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Spectral Analysis of Blood Pressure and Heart Rate Variability during Hemorrhage
After Losartan Administration into the Lateral Ventricle

Dong Wook Lee, M.D.,** Kyoung-Soon Kim, M.S.,
Hyeong-Jin Kim, M.D., Won-Jung Lee, Ph.D.

Department of Internal Medicine, ** Fatima General Hospital, Masan, Korea
Department of Physiology, School of Medicine, Kyungpook National University, Taegu, Korea

This study was aimed to elucidate the effect of intracerebroventricular losartan administration on
arterial pressure regulation during hemorrhage in rats by power spectral analysis of blood pressure
and heart rate variability.

Nineteen male Sprague-Dawley rats weighing 240-300g were divided into losartan-administered
(©=10) and control(n=9) groups. Hemorrhage was induced with a withdrawal pump from the fem-
oral artery at 3ml/kg/min for Smin. Arterial pressure was measured with a pressure transducer
connected to the contralateral femoral artery for 5 min before, during and after hemorrhage. The
blood pressure signal digitized at 500 Hz through a data acquisition system was analyzed with fast
Fourier transform algorithm to yield power spectra of systolic(SP) and diastolic(DP) blood pressure
and instantaneous heart rate(HR). Powers of very low frequency(VLF, 0.02—0.26Hz), low frequency
(LF, 0.26—0.75Hz) and high frequency(HF, 0.75—5.00Hz) band were obtained.

Basal systolic and diastolic blood pressure was 149+ 9 and 99+ 2mmHg, respectively, and was not
changed by hemorrhage in control rats. Basal blood pressure in losartan group was 143+ 9 and 97+
6mmHg and was significantly lowered to 116+ 13 and 77+ 9mmHg, respectively. HR was signific-
antly increased during and after hemorrhage in both groups. Total power of SP variability in losartan
group was 13.9% 3.2mmHg’ before hemorrhage and was significantly increased to 66.6% 25.3mmHg’
during hemorrhage. VLF, LF and HF powers of SP variability were 7.3+ 2.0, 3.8+ 1.1 and 2.8+ 0.7
mmHg’, respectively, in losartan group and 5.5+ 1.4, 3.7+ 1.5 and 2.8+ 0.8mmHg’ in control rats.
VLF and HF powers of SP were increased to 33.0+ 15.2 and 20.3+ 6.4mmHg2 in losartan group, and
VLF power was increased to 7.9+ 1.5mmHg” in control group. VLF power of DP variability increased
from 3.3% 0.9 before hemorrhage to 5.9+ 1.0mmHg” during hemorrhage in control group. Powers of
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DP variablility in losartan group and those of HR variability in both groups were not changed by

hemorrhage.

The above results suggested that losartan aggravated the arterial pressure fall during hemorrhage

by impairing the sympathetic nerve activation by central angiotensin II.

KEY WORDSL Angiotensin II - Fast Fourier transform - Intracerebroventricular.
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Fig. 1. A copy of computer screen showing blood pressure and heart rate signals(lower panel) and the power spect-
rum of systolic pressure(upper panel). Vertical bars dissect the spectrum into 3 bands, i.e. very low frequency
(VLF), low frequency(LF), and high frequency(HF), whose powers are plotted as percent of total power

in the inset.
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Fig. 2. Blood pressure and heart rate at basal state, imm-
ediately after losartan injection(icv), during hemor-
rhage(3mi/kg/min for 5min), and during 5-10min
after hemorrhage(Recovery) in losartan and con-
trol groups. Vertical bars indicate standard errors.
*p<<0.05 vs. basal, p<0.05 vs. icv, #p<0.05 vs. conftrol.
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Fig. 3. Total powers of blood pressure and heart rate varia-
bility at basal state, immediately after losartan inje-
ction(icv), during hemorrhage (3ml/kg/min for 5min),
and during 5—10 min after hemorrhage (Recovery)
in losartan and control groups. Vertical bars indi-
cate standard errors. *p<0.05 vs. basal, #p<0.05
vs. control.

000 00 0000 00000, losartan 00 OO
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000 59+ 1.0mmHg?0 0000 00 0000 O
0000, Losartan 00 000 00000 000
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oo.

000 losartand0 00O 000 OO0 000 O
000,000 O 0000 OO0 86+ 21, 18+ 6 O
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0=4109050)0 000 OO0 OO0 (Table 3).
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Table 1. Powers of systolic pressure variability at basal state, immediately after losartan injection(icv), during hemorrhage
(Bmi/kg/min for 5min), and during 5—10min after hemorrhage (Recovery) in losartan and control groups

Basal icv Hemorrhage Recovery
Losartan VLF (mmHg?) 7.3+ 2.0 7.6 2.0 33.0+ 152 # 25.3+ 8.7
LF (mmHg?) 3.8+ 1.1 7.0£19 13.3+ 6.3 14.0% 6.7
HF (mmHg?) 2.8+ 0.7 1.6+ 1.6 20.3+ 6.4 # 17.2+ 7.07 #
%VLF (%) 50+ 6 44+ 8 44+ 8 45+ 9
%LF (%) 29+ 5 36+ 5 21+ 4* 24+ 6
FoHF (%) 21+ 4 20+ 5 36+ 5 30+ 4
Control VLF (mmHg?) 5.5+ 1.4 7.9+ 1.5 9.8+ 2.5
LF (mmHg2?) 3.7£ 1.5 4.4+ 2.0 3.9+ 1.2
HF (mmHg?) 2.8+ 0.8 4.5+ 0.5 58+ 1.0
%VLF (%) 45+ 7 47+ 6 48+ 6
%LF (%) 28+ 4 21+ 5 18+ 3
FHF (%) 27+ 6 32+ 7 34+ 7

Values are means standard errors

*p<0.05 vs. basal, p<0.05 vs. icv, #p<0.05 vs. control

VLFO very low frequency, LFO low frequency, HFO high frequency

%VLF etc.0 (VLF etc.)/(total power) 100
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Table 2. Powers of diastolic pressure variability at basal state, immediately after losartan injection(icv), during hemorrhage
(Bml/kg/min for 5min), and during 5—10min after hemorrhage (Recovery) in losartan and control groups

Basal icv Hemorrhage Recovery
Losartan VLF (mmHg?) 8.4+ 3.4 7.4+ 3.1 22.4+ 10.3 16.8+ 4.9
LF (mmHg2) 4.9+ 2.4 6.2+ 2.1 7.1+ 3.5 8.1+ 3.9
HF (mmHg?) 3.9+ 2.2 4.3+ 2.1 5.1+ 2.1 5.3+ 2.6
HBVLF (%) 53+ 7 43+ 8 58+ 9 56+ 10
%BLF (%) 28+ 4 37 5 24+ 6 28+ 8
%HF (%) 19+ 4 20+ 4 17+ 3 16+ 3
Control VLF (mmHg?) 3.3 0.9 5.9+ 1.0* 7.2+ 2.0
LF (mmHg?2) 2.4+ 0.9 3.3+ 1.4 2.8+ 0.7
HF (mmHg?) 1.7+ 0.8 2.2+ 0.9 1.5+ 0.3
%VLF (%) 48+ 8 58+ 6 62+ 5
%LF (%) 33t 4 25+ 4 24+ 3
%HF (%) 20+ 5 17+ 2 14+ 3

Values are means standard errors

*0<0.05 vs. basal

For abbreviations, see Table 1

Table 3. Powers of heart rate variability at basal state, immediately after losartan injection(icv), during hemorrhage
(Bml/kg/min for 5min), and during 5—10min after hemorrhage (Recovery) in losartan and control groups

Basal icv Hemorrhage Recovery
Losartan VLF (beats/min)2 86+ 21 46 13 106+ 35 98+ 46
LF (beats/min)2 18+ 6 12+ 5 9+ 2 9+ 2
HF (beats/min)2 85+ 27 54+ 17 39+ 7 34+ 5
%VLF (%) 47+ 7 40+ 7 61+ 6" 60+ 8
%LF (%) 8+ 1 8+ 2 7% 1 8+ 2
%HF (%) 45+ 7 51+ 7 32+ 6 32+ 7
Control VLF (beats/min)2 38+ 16 44+ 17 24+ 9
LF (beats/min)2 13 9 12£ 9 6% 2
HF (beats/min)2 46+ 27 28+ 9 25+ 9
%VLF (%) 41 9 45+ 10 42+ 8
%LF (%) 9+ 2 9+ 3 9+ 2
%HF (%) 50+ 9 46+ 11 48+ 9

Values are means standard errors * p<0.05 vs. icv. For abbreviations, see Table 1
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