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Endogenous hyperthermia was induced in rabbits by i.v. pyrogenal administration.
Hemoglobin-oxygen affinity and parameters of free radical lipid oxidation in plasma
and red blood cells were measured. The content of diene conjugates, malonic
dialdehyde and Schiff bases were determined at a pyrogenal dose of 4 minimal
pyrogenic doses/kg, and iron-initiated chemiluminescence, catalase activity and
a-tocopherol concentration were determined at 6 minimal pyrogenic doses/kg. A
rightward shift of the real oxyhemoglobin dissociation curve and activation of lipid
peroxidation were observed. Relationships between the parameters measured were
analyzed. Decreased hemoglobin-oxygen affinity is considered to be a possible
mechanism of activation of free radicals during fever.

Hemoglobin-oxygen affinity (HOA)!, re-
flected by an S-shaped oxyhemoglobin dissoci-
ation curve (ODC), plays an important role in
lung blood oxygenation and tissue blood deo-
xygenation. However, HOA has also other and
not always elucidated functions [1]. A right-
ward shift of ODC was shown to reflect en-
hanced tissue oxygen extraction [2—4]. This
change in HOA is obviously important for com-
pensation of oxygen deficiency under different
pathological conditions and for adaptation to
chronic hypoxia. However, a leftward shift of
ODC was shown to reflect enhanced body
tolerance to heavy environmental hypoxia. We
have previously shown that concentrations of
the main lipid peroxidation (LPO) products
were lowered when HOA was increased, and
were increased when HOA was decreased [5].

This work aimed to explore relationships be-
tween oxygen-binding hemoglobin properties
and LPO activity during pyrogenal-induced
fever leading to marked changes in body en-
ergetics and lipid exchange.

METHODS

Experiments were performed on male labor-
atory rabbits (body weight 2.4-3.1 kg). Fever
was induced by intravenous administration of
pyrogenal (4 or 6 minimal pyrogenic doses
(MPD)/kg; n = 15 and n = 16, respectively).
Rectal temperature was measured with an elec-
trothermometer.

Blood samples were withdrawn through a
catheter, via the jugular vein, from the right

! Abbreviations: AOA, antioxidant activity; HOA, hemoglobin-oxygen affinity; Icl, amplitude of “rapid”
burst of chemiluminescence; QDC, oxyhemoglobin dissociation curve; LPO, lipid peroxidation; MPD,
minimal pyrogenic dose; MDA, malondialdehyde; «-TOC, a-tocopherol concentration; CAT, catalase
activity; ¢, temperature. Indices pl and rbc mean plasma and erythrocytes, respectively.
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atrium prior to, and 2, 3 and 4 h after, pyrogenal
administration and the main parameters of
oxygen-transporting blood function and LPO
products were determined.

pOs and acid-base balance were measured by
micro gas analyzer ABL (Radiometer). HOA
was assessed by psg (blood pO; under its 50%
saturation with O;) determined by the “mixing
method” [6] at 37°C, pH 7.4 and pCO; (pspst).
pso Atreal pH, pCO; and temperature (psgreal)
were calculated from psgst by Severinghaus’
equations [7] and using the temperature coeffi-
cient Alogpso/AT = 0.024 [8]. ODC was calcu-
lated from the measured psg by Hill equation
with n = 2.8; small changes of n have little effect
on the middle part of ODC, and this assump-
tion would not lead to a large error in calcula-
tions [9].

Conjugated diene content was determined by
UV absorption at 232-234 nm (characteristic for
conjugated double bonds of lipid hydroperox-
ides). The results were expressed as AA333/ml
[10].

Concentration of malondialdehyde (MDA)
was determined by its reaction with thiobar-
bituric acid and calculated assuming the molar
extinction ratio of 1.56 X 10> M™lem ™! [11].

The level of Schiff bases was determined by
measuring fluorescence intensity of chloroform
extracts at excitation and emission wave-
lengths of 344 and 440 nm, respectively, with
spectrofluorimeter F-4010 (Hitachi). Results
were expressed in relative units of intensity per
1 ml of plasma or red blood cells [12].

Chemiluminescence induced by ferrous salts
(final concentration of FeSOy4 in cuvette (.5
mM) was determined from the amplitude of
“rapid” burst with biochemoluminometer
BKhL-06 (Bioavtomatika, Russia) [13].

Antioxidation activity (AOA) was measured
as the ratio of difference between the “rapid”
burst amplitudes in control and experimental
samples to its amplitude in the control [13].

Catalase activity was determined by measur-
ing the rate of decomposition of hydrogen per-
oxide capable of generating a stable coloured
complex with molybdenum salts, and was
measured with a spectrophotometer SF-46
(LOM, Russia) at 410 nm [14].

a-Tocopherol concentration was evaluated by
fluorescence intensity of heptane extracts at ex-
citation and emission wavelengths of 292 and
325 nm, respectively, with spectrofluorimeter

F-4010 (Hitachi) [15] using o-tocopherol (Si-
gma) as reference.

The data obtained were statistically evaluated
on a personal computer by multiple correla-
tion-regression analysis (program “Stat-
graphics”).

RESULTS AND DISCUSSION

Pyrogenal in the intravenous dose of 4
MPD/kg led to a rise of temperature with a
maximum at 3 h (from 36.7 + 0.4°C to 39.6 +
0.2°C; P < 0.05). Rectal temperature at 4 h of
pyrogenal fever was equal to 39.0 £ 0.2°C
(P <0.05).

pso At standard pH, pCO; and temperature
conditions (7.4, 40 mm Hg and 37°C, respec-
tively) decreased after 2 h of fever from 32.6 +
0.5 to 29.7 + 0.5 mm Hg (P < 0.05) and during
the next 2 h remained at that level. Hemoglobin
oxygenation is an exothermic reaction; there-
fore oxygen dissociation from oxyhemoglobin
leads to heat consumption [7], and a rise in
temperature leads to lowering of HOA. Ther-
modynamics of this process agrees with Van't
Hoff equation. This peculiarity of Hb-O; inter-
action thermodynamics was used for induction
of conditions of decreased HOA. Rabbit psp
under real pH, pCO; and temperature condi-
tions increased at the maximum temperature
from29.8 £ 1.4 to 34.2 £ (.8 mm Hg (P < 0.05),
which caused a rightward shift of real ODC
(Fig. 1A). After 4 h of fever the real psg was
again closer to the initial one.

The contents of the main LPO activity mar-
kers in plasma and red blood cells had an in-
creasing tendency (Table 1). The critical diene
content in plasma was virtually unchanged but
in erythrocytes rose at 2 and 3 h after pyrogenal
administration. Plasma and red cell malondial-
dehyde and Schiff bases were most markedly
increased at maximal hyperthermia (after 3 h)
which pointed to an enhancement of LPO pro-
cesses.

Multiple correlation analysis of relationships
between the main LPO products and psg (real
or standard) gave the values of paired correla-
tion coefficients presented in Table 2. Values of
r between real psp and critical diene content,
malondialdehyde or Schiff bases ranged from
+0.43 to +0.55, except for the plasma critical
diene content, pointing to a moderate correla-
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Fig. 1. Rabbit oxyhemoglobin dissociation curves under real values of pH, pCO2 and temperature before and
after pyrogenal-induced fever.

A, 4 MPD/kg: B, 6 MPD/kg; open squares, before pyrogenal administration; filled triangles, at 2 h; filled squares, at 3
h; asterisks, at 4 h, after pyrogenal administration.

Table 1

LPO Activity parameters before and after pyrogenal administration in rabbits.
Given are mean values £ SEM; n = 15,

Parameter Initial After pyrogenal (4 MPD/ke)
at2h at3h atdh
CDCyi 1,82 +0.41 1.84 4041 1.96 +0.11 1344014
CDCic 1530 + 1.16 19.76 108" 18.74 + 1.13* 15.74 +1.48
MDA 0.75 +0.05 1.34 +0,08 1.47 +0,07* 1.16 +0.06*
MDA b 6.25+0.32 8.74 + 0.44* 9.31+0.56" 7.31+0.41
SByy 5.01+0.72 9.81 +1.12* 12.8 £1.29* 8.61+1.42
SBrbe 30.38 +4.44 43,50 % 6.39 56.24 49.14* 40.73 £ 6.26

Abbreviations: CDC, conjugated dienc content; MDA, malondialdehyde; 5B, Schiff bases. Indices pl and rbc mean plasma and

erythrocyles, respectively.
Units: MDA, uM. CDC, AAzzz/m), 5B, AAss/ml.
* P < (.05 ** P<0.01.

tion. psg Real is preferable for analysis of rela-
tionships between HOA and LPO because it
reflects capillary blood desaturation more ob-
jectively than does psgst. A rightward shift of
ODC reflects facilitated capillary blood desatu-
ration [1, 5]. For example, perfusion of rabbit
heart by blood with psg increased by 13 mm Hg
caused an enhancement of oxygen consump-
tion by 30% [2].

Inadose of 6 MPD/kg pyrogenal induced the
maximal rise of temperature 2 h after adminis-
tration (from 38.9 £ 0.2 to 40.6 + 0.2°C; P <0.05);
after 3 h the temperature remained almost the
same (403 + 0.2°C). Standard psy decreased
after2and 3 h from 32.2 £ 0.3 to 30.2 £ 0.5 and
30.7 £ 0.6 mm Hg, respectively, reflecting a
leftward ODC shift. However, atreal pH, pCO;

and temperature values the pattern of changes
in HOA was different. Real psp initially in-
creased from 33.7 £ 0.5 to 37.1 + 1.2 mm Hg (2
h; P <0.05), then slightly decreased to 35.8+1.2
(3 h) and again increased to 37.1 + 0.8 (4 k;
P<0.01 comparing with 0 h). The difference
between initial real psq values at the pyrogenal
doses of 4 and 6 MPD/kg may be explained by
the difference in initial body temperatures ex-
ceeding 2.0°C (due to different seasons of the
year). This difference led to a shift of ODC
rightward (Fig. 1B).

Maximal Fe“*-induced chemiluminescence
was increased after pyrogenal administration
(Fig. 2A); the increase was most significant in
plasma after 3 and 4 h (by 31.4 and 30.8%,
respectively), and inred cells after 2and 3 h (by
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Fig. 2. Changes in: A, the amplitude of iron-induced chemiluminescence (Icl); and B, the antioxidation
activity (AOA) in rabbit plasma (open squares) and erythrocytes (filled squares) before and after pyrogenal

administration,

Table 2
Matrix of paired correlation coefficients between indices of hemoglobin-oxygen affinity and main
parameters of lipid peroxidation during fever induced in rabbits by pyrogenal (4 MPD/kg)

Index | Real pso 5“;‘;“‘ CDCpi | CDCroc | MDAp | MDA | SBpi | SBrbe
Real psg 1| 02 0.19 051° | 0855 | 043 | 048 | 046
Standard pso 1 0.13 043° | 0034 | 001 | o016 0.43°
CDCpi 1 043" 0.29 023 | 006 | 043" |
CDCrbe 11 068 | 070° 0.73" 0.82"
 MDAp| 1 088 | 078 Q72
MDArbc ; 1 078" | 081°
SBpi — 1 074" |
SBrb 1

Underlined are paired correlation cocfficients which reflect moderate or strong relationships between the two parameters.

*P<0.001.
Abbrevialions are the same as in Table 1,

54.5 and 33.5%, respectively). Plasma AOA de-
creased after 2, 3 and 4 h of fever by 16.2, 28.4
and 16.1%, respectively (Fig. 2B). Erythrocyte
AQA was also lowered, most markedly after2h
(72.2%).

Figure 3 shows the changes in antioxidation
parameters. Plasma and erythrocyte a-toco-
pherol concentration decreased, respectively,
from the initial 2.47 £ 0.26 and 10.95 £ 1.51 pM
to 1.19 + 0.18 and 6.37 £ 0.92 uM after 3 h (P
0.01), respectively. Catalase activity was lo-
wered after 2, 3 and 4 h by 25.5, 25.5 and 36.2%
in plasma and by 29.7, 40.2 and 28.9% in red
cells, respectively.

The data set which characterizes HOA and
LPO was subjected to multiple correlation ana-
lysis. Table 3 shows the matrix of paired corre-

lation coefficients for these parameters. One
can see a sufficiently close reversed correlation
between real psp and antioxidation parameters
(r from —0.55 to —-0.79). There was also a high
direct correlation between real psg and the am-
plitude of iron-induced chemiluminescence
burst in plasma and red cells (r=+0.79 and r=
+0.62, respectively).

The observed lowering of standard psg after
pyrogenal administration suggests some addi-
tional mechanism of HOA modulation, differ-
ing from the action of temperature, pH or
pCO;. Wood [16] proposed two possible ways
of change of temperature effect on HOA in vivo:
(1) synthesis of thermotolerant hemoglobins,
and (2) modulation of the allosteric interaction
between hemoglobin and ligands. Change of
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Fig. 3. Time dependence of a-tocopherol concentrations (A) and catalase activities (B) in rabbit plasma (open
columns) and erythrocytes (hatched columns) before and after pyrogenal administration.

Table 3
Matrix of paired correlation coefficients between indices of hemoglobin-oxygen affinity,
chemiluminescence and antioxidant protection during fever induced in rabbits by pyrogenal (6 MPD/kg)

Index 1;*;1 d:::tw AOAp! | AOA e Iclrbe T{;ém TO"EM CATpi |CATsbe| ¢
Real pso 1 068 | -0.69* | —0.71* | 0.79* | 0.62* |-0.79" | -0.79* |-0.65* | -0.55* | 0.73*
Standard pso 1 093 | 097 | p54* | 054" |-081* | -078° | 072" | -0.59* | -0.93*
AOAyI 1 093 |-054* | 047 | 0.82* | 078* | 074* | 0.55* |-092* |
AOA e 1 =057 |-054* | 084 | 081* | 074* | 058 |-095°
Iclpi 080" | 079" | -08% |-071 | 057" | 0s66°
Iclebe 1 i-0.54* | -058* |-077* | 065 | 0.61°
a-TOC,| 1 0.98* | 075" | 0.56* |-0.89* |
- TOCre 11 073" | 050|087
CATy1 1 0.80* | -0.74*
CﬂTrbc 1 :ﬂ-fﬂL
T 1

Underlined are paired correlation coefficients which reflect moderate or strong relationships between the two parameters.

* P <0001,

“Abbreviations: AOA, antioxidation activity; Icl, amplitude of “rapid” burst of chemiluminescence; a-TOC, w-tocopherol
concentration; CAT, catalase activity; f, temperature, Indices pl and rbe mean plasma and erythrocytes, respectively.

HOA in our experiments with pyrogenal may
be explained by lowering of red cell 2,3-diphos-
phoglycerate concentration, similar to that ob-
served under environmental hyperthermia
[17].

Pyrogenal undoubtedly plays a primary role
in LPO activation but, under conditions of dis-
turbed tissue O; utilization, lowering of HOA
can also facilitate free radical reactions via a rise
of Oy flux to tissues. It is well known that
activation of LPO processes can result from
changes in body oxygen supply, due either to

~ an excess of electron donors in hypoxia or to an

excess of electron acceptors (oxygen) in hyper-
oxia [18]. For example, a rise of O, concentra-
tion during reoxygenation after ischemia
enhances superoxide generation [19]. There
were also observations of marked LPO velocity
changes when pO; was below 50-100 mm Hg,
which could have been due to oxygen influence
on both propagation and termination of chain
reactions [20].

Body LPO processes occur continuously.
Under normal conditions, 1-2% of electrons
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carried by the respiratory chain are utilized for
generation of superoxide and H;O; [21]. The
latter are important for modifications of bio-
membranes and for synthesis of different
physiologically active compounds. However,
pathological conditions are often accompanied
by a disturbance of the equilibrium between the
oxidase and oxygenase pathways of O, utiliza-
tion, resulting from various factors including
tissue pO; determinants. HOA plays an im-
portant role in determination of oxygen flux to
tissues [22].

The data obtained in our experiments on rab-
bits with pyrogenal-induced fever thus reflect
close relationships between the parameters of
free radical lipid oxidation and hemoglobin-
oxygen affinity. This enables us to assume that
hemoglobin is a component of some mechan-
ism activating free radical reactions.
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