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JANUS as a GOD for PHYSIOLOGY——The Two Directions
of Progress in Physiology and Maintenance of Integrity

Chandler McC. Brooks

Distinguished Professor of the State University of New York
Department of Physiology, Downstate Medical Center of the State University
of New York, Brooklyn, New York, U!S. A.

Introduction

The unique occasion for this presentation inspires conclusions from retrospection and
stimulates anticipatory speculation*. It is appropriate therefore that I discuss my concepts
of the nature of physiological thought, what the present requirements are and what the
future may hold.

THE NATURE OF PHYSIOLOGY AND JANUS AS A PATRON GOD

Physiology is the study of function. Life processes are functions and life can be
defined as a flow of integrated processes directed by sensory and control mechanisms to
effect adaptive reactions and to maintain essential constancies.

Since structure determines the potential for function, physiologists must study anatomy
of the total body and its parts. The physiologist must also study processes but the secret
of life is the integrative power that organizes the required sequence of processes that
result in effective functions. Integration and Control are the key words.

The present is the time when the organism must react to environmental and social
requirements but the present is a transient. The past and the future are the chief concern.
The past is the storehouse containing knowledge and the experience essential to successful
behavior in the present. The responses of the present are largely anticipatory and
preparatory for the next moment, hour, day or year. This is why Janus should be the
Patron God of physiologists.

As is well known the peculiar anatomy of the God Janus is that he has two faces
(Fig.1). This anatomy provides a functional ability which is his important characteristic
—to look in two directions simultaneously.

Clinicians know of Janiceps as tragic birth abnormalities. At present also the appella-
tion “two-faced” is bad — it means telling both truth and lies ; saying one thing to one
person and the opposite to another ; perverting truth to attain a desired effect ; obtaining
power by deceit. This I do not recommend although it is not unknown to us even in
Physiology. ‘

Janus, however, was a good God ; people built temples for him and worshipped him

* A paper presented at the 62 nd Annual Meeting of the Japanese Physiological Society, Kurume,
Japan, March 28, 1985. The unique occasion was for receipt of election to Honorary Membership in
the Society — an honor deeply appreciated. )
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Fig., 1. The head of Janus engraved on a Roman coin.

because he was considered to be the God of all beginnings. A God in control of important
things. Our first month of the year, January, is named for Janus. Janus is a God possessing
three attributes that I think should characterize physiologists and these I will discuss.

JANUS CONTROLS THE BEGINNING AND THE ENDING

Janus is the God of all doorways, all entrances. Doors have two sides — two faces. The
greater significance of the doorway, however, is that one goes out and one comes in — one
begins and one ends the day in the outer world by passing through a door. We think of,

Preparation and qualification to begin
Attainment, accomplishment to end.

Janus in ancient mythology guarded the portal to the underworld. He could look
forward and back to see who was coming to enter and simultaneously see who might be
trying to escape from below. One had to satisfy Janus to go in either direction. I think
physiology should be a Janus of medicine being highly involved in passing on the
qualification for entry and judging the ultimate quality of its practice or accomplishment.
Is not the objective of medicine to preserve, to correct, to aid functional life? Physiology,
if it is as it should be, the study of life function, automatically becomes the guardian of
those portals that control and direct biomedical science. Are we such guardians or have
we relinquished this responsibility ? I think that physiology in its totality should provide
leadership for medicine, not abdicate to lesser Gods or become a lesser God.

Galen in the first century said that physiological thought is basic to medicine. Modern
scientific medicine began in the 16th and 17th centuries when the study of function
rather than structure began to dominate. When William Harvey, generally given credit
for discovery of the circulation of the blood and the start of modern medicine (1619-21),
used measurement, experimental tests and reasoning to reach his conclusions he was
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thinking as should physiologists.

Is medicine today dominated by physiological thought? It certainly is heroic but
i professional rather than philanthropic. It treats the total need by fragmentation. Thought
of the particulate is divorced from thought of the totality — those that treat the sociopsychic
disorders live apart from those who treat the physical. Those who treat the physical feel
that alone is their responsibility —not the total consequence of implanting an artificial
heart for example. Similarly the classical discipline of physiology appears to be fragmenting
and disappearing. This may not be serious if physiological thought continues but what
are the requirements of physiological thought? This question leads to consideration of
another attribute of Janus.

JANUS COULD SEE THE PAST AND THE FUTURE

It is essential to know what has been done in order to do something new — to effect
progress. Almost three hundred years ago (February 18, 1676) one of the world's great
scientist-scholars, Sir Isaac Newton wrote ; “If I have seen further it is by standing on
the shoulders of giants” — great men who had preceded him. One must not only know what
is known and what is not known but also have those concepts that permit adequate
thought and progress.

While speaking of concepts I would like to point out that the doorways to the
Témples of Janus were not always open. Not just anyone could pass through portals
guarded by Janus. Perhaps we are correct in our modern assumption that anyone who
wishes to has a right to be a physicist, that the more “scientists” and the more doctors
we have the more will be accomplished, but I fear that massive mediocrity does not
assure progress and when mediocrity sits in judgment excellence is not identified.

I agree that younger generations must learn for themselves by exploring old pathways
but it is time we abandoned the wasteful endless repetition of same things. Burning holes
in specific areas of the brain, using localized stimuli to locate tke center of control of the
heart, the center for control of blood pressure, appetite, body temperature control, etc. It
is time we realized that there are no “the” centers, that though there are important focal
control areas the entire nervous system and body are involved in infegrative directive
control of functional behavior.

A higher degree of mastery of the past, of what has been done is essential to success,
to progress in the future.

PHYSIOLOGISTS, LIKE JANUS, SHOULD BE ABLE TO CONSTANTLY
SEE IN TWO DIRECTIONS

There are two foci of interest and study in Physiology . They are Totalistic, Behav-
jorist Thought and Reductionist or Analystic Thought. Both are important but the problem
is how to constantly relate the two. How does one maintain two-way vision?

Reductionist Thought. The analyst seeks the ultimate minutia assuming that surely
these basic structural and functional processes will reveal the nature of life. Unfortunately
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the probe often identifies component parts without revealing the secret of active integra-
tive organization. This analytical procedure has taught us much. It is extremely good at
revealing reliable facts and operational processes. However, the acquisition of knowledge
requires more than information ; it requires an appreciation of the significance of facts of
observation to behavior of the totality.

As has been said before, the patch clamp will not reveal the secret of life but it will
reveal much concerning the functional process in the cell, within the cell membrane, etc.
The mass of information concerning minutia thus revealed by such exquisite technique,
however, tends to become so great that it confines action to accumulation of more
information of a more and more specialized nature.

I do not denegate analysis and the reductionist approach so many Japanese have
advanced to remarkable levels of refinement. I just wonder how it can be related to the
understanding of behavior and the unique features seen in their most sophisticated forms
in man : learning, memory, recall, reasoning, and the nature of sympathy and the qualities
of the spirit of man.,

Totalistic Thought. There have been respectable numbers of physiologists who have
studied behavior and factors that control its patterns. We recognize that some basic types
of reaction — the alerting, alarm, defense reaction, etc. appear to be inherent. Reactions of
anger, fear, grief appear to be stereo-typed. Pavlov, a physiologist, not a psychologist or
sociologist, started studies that have revealed much about the learning process®. It is to
be hoped that those who study cells, circuits and membranes will eventually join forces
with the behaviorists to determine how experiences are retained (remembered), sorted oﬁt,
related and used to reason and to formulate new perceptions. How does one prepare for
anticipated experiences? Is this a physiologist’s problem or a problem for protein-genetic
chemists ? ‘

I relate Infegrative Thought to behavioristic or totalistic thought. We have a new
realization that the neuroendocrine and autonomic nervous system are related in their
integrative, modulatory, supportive, anticipatory and preparative functions. I am resistive
to the concept that the brain belongs to and is concerned only with the behavior of the
somatic system and that only basal primitive areas of the brain regulate the vegetative,
autonomic, functions of the body. The autonomic nervous system contributes to and is
essential to the most sophisticated of all behavior. It has been used most in studies of
learning and it carries to a large degree man's most saving grace — the quality of sympathy.

Again those who study neuroscience must, like Janus, look in two directions — toward
the simplistic somatic system that controls movement and toward the infinitely more
complex neuroendocrine-autonomic system which deals with the more unique huinanistic
man — the individual person and the culture they formulate.

AS JANUS LOOKS-WHAT OF THE PAST AND FUTURE OF PHYSIOLOGY?

Young men, have no past, they of themselves can look only in one direction, strive to
acquire the past from others, to acquire knowledge, to make a contribution and establish
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themselves in the society of men. Old men, have a past, but their future is brief and
chiefly in the imagination. They use experience to acquire comprehension, foresight and
wisdom. They stand on a threshold of the unknown world which will be our common
perpetual home. Like Janus, they can look in two directions : to the past in an effort to
perceive the essence of life and living, the nature of life and man, what should be fostered
and what should be abandoned. The older men of my generation also wonder what men
of the future must, should and will accomplish. What are the challenges, what are the
predictable attainments?

CONCLUSIONS : THE FUTURE

Discussion of the attributes of the ancient God Janus has just been an excuse for
considering physiological thought. This obviously has to encompass both the minutia and
the totality. It must deal not only with process but also with control. Above all it must
identify significance, identify the major mysteries and marshall what is known in order to
identify and then approach the unknown. What can we know of the future? What are
our objectives?

First, I am sure there will always be physiologists but possibly not under that name.
Classical physiology is certainly being fractionated and its excellence denegrated. Every
one may soon become molecular or cellular biologists, neuroscientists, pharmacologists or
anatomists in reality, in thought if not in name. An anatomist is one who instinctively
feels that a structure, that a sodium or potassium channel determines function rather than
serving as an element in integrative function. Reductionist thought has contributed
greatly but it cannot dominate or lead medicine because medicine must deal with the
total individual in a total environment.

The physiologist must be an optimist but also a skeptic. The physiologist does #not
accept the simplistic thought that what can happen necessarily does happen, that what is
seen and what does happen is necessarily significant. This physiological optimism and
skepticism as well as the interest in fuction cannot die — if they do, then medicine and our
culture will either die or decline and another dark age will develop—are we entering it
now? Where I think we are now is shown in Figure2. The first objective I believe is
to preserve physiology as a way of thought.

A second problem of the future is also an ancient one — the study of the nature of life.
As often said before, life is a function, a flow of integrated processes. The secret of life is
integrative action . it is not to be found in any single process or structural minutia. We
know much about structure and processes but what is this force that can : Repair and
reconstitute DNA and the carriers of genetic heritage and directives? What is this
integrative force that organizes, even repairs a cell and gives it functions ; what is this
adhesive process that coordinates the actions of cells essential to the constitution and
function of a tissue, of an organ system of the total organism and societies?

We do speak of protoplasmic bridges, field effects, tight junctions, trophic influences,
the influence of contiguity. We know that the central nervous system can influence



264

ANATOMY PHYSIOLOGY MOLECULAR

" AD BIOLOGY
150 Ancient Greeks
Galen
1550
Harvey
1850 Ludwig et al
Paviov & Cannon
1950
NOW
2050

DEGREE OF DOMINANCE

Fig. 2. The rise and decline of physiology relative to two other disciplines.

differentiation and assume integrative control over the behavior of the organism ; we know
that sympathy is an integrative force in societies. Do not these super integrative forces
require consideration and thought of their elaborations — what is the basic cellular sub-
cellular integrative force of life? What is genetics of integration? This is the primary
question : What is the Nature of Life? If it is integrative power what is that?

Thirdly, the problem of directed, “purposefully controlled” integrative action is
separable from the previous question. We know a good deal about control processes and
of recent years we have become quite sophisticated. Some, but not all, neurophysiologists
now know there is an autonomic nervous system and now recognize that function and
behavior require somato-visceral cooperation and that both the somatic and autonomic
systems are controlled and operate together.

We know of supportive action, modulatory action, antagonistic and synergistic action,
compensatory action, adaptation, preparatory action, anticipatory action?®. One can
condition an anticipatory secretion of insulin® etc. but what is that control process
which can store knowledge and call upon it to organize an anticipatory reaction
appropriate to the future as suggested by signals just received. What is this power of
reason which can draw upon unconscious and conscious memory to construct a behavior
that sustains us and guides us through the futures? Such questions clearly relate to brain
function.

What is the Nature of the Human Brain— The Mind of Man? This is a or the major
question of the future, of all time perhaps.

What is the brain and how does it function to control man and give him his unique-
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Fig. 3. Major sites of integrative action : subdivisions of or the brain.
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ness? Of course other animals have brains that resemble that of man in many respects
but man's brain contributes a potential sophistication far superior to that of any other. It
is this potential that is the mystery. The word we use in describing this ability to
remember, reason, judge, select, contribute qualities to behavior we call the mind.

The mind of man is being intensively studied by many and by many who wish to
subjugate and control or even destroy it. This is the major goal of advertising and politics,
and of those who would rule the world. What of the contributions of physiologists — to
whom are we giving aid —to freedom or enslavement by revealing the secrets of condi-
tioning, of drug action? I often feel we labor to attain our self destruction but I do not
deny the validity of man’s right and desire to know. This phrase “desire to know”,
“sophisticated curiosity” raises the question of the final mystery but before identifying
that I should like to present a couple of thoughts concerning the brain-mind relationship.

Two authors, one of whom was for a while my teacher and is still much respected
by me, have recently written a book on “The Wonder of Being Human : Our Brain and
Our Mind”® A reviewer emphasized their thought that the mind transcends the brain.
They reject any materialistic explanation. They state that the emergence of consciousness
is not reconcilable with the natural laws as at present understood. This suggestion that
the mind is separate from the brain and transcends the brain has been made by others:
The famous neurosurgeon Wilder G. Penfield is quoted as saying in the 1930's — “it is
reasonable to suggest that the mind may be a distinct and different essence” from the
body.

My thought is we should reject the reductionist habit that separates entitites from
the whole. I reject the thought that the development of the hand caused development of
the brain —or that the brain developed the hand. They developed together. The brain is
not an isolated, autonomous entity ; it is part of a totality — the body and brain comprises
a totality, the mind is an attribute of this totality —it is a product of the integrative
power that creates and/or is essential to life. I much prefer the concept that “the” brain
as a control entity is really a cooperative comsortium productive of mind and spirit of
man. If a brain is defined as a sight of integrative control the reductionist should think



266

in terms of multiple brains (Fig.3). I prefer to think of one integrated totality in which
all parts cooperate to confer the potentiality for man’s unique attainments. To me the
mind is no more mysterious than is life — they are of the same essence.

What is the Nature of Man? This is another obvious question for physiologist and
philosopher. He transends all other forms of life in his complexities and attainments.
Diagrams of man, such as shown in Figure 4, can only misleadingly emphasize the concept
of parts dominated by a master brain supposed to alone contribute the ultimate abilities.
The integration contributory to characteristics derived from a totality is difficult to draw.
I just suggest that the problem of the nature of man is not that of the theologian or
anthropologist alone, physiologists too have an interest in his behavior and in many ways
an advantage in the totality of their thought concerning the basic processes of life as
well as in its highest expressions. What are the chief attributes of man? There are
several but I have chosen only one as a concluding discussion of future objectives that is
the study of the Atftribute of Human Sympathy. )

When Galen first saw the .complex of nerves of what we call the autonomic. or
vegetative nervous system he concluded it carried the sympathies. By the Langley
nomenclature we refer only to the thoraco-lumbar outflow as sympathetic although the
term sympathetic nervous system is often used for the whole. Unquestionably sympathetic
and parasympathetic divisions are involved in.a centrally organized emotion of sympathy.
Sympathy is centrally felt and peripherally expressed. Sympathy can cause us to react in
sorrow, to experience anger, to be courageous. The sense of sympathy appears to be
inherent in man but it can be cultivated or can be blunted or lost. Is there a Physiology

THE FUNCTIONAL BODY - BRAIN COMPLEX

. Integrative
r~ Rational
SQE&ER Conscious
Self Individuality Intellectual
Sufficient -+ i Sympathetic
The Brain Some
of Sustainable Effective VEGETATIVE BRAIN
Man -with aid integration l
Reflex - Integrative PERIPHERAL BRAIN
Integrated Living Parts LIVING MATTER

Fig. 4. Diagram of the Body-Brain complex suggesting an integrated unity in
production of man's characteristics.
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of Sympathy? Isn't sympathy the highest expression of integrated behavior ?

Sympathy is or provides the integrative power that sustains society. Some might say
we are not talking science now —why not? Physiologists study functional attributes. We
can speak of the spirit of man and sympathetic integrative power as spiritual in the same
sense as we speak of the mind : the body-brain-mind-spirit relationship. I think they are
all one and I call it basically the phenomenon of integrative function.

My presence here is an example of man's ability to have friendship, mutual concern,
sympathy. Sympathy may be the functional attribute of man that will save the world
from suffering and destruction by plague or starvation or by man the selfish animal — only
the sympathy of man can save humanity and assure the prevalence of the good life that
man has only periodically known.

Finally I suggest for physiologists the cultivation of two seemingly contradictory
attributes : First, a sense of peace in sympathy and at the same time a second attribute,
a sense of divine discontent with the limits of our knowledge and the imperfections of
man' state. The two are essential to an integrated adequate totality although they require
the ability of a Janus to look in two directions simultaneously.
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BRI X OEARIRIND O, 83 F1 5 1.39:
E%EY Hb (5 TR 65x10* D 4 BffF) 1g 23
ALY % 0, ;A& (ml-STPD)

EREEHT L,

. . _ 1
Vo/ VO: = 0,— 70,

2 1 ---------
= 139 Hb)(Sa0,=Sv0,) ®)

Licti»C, EAOfE (Hirk O, BiTwET

|60;§\
8ot
> 4ol
0 5 710 15
(Hb) (gzdl)
Fig. 3. Iy Hb & & Vi/VO, HDBIER(Len-

fant et al4® % b)
O "HE, O ; AE(KPRE), @ ; A%
SOPEAE), () IR, A WER
ENT, ice fish wBd3 55— %.

5IfFE) vk (Hb) LR ERTIET TH
%. Fig.3 &R oFHBY >z OBk
BEE LR T, BEMCE TR OB
B AbhS. i, BUIEBHNTHIIED
3rE, Y7 70ETRMABETSC &, MFK
Hb % 4 ele WIS EETH S ice fish T
i3, EbhwTkE Vo/Vo, DRBRD Z LA
ohb.
2) FRifEk

Hb o /it EERoFIRE b b
T—HT, ARCTROAHE IR LIEE
2bhd™. ZogE 1k, Hb o444~ 0
HEMATH D, $2MKBEEEEDHKA
ThDH. F & i, "HIE Hb (5 FE 65X
104) 2R MERFFICEA ST, TXRCULPTE
HBREREBCH S LThuE, BERBEIIHEE
w3 fsix bR 5. ZofER, BRCETS
fEFZ O F R TN KB Shb i
T ThBITOOMBEERERT 5 BWR T,
Hb o /oAb LaRIMER &\ 5 8o 1B 21T,
#EhOBRLETHEBE LT st Bbh
Z)”)-

L, Hb oFRmERAE A X b gk B 1
ETL, Licdis TicEd 50820
GRIBRIND EELBREY. LhL, £
DOHDOERAUFB R ZOFHREL oML L, ik
< &% in vitro #E X v 35 D, Hb okift
WAFAR P Z - TLAEEHEREIES Lok
WAL ORI, o BT 5 E0BROK
Hic L E™, in vivo CoO MKHBROKEIIL,
@ % Fahraeus-Lindqvist 381 X b E%)

 MEHEEDOE T S v, F—Hb)o Hb %

B L8307 Lo EHEEEN L b h
HEWS. DR IE HL Whittaker &
Winton®® % o % SR ERERCX Ik & b
—&T5.
3) Hb Bpeo 55

Hb o FRINEKRAE A X b By» EE Licw
¥F—onFE L L C, Hb LRIMmMBAFAEMEE
AF LoMHEFRK X % Hb 20 & BRI
®ik b gl bin .
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MTEE X% O ERICIs W THRE R Ele R
7o3 Hb of81%, &< Bohr LoBRKIA %
D WL OO RTFIR L b o8 BRI
FAHIRTHBZ AL IR TV,
TRAFY g7 o7 27 Z—LBHINDE
hoEARFOPRTH, HENREC - TRR
Shic—HOFERERBILEYIS, £ o 48
HWEROBEINOHERMETS S 0 & W\ 2
B, TRV EEBRLEY Lk, WAECh-
it 2, 3-diphosphoglycerate(DPG)ch b,
E¥5 ¢l inositol pentaphosphate(IPP) % X O°
ATP, W43, AEwCH- Tt ATP, GTP 7«
500 DPG #\~5 12, REH, SRAORK
SR BEOL LRI DEHEO MR oWT
3, W OohDERLBHRADEOTERIN
Jm\,6)10012)

KD O, ERBEE L HLE T SO —>T
»HMED O, WAk, FKilnkAwhH5 Hb
@ intrinsic 7 O, BFM Y KM+ 5—7, =
hbo=7 e 2—- LoEERCE - T
FHEIh TS, B s » THEER MK O,
BRI EDRDOWTUL, W DOhOHE
%%45)78) 73: BU‘FC%%B@HF%I)Z)GS)GB)SU i";%&%
ThTvs. 2 bheERTEST L —BNT
BB Lt nbon, BIE O, BFEDOHE
DNBRE PO, R U CEB T2 DTN L 5
Thb. Tihbb, —BOUCV TEREPO, A
+oEWBE W LREE D hypoxia T ik
B2, KA PO, BWEBE IR WSRET
CRESEfEnREACE VFEFEBbRS.
DT EDOERNIEE, REEEEONA
LB THTLIBHTIRAEVE, WD
R EEREEHROELSH LR TE IO
Bbhs. Fig 4 i3B5 B L AKERED &
Ko O, fEigR (ODC) &tk LR TH
5. w5 ETEEL, Ko O FEITER
Foxh (21%) o050 1 BET, Lic
2o TAFRERBERFECEER 0: REDORK
BIIbIRTWB ELTEW. ZZ-ABR
% ODC o FifrE (& O, BFE) X, 2
LR T 5 ELHEEL L v 2 5. Hypoxia

Fo. (Torr)
BEMED O, fFHH#R (Shappell &
Lenfant™ X b)
A KEROHRDBEE(F <X, 24, HoN )
B [ KPR oA RS i BB (M, Bowfin, 5 v
F > FE)

Fig. 4,

EXT A L B L ORIG D R A
LEMETES. Tihobb, HEHE O, BET
AR ARIE T, % E 7 hypoxia ik
bk DPG LR %A L Comik O, Ak
BT 0o LY, & O, THETS
#E Tk hypoxia Ik V=7 =27 2 —Th%
ATP 2METF L, O, BFEz ERF T %30, %
e %4 ic, DPG 1348 O, i rbAkchH 5D
kL, ATP i3F O, tAREHCKAE LR
BAEKER L. ¥BEEEpoOFTL, F
HWEED O RE LEKOBELEMERD D
DD IME O, BAHEAE WERIL Hall 5525
KL OHEN DB, ERmEE O, H
A EEE DR X IR, EEARxRX I
HL\wi U L hypoxia i3 25 4 &
HIHEE®e, 5§ 0. #fntko ZE Hb miEs
HC, FRTEIEEED X LhHHEESI,
I LEDHRE—FKTS. v+ HEDEHD
BB R T, S EI IR E™,
KRR fFo K O, HALBBEOLTh X v b
HOhIEVWEELY, B EENEELD
DEEZLNS.

Bunn 5 EROFAE COWT, LDk
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1%k DPG 4% + Hb o intrinsic 7 O, Sk
Lo, —BOBROALREZ LEIT LD
THRE L. o, Kay® 1135128 ong
Yo, KBk DPG L4 O, Bifn
ML OBFE A BE L, BfpriE DPG-E O, #
FHERF L& DPG-5 O, Hifnteftc 2 ko
BT ERR L. XOREABBTIEMOL
ERERLOBEIIHER L, 81 “EhH
KERP = ¥ —BR” %, B2RT “R
Kb oo kg O, DB~ FERRAIELRE”
HEhZThE#E E T 5 L&EH Lk T8E
sprinter~pouncer~dasher 8 X 5L
Pz FlrEs—%, 5144y, va—
), endurance walker~diver~4&iREN (il
XWEI 27X, 70F) HIKFE AL, Lk
NI HEIEE) (D » %) RZOBEOH
2HTETS.

B. #uh@ER

O, Eift LTER L DBIb h o Tk, £
LA Lk ieny, & ik, M O, 238
MBS B BT CH % BRAME O
TR,

1) il o — Bt

W5 ETHIRL, BMMMBETHNEIR &M
HBIROMEALEL TRy F 7 — 2% L, #
M & OMOYBELZRCELHITHS.
BAMEROMBIEEL LD L, X<ZDH
R Lt 2 B2 Tnb 2 Eaibhndh, o
L2, *y Y -7 OBRBEDE S BHBRO
FhI<#HELTCWS (FWEOKBEL TR
SRy oy MR, BB IR P eks
EWVIOTIAR) & &™) %0 T\ BE
BB LOfl, FHICEE ShD DR 5 ARk
O REES: (O, HE) LEBMmEHE L OE
THHI, YRFEIND X5, REEE
DEEME EBHNERENE L, ek
WUORREAEDOE I A BT X » T
HEHLRTHS. UTF, Off, #EE, v
e RBNEM A L CEHnSE E L KT
L, B BEHEBTIILREWULETRZL

ho. HBBECARD Y OBMNERERE L

BELLTHTH, £ ACEFRALRS.
T, FFTo 1,200 cm?/cmd st LIDEG T
% 700 cm?/cm® L REE T AR SRS, B
MERTCOYERZRIIEEBETHD L2 R
Y, TZRALISEGRREHD THICHE -
b DTHBHZ LIIHLNTHS.

2) BHRGOEE L EBHENERE

a) #fH & am
Tk, HEEAHORINL, BRI VDB
FR-TH e L b, SEE “red” b D
& “white” e b DB D O RBHEE 1 &
DT IR DTHBY. Loth, Hikb
HR L FHEOBEAS K X » THEHME LV~ TD
A TR TbR S X 5t b, BET
1% type I (slow twitch red), type IIA (fast
twitch red), type IIB (fast twitch white) &
SR EINLONBHT H 599, 1HE%
LU I BELr 407G, EfgiEcthzh
ML, RTE AR, R (slow) 7B B i BY
bBDOEK L, HETETHE R (fast) D
EEwBRTS. —7, REeBL Ty, BiE
A O, th(oxidative) £ LT 501K L, %
114 O, MM (anaerobic, glycolytic) %%
ET B ZOBEAD D, Wi FE % SO (slow
oxidative) #i#, %% % FG (fast glycolytic)
BWHEEPLSZ b bs. HABRHEZO RO
Wtk Bz, FOG#HMEL LHT 5. o TcrER
FETLOIX, &5 LBSEIIHL ECHER
B, ABHRRSOBE N L THB. &K
i, Lowry DIXEERIEME 2568 & L~
Me VA CORGE A RS, T 505
WD 2 A T E LD TREECEEDC &
IRE L THB.

b) K, A TOBMMEEE
i & BT e D REHER, 0. FEE X
XhFEOHBZ X LN, TR D%
2%, BMMERECED X S KRIINETH
% 5. Tablel 135 BHEOEAEY o\ T,
WERE R D ARFES,  EEH IO B M SR B % Hl
LIRERTHD™. £BE@C, PHEMOHR
IR LI VBWEEL o &8



HR B HRROZRAFI A

Table 1,
Pennycuik™i X 3)
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HEEE R (M. gastrocnemius) O FEMinEHBE (Schmidt-Nielsen &

FEf % /mm? EAME / RRRELL
] Y fEE(kg) M. gastrocnemius M. gastrocnemius
BHE® KEHEWM BHHW i
v ¥ 2.700 274 418 1.0 1.7
E)LE 0.889 5 .5
AE b 8 489 1094 15 | oy 251 4o
7 w b 0.267 374 1252 1.2 ) 2.5
<= v A 0.027 635 1848 0.9 2.0
A 2 19.000 782 2.7

* 5 A4 R EERL 4B O TOPRIGE

BHONTHS. COBOHEFIL BEORDD
CEMME,/ GREROHTELTRS XD
CHRETS. Thbb, O, FBHEHOE AR
TR L HIBOERL 50X L, O, FBED
BRI T 2HEOERL &5, ok, 13
DOPEEH IO 4B LR 7 b, FK-BEED
RBIABE B TR, ofE X bR 5
WO CRFEHCBTZ LELTI v AfRE
R, BEHDOEMPLEVCOVTHEES
hTw3b.

7533, Reis & Wooten 3% = D FHKF oW
T ER I ES, BRBcAbhE oD
X 5 T ARE- M A BRI By D T B RBRE (12
E ¥, ERCHETE, EF) KE L Tmiis
BEIERE DB D, RLTEE, AEDD
DTV EWD.

C. LRI TD O, FIF

1) HO ML t=2v ¥y 7(Mt)

EERATOWAWARAETCEH I L &
ATP iz, Milscx s 4 nEBO R K
FLTHEEIRS. flelces s, ToRL
BRITE S B/, PH 1ERKI
MmEEH5 MR ZY) 2 —F vyhbD /=
— A-6-B5fE (G-6-P) D A:pL, # 2Bk G-6-P
NHELVEVEBOER, £ LU TERRIELY
vEEh b CO+HO ~D R ThB. HAID 2
BeEnE O, EOMERETHS O It H L,
Krebs %4 7 V-BFEERDIILLER X 5
3B Oy WA THS. & DI, Krebs

YA 7T 4T 5(NADH+HY) Z L 1/2 4
Fo 0, pEHEZh, R3S T0 ATP
FEIhs (BB, % cRkHI0 2 BRE
DHIEATETT Ao L, %3 BEI4e
S Mt cRETHHEBTHS. Licht-C, Mt
ZxffanTco O, HEOFERALTHS &\
%2%. Mt XN, % — & & (inner and outer
membranes) @ i Z/E (matrix) NE4L Z ¥
BT LD, PNEO—TIXFEEAREL LT
PR (crista) &MRIEh 5. F7o, P, PIRE
cix A Mk (elementary particles) & Xi¥h
&R AL, AELCESE L CFETHE
TEBROT L E LEBH LT, = = TATP
PEREND LELZ DR TH5%(Fig. ). T7b
b, Mt JiEZ %, O, #HE L, B {LAvEERRL
DT BB THD & 2 5. —7F, Krebs
YA 7V CBIE T ABROBYE, Mt EH
RETHLEINRTWE. REEBELRTTSEH
BT, Mt OBERED 550X (Fl 2,
FCiR#EED, HCRAR EE%2kT) HE
DERECBEHRT LD LEbLhBS.
MRl 5 Mt 0BG HOER bR
bhoBEKREZ0 L. PleERH & 5 &, Mt
C i FRR AR AV U O IR Clais %
oA+ 5 % @ (core mitochondria) &, #5#H
JBEE T EE L THEETS b O (peripheral
mitochondria) @ 2 FENRRKFIE 5. HBEITE
%, B O ABIERO B VW HRHRMEC LD R,
Iy O, cBAKTHDZ LD, X WRHEP
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Fig. 5.

7 ATP BEEZ TR LT3 & Bbh 538059,
2) Mo =31 ¥ —FEH(0, %) L Mt
DI MRESE
AT VA ey — (stereology) ik, SFEDIF
L BB LLBEEO—EHCThs. FOHYX
F LA, HEBCETS 2RTER Bl
WEE) b, ToIRTER Ik 2B
AETHREDD™. P ERSTE fifans
O, ERBBIL T, ZOHFLWIHRF B
XDV OhDBERBZMANE LR T5.
B, EbDTH O, HH v 1rOE W
OFflETIE, MlREFRCED S Mt OFE
R (FEEE LKLY TEHE) 1320~30%, =
RIERSKRENBRHFO 7 » +EERREE TI215%
EWHEERL, o ZD1/4AN Wb ¥ 3
“peripheral” Tk 5. —7JF, HEG/\ LB
BHTENRYOEEIDS 0D, ThEh
2~3%BIVBBUEENIERBZBLIDD
B F e, REEHYOLHHROLERERL X
b TRBEED. Tbb, RHESRLE
B FhT70~120, 350~500, 1,000 & +,
Ty b, LMLy 2 YRR 3 (Suncus etrus-
cus)cD Mt FEHBEX, Th7Th25%, 35,
5527 Lish, MEE (Ll Tr o R #
) LoRcHARTTERRASRS™.
B RARER S —EIRAR S h 128

3 b= v F Y 7OBEESRE (Racker®iz3t5<)
HRIERD A » 7 A5 DKM,

&, ChiEd L TnwsuARBEEHEE RS
b, FERCILEA O, EHE (Vosmax) o |
AR 487530 5%. =0 X5 @EaEsks
LG DiEEOHEAY, RFTMEESCEHN
RIS DED TS Z LT X MbhTnb
23, FRCME V<L WTh TROEE
LB 5. ETTREILEBOBREN D HEE
FIEM DTk, Krebs 1 7 VB R H O
F b7 e — AREH0 &7 5L LR
HEERIEME O RN T E BT H 5.
—7, thiBr—wrTaEbE LT, B
fadktz b o Mt OFCEEBE & ERA
@ﬁif;:) C &ﬁ§$ﬁ%§}’bf‘z‘614)29)38)“)54)59)-
Hoppeler L 0HER LU, X tv—=
v7 URERE 5 v +—Tit, Voymax T
2428kt U, Mt SREERECc41% O
Abhb LS. ¥HKrMt% “core” L
“peripheral” /it THNE, FhFEN32Y,
Rl oW s (TFhd, Errv—=v
BEEZEOMBEERELC. Tz B4, Mty
WOHEBREE (BEAARD D O ARERER)
23, Mt OEBEHEIMR L b KE 625 DM In %
AT EnEH W5 (Table2). Bl kogEkEE
YEBETHhE, BfcblsBtEaR, Tk
bbREch b= A ¥ -BEOHEK S
LT, & Otk ATP A B3 BEER RS



&R ist) RRORIRAFI BB 275

Table 2,

Fr—=v 2Rl BEA O, BRE (VOmax) ZF{bE s b2 v Y 7HSE

781k (e F @ M. vastus lateralis) (Hoppeler et al.3®)z X %)

b v— = v IRE(9)*

b U—= v 7EE(B)*

I ]
# & (kg)
VO,max (ml/min/kg)
I ravFY TEREE (%)
“core”
“peripheral”
total

PV F) 7 AREEBE (m?/cm?)

in

27.6+84 25.3+3.4

69.0+4.6 68.7+4.2

61.3+5.6 76.1+5.0 (1.24)**
4.96+0.61 6.57£1.00 (1.32)%**
0.23+£0.04 0.74+0.42 (3.21)**
5.19+0.66 7.32+0.89 (1.41)%*
1.057+0.191 1.713+£0.248(1.62)**

* gy T PNORFITER(S)

Ay HOBFRI L v = v IR COTHEEL DL

O e G35 A B R(Mt. 7
ATLAR) OERTHZ RIS,
3) 34 ey (Mb)D4EERE

Mb BRI CERENCEETS~2EAT
BB, TOEERNTORECOWTUL, WA
WABARBIL H B L D DT vk D BRE
RERBRIEHICZ L\ 5 B A 4t p B 18119090070
B, L Lishb, BAEBAR X b, Mb
OHEMAHHBRB L5 FEROO, Mb »i%
MRt sE O, A LLDb Y %
302 LERT—ODORUWAERTH 5 & v 2
5. ¥ ERBEELT, 525 Mb %
WEIhBFERBTHHErPbLT, Ehd
THROWEARIEERL, pOoBRGLEL<RA
UMb %, LrbRELEERECEETS =7
FYOME (HE) X, ThDOTHKRELEL
&b‘kZ)”’-

V. & » ¥V [

*&d0 0, 1%, "% (ventilatory convec-
tion) o>\ C{EHR (circulatory convection)d ;i
BEANTRKHCMt RECE Y, £ TATP
DA BY (oxidative phosphorylation) Bg4>%.
LlED 3880 5%, SENIE2EDOETFT O
ronT, FIGEB AR RCEE LD
DERXRAL. WEbhbhaido 0, FIA
DL &, BVWE{LOBROPT, KA
REIIBEO TR LR D THB. £

LT, ZoX5hEpofiicotits, BAR
wRBTS O BEOHR LOMK, Bil#bg
DBHoleThhHE &it, BROCRRED T
bhb. KEFD 0, BEXZIEHEELR v
CE LI ESNBERRBUES, 7t b KiE
72 0, BELHORMEEDO -l L5ELD
& (Fig. 1), bhbhidaBEHEO VW Tikbhb
NOEFLHRBRR LOBEEOWTH BuvE
DL THERYETS.

ARLEIE AR ENIEXLSAXSEFER ‘BE,
¥, HR” ONBELEIMEL TR DTH
%, BEOBEYEZ TWitWiclHER=4RER
IO AAGNIEFSCERBOELERT 5.
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The effects of indomethacin and verapamil on dextran-induced shock

in rats. Masatoshi ISHIZAKI (First Department of Surgery, School of Medicine, Gunma
University, Maebashi)

To clarify the mechanism of the anti-shock effect of indomethacin, dextran-induced
shock in rats was used as a shock model and compared with the effect of verapamil, a
calcium antagonist. Thirty minutes after pretreatment with indomethacin or verapamil,
59 dextran (1 m//kg body weight) was iv. infused into rats. Pretreatment with
indomethacin (5mg/kg iv.) or verapamil (2mg/kg iv.) 30 min prior to the dextran
infusion prevented significantly a decrease in blood and pulse pressure, and also an
increase in the hematocrit value, paw thickness and serum histamine level of rats.
Neither pretreatment with indomethacin (or verapamil) nor saline control changed the
serum prostaglandin E level before and after the dextran infusion. The effects of
verapamil in preventing dextran-induced shock were found to be much greater than
those of indomethacin.

These results indicated that the shock-preventing effect of indomethacin may be
ascribed, at least to some degree, to the role of the drug as a calcium antagonist like
verapamil rather than as a cyclooxygenase inhibitor which lowers prostaglandins and/
or thromboxane levels. The former effect may be exerted on the mast cells to inhibit
calcium influx stimulated by dextran, resulting in the prevention of histamine release.

key words : dextran, indomethacin, verapamil, histamine, shock.
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Fig. 1. Effects of graded doses of indometha-
cin pretreatment on blood pressure of dextran-
infused rats. Indomethacin was infused into the
right jugular vein and blood pressure in the left
carotic artery was measured under pentobarbital
sodium (50 mg/kg, ip.) anaesthesia. The values
are the means=+S, E. Difference between pres-
sures in control and indomethacin-pretreated
rats was significant 30 min after dextran infusion
(5% solution of 70T dextran 1ml/kg) at the
level of p<{0.01 (¢). n : number of animals used.
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Fig, 2. Effects of graded doses of indometha-
cin pretreatment on pulse pressure in dextran-
infused rats. Significant differences from control
values at the same time after dextran infusion
were observed at the levels of (a) : p<{0.05, (b):
p<0.02, (¢) : p<0.01 and (d) : p<0.001 respec-
tively.
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Fig, 3. Effect of indomethacin pretreatment

on the hematocrit value in dextran-infused rats.
The pretreatment significantly lowered an in-
crease in the hematocrit value at the level of p<C
0.01 (c).
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Fig, 4. Effect of indomethacin pretreatment on the edema formation at the hind
paw in dextran-infused rats. The pretreatment significantly suppressed the edema for-
mation 120 min after dextran infusion at the level of p<C0.05.
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Fig, 5. Effect of indomethacin pretreatment
on the plasma histamine level in dextran-infused
rats. The pretreatment significantly lowered the
plasma histamine level 10 and 30 min after dex-
tran infusion at the levels of p<{0.01 and p<{0.02
respectively.
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Fig, 6. Effect of indomethacin pretreatment
on the disappearance rate of intravenously
infused histamine. The pretreatment had no
effect on the disappearance rate.
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Fig, 7. Effect of verapamil pretreatment on
blood pressure in dextran-infused rats. The
pretreatment significantly prevented a change in
blood pressure 20 and 30 min after dextran infu-
sion at the level of p<{0.01 respectively, although
verapamil significantly lowered the initial blood
pressure value at the level of p<{0.01.
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Fig, 8,

Effect of verapamil pretreatment on the pulse pressure value in dextran-

infused rats, The pretreatment significantly prevented a decrease in pulse pressure 20,
30, 90 and 120min after dextran infusion at the levels of p<{0.01, p<{0.001, p<C0.01

and p<{0.02 respectively.
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Fig, 9. Effect of verapamil pretreatment on

the hematocrit value in dextran-infused rats.
The pretreatment nearly completely prevented
an increase in the hematocrit values 10, 30, 60
and 120 min after dextran infusion at the level
of p<{0.001.

T, FHRAPS VBB L 0 ZEXABEML,
1205 ¥ cHi L. —F, VMBE T %, BE
DB TNCENT 55, &R bR ) FRIC
MHE T hte.

(5) i His Bwexh+s3H (Fig.11): C
B His B2 10.6+2.1ng/ml Th 52,



284 AVEAH Y VvREBBPERFIAIADHY 2 » 750H
£
@
"
w
z
X
Q
Z 1o - I (n:6) %
2 T
s
z > (n:15) (c)
u‘; (d) «
E 100} (d)
5 @===g Control
= OO Verapamil 2.0mg/kgB.W.
F 1.V. Before 30min.
g RAR
w
a
0 i ] 1
0 30 60 - 90 120
MINUTE AFTER DEXTRAN INFUSION
Fig, 10, Effect of verapamil pretreatment on the edema formation at the hind paw
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the plasma histamine level in dextran-infused Fig. 12,  Effects of indomethacin and verapa-

rats. The pretreatment significantly prevented
an increase in the level 10, 30, 60 and 120 min
after dextran infusion at the levels of p<{0.001,
p<0.01, p<0.01 and p<C0.02 respectively.
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