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STUDIES ON HEAT-INACTIVATION OF PYROGEN FROlv'I
ESCHERICHIA COLI

SETZABURO KANOH, KENSHU AllocHIDA and YOSHIYUKI OGA\VA
National Institute of Hygienic Sciences, Osaka Branclt, 6, Hoenz:tita-clto, Higashi-1<u, Osaka

(Received August 12,1970)

CMMARY Heat-Inactivation of pyrogei\ from E. coli witl\ phenol was studied
biologically and chemically with the following results;

I. Pyrogen in solution or tlle solid form \\, as in activated by heat treatment. Its
inactivation depended o1\ the temperature and the time of heat treatment, and in
solution up o1T its concentration

2. On heating in solution, the pyrogei\ \\'as dissociated into at least three fractions
separable by Bio-gel chromatography.

3. These three fractions \\ere cliffered in pyrogenicity saccharide composition
and potassium periodate consumption.

4. The biological activities of these fractions descreased in order of their mole-
CUIar size.
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INTRODUCTION

Bacterial endotoxins are known to have various

pharmacological properties and there are many
rep. ,ts on thi^ rubj". t (handy, 1964). Py, ,-
genicity is one of the most important activitics
of the toxins. There are many revie\\, s on

studies of endotoxin fever (Atkins, 1960 ;
Thomas, 1954; \, on EUler, 1961; G6ing,
1960; \\:endt, 1959). However, there are still
many problems in connectioiT \\'It IT endotoxin
fever. The relationship bet\\, een the chemical
structure and biological activity of toxins has
been studied in detail (Freedman, 1962;
\0\rotony, 1964). Studies on the inactivation
of the pyrogen might also contribute to under-
standing of the mechanism of endotoxiiT fever.

In practice heat-inactivation of the pyrogen
15 commonly used to remove coiTtaminating

from materials used for clinical orpyrogcn

biological experiments. However, there are
few reports of quantitative study of this sub-
it. t (Nat"" at a1. , 1956).

The present report describes the inactivation
of pyrogenicity and changes of some physico-
chemical properties of the heated pyrogen
extracted from fscher!'chin co/^'.

A, IATERIALS AND I\TETHODS

I. 41,171,213 in, d esti, ,,"1,011 o. 1 nody fell!pel dim e

A'Iaic rabbits \\. eiglTing 2.5 to 3.0 1<g \\. ere used
througlTout. Rabbits \\. ere ITotised lit an air-con-
ditioned room at 25 tl C at a relative ITUmidity of

60 t 5 'i, nitd experiments were also done in this room
Body temperature \\. us IT\ensured as the rectal tern-
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perature using a theTmister electrode witlT an auto-
matic recorder. Fever indices are expressed as
reported previously (Kanoh, at a1,1967)

2. Py, oge, ,

Pyrogen was extracted from acetone dried cells of
ESChe, 'I'chia coll' UKT-B by the method of \\Jestphal
and Litderitz (1954). The minimum pyrogenicity
(0 6 q of th. pyrog, n w"* 0002 "gjKg in rubbits

it contained 4.5 % of phosphorus, 4.7 % of nitrogen
and a trace of ITUcleic acid. These analytical data
agreed \\, ith those of \\'estphal and Ladentz (1954)

3 . Heat-Hidetibotio, I of the pyi oge, I

Experiments \\, ere carried otit \\, ith pyrogei. solu-
tion and solid pyrogen. Solutions of p}, To gen were
prepared by dissolving pyrogen in sterile \\, ater at
con. entration, of 0.2 Ag!inI, 1.0 Ag!inI, 10.0 I"gjml
and 100 itg!inI and 20 in I of these solutions \\, ere
transferred to sterile test tubes. There were then

heated at 56 C. 80 C. 100 C ai\d 120 C for 2 hr

Then the samples were diluted to 02 itg/in I injected
intravenously at a dose of I runKg into three rabbits
In experiments on solid PI. ragen, the solutions con-
taining 0.2 Aglm1,1.0 Ag!'inI 10.0 pgjml and 100 Agj
in I of pyrogen were discarded by decantation. The
residue of pyrogen in tubes (ca. 0.2 in I) was heated at
180 C or 250 C for about two hours in a dry-sterilizer
Then 20 inI of sterile \\, ater added to the tubes and

the mixtures were Injected intravenously at a dose of
I in 11Kg into three rabbits

6. BIO!ogicn! assays

Vascular permeability of pyrogen was assayed by,
estimation of the blueing area of trypan-blue at the
site of intradermal Injection site of pyrogen after
intravenous injection of dye-solution (Randaive and
Cocherane, 1968), and the Schwartzman reaction
was estimated by the usual method in rabbits.

RESULTS

I. IMactiOR/toll ci!, wes of pyi'Oge"
Various amounts of pyrogen were dissolved

in \\, ater and heated at 56 C, 100 C, 180 C, and
250 C for various times in sealed tubes. Then

the solutions were diluted to estimate the

optimunT fever response in rabbits. The re-
Iationship between the fever index and the dosis
is shown in Fig. I. The pyrogen was mac-
tivated even by heating at 56 C for two hours
the degree of inactivation depended the tern-
perature and time of heating. Heat Inacti-
vation was quicker in solution than in tlie
solid state.

5. Gel-litiot, 'o11 of the pi, 10ge, I

Gel-filtration was carried out as follows ; Columns
(3 x 50 cm) of Biogel P-100 \\. ere used. To avoid
contamination \\, Ith p}, To gen, the columns \\. ere
sterilized witlT 5 % phenol and saturated periodate
solution as perviousl}. described (Kanolt, at a1. , 1966)

5. ChE",, C"I alla/ySeS

Glucose \\, as estimated with arithrone (Spit0,1966)
and hexose and heptose \\, ere estimated by the
metl, ods of Scott and ATelvin (1956) and Dische
(1953), respectively. Lipid was analysed by gas-
chromatography after hydrolysis witll I N-HCl
(A, letcafTe and Schmitz, (1961), and Lipid A \\. as
estimated by the method of \\'estphal and Litderitz
(1954). P, .rein estimated \\, ith Foiln-CIO-\^as

calteau reagent. Potassium periodatc \\, as estimated
from the absorption at 232 in!L (Dixoit and Kuojub,
1954).
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FIGURE I-A. Heat-lilact, balm, , of $011,110, , DIPy, oge, ,
of E. coll

Ajie, ' fronting 101 2 hi, the san!pies fuel e dryi, ted to
02 Ag!, 111, alld I 7,111hg reus fluected it^. The c, ,,, e$
I'ep, 'ese, !t ti'err!,, rel!t, A. 56 C (10 14g/,,, I), B: 80 C
(10 I*g!,,,/), C. 56 C (0.2 Ag!,,, I), D. 80 C (0.2 Ag, '
flit), E: 100 C (700 Ag/,, 10, F. 120 C (100 rel, "I)
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FIGURE I-B. Heal-1'11nct!bull'oil of sufid pyi'ogei, of
E. coll

Allei' neon, !g 101' 2 hi, sailip/es fuel e offTilled to
I 11,117*g fluec!ed It. Tile lei, !pel dime tceie,
A. 100 C (100 "g!,,,/), B. 250 C (loopgl, ,,/)
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2. I'mctit!nilo, I of the pyi'oge, I by potnss!1,111
fell'oddte

Potassium periodate (K104) is widely LISed to
oxidize polysaccharides (A, TartiiT and At a, cus,
1966). On treatment \\, itIT periodate, poly-
saccharides are converted to the corresponding
dialdchydcs. But the relationship between the
chemical change and the biological activities of
pyrogeiT on this treatment is unkno\\'n. AC-
cordingIy the pyrogenicity of pyrogei\ after
chemical modification wit}\ periodate
examined. To do this mixtures of pyrogen and
periodate \\, ere 1<ept in the cold for one day.
Then the periodate \\, as removed by dialysis
against \\, ater and the pyrogenicity \\ as es-
timated. The results in Figs. 2.3 sho\\, that
periodate Inactivated Iteat-treated pyrogcn
more thail intact pyrogen

3. Efect of 30/11'cation of pyi'ogeii o71 lis pyio-
genitinJ rind pelt'oddte coilsumpt!'o11

The effect of sonication o1\ the pyrogenicity
was also studied. Solutioi\ ofof pyrogen

50 ,ug. !inI of pyrogen \\'as sonicated at 20 1<c
for 30 and 60 min. They \\, ere then suitably

40

30

20

10

control

0.64 0.32 016 008 0.04 0.02

Dose ("g)

FIGURE 2. Pel','oofnle-illttc!!'tall'o11 cii, 're$ of pyi'oge, I
Pi, I ogeJi reds 111,116ated 111 3011/1 Ored K/04 10, 21 fir ill
the cold. FDi demi'/s see rexi

+ K104

Treatment a

Control

wilh KiO,

56C for 30 min
with KIO;

coC 101 30 min
with K104

100C for 30 min
with K104

Dose

remitg

\^as

1.0

I,
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F1 -4
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FIGURE 3. lilacti"all'o11 of lien!ed pyrogeii by potas-
Sill"I pel'10daie

a: Altei neat!',!g I. "ginil of pyiogeJ! '01/11/01i 1111de,
Ihe colldriio, is shorni, pel'10dn!e reds 1'11ti'oofi, ced alld solM-
t, 'o11s EUeie kept 101 o11e day 111 Ihe cold. Tilei! Ihei'r
py, 'ogei!icitj, EC"s esti',, lated

I,

40

I,

50

I,

11

diluted and their F1-4 and pyrogenicity \\, ere
estimated in rabbits. As seen in Table I,
sonicatioiT decreased but Inc-pyrogenicity,
Teased the periodate consumption.
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TABLE I. Relotz'onshzji bettueen py, .oge"a'tity
and K/04 consumptz'on of softz'coted pi, Togen

Material

Original
pyrogen

Sonicated for

30 min

K104
Consump-

tion

Sonicated for

60 min

30

" I'MjlOO Ag of py"og, n130 min
b 0.1 or 0.01 11g/kg was injected into rabbits
c not tested

Dose

6.5

NT'

Pyrogenicityb
F1-4

0.1

14. O

NT

0.1

0.01

K104 in PM

4. Reltttz'onsh4i betaieen physz'cal tiedtme, 11 and
perl'Oddte co, Irumptz'on

The above results show that some physical
treatments increase the reactivity of pyrogen
with periodate. The rate of periodate con-
sumption of these samples was examined more
closely. The results in Fig. 4 show that
periodate reacted with heated pyrogen more
rapidly than \\, ith sonicated pyrogen. The
reaction of glucose with periodate was initially
more rapid and a plateau was reached sooner
than \\, ith any of the pyrogen preparations.

5 . Genlti. atto" of heated or sonz'cated pyi. oge?z
To study the molecular size of heated and

sonicated pyrogens, gel-filtration \\, as carried
out on a sterile, pyrogen-free column of Bio-
gal P-100 (Kan. h, at a1. , 1968). Th, py". g. n
content of the eluate is expressed as the equi-
valent concentration of glucose estimated by the
arithrone reaction.

As shown in Fig. 5, heat-treated pyrogen,

36.6

0.1

0.01

30

16.0

3.6

3.0

20

10

A

25 3015 20

ton )

FIGURE 4. K101 const, "!ptio, ! of pyiogei! ofter
he'll, !g o1' 30/11'coti'oil

Sonrt, 'on of py, .oge, I (90 11g!,, 11) toe, e $116^^cted to
heat-tiedt, ,lait o1' soilic"ti'oil. after iyophih*at, 'oil the
yes, 'chies reele d, koi"ed ill 60 1,111 KIO, sohit, 'o11 at a
colice, It ratio, , of 90 IL. gillil and ,',!ct!bated at 25'C
Tilese enjoes shotu K/01 coilsi, ,,, ptio, I of, A: pyi. oge, I
heated at 120'0 101' 60 71,111. B : pyroge, I heated at
56'0 101.60 nibt, C: g/11cose (50 I, gill, I in 60 PM
K/0") to itho!, t heati',, g, D : py, oge, ! soili'cated 101
60 in, I. , E: pyioge, , 30/11'cated for 30,111', I. , gild F
2411ti eated py, 'oge, ! (90 11g!,"!)
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FTCiiRE 5. Gel-jilti'atio, , of pyioge, , 4/1e, neati, ,g
at 720 C Jul 30 Jin, I

0011/11/11 : Biogel P-100 (2.5 X 25 c, 11), pyrogei, :
70 ,"g. solvent. ' sal^,, e, heated pyi oge, !,
.^. milledled pyrogeJi
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FIGURE 6. Gelf/!I'dtio, I of pyroge, , onei' 30/11'call'o71
(20 AC 10,10,30 a, ,d 60 ,,, I'D

Coll4, ,, 11 : Bibge/ P-100 (2.5 x 25 cm), pyioge, I.
10 rug, soloe, it : sol^, Ie. ^10/11/'11, ~ 30 '11/11,
- - - - - - - 60 '11/11

TABLE 2. Reintt'on ship bettcee" effect on body
te"IPI'arure and K/04 consumption 171 thi'ee
factz'ons of heated PI, Togen

o

I,
.,

b.

Fraction

separated Into three major fractions, \\hilc
untreated pyrogen moved as a single band in the
position of the first fraction of heated pyrogen.

Fig. 6 shows that sonicated pyrogen \\, as not
separated Into three fractions, but its intensity
of reaction \\, ith arithrone reagent \\, as more than
that of untreated pyrogen. The reaction \\, ith
arithrone increased \\, ith the time of sonication.

Orignal

11

111

^^

KIO,
Consumption"

ANl

a PMjlOO Ag of py, ogen130 min
b 0 .5Ing of py", gen/innkg was injected

dually, and their effects on body temperature
were all monophasic. The effect of untreated
pyrogen \\, as hiphasic.

7. F1!ysi'co-che, 111cn/ plopei'ties of the Ihi'ee
fractions of neated pyi. oge, I

The three fractions of heated pyrogen \\, ere
collected and iyophilized, and their chemical
compositions \\, ere analyzed. The results are

6.5

11. O

12. O

1.0

20

6. Pyi'ogeiiicih'es and potassit, "! pel'rodrrte con-
sinnpioiis of the three lidctions

The three fractions of heated pyrogen ob-
tained by gemltration, \\, ere collected and
iyophilized and their pyrogenicities and perio-
date consumptions \\, ere estimated

As showit in Table 2, 100 11g of untreated
pyrogen consumed about 6.5 14N of potassium
periodate, while 100 11g of the three fractions
of heated pyrogen consumed 11.0 I'M, 12.0 14M
and 1.0,11Ni of periodate respectively. The
pyrogenicities of the fractions decreased gra-

F1-4"

50.0

45.4

14.6

7.0

TABLE 3

lyricttons

Fraction

Chemical coinposa'tab"s of the three

Original

11

111

Cllemical Compositions (%)

Hcxose }Ieptose Lipid A Protein

14.3

10.8

5.2

0.5

summarized in Table 3. They contained less
hexose and more heptose than Lintreated
pyrogen. The first fraction of heated pyrogen
Gluted, contained more lipid A and less protein
than untreated pyrogen. The second and third
fractions Gluted, contained more than normal
pyrogen.

8. Co?ripn, vso, I of the bib/0. gicnl act!'"flies of
the th, 'ee I'dcti0,13

The lethal effect, the Sch\\. artzman reaction
and the effect of increasing \, ascular permea-

15.0

15.5

17.5

trace

31.0

46.0

19. O
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trace

1.7

0.8

1.3

2.5
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billty are the most important biological ac-
tivities of endotoxins. Three activities of the

three fractions were examined and compared
with those of untreated Table 4pyrogen.

TABLE 4. Coinparsz'on of 61b!ogt'cal actz'"!'Ies of the three fiattz'ons

Fraction

Original

11

111

F1-4tt

a : 0 .5 A of pyrogen/inlIkg \\. as injected I. v. into rabbits
b : NIIce \\. ere injected with material ip. and observed for one week
c : No. of deaths/No. of treated animals
d : Materials \\. ere injected i. d. Then 20 11g of pyrogen were injected i. v
e : DOSis iruected i. d

50. +

45.4

14.6

7.6

Toxicity in miceb

I ing

5/5e
5/5

015

015

shows that these three biological activities were
roughly proportional to the pyrogenicities of
the three fractions.

O . 5 ing

DISCUSSION

The relationship bet\\, een the chemical struc-
tures and biological activities of endotoxins
have beeiT \\, idely studied, and results were
summarized in the Annals of the New York

Academy of Sciences v01. 133, p. 277-786
(1966). Bink, Iy and \V. in. in (1950) found
that an endotoxin from Salmo?zena typht' was
decomposed by acid or alkali to products
differing chemically and biologically from
those of the untreated toxin. ReceiTtly, Ribi
et a1. (1969) investigated the relationship bet-
ween the chemical and bioligical properties of
an endotoxin from E. coll' 0111: B4 bv various

methods, including acid and alkaline hydrolyses.
In the present investigations, we studied the
heat-inactivation of endotoxin as pyrogen, and
found that even treatment at 56 C for 30 min

in activated the pyrogen. Potassium periodate
consumption Increased \\, Ith the degree of
heating or sonication of pyrogen.

that the molecular confor-This suggests
inarion of pyrogen may change during these
treatments. There are various possible ex-
planations for this : radicals reacting with
periodate may appear or steric hindrance may

115

1/5
015

015

Schwartzman reactiond

40 ,,, d 10 1"

\I

-H}
+

+!}

+H

5 jig

+r

+F

0.8 Ag' 0.4 11g

Permeability activity

\
\

+H

\

+F
+

o . 2 fig

be eliminated by heating the pyrogen mole-
CUIe. The activity of the pyrogen seems to be
related to some extent the radicals whiclT react

with periodate. On gel-filtration of pyrogen
after heat treatment, three fractions \\, ere
separated which reacted with arithrone reagent.
These three fractions differed in their ratios of

heptose to hexose, periodate consumption, and
molecular size. The chief biological activities
of endotoxin including its pyrogenicity,
Schwartzman reaction, lethal effect on mice
and effect on vascular permeability were all
observed \\, ith these fractions but decreased

with the molecular size of the materials in
these fractions. These data are irisufTcient

for discussion of the relationship between the
chemical structures and biological activities of
endotoxins. Further studies are required on
the fine chemical structure and biological
activities of pyrogens.

+H

+F
+

O . I 11g

+H

+F
+
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