 
two activators, then the mean peak fever can be submitted to 
statistical analysis comparing the means from each group given 
the standard error of the mean. See Fig. 1 as an example. 

V. BIOASSAY: CRITICAL COMMENTS 

The rabbit pyrogen test is subject to individual differ-
ences in rabbit responses to the same quantity of EP. This is 
partially overcome by using at least 6 - 8 rabbits in a two-
point dose-response curve. Aspects of this bioassay, which 
decreases its reproducibility, include traumatic injections, 
extravasation of injected materials, a rectal thermistor which 
slips out, and more than one injection per day. Other factors, 
however, yield data which are uninterpretable. These include 
injection of contaminated materials, the presence of pyrogenic 
activators that were not removed or not degraded, and develop-
ment of hypersensitivity to the injected serum and cellular 
products. These interfere with the fever produced by EP. Hy-
persensitivity reactions, endotoxin, and other exogenous pyro-
gens produce their own characteristic fevers. Thus, part of 
the critical assessment of this assay is observation of the 
individual fever curve itself. EP produces a rapid-onset 
fever, which peaks 45 - 60 min following injection and tem-
perature returns to baseline after 1.5 to 2 hr after its peak 
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Fig. 2. Mean fever peaks above baseline (± SEM) in 
rabbits intravenously injected with the supernates from 5 x 10& 
human mononuclear cells incubated with either activator X or Y. 
The numbers in parentheses indicate the number of rabbits in-
jected . 

elevation. Endotoxin contamination or other pyrogenic mate-
rials in the supernate produce a superimposed fever (by induc-
ing the rabbits's own EP production), which peaks 90 min after 
injection and often is biphasic with a second peak occurring 
after 3 hr (29). Rabbits which develop hypersensitivity to 
the cellular or serum proteins from other species will also 
develop fever (30). Like endotoxin fever, this is also a de-
layed fever. Figure 2 illustrates a typical EP fever, an en-
dotoxin fever, and hypersensitivity fever to human serum al-
bumin. The presence of either of these other febrile re-
sponses would clearly interfere with the quantitation of EP. 
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Fig. 2. Mean fever in rabbits injected with various 
pyrogens: (o o) , EP, (· ·; , 5 ng E. Coli endotoxin; 
(à à) , human serum albumin in rabbits sensitized to this 
protein. 
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