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Changes in the Force of the Muscular Contraction in Acute

Hemorrhagic Hypotensive State
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Table 1. Relative peak amplitude of the resting muscle in ¢ontraction curves obtained before, and

at 30 noinutes or ] hour of the hypotensive state. Muscles were kept silent during that

period. Values are expressed as ratio to the initial peak.

No. Experiment Before (At 30min. rAt 1 hr. H No. 1 Experiment Before iAt 30min. lAt 1 hr.
1 Sham-operated 1. 00 0.98 0. 47 13 | Hemorrhaged 1. 00 0. 59 0. 85
2 L4 1. 00 1. 00 0.70 i4 ’ 1. 00 ¢.71 0. 50
3 L4 1. 00 0. 76 0. 66 15 L4 1. 00 0.74 0.64
4 L4 1. 00 0.86 0. 68 16 L4 1.00 1. 08 0. 84
5 » 1. 00 0. 86 0.83 | Mean 1. 00 0.73 0.63
6 L4 1.00 0. 64 0.58 Prednisol

rednisolone
7 L4 1. 00 0. 87 0.90 17 +Hemorrhaged 1.00 1.08 0.83
8 ’ 1.00 1.00 0. 65 18 " 1.00 1. 07 0.79
Mean 1. 00 0.87 0.68 19 " 1.00 0.78 0. 76
20 4 1. 00 1. 68 1.61
9 Hemorrhaged 21 T 1. 00 0.80 0. 63
10 4 1. 00 0.74 0. 67 22 4 1. 00 1.31 0.58
11 4 1. 00 0.76 0.57 23 4
12 4 1.00 0. 49 0.37 Mean 1. 00 1.18 0.97
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Table 2. Relative peak amplitude of the active "muscle in tetanic contraction curves obtained

before and at 30 minutes or- ] hour of the hypotensive state. Muscles were stimulated

once every three minutes during that period. Values are expressed as ratio to the

initial peak.

No. Experiment Before jAt 30min. iAt 1 hr. .1 No. J Experiment Befgre (At 3omin. [At 1 hr.
1 Sham-operated 1. 00 0.50 0.23 \ 13 | Hemorrhaged 1. 00 0.91 0.95
2 ” I 14 v 1.00 0.58 0.35
3 . 1. 00 0. 88 0.20 15 r 1. 00 0.74 0- 64
4 r 1. 00 0.73 0.4 16 r 1. 00 0.75 0.53
5 4 1. 00 0.89 0.84 || Mean 1. 00 0.77 0.75
6 4 1.00 1. 45 1. 26 Prednisol
rednisolone
7 . 1. 00 1.41 1.48 17 + Hemorrhaged 1. 00 0. 47 0. 37
8 4 1. 00 0.85 0.59 18 7 1.00 0. 60 0.24
Mean 1. 00 0-96 | 0.72 19 ’ 1.00 0. 69 0.62
20 r 1. 00 1. 03 0.94
9 Hemorrhaged 1. 00 0.94 21 4 1.00 0.61 0.64
10 r 1.00 1. 40 22 r 1.00 1.04 0-67
11 " 1.00 1.12 0. 85 23 Y
12 4 1.00 0.54 0.36 || Mean 1. 00 0.74 0.55
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Fig. 8. Peak amplitude of active muscle which '3 Hio
was stimulated with 3-seconds interval S
during the hypotensive period = " e resting
Legend: same as in Fig. 2 . - active
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curves obtained in the resting and active
muscles of the hemorrhaged animals. In
the latter cases the muscles were stimu-
lated with 3-seconds interval throughout
the hypotensive period. Beneficial effects
of intermittent contraction with low
frequency were revealed. The amplitude
obtained before hemorrhage was regarded
as 1. 00

H,: Peak height Hs: Height at 5 seconds
H,;: Height at 10 seconds



Table 8. Relative amplitude of the tetanic contraction curve at 5 seconds.

Muscle was kept silent

except the tetanic stimulation before, at 30 minutes and at ] hour of the hypotensive

state.
Initial peak amplitude: 1.00

No. Experiment i Before 1At 30min. At 1hr.§ No. | Experiment | Before |At 30min. At ] hr.”]
1 ‘ Sham-operated 0. 67 0.84 | 0.40 13 | Hemorrhaged 0.63 0. 48 i 0.63
2 " 0. 60 0.75 ' 0.60 14 ' 0. 63 063 ! 0.25
3 " 0. 69 0.72 | 0.59 15 ’ 0. 86 0.52 i 0.55
4 r 0. 59 0.76 | 0.65 16 ? 0. 86 0.98 ' 0.28
5 r 0. 66 0.76 | 0.72 || Mean 0.7 0.58 038
6 P 0.86 0.58 | 0.58 ) i

7 . 081 | 088 | oes | 17 |FHIelone | ese | Lm0 | 075
8 x 0.7 0.86 © 0.57 18 0. 69 0.62 | 0.17
Mean 0.71 0.7 0. 60 19 0.41 0.38 | 0.3

. 20 ’ 0.71 1.29 | 13
9 Hemorrhaged 21 7 0. 87 0.80 | 0.77
10 , 0.71 0.58  0.48 | 22 v 0.77 104 | 042
11 " 0.76 0.50 | 024 | 23 ) 0. 83 1.40 | 124
12 , 0.63 | 0.3 | 02 | Mean 0.7 | 093 | 0.06
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Fig. 5. Relative amplitude of resting muscle at 3
seconds of tetanus
Legend: same as in Fig. 2
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Fig. ¢. Relative amplitude of active muscle at 5

seconds of tetanus
Legend: some 2s in Fig. 2
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Tahle 4. Relative amplitude of the tetanic contraction curve at 5 seconds. Muscle was stimulated
with 3-seconds interval during hypotensive state. Tetanic contraction was elicited before,
at 30 minutes and at 1 hour of that period.

Initial peak amplitude: 1.00

No. } Experiment i Before lAt 30min. 1At 1 hr i! No. ‘ Experiment | Before :At 30min. %At 1 hr.
1 Sham-operated 0. 64 0.41 0.20 13 | Hemorrhaged 0.52 0. 66 0.73
2 4 0.62 14 4 0.81 0.54 0.27
3 4 0.4 0. 88 0. 20 15 4 0.91 0.24 0.24
4 4 0. 53 0. 60 0.42 16 r 0.75 0.64 0. 25
5 4 0.71 0-84 0.79 | Mean 0.78 0.58 0.55

6 r 0.84 1.24 1.18 | .
7 ’ 076 | L2t | Lo7 | 17 |grednisclone ed | 063 | o042 | om
8 4 0.7 0. 68 0. 46 18 4 0. 68 0.48 0.08
Mean 0. 67 0.84 0.62 19 4 0.55 0.25 0.24
20 4 0.81 0.87 0.71
9 Hemorrhaged 0.94 . 0.69 21 " 0.64 0.43 0.32
10 ” 0. 80 . 1.25 22 4 0.75 0.63 0.17
11 r 0.88 1.00 0.69 23 n 0.69 0.48 0.21
12 r 0.64 0.39 0.25 Mean 0.68 0.51 0.26

Table 5. Relative amplitude of the tetanic contraction curve at 10 seconds. Muscle was kept silent
except the tetanic stimulation before, at 30 minutes and at 1 hour of the hypotensive state.
Initial peak amplitude: 1.00

No. Experiment lBefore {At 30min. liAt 1 hr. ; No. Experiment I Before ’At 30min.§At 1hr.
1 Sham-operated 0.56 0.64 0.29 13 | Hemorrhaged 0.44 0.33 ¢ 0.44
2 ’ 0.35 0.60 | 0.43 14 " 0.46 0.33 | 0.17
3 v 0.38 | 0.5  0.45 15 ’ 0.67 0.43 | 0.29
4 ” 0.41 | o0.46 | 041 4 16 " 0.70 0.78  0.14
5 ’ 0.38 | 0.48 | 0.45 | Mean 0.53 0.37 0.23
6 ’ 0.67 | 0.56 | 0.56 b e _
7 " 0.58 | 042 | 0.5 17 | Homorrhaged 0.83 0.83 - 0.83
8 r 0.62 | 0.62 | 0.41 18 ’ 0.41 0.28  0.10
Mean 0.49 0.55 | 0.44 19 . 0.38 0.32 i o0.22
20 . 0.65 103 1.16
9 | Hemorrhaged 21 7 0.73 0.67  0.13
10 ” 0.57 0.39 | 0.29 22 v 0.45 0.81 0.38
11 7 0.43 0.12 | 0.12 23 " 0.76 Lo ' 0.72
12 r 0.46 0.23 0.17 | Mean 0.60 0.71 0.51

Flamephotometer?] G.P. ¥3& ¢lo] =74 10¢ & M LS #E-S Barker and Summersong: (Oser,
T BiEolYrlh. HMMNEMERE = kg, wet tissuet & 1965) o 2 sl = e ABMAERL oh& o] &4
Bo 2 %75 A 128

SRS HRMEE 2 Bl difie] S17IFT FALT WEEEe FAR FAS 22 &HE 10%
GBS EH Sl MidlA JERE Ao T gRidh TCA %# 3mlg fstd fddlA F83] 23 10%
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Table 6. Relative amplitude of the tetanic contraction curve at 10 seconds. Muscle was stimulated

with 3-seconds interval during hypotensive state.

Tetanic contraction was elicited before, at 30 minutes and at I hour of that period.

Initial peak amplitude: 1.00

SHAM HEMOR PRED

Fig. 7. Relative amplitude of resting muscle at
10 seconds of tetanus.
Legend: same as in Fig. 2.

TCA=z AZ1A5 10mlz A std=h o] ZA-E 2,000
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KBHER
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HimAl 7] 71" o ©v]8] prednisoloneg 53 BEERE A
FRLAFS] MMmAET ARl o] EMEE 10002 H

No. i Experiment | Before {At 30min. ‘At 1hr_” No. ‘ Experiment iBefore ‘At 30min. At 1 hr,
1 | Sham-operated | 0.43 0.34 | 0.18 13 | Hemorrhaged 0.41 ‘ 0.39 l 0.43
2 5 L 0.31 0.60 | 0.4 14 " 0.62 0.50 | 0.23
3 " 024 0.32 | 0.12 15 " 0.67 0.15 0.09
4 ” . 0.36 0.40 | 0.29 16 " 0.61 0.58 0.17
5 " P o047 0.63 | 0.53 | Mean 0.64 0. 41 0. 40
6 ’ 0.68 1.0 | 1.05 )

7 . 0.66 0.8 | 0.76 17 | o ed | 0.5 0.42 0.05
8 v 0.59 . 0.59 | 0.24 18 ’ 0.52 0.40 0.04
Mean S 0.47 ' 0.60 | 0.45 19 ’ 0.38 0. 20 0.18
| 20 v 0.55 . 0.68 0.42
9 Hemorrhaged | 0. 81 ! 0.63 21 ” 0. 45 | 0.36 0.14
o o 075 | 1.05 22 Y 0.50 | 0.42 0.17
| 11 r | 0.77 |  0.65 | 0.45 23 ” 0.3 | 034 0.14
12 v ‘ 0.45 ‘ 0.13 | 0.11 | Mean 0.45 | 040 | 0.16
1.oof 1.00}
@ [ 1]
B 080 E 0.80}
g osop £ osof
% osop 2 ool
i=4 =
& 20 & oz20t

SHAM HEMOR PRED

Fig. 8 Relative amplitude of active muscle at 10
seconds of tetanus.
Legend: same as in Fig. 2.
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Fig. 9. Potassium-ion concentration and lactate
content in plasma of hemorrhaged hypo-
tensive rabbits.

Ordinates: multiple of the control values
hemorrhaged without prednisolone (H)
pretreated with prednisolone prior to

hemorrhage. (P)
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BEst Tiifo) ThES mEmWEEsl fEEghE g4
o3 e AT HEET F: Aoz nol BRFY
m®E 30~45mmHg #EFEE 2B M7 mEeld =
A Fol wet o] HEANAE FAlMWo = EME ]
7 & 2gkeh

Bk RiEe] @iE Qens Him JYd A
of BA #ifistel bl @4pe] ME: s oz
MEgrek 4 vk 155 AXN AEHMmAZ Ao
v B AEd £X oy Wiggers) SHEd o5
Foigdeh

a2 2 fRiMmals] e EdelAdE Bfe] AT
ek fERAEe] MR ghE Hojglot o] MIEE of
L REEE BN Ee ik & Y Aol EmmEiR
& et BE FBMT 3 Fo) 6171} prednisolone
28 R Fkelvh fET WEL wR7 ol
g Fegdoy B wEh e s FEie BB EH
i MERe] BMmER T B2 Sz AL 5
L3 Aoz A48 g HEd 95 sS4 =
Fate]l —FshA] ol SggslA fefE WEEMES)
glet. Glucocorticold= — My & 4% stresss| w3}
St fEfe] dom mMWRY RES E#LA7= %
Bel (Motsay et al, 1970) #1&o 4 2] bradykinin §-2]
= st BHMEEBEY BAE plas R
(Ganong, 1967)s MM/ H € BET 29024
# Zebg MES BLstE fEfo] vl = SRR
Wity BRAES HEBBE BEL "t=clErt (Janoft
et al, 1962; 1971) Bte FERES
st £& deo7 & anaphylatoxind & idy
BREE Bikgtels #(Schumer etal, 1872)% Z %
= = gleh

EMmBERrel = EHftEd P18 Ba MEss L
Bolt Hiel 7H= MMiE =% REINL HEEA =
BIEES S0l HHoR SBRIE doigsl.

olafol FBMES E‘HE vw Agdr A7

MRREZE Reftsld EH-E oAl Eoj =t} (Parker et
al, 1971; Weidner et al, 1971). =& s+ THIMESR
Be ETsd ARKS mEdEoez miksl: Bt
ek ol it BiEel s Hgel BB K B B
Holw wekd e £EF &8 WA " Holrh oy
T dE& Weidner §(1971) & &S v ook 49
Bihe] B3 EES AL THAAE mifhzme
i) 2ot BT BIEE EBEZ Zolsl AL
Y 4+ YRS Aol o KEE BEE B8y &
T B 2 ABEHC SLdA Lok Re e

Weidner et al,
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7b e M-S 22 HEEE Bt fEPeEA
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E}. Vasopressin Ao 2 (Fricsson, 1972b) L4015

BT #idkste oS ERAY FlE 2z 318
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ABSTRACT

Changes in the force of the muscular
contraction in acute hemorrhagic
hypotensive state

Sung Rak Kwon and Dong Hoon Shin

Departmen! of Physiology, College of Medicise,

Seoul Nalional University

Adults rabbits were subjected to bleeding to lower
their mean arterial blood pressure to 30-43 mmHg
in 15 minutes. The blood pressure was maintained
at a desired level by fixing the height of the
reservoir connected to the artery. The performance
of the gastrocnemius was studied at the hypotensive
state by taking the curves of tetanic contraction
before hemorrhage, at 30 minutes and at one hour
of hypotensive period. The peak of the tetanus
curve and the heights at 5 seconds and 10 seconds
were measured. All values were expressed as the
ratio to the peak height of the curve which was
attained before the bleeding.

The animals were devided into 3 groups. They
were the control group, hemorrhage group and the
prednisolone treated group. In the hemorrhage
group the gastrocnemius muscles and sciatic nerves
of both sides were exposed and the strings attached
to the ends of the Achilles tendons were connected
to the transducers(myographs). Sciatic nerves were
cut and stimulating electrodes were placed on the

distal ends in order to get the tetanic contraction
curves of the gastrocnemius muscles. Immediately
after the surgical procedure blood was taken through
the canula inserted into the carotid artery, resulting
in a predetermined hypotensive state.

One of the gastrocnemius muscles was stimulated
during the hypotensive state every 3 seconds with
1-2 volts square wave of 2 milliseconds duration.
The opposite side was kept silent between the
consecutive tetanic contractions.

The animals of the prednisolone treated group
were given prednisolone, 25mg/kg. body weight
intraperitoneally one hour prior to the hemorrhage.

The control group was exempted from the hemor-
rhage, other surgical procedure being the same.
potassium and
These
components and water content of the muscles were

Concentrations of plasma sodium,
lactate were measured during the course.

also measured.

The resulis obtained were as follows:

1. In the control group the surgical procedure
without hemorrhage brought deteriorations in the
performance of the muscle as well as in the chemical
components. Observations were limited to one hour
in the pres:nt studies.

2. In the silent muscles of the hemorrhaged
animals the performance was weakened progressive-
ly. In the active muscles which were stimulated
every 3 seconds during the hypotensive state, the
change in the performance and the alteration of the
chemical components were slight as comparing with
the resting muscles. Repeated contractions at a slow
rate seemed to bring beneficial effects on the
muscular function in these adverse conditions.

3. In the prednisolone treated group, the function
of the resting muscle was well preserved in the
hypotensive state. In the active muscle, however,
no improvement was noticed by the prednisolone
administration.

4. There was marked increase in the lactate
concentration after prolonged hypotensive state,
almost doubling the value of the control. Alteration
of this component was less marked in the active
muscles which were stimulated at a 3 seconds interval.

5. Potassium and lactate concentrations of plasma
showed remarkable increase in the hypotensive
animals, reaching to more than 3 times the control
value, Pretreatment with prednisolone, however,
brought a protective effect on such alteration.
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