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Introduction

All substances capable of producing a rise in
body temperature may be described as pyrogenic but the
term "pyrogen'" has come to be used in a more restricted
sense as the name for substances derived from micro-
organisms which on injection into the blood sfream produce
a rise in temperature. These substances have attracted
considerable attention and have been studied from two
main aspects, firstly for their use as therapeutic agents
to produce increases in temperature or in the production
of fevers for experimental purposes, and secondly for
their accidental occurrence in solutions for injection.

Metpods of measuring pyrogens, both for clinical or
experimental purposes and for detecting their presence as
contaminants, have been studied by many workers during the
last thirty years since pyrogens made their presence
known in injection solutions by the production of undesir-
ed fevers.

The present work concerns their stability and two of
their effects on rabbits. These were studied firstly with
a view to producing a standard for use in biological assay
and secondly in order to devise a quantitative assay. The
assay devised depends on the effect of the pyrogen

standard on the leucocytes of the rabbit.



REVIEW SECTION

Although effects of pyrogen other than rise in
temperature have lately increased in importance this
effect is still the most widely used both for therapeutic
purposes and as a basis of assay.

Temperature variations in disease have attracted
attention from very early times. Hippocrates is said to

have written about fevers.l’2

Accurate measurement of
temperature was not however possible before the invention
of the thermometer. Its first clinical use is generally

attributed to Sanctorius of Padua, 1561 - 1635 3

, after
which it seems to have been neglected or forgotten until
Martine wrote about it in 1740 4’5. Despite the observat-

® that the estimation of

ion by Van Swieten in 1745
temperature by hand was "uncertain", clinical thermometry
has been practised only since about the beginning of the
nineteenth century when a "portable" clinical thermometer
was manufactured and sold to practitioners 7 and at the
same time a thermocouple-galvanometer circuit was used
for temperature recording 8. About 1835 Becquerel and
Breschet 6 , measuring temperatures with thermometers and

copper-steel thermocouples, collected much information

about body temperature in man and in animals. Clinical



work on thermometry further advanced after Lord Kelvin's
work in 1849. Probably the first scientific publication
on clinical thermometry was that of Wunderlich 9 in 1868,
reporting many clinical observations, recommending
temperature measurement in disease and predicting that it
would become routine.

The causes of temperature variations were now in-
vestigated. In 1865 Billroth 10 observed that a rise in
temperature occurred after the administration of some in-

11 4, 1891 found that a rise in

jections and Roemer
temperature occurred when extracts of Friedlander's
Pneumobacillus and B. pyocyaneus were injected into
healthy guinea-pigs whereas a fall in temperature occurred
in tuberculous animals. Filtrates from E. typhosa were
later found by Sanarelli 12 to give rise to fevers in
rabbits.

Hammerschlag 13

suggested that injections giving
rise to febril® reactions might contain not a pyrogenic
substance but a substance which destroys blood corpuscles,
whose breakdown products then produced the febrile reaction.
It is surprising that this idea was not pursued by follow-
ing workers, but it has now been shown that the injection

. 1
of leucocytes can produce a rise in temperature 4.



Use was made of bacterial products as therapeutic

15

agents capable of producing fever by Rumpf , Who in

1893 treated typhoid infection with B. pyocyaneus, and by

16

Cecil in 1917 who treated rheumatic and toxic arthritis

with typhoid vaccine. This type of work led to the well-
known protein shock therapy. Petersen 17 , the author of
a standard work on this subject in 1922, believed that the
beneficial results from foreign protein therapy were the
increase in leucocytes and enzymes and the thermal reaction.
During the present century the increased use of
injection as a method of administering medicaments made
apparent the frequent occurrence of fevers and other
undesirable symptoms following injections and many papers
were published on the probable sources of these fevers18'34.
Alleged sources of fevers were water, salvarsan, casein,
acacia, inulin, haemolysis, salt, dextrose, urea, agar,
gelatin, arsphenamine, peptone, greater difference
between the pH of the injection and of the blood than the
blood could buffer, bacteria and yeasts. Seibert,éhowed
cohclusively that the occurrence of fever was associated

with the microbiological contamination of the injection

at some stage in its preparation.



The Removal of Pyrogen from Solutions for Injection.

Because of the difficulties in preventing the con-
tamination of injections and their ingredients attempts
have been made to remove pyrogens from injections by
physical and chemical methods.

The physical methods are mainly adsorption methods.
The fact that pyrogen can be removed by adsorption
suggests that it is a large molecule. A gelatin filter

21

was used successfully by Hort and Penfold but they

found that a Doulton filter did not remove pyrogen. Co Tui

et al.3”"37

investigated the use of sintered glass,
Berkefeld W, Zsigmondy and Seitz filters and found that
Zsigmondy of small pore size and Seitz filters were of
value in removing pyrogen. It appears therefore that the
So-called filtration methods are really adsorption.
Various substances have been found to be useful

38 used carbon,

adsorbents for pyrogen. Lees and Levvy
aluminium oxide, kaolin, "Novasorb" ( a magnesium tri-
silicate), kieselguhr and Fuller's Earth. Carbon was

39 40,41 _ 4

used also by Hudson y, Brindle and Rigby
Charonnat and Lechat 42. Hudson pointed out the difficulty
of removing traces of carbon and Brindle and Rigby

avoided this difficulty by washing the colloidal particles
out of the charcoal before adding it to the pyrogenic

solution.
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The problem of removing pyrogen from solutions of
other large molecules has not yet been Solved. Co Tui and
Wright 43 found that Seitz pads adsorbed pyrogen from
crystalloid solutions but not from cclloidal sols, preswi-
ably due to saturation of the pad. T@nnesen and Vesterdal44,
using Seitz pads to remove pyrogen from solutions of
penicillin, lowered the concentration of pyrogen relative
to the penicillin. Zittle, Devlin, Rodney and Welcke 45,
studying the removal of pyrogen from solutions of protein
hydrolysates, found that the area of asbestos pad required
for the removal of pyrogen from enzymic hydrolysate (63%
hydrolysed ) was about twenty times that required for the
removal of the same amount from water. Smith and Pennell46
while working on protein solutions found that the area of
asbestos pad required was a function of the concentration
of pyrogen and of protein. A similar result was obtain-
ed using "decalso", an ion-exchange agent described by
its manufacturers as "a white sodium Alumino Silicate".

4T attempted without success to remove pyrogen from

Wylie
plasma using asbestos pads.

Another physical method claimed to have been
successful is electrosmosis, which was used by Caillaud
and Vincent48.

Since pyrogen is not volatile stills have been de-

signed to produce pyrogen-free water for injection both



on a small scale24’26

and on a larger scale for hospitals49'52.
The small scale stills are designed with baffles to avoid
entrainment and the hospital designs include the use of
condensate from the general steam system which is

considered to be pyrogen-free since it has been maintain-

ed at a high temperature for a number of hours.

The chemical methods of removing pyrogen from sol-
utions for injection are based on oxidation or hydrolysis.
Taub and Hart53 used hydrogen peroxide but emphasised
that excess must be removed because of the danger of
embolism on injection. Menczel54 subsequently found
hydrogen peroxide practicable on a hospital scale. The
addition of sodium hypochlorite in conjunction with
carbon, perhaps a dangerous addition to materials for
injection, was found to be effective by Charonnat and

Lechat42 while Pingert and Ferry55

used amylolytic
enzymes to remove pyrogen from protein hydrolysates.
Brindle and Rigby4o found that chlorine, 30 parts per

million, did not remove pyrogen.

Sources of Pyrogen

24,26 27

Since Seibert and Bourn and Seibert showed
that pyrogen was associated with bacterial contamination
much work has been done to investigate various micro-

organisms to find out those which produced pyrogen.



The organisms investigated are shown in Appendix One, the
table being divided into two sections - the pyrogenic and
the apyrogenic organisms. <‘he general conclusion from
thes« investigations is that Gram-negative organisms are
more pyrogenic than Gram-positive organisms. @he fact that
a number of organisms are in both sections of the table
would indicate that the method of testing for pyrogen

or the organisms or both require further investigation.

Testing for Pyrogen

Of the methods used to detect pyrogen's presence or
to estimate the amount present those based on temperature
response have attracted most attention. Other effects of
pyrogen have been noted - for example the effect on the
white blood cells - but do not form the basis of any
current assay.

Among the earlier tests were those on which the test
of the United States Pharmacopoeia was subsequently based.
This work was carried out by Welch, Calvery, McClosky
and Price65 and McClosky, Price, Van Winkle, Welch and
Calveryss. They gave specifications for the rabbits to
be used, attempting to ensure that thay were healthy by
measuring their weights and temperatures over a period
before actual use in a pyrogen test. They also specified

a rest period between tests of two days so that the effect



of a temperature rise in one test would not be felt in the
next one. They later lengthened the rest period. During
tests factors that would disturb the animals' temperatures
were eliminated, such as excitement, digestion and
variation of laboratory temperature. They suggested the
use of five animals per test.

Practical improvements were made by Kuna, Edison
and But267 who described an arrangement of thermocouples
and potentiometer which enabled many rabbits to be used
simultaneously. <*he effect of this apparatus on the re-
sults was investigated by Molitor, Gundel, Kuna and
Ott68. The rabbits had to be mildly restrained in boxes
and this produced a slightly lower starting temperature.
They suggested the injection of three dose levels, each
increasing fourfold, into groups of five rabbits. Such
a design is an advance in that a log.dose/response line
may now be plotted.

The United States Pharmacopoeia69'test embodies
most of these recommendations, performing a preliminary
test on three rabbits and using five only if the result
is doubtful. It suggests a method of depyrogenising
syringes and needles. They are heated in a muffle
furnace at 250®C. for at least half an hour. The pyro-
genic threshold is taken as 0.6°C. The test applies to

solutions administered intravenously in large volumes,



dextrose, saline etc. and to heparin which is difficult
to prepare pyfogen—free. The use of a reference standard
for simultaneous injection is not mentioned.

The method of the British Pharmacopoeia70 is
similaf but there is less warning about practical pre-
cautions such as investigation of the rabbits' usual
temperature range or restraining the animals. The test
applies to similar materials. There is no mention of tesgi-
ing for pyrogein Lum Din~d or blood products, which may
easily become contaminated, or in solutions of calcium
gluconate, which often seems to cause difficulty to

1 test

manufacturers. <Lthe British Pharmaceutical Codex
omits warming the material to 37° before injection - a
matter which will presumably be amended in the next issue,
since 10 ml./kg. of cold solution could lower a rabbit's
temperature.

The test of the Codex Medicamentarius Gallicus' 2 is
similar to that of the United States Pharmacopoeia, apply-
ing to all injections of volume more than 125c.c. This

test was critiecised by Ardry73

on grounds that the
constant dose of 10 ml./kg. should be replaced by doses
more related to the therapeutic dose of the material
concerned. It is difficult to see how this could be done
for want of knowledge of the relative sensitivity of man

and the rabbit to pyrogen.
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An improved test was designed in 1948 by Wylie and
Todd6o. A preliminary calibration of the entire stock of
rabbits against a temporarily stable standard was carried
out. The instability of the standard pyrogen solution
necessitated this quick calibration and prevented storage
of the solution for use as a standard on each occasion of
assay. On the results of the calibration the population
was divided into groups of five, each group having an
equal mean response. Unknown samples were then tested by
injection of 2 ml./kg. of isotonic solution at 37°C into
a group of five rabbits. The test is an advance in that
it gives some idea about sensitive and resistant rabbits,
but its failing is in its assumption of linearity of
response plotted against log.dose, of the constancy of
gradient and position of such a line and of the stability
of the standard solution throughout the period of calibrat-
ion. Also recalibration of the entire population against
a fresh standard was necessary as the original population
became depleted due to rabbits' dying from natural causes.

Meantime further work had been done by Ott74. He
now eliminated from his colony extremely resistant or ex-
tremely sensitive rabbits which had yielded results tend-
ing to show that rise was a function of basic temperature,
and thus vitiating the use of a log.dose/response line,

which he now uses. He calculated the error in the method



12

as " + 60% of the estimated pyrogen unitage ". Planned
assays were described by Tennent and Ott75 in 1952.

They calculated equations for regression lines of re-
sponse on log.dose from 18 groups of three animals, hav-~
ing injected more than one dose level of sample and
unknown into the groups. They found the equation varying,
an argument for cross-over tests using a stable standard.

In a proposed new pharmacopoeial test76

note is
taken of the fact that restrained animals will have a
lower starting temperature, and therefore the minimum is
lowered below which an animal is considered abnormal and
therefore rejected.

Yrom all these tests it will be seen that two needs
arise,»one a theoretical need for a design of assay of
calculable limits of error, and the other a practical
need for the stable reference standard required by such
an assay.

& collaborative study on pyrogen is about to begin77,
using two standards - a crude one obtained from Proteus
vulgaris and a purer polysaccharide obtained by Shear78
from Serratia marcescens. It is hoped that the use of
these, along with local laboratory standards, will pro-
duce enough information for the design of a more reliagble

test and will eventually lead to the replacing of the

biological test by a physical or chemical test.
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The Temperature Responses of Various Animal Species to Pyrogen

Not a great deal of work has been done on establish-
ing the relative sensitivity of different species of
animal and little indeed on relating the responses of man
to the responses of whatever animal was chosen as test
animal, yet this would seem to be importent in assaying
pyrogen in injections for use in humans. The animals
whose responses have.been investigated are the mouse, rat,‘
guinea-pig, rabbit, dog, cat, monkey and horse.

Mice have been found to react to pyrogen26‘but are
too small for convenient temperature measurement. Rats

79

too are too small for this 7, while guinea-pigs are un-

suitable because of the considerable normal fluctuation

in their temperaturesQl’zé.

Rabbits have been used by most workers on pyrogen
but no real systematic work has been done on the variation

of their responses to a fixed dose for want of a stable

standard. They were first observed to react by Hortls.

26

Seibert used them also and was of the opinion that man

reacted in the same way as the rabbit to comparable doses.

80

Co Tui and Schrift considered the rabbit less sensitive

than the dog to the leucopenia following the injection of

38

"reactive sera", and Lees and Levvy considered 20c.cC.

per rabbit equivalent to 500c.c. per human. Co Tui and



14

Sehriftt

considered that rabbits frequently gave a

false positive result and therefore a negative result

would be more significant, meaning that rabbits wefe of more
use in indicating the absence of pyrogen than in estimat-
ing how much was present. They considered the dog better
for estimating this and suggested that the test fherefore
use both animals. Co Tui, Hope, Schrift and Power382
concluded that the rabbit was about a third as sensitive
as man whereas thc dog was about a twelfth as sensitive.
They considered the ratio of minimum lethal dose to
minimum pyrogenic dose to be of the order of hundreds in
man and thousands in rabbits.

‘he dog has not been used a great deal - presumably
for thé same reason by other workers as in the present
work - the greater expense in money and space required to
keep dogs. Theoretically the dog would be a preferable
animal to the rabbit, having a more highly evolved brain
and therefore presumably a better temperature-regulating
mechanism. On the other hand this could mean that the
dog was less sensitive to small temperature changes, but
there appears to be no work on this beyond the papers
quoted. Co Tui and co-workers used dogs37’57’80’83 ’
finding the fever at its height two to three hours after

injection and a leucopenia greatest three quarters of an

hour after injection.
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Cats were used by Ranson, Clark and Magoun84 who
showed that in these animals with fevers due to typhoid
vaccine the temperature rise was not smooth but had several
peaks with falls between them, and next morning was still
above normal. |

Weger85

considered the activity of pyrogen to be of
the same order of magnitude in man, rabbits and horses
when the dose per weight was taken into account, while

86 mentioned

Windle, Chambers, Ricker, Ginger and Koenig
a descending order of sensitivity in the species dog,

rabbit, cat, monkey, guinea-pig and rat.

The Properties of Pyrogenic Substances

A. Pharmacological properties

This is becoming a matter of increasing importance.
There are now innumerable publications listing properties
of pyrogen other than the temperature raising property,
but they must at present be studied while bearing in mind
that, for want of a pure substance, these properties are
not necessarily properties of the substance which raises
temperature.

The other properties are of importance clinically.
If they do not belong to pyrogen they@elong to other
substances which occur in the bacterial contamination of

injections and therefore their effects are equally likely
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to arise as untoward symptoms. Another possibility is not

of the occurrence simultaneously of more than one

substance but of a'"chain reaction", a substance in the in-

jection causing the leucopenia and either decomposing
into a substance causing fever or liberating from the
broken down white blood corpuscles a substance causing the
fever. Apparently this has not been investigated so far
but it is a point the author considers worth investigat-
ing, as the leucopenia appears before the temperature
peak is attained.

The other aspect of the matter is that raising the
patient's temperature may be desirable, but before using
pyrogen for this one would have to know any likely side-
effects. If there were none, pyrogen would be very use-
ful because there are drawbacks to the use of most
hyperthermic chemical substances and to the physical
heating of patients.

The other pharmacological property most frequently
attributed to pyrogen is an effect on the white cell
picture. Co Tui et al.82 described a clinical example
of a woman who received 750 times their "minimum pyro-
genic dose" of pyrogen from E. typhosa. Her leucocyte
count almost halved in about an hour after injection.
Lonsen and Liebert87 treated 48 neurosyphilitic patients

with a proprietary brand of pyrogen from Pseudomonas
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aeruginosa. They did total and differential blood counts
and reported a fall in the number of white cells soon
after injection followed by a great increase in total
number, with a marked shift to the left in the Arneth
count and with a decrease in the number of lymphocytes.

Besides these papers on the effect in man, there
are several papers dealing with the white cell effect
in guinea-pigs, rabbits and dogs.

0litzki, Avinery and Bendersky88 investigated
the effect of various micro-organisms in the guinea-pig
where the general effect was the production of a leuco-
penia and then a leucocytosis, but the type of white cell
affected was not always the same. It would be an
interesting but lengthy piece of work to investigate the
type of cell éhange for each organism in man and various
species of animal and see what correlations occurred in
the findings. Bennett®”? compared the white cell changes
produced in the guinea-pig by pyrogen and by anaphylaxis.
He found them different, the antigen producing a rise in
eosinophils and the pyrogens, from E.coli vaccine,
typhond vaccine and a Pseudomonas preparation, producing
a fall in eosinophils. This is not strictly comparable
with the findings of 0litzki et al.88.

Rabbits were used by Chapman90 to investigate the

relative sensitivities of leucopenia and temperature re-
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sponse for the estimation of pyrogen. Disturbance due to
rectal bleeding was mentioned so it is probable that the
temperature rises recorded would be inaccurate in a rabbit
disturbed to this extent. She concluded that leucopenia
was the simpler measure and required less in the way of
handling precautions. On the other hand, Bose and

Ahuja91 found the fall in leucocytes after their injections
to be less than the error in counting by means of a
Neubauer chamber, and therefore rejected leucopenia as a

92 also seft out to find if

measure of pyrogen. Bandelin
white cell count would be less variable than temperature
response. He commented favourably on it, finding with
decregsing doszs that "he temperature response was
"washed out" before the white cell response, which he
found more sensitive and more rapid. Beesons paper93,
which concerned the behaviour of the circulating leuco-
cytes throughout a course of injections, reported that
after each daily injection a leucopenia occurred in one
hour and a leucocytosis in four to eight hours, but that
their extent lessened towards the end of the course.
His pyrogen might of course have decomposed.

Dorche and Castaing94 contributed a very useful
paper towards this aspect of the work. It presented a

clear diagram of frequencies of perecntages of poly-

nuclears before injection and at intervals of one, three
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and four hours after injection. However they cégidered
the extent of the normal variation such that the sensitivity
of this method was not greater than the sensitivity of the
temperature method, but that the two in conjunction were
useful.

The white cell and temperature effects due t0 typhoid
95

vaccine were compared by Farr and Lequire”’”, with particular
reference to correlation between dose and magnitude of
response. They found both responses varying with the

dose, small doses producing no temperature rise but pro-
ducing a white cell effect and larger doses producing both
effects, from which they concluded that the white cell
response was the more sensitive.

Windle et al.66

included in their investigations
histological changes relating to the blood picture. They
found alterations in the spleen, lymph nodes and bone
marrow. indicative of increased phagocytosis and increased
cell production.

A report on leucocytosis as a measure of pyrogen
was published by Young and Rice96 . They used dogs,
considering them more reliable than rabbits but not
saying why they thought this, and counting‘total white
cell variation, neutrophil variation, maximum leucopenia,

duration of leucopenia, maximum leucocytosis, duration of

leucocytosis and temperature variation. Uf these they
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found leucocytosis the response demonstrable with the
Ssmallest dose.

Soylemezoglu and Wells97

y also using dogs, compared
the white cell responses to ACTH and to pyrogen. They
found them different, but noted that pyrogen could pro-
duce eosinopenia which therefore could no longer be used
as a measure of ACTH.

Effects other than on the white cell picture have
been much less extensively investigated. This is to be
expected. Most of the earlier work on pyrogen was con-—
cerned with testing for its presence qualitatively only,
and the white cell effect is easier to observe than most
of the other effects. Now that pyrogen is being used
therapeutically however the other effects will have to be
elucidated. The lack of a pure substance may invalidate
some of the properties attributed to pyrogen in the
reports which follow.

The symptoms following large doses are generally
described as prostration, vomiting, diarrhoea and refus-
ing food. More specific symptoms have also been recorded,
much of the work being stimulated by a commercial firm
marketing a pyrogenic preparation obtained from Pseudo-
monas aeruginosa.

This pyrogen was observed to have an effect on

98

blood pressure by Taylor,Corcoran,Fertig and Page” , who

found that the malignant phase of essential hypertension

in some patients could be remitted by repeated injections,
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and that patients tolerating the fevers badly could be
made more comfortable with antipyretics such as aspirin
or aminopyrine. Co Tui et al.°2 cited a clinical example
of pyrogen treatment which was accompanied by a fall in
blood pressure and Kobayashi,PFujitake and Yamada99 re-
corded a fall in blood pressure in a rabbit.

A gastric effect in dogs or rats has been noted by
three authors. Necheles,Dommers,Weiner,Olson and Rychelloo
after stimulating gastric motility in dogs by means of
prostigmine, administered sub-pyrogenic doses of various
pPyrogens which were found to depress gastric motility
and secretion. Dogs with gastric pouches were used by

101

Blickenstaff and Grossman in their quantitative study

of the reduction of gastric acid secretion associated
with pyrexia. They found a linear relationship between
log. dose and temperature rise or inhibition. The ulcef-
inhibiting action of pyrogens in pylorus-ligated rats was

102

described by McGinty,Wilson and Rodney who noted

significantly fewer rats ulcerated in a group that had
had pyrogen than in a group that had not had pyrogen.

A blood sugar rise accompanying temperature rise in

79

rats was mentioned by Feldman and Gellhorn'® who injected

TAB vaccine intraperitoneally into normal rats.

An accelerating effect on respiration was described

82

by Co Tui““ and Kbbayash199 too reported an increase in

?
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depth and rate of respiration. Rodney and Welckelo3
studied the action of pyrogens on cellular oxidation of
rat kidney and rabbit bone marrow slices in a Warburg
bath, and found that the pyrogens had no effect on
oxygen uptake.

Increased pulse rate was noted by Co Tu182

104

in his
clinical example and Takos and Moe mentioned that
pyrogen injected into dogs increased their renal plasma
flow in about half an hour after injection. Windle80
noted effects other than the haematological changes

already mentioned. There were significant histological
changes also in the kidneys and zona reticularis of the
adrenals.

Pharmacological investigations are even more ex-
tensive if one includes both substances which their users
do not call pyrogen but which are from micro-biological
sources and are produced in the same ways as the 'pyrogens’',
and substances used in investigations not primarily con-

cerned with pyrogenic effect. Such materials and their

effects are listed in the appended table.
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Auxiliary list of pharmacologiacl properties of pyrogen

Authors' name for

Observed effect

material Reference
A polysaccharide from 106 increase in blood sediment-
pneumococcus ation rate

Mycobacterium tuberculosum

temp. rise,changing to

polysacchride 107 temp. fall with a larger
dose,and white cell change
Extracts,mostly protein, 11 leucocytosis and temp.
from bacteria rise
Antipneumococcus serum chills and temp. rises,
chill-producing 108 humans being more
principle sensitive than dogs.
Antipneumococcic rabbit 109 temp. rise in rabbits,
serum collapse in patients
Type-specific anti- chills and temp. rises
pneumococcic rabbit 110
serum
Concentratgd anti- 111 temp. rises and falls
pneumococcic serum
Vaccines 112 fevers
Antigenic material 113 leucopenia and temp. rise
from E. typhosa then leucocytosis and
temp. fall
Serratia marcescens
© tumor-necrotizing 114 temp. rises
polysaccharide
Ditto 115 temp. falls with large
doses
Ditto 116 effect on blood non-
protein nitrogen and
ascorbic acid
Ditto 117 fever,leucocytosis,high
blood sedimentation rate,
blood pressure fall and
_ tumour haemorrhage
5Pyrogzgiga£:20tlon of 118 temp. rises
Gram-negative endotoxins 119 abortions
Infectious fevers 120 hyperglycaemia
E.typhosa culture fil- fall in neutrophils in
trates 121 vitro in heparinised
rabbit and human blood
uscle heated to 200° 122 temp. rises.




24

It would seem that these substances either are pyro-
gen, contain it or have it adsorbed on them. Some of the
effects observed are effects of the temperature's being
raised, through no matter what cause, and are not
attributable specifically to pyrogen. As Bazett105 says,
"Temperature variations affect nearly every physiological
process".

The conclusion is that the substance having the pyro-
genic effect may have the other effects also but that
this cannot be proved so far for want of a pure substance
of reasonable stability. Nevertheless, when pyrogen
occurs as a contaminant of injections, these injections
tend to have also the other effects caused either by
pyrogen itself or by associated substances also metabol-
ised by the contaminating micro-organisms. 1f the pyro-
genic material has the other properties they would repay
investigation as a basis of assay, so unreliable is the
rabbit temperature method of assay. From the clinical
point of view too more knowledge of side-effects is re-
gquired before widespread administration of pyrogen could
be carried out. When a}substance pure and stable enough
for these pharmacological investigations is available the
need for a biological assay as opposed to a chemical or

physical assay will probably no longer exist.
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B, Physical properties

None of the physica'l or chemical properties so far
investigated seems a suitable basis of assay. Since the
amount of pyrogen present in casually contaminated in-
jection solutions appears to be very small this also may
make a physical or chemical assay more difficult to apply
than a biological test.

As a result of filtration studies pyrogen was con-

36

to be a large molecule of size

50fi1s - 1, and the material obtained by them82

sidered by Co Tui et al.
from E.
typhosa was gummy and gave a colloidal, opalescent 'solution!.
The literature on the effect of heat on pyrogen is
indeed contradictory. +he general inference is however
stability towards heat to the extent of withstanding
sterilisation by autoclaving, contrary to the findings in
the practical section of this work.

69 quotes the highest

The United States Pharmacopoeia
'safe! temperature in the literature for the destruction
of pyrogen, requiring heating in a muffle furnace at
250%C. for the destruction of pyrogen on glassware.
Bank350 found that autoclaved vaccines gave greater rises
than they had given before autoclaving but that 140"
destroyed pyrogen, while Yrindle and Rigby4o found that
half an hour at 15 1lb. per sg. in. or one hour at 10 1lb.

ber sq. in. did not destroy pyrogen. Weger85 found
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60 - 70° destroyed pyrogen but Hort and Penfold20

found
that 120° "for a long time" did not destroy pyrogen.
Differences between Gram-positive and Gram-negative

organisms were observed by Probey and Pittman6l and

Wylie and Todd®®

found the rate of destruction at a given
temperature to be a function of concentration and to vary
in different organisms, thus accounting for the divergent
results.

The effect of pH value appears to have been little
studied. Banks50 carrying out experiments on autoclaving
at various pH values found that autoclaving at pH 8.4 and
9.2 produced no effect while pH 3.8 lessened the pyrogen
after one hour and destroyed it all in two hours.

The question of decomposition on storage was studied

123 who considered that the initial

by Collier and Paris
concentration ﬁight affect the rate of decomposition on
storage. Dorche and Castaing94 obtained variable results
from storage of different pyrogens in different vehicles
and concluded that storage would not ensure the depyrogen-

ising of solutions for injection.
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C. Chemical properties

Several papers are available on the chemical
properties of pyrogen. Lhe analyses are not identical,
varying with the source and the method of preparation.
instability in air of the pure substance is a difficulty
in this part of the work. The preponderance of opinion
favours a polysaccharide substance, not a protein as was
formerly believed.

Evidence in confirmation of this was obtained by

J0r18.122

who found that protein reagents gave negative re-
sults with his material and that sulphur was absent from it.

Co Tui et al.82 isolated 0.5g. pyrogenic material
from one litre suspensions of E. typhosa containing

50-88 million organisms per c.c. ‘he analyses were -

Strain C N S P Ash
1 39.4 7.1 1.5 1.25 0.61 4.4
39.3 7.0 1.5 1.29 0.67 4.5

2 46.7 6.7 1.5 4,2

They said that the atomic ratios suggested one glucosamine
per five or six hexose units. Hydrolysis yielded sugars
whose osazones were made but not identified.

Materials of the following composition were isol-

ated by Robinson and Flusser124 -

source Cg gHgg g 83 g ?P 1
.vulgaris ;3: g . - “33
gé?ﬁﬁ?ﬁ;?msa 36.75 6.53 0 2.38 12.18
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Rodney and Welckelo3

isolated material from Ps.aeruginosa,
E.typhosa and B.subtilis, finding it to be non-protein,
to have 2% glucosamine and to hydrolyse to hexoses. It

was difficult to separate from thymus nucleic acid.

Weger85 recorded the following analyses -
loource C H N 0 S P Ashi
‘typhus 35.03 6.42 2.22 47.8 <0.3 = -
labortus egui 37.66 6.58 2,12 46.6 <0e3.= -

A pyrogenic material was isolated from i'seudomonas sp.

by means of tryptic digestion by Nesset et a1.125, and

was found to consist of

I C H S5 N P Ash

1t too was tightly bound to nucleic acids. Hydrolysis
yielded reducing sugars and hexosamine was also found.

Finally, Ginger et a1.126

examined pyrogen from
E.coli, S.typhi, B.subtilis, S.marcescens and P.vulgaris.
They found differences in composition, total polysacchar-
ide produced, reducing sugar produced, non-reducing
carbohydrate and hexosamine, which could not be correlated
with differences in biological activity. <They therefore
concluded that this must be due to something as yet un-
known. How much the results on biological activity suffer-

ed from variations in the responses in the tests used

cannot be calculated on the available data.
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Thus it will be seen that much work remains to be
done on isolating pure substances and identifying them.
The yields of substances will be small, therefore experi-
ments will have to start with very large volumes of cultures,
solvents and precipitants. This fact, as well as the
instability in air of the matreials obtained by the
author, have prevented her so far from taking the theoretic-
ally best next step .in pyrogen work - the isolation of a

pure substance.



30

Standard Pyrogens

LThe need for a standard has been indicated by
reviewing the types of tests hitherto used and the
contradictory findings of different workers. 41t will be
more clearly seen from the results in the practical
section of this work. Other workers who also have ex-
pressed their need for a standard have prepared various
standards. These were mostly for their own convenience
in only comparatively short-term investigations of a
particular aspect of the work, whereas the cufrent need
is for an international standard for use in a reasonable
assay process. *“he drawback to the use of current
standards, including the author's material, is lack of
knowledge of the validity of coﬁparing pyrogens from
different organisms. Once pyrogen is sufficiently well
chemically defined to know this, the need for a biological
assay and a standard may well have passed or lessened for
that very reason.

Among standards made by other workers are these -
Welch et a1.65 made a standard from Ps.aeruginosa, using
the supernatant liquid from cultures, made isotonic and
diluted to a fixed concentration of nitrogen. *The
stability of such a solution is, in the author's opinion

doubtful.
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Wylie®?

used supernatant liquids from cultures of
various organisms. Their instability depended roughly on
their concentration.

Paton59

emphasised the need for a standard for purposes
of assay and said he obtained quantitative results with
preparations from four organisms and that the slopes of
dose/response curves for the four were the same. This
would be a useful point if confirmed by further trials

with other orgenisms, from the point of view of being

able to use pyrogen from one organism for estimating

that from another.

127 made a standard from an acetone-acetic acid

Dare
precipitate of supernatant liquid of culture, drying it
over calcium chloride and storing it in sealed ampoules.
This is proﬁably the most stable material so far, having
been stable now for five years.

§7 also made a dry standard. An

" Tennent and Ut
alcohol precipitate from Pseudomonas culture was dried
with ether, assayed and diluted as required with solid
sodium chloride.

Details of the preparation of the commercial pyro-

© 128 "129 are not available

L n .
gens, Pyromen and Pyrifer
and so far requests for samples have not been met.

It is seen that the trend of standards is towards a
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dry solid which is likely to be more stable than a solution.
Many stable, pure, chemical substances producsz:
hyperthermia, for example, phenol, p-cresol, 2-amino-

tetraline, 2-4-dinitrophensl, 2-4- dinitro-v-naphtholl3°
131

H
cocaine s methylene blue, atropine, caffeine, convuls-
ants such as santonin, picrotoxin or strychnine, cyclo-
pentylphenoll32; antipyretics and turpentinel33.

+he drawback to their use is lack of knowledge of
pyrogen's constitution and mode of action and therefore
comparability with them.

Lthe need for pyrogen from a clinical point of view
is mentioned in an Editorial of the American Journal of
Clinical Pathologyl%, and by windle et al.5®, who
mentioned the drawbacks in physically induced fevers -
the expense of the equipment and the need for the trained

personnel to use it - and by Lonsen and Liebert87

who
find "Pyromen" less dangerous and exhausting to their

patients than malaria and less toxic than typhoid vaccine.
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PRACTICAL SECTION

PRELIMINARY INVESTIGATIONS ON METHODS OF PREPARING, STORING.
AND CONCENTRATING PYROGEN
A -~ Escherichia coli as source of pyrogen

Preparation of pyrogenic solutions

the evidence accumulated by other workers and
tabulated in Appendix One shows that there is a wide
choice of organisms as a source of pyrogen. The features
desirable in the organism to be chosen are copious pro-
duction of pyrogen, non-pathogenicity to man and to
rabbits and abundant growth in a simple medium. The
organism considered best to fulfil these requirements was
E.coli. According to Wylie and Todd60 it produces pyro-
gen relatively abundantly, and it is also relatively non-
bPathogenic and easily grown. A strain was obtained on agar
and it was subcultured on agar as long as E.coli was used
as a source of pyrogen.

A simple medium was chosen so that a pure or at least
a concentrated pyrogen would be the more easily separated
from it, and also to lessen the probability of side-
reactions when it was injected. The composition of the

medium was -
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Ammonium phosphate - 80 grammes
Sodium chloride 20 g.
Potassium acid phosphate 20 g.
Magnesium sulphate 14 g.
Ferrous sulphate trace
Glucose 200 g.

Water,freshly distilled, to 20 litres

The medium was distributed in one litre volumes in
Thomson bottles and sterilised by autoclaving at 115“C.
for one hour. In this work all temperatures are measured
in Centigrade degrees. The pH value after autoclaving was
7.2. Two changes were observed to occur during autéclav-
ing - the glucose caramelised and z precipitate form€l.

To avoid caramelisation the glucose was replaced with
lactic acid but E.coli failed to grow in this, whereas it
grew in the original medium despite the caramelisation.

To try to avoid the precipitate which tended to obscure
the presence of growth during incubation, batches were
made without magnesium, without iron and replacing phos-
phate with chloride. In no case did E.coli grow, therefore
the medium described above was used without any modificat-
ion.

To obtain E.coli pyrogen, Thomson bottles were inoc-
ulated each with a loopful of culture from the agar slope
and incubated at 37"%. Most of the organisms were separated

from the medium with the aid of a Sharples continuous
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centrifuge working at 30,000 r.p.m. The centrifuge was
previously washed out with freshly distilled watar,
complete sterilisation of it being impracticable, and the
local water supply being very pure. It was considered that
the amount of foreign pyrogen thus introduced would be
small compared with the amount of coli pyrogen already
present. <1he centrifuged liquid was sterilised by
filtration through sterile Doulton candles and stored in
sterilised ampoules.

The method of estimating pyrogen used at this stage
was that of Wylie and Todd6o. The liquid was diluted
with a sufficient quantity of apyrogenic saline to give a
response cn their quantitative range and was injected,
after being heated to 37°, into groups of five rabbits in
volumes of 2 ml.per kg. of body weight. The population
had been grouped into fives by Wylie and Todd so that the
mean rise of all groups in response to an apparently
temporarily stable standard was the same. Throughout all
the experiments in this work the varying doses of pyrogen
were all contained in a final volume of 2 ml. per kg. body
weight. The apyrogenic saline was a 0.9% solution of A.R.
sodium chloride in freshly distilled water, distributed in

500 c.c. blood pottles and immediately sterilised by auto-

claving. On no occasion were samples from batches thus made

found to be pyrogenic.
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Attempts to concentrate these pyrogenic solutions

a) By evaporation under reduced pressure

There was no available evidence about the effect
of heat on coli pyrogen but the general inference to be
drawn from other pyrogens was that the least pqssible heat
should be used to drive off the water:

Four experiments were carried out from which it was
concluded that evaporation under reduced pressure would not
be a profitable way to concentrate the pyrogen in the
supernatant liquid of a culture of E.coli. #he results
of these experiments are shown in Table 1.

Experiment 1 - The organism was subcultured on agar for
24 hours, in 10 ml. of the synthetic medium for 24 hours
and then incubated in a litre of medium for 48 hours at
37%. The organisms were centrifuged off and the liquid
vassed through sterile Doulton candles. This liquid was
now evaporated at 70" to a quarter of its original volume
and passed through sterile Doulton candles. Samples of
original and of concentrated liquids were tested for pyro-
gen and it was found that pyrogen had been lost.
Experiment 2 - A check experiment was performed. The
organism was incubated for three days, then centrifuged
and filtered as above. The liquid was evaporated from

800 ml. to 25 ml. in two hours at 55" and the concentrate
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sterilised by filtration. Again pyrogen was lost.
Experiment 3 - Since the first two experiments showedbthat
pyrogen was being lost to a greater extent than had been
generally reported by other workers on pyrogens, the effect
of the production of acid by E.coli during its growth

was investigated. Although the medium after autoclaving
had a pH value of 7.2 the growth of E.coli reduced this to
4.6-4.9.

The organism was incubated six days and the growth
centrifuged and filtered as above. One volume of 100 ml.
was retained at the pH of the growth,4.8, and a second
volume of 100 ml. was adjusted to pH 6.9. These were
evaporated to 25 ml. at 40" for 20 minutes. ZPyrogen was
still lost.

Experiment 4 - A check experiment was performed in which
the incubation was for seven days and the heating was at
50° for three quarters of an hour to reduce 100 ml. to

25 ml. Again pyrogen was lost.
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Table 1
Loss of pyrogen from E.coli supernatant liquid on evapor-
ation under reduced pressure
Exp't. Dilution Material Aver-
" No. for injected Temperature rises age
' injection
T 1 1n 500 supernatant 0.74 0.61 0.56 0.46 0,08 0.49
1 in 100 concentrate 0.68 0.54 0.11 0.16 0.37
2 1 in 500 supernatont 1.12 1.12 0.95 0.62 0.95;
1 in 1000 concentrate 0.46 0,42 0.44
3 1 in 500 supernatant 1.09 1.58 1.06 1.40 0.82 1.19
1 in 1000 concentrate 0.60 0.85 0.42 0.62
1 in 100 concentrate 0.93 0.55 0.15 0.82 0.46 0.58
\ pH 6.9)
4 1 in 500 supernatant 1.37 0.82 1.15 0.97 1.34 1.13
1 in 1000 ?onﬁentr?te 0.32 0.54 0.46 0.72 0.32 0.47
ph 4.9 .
1 in 1000 concentrate 0.77 1.11 1.62 0.62 0.55 0.93

( pH 6.7)
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b) By adsorption

It has been shown by many workers that asbestos pads
of the grades used to free solutions from micro-organisms
freed them also from pyrogens (pp. 5,6). The possibility
of eluting pyrogen from these pads was now investigated,
also the possibility of removing it into a smaller volume s
of liquid than that which had originally contained it. The
PH of the original growth from which the pyrogen was ad-
sorbed was 4.6-4.9. Buffer solutions for eluting the
pyrogen were made according to Britton135, and their
pH values measured after autoclaving. Four experiments
were carried out and their results are shown in Table 2.

1l - A seven days' growth was centrifuged and filtered
through sterile candles as above and 100 ml. volumes
passed through Ford's Sterimats, 3.6cm. diameter, bacter-~
ial grade. <1he filtrate from the candles was pyrogenic

and the filtrate from the asbestos mats non-pyrogenic.

Each mat containing the pyrogen from 100 ml. solution was
transferred to 2 litres of sterilised buffer solutions, in
which it remained for the times shown in Table 2. Since the
original volume of 100 ml. had become 2000 ml. the dilution
of 1 in 500 became 1 in 25 so that comparable doses were
administered. The experiment indicated that alkaline

buffer removed the pyrogen the more effectively.
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2 - A similar experiment was carried out, leaving the pads
in the buffer solutions for periods of one, one and a half
and two and a half hours, with intermittent shaking. It
appeared that more pyrogen came off the pads than had gone
on. This odd finding was reversed on making the supernatant
liquid alkaline before heating to 37" for injection. It is
probable that the first anomalous result for supernatant

60 and that this was driven

liguid was due to depressant
oif in the warming of the alkaline solution.

3 - The experiment was as above except that the pad was
broken up with flamed forceps before transfer to the
buffer solution. An acid buffer was used but the solution
was made just alkaline before heating as above. However
no pyrogen was eluted.

4 - In this experiment a buffer less acid than the above
was used.

Pour more experiments were performed, eluting by
means of two sixty ml. volumes of buffer solution and
collecting the filtrates separately. <The results are
shown in Table 3. The eight experiments showed that
alkaline buffers could effectively elute the pyrogen but

that it was so unstable in alksline solution that the

method was of no practical value.
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Table 2

Elution of coli pyrogen from asbestos pads by means of
two-litre volumes of buffer solutions

| Dilution Time of pH of Average
Exp't. for . contact puffer temp.
. No. Day injection Material of pad & soln. risg 1
buffer
1 1l 1 in 500 supernatant 1.03
2 1 in 500 asbestos
pad filtrate 0.29
3 1 in 25 eluate %+ hr. 6.2 0.15
3 1 in 25 eluate 74 hr. 6.2 0.55
4 1 in 25 eluate % hr, 11.5 0.93
4 1 in 25 eluate 25 hr. 11.5 1l.26
20 1 in 25 eluate 3 hr. 11.5 0.95
2 1 1 in 500 supernatant 0.73
7 1 in 25 eluate 1 hr. 11.9 0.73
3 1 in 25 eluate 15 hr. 11.9 0.50
: 1 1 in 25 eluate 2% hr. 11.9 0.99
i 10 1 in 25 eluate 1l hr. 9.5 0.94
g 8 1 in 25 eluate 14 hr. 9.5 0.99
i 2 1 in 25 - eluate + hr. 9.5 1.08
§ 3 1 in 25 eluate 1 hr. 9.3 1l.12
| 4 1 in 25 eluate 14 hr. 9.3 0.69
i 7 1 in 25 eluate 2% hr. 9.3 0.66
| 2 1 in 500 supernatant 0.49
(acid)
4 1 in 500 supernatant 0.58
(acid)
8 1 in 500 supernatent 1.25
(alkaline)
9 1 in 500 supernatant 0.28
(acid)
9 1 in 500 supernatant 1.16
(alkaline)
3 1 1 in 500 supernatant 0.72
1 1 in 500 asbestos
pad filtrate 0.23
4 1 in 25 eluate % hr. 2,0 0.20
4 1 in 25 eluate 1 hr. 2.0 0.31
3 1 in 25 eluate 1% hr. 2.0 0.33
3 1 in 500 supernatant 0.70
4 1 1 in 500 supernatant 0.51
6 1 in 25 eluate 1 hr. 5.0 0.44
7 1 in 25 eluate 1% hr. 5.0 0.41 !
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Table 3

Elution of coli pyrogen from asbestos pads by means of
two 60 ml. volumes of buffer solution per pad

[

Eﬁg.t' Day  Material Fraction pH %Zﬁ;:

| rise
bl 1l supernatant L.b56
f 2 eluate 1 2.4  0.47
2 eluate 2 2.4 0.61

9 eluate 1 3.7 0.54
9 eluate 2 3.7  0.63

8 supernatant 0.83
P2 1l supernatant 0.67:
2 eluate 1 6.6  0.38
2 eluate 2 6.6 0.58
3 1 supernatant 0.73
6 eluate 1 7.4 0.26
1 eluate 2 7.4 0.86
4 1 supernatant 0.692
! 1 eluate 1 10.0 O.88§
| 3 eluate 2 10.0  0.46]

Table 4

Investigation of the effect of the age of the culture used
to inoculate the Thomson bottles and of the time of incub-
ation on the amount of pyrogen produced

i Age of Time of Average rise in
culture incubation temperature pro-
" (days) (days) duced by a 1 in
. 500 dilution

? 2 O-S
' ? 3 0.9
12 4 0.51]
16 4 1056 AV. = 0-91
14 4 0.67]
? 6 1.19 i
? 7 1.13 j
? 7 1.03 ;
0. ;
% ; 0.74| Av. = 0.77
3 7 1.24 :
; 14 7 0.69 f
| 21 7 0.43 i
3 7 0.23 _;
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The general trend of the relation between the pH
value of the eluting buffer solution and the percentage
of pyrogen eluted is shown in Figure 1. ‘[his however
must be regarded as no more than a trend because of the
extent of the error found in this method of estimating
pyrogen when eventually a stable pyrogen was obtained and
used to investigate this error. The graph also assumes
that the rise in temperature is proportional to log. dose

as cléimed by Wylie and Todd60

but not as yet established
with a stable pyrogen.

Throughout these experiments it was observed that
the amount of pyrogen produced varied. <“he age of culture
used to inoculate the medium and the period of incubation
had varied, therefore these were examined to see if they
had any bearing on the amount of pyrogen produced. <Lhe
results are shown in “*able 4. Within the periods examined
their length seems to be unimportant.

The finding of greatest immediate and practical im-
portance in these experiments was the instability of coli
Pyrogen on storage in solution. This fact was observed
during the attempts to make from such solutions a standard
to use in grouping the rabbits into fives whose mean re-
Sponse would be equal. The extent of this instability is

shown in Table 5.
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Figure 1. Relation between pH value of the eluting
solution and percentage of pyrogen eluted.
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Table 5

Loss of E.coli pyrogen from solution on storage

Time of Mean temperature rise
storage DMaterial — — — — — — = — — =
(days) before after

- 1 *supernatant 0.73 0.62
1 supernatant 0.72 0.70
1 supernatant

made
alkaline 1.25 1.16
4 *supernatant 0.73 0.58
5 supernatant 0.64 0.31
stored dil- (1 in 100 on
uted 1.5 in day of pre-
100 paration)
8 supernatant 1.56 0.83
9 #supernatant 0.73 0.28
10 supernatant . 0.67 - 0.14

* same starting solution
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B - Proteus vulgaris as source of pyrogen

Preparation of pyrogenic solutions

Because of the instability of E.coli pyrogen in
solution it was decided to examine another organism. The
same criteria, pyrogen production, non-pathogenicity and
ease of growth, were applied. The organism chosen was
Protzus vulgaris. Because it was found that the
organism would not grow in the caramelised medium, the
glucose was sterilised separately to avoid caramelising
it and then added aseptically to the other sterilised
ingredients along with a sterile solution of nicotinie
acid which was present to a final concentration of
2 x 10™°M nicotinic acid. This was nece gssary as the
strain of Proteus available was evidently one for which
inorganic nitrogen was not sufficient. An inoculum of a
loopful per litre was found to be too small to grow,
although it had been enough in the case of E.coli, but
growth readily took place when a whole slope was washed

into one litre of medium.
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Attempts to concentrate the pyrogenic solutions by adsorption

the same general conclusions were reached as for
coli pyrogen - that it could be adsorbed from acid sol-
ution and eluted with alkaline solution (Table 6) and
that solutions were unstable on storage (Table 7).

The stability of the pyrogen in a dry state was also
investigated. A pad in which it was adsorbed was stored
in a desiccator over calcium chloride. The eluate,
immediately on elution with alkaline buffer solution,
was compared with eluate which had been collected immed-
iately after adsorption and stored for the same period
as such. It was found that the pyrogen stored dry had
been the more stable (Table 8). This is of interest
only in indicating that a dry standard would be prefer-
able to a liquid standard. This form of dry standard
would however be inconvenient in practice because of the
need for elution immediately before performing a pyrogen

test.

The inconstancy of results in Table 7 would seem
to indicate that pH difference did not completely account
for the differing rates of loss of pyrogen from solution..
The effect of keeping the pH constant but changing the
osmotic pressure was now investigated as the solutions of
the same pH value had had different osmotic pressures.
Yrom the four experiments performed it appears that the

rate of loss of pyrogen is greater from solutions of
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greater osmotic pressure. The application of this is in
the dialysis of any solution to be used over a period as
a standard. The results of the osmotic pressure experiments
are shown in Table 9. Details of the dialyses are given
in Appendix Two.

The effect of time of incubation on the amount of
pyrogen pr