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Classification of oscillatory states of blood pressure after bleeding
in cats Hiroshi HosomI (Department of Plzyszology, Kobe University School of Medicine,
Kobe, Japan) V

Blood pressure and heart rate responses were recorded on bleeding of blood volume of
Lkml/kg body weight (test input) from the abdominal aorta of cat. Forward path gain,
backward path gain and minification were determined from blood pressure responses to
test input. i

Oscillations in blood pressure were elicited spontaneously or artificially after bleeding"
of blood volume of 5ml/kg body weight (conditioning input). The oscillatory states are
classified into latent state, underdamped oscillatory state and harmonic oscillatory state.

Open loop gain decreased in the latent state but increased in the other states. There-
fore, oscillation was hard to elicit in the latent state. Minification, however, enlarged in
the latent state, making the system irritable to disturbances and reducing its control
accuracy. In the latent state, an insensible disturbance increased backward path gain
and open loop gain to induce the oscillations. :

There was an increase of heart rate at an elicitation of oscillation in any state and
a decrease of heart rate made it damped. Therefore, the heart rate regulatory system
plays a main role in the feedback path of the blood pressure regulatory system and an
increase of heart rate by an insensible disturbance or test input increases backward
path gain. (J. Physiol. Soc. Japan (1976) 38, 409-415)

key words : bleeding, oscillations in blood pressure, - heart rate regulatory system,

blood pressure regulatory system.
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Fig. 2. Typical experimental records. upper
trace : time mark. middle trace : blood pressure.
lower trace : heart rate. A : blood pressure and
heart rate responses to conditioning input at the
arrow. B : responses to test input at the arrow
after conditioning input. C: responses to test
input at the arrow before conditioning input.
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Fig. 3. Classification of oscillatory stafes of
blood “pressure. upper trace : time mark. middle
trace : blood pressure. lower trace: heart rate. A:
temporally and spontaneously elicited increase
of heart rate and oscillation in blood pressure.
B temporally and spontaneously elicited increase
of heart rate and amplification of amplitude of
oscillation in blood pressure. A and B : latent
state. C : underdamped oscillatory state ; temporal
increase of heart rate and underdamped oscilla-
tion:in blood pressure elicited artificially by test
input at the arrow after conditioning input. D:
harmonic oscillatory state ; harmonic ‘oscillation
in heart rate and blood pressure elicited artifi-
cially by test input at the arrow after cc)ndxtxon
‘mg Input.

MrokE s w5 L, IRERIIRED 578
KEV. EUIB ORI G E % & T O
VIR MR 0 J5 23 4

- Fig. 3 CoR L RIBZA Lk C b ig s 1

L. Fo 14 Fig. 4 KRLieboThs.
S AN TG 20, £ Fig. A 0k 57z
BAERIBIC S, 2o Fig. 4-B o X stk
Flcrx s ASiEb x5 L, JH#IR25~30F00
WREIAFEA T 5 WFiREMR I 2 5. 2 hig,

q 100 B P (mmHg)
178£-_A/_/\’\_‘-/
174

H R (beats/min)

Latent State

Cm M
VS

Fig. 4. Transition of oscillatory state. A :
latent state. B:harmonic oscillatory state;1/26
Hz. C: harmonic oscillatory state ; 1/43 Hz.

Table 1. Changes of parameters in the blood
pressure regulatory system at each oscillatory
state. Each value is a ratio of a parameter after
conditioning input to one before. G : forward
path gain. /7 : backward path gain, M: mlmﬁca-
tion. Sy : heart rate sensitivity

arameter] Blood |Heart Y o
State Pressure| Rate| U " M So

Latent 0.88 1.00 1,38 0.64 1.33 0.78

Underdamped | 5 55 ’
Oscillatory : 0.96 | 1.2 | 2.23 | 0.69 | 052

Harmonic
Oscillatory 0.67 0.93 1.83 1.58 0.68 1.42

RE O TR S ] 0 0.1% O el % 4 fn
B &, DB U, WEEMERS) i B 4T 5
A, &bl Fig 4-C ¢k, JHIH40~508 0
AR S - T v 5. Fig. 4-C ©F 2 M A
DNEARCODINE A B L Te b ok, 2
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Regulation of secretion of the components in androgen-dependent
granuies in convoluted tubular cells of mouse submandibular glands
Kazuo Hosoi, Kazushi Aovama and Takao UgHA (Department of Oral Physiology,

Josai Dental University)

<7 x%‘ﬁ?}b’i@{ﬁ]}%%ﬁ[;}a (convoluted tubu-
lar cells) pyicik, Mk CHEEERZEORD bh
BB TS WIER S 12+ 599, 7 2 | =
7w, in vivo 2 B MRS DA E
EET 5 LEL BN HD9D, 20k 5 itz
TR I < bbb T is 99, F7,
Z ORI IR VSR E VR ER T
WAED LvbRTwa3hEd, Zhb omEH
ERICOV TR L VSR TCH S, £,
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VU AREEFET 55 TR & aEBERK
B ERRAICEIS L, Dl b 3RO
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hNa. 2Ok, BRNRG KT 5 ZEO5H
ERESHCEES K, £, hEEPICRES
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Table 1. Changes in amounts of granular
components by autonomic agents and a-adrener-
gic blocking agent in vivo

Granular components

Drug treatments - (%)
None 100+12
Pilocarpine 104+ 9
Isoproterenol 99+ 6
Norepinephrine 40+19
Phenylephrine 38+ 8
Phenoxybenzamine 96+ 7
Phenoxybenzamine -+
norepinephrine 9+ 5
Phenoxybenzamine -+
phenylephrine 97+17

All values are mean=+S. D, of 4 mice.
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Fig. 1.

Microphotographs of submandibular glands of normal and drug-administered

mice. Ac, Acinus ; CT, convoluted tubule. A, normal male (control); B, injected with
phenoxybenzamine ; C, injected with phenylephrine;D, injected with phenylephrine after

the administration of phenoxybenzamine.
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7T REUF Y v BEREFHEEET b 54 Y e
Fv ) —EEE LGS, S FRBHFORE
BINRS 0BRSS, HBLESELVE
ELH L (FL). L2L, 7FLF VU v a-
LA RROHIET A AT X T ) T =
v ) rERET S L, ETRMERT R
HIPIRRSY O BVE SR O K40%12 & TR L e,
fh 5, e-ZRABRNEE L EE+ 5 1R,
a-ZREENR T D72 S VR F I v
PRETHL, JIATERT I LR T oL
Y Uiz X B TR0 BRINR S O T, g
S lES . ¥, TRLFY Y %
REHMELIBEETIC, 72 /%0 _R0F
VIEG BEE LA, SH TR R o BERL
ARSOBREEET, HBRLEEELVET
Hol. ThbDZ kinhd, <= v A TEME
SR P o BERIIC B F B RRSY O S WAL AR
ko TSR, a-ZREORFKIZ X - TIT
bhdeEZLLNS.

B. fHRREEREIE

LR OBERLAEIE & R R X 5
ST IRAARR O TPREZ (L E B L. Eipikh v
Tl WIEEHE~ 7 25 TRHIE NI X,

MAA DTN — ek > TR Qe SN BEE

BRI TN L, M EEEBACEEL Ty
5 (K1-A). L»L, 7FvF Vv a5 K
FIME (7==v7 V) 285 L~y 2D
SET AR 2 DX, WL v BEERE
RO KE S BHEER L, DEORRIET H3 ke
Bricsbhd (F1-C). [EEIC X - CHERE
B ST T e o h g v i frE

T5. i, BESELIILKRL, £EoRE
FHEMERHZL NS, TFLFY v a-ZRE
FHRZRET A0y = / 2V R FI v
#h Ulc~ v 2 o5 TR (X 1-D) ©ix
B1-C LR b, FEEOEER &L L
VIR v 2 (K 1-A) E R dEREE o B R i
HUle~ v 250 TR (K 1-B) &3[R 20 fL i
BARRD Bz, TR S ORI HIR O
BFEEHCTAbREREL I —8T 5.
PAEDSESEa s L CHBSENTFEE v
FBRER» b, SATRAERENOBERICE %
NBRE, =V AEBIMEEDS, 7 RvT Y
v R AHBEEOEHIC X » TROW &
T TR )y RO X - THI
BIRIENICSWMENRS. Thbb, ZOERP
FRGY D5WNE, BRI X - TKE S h, a-
ZREERETbha LEL NS, B, o
TR AT N RO S WMER &, BT RS
VAL TR TH B

X Bk

1) Fahey, J. & McKelvey, E. M. (1965) J. Immunol.
94, 84-90

2) Hosoi, K., Nakamura, T. & Ueha, T.: J. Bio-
chem. (to submit).

3) ApHFIHE, FILERE, WK (1976) Eo b
. 81, 764-765

4) Kaiho, M., Nakamura, T. & Kumegawa, M.
(1975) Anat. Rec. 183, 405-420

5) Lacassagne, A. (1940) Compt. Rend. Soc. Biol.
133, 180-181

6) Lowry, O. H., Rosenbrough, N. J., Farr, A. L.
& Randall, R. J. (1951) J. Biol. Chem. 193,
265-275 '

7) Spicer, S. S. & Duvenci, J. (1964) Anat. Rec,
149, 333-358

key words : submandibular gland, androgen granules, a-receptor, secretion.



(J. Physiol. Soc. Japan (1976) 38, 421-423)

Control of blood pressure oscillation elicited by bleeding

Hiroshi HOSOMI

Department of Physiology, Division [, Kobe University School of

Medicine, Kobe 650 [apan

The phenomenon of a slow cycle blood
pressure oscillation has been widely known
and called Traube-Hering waves or Mayer
waves., Sagawa®) showed that the blood
pressure oscillation was a feedback oscilla-
tion in the blood pressure regulatory sys-
tem caused by lowering the mean cerebral
perfusion pressure in dogs. Miyakawa3
reported that ischemia in the brain due to
a decrease in the cerebral blood flow
stimulated the bulbar vasomotor center
and elicited the blood pressure oscillation
in rabbits. The frequency of the blood
pressure osscillation bore reference to that
of the biological rhythem in the brain stem.
The authorD? thought that the blood pres-
sure regulatory system was a feedback
system, judging from the changes of the
level of blood pressure to bleeding, and
developed a method to measure the system
parameters, for example a forward path
gain (G) and a backward path gain (H), by
which the responses of the system were
modified. When the blood pressure oscilla-
tion is elicited by bleeding as a condition-
ing input (a parametric forcing) in cats,
these parameters are also affected. The
blood pressure oscillatory states can be
classified into three states, i.e. a latent
state, an underdamped oscillatory state and
a harmonic oscillatory state. An increase of
G is a distinguishing trait in the latent
state, that of H in the underdamped oscil-
latory state and those of both G and H in
the harmonic oscillatory state. The author?
predicted that the blood pressure oscillation
should be elicited by an increase in an open
loop gain (GH), especially H. The heart rate
increases during the blood pressure oscilla-
tion in any state and decreases at an arrest

AR A ¢ T R AR A E A
[Received for publication June 14, 1976)

of the oscillation. Based upon the results
mentioned above, it is concluded that the
heart rate regulatory system plays a main
role in a backward path in the blood pres-
sure regulatory system and the increases
in the heart rate are due to an enlargement
of the gain in the heart rate regulatory
system, that is H in the blood pressure
regulatory system. These oscillatory states
are not optimum for the biological system,
so it is important not only to elucidate a
mechanism of the oscillation but to develop
a plan for controlling the oscillatory states.
The present experiments were carried out
to develop the plan of making the heart
rate decrease and the oscillation arrest.

Cats were used as experimental animals
and anesthetized by an intraperitoneal
injection of pentobarbital sodium. A by-
pass with piston was set to the abdominal
aorta. Bleeding of 1ml or 5ml/kg body
weight into the piston was given to the
blood pressure regulatory system as a test
input or a conditioning input. The para-
meters, 1.e. G and H in the blood pressure
regulatory system are forced to change by
the conditioning input and their changes
are measured by the test inputs. In the
harmonic oscillatory state, the harmonic
oscillation in the blood pressure is elicited
by the test input or spontaneously. The
increased heart rate is markedly decreased
by a transfusion of a small amount of
blood previously bled as the test input or
a partial occlusion of the abdominal aorta.
These two methods were tried to control
the harmonic oscillation.

While the harmonic oscillation was eli-
cited by the test input to the blood pressure
regulatory system which was in the har-
monic oscillatory state after the condition-
ing input, a small amount of blood was
transfused to control the oscillation (Fig.
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Fig. 1. Elicitation and arrest of the blood pressure oscillation. A : control of the blood
pressure oscillation by Dbleeding and transfusion. B : changes of the heart rate in an
uncontrolled (left) and a controlled (right) oscillation. C : control of the blood pressure
oscillation and changes of the heart rate by a partial occlusion of the abdominal aorta.

1-A). The harmonic oscillation was damped
and arrested by the transfusion at the
bottom of a cycle in the oscillation. On the
contrary, the transfusion at the peak of a
cycle in the oscillation augmented the
amplitude and prolonged the cycle, then the
oscillation was not arrested. Therefore, the
transfusion of a small amount of blood at
the bottom of a cycle is effective to arrest
the oscillation and the transfusion at the
other phase of the cycle is not only ineffe-
ctive but also produces counter results.
That appeared to be the case. Then, the
effects of the transfusion on the oscillation
and on the heart rate were examined (Fig.
1-B). In Fig. 1-B (left), it is the case that
the transfusion at the bottom of a cycle had
no effect on the oscillation nor on the heart
rate. On the other hand, a transfusion was
performed at the peak of acycle in Fig. 1-
B (right). The oscillation was arrested and
the heart rate was decreased by 2 to 3
beats/min. It can be stated as a conclusion
that the necessary condition for an arrest

of the oscillation is the decrease in the
heart rate rather than the phase of the
transfusion. Generally speaking, the decre-
ase in the heart rate and the arrest of the
oscillation were easily accomplished by the
transfusion at a bottom rather than at a
peak of a cycle of the oscillation. The
meaning is not elucidated yet. After a
method to measure the changes of the gain
in the heart rate regulatory system is
developed, it will be elucidated. The observed
blood pressure oscillation showed a variety
of amplitudes and frequencies. This pheno-
menon, however, seems to be the same as
Traube-Hering waves or Mayer waves. If
the oscillation was elicited by ischemia in
the brain, it could hardly be improved by
the transfusion of a small amount of blood.
Therefore, this theory could not be com-
plied with. As the mean cerebral perfusion
pressure is not lowered during the oscilla-
tion, a hunting in the feedback mechanism
to maintain the cerebral blood flow at a
suitablle level could not be regarded as the



cause of the oscillation. The author pro-
posed the hypothesis that an enlargement
of the open-loop gain, especially the back-
ward path gain and the anatomical delay
element in the backward path in the blood
pressure regulatory system cooperated and
made the system unstable. The transfusion
is a parametric forcing to the heart rate
regulatory system during the oscillation
and it decreases an overall gain of the
system. In other words, it decreases the
backward path gain of the blood pressure
regulatory system and makes the system
stable. As the heart rate regulatory system
plays the role of a feedback element in the
blood pressure regulatory system, an eleva-
tion of the blood pressure should decrease
the heart rate. To elevate the blood pressure
around the baroreceptors, the abdominal
aorta was occluded partially (Fig. 1-C).
During the harmonic oscillation, it induced
the elevation of the blood pressure and the
decrease in the heart rate, then the oscilla-
tion was arrested. Releasing the aorta from
the occlusion elicited a decrease in the blood
pressure, the decerases in the heart rate
and the oscillation. It suggests that there
is a close relation between the changes of
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the heart rate and the phenomenon of the
blood pressure oscillation.

Summary

1) A control objective regarding the
blood pressure oscillation is to decrease
the heart rate.

2) The transfusion of a small amount of
blood at the bottom of a cycle in the
oscillation is! usually useful as a control
plan for the blood pressure oscillation.

3) A partial occlusion of the abdominal
aorta is effective in arresting the oscillation,
but the oscillation starts again after releas-
ing the abdominal aorta from the partial
occlusion.

This work was supported by the research grant
from the Ministry of Education of Japan (987006).
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