ACTA
PHYSIOLOGICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

CONSILIUM REDACTIONS:

G ADAM, SZ. DONHOFFER, J. ERNST, O. FEHER, T. GATI, E. GRASTYAN
L hArsing,j. knoij, a.g.b.kovAch, s. kovacs, g. kdvér,
K. USSAK (j.raeaeaoonsilli), F. OBAI,, J SAI,ANKI. G TELEGDY, E. VARGA

RKnlolIT
P. BAIUNT

SECRETAR1U8 REDACTIONIS
T. BARTHA

TOMUS 1.VII FASCICULUS |1

AKADEMIAI KIADO, BUDAPEST
1g8l

ACTA PHYSIOI,. HUNG. ARACAB 57(i) 1—no (it»8i)



ACTA PHYSIOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
KISERLETES ORVOSTUDOMANYI KOZLEMENYEI

SZERKESZTOSEG: 1088 BUDAPEST, PUSKIN U. 9.
KIADOHIVATAL: 1054 BUDAPEST, ALKOTMANY U. SI.

Fészerkeszt6:
BALINT PETER
akadémikus

Technikai szerkeszté:
HARTHA JENO

Az Acta Physiologien angol vagy orosz nyelven kozél értekezéseket a kisérletes orvos-
tudomanyok korébél.

Az Acta Physiologien valtoz6 terjedelm( fuzetekben jelcuik meg: tobb flizet alkot
egy kotetet.

A kozlésre szant kéziratok a kdvetkezd cimre kildenddk:

Acta Physiologien, H-1445 Budnpesl 8. Pf. 294.

Ugyanerre a cimre kildendé minden szerkesztéségi levelezés.

A folydirat szerz@i tiszteletdij fejében cikkenként 150 kilonlenyomatot biztosit a szer-
z6k részére.

Megrendelheté a belféld szdmara az Akadémiai Kiadéndal (1363 Budapest, Pf. 24. Bank-
szdmla: 215-11488), a kulfold szdméara pedig a ,Kultdra” Kilkereskedelmi Vallalatnal (1389
Budapest 62, P.O.B. 149, Bankszamla 218-10990) vagy annak kulfoldi képviseleteinél.

The Acta Physiologien publish papers on experimental medical science in English or
Russian.

The Acta Physiologien appear in parts of varying size, making up volumes.
Manuscripts should be addressed to:

Acta Physiologien, H-1445 Budapest 8. P.O.B. 294.

Correspondence with the editors should be sent to the same address.

Orders may be placed with “Kultura” Foreign Trading Company (1389 Budapest 62,
P.O.B. 149 — Account No. 218-10990) or its representatives abroad.



ACTA
PHYSIOLOGICA

ACAD EMI AE SCIENTI ARUM
HUNGARICAE

CONSILIUM REDACTIONIS:

G. ADAM, SZ. DONHOFFER. J. ERNST, O. FEHER, T. GATI, E. GRASTYAN,
L. HARSING, J. KNOLL, A. G. B. KOVACH, S. KOVACS, G. KOVER,
K. LISSAK (praeses consilii), F. OBAL, J. SALANKI, G. TELEGDY, E. VARGA

REDIGIT

P. BALINT

SECRETARIUS REDACTIONIS

J. BARTHA

TOMUS LVII

AKADEMIAI KIADO, BUDAPEST
1981

ACTA PHYSIOL. HUNG.






ACTA PHYSIOLOGICA
TOMUS LVII

INDEX

PHYSIOLOGIA - PATHOPHYSIOLOGIA

Adamicza, Agnes, Tarnoky, K., Nagy, S.: The effect of haemorrhagic shock on blood
pressure and heart rate responses to adrenaline in the conscious d0 g ...

Barlha, J., Hably, Csilla: Sodium and water transport in frog skin: effect of indomethacin
Bernard, A.: Effect of progesterone on the post partum rat uterus

Czirjak, S., Pasztor, E., Lazar, L., Dedk, Gy., Lanyi, F.: A balloon catheterization model
for the superselcctive catheterization of cerebral vessels..

Debreczeni, L. A., Becker, Erzsébet, Mohai, Lidia, Takacs, L.: Effect of carotld sinus
reflex on the circulation of rats bearing Guérin carcinoma

Dimitrov, D., Girchev, R.: Modified method for direct long-term measurement of aortic
pressure in the rabbit

Dobozy, O., Balkéanyi, L., Csaba, G.: Overlapping effect of thyr0|d stimulating hormone
and follicle-stimulating hormone on the thyroid gland in baby chicken ...

Déra, E., Kovach, A. G. B.: Metabolic and vascular volume oscillations in the cat brain
€0 TEE X ttuiereitititeii st ee st a bbbttt s s b s s et e b bbb e et b st b bR e A Aeba et b st b et b s b st

Dvoretsky, D. P.: New method for measuring capillary filtration coefficient and post-
capillary vessel compliance in different organs and tissues under constant per-
FUSTON bbb bbb bbb bbb

Eller, A., Nyakas, C., Szab6, G., Endréczi, E.: Corticosterone binding in myocardial tissue
of rats after chronic stress and adrenaleCtomMy e

Fekete, Gy., Apor, P.: Data on muscle fibre conversion and fibre splitting in m an

Fekete, M . Varszegl Méria, Kadar, T., Penke, B., Kovéacs, K., Telegdy, G.: Effect on braln
monoammes in the rat of cholecystokmm octapeptlde sulphate ester ...

Fekete, M., K&adar, T., Telegdy, G.: Effect of cholecystokinin antiserum on the brain
MONOAMINE CONTENT TN T A TS ittt ettt bbbt b bbb bbbt ebenas

Feng Te-Pei, Wu Wang-yung, Lu Da-xing: Of postdenervation hypertrophy in chick
slow muscle fibres after complete elimination of stretch and tension ..o

Frenkl, R., Szeberényi, Sz., Csdkvary, G.: Enzyme inducer effects after liver denervation
TN TNE T3 Tttt b bbb bbb bbb bbbt bbbttt en bt

Gazdy, E., Csernyanszky, M., Szildgyi, T.: The effect of zinc ions (Zn2+) on the pro-
coagulant activity 0f PMN TEUKOCYTES oot

Geese, A., Ottlecz, Anna, Telegdy, G.: Regulation of brain prostaglandins by sexual steroids

Gondos, T., Pénzes, |., Trojan, I., Kovats, J., Kecskés, L., Nagy, S., Kulka, F.: Pulmonary
and systemic circulatory responses elicited by hyperosmotic solutions injected into
The DIONCRIAL BT TR TY wiiiiicee bbb bbbttt

Hahn, Z., Karadi, Z., Lénard, L.: Striatal dopamine levels after unilateral lesions of the
substantia nigra: evidence for a contralateral deCrease ..coeiieeenrseessseessiae

Haladsz, P.: Generalized epilepsy with spike-wave paroxysms as an epileptic disorder of
the function of SIEEP PrOM 0TI N o s

Hudelz, A. G., Monos, E.: Characterization of anisotropic properties of the arteries by
exponential and polynomial strain energy functions

Kotlra, G., Turchanyi, B., Takacs, L.: Renorenal vasomotor reflex
Kovacs, L.: The role of membrane processes in controlling skeletal muscle function ....

233

19

409

213

185

171

261

395

205
163

37

177

383

47

29

155

137

249




Kovacs, L., Szlics, G., Torok, J. : Extrajunctional spread of acetylcholine depolarization on
frog skeletal MuUSCIE MEMBDIANE bbb
Ludvig, N., Varga, 1., Hartmann, G., Lissak, K.: Effects of drugs influencing the cAMP
level on hippocampla SEIZUTE @ CTIVITY .
Molnéar, L., Leibinger, J., Balé-Banga, J. M., Racz, J.: A rapid centrifugation method
for the isolation of polymorphonuclear leucocytes from human blood ...
P fHeger, Gy., Kovacs, T., Szabd, B.: The inhibitory actions of eserine and ouabain on
the K, Rb and Cs uptake in slow and fast twitch muscles of the rat.........
Salanki, J., Vehovszky, Agnes: Synaptic inputs on a bimodal pacemaker neuron in Helix
POMAEIA L oottt 8RR
Siklés, Judit, Gaal, Katalin: Effect of the beta receptor blocker pindolol on survival in
HgCl2induced acute renal failure in d 0 g S .
S.-R6zsa, Katalin, Logunov, D. B.: Involvement of pedal neurons in cardio-renal regula-
tion and their connections with identified visceral cells in Helix pomatia L .............
Szabé, G., Endr6czi, E.: The increase of cerebellar cAMP level after decapitation: the
ffeCt OF PropPranolol s
Szabé, G., Endréczi, E.: LH-RH induced changes in cAMP content of the anterior
pituitary gland in male and female rats in vivo and in VIitro ...,
Szalay, Sz. Katalin: Effect of pituitary intermediate lobe extract on steroid production
isolated zona glomerulosa and fasciculata Cells ...
Szénasi, G., Kottra, G., Bencsath, P., Takacs, L.: Effect of renal denervation on free flow
proximal tubular potential difference in the rat
Tegzes-Dezs§, Gydngyi, Czéh G.: A comparison of experimental procedures of investiga-
tion of the dorsal root evoked ventral root reflex in the frog ...
Telegdy, G.: Effects of prostaglandins on catecholamine metabolism of the central nervous
SYSTEM TN T 8 E ettt b bbb bbb bbb bbb bbb bbb bbbt bbb

PHARMACOLOGIA

Juvancz, P.: The sleep of artifically reared newborn rats, effect of alpha-methyl-dopa
treatment on paradoxical sleep and on adult behaviour ...
Magyar, K., Tekes, Kornélia, Z6lyomi, G., Szits, T., Knoll, J.: The fate of p-bromo-
methylamphetamine (V -111) in the DOAY s
Minker, E., Matejka, Zsuzsanna: Purinergic reflex activated by cathartics in the rat
Minker, E., Matejka, Zsuzsanna: Pharmacological basis of dosage form of two anti-
malarials: chloroquine and MEPACIINE .

Poczik, M., Bartha, Csilla, Minker, E.: Effect of prostaglandin F2 alpha on the isolated
common bile duct of the dog and the rab bt

RECENSIONES

Aubrey Manning : Verhaltensforschung. Eine Einfihrung. 3rd English edition, translated
by G. Ehret and I. Ehret. Springer Verlag Berlin, Heidelberg, New York 1979
(K. Lissak)
Baum, S. J., Lednev, G. D.: Experimental hematology today 1979. Springer Verlag,
New York —Heidelberg —Berlin (Ibolya Nagy) e
Bergmann, W.: Niere und ableitende Harnwege. Handbuch der mikroskopischen Anato-
mie des Menschen. Bd. VII/5. Springer Verlag, Berlin —Heidelberg—New York
1978 (F. RENYI- VAMOS) oottt

Clark, J. H., Peck, E. J.: Female sex steroids. Receptors and function. Monograph on
Endocrinology. Springer Verlag, Berlin, Heidelberg, New York 1979 (G. Telegdy)
Elder, H. Y., Trueman, E. R.: Aspects of animal movement Seminar Series 5. Cambridge
University Press, Cambridge 1980 (T. KUKOFelli) e

365

191

255

329

87

285
99

197

309

HO

201



Heimpel, H., Gordon-Smith, E. C., Heit, W., Kubanek, B.: Aplastic anemia. Pathophy-
siology and approaches to therapy. Springer Verlag, Berlin—Heidelberg—New
YOrk 1979 (ID01Y@ NAQGY) oottt
Jones, D. G.: Some current concepts of synaptic organization. Vol. 55. Fasc. 4. Advances
in Anatomy, Embryology and Cell Biology. Springer Verlag, Berlin—Heidelberg—
NeW YOrk 1978 (K. LiSSUK) oottt
Kharkevich, D. A. (Ed.): Handbook of experimental pharmacology. Continuation of
Handbuch der experimentellen Pharmakologie. Vol. 53. Springer Verlag, Berlin,
Heidelberg, New York 1980 (K .LISSAK) e
Knoll, J., Darvas, F.: Chemical structure biological activity relationships quantitative
approaches. Third Congress of the Hungarian Pharmacological Society Vol. 3.
Akadémiai Kiadd, Budapest, 1980 (E. MINKEI) .
Kogan, M., Herczeg, D. C.: Sampling Methods in Soybean Entomology. Springer Verlag,
New York —Heidelberg —Berlin 1980 (E. Kurnik, L. Szabd) ..
Louienthal, D. T., Bharadwaja, K., Oaks, W. M.: Therapeutics through exercise. The
fifty-first Hahnemann symposium. Grune and Stratton Inc., New York 1979
(R e B TN K ) bbb bbbt
Magyar, K. (Ed.): Monoamine oxidases and their selective inhibition. Advances in
Pharmacological Research and Practice, Proceedings of the 3rd Congress of the
Hungarian Pharmacological Society, Budapest, 1979 (F. Varga) ..o,
Matthies, H., Krug, K., Popov, N. (Eds): Biological aspects of learning, memory forma-
tion and ontogeny of the CNS. Akademie-Verlag, Berlin 1979 (T. Kukorelli)
Miller, T. A.: Neurohormonal techniques in insects. Springer Verlag, New York —Heidel-
berg—Berlin 1980 (J. S@TANKI) o s
Oota, K., Makinodan, T., Iriki, M., Baker, L. S.: Aging phenomena. Relationships among
different levels of organization. Volume 129 of Advances in Experimental medicine
and Biology. Plenum Press, New York—London (G. Csaba) ...
Roland Schiffer (Ed.): Zentral-vegetative Regulationen und Syndrome, Central auton-
omic regulations and syndromes. Springer Verlag, Berlin, Heidelberg, New York
1980 (K. LESSAK) oottt bbbttt
Slerba, G., Schober, F.: Topographie und Zytologie neurosekretorischer Systeme. Teil 1.
Das klassische neurosekretorische System der Ratte. Gustav Fischer Verlag, Jena
1979 (B HAKASZ) oo
Szentagothai, J., Hamori, J., Vizi, E. S. (Eds): Neuron Concept Today. Symposium held
in Tihany, Hungary, August 26 —28, 1976. Akadémiai Kiad6, Budapest 1977
(E . GTASIYAN) ittt bbb bbbt
Walton, J. N., Mastaglia, F. L. (Eds): The Muscular Dystrophies, British Medical Bul-
letin Vol. 36, No. 2, 1980. Published by the Medical Department (K. Lissdk)

In memoriam: Béla ISSEKUTZ (1886 —1979) .ot

418

109

201

418

419

420

202

203

421

421

203

109

203

204






INDEX AUTORUM

Adamicza, Agnes 233 Knoll, J., vide Magyar, K. 285
Kottra, G. 123
Balkanyi, L., vide Dobozy, 0. 171 Kottra, G., vide Szénéasi, G. 131
Bal6-Banga, J. M., vide Molnéar, L. 255 Kovacs, K., vide Fekete, M. 37
Bartha, Csilla, vide Poczik, M. 309 Kovéacs, L. 1, 365
Bartha, J. 9 Kovacs, T., vide P fRegler, G. 317
Becker, Erzsébet, vide Debreczeni, L. A. 213 Kovach, A. G. B., vide Doéra, E. 261
Bemard, 1. 19 Kovats, J., vide Gondos, T. 137
Bencsath, P., vide Széndési, G. 131 Kulka, F., vide Gondos, T. 137
Csaba, G., vide Dobozy, O. 171 Lanyi, F., vide Czirjak, S. 409
Csékvary, G., vide Frenkl, P. 47 Lazar, L., vide Czirjak, S. 409
Csernyanszky, M., vide Gazdy, E. 29 Leibinger, J., vide Molnar, L. 255
Czéh, G., vide Tegzes-Dezsd, Gydngyi 221 Lénard, L., vide Hahn, Z. 249
Czirjak, S. 409 Lissdk, K., vide Ludvig, N. 191
Lu Da-xing, vide Feng Te-Pei 383
Deék, G., vide Czirjak, S. 409 Ludvig, N. 191
Debreczeni, L. A. 213
Dimitrov, D. 185 Magyar, K. 285
Do&ozy, 0. 171 Matejka, Zsuzsanna, vide Minker, E. 99, 137
Déra, E. 261 Minker, E. 99, 137
Dvoretsky, D. P. 395 Minker, E., vide Poczik, M. 309
Mohai, Lidia, vide Debreczeni, L. A. 213
Eller, A. 205 Molnar, L. 255
Endréczi, E., vide Eller, A. 205 Monos, E., vide Hudetz, A. G. 111

Endroczi, E., vide Szabo, G. 277, 343
Nagy, S., vide Adamicza, Agnes 233

Ee/cete, M. 37, 177 Nagy, S., vide Gondos, T. 137
Feng Te-Pei 383 Nyakas, Cs., vide Eller, A. 205
Frenkl, R. 47

Ottlecz, Anna, vide Gecse, A. 155
Gaail, Katalin, vide Siklés, Judit 399

Gazdy, E. 29 Pasztor, E., vide Czirjak, S. 409
Gecse, A. 155 Penke, B., vide Fekete, M. 37
Girchev, R., vide Dimitrov, D. 185 Pénzes, L, vide Fekete, M. 37
Gondos, T. 137 P fRegler, Gy. 317

Poczik, M. 309
Hably, Csilla, vide Bartha, J. 9

Hahn, Z. 249 Réacz, J., vide Molnéar, L. 255

HAalasz, P. 51

Hartmann, G., vide Ludvig, N. 191 Salanki, J. 317

Hudetz, A. 111 Siklés, Judit 399
S.-R6zsa, Katalin 329

Juvancz, P. 87 Szab6, B., vide P fRegler, Gy. 317
Szabd, G., vide Eller, A. 205, 277, 343

Kadar, T., vide Fekete, M. 37, 177 Szalay, Sz. Katalin 225

Karadi, Z., vide Hahn, Z. 249 Szeberényi, Sz., vide Frenkl, R. 47

Kecskés, L., vide Gondos, T. 137 Szénasi, G. 131



Szilagyi, T., vide Gazdy, E. 29
Szics, G., vide Kovacs, L. 365
Szits, T., vide Magyar, K. 285

Takacs, L., vide Debreczeni, L. A. 213
Takacs, L., vide Kottra, G. 123

Takacs, L., vide Szénasi, G. 131
Ta&rnoki, K., vide Adamicza, Agnes 233
Tegzes-Dezs6, Gydngyi 375

Tekes, Kornélia, vide Magyar, K., 285
Telegdy, G., 221

Telegdy, G., vide Fekete, M. 37, 177

Telegdy, G., vide Gecse, A. 155
Tro6jan, J., vide Gondos, T. 137
Turchéanyi, B., vide Kottra, G. 123

Varga, A., vide Ludvig, N. 191
Varszegi, Maria, vide Fekete, M. 37
Vehovszky, Agnes, vide Salanki, J. 355
Wang-yung, vide Feng Te-Pei 383

Zblyomi, G., vide Magyar, K. 285



INDEX RERUM

acetylcholin 121

—, depolarization 365
ACTH 225

action potential 365

active transport 9

— , sodium 9

—, rubidium 9
acut renal failure 399
- —, HgCl2induced 399

adenylate cyclase activity 343
—, in the anterior pituitary 343
adrenalectomy 205
adrenalin 233, 399
aldosterone 225
alpha, methyl-dopa 87

—, effect on paradoxycal sleep 87
—, spindles 51

—, sympatholytic agents 99
cCAMP 191, 343

—, level in the brain 191

—, dibutyril 191
amygdala 37, 221

—, monoamine content 37
anterior pituitary gland 343
aortic pressure 185
arachidon-acid 155
arterial, oxygen tension 137

—, blood pH 233
—, hypoxia 261
ATP-ase 163

azotaemia 399

balloon catheterization of cerebral vessels 409
betha sympatholytic agents 99
bimodal pacemaker neuron 355
bisaeodyl 99
bleeding 137
bradycardia 233
brain microsomes 155
—, monoamine content 177
—, prostaglandins 155
p bromo-methylamphetamine 285
—, distribution in the body 285
bronchial blood flow 137
—, fraction of cardiac output 137
—, vascular resistance 137

calcium-release 1
capillary filtration coefficient 395
cardiac index 213
—, output 137, 213
-, fractional distribution 213
carotic sinus reflex 213
carotid occhesion 213
, bilateral 213
catecholamine 221, 277
—, sensitivity in hemorrhagic shock 233
centrencephalon 51
cerebral blood flow 261
—, perfusion pressure 261
cerebrocortical vascular volume 261
choleaptokinin 37, 177
—, antiserum and brain monoamine content
177
—, octapeptid sulfate-ester 37
—, effect on brain monoamines 37
chloroquine 99, 197
circulators responsy to hyperosmotic solu-
tions 137
clotting potential of leucocytes 29
—, time 29
coelectomy 47
contraction threshold 1
corpus striatum 221
corticosterone 225
—, binding in myocardial tissue 205
cyclo-heximide 343

depolarisation 328

dexamethazone 205

diuresis 131

dopamine 37, 87, 177, 221, 249
—, content of the brain 87

dorsal root evoked potential 375

EEG 51, 191

—, alpha spindles 51

—, sigma spindles 51

—, synchronisation 51
electrocortiocogram 261
electrotonic potential 365
endotoxin 29
end-plate depolarization 365
epilepsy 51, 191

—, generalized 51



EPSP 329

eserine 317

evoked PSP 355

exicitation contraction-conpling 1
extrajunctional spead of ACh depolarizaton

fast muscle 317
— —, cesium uptake 317
— —, potassium uptake 317
- —,rubidium uptake 317
fibre hyperplasia 163
-, splitting 163
fluid filtration and blood volume 395
FSH 171
function of denervated kidney 131

gastric emptying 99, 197

—, motility 99
glomerular filtration fraction 131
Guerin carcinoma 213

heart rate 233
helix Pomatia L. 329, 355
hemorrhagic shock 233
hexobarbital sleeping 47, 51
— —, time 47
histamine 191

hvpercaphia 261
hypotensio 233
hypothalamic PGE2acontent 155
hypothalamus 37, 221

—, monoamine content 37
hypovolemia 233

imidazole 191
Indomethacin 9
—, effect on sodium transport 9
— —, water transport 9
— —, rubidium transport 9
intrauterine pressure 19
isolated spinal cord 375

kation transport in fast and slow mammalian
muscle 317

laparatomy 47
—, upper median 47
left atrial pressure 137
leucocyte, polymorpho-nuclear 29
LH-RH 343
—, induced changes in cCAMP content 343
liver 47
—, denervation 47
— —, partial 47
— —, total 47
locomotor activity 87
—, effect of alpha-methyl dopa 87

magnesium 29, 355
mangan 29
membrane 1

—, potential 365
mepacrine 99, 197

mesencephalom 37, 221

—, monoamine content 37
methyl-n-aminobenzoate 375
microostillation of sleep 51
microsomal enzymes 47
morphine 309

muscle 1
—, fibre conversion 163
—, skeletal 1

muscular exercise 47

NADH 261

nitrogen anoxia 261
norepinephrine 37, 87, 177, 221, 309
—, content of the brain 87

oestrone 155
orchidectomy 155
ovariectomy 155
oxytocin 19

papaverine 191
paradoxical sleep 87
parasympatholytic agents 99

passive transport 9

— —, sodium 9

— —, rubidium 9

pedalneurons in heart regulation in helix 329
perfusion pressure, cerebral 261

petit mal paroxism 51

penicillin 191

PGA]j 221

PGD?2 155

PGE X221

PGE,, 221

PGF2a 155, 221, 309

—, effect on isolated common bileduct 309
phenlaxine 99

phénobarbital 47

phenolred 99

phentolamine 99

pindolol 99, 399

plasma renin activity 399
polymorphonuclear leukocytes 255
post-capillary vessel compliance 395
post-denervation hypertrophy in slow muscle

fibres 383

potassium change in rat 317

procoagulant material from leukocytes 29
progesterone 19, 155

—, effect on the postpartum rat uterus 19
propranolol 277

prostaglandin 221

prostaglandins and brain catecholamine 221
proximal tubular potential difference 131
pulmonatory arterial pressure 137

—, blood flow 137

purinergic reflex 99

quinine 99
quinidine 99
quabain 317



MNaHa esculenta 365 synaptic inputs on a bimodel pacemaker neu-

rapid sleep with ocular movement 51 ron 355

REM 51 synchronization reaction 51

renal blood flow 121

—, denervation 131 tachycardia 233

—, failure, acute 399 total systemic vascular resistance 137
—, sympathectomy 131 torniquet-shock 213
renorenal vasomotor reflex 121 transepithelial transport in frog skin 9
rubidium 9 TPW 213

transit time 131

sarcoplasmic reticulum 1 transverse tubules 1

Sapirstein’s isotope fractionation technique —, depolarisation 1

213 TSH 171

serotonine 37, 87, 177 TTX 365

—, content of the brain 87 tumour blood flow 213

sexual steroids 155 —, vascular resistance 213
short circuit current 9 X . X
shuttle-box conditioning 87 unilateral nigral laesion 249
sigma spindles 51 urinary catecholamine excretion 399
sleep 51, 87

— deep 51 V -111 285

vagotomy 47
vascular resistance 213
— —. intestine 213

—, micro-oscillations 51
—, paradoxical 87
slow muscle 317

—, potassium uptake 317 T k_'dr;?i’nzzll%
- fjéliltjjr?ur?\pail(teikil&? —, volume oscillations in the brain cortex
! 261

—, wave sleep 51
small intestine 99
sodium output 131

, excretion 399

— —, cerebrocortical 261
vigilance 51
visceral ganglion 329

—, transport 9 i wakefullness 51
—, effect of indomethacin 9 water transport 9

spike-wave paroxism 51 —, effect of indomethacin 9
spontaneous failing 329 W ilcockson-test 51
striatum 37

—, monoamino content 37 zink 29
stroke volume 137 ions and procoagulant activity 29
substantia nigra 249 zona fasciculata 225
swimming, exercise 47 —, glomerulosa 225

—, test 205

young modulus 111






Acta Physiologica Academiae Scientiarum llungaricae, Tomus 57 (1), pp. 1—8 (1981)
Physiologia—Pathophysiologia

THE HOLE OF MEMBRANE PROCESSES
IN CONTROLLING SKELETAL MUSCLE FUNCTION*

By

L. Kovacs
DEPARTMENT OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY

(Received May 30, 1980)

The role of membrane processes in the activation of skeletal muscle fibers has
been investigated in details recently. It seems very probable that the intramembrane
charge movement is the potential sensitive step of the excitation-contraction coupling.
Considerable efforts were made to monitor the subsequent steps (SR function, Ca
release) using optical methods. Experimental data were presented about the relations
existing between charge movement process, Ca release and contraction threshold.

The action potentials of the surface membrane propagate along the
transverse (T)-tubules in a regenerative manner. The T-tubule depolarization
gives rise to calcium release from the sarcoplasmic reticulum (SR). The increase
of intracellular Ca concentration removing the troponin inhibition leads to
muscle contraction. The research of the membrane processes and especially
the excitation-contraction coupling was facilitated by applying new methods,
for example optical measurements on intact fibres, and by the great progress
in electronics, making easier the signal and data processing.

As it is widely accepted, the membrane potential dependent changes
of the sodium and potassium conductances underlie action potentials proceed-
ing on the membrane of skeletal muscle fibres. The properties of these channels
have been investigated in detail. Here | intend to refer to the importance
of chemicals in studying membrane processes. Their application can modify
the excitability or permeability of the channels. In the presence of veratrum
alkaloids Danké and Varga described a TTX sensitive, rhythmical oscillation
of membrane potential on frog sartorius muscle [18]. The pacemaker-like
activity lasting for hours has a half to one minute long repetition time with
amplitudes of 30—60 mV. These parameters and the raising or falling phases
of individual waves were significantly modified by phlorrhizin and mono-
iodoacetic acid treatment. From these results some connection between the
chemically modified channels and the intracellular metabolism was sug-
gested [17].

* Review lecture given at the Meeting of the Hungarian Physiological Society at
Szeged on 6—8 September, 1979.

1 Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



2 L. KOVACS

Besides the potential sensitive ionic conductances, the mechanical activa-
tion of muscle fibres also has a steep membrane potential dependence. Con-
traction can be evoked by different types of depolarization, not only by action
potentials. Applying Ringer solution with increased potassium concentration,
Hodgkin and Horowicz measured the mechanical movement of single fibres
[24]. The contraction threshold was reached when the membrane had depolar-
ized to —50 mV. The peak tension of the fibres was related to the membrane
potential by a steep sigmoid curve. Adrian et al. studied the Kkinetics of
mechanical activation by voltage-clamp depolarizing pulses [3]. The strength-
duration curves for mechanical threshold obtained in the presence of TTX
were suitable for quantitative analysis.

In the last few years great advances have been made in the knowledge
of voltage dependence. Charge displacement currents were succesfully recorded
which might reflect the movement of charged particles related to the opening
of sodium channels due to depolarization [6, 26]. The intramembrane charge
movement observed in skeletal muscle fibres by Schneider and Chandler [40]
had a much slower time course, so it may not be linked to a gating of sodium
channels. Its kinetic properties and voltage dependence make it probable that
it is strongly related to the depolarization-contraction coupling [2, 15]. Per-
manent dipoles or charged particles would move reversibly between two dif-
ferent sites, at least according to the changes of membrane potential. The
charge displacement current may reflect such movements.

It is suggested that this dipole movement in the T-tubule membrane
would connect the T-tubule with the adjacent but separate SR. There is a gap
between the T-tubule and the terminal cisternae of the SR, and small projec-
tions (the electrodense feet) extend between them [19]. The estimated density
of charged groups and the feet is about the same. It is suggested that the intra-
membrane charged groups or dipoles might be the voltage sensor of the excita-
tion-contraction coupling and their movement could determine the subsequent
steps leading to the Ca release.

Examination of the relations of charge movement to contractile activa-
tion was severely limited by the use of internal microelectrodes for voltage
clamping the fibres. To avoid the fibre damage only threshold movements
were allowed or contraction was blocked by hypertonic solutions or by tetra-
caine. Schneider and Horowicz [41] have therefore recorded charge displace-
ment currents during depolarizing pulses to and well beyond contraction
thresholds using the simple gap method introduced by Kovacs and Schneider
[29]. This procedure does not require internal microelectrodes during
measurement, thus allowing the movement of the voltage clamped terminated
fibre segment. In this way the critical durations necessary to reach the mechan-
ical threshold were determined at different membrane potential levels. The
amount of charge moving during the critical duration was found essentially
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the same (10 nC/uF) at all membrane potential values. The results indicate
that the threshold quantity of charge has to move to reach the contraction
threshold, independently of the time course or amplitude of the charge dis-
placement current.

The significance of the threshold charge movement was confirmed by
experiments in which the effect of sub-rheobasic prepulses were studied [42].
Charge movement and critical durations were determined for test pulses alone
and for test pulses preceded by a 50 ms prepulse to a membrane potential
value below rheobase for mechanical activation. The prepulses, which moved
a certain amount of charge, decreased the charge movement during the follow-
ing test pulses. The total amount of charge which moved during each prepulse
plus the critical duration of test pulse was about equal to the threshold amount
of charge moved during the critical duration of the same test pulse alone.
These results indicate that for reaching the mechanical threshold a certain
amount of charge has to move independently of the way it had moved.

The charge displacement current has a complex time course in skeletal
muscle. This indicates that there may be several species of mobile charge which
would move during depolarization. At present it is not possible to verify
whether these kinds of charges move independently and control separate
membrane processes or their movements are sequential and related to one
process [1, 5]. Considerable efforts were made to relate the movement of
a certain species of charge to certain process.

Adrian and Peres [4] have suggested that one species of charge (QY)
may be connected with gating of the potassium current. This hypothesis
reveals several problems. The gating currents of the sodium channels were
separated on the basis of their time course by Vergara and Cahalan [46].
These authors found that this current was partially immobilized by sodium
inactivation and had a maximum value which did not amount to 10% of the
total charge displacement current.

In spite of the above mentioned complexity of charge movement in
muscle fibres it is generally accepted that most of it is related to contractile
activation. To confirm this hypothesis, direct comparisons of charge movement
and the subsequent steps in the activation process (SR function, Ca-release)
are essential.

The internal membrane system of muscle fibres, T-tubules and SR, are
topologically inaccessible to microelectrode penetration. In the last few years
intrinsic and extrinsic optical methods were used to study the changes in their
electrical properties during activation. These investigations were facilitated
by the favourable results obtained on axon membrane. Changes in light scat-
tering or birefringence [16] and in extrinsic fluorescence [43] of axons were
found during the action potentials. Later it was demonstrated that these
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optical changes are linear functions of the membrane potential, therefore they
are convenient for recording the changes of the membrane potential.

These methods seem to be specially convenient in case of the T-tubules
or SR because they have large membrane areas. The surface area of the T-
system is 8—10 times, that of the SR, 100—200 times greater than the sur-
face membrane [32, 36]. For this reason the obtained optical signals are rela-
tively large and easily detectable. On the other hand, the contractile activity
can cause many difficulties as it is changing the optical properties of the fibre
to a great extent.

There are strong evidences that the fluorescence [30, 44] and absorbance
[33] signals obtained by the relatively impermeant dye, merocyanine,
originate from the surface membrane and the T-system. The shape of these
signals is similar to the surface action potential but its time course is slower.
After détubulation the time course becomes faster and the amplitude is
decreased by a factor of ten. The first component of the birefringence signal
can be attributed mainly to the surface action potentials and less to the T-
system [11].

There are optical signals which occur at about the time of latency re-
laxation, that is they follow the action potentials but precede the contraction.
They may be intrinsic as the transparency [8, 21, 22] or the second component
of birefringence changes [11, 12] and extrinsic as the fluorescence signals which
are obtained by penetrating dyes, like Nile blue A [13], or indodicarbocyanine
[34] . These optical transients have a similar shape and their time course is
much slower than that of the previous signals. The transparency [28] and the
Nile blue A signal [45] were analysed with the voltage clamp technique as Mell.

The time and voltage dependence of the transparency increase has been
studied by Kovacs and Schneider [28] on voltage-clamped cut muscle fibres.
A decrease in latency time of the signal and an increase in the maximum rate
of rise were found on increasing the amplitude of depolarizing pulses. The
minimum latency observed was 6—10 ms. The peak values of transparency
changes were approximately the same for pulses of different durations with
amplitudes 1—2 mV lower than that necessary to reach the mechanical
threshold. In the case of long pulses, the relation of the peak values of the
transparency signal to the membrane potential was characterized by a sigmoid
curve. This relation was similar to the voltage dependence of the mechanical
activation measured by potassium contractures on single fibres [24].

The kinetic analysis of Nile blue A fluorescence signals by Vergara
et al. [45] gave similar results in many respects but an exact comparison was
not possible because of differences in experimental conditions. It seems that
these optical signals may all monitor the same events most probably the
voltage changes across the SR during activation. Alternatively, they may
originate from the myofilament changes preceding the mechanical activity,
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especially if the latency relaxation originates in the myofilaments and not in
the SR [20, 23]. We cannot exclude the possibility that some optical changes
are elicited by the increase in myoplasmic Ca concestrotion and not those
processes are monitored by the optical changes which lead to Ca release. In
this respect a direct comparison of the optical and the myaplasmic calcium
signals would help to get more information concerning the mechanism [9].

The mechanical tension is regulated directly by the changes of myo-
plasmic calcium concentration (zJCa). Therefore, exact measurement of this
/ICa signal is very important to know the relation between the different steps
of the excitation-contraction coupling. Essentially, two types of indicators
have been used to measure ZICa: the bioluminescence protein aequorin and
the métallochromie indicator dyes such as murexide, arsenazo Ill, and anti-
pyrylazo Ill. Not penetrating the surface and SR membrane they are con-
venient to measure ACa after being taken into the intracellular space.

Using aequorin, Ashley and Ridgway [7] have measured ZICa on giant
barnacle muscle fibres. Later single fibres of the frogs were microinjected with
aequorin by Rudel and Taylor [38], Blinks et al. [14] and the zICa signal
was recorded during twitches, tetani and potassium contractures. The use of
aequorin is limited by the known difficulties: the relation between Ca con-
centration and light intensity is not linear, the kinetics of the luminescence
reaction is slow, etc., but its application can be favourable for example to
record ZICa signals and mechanical activity simultaneously.

The métallochromie indicator dyes became increasingly popular in the
last few years. They change their colour on Ca binding, therefore the changes
in the absorbance of the fibre have to be measured to record ACu signals.
These dyes differ from one another in their suitable differential wave length,
relaxation time, dissociation constant, extinction coefficient, etc. [39].

Though its selectivity and response time are excellent, murexide is rela-
tively unfavourable because of its low sensitivity to Ca. In spite of the problem
JOBSis and O’Connor [25] on some occasions were succesful to measure zICa
by murexide on frog muscle fibres. The features of arsenazo IlIl are more
advantageous. It has a high affinity to Ca resulting in large absorbance changes
owing to small Ca concentration changes. On the other hand, its selectivity
and response time are relatively poor which can cause some difficulties. Miledi
et al. [31], Baylor et al. [10], Partade [35] have injected arsenazo Il into
the fibre by ionophoresis. ACa signals were measured in consequence of action
potentials and depolarizing pulses. The antipyrylazo Il (AP 111) is a middle
range Ca indicator presenting features which are between those of murexide
and those of arsenazo Il [39]. The sensitivity, selectivity and response time
of AP Ill are very convenient to measure ACa signals in muscle fibres.

Using AP 111, Schneider, Kovacs and Rios have studied the time and
voltage dependence of ZICa and its relation to the charge movement. The

Acta Physiologien Academiae Scientiarum llungaricac 57, 1981



6 L. KOVACS

experimental procedure was similar to the one developed for cut fibre prepara-
tions [29]. Segments of single fibres were cut at both ends and mounted in
a double vaseline gap chamber. The AP 11l containing a relaxing solution was
applied to the two cut end pools and the dye was left to enter the myoplasmic
space by diffusion. The disturbing effect of contractile activity was minimized
by stretching the fibres, so the absorbance changes at 720 nm wave length
were taken to be proportional to the ACa. The internal and external solutions
were designed to block all ionic conductances without changing the excitation-
contraction coupling. In this way, simultaneous measurements of ZICa and
charge movement were possible.

It was found that during a long depolarizing pulse the ACa transients
increased to a peak after a latency period of some ms and then declined toward
a steady level. On increasing the amplitude of depolarizing pulses, the latency
time decreased and the rate of rise increased.

For quantitative analysis and interpretation, ZICa signals were fitted
with exponential functions. During depolarization, after a transition time
(Son) each signal could closely be approximated by the sum of two exponential
functions of time plus a constant. During repolarization after a transition time
(Soff) the signal declined along a single exponential time course. All the rate
coefficients determined by the fitting procedure and the Son transition times
have shown membrane potential dependence (Kovacs et al. [27]).

This formal mathematical description can be interpreted by a closed
three-compartment system. The myoplasm constitutes one compartment
where the ACa transients are measured by the dye, the other two compart-
ments are the release and uptake pools of the SR. After the Son? the ACa
time course is consistent with Ca redistribution between the three compart-
ments with membrane potential dependent rate coefficients which do not
change in time. At a given membrane potential, 98% of the charge has moved
during the Son (Rios et al. [37]).

These data support the hypothesis that charge movement controls the
rate coefficients for Ca movement across the SR membrane. During depolariza-
tion the rate coefficients could not attain their steady levels, characteristic
of the given membrane potential, until the charge movement had been com-
pleted.

The role of charge movement in controlling Ca movement was further
confirmed by Schneider et al. who have studied the effect of subrheobasic
prepulses on ACa transients (unpublished observations). 50 ms prepulses, caus-
ing negligible ZICa, did not change the time course of ZICa during the immedi-
ately following test pulse, but caused it to occur earlier. As described previ-
ously [42], the prepulses have moved a significant amount of charge, the time
course of the charge movement during the test-pulse was about the same with
or without prepulse, but with prepulse it occurred earlier. The final level,
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MEMBRANE PROCESSES IN MUSCLE FUNCTION 7

characteristic of the given membrane potential, was attained sooner with
prepulse. The time shift of zICa and charge movement due to the prepulses,
measured on the same fibre, was found to he about the same.

In conclusion it may be said that depolarization of the surface and of

the T-tubule membrane results in the charge movement which will control
the Ca release. Consequently, the intramembrane charge movement might
he the potential sensitive step of the excitation-contraction coupling in the
skeletal muscle fibres.
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The transepithelial transport of sodium, rubidium and water was studied in the
frog skin in the presence of the cyclic endoperoxidase inhibitor indomethacin. Sodium
transport was studied by measuring short circuit current and by 2Na radioactive iso-
tope method; water transport was examined using the frog skin sac technique. Indo-
methacin produced the following changes.

1. The transepithelial potential difference and the intensity of short circuit cur-
rent were decreased, while the resistance and conductance of the skin remained un-

altered.

2. Passive transepithelial sodium transport from the inner to the outer side was
enhanced.

3. Neither osmotic water transport nor passive rubidium transport were changed.
Conclusions:

a) Indomethacin causes a selective increase of sodium permeability in the frog skin;
b) The present results are in agreement with the view that the indomethacin may
influence the rate of sodium transport in some tissues.

Indomethacin (IM) is the most widely used cyclic endoperoxidase inhibi-
tor, its renal effects in the anaesthetised dog (depressed renal hlood flow, the
shift of intrarenal blood flow distribution toward the cortex, antidiuretic and
antinatriuretic action) are well known [1, 2, 7, 9, 13, 14, 16, 18, 20, etc.]. As
repeatedly shown, the decrease of salt and water excretion is associated with
unaltered glomerular filtration [2, 5, 6, 8, 15].

Based on these findings it seems reasonable to assume that indomethacin
may affect cellular sodium transport and thus saline output also by mecha-
nisms independent of haemodynamic changes. Consistent with this view is our
earlier observation demonstrating that indomethacin enhanced the 24N a-efflux
from kidney cortex slices saturated with 2Na (Bartha, [3]).

The present experiments were designed to further elucidate the effect
on sodium transport of indomethacin. In order to circumvene the problem
of interfering haemodynamic changes, the frog skin was chosen as an experi-
mental model in which active unidirectional sodium transport is known to take
place in two stages (outer side passive, inner side active) just as in the renal
tubules [11, 21]. Water and rubidium transport characteristics were also
studied in an attempt to reveal an eventual specific action of indomethacin
on sodium transport.
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Method

Abdominal and thigh skin samples were used, removed from frogs of both sexes weigh-
ing 30—50 g. Frogs were kept in a bath with continuous water exchange without food added.
All studies were carried out at room temperature.

1. Study of water transport (n = 15)

The skin from the hind limbs was removed and from the thigh skin sacs were formed
by ligatures. Two sacs were formed from the skin removed from each frog; one sac contained
1 ml Ringer’s solution, while the other contained 100 jug (n = 15) or 1 mg IM (n = 20) in
1 ml Ringer’s medium. Sacs were weighed on an analytical scale and incubated for 6 h at
room temperature in tenfold diluted Ringer’s solution permanently gassed with oxygen
throughout the studies. Skin sacs were re-weighed at hourly intervals, and the rate of the
osmotic gradient dependent, i.e. outer to inner water transport was calculated on the basis
of the weight increment of sacs and expressed in fi\ water/h/g wet skin.

After termination of the studies the skin samples were dried at 105 °C until weight
constancy, thereafter digested in 65% nitric acid, and sodium and potassium contents were
estimated by flame photometry (Carl Zeiss. Jena).

2. Study of ionic transport

2.1. Study of sodium transport by short circuit current technique

2.1.1. Control group (n = 15)

An abdominal skin lobe was formed, rinsed with Ringer’s solution and mounted over
a hole between two plexiglass chambers. Both chambers contained 10 ml of Ringer’s solution.
The voltage developing between the two sides of the skin lobe was recorded using calomel
electrodes immersed into 3 M KC1 and attached to a voltmeter (Radelkis, Type 08-208).
Electric connection between the KC1 solution and the chambers was established by
agar-agar bridge. The rate of sodium transport was measured by the short circuit current
technique, i.e. the negative pole of a D.C. power supply unit was connected to the electrolyte
solution being in contant with the inner (positive) surface of the skin lobe, whereas the posi-
tive pole was connected to the chamber fluid being on the outer (negative) side. Voltage
generated by the skin and the intensity of short circuit current was recorded every 10 min.
During the course of the studies the D.C. short circuit power supply unit was switched on at
each recording and values recorded after 30 sec were considered as the intensity of short
circuit current. Measurements were started following a 40 min preincubation period and con-
tinued until 180 min.

2.1.2. Indomethacin group (n = 14)

Experimental protocol was the same as in the control group with the exception that
at the end of the preincubation period the Ringer’s solution being in contact with the inner
surface of the skin lobe was replaced for a Ringer’s medium containing 4 /ig/ml IM too.

Sodium transport was calculated from Coulomb and Avogadro values and expressed
as the amount of ions transported through 1 cm2of skin within 1sec (nmole Na+ ¢s-1 scm*“2).

2.2. Study ofsodium and rubidium transport using radioactive isotopes (2iNa and 8Rb) .

In this series of studies different experimental models were used to examine the active
(toward the inner surface) and passive (toward the outer surface) transepithelial transport
processes.

2.2.1. Study of the active transport

The experimental model was the same as described in 2.1.1., i.e. Ringer’s solution was
put at both sides of the skin lobe, however the outer fluid contained 0.2—0.3 MBqg 2Na, and
the amount 2Na transported from the outer to the inner side was estimated.

2.2.2. Study of passive transport
The experimental setup was identical with that described in 2.1.1. with the exception
that the fluid in contact with the outer surface of the skin lobe was tenfold diluted Ringer’s
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solution. Bathing fluid at the opposite (inner) side contained 2Na (0.2 —0.3 MBq) or 8Rb
(0.5 MBQq) in normal Ringer’s medium and the rate of downhill transport was estimated
by measuring the amount of 24Na and &Rb in the outer surface fluid.

The rate of ion transport in both studies (2.2.1. and 2.2.2.) was expressed as percent
of radioactivity transported from one side to the other within a given time. In the IM study
the Ringer’s solution at the inner side also contained 4 (Jg/ml IM. The number of observations
was: (2.2.1.) control, n = 13; IM studies, n 13; (2.2.2.) 2Na control, n = 15; IM treatment,
n = 14; 8Rb control, n 23: IM treatment, n = 13.

Statistical evaluation of data was done by Student’s t test.

Results

1. Effect of indomethacin on water transport and ionic content of the skin

Indomethacin, even in very high concentration (100 ftg per ml, or 1 mg
per ml), failed to influence the transepithelial osmotic water transport in the
frog skin (Fig. 1). Water, sodium and potassium contents of the skin also
remained unaltered (Table I).

X£S

X Indomethacin (n=15)

100 pg/ml
« Control (n=15)
a
0
1
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t B T S
0 120 240 360 min
« Control (n=20)
a X Indomethacin (n= 20)
o 10 mg/ml
X 300 -
3
ol- ----1 1 i 1
0 120 240 360 min

Fig. 1. Rate of transepithelial osmotic water transport in frog skin as a function of time in

the presence of various concentrations of indomethacin. Frog skin sac contained Ringer’s

solution, external medium was tenfold diluted Ringer’s solution. A cumulative plot, i.e. the
amount of water passing across 1 g skin until a given time is plotted
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Tabic |

Sodium, potassium and water content offrog skin in the presence of indomethacin

Indomethacin Indomethacin
Control 100 //ig/iml Control 1 mg/ml
n=15 n=15 n=20 n=20
W ater content, % 79.2+ 162 79.3+ 2.00 79.2+ 4.79 79.7+ 6.05
Sodium, Imicl/g wet skin 53.6+ 12.4 54.5+12.4 62.6+10.3° 60.9+11.4
jtimol/g wet skin 258 *60.4 256 *42.7 315 +64.5b 323 +90.7U
Potassium, fanol/g wet skin 19.9+ 521 19.6+ 4.48 21.5+2.87 18.3+ 3.0
iUmol/g wet skin 95.8+20.9 95.3+20.9 105.7£19.6 98.3+37.9

a’b: significance between control groups: a: p<0.05; b: p<0.02.
u: significance between indomethacin groups; u: p<0.02.
Data are means +S.D.

2. Effect of indomethacin on ion transport
2.1. Effect on sodium transport

In the control studies the voltage between the two sides of the skin
lobe and the rate of sodium transport were slightly elevated during the
3-hour observation period. In the presence of indomethacin no such increase
occurred, moreover, the potential difference as well as the amount of
transported sodium were markedly decreased, the former from 25.00  5.70 mV
to 9.04 + 089 mV (p< 0.001), the latter from 0.37 £+ 0.06 nMol
Na 1les~1ecm-2 to 0.059 i 0.009 nMol Na <*s lecm 2 (p < 0.001) until the
end of the studies. On the other hand, indomethacin did not influence either
the electric resistance or conductance of the skin (Fig. 2).

Studies with 2Na yielded similar results. In the presence of indomethacin
the amount of 2Na transported from the outer to inner side was considerably
decreased with Ringer’s medium of identical concentration on both sides
(Fig. 3).

However, the amount of 24Na transported from the inner to outer side
was appreciably enhanced when a chemical concentration difference was pro-
duced between the two epithelial surfaces, by using Ringer’s solution on the
inner side and tenfold diluted Ringer’s medium on the outer side (Fig. 4).

2.2. Effect on rubidium transport

In contrast to the effect on sodium transport, indomethacin did not
influence the amount of rubidium transported from the inner to the outer side
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«— « Control (n=13) —XIndomethacin (n=13)
Voltage Resistance XiSi
2000 H \
TiJ-ny,
E 1
0j 1000 ¥
U
0 60 120 180 min 60 120 180 min
Sodium transport Conductance
20 V
14i
10-
60 120 180 min

Fig. 2. Values for transepithelial potential difference, sodium transport, resistance and con-
ductance in the frog skin in control study and in the presence of indomethacin (4 //g per ml)

even with Ringer’s solution on the inner and diluted Ringer’s medium on the
outer side. As to passive sodium and rubidium transport, indomethacin in-
creased the transport of sodium while not altering rubidium transport (Fig. 5).

inner side outer side
skin

Fig. 3. Active transepithelial transport of Na+ in frog skin in the presence of indomethacin.
Figure demonstrates percentage of 24Na transport from outer to inner side within a given time
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inner side _outer side
skin X£Sx

Fig. 4. Passive transepithelial transport of sodium in frog skin in the presence of indomethacin.

Inner side contained Ringer’s solution with 2Na added, on the outer side tenfold diluted

Ringer’s solution was the medium. Figure shows percentage of 24Na transported from the inner
to the outer side down to the concentration gradient

inner side outer side
skin X+Sv

Ringerl
¢Indo  0.-Ringer
.86Rb

Fig. 5. Passive transepithelial transport of rubidium in frog skin in the presence of indo-

methacin. Inner side contained Ringer’s solution with 8Rb added, outer bathing fluid was

tenfold diluted Ringer’s medium. Figure demonstrates percentage of 8Rb transported from
the inner to the outer compartment along the concentration gradient

Discussion

The mechanism of the potential difference established between the two
sides of the frog skin has been widely studied [10, 11]. According to the pres-
ently accepted view the epithelial cells on the inner side are capable of active
sodium transport thereby generating the potential gradient. Opposite to this
inward directed active Na transport is the passive Na movement limited
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by the sodium concentration difference between the inner and outer side and
by the permeability of the skin epithelium. The biological significance of the
active Na transport is evident: the reaccumulation of sodium lost through
passive transport.

In the present study indomethacin decreased the potential gradient
between the two epithelial sides, the rate of inward sodium transport cal-
culated on the basis of short circuit current (Fig. 2). The same effect could
also be shown by an isotope method (Fig. 3). Theoretically, the drop of poten-
tial difference and the decrease of net sodium influx might result from

a) decreased active inward sodium transport and/or

b) the enhanced passive efflux from the inner to the outer side.

The first mechanism seems to be less probable in view of the fact that
indomethacin exerts no effect on the activity of K-Na dependent ATPase
which plays a key role in active transport [5]. However, Dusing’s [5] studies
were conducted in a different species and tissue (rat renal cortex and medulla).
ATPase activity was not measured in our study, still we suggest that if indo-
methacin had inhibited the active sodium transport then this should have
caused a change of epithelial ion content (elevation of sodium concentration
associated with potassium loss). Data in Table I, however, appear to demon-
strate that indomethacin in a dose of 100 /ig/ml exerted no influence on epi-
thelial ion or water content and even with a very high dose (1 mg per ml)
only a tendency (not significant statistically) of potassium loss and sodium
accumulation was noted. Thus, the decrease of potential difference and sodium
transport can not accounted for by the inhibition of active sodium transport.

If we accept that indomethacin exerts no influence on active sodium
transport in a dose of 4 /ig/ml, then its action to decrease potential difference
and short circuit current can only be explained by an enhancement of epithelial
permeability. The increased transepithelial sodium permeability from inner
to outer side might counteract active sodium transport, thus net sodium flux
will drop.

Consistent with this view is our result that passive 2Na flux from inner
to outer side was augmented in response to indomethacin, using a model with
tenfold difference in initial sodium concentrations between the two sides. This
appears to support the presumption of enhanced downhill transport of sodium.
In contrast to the aforementioned the passive transport of rubidium from the
inner to the outer side under similar conditions was not enhanced by indo-
methacin (Fig. 5). The rate of osmotic water transport also remained unaltered
(Fig. 1). These findings suggest that the increasing effect of indomethacin
on permeability is sodium specific.

The radii of sodium and rubidium ions are different (0.095 nm and
0.148 nm respectively). It is well known that the permeability of biological
membranes to various ions does not correlate with ionic diameters. A larger
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size ion might more rapidly penetrate the pores than a smaller one. This
paradox behaviour can be explained by the different rate of hydratation of
various ions. The smaller sodium ion has a higher hydratation energy
(—388 kJ emol-1) than the larger rubidium ion (—280 kJ emol-1) [19].
Thus, the size of sodium ion with its hydrate shell is larger than that of the
rubidium ion with its hydrate shell, i.e. the permeability of the membrane
to sodium ion is less than to rubidium ion. In the present study indomethacin
enhanced the permeability of the membrane to sodium, a solute with larger
diameter ions, while it exerted no influence on the permeability of 8Rb and
water with smaller ionic size. This also suggests a selective action, possibly
the opening of the specific sodium channel.

A further possibility for the decrease of potential difference is the
enhancement of chloride ions due to electrostatic attraction resulting in dimin-
ished polarity between the two sides of the membrane. Chloride transport
was not studied in this series of investigations, thus the possibility of such
a mechanism can not be ruled out, however, this is independent of the enhanc-
ing effect of indomethacin on passive sodium transport.

It remains to be established whether indomethacin exerted its effect
through the inhibition of endogenous PG-synthesis or by other mechanism.
The present data are not sufficient to provide an answer to this question.
Exogenous PGEX decreases the potential difference between the two sides
of the frog skin, increasing at the same time the intensity of the short circuit
current [17]. Changes observed in the frog skin under the effect of indo-
methacin are not, however, simply reversal of responses induced by exogenous
PGEr Thus it appears reasonable to suggest that this effect of indomethacin,
i.e. enhancement of sodium permeability, is independent of the inhibition
of PG production.

The results of the present findings experiments are consistent with our
previous devoted to 2Na efflux in kidney cortex slices (Bartha [3]) and
provide further evidence for an effect of indomethacin on sodium transport
independent of its haemodynamics action.
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The reactivity of the uterus to estradiol (E2 and progesterone (P) has been
examined in 44 post partum rats. Hormone treatment was initiated after surgical
delivery at ~ 24 hours before the expected onset of labor in 10 animals and immediately
after spontaneous labor in 34 rats. At the time of steroid treatment each animal was
equipped with a pressure sensor for the sequential recording of intrauterine pressure
(IUP) before and after the oxytocin test.

Daily measurements during one week showed that post partum the IUP in-
creases significantly in all animals not treated with P. The combined administration
of E2+ P significantly reduces the maximum IUP (IUPm) if treatment is initiated
~ 24 hours before the spontaneous onset of labor. P treatment alone, initiated after
spontaneous delivery, is ineffective, but it suppresses IUPm significantly if given in
combination with E2and during 3 days or longer. Apparently, shortly before and
during labor the reactivity of the rat uterus to P changes markedly, a process which
is inadequately understood.

Porter and Challis [1] reported that 7 days post partum spontaneous
myométrial activity is not diminished in the rat within 24 hours after pro-
gesterone (P) treatment, despite the high concentration of P in peripheral
plasma and uterine tissue. This interesting observation led them to conclude
that “in the rat, as in the guinea pig [2], progesterone may not be a myo-
metrial-inhibiting factor”. Recognizing the paradox between their conclusion
and the well documented indispensability of P in pregnant rats [3, 4] they
proposed that the P effect is mediated by: lia) an action inhibiting the release
of oxytocic substances, e.g., neurohypophyseal hormones from mother or
fetus; and b) a key role in maintaining the viability of the conceptus which
in turn inhibits myométrial activity through an unknown mechanism.”
However, this interpretation does not explain the paradox. In the rat P treat-
ment predictably prohibits parturition, not only when the fetuses are alive
but even after prolonged pregnancy when they die in utero [5]. Porter and
Challis considered [1] that the rat uterus is “sensitive to progesterone during
pregnancy but becomes refractory following parturition”, and noted the marked
changes in the concentration of P receptors at around parturition [6] but
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University Medical School, Budapest, Hungary. This investigation was supported by the
~Agency for International Development, Department of State, Contract No. AID/pha-C-1193.
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rejected the former and were uncertain about the implications of the latter.
Thus, the paradox remained unexplained.

In designing the present experiments we relied on the evidence that in
the rat P is indispensable for the maintenance of pregnancy, since recent
methods, which provoked P withdrawal (Pw) without the side effects of ovari-
ectomy, unequivocally established this indispensability [7—9]. For example,
treatment with anti-P serum (which binds P with immunological specificity)
terminates pregnancy whenever it drastically reduces biologically active
P [7]. The P synthesis inhibitor: Isoaxazol also terminates pregnancy [8] and
induces labor [9] whenever it provokes a rapid Pw of critical degree. The
additional demonstration that the prevention of Pw by P treatment prevents
these actions of the anti-Ps [7—09], provides indisputable evidence that it is
Pw and not some unrecognized side effect of the experimental procedure which
intercepts pregnancy. These observations [3—9] and the additional finding
that Pw suspendes and P-replacement sustains the suppression of myomeétrial
activity in pregnant rats [10] firmly established the critical role of P in the
control of myométrial function in pregnant rats. Assigning a similar role to
other endogenous hormones would require substantiation by comparable
evidence.

The present study was prompted by the recent observation in the rat
that, while P treatment predictably prevents parturition if initiated 24 hours
before the expected onset of labor, delayed P treatment fails to prevent
normal delivery despite the excessive elevation of plasma and uterine tissue
P levels [11]. These and the additional finding that a few hours before the
onset of labor the rat uterus is depleted in P receptors [6, 12], suggests that
near term the myometrium may lose its ability to “decode” the inhibitory
signal of P. Apparently, the concentration and biological action of P cannot
be equated whenever the decoding of the P signal is curtailed [11]. If so, P may
not suppress uterine activity post partum until the decoding mechanism is
restored by prolonged hormone treatment. The present experiments examined
the validity of this premise.

Material and methods

r- A total of 44 Sprague-Dawly rats were studied. When 18 days pregnant (day of mating:
day 0), the animals were shipped to the laboratory, where palpation excluded those rats which
were non-pregnant or had low litter size. The 44 animals selected were kept in individual
cages at constant temperature (22 °C), exposed to 14 hours of light and 10 hours of darkness
and fed Purina diet.

All experiments begun immediately post partum but only 34 rats were allowed to
deliver spontaneously, while in 10 the uterine contents were delivered by hysterotomy 24 hours
before the expected onset of labor. In ether anesthesia and under strictly aseptic precaution
all 44 animals were laparatomized. Through a small incision near the uterotubal junction
of both horns the uterine contents were removed from the 10 pregnant rats. Only one incision
was made in the 34 post partum animals. Before closing the incision by tobacco sutures,
a balloon-tipped catheter has been inserted into that uterine horn which had at least 4 im-
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plantation sites. Before insertion the air free rubber balloon of 5.5 ml capacity (when un-
stretched) was connected to a flexible polyethylene tube (O.d. = 1.5 nun). After the place-
ment of the pressure sensor the extrauterine end of the catheter was tunnelled under the skin
to exit at the dorsal end of the neck. The balloon was then filled to (5.5 ml) capacity, the
catheter sealed by heat and the abdomen closed by suture.

In all 44 animals the intrauterine pressure (IUP) has been sequentially recorded, once
daily for a week, starting 24 hours after surgery. At the time of surgery the animals were
divided into 6 groups according to their treatment schedule (Table I). The steroids were
administered every day in 0.1 ml oil, i.m., starting on the day of surgery. For the oxytocin
test (OT) 5 mU oxytocin was administered intraperitoneally in 0.1 ml saline.

Table |

The Treatment Schedule of the Animals

(n) PREGNANT
() Estradiol 5//g/Day
() Estradiol 5//g and Progesterone 5 mg/Day

POST PARTUM
4) Vehicle Control
(5) Progesterone 5 mg/Day
®) Estradiol 5 /ig/Day
(17)  Estradiol 5//g and Progesterone 5 mg/Day

At 24 hours after the placement of the recording system and at each consecutive day,
the animals were anesthetized by 10 mg veterinary Diabutal (sodium pentobarbital) and
placed in a restrain cage, to minimize movement-artifacts on the IUP tracings. In each animal
spontaneous uterine activity has been recorded for ~ 45 minutes and subsequently the re-
sponse to 5 mU oxytocin for ~ 60 minutes. From that 10 minutes portion of each tracing
where IUP was maximal the maximum IUP was calculated by measuring each individual
pressure cycle (in mm Hg) and by dividing their sum with the number of contractions. In
each group the Mean = S.E. of the maximum IUP (IUPm) was calculated at consecutive
days and differences among these values were analyzed by the Student’s | test for significant
differences.

Results

Figure 1 presents ttvo typical sets of original tracings of two rats which
were surgically delivered 24 hours before their expected onset of labor. From
the day of surgery animal A received estradiol (E2) while B received E., + pro-
gesterone (P). It is apparent that in the E2rat maximum IUP (IUPm) gradu-
ally increases throughout the one week observation period while in the E2 f- P
rat it is suppressed during the period of P-treatment. It should be noted also,
that here and elsewhere the IUP is maximal and regular during the oxytocin
test (OT) and, therefore, in the present study IUPm is measured during the
h<ight of oxytocin stimulation. In contrast, spontaneous activity is variable,
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frequently showing long intervals without cyclic activity. In the Figures
therefore, those portions of the (45 minutes) tracings are presented where
spontaneous activity is maximal.

Figure 2 presents two sets of typical IUP tracings, obtained after spon-
taneous delivery in two post partum rats. One animal (A) is a vehicle control,
while the other (B) is a P-treated rat. Figure 2 shows that P-treatment (with-
out E2) does not appreciably suppress the IUPm.

mmHg Oxytocin 5mll

Fig. 1. The effects of estradiol and estradiol + progesterone on the intrauterine pressure
of two post partum rats which were surgically delivered at ~ 24 hours before the expected
onset of labor. For detailed description see text

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



EFFECT OF PROGESTEHONE ON THE POST PARTUM RAT UTERUS 23

mmHg Oxytocin SmU

0
Day 1- P X ?
"Post PdrtarfT

Fig. 2. The effects of vehicle and progesterone (without estradiol) on the intrauterine pressure
of two post partum rats which delivered spontaneously at term. For detailed description
see text

Figure 3 presents two sets of typical tracings, obtained after spontane-
ous delivery in two post partum rats. One animal (A) is an E2 while the other
(B) an E2- P rat. Figure 3 shows that P moderately suppresses IUPm,
an effect which is suspended by the discontinuation of P treatment.

Table Il summarizes the results obtained in 44 post partum rats, 10 after
surgical and 34 after spontaneous delivery. The analysis shows that in those
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Fig. 3. The effects of estradiol and estradiol + progesterone on the intrauterine pressure
of two post partum rats which delivered spontaneously at term. For detailed description
see text

rats, which after their surgical delivery ~24 hours before term received E2
during consecutive post partum days, the IUPm gradually increases during
the one week observation period. In contrast, in those rats which received
daily E., -f P the IUPm decreases during the period of P treatment. The
difference in IUPm between these two groups of animals is already significant
at day 3 (P<0.01). Apparently, if E,, P treatment is initiated as late in
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pregnancy as ~24 hours before the onset of labor, but before spontaneous
delivery, then P is an effective suppressor of IUPm despite the surgical delivery
of the uterine contents.

Table 11

Effects of estradiol and progesterone on maximum intrauterine pressure
in post partum rats

IUP mm Hg at post partum days

Schedule of treatment
= 1 2 3 4 5 6
Surgical delivery 24 hours before term
(3) 5 fig E 2day 12+3 14+4 14+3 16+2 18+1 24+8
?) 5 fig E2|-5 mg P/day 11+3 102 6x1iV 7+2 12+1 172
Spontaneous delivery
(4) Vehicle control 15+1 15+1 19T 2 23+2*  29+4 31%5
(5) 5mg P/day 15+2 18+3 21+1 22+1 23%2 30+4*
(8) 5 fig E2day 18+2 20+2 23%2 25+4 27+ 1* 30£2*
a7 5 fig E2+5 mg P/day 16+1 16+1 16+1V 141V 12+1*V 13£1V

All values are Means + S.E. 1 1" off. The maximum intrauterine pressure (IUPm)
of the E2 and E, P rats is significantly different: xo PcO.OIl. The IUPm within the same
group of animals is significantly different from the initial value: *; PcO.Ol

Fig. 4. The effects of estradiol and estradiui , progesterone on the intrauterine pressure
of 10 post partum rats which were surgically delivere 24 hours before the expected onset
of labor. For detailed description see text
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Fig. 5. The effects of vehicle, progesterone, estradiol and estradiol + progesterone on the
intrauterine pressure of 33 post partum rats which delivered spontaneously at term. For
detailed description see text

The analysis also shows that in those post partum rats which received
daily treatment after spontaneous delivery, the IUPm increases gradually
during the one week observation period regardless of whether they were
treated with vehicle, E2 or P (without E2). The difference in IUPm at day
1 and 3 to 6 in these three groups of animals is significant (P<T.01). In con-
trast, the IUPm is suppressed in the E2-f- P rats during the period of P treat-
ment. In this group the difference in IUPmM at day 1 and day 5 is significant
(P<0.01) and so is the difference in IUPmM between the E2and E,, P rats
at day 3 (P<”70.01).

Figure 4 graphically illustrates the results obtained in those 10 post
partum rats, which were surgically delivered and treated 24 hours before
term. It shows, as does Table Il, that while IUPm gradually increases in the
E 2 rats, it is suppressed in the E, + P rats until P treatment is discontinued.

Figure 5 graphically illustrates the results obtained in those 34 post
partum rats, which were treated after spontaneous delivery at term. It shows
that during the one week observation period IlUPm steadily increases in the
vehicle controls, the E2 and the P rats. Apparently, by itself (without E?2)
P does not significantly suppress IUPm if the treatment is initiated after
spontaneous delivery. However, if in addition to P the rats also receive E2,
their ITUPmM not only fails to increase (in comparison with E., rats) but is
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suppressed after 3 days treatment. This finding indicates, that the post partum
rat uterus can “decode” the P signhal and respond to it if the animal is repeat-
edly exposed to effective E2 -f- P treatment.

.Discussion

The present study shows, that if 24 hours before the expected onset of
labor surgically delivered rats are treated with estradiol (E2) -)- progesterone
(P), their maximum IUP (IUPm) is suppressed during the period of P treat-
ment. This observation complements the demonstration that P treatment,
initiated 24 hours before term, predictably prevents the onset of labor [11].
The present study also shows that if P treatment is initiated after spontaneous
delivery it does not significantly suppress IUPm, unless it is combined with
E 2treatment. Furthermore, post partum the E2 P treatment has to be
repeated for several days before its effect manifests. This observation comple-
ments the demonstration [11] that if P treatment is delayed until ~12 hours
or less before the expected onset of labor, it does not prevent parturition
despite the massive elevation of plasma and uterine tissue P-levels. These
findings indicate that shortly before and during labor the rat uterus loses
its ability to decode the P signal. They also complement the observation [6],
that the preparatory action of estrogen is a prerequisite of the P effect.

Since the biological action of P near term is sharply dependent on the
TIMING of P-treatment, it is apparent that the concentration and action of P
cannot be equated [11]. Evidently, a few hours before the onset of labor the rat
uterus (a classic model for the demonstration of P action [3—11], undergoes
avariety of biologically significant changes which are incompletely understood.
Alterations in receptors for progesterone [6, 12], oxytocin [13] and prostaglan-
din [14] and in gap junctions [15], have been proposed as preparatory for the
onset of labor. However, these premises were not substantiated by evidence
that the concentration of these receptors and uterine function change in a
similar manner, for example when the onset of labor is predictably prevented
by P treatment. The respective effects of E.,, and P on oxytocin receptors and
on uterine function were only examined in the rabbit [16].

In view of these persistent uncertainties, regarding the biological mean-
ing of those subcellular constituents and events which are implicated in the
control of pregnancy and labor, the changing reactivity of the rat uterus to P
at term cannot be adequately explained. Thus, in good agreement with earlier
observations [11], the present study merely shows that at term the ability
of the rat uterus to decode the P signal is drastically reduced — hereby its
sensitivity against oxytocin is increased — and that post parturn this organ
requires several days long E2-)- P treatment to partly recover its reactivity
to P.
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The effects of Zn2+, Mg2+ and Mn2+ in vitro were studied on the procoagulant
activity of peritoneal PAIN leukocytes derived from endotoxin treated rabbits. The cells
collected from the abdominal cavity were incubated in the presence of these divalent
cations at 37° in Hank’s solution followed by determination of the clotting activity
of their supernatants in citrate treated rabbit plasma. When the cells were incubated
in the presence of 50 /(M/l ZnCI2 the procoagulant activity of their supernatants de-
creased by 30%. Upon the application of 100 /<M/l ZnCl2a 50—60% increase in clotting
time was observed. Zinc ions inhibited in a concentration dependent manner the release
of procoagulant material from leukocytes. Neither of the other cations used as controls
has influenced clotting time if assayed in a similar system.

It has been established that zinc ions inhibited the liberation of tissue factor
from endotoxin treated PMN leukocytes. The inhibitory effect was dose dependent
and increased from 5 //M/1 to 250 /WLI/1 exponentially.

The inhibitory effect of zinc ions on tissue factor liberation might be explained
by membrane stabilization.

In the suggested pathomechanisin of endotoxin induced disseminated
intravascular coagulation great importance lias been attributed to the neutro-
phil leukocytes [6, 13]. In a previous study [18] we have been dealing with
the generalized Shwartzman reaction which is a typical form of disseminated
intravascular coagulation. In the state of granulocytopenia induced by nitro-
gen-mustard treatment of rabbits, the generalized Shwartzman phenomenon
cannot be triggered by endotoxin [12] while it was possible to elicit this reac-
tion with thrombin even in leukopenic animals [5]. It was also shown that,
following endotoxin treatment, peritoneal leukocytes of rabbits acquired high
procoagulant activity [16]. Leukocytes increasingly produce and release a pro-
coagulant material of tissue factor nature upon the effect of endotoxin [10, 15].
The production of tissue factor can he inhibited by cycloheximide and puro-
mycin, therefore, it is regarded as being the product of active protein syn-
thesis [17]. It is released from the cells in the presence of Ca ions [14].

Recently a number of publications have pointed to a possible interrela-
tions between zinc ions and biological membranes. Most of the authors have
found that zinc ions in concentrations higher than the physiological range show
membrane stabilizing properties and inhibit the release of certain biologically
active materials [7, 8, 9, 19].
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We know little about the exact nature of this process. Based on the above
data it seemed worth studying whether zinc ions are capable of inhibiting the

in vitro the release of tissue factor from polymorphonuclear leukocytes (PMN
leukocytes).

Materials and methods

Chemicals used in the experiments

Casein according to Hammersten (Reanal, Hungary), Bacto Lypopolysaccharide W .E.
coli 055:Béa control 630903 (Difco Laboratories), ZnCl2, MgCl2, MnCI2 (Merck) Trypan blue,
silicone solution (Serva). Modified Hank’s solution was prepared in our laboratory by omitting
MgS04x H 20.

Male albino rabbits of 2000 —2500 g body weight were used throughout the experiments.

Plasma was obtained by drawing blood from the ear vein of untreated rabbits. A 3.8%
solution of sodium citrate and blood were mixed 1:9, then centrifuged at 4 °C by 2000 Xg
for 20 min. Plasma was sucked off with a siliconized Pasteur capillary and stored until use
in polyethylene tubes at room temperature. For each experiment fresh plasma was obtained.

The preparation of PM N leukocytes

Following food withdrawal for 24 hrs, a 7% (w/w) casein solution in 40 ml of isotonic
saline (pH = 7.4) and 100 /tg/kg endotoxin dissolved in saline were given to the rabbits intra-
peritoneally. After 18 hrs, the rabbits were killed and after rinsing the peritoneal cavity with
80 ml of citrate containing saline (3.8% sodium citrate and 0.9% sodium chloride, 1 : 4) the
exudate was collected quantitatively. After filtering it through 4 layers of gauze, the exudate
was centrifuged at 300 g for 5min. Supernatant was discarded and the sediment was washed
twice. All steps of cell separation were carried out at 4 °C. Viability was detected by trypan
blue uptake. At the end of cell preparation, 5—10% of the cells have taken up the dye. By
repeating trypan blue uptake after incubation, the proportion of stained cells 10—15%.
To study the exudate cells morphologically, smears were prepared and stained according
to Pappenheim, then viewed at a magnification of 1000. Up to 100% of cells were leukocytes
with no detectable morphological abnormality. A constant number of cells 10'/ml was in-
cubated with different amounts of zinc, magnesium or manganese containing Hank’s solution
at 37° for 1 h, applying gentle agitation every 5 min. In the controls the incubation was car-
ried out in the absence of metal ions, while in another set of controls the zinc ions were added
to the cells at the end of incubation.

The cellular suspensions were centrifuged at 15009 for 15 min, at 4 °C and the super-
natant was carefully removed with siliconized Pasteur capillaries and stored until use at 4 °C.

The clotting potential of the supernatants was determined by a Clotek (Hyland) coag-
ulometer: 0.1 mlofrabbit citrate plasma was preincubated and 0.1 ml of supernatant added,
followed by recalcination of the system with preincubated 0.05 M/I CaCl2solution after stand-
ing for 2 min. In control experiments Zn2+, Mg2+, or Mn2+ containing Hank’s solution was
given to the preincubated plasma instead of the supernatants and clotting times were measured
after recalcination. For statistical evaluation of the results Student’s | test was used.

Results

Table | shows clotting times obtained from individual experiments in
seconds. Since even suparnatants of control cells incubated without metal ions
showed marked scattering of the values (57.2” 14.4 sec), for the purpose of
a better evaluation the inhibitory effect of zinc ions was expressd as per cent
changes in Fig. 1.

Figure 1 shows that, by applying a 50 M/l final concentration of ZnClI2,
clotting could be increased significantly. In the presence of 100 /TM/I of ZnClI2
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Table 1

The clotting potential of leukocyte supernatants incubated in the presence of ZnCl2, measured on normal rabbit plasma individual
values in seconds

Treatment Clotting times in seconds Significance
Control 92.0 55.0 55.4 35.1 53.4 101.7 46.1 34.6 65.2 33.5
ZnCl2 50 /(Mel
Before incubation 121.9 64.4 67.8 43.7 71.1 116.3 71.2 42.7 105.2 425 1X0.001
ZnCI2 100 /rMol
Before incubation 159.7 83.3 83.1 48.8 78.6 129.8 88.4 55.2 125.7 44.3 p<0.001
After incubation 90.5 54.2 57.1 34.3 55.3 104.6 — — p>0.2
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Fig. i.The clotting potential of leukocyte supernatants incubated in the presence of ZnCl2
MgCI2 and MnCI2 measured on normal rabbit plasma, expressed as per cent of the controls

concentration of ZnCI2

Fig. 2. The clotting potential of leukocyte supernatants incubated with different concentrations
of ZnCI2 measured on normal rabbit plasma, expressed as per cent of the controls

on the other hand, the procoagulant activity showed a marked decrease (values
are averages of 10 independent experiments). In the experiments where
100 juM/l ZnCl2were added after incubation, clotting times were not different

from the controls.

In subsequent experiments the changes in procoagulant activity i.e. the
increase of clotting time, were studied in the same incubation system as
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Table 11

The clotting potential of leukocyte supernatants incubated in the presence of MgCl, and MnC1lr
(individual values in seconds)

Treatment Clotting times in seconds Significance
Control 46.1 34.6 65.2 335
MaCl 200 //Mol 455 34.9 68.4 33.2 p>0.1
o=h 401 /Mol 47.3 33.8 66.0 34.5 p>0.2
86 //Mol 50.3 35.9 70.1 34.1 p>0.05
MnC.1, r
173 /xMol 46.2 37.3 71.8 36.0 p>0.05

a function of Zn2+ concentration. As shown in Fig. 2, clotting times increased
exponentially with increasing Zn2+ concentration, 25 yllLl ZnCl2already result-
ing in a 20% inhibition of clotting.

In another set of experiments we studied the effects of Mg2+ and Mn2+.
The final concentration of the above ions was chosen in a way that the number
of metal ions was equal to that of zinc ions in the previous tests.

Table Il and Fig. 1 show that, in the applied concentrations, neither
Mg2+ nor Mn2+ have influenced the procoagulant activity. The differences were
not significant statistically means of 4 experiments.

In control experiments — in a cell-free system — the effects of Zn2+,
Mg2+ and Mn2+ were studied on recalcification times. None of these metal ions
influenced the process of clotting.

Discussion

The peritoneal leukocytes of endotoxin pretreated rabbits possess signif-
icant procoagulant activity which is due to increased production of tissue
factor by the neutrophils [10, 15, 16]. In the course of incubation of citrate
treated whole blood with endotoxin, the procoagulant activity develops in
vitro within a few hours. The role of neutrophils is evident also in view of the
observation that upon incubation with endotoxin the whole blood of a patient
suffering from drug-induced granulocytopenia failed to exhibit procoagulant
activity [11].

Muhifelder et al. [14] found that tissue factor is released from the cells
in the presence of Ca2+ and other divalent cations (Co, Mn, Zn) would not
substitute for Ca2+. In our experiments the effect of a few divalent cations
was studied on the liberation of tissue factor in the presence of Ca2+. The
present results show that zinc ions inhibited this process already in a con-
centration of 25 p.M/1 while two other cations, Mg2+ and Mn2+, were ineffective.
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This observation allows the conclusion to he made that the inhibition is due
specifically to the presence of zinc. The increase of clotting time was not caused
by a pH shift toward acidity since in control experiments, where ZnCI2 was
added after incubation to the cellular suspensions, the obtained values were
similar to those found in zinc-free supernatants. Muhifelder et al. [14] were
also unable to find any significant change in clotting time when studying the
effects of pH shift actually not exceeding a few tenths of a unit. It is to be
assumed that tissue factor is released into the surrounding media by destruc-
tion of the leukocytes. After incubation, repeated trypan blue exclusion tests
revealed a cellular death rate of only 5—10% at all zinc concentrations applied,
therefore, it is unlikely that the dose dependent effect would have been a con-
sequence of cellular destruction.

The procoagulant inhibitory effect of zinc ions can be explained by their
stabilizing effect exerted on biological membranes. Chvapil [2], in his review
article, theorized that this membrane stabilization might be due to binding
of Zn2~ to the free SH groups of membrane proteins, thus forming mercaptides.
It has been also shown to inhibit the haemolysis of human erythrocytes by
Streptolysin 0, while the effects of Yibriolysin and Triton X-100 are not inter-
fered with [19]. Zn2+ inhibits also the histamine release from mast cells [7—29].
The aggregation of thrombocytes and their serotonin release is diminished
on the action of Zn2+ [4]. Chvapil and co-workers [3] found that Zn2+ in-
hibited in a dose-dependent manner the oxygen consumption of leukocytes,
their phagocytic activity and property of killing E. coli. There are relat-
ively few data in the literature on the in vivo action of zinc in pathological
systems. Cho et al. [1] allowed sensitized guinea pigs to inhale ZnS04 solu-
tion in a form of spray and found that Zn2i inhibited in vivo histamine
release from mast cells.

In view of these results and other data published in the literature it
appears that the role of zinc ions in membrane processes is well established,
however in vitro to clarify their role in vivo further experiments, are required.
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The effect of different doses of intracerebro-ventricularly administered chole-
cystokinin octapeptide sulphate ester (CCK-8-SE) was studied on dopamine (DA),
norepinephrine (NE) and serotonin (5-HT) contents in the hypothalamus, mesencepha-
lon, amygdala, septum and striatum, 10, 20 and 60 min following administration.

The DA and NE content increased and the 5-HT content decreased in the hypo-
thalamus and mesencephalon. A biphasic action was observed in the amygdala of DA,
NE and 5-HT depending upon the time and doses used. Similar action was seen on
DA and NE in the septum.

In the striatum, the DA and 5-HT content decreased while the NE level first
increased and then decreased.

The data indicate that the CCK-8-SE is able to modify the activity of DA,
NE and 5-HT in different brain regions in a time and dose-dependent manner, with
a local specific action.

The presence of cholecystokinin-like activity in the brain has been
demonstrated by Vanderhaechen et al. [26, 27], Dockray [3, 4], Muller
et al. [16], Rehfeld |19, 20, 21], Hokfelt et al. [10], Holmquist et al. [9],
Larsson and Rehfeld [13], and Lé&érén et al. [15]. Chemical identification
of the peptide was carried out by Dockray [3], Dockray et al. [5, 6],
Rehfeld [19, 20, 21], and Rehfeld and Goltermann [23], in the brain
and the CSF in humans (Rehfeld and Kruse-Larsen [22]).

The physiological significance of cholecystokinin in the brain is incom-
pletely understood (Loonen and Soudijn [14]; Hokfelt et al. [11]). The
effects of cholecystokinin octapeptide sulphate ester (CCK-8-SE) (8 nmole)
on brain monoamines following intracerebroventricular administration have
been reported earlier (Telegdy et al. [25]).

In the present paper the effect of different doses of CCK-8-SE was
studied on the dopamine (DA), norepinephrine (NE) and serotonin (5-HT)
content in the hypothalamus, mesencephalon, amygdala, septum and stria-
tum, following intracerebroventricular administration in conscious, freely
moving rats.
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Methods

For the experiments CFY adult male rats weighing 200 —250 g were used. The animals
were kept under artificial light schedule (12 h light and 12 h dark), starting the light period
at 6 a.m. Food and water was given ad libitum.

The test material was given via a chronic stainless-steel cannula implanted into the
lateral cerebral ventricle by a surgical procedure (Fifkova and Marsala [7]). The proper
position of the cannula was checked by dissection of the brain. Experiments were began one
week following the operation.

The test material used was CCK-8-SE synthetized by Penke et al. [17]. The material
was dissolved in 0.9% saline and the concentration given in the Tables was administered
in 5 /71 volume to freely moving animals. The control animals received the same volume of
0.9% saline. The animals were killed by decapitation at 0. 10, 20 and 60 min after the injec-
tion. The brain was rapidly removed, frozen, and the hypothalamus, mesencephalon, amygdala,
septum and striatum were dissected according to Baumgarten et al. [1]. Dopamine (DA),
norepinephrine (NE) and serotonin (5-HT) content were measured by the spectrofluorimetric
method of Shellenberger and Gordon [24].

Each group consisted of 8—16 animals.

The results were evaluated statistically by analysis of variance. In the Tables mean
values and standard error of the means are given.

Table |

Effects of different doses of cholecystokinin octapeptide sulphate ester on monoamine contents
(pg/g tissue) ofthe hypothalamus

Group 0 min 10 min 20 min 60 min
DA
1. Control 1.63+0.11 0.91+0.10 0.72+0.06 0.74+0.10
2. CCK-8-SE 80 fmole 1.17+0.18 1.00+£0.07b 1.04+0.08
3. CCK-8-SE 800 fmole 1.35+0.17 1.36+0.14a 1.22+0.13
4. CCK-8-SE 80 pinole 2.87+0.22c 1.90+0.18¢c 1.76+0.23c
5. CCK-8-SE 8 nmole 1.66+0.15b 1.80+0.34b 1.65+0.28b
NE
1. Control 2.25%0.08 1.79+0.17 1.26 zb0.11 1.22+0.09
2. CCK-8-SE 80 fmole 1.25+0.13 1.42+0.1S 1.18+0.12
3. CCK-8-SE 800 fmole 1.58+0.14 1.52+0.10 1.40+0.11
4. CCK-8-SE 80 pinole 2.10+£0.07 1.61+0.13 1.60+0.05c
5. CCK-8-SE 8 nmole 2.14+0.18 1.89+0.17 1.83+0.19b
5-HT
1. Control 1.63+0.08 1.36+0.10 1.16+0.09 1.63+0.07
2. CCK-8-SE 80 fmole 1.28+0.13 1.12+0.10 151+ 0.14
3. CCK-8-SE 800 fmole 1.53+0.11 1.3970.13 1.54+0.11
4. CCK-8-SE 80 pinole 1.57+0.17 1.24+0.10 1.19+0.07
5. CCK-8-SE 8 nmole 0.98+0.08 0.94+0.10 0.99+0.07c

Abbreviations: a = p<0.05; b = pcO.0OIl; ¢ — pcO.001 versus control
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Results

The effect of different doses of CCK-8-SE on monoamine contents in the
hypothalamus is shown in Tahié I.

For DA, the most effective dose was 80 pinole, which increased the DA
content over the control level in 10 min; by 60 min the effect gradually de-
creased. All doses increased at 20 min, while at 60 min only 80 pmole and 8
nmole were effective.

The NE content increased following 80 pmole and 8 nmole versus the
control at 60 min following injection.

On 5-HT content only the dose of 8 nmole was effective by decreasing
the level at 60 min.

In the mesencephalon (Table Il) 80 pmole increased the DA content in
each time interval, while on the NE content a similar action was observed
from 800 fmole. The 5-HT content decreased following 8 nmole at every point
of time.

Table 11

Effects of different doses of cholecyslokinin octapeptide sulphate ester on monoamine contents
(Hg/g tissue) of the mesencephalon

Group 0 min 10 min 20 min 60 min
DA
1. Control 0.47+0.03 0.56 +0.07 0.45+0.05 0.49+0.05
2. CCK-8-SE 80 fmole 0.67+0.06 0.67+0.07" 0.65+0.05
3. CCK-8-SE 800 fmole 0.61+0.06 0.54+0.07 0.59+0.06
4. CCK-8-SE 80 pmole o~r0.061 0.81+0.08c 1.10+£0.16b
5. CCK-8-SE 8 nmole 0.78+0.14 0.69+0.14 0.52 £0.09
NE
1. Control 0.49+0.02 0.44+0.02 0.44+0.04 0.42+0.03
2. CCK-8-SE 80 fmole 0.36 +0.06 0.34+0.06 0.33+0.03
3. CCK-8-SE 800 fmole 0.60+0.06° 0.53+0.05“ 0.57+0.05¢c
4. CCK-8-SE 80 pmole 0.39+0.04 0.39+0.04 0.40+0,03
5. CCK-8-SE 8 nmole 0.50+0.03 0.51+0.03 0.40+0.04
5-HT
1. Control 0.59+0.03 0.64+0.04 0.61+0.04 0.57 £0.04
2. CCK-8-SE 80 fmole 0.82+0.08 0.73+0.06 0.86+0.17
3. CCK-8-SE 800 fmole 0.79 £0.07 0.85+0.07 0.94+0.08b
4. CCK-8-SE 80 pmole 0.60+0.04 0.62+0.04 0.65+0.07
5. CCK-8-SE 8 nmole 0.37 £0.03c 0.35+0.03b 0.37+0.02°¢

Abbreviations: a p<0.05; b = p<0.01; ¢ = pcO.001 versus control
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Table 111

Effects of different doses of cholecystokinin octapeptide sulphate ester on monoamine contents
(pg/g tissue) of the amygdala

Group 0 min 10 min 20 min 60 min
DA
1. Control 1.18+0.10 1.13+£0.13 1.14+0.13 1.45+0.12
2. CCK-8-SE 80 fmole 0.67+0.04b 0.87+0.11 0.75+0.18
3. CCK-8-SE 800 fmole 1.06+0.12 0.98+0.12 0.74+0.04a
4. CCK-8-SE 80 pmole 2.01+0.23° 2.29+0.18c¢ 1.86+0.24
5. CCK-8-SE 8 nmole 0.76+0.18 0.45+0.09b 0.71+0.21a
NE
1. Control 0.45+0.05 0.45+0.09 0.34+0.04 0.42+0.04
2. CCK-8-SE 80 fmole 0.25+0.04a 0.37+0.09 0.33+0.04
3. CCK-8-SE 800 fmole 0.80+£0.12b 0.65+0.10b 0.61+0.11a
4. CCK-8-SE 80 pmole 0.41+0.07 0.40+0.06 0.41+0.03
5. CCK-8-SE 8 nmole 0.49+0.06 0.28+0.06 0.31+0.07
5-HT
1. Control 1.35+ 0.07 1.34+0.09 1.21+0.09 1.34+0.08
2. CCK-8-SE 80 fmole 1.40+0.10 1.70+0.08a 1.81+0.21a
3. CCK-8-SE 800 fmole 1.65+0.25 1.54+0.16 1.35+0.17
4. CCK-8-SE 80 pmole 1.72+0.18 1.27+0.07 1.28+0.11
5. CCK-8-SE 8 nmole 0.82+0.09°¢ 0.75+0.08b 0.92+0.11a

Abbreviations: a = p<0.05; b = pcO.0OIl; ¢ = pcO.0OO0I versus control

In the amygdala (Table I11), the DA content increased following 80 pmole
at 10 and 20 min, and decreased following 80 fmole at 10 min, 800 fmole at
60 min, 8 nmole at 20 and 60 min. The NE content was increased by 800 fmole
at all points of time and decreased at 10 min following 80 fmole. The 5-HT
content increased after 80 fmole at 20 and 60 min and decreased at every point
of time after 8 nmole.

In the septum (Table 1V), the DA content increased at 10 min after
the injection of 8 nmole and 800 fmole decreased it at all times studied, while
80 fmole decreased it at 60 min. The NE content increased after 800 fmole
at 10 and 60 min, and after 8 nmole and 80 pmole at 60 min. 80 fmole de-
creased it in every time interval. There was no significant change in the
5-HT content.

In the striatum (Table V) the DA contents decreased after all doses and
at all points of time, with the exception of 8 nmole, which was ineffective
at 60 min. The NE content increased after 800 fmole at 10 min, and after
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Tabic IV
Effects of different doses of cholecystokinin octapeplide sulphate ester on monoamine contents
(pglg tissue) of the septum .
Group 0 min 10 min 20 min 60 min
DA
1. Control 3.15+ 0.23 2.51+0 26 3.20+0.38 3.15+0.30
2. CCK-8-SE 80 fmole 2.27+0.32 2.07+ 0.30 2.02+0.29“
3. CCK-8-SE 800 fmole 1.67+ 0.25¢ 1.58 + 0.20“ 1.93+0.15¢
4. CCK-8-SE 80 pmole 3.36 + 0.19 3.58+ 0.32 3.81+0.24
5. CCK-8-SE 8 nmole 3.68 + 0.35“ 3.66 + 0.45 3.69+ 0.51
NE
1. Control 1.09+ 0.10 0.74 + 0.08 0.96 + 0.10 0.66 + 0.07
2. CCK-8-SE 80 fmole 0.48+0.05b 0.41+0.06" 0.46 + 0.03“
3. CCK-8-SE 800 fmole 1.06+ 0.111 0.82+ 0.08 0.83+ 0.061
4. CCK-8-SE 80 pmole 0.93+ 0.10 0.86+0.10 0.84+ 0.05“
5. CCK-8-SE 8 nmole 0.84+ 0.13 0.90 + 0.16 0.96 + 0.14*
5-UT
1. Control 1.61+ 0.12 1.25+ 0.07 1.38+ 0.08 1.30+ 0.06
2. CCK-8-SE 80 fmole 1.30+ 0.12 1.11+0.09 1.34+ 0.13
3. CCK-8-SE 800 fmole 1.47+ 0.18 1.23+ 0.15 1.29+ 0.10
4. CCK-8-SE 80 pmole 1.49+ 0.24 1.49+ 0.13 1.43+ 0.17
5. CCK-8-SE 8 i.molc 1.21+0.11 1.08 + 0.07 1.17+ 0.13

Abbreviations: a = p<0.05; b = pcO.OIl; ¢ = p<0.001 versus control

80 pmole at 60 min. Eighty fmole decreased it in all time intervals while after
8 nmole at 60 min. The 5-HT content decreased with all doses at 60 min.
At 20 min the 8 nmole and at 10 min the 80 pmole dose decreased it.

Some representative data of the dose-response action is shown on Figs
1, 2 and 3.

The action of CCK-8-SE on hypothalamic DA content showed a linear
dose—response effect between 80 fmole and 80 pmole, by increasing the DA
content at 20 min (Fig. 1).

CCK-8-SE increased the NE in the hypothalamus in a dose dependent
manner between 80 fmole and 8 nmole at 60 min (Fig. 2).

The 5-HT content showed a dose—response linear decrease between
80 fmole and 8 nmole at 60 min (Fig. 3).
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Table V

Effects of different doses of cholecystokinin octapeptide.sulphate ester on monoamine contents
(figlg tissue) of striatum

Group 0 min 10 min 20 min 60 min
DA
1. Control 6.76+0.32 6.19+0.36 6.98+0.47 7.11+0.41
2. CCK-8-SE 80 fmole 4.39+0.37a 4.43+£0.37b 5.12+0.37a
3. CCK-8-SE 800 fmole 5.50%£0.35a 5.32+0.26¢ 5.77+0.34a
4. CCK-8-SE 80 pmole 2.83+0.20r 3.44+0.23c 3.40+0.16¢
5. CCK-8-SE 8 nmole 5.55+0.42¢c 5.53+0.38a 6.86+0.45
NE
1. Control 0.13+0.01 0.16+0.02 0.18+.03 0.17+0.03
2. CCK-8-SE 80 fmole 0.09+0.01a 0.11+0.01a 0.11+0.01a
3. CCK-8-SE 800 fmole 0.21+0.03a 0.21+0.03 0.20+0.03
4. CCK-8-SE 80 pmole 0.19+0.01 0.18+0.01 0.20+0.02a
5. CCK-8-SE 8 nmole 0.14+0.03 0.13+£0.03 0.13+0.05*
5-HT
1. Control 0.44+0.04 0.44+0.03 0.47+0.04 0.56+0.06
2. CCK-8-SE 80 fmole 0.39+0.02 0.43+0.03 0.42+0.02a
3. CCK-8-SE 800 fmole 0.43+0.06 0.46+0.07 0.41+0.04b
4. CCK-8-SE 80 pmole 0.30+0.02a 0.39+0.02 0.36+0.02b
5. CCK-8-SE 8 nmole 0.29+0.02 0.28+0.03b 0.29+0.03c

Abbreviations: a = p<0.05; b = pcO.Ol; ¢ = pcO.0OI versus control

%
300

2001 Xl

100 -control
0 80 800 80 8 dose
fmole pmole nmole
CCK-8-SE

Fig. 1. Dose-response effect of CCK-8-SE on DA content of the hypothalamus at 20 min.
Abbreviation: ¢« — significant difference between CCK-8-SE and control
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Fig. 2/Dose—esponse effect of CCK-8-SE on NE content of the hypothulamus®at 60 min
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Fig. 3. Dose—responseeffect of CCK-8-SE on 5-HT content of the hypothalamus at 60 min

Discussion

The effect of CCK-8-SE on transmitters has been studied in vitro by
Vizi et al. [28, 29, 30] -who demonstrated acetylcholin release in the guinea
pig Auerbach plexus. The effect of CCK-8-SE on brain transmitters (DA, NE
and 5-HT) following intracerebroventricular administration was reported
earlier (Teeegdy et al. [25]) using 8 nmole (10 ~g), a relatively high dose
of CCK-8-SE.

In the present investigation smaller doses were used and the dose-
response correlation was followed in order to study the physiological signifi-
cance of the changes observed.
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In general, on DA in the hypothalamus and mesencephalon an increas-
ing, while in the septum and striatum a decreasing effect was observed follow-
ing most of the doses used. One has to be aware of the fact that the intra-
cerebroventricular administration of 0.9% saline in itself caused a decrease
in the control, especially in the DA content in the hypothalamus, and all
changes were correlated to these values. The smallest dose (80 fmole) affects
all the brain areas studied. NE increased in all brain areas following 800 fmole,
while 80 fmole decreased it in the amygdala, septum and striatum. The higher
dose used (80 pmole) showed a similar action. The large dose decreased the
5-HT content in most of the brain areas studied, but in most of the cases
the effect on this transmitter was less significant.

The dose response demonstrated in certain time intervals indicated
a specific action on different transmitters. It seems that mainly the catechol-
amines had been affected. The action of CCK-8-SE on different transmitters
Mas not only dose-dependent, but also showed a locus specificity.

One has to be aware of the fact that the measurement of the content
of different transmitters in certain brain areas does not necessarily reflect
the activity of a given transmitter system and therefore the data have to he
complemented mith turnover studies.

It seems that despite of the fact that the direct peptidergic transmission
cannot be ruled out, the possibly modulatory role of CCK-8-SE on trans-
mitters in the brain as specific physiological mechanism has also to be con-
sidered.

A number of reports indicated that CCK might be a physiological regu-
lator of feeding behaviour in animals and man (Gibbs et al. [8], Della-Fera
and Baile [2], Hsiao et al. [12], Prange et al. [18]), although the mechanism
of action is not clear. Our data offer a possible mechanism of the central action
of CCK. Whether this action on transmitters is in correlation with the feeding
behaviour remains to be seen.
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The part of liver innervation was studied in the process of microsomal enzyme
induction elicited by phénobarbital or muscular exercise. Enzyme induction was seen
to develop: hexobarhital sleeping times became shorter after partial (vagotomy, coeli-
ectomy) as well as total liver denervation in the rat. Though the present results did not
preclude subtile differences, they demonstrated that the microsomal enzyme systems
of the liver could be activated in the absence of innervation.

Upper median laparatomy, which was used as a sham operation, had the strange
effect of elongating the sleeping time. This observation is a warning of a changed rate
of drug elimination after explorative laparatomy.

In the last decade a number of compounds have been described to have
an inducer effect upon the microsomal monooxygenase system of the liver [3,
4, 8, 9]. A similar phenomenon has been observed following regular muscular
exercise in our previous experiments: the rate of drug metabolism in the liver
was found to increase both in animal experiments and in human subjects [5, 6].
The phenomenon itself cannot be differentiated from the consequences of the
(chemical) inducing effect of lipophilic xenobiotics and the mechanism by
which it develops is also unclear.

The role of innervation in the process of enzyme induction was studied
in the present work. The inducing effect of muscular is transmitted by endog-
enous routes and the part played by innervation may be different in the
process elicited by drugs or by muscular work. Accordingly, the development
of phénobarbital induction after liver denervation was studied first in rats.
Next, animals subjected to liver denervation were studied to establish whether
muscular work could effectively increase microsomal enzyme activity in this
condition.

Material and methods

Female Wistar Wi: rg rats of 160 to 180 g body weight were used. Under superficial
ether anaesthesia and after an upper median laparotomy three types of liver denervation
were employed.

1. Vagotomy by transecting the nerve fibres immediately after their passage through
the diaphragm.

2. Extirpation of the coeliac ganglion.

3. Total denervation: vagotomy and coeliectomy.
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After sacrificing the animals every kind of denervation was thoroughly checked. The
control animals were subjected to a sham operation in-that after upper median laparotomy
the abdominal viscera were explored and replaced.

The main part of the experiments began three weeks after denervation [2, 6]. To induce
the microsomal enzyme system a single oral dose of phénobarbital 50 mg per kg b.w.) was
given to 12 animals and 12 animals served as control. Enzyme induction was assessed by
measuring the sleeping time [1, 3] after injecting 40 mg/kg of sodium hexobarbital. The daily
exercise consisted of one hour of swimming with 4 g/100 g additional weight in water of 29 °C
temperature. Results were compared with Student’s t test.

Results

In the first series the effect of phénobarbital induction was studied
following different types of liver denervation (Fig. 1). Owing to the inducing
action, hexobarbital sleeping time became significantly shorter in every test
group (p<0.01). Sleeping time in the non induced denervation group was not
different from the control value — thus, the duration of hexobarbital sleep
was not affected by any type of denervation. Sham operation, on the other
hand, was associated by avery significant elongation of sleeping time (p<0.01).
The inducing effect itself was not modified by the sham operation.

In view of these results, the sham operation was investigated in a separate
experimental series. Twenty-one days after the sham operation and in weekly
intervals thereafter, hexobarbital sleeping time was measured in groups of
12 animals each was consistently found to be prolonged. In the sixth post-
operative week the sleeping time was similar as that of normal rats (Fig. 2).

In the third series, the different groups began swimming three weeks
after denervation. Sleeping times were compared to the respective controls

Fig. 1. Phénobarbital inducing effect after partial and total liver denervation in the rat
as measured by hexobarbital sleeping time. Open bars: sleeping time in control animals;
shaded bars: sleeping time one day after 50 mg/kg of phénobarbital treatment
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Fig. 2. Effect of sham operation on hexobarbital sleeping time

Fig. 3. Inducing effect of regular swimming exercise after partial and total liver denervation
in the rat, as measured by hexobarbital sleeping time. Open bars; sleeping time in control
animals; shaded bars: sleeping time in animals swimming regularly

highly significant in the normal, the sham-operated and the vagotomized
groups (p<0.01) and significant in the coeliectomized and total denervation
groups (p<C0.05).

Discussion

The role of liver innervation in enzyme induction was studied after
phénobarbital and exercise. It was found that neither partial nor total dener-
vation brought about any appreciable change in the inducing effect of phéno-
barbital.
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Denervation failed to effect the inducing action of exercise. The results
do not however exclude the possibility that partial or total liver denervation
may have some influence on the efficiency of inducing agents, but the present
experiments could not bring to light subtile differencés. Nevertheless, they
were helpful in clarifying that the inducing effect of phénobarbital and regular
physical exercise persisted in spite of liver denervation.

The inducing effect of muscular exercise was weaker than that of phéno-
barbital in both the intact and the denervated animals.

The protracted sleeping times after sham operations presented an unex-
pected problem. This effect was long-lasting as it took six weeks before the
sleeping time had become normal again. Still, the effect was blocked by partial
as well as total denervation, so the nervous system must have some part in it.
This observation is a warning to consider the possibility of a changed rate
of drug elimination following explorative laparotomies.
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A new hypothesis is offered regarding the pathomechanism of generalized epi-
lepsy with spike-wave paroxysms (GESw) based on the pertaining literature and per-
sonal investigations.

The first section is devoted to a critical overview of the development of theories
regarding GESw. The centrencephalic theory, the debate on subcortical versus cortical
origin, the “corticoreticular” hypothesis of Gloor and, finally, the “dyshorinic” con-
cept of Niedermeyer arc outlined.

In the next section it is shown that there is a particular optimum zone between
sleep and wakefulness and between REM and slow wave sleep which highly favours
the occurrence of spike-wave paroxysms. According to our investigations into the
dynamics within this critical zone, the spike-wave paroxysms always appear Math
characteristic fluctuations of the level of consciousness where the changes towards
awakening are always followed by rebounds towards sleep. Hence, the dynamic prop-
erties of this unstable border zone become especially interesting in the genesis of
spikewave paroxysms.

It has been shown that even without epilepsy, a dynamics can be observed in
the micro-oscillations in the depth of sleep which could he interpreted according to the
reciprocal induction regulation model.

In our concept the process of falling asleep emerges from rebounds of the sleep
promoting system in response to sensory inputs streaming in from the external environ-
ment. According to this model, arousal influences in sleep have a sleep promoting
effect. We interpret in this way all synchronized EEG reactions elicited by sensory
stimuli and we consider K-complex type synchronization reactions as a “building
stone” of the process of falling asleep which contains the whole process in concentrated
form.

The manifold similarities between the K-complex and the spike-wave pattern
are demonstrated. On this basis spike-wave paroxysms can be regarded as an epileptic
“caricature” of the sleep induction momentum reflected in the K-complcx phenomenon.
Hence, the GESw is the epileptic disorder of the sleep promotion function. This hypo-
thesis resolves and explains many contradictory features of our knowledge about this
mechanism and gives a new biologically oriented framework for further research.
In the light of the hypothesis it has been attempted to interpret some of the charac-
teristic features of the GESw: the genetic determination, the age dependency, the link
with the sleep-waking cycle as well as the functional-anatomical characteristics and
the symptoms of the seizures.

* Synonyms are: centrencephalic epilepsy of Penfield and Jasper; cortico-reticular

epilepsy of Gloor; common generalized epilepsy of Niedermeyer.

4*
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1. Development of views regarding generalized epilepsy with spike-wave
paroxysms (GESw)

Right from the beginning there has been a separate group of epilepsies
which could not be adequately interpreted according to Jackson’s focal-
diagnostic, pathoanatomical principles. There are serious difficulties in defin-
ing topographically the brain focus of the epileptic malfunction in this par-
ticular epileptic mechanism. No phenomena in the clinical seizure symptoms
indicate local brain malfunction; the EEG shows synchronous bilateral gener-
alized phenomena in interictal periods and during seizures, generally in the
special form of spike-wave pattern; interictal deficit symptoms indicating
local brain damage responsible for the epileptic mechanism are generally absent,
the illness is genetically determined, and the manifestations of the electro-
clinical symptoms are age dependent.

The concept of a midline pacemaker was supported by the date accu-
mulated from 1940, since in several experiments the generalized cortical spike-
wave pattern proved to be elicitahle by electrical or chemical stimulation
of certain parts of the thalamus [79, 58, 53, 5, 38, 114] and this effect was
connected with behavioural signs similar to the human absence or myoclonic
absence phenomena [52]. With the investigation of Dempsey and Morrison
in 1942 [23] the exploration of the thalamic non-specific system began. It
came to light that thalamic nuclei generating a spike-wave response to stimu-
lation belonged to this system.

These experimental findings served as basis for the Penfield and Jas-
per hypothesis according to which the regulating structures located in the
diencephalic midline subcortical area in contact with both hemispheres, the
“centrecephalon”, is responsible for the basically generalized petit mal and
grand mal seizures which do not represent any lateralized phenomena. Accord-
ing to this model, the GESw is determined by an epileptic focus in the
midline structures by which the cortex is driven only passively.

Parallel with the “centrencephalic” concept, an other school sought
the substrate of the mechanism not in the subcortical structures hut in the
cortex itself. The cortical origin was supported by hemispheral differences
in the spike-wave pattern and focal features in clinical symptoms or even
by local neuropathological findings in some of the operated or necropsied
patients [20, 30, 60, 83, 102, 103, 106, 129]. Further evidence in favour of
the cortical origin was supplied by human stereoelectroencephalographic
investigations in which cortical trigger foci could frequently be explored in
patients with GESw [6, 65, 90, 117].

Seeking a connection between the conflicting evidences of cortical and
subcortical origin, Jasper et al. in the fifthies elaborated the secondary bi-
lateral synchronization theory as an auxiliary hypothesis for the centren-
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cephalic concept of GESw [56, 110, 131]. According to this view irregular
asymmetrical forms of spike-wave synchronization showing focal features can
he observed when the midline pacemaker is driven by a cortical focus (second-
ary synchronization), while in the symmetric forms without focal features
the cortical spike-wave pattern is primarily of thalamic midline origin. The
cortical trigger zone for the mechanism of secondary synchronization was
supposed to be in the medial frontal region [7, 51, 78, 89, 135]. This view was
supported later by human stereoelectroencephalic findings [1, 6, 9, 91]. Later
several cortical areas became candidates for the trigger zone of the midline
system [4, 8, 10, 29, 35, 85].

In the light of these findings it became more and more unlikely that
an epileptic functional disorder of a certain, always identical, area may he
sufficient for determining the whole mechanism. In the meantime there
occurred important changes in views in both neurophysiology and neurology.
The local diagnostic pathoanatomical approach gave way to concepts based
on functional anatomy and system regulation. Knowledge concerning the
function of the thalamic non-specific system increased considerably [2] and
it was shown that the system contained closely cooperating thalamic and
cortical elements. Thus, the debate between adherents of either cortical or
thalamic origin became meaningless.

Animal experiments and human investigations provided further evidence
of the cortical genesis of the spike-wave pattern and petit mal like seizures
even without participation of mesodiencephalic structures [31, 32, 33, 34, 86,
87, 88]. On the other hand, the elicitability of the clinical and electrical symp-
toms of GESw by stimulation of the thalamic non-specific nuclei gained
further support [34, 113, 114,]. In other words, the mechanism can be triggered
from either the thalamic or the cortical pole of the non-specific thalamo-
cortical system.

The above described changes in the views about the GESw mechanism
are reflected by the “corticoreticular theory” of Gloor, published in the late
sixties [31]. His concept determines the GESw as an abnormal interaction
between the cortical and subcortical reticular structures.

A further important development was the discovery that not the excita-
tion but the functional inactivation of certain central structures played a
decisive role in the mechanism.

From the early 1960s, several authors concluded that the damage of the
mesodiencephalic structures does not defend against but, on the contrary,
facilitates the development of the spike-wave synchronization [86, 87, 94,
112, 134].

In the beginning of the 1970s, Gloor et al. could evoke spike-wave syn-
chronization by intracarotideally administered pentetrazole without influence
on the midline structures, in patients suffering from GESw, while pentetrazole
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introduced into the vertebrobasilar circulation and thus exciting just the
centrencephalic structures, decreased rather than enhanced the appearance
of spike-wave paroxysms [33]. Similarly in our own investigations spike-wave
synchronization could be elicited by some mg of intracarotidally adminis-
tered hexobarbital in GESw patients, while higher doses abruptly eliminated
[39]. The activation effect was interpreted as a differential inhibition of the
reticulo-cortical synaptic transmission by small doses, while higher doses were
possibly able to inhibit all cortical synaptic sites. So beside proving the “cen-
trencephalic” or “centrenergic” [99] component, the existence of another
“centrastlienic” component playing a role in GESw had been verified.

The holistic approach to the GESw was difficult because a suitable
animal model was missing and therefore the different ablation and stimulation
experiments could clarify the mechanism only from one or another particular
aspect. Hence instead of the whole complex mechanism, only some of the
elements, and mostly the anatomical ones were recognized. The discovery of
generalized penicillin epilepsy in 1967 [116], which may bear the closes re-
semblance to its human counterpart, regarding both the electrographic and
behavioural features, gave further impetus to the study of the GESw.

Experiments performed on this model again verified that the epileptic
excitation of the thalamic non-specific system and at the same time a decrease
in the activation of the arousal system are the two complementary factors
which play the determining role in the development of GESw [34, 129]. Work
on the same model then showed that the microneurophysiologica! basis of the
cortical spike-wave pattern is the epileptic functional disorder of the mechan-
ism playing arole in the production of recruitment and cortical spindles under
normal circumstances.

On the bases of the above data, Gloor characterised the GESw to be
determined by changes on three levels of the neuraxis. The basic condition
for development of the mechanism is a relatively mild diffuse “epileptic state”
affecting the neurones over wide areas of the cortex. The second factor is
a depression of the activity of the upper brain stem arousal system. Where
these two conditions exist, those thalamocortical impulses which under normal
circumstances play a part in producing the cortical spindling, became potent
trigger stimuli for precipitating the electroclinical symptoms.

Thus, the local diagnostic pathoanatomical views were gradually sub-
stituted by a functional approach. The merely structural approach became
outworn and beside the question “where” emerged that of “how”, or in other
words, “which functional disorder is basically responsible for GESw” Nowa-
days the “local anatomic” and “functional” views can be compromised.

Those brain stem structures the functional inactivation of which are the
important predisposing factor of thr GESw manifestation can be identified
with the arousal system. On the other hand those thalamocortical structures
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which are involved in the GESw mechanism in normal circumstances play
a role in the organization of slow wave sleep.

At the 1953 symposium on “Brain mechanisms and consciousness”
Jasper and Hess discussed the point that the site of successful stimulations
in the thalamus and surrounding areas which produced the spike-wave pattern
largely coincides with the diencephalic “sleep centre” identified by Hess [49].
Other studies produced further evidence of the relationship between the struc-
tures responsible for the electroclinical phenomena of spike-wave epilepsy and
for the organization of slow-wave sleep. Villablanca et al. [133] showed that
the localized forebrain lesion which blocks the recruiting response in the
region of the inferior thalamic peduncle (ITP) [123] is able to block the cor-
tical spike-wave produced by chlorambucil. Damage to the same region pro-
duced insomnia and weakening of the KEG phenomena accompanying slow-
wave sleep [62, 84, 92]. Similarly, Feeney and Gullotta [25] found that
destruction of the rostral portion of the thalamus of the cat inhibited the
generalized epileptical discharges elicited by pentetrazole and the sleep
spindles.

These experiments support the view that the cortical structures respon-
sible for the electrical phenomena of spike-wave epilepsy maybe precisely those
which are “used” by the hypnogenic subcortical (thalamic and basal forebrain)
structures.

Thinking either in terms of anatomical structures or in terms of func-
tional systems, the functional factors playing a role in the GESw mechanism
offer themselves within the sleep-waking system.

This idea led Niedermeyer to establish his concept of dyshormia [101].
Since he found that the spike-wave paroxysms frequently appear during sleep
in response to arousal stimuli and very often in connection with the K-coin-
plexes which are interpreted as abortive arousal responses, lie assumed that
the GESw can be attributed to an error in the arousal mechanism. This notion
somewhat recalls the “awakening epilepsy” concept of the German epileptol-
ogy school [55] and at the same time represents an extremely important new
biologically oriented current approach. It revived the general biological principle
expressed by Speransky (quoted in Myslobodsky [99]) as: “sickness is the
heightening, weakening or change of normal functioning.” Interpretation of
the epileptic disorder as being some form of pathological change, a “caricature”
of physiological brain function is readily compatible with the classical tradi-
tions of the Jacksonian approach to epilepsy. In the Niedermeyer approach,
the GESw could thus be said to gain a biological meaning as it is linked to
the arousal function and its disorder.

Due to the reciprocally antagonistic organization of the sleep-arousal
system, a disorder of the arousal functions at the same time also brings the
sleep promoting (hypnogenic) function to the fore and this is in line with the
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above cited data which indicate a common substrate for the hypnogenic func-
tion and the spike-wave epileptic manifestations.

Myslobodsky [99] was also guided by similar biological considerations
when in seeking the precursors of spike-wave epilepsy in normal brain func-
tions. He showed that the spike-wave discharge may emerge from the par-
ticular cerebral rhythm of the secondary evoked potential, and that conditions
facilitating this metamorphosis may be created by lesioning the structures
of the limbic-reticular system in mature animals or by irradiating them during
a definite period of embriogeny. He reached the conclusion that the spike-
wave pattern is not “centrenergetic” in nature but “centrasthenic”: any
inhibiting-synchronizing hypnogenic sub-system can set off the spike-wave
synchronization if cortical activity escapes from the control of the limbic-
reticular disinhibiting system. Attention was drawn to the fact that the EEG
phenomena of spike-wave epileptic patients in wakefullness and the char-
acteristics of their evoked potentials strikingly resemble those of sleeping
normal subjects. The phenomenon was interpreted by Myslobodsky as a frag-
ment of sleep or a partial sleep of the cortex. Together with Speransky he
suggested that in petit mal epilepsy “the basic features of neural mechanisms
of sleep and the epileptic fit are similar”.

In the light of the above described facts the investigations concerning
the connection between the GESw and the level of consciousness have became
especially important.

2. Changes in the level of vigilance and generalized epilepsy
with spike-wave paroxysms

Since the discovery of the generalized spike-wave pattern it has repeat-
edly been shown that the sleep-weaking cycle is an important determining
factor in the appearance of the electroclinical symptoms of the GESw. As early
as 1936, Lennox and Gibbs [77] reported that spike-wave paroxysms oc-
curred in light sleep and in the course of awakening even in patients in whom
such formations could not be detected in the awake state, and they assumed
that certain phases of sleep or the transition from one sleep phase to another
could have an activating effect in certain seizure mechanisms. Modern poly-
graphic night sleep studies have confirmed that petit mal seizures similar
to those in the wake state occurred almost exclusively on the borderline
between sleep and wakefulness.

It has been shown that seizures occur in the brief period of falling
asleep in the evening, in light sleep around the momentary awakenings during
night, corresponding to a diminution of the level of vigilance in the course
of transitional awakenings during the night just dropping down towards sleep,
and also in intermediary sleep between REM and slow-wave sleep and follow-
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ing awakening in the morning while still “drowsy” [44, 107, 122, 125, 130].
All this appears to indicate that the level of slightly reduced vigilance evokes
the seizures. It was found that this factor can also be traced in the appearance
of daytime seizures. Studies conducted with telemetry or by following certain
psychophysiological parameters indicate that the daytime seizures occur or are
concentrated precisely around stages marked by a slight transitional drop
in the level of vigilance [14]. These are the periods of “sleepiness” following
awakening, after lunch or in the evening. In the same way, monotonous,
boring, wearsome activity demonstrably favours the occurrence of daytime
seizures [95, 125, 132]. The highly activating effect of sleep deprivation in this
form of epilepsy can be interpreted also in this sense [55], since an increase
in “sleep pressure” must be taken into account during such periods.

The counter-check of the phenomenon has also proved to be true. Since
1936, descriptions can be found in the literature of how the arousing stimuli
and the focussing of attention inhibit the spike-wave pattern and petit mal
seizures [64, 68, 80]. Different attentive factors (sensory arousing stimuli)
inhibited the seizures in the GESw models produced experimentally in animals
and direct electrical stimulation of the RAS had a similar effect [37, 114].
In harmony with this, the temporary or lasting suspension of the reticular
arousal system functions promotes the appearance of seizures [129]. (These
studies have been described in detail in the previous chapter.)

It would thus appear that the seizures are evoked by a slight reduction
of the level of vigilance. All influences which lower the tone of the arousal
system and contribute to predominance of the sleep promoting system have
an effect evoking or producing seizures and, on the other hand, those which
improve the tone of the arousal system have an inhibiting effect. Further
reduction in the level of vigilance in the course of the process of falling asleep
again creates an unfavourable situation for the appearance of seizures. It would
thus appear that there exists an optimum zone of superficially reduced vigil-
ance which favours the appearance of seizures, and states of “extreme waking”
and “deeper sleep” in comparison to this are unfavourable.

In the following sections we shall examine the characteristics of this zone
favouring and evoking seizures and whether this is merely an incidental factor
in the seizure mechanism or whether it is related in some way to the actual
induction mechanism of the seizures.

There are many arguments in favour of the view that the decisive factor
in inducing the seizure in this “critical zone” is an actual reduction of the level
of vigilance that gives scope to the functions which probably simultaneously
favour both falling asleep and the GESw mechanism. We have seen that
really numerous identical anatomical and functional features can be discovered
in the structures and functions producing sleep and the GESw seizure mecha-
nism. It is, however, difficult to include within this concept those findings which
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show that within the critical zone not only changes in the state towards sleep
evoke seizures, hut also “arousal” influences and spontaneous arousals which
bring about a rise in the level of vigilance [41, 42, 50, 100, 121, 122].

It is on the basis of these observations that the German epileptology
school defines the GESw mechanisms as “awakening epilepsy” [55].
Niedermeyer [101] too approached the question from this point of view,
stressing that the GESw seizures appear to be linked to the K-complex, a
phenomenon interpreted as abortive arousal in light sleep. He considers that
the “common generalized epilepsy” (which is identical with GESw) is linked
to some fault of the arousal mechanism termed by him as “dyshormia”.

In view of this it is questionable whether the effect of the optimum zone
lies simply in a slight reduction of the level of vigilance. It would appear that
changes in the critical zone in the direction of both sleep and awakening pro-
mote the appearance of seizures. It follows from this that we must consider
whether the decisive factor is not precisely some form of dynamic momentum,
a change in the level of vigilance in one direction or another. In this case,
the influence of the cortical zone lies precisely in that because of its transitional
nature there is also a possibility for changes in the level of vigilance. Sleep-
wakefulness and the REM-NREM borderline zone are an unstable inter-
mediary state where it is only after numerous fluctuations of the level of
vigilance that the. process swings towards more superficial or deeper levels
of vigilance.

Numerous observations indicate that there may be fine fluctuations of
the level of vigilance in the region of spontaneous petit mal seizures occurring
in the awake state. The observation of Lehman [75] and Melnitchuk [93],
for example, who reported that brief desynchronization of arousal reaction
type can be observed in the background activity before petit mal seizures,
can also be interpreted in this way as also the orientation behaviour before
spike-wave seizures [54]. It has been shown that petit mal seizures are pre-
ceded by negative direct current shifts [16, 19] -which are generally observed
at the time of rises in the level of vigilance [15]. Another observation pointing
to fluctuations of the level of vigilance accompanying petit mal seizures is that
EDG discharges can always be observed after paroxysms occurring in a state
of dozing [41], which indicates that there has been a rise in the level of vigil-
ance. Longer stages of waking with successive seizures are frequent during
night sleep of petit mal patients. In these stages too it can be seen that the
paroxysms occurring while dozing awake, and then as soon as the sleeper
dozes off again a further seizure with awakening follows, thus giving rise
to a series of seizures. At the same time these events prolong the state of
transitional waking and maintain continuous fine fluctuations between the
state of waking and dozing [44].
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3. Dynamic characteristics of the critical level of vigilance favouring generalized
epilepsy with spike-wave paroxysms

3.1. The seizure activating effect of dozing induced by hexobarbital in the GESw
mechanism

It has been known since the early 1950s that the electrical symptoms
of different epileptic mechanisms can he activated by a slow intravenous
administration of hexobarbital [25]. Following earlier studies by Kajtor [68],
we reported in 1971 [40], that induction of sleep by intravenous hexobarbital
is a suitable method for activating the clinical and electrical phenomena of
petit mal seizures in the GESw mechanism.

We found that after the patient has fallen asleep and administration
of the hypnotic agent has been completed, it is principally the period of
awakening that favours the appearance of seizure phenomena. In the course
of a study of 72 patients suffering from generalized epilepsy with spike-wave
paroxysms we found that during awakening from hexobarbital sleep we could
evoke seizures practically at will by influencing the level of vigilance. Using
polygraphy eve were able to observe that the electrical spike-wave paroxysms
are accompanied by somatic (e.g. rhythmic jerks of the eyelids) and vegetative
phenomena (e.g. apnoca and changes in cardiac rhythm) corresponding to
petit mal seizures in the awake state.

The hexobarbital was administered according to Kajtor’s method at the
rate of 20 mg/10 sec until the stage of deep sleep was reached (a total dose
of 0.5—1.0 g). We then terminated the dosage and gradually awakened the
patients by applying different sensory stimuli. In the period of awakening
we observed the ability of orientation and to give verbal replies anil with the
aid of arithmetical problems and recording polygraphically the effect of sensory
stimuli we checked continuously the level of vigilance. We used sensory stimuli,
simultaneously observing the EEG and somatic reactions, in a similar way
in the stages of falling asleep, too.

During the process of falling asleep the seizures occurred even before
the first 0.1 g of of hexobarbital had been administered, in most cases after
0.15 g and always before the dose of 0.3 g had been reached. At this time the
patients were generally still awake and their verbal contact was adequate.
Most paroxysms occurred in the stage following beta synchronization, as the
slow waves began to predominate. As sleep deepened, spike-wave discharges
in series accompanied by behavioural seizure phenomena no longer occurred.
At the same time, however, electrical activation of different other spike-wave
patterns appeared. During awakening, the appearance of seizures went parallel
with the appearance of those stages of sleep in which the slow wave activation
had already ended, while at the same time the arousal stimuli produced
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aresponse characterized by a synchronization of electrical activity, the appear-
ance of slow waves of greater amplitude (Fig. 1). At this stage the verbal
contact was reestablished, spontaneous movements and electrodermographic
discharges of high amplitude appeared.

The sensorial stimuli either evoked or inhibited the seizures, depending
on the actual level of vigilance. If the patient was close to full awakening and

muscle

Eye movement
ventillation

Ecg Vb PAA44 %+

Fig. 1. Z. K. 12 years old girl. Spike-wave paroxysm after synchronization type arousal
reaction evoked by nociceptive stimuli in awakening from hexobarbital sleej)

Fig. 2. Awakening from hexobarbital sleep. In the critical level of vigilance, calling by name
first evokes a synchronization type arousal reaction and subsequently a seizure appears;
later, the same stimulus inhibits the spike-wave paroxysm with a desynchronization reaction
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Fig. 3. M. 1,. 19 years old female. Three 20 sec samples from a 14 min period of awakening from hexobarbital sleep. Vigilance dependent activation of spike-wave paroxysms synchronously with clinical absences
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the EEG desynchronization reaction had already reappeared in response to
arousal stimuli, the stimulus did not evoke a seizure and even inhibited
paroxysms already present. In contrast, while the subjects were still in slightly
less, awake when the sensorial stimuli produced an EEG synchronization
reaction (drop in frequency and rise in amplitude), seizures very frequently
followed the stimuli. We were able to observe in a number of cases that a
seizure evoked in this way by a particular sensorial stimulus could, on the
contrary, be inhibited by subsequent application of the same stimulus (Fig. 2).
Thus, in the course of awakening it was always possible to identify a favour-
able zone where seizures appeared, whether it was approached from the direc-
tion of sleep or from that of wakefulness. If we did not rapidly awaken the
patient but allowed him to sleep back repeatedly into a state of dozing, we
were able to record as many as 30—40 seizures up to the point of complete
arousal. In other words, when “floating” in the critical zone of slightly de-
creased consciousness, practically a state corresponding to status epilepticus
(petit mal status) could be maintained (Fig. 3). The extent of seizure activation
that could be induced \iith hexobarbital corresponded to the frequency of the
patient’s spontaneous seizures.

3.2. Dynamics of the appearance of petit mal paroxysms on the borderline
between REM and sloiv wave sleep

Changes in the level of vigilance were studied in REM and in the inter-
mediary sleep stages preceding and following them, and also the location
of seizures occurring in this zone in 11 GESw epileptic patients over 12 nights
and in 3 healthy subjects over 5 nights [44]. The stages studied were broken
down into four domains which we considered to represent different levels of
vigilance. These were: rapid sleep with eye movements, rapid sleep without
eye movements, an intermediary stage of sleep with changes tending towards
awakening (the appearance of alpha spindles) and an intermediary stage with
changes tending towards sleep (sigma spindles and/or K-complexes). We
scored the records at 20 sec intervals according to the four levels identified
and in this way obtained microhypnograms with one sec resolution for each
intermediary-REM-intermediary stage. We analysed a total of 50 inter-
mediary-REM-intermediary stages of the patients and 23 such stages of the
healthy subjects. The patients selected for the study were persons whose
records showed seizure phenomena far more frequently than usual (Fig. 4).

The greatest proportion of seizures appeared at the level of intermediary
sleep descending towards slow wave sleep and most particularly in the inter-
mediary stages following REM (i.e. tending downwards). Here too, they were
more frequent in the second than in th't first half of the night. Seizures appeared
the least frequently in the stage of rapid sleep accompanied by rapid eye move-
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Fig. 4. Typical intermediary — REM — intermediary sleep periods in a control subject
(below) and in a patient with GESw mechanism (above), a = intermediary stage of sleep
with changes tending toward awakening (a spindles); RS-OM = rapid sleep with ocular move-
ments; RS 2 rapid sleep without ocular movements; spindle = intermediary stage with

changes tending toward sleep (sigma spindles). Each vertical heavy line represents a spike-
wave paroxysm. PM = percent of those 20 sec which contain spike-wave seizures

ments (they practically never occurred here during eye movement clusters).
Seizures were slightly more frequent in the stage of rapid sleep without eye
movements and more frequent in the stage of intermediary sleep tending
towards awakening hut even here did not reach the values recorded in the
intermediary stage tending towards slow wave sleep (Fig. 5).

There was a characteristic change in the structure of the intermediary-
REM-intermediary stages in the patients in contrast with the healthy subjects.
W hereas intermediary sleep before, after or during the REM stages represented
an average of 5.5% of total sleep in the healthy subjects, it reached as much
as 11.9% for the patients (Fig. 6). It was also characteristic that not only was
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Fig. 6. Duration of intermediary and REM periods during 12 nights of 11 patients (PM) and
5 nights of 3 control subjects (C)

Fig. 7. Amount of spike-wave reactions to acoustic stimuli and body movements derived
from the arousal effect evoked by 299 acoustic and 260 body movements (3 and 5 patients,
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there an increase in the total amount of intermediary stages, but such stages
occurred much more frequently within the periods of REM sleep. In other
words, there appeared much greater and more irregular fluctuations of the
level of vigilance in the patients than in the healthy subjects. There was
therefore an increase in the patients in the proportion of precisely that stage
of intermediary sleep which formed the “bed’5 of the seizures. The number
of seizures appearing in the transitional stages was in proportion to the number
of daytime seizures.

Abortive spike-wave series not accompanied by clinical seizure phenom-
ena could be evoked by sensorial stimulation. This responsiveness was
greatest in the superficial slow wave sleep stages preceding or following inter-
mediary sleep, and declined with the reduction of the depth of sleep (Fig. 7).

3.3. Dynamics of seizures of generalized epilepsy with spike-wave paroxysms
in the superficial stages of slow wave sleep

The level of vigilance was studied in four patients showing frequent
seizures while dozing in the superficial stages of slow wave sleep (in stages 1 and
superficial 2 according to the Rechtschaffen-Kales scale). These changes were
studied for 110 spontaneous seizures and for 260 seizures evoked by sensory
stimulation and in the region of 160 sensory stimuli not followed by seizures
[72]. As in the previous study, changes in the level of vigilance were studied
by the microhypnogram method, identifying more sublevels of stages 1 and
2 on the basis of electromorphological phenomena.

of
d A
‘Q\/ in
* 1
310 | 1180 | 210|130
cy i
1 A A B A B

Fig. 8. Changes in the microhypnograms before and after stimuli iV/B values in the case of
seizures and without seizures, connected with stimulation at different levels of EEG activity,
a alpha spindles; d = flat without spindles; v = vertex spikes; s = sleep spindles; 1=
slow wave activity. R = stimuli followed by seizures; RN = stimuli not followed by seizures;
nv - not suitable for statistical tests; ns = not significant; x = p<0.001. The insert right
below shows the evaluation of the microhypnogram in the case of a successful (followed by
a seizure (R) and an unsuccessful (RN, not followed by seizure) stimuli. On the vertical axis
each layer characterised by an EEG phenomenon has 10 values. On the horizontal axis one
value represents one sec. The numbers underthe hypnograms are the territorial values expressed
with the number of little squares under the relevant territories. Values higher than 1 de-
termine fluctuations toward more superficial sleep or toward awakening while values below
1 determine tendencies toward deepening of sleep. Tendencies of fluctuation which are followed
by seizures are underlined by heavy arrows in the insert left below
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The sensory stimulus, a combined click and flash, was followed by a
seizure if the stimulation had been followed by a parodoxical effect, a drop
towards deeper sleep if the stimulation had reached the sleeper in the super-
ficial layers and, turning towards awakening, if it had arrived in the deeper
layers. The seizures, on the other hand, were always followed by a change
acting towards awakening (a rise in the depth of sleep). Stimuli not followed
by seizures, if the stimulation occurred in the superficial layers, resulted in
no change or in a further rise in the sleep level and if the stimulation occurred
in the deeper layers, it was followed by a further deepening or no change
(Fig. 8).

We thus observed intensive fluctuations in the sleep level in the region
of seizures. The sensory stimulation intensified these fluctuations and at the
same time also increased the number of seizures.

3.4. Overall characteristics of the dynamics of fluctuations in the level
of vigilance observed in the zone of vigilance critical for GEStv seizures

It would appear from all three types of study described above that
whether observed on the borderline between wakefulness and sleep or between
REM and slow-wave sleep, the critical zone contains intensive fluctuations
of the level of vigilance and these fluctuations promote the appearance of
seizures. The fluctuations can be intensified by sensory stimulation and this
again increases the frequency of seizures. A constant positive feedback effect
develops between the appearance of seizures and the fluctuations of the level
of consciousness favouring them and in this way the seizures can be said
to perpeftiate the transitional states.

It could be observed that the influence of both the sensory stimulation
and the seizures on the dynamics of changes in the level of vigilance is such
that each change, either towards sleep or awakening, is followed by a rebound
in the opposite direction.

It therefore appears probable on the basis of the above observations that
petit mal seizures appear on the unstable borderline between wakefulness and
sleep and between REM and N-REM, and always appear with characteristic
fluctuations of the level of vigilance where the changes towards awakening
are always followed by rebounds towards sleep.

Il we take into account the dynamic momentum analysed above which
appears to be of decisive importance for the appearance of petit mal seizures,
it is possible to resolve the contradiction that a reduction in the level of vigil-
ance favours the appearance of seizures but despite this they frequently occur
in response to arousal stimuli.

It foilows from the above that in the induction of petit mal seizures
we must attribute an important role to fluctuations in the level of vigilance
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occurring at the borderline between sleep and wakefulness. We could thus hope
that the study of dynamic characteristics of the fluctuations of the level of
vigilance without epilepsy would throw some light on certain features which
will be of value in the further understanding of the GESw pathomechanism.

4. ““Reciprocal induction” type regulation in the micro-oscillations of sleep

Polygraphie night sleep record showed that there are constant fluctu-
ations of the depth of sleep in all its phases. The smaller the scale on which
this process is studied, the finer the fluctuations that can he detected. It would
thus appear that the trends producing cyclical alternations in the depth of
sleep (i.e. the deepening of sleep or its gradual change towards more super-
ficial sleep, in other words on the descending or ascending limbs of the cycles)
are asserted through “micro-oscillations” of the depth of sleep. It had been
shown above that analysis of fluctuations of the depth of sleep around petit
mal seizures suggested the action of aparticular regulation principle. It appeared
that a sudden change in any direction of sleep was followed by a correction
in the opposite direction. All this raises the possibility that the fluctuations
of the depth of sleep are determined by the balance of two forces acting in
antagonistic directions, one towards arousal, the other towards sleep promotion.

The force behind the tendency acting in the direction towards sleep
is obviously the sleep promoting system which, inhibiting the arousal sys-
tem [11], sets off the process of falling asleep. Inhibition of the arousal system
increasingly reinforces the sleep system previously counterbalanced by the
RAS and in this way falling asleep could be explained by a self-reinforcing
process [97]. Butwhat explains the fact that at a certain pointin deep”leep this
process is reversed and a similar self-reinforcing awakening process takes place
on the ascending limb of the sleep cycles. A similar problem is how to incor-
porate into the described “avalanche” like process of falling asleep the micro-
oscillations which indicate the presence of trends acting towards arousal with-
in the trend towards falling asleep. This kind of dynamics makes it likely that
the arousal system probably plays a more active role in regulation than we
had supposed previously and that it is not exclusively tonic influences but
sudden abrupt phasic changes which determine the events in the regulation,
that is, in the interaction of the sleep promoting and arousal systems.

4.1. The synchronization reaction

We thus sought phenomena in the sleep process which could be con-
sidered to represent sudden changes, particularly rises, in the depth of sleep
and we studied the link between these phenomena and sudden rises in the
depth of sleep in response to external stimuli. It became obvious that the
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sleep process continually contains phasic phenomena which can be interpreted
as sudden fluctuations of the depth of sleep, while at the same time all these
phenomena can repeatedly be evoked by applying arousal stimuli, in exactly
the same form as they appear in the spontaneous sleep process. These charac-
teristically “Janus-faced” somnographic phenomena, [tartly spontaneous and
partly evoked, are the vertex potential of dozing, the K-complex of super-
ficial and medium deep sleep, the slow wave groups of deep sleep and the
microarousals that can be observed throughout the whole of slow wave sleep
and from the polygraphic point of view, the EDG discharge accompanying
these phenomena can also belongs here. (In the same way, spontaneous phasic
phenomena evoked by arousal stimuli, can be identified in the REM phase,
too.) We considered these phasic phenomena in the course of the constant
fine fluctuation of the sleep level to be “critical points”, where the dynamics
of fluctuations of the depth of sleep can be studied.

Let us now consider the effect of external, attention-raising stinmli act-
ing through the arousal system, in the course of falling asleep. The non-specific
arousal reaction, the “desynchronization response” of the waking state, changes
in the course of falling asleep and characteristically assumes an opposed value,
becoming “synchronizational” in nature. This begins with the stimuli recalling
the alpha activity (paradoxical alpha reaction) in the course of light dozing,
then in the most superficial stage of slow wave sleep vertex sharp potentials
appear and subsequently in stages 2 and 3, K-complexes emerge. As the depth
of sleep increases, the latter more and frequently become double and triple
complexes and then take on the form of slow wave groups. Finally, as the
slow waves gradually become predominant with the emergence of stage 4,
the response cannot be followed since the reactive slow groups can no longer
be distinguished from the background activity. (We shall see later that the
responses can be detected even in this stage by using an averaging technique.)
It would therefore appear that in the course of falling asleep and in all phases
of slow wave sleep, the arousal stimuli produce responses of the same a mor-
phology as that of the spontaneous phasic electrographic phenomena charac-
teristic of that particular stage. It thus appears reasonable to assume that
the “spontaneous” phasic electrographic phenomena also occur in response
to phasic arousal influences which are constantly present, transmitted or
physiologically produced by the RAS. In this case, however, we find the
particular phenomenon that the arousal influence produces a reaction in the
opposite direction, acting towards the deepening of sleep. We call this the
“synchronization reaction”.

Now we have reached for the second time the possibility that a regulation
operates the fine fluctuations of sleep level in which sudden changes acting
either toward arousal or towards falling asleep produce “rebounds” in the
opposite direction. Regulation of this type is well known in the theory of bio-
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logical systems and corresponds to the Selbach “reciprocal induction” regula-
tion model [120].

According to this model, two mutually antagonistic half systems co-
operate in such a way that a stimulus in one system causes a reciprocal induc-
tion (not inhibition) of the opposite halfcentre. Thus, stimulation of one half-
system produces a rebound in the other half-system, again activating the first
half-system, and so on. The “balance of forces” between the two half-systems
regulates the trend and form of the oscillation produced in this way. Thus,
in our case, the reciprocal inductional interaction of the sleep and arousal
systems produces the micro-oscillations in sleep. (The balance of forces between
the two systems is established by the cyclical changes influencing them for
instance by the metabolism of biogenic amines.)

Application of the principle of reciprocal induction to the sleep process
is much more readily compatible with the continous fluctuations of the sleep
level and with the recurring phasic phenomena found in them, than is the
reciprocal antagonism concept of Moruzzi [97] and Bremer [12]. In this way
the reticular arousal system plays an important role in the establishment of
sleep. Whereas under the antagonistic concept sleep occurs “despite” the
reticular arousal system, according to our theory, it happens with the partici-
pation of the arousal system. If we accept that the sleep promotion and
arousal system take part in the sleep process according to the principle of
reciprocal induction, and that even the spontaneous phenomena of falling
asleep are the products of rebounds arising as a result of phasic influences
of the arousal system, then it becomes much easier to understand all the
observations indicating that continuous sensorial stimulation has the effect
of inducing sleep which had previously been difficult to explain [29, 67, 82,
96, 105, 115, 118, 127].

Assuming the reciprocal induction principle to be valid, the question
may arise of the extent to which the actual “arousal effect” and that to which
only the “rebound” can be followed in the electrographic phenomena in re-
sponse to arousal stimuli. We would naturally expect to be able to follow both
components. It seems, however, that this is not alway possible as it is probably
determined by the state of balance between the two systems and the strength
of the arousal influence. In a state where the sleep promoting system largely
dominates the arousal system and the arousal stimulus is short and not too
strong, we can observe only the rebound as for example, in the case of the
K-complex. In a constellation where the sleep promoting and arousal systems
are in relative equilibrium, or where the sleep promoting system predominates
only slightly and at the same time the stimulus is comparatively strong and/or
of longer duration, there is a possibility of detecting both phases. Thus, for
example, in the case of awakening from hexobarbital sleep, while the arousal
stimuli produce a “pure synchronization” response in a less awake state, in
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the more superficial stage, we can observe “post-synchronization” only follow-
ing initial “desynchronization” or, more rarely, desynchronization follows
after transitional ,,synchronization”, generally in cases where the stimulus
acts for a longer period [69]. Similarly, in the microarousals described by
Schieber et al. [126] as “les phases d’activation transitoire spontanées”,
the transitory activation (arousal) is followed by disactivation (shift towards
sleep).

Thus, in the course of falling asleep, the electrograpliic responses to
arousal stimuli change and instead of the desynchronizational response of the
awake state we find responses which, although of different morphology, are
all “synchronizational”. A uniform explanation can be supplied for the mecha-
nisms giving rise to these “synchronizational responses” assuming that these
are rebound phenomena acting in the direction of sleep and arising in the
course of the reciprocal induction typy interaction of the sleep promoting and
arousal system. This explains why we treat them uniformly as “synchroniza-
tion response”. Now, as to the K-complex, the particular synchronization
response to which many studies are devoted let us consider the extent to which
its morphological and functional characteristics correspond to the ahove-otit-
lined concepts.

4.2. The K-complex as the “building stone” of the sleep promoting process

Since the first descriptions of the K-complex only few studies approached
the functional significance »f the phcnomenon. Its morphological charac-
teristics, distribution, latency time and the different parameters under which
it can he evoked have been described [22, 81]. Its connection with the non-
specific reticular system was recognized at an early stage [119]. One of the
main trends in views concerning the K-complex is the link between the pheno-
menon and sensorial stimuli, and the assumption that it represents some form
of abortive arousal reaction during sleep [61]. At the same time there was
a trend right from the start that stresses the link between the elements of the
K-complex and the spontaneous EEG phenomena of slow wave sleep and,
contrary to the above view, attributed to the complex a sleep protecting
function [36, 66].

Our onyn observations [48] are based on the night sleep at 5 different
activation levels for each of 8 healthy young adult volunteers. We measured
the average frequency per minute of the K-complexes in stage 2 on the descend-
ing and ascending limbs of the sleep cycles. There w'as no significant differ-
ence in the average frequency per minute of phase 2 on the descending and
ascending limbs, only a characteristic deviation in the distribution of the K-
complexes within the descending and ascending stages 2. While the number
of K-complexes in the descending stages 2 steadily increased with progress
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towards stages 3, in the ascending stages 2 no consistent trend could be found
in the course of time, and the frequency of the K-complexes fluctuated from
minute to minute. The extent of the steady increase found in the descending
2nd stages gradually declined from the beginning to the end of sleep. A similar
step by step decrease was found in the density of the K-complexes in sub-
sequent cycles from evening to morning (Fig. 9). It thus appeared that the
beginning of sleep is accompanied by increasing K-complex formation. We
therefore studied whether there was a connection between the extent of
deepening of sleep and the origin of K-complex formation in a more general
form, too. We compared the depth of the cycles and the frequency of K-
complexes measured in the stages 2 of the given cycles, so we determined
the “depth” of the cycle by the “depth” of the deepest sleep stage reached
in the cycle. It was found that the number of K-complexes/time measured
in the stages 2 rose in direct proportion with the depth of the cycle. In other
words, the deeper the sleep reached in the given cycle, the more K-complexes
were formed in a given time unit in the sleep stages 2 (Fig. 10).

In another study [47] we averaged the electrographic “synchronization
responses” evoked by combined click-flash stimuli below the arousal threshold
in the entire night sleep of 3 healthy young adult subjects. In agreement with
the observations of Church et al. [17], it was found that the K-complex type
synchronization response could be followed even in the deepest sleep with
the aid of an averaging technique. The amplitudes of the synchronization

L

LminJ
density of
K complexes

serial Ne of cycles

1 2 3 I 5
Fig. 9. Linear regression functions fitted to the K-densities measured in stages 2 from cycle
to cycle in the five sleep groups. Except the group treated with psychostimulant (Sy) all sleep

group show a decreasing tendency from evening to morning in the frequency of
K-complexes
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Fig. 10. Frequency of K-complexes of different sleep groups according to the depth of the
sleep cycles. 2, 3 and 4: sleep cycles where the deepest stage was stage 2, 3 and 4, respectively.
Double arrows show the result of Wilcoxon’s test

responses followed very closely the fluctuation of the sleep level and were
roughly proportionate to the depth of sleep in the sense that the more super-
ficial the level of sleep where they were measured the lower and the deeper
the level of sleep and the greater their amplitude (Fig. 11).

In a third (unpublished) study K-complexes were evoked by combined
click-flash stimuli below the arousal threshold. One stimulus was given at
a random rate every 20 seconds on the average. Stimulated and unstimulated
periods were alternated every 5 minutes in the course of descending and
ascending 2nd stages of the first two cycles of 6 nights of sleep in the same
experimental subject. The proportion of spontaneous and evoked K-com-
plexes was examined and also the comparative frequency of the spontaneous
slow groups and K-complexes. It was found that considerably more K-com-
plexes appeared in the stimulated periods than spontaneously, while the
spontaneous K-complexes became much less frequent in the stimulated periods;
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KA

Fig. 11. Averaged electrographic synchronization responses during a whole night. On the left
the hypnogram is shown. The actual trend of sleep is marked in all sleep stages. The arrows
connecting the evoked responses with the hypnogram mean the places of sampling

in other words, the stimuli could be said to have exhausted the capacity of
K-complex formation (Fig. 12). The same relationship was observed between
the evoked K-complexes and the spontaneous slow wave groups. Spontaneous
slow groups occurred only sporadically in the stimulated periods. All this
indicated that spontaneous K-complexes could be identified with the evoked
K-complexes and was compatible with the assumption that the spontaneous
slow groups were also reactive elements similar as the K-complex.

It has been pointed out above that two apparently contradictory con-
cepts exist in the explanation of K-complexes. According to one concept,
the K-complexes represent abortive arousal responses and, according to the
other, they reflect an inhibitory sleep protecting function. According to the
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reciprocal inductional model, we shall attempt to combine the two concepts
and we assume that the K-complexes are rebound reactions on the part of
the sleep promoting process arising in response to sensorial impulses trans-
mitted through the reticular arousal system. Our own experimental findings
appear to he readily open to interpretation in the light of this concept.

If the K-complexes can be interpreted as arousal responses, a rise in the
number of K-complexes would be expected as the night passes and as sleep
becomes more superficial, with the increase of responsiveness to external
stimuli. However, from evening to morning and from cycle to cycle, both
the number of K-complexes measured in stage 2 and the extent of the gradual
increase in frequency within the descending 2nd stage towards stage 3 steadily
decline. At the same time, a phenomenon interpreted as an “arousal response”
on the descending limbs while sleep is deepening in proportion to the reduction
of “awakeness”, could be expected to grow less frequent rather than more
frequent. The frequency of K-complexes, however, increased in stage 2 as it
approached towards stage 3. In other words, it would appear that the behav-
iour of the K-complex runs parallel to the sleep promoting rather than to the
arousal process. Further evidence in favour of this is that the number of K-
complexes measured in stage 2 indicated well beforehand the depth of the
sleep cycle in which the stage 2 concerned is located. K-complexes are obvious
determined not only by the extent of dominance of the sleep promoting system,
since their number in the descending stage 2 of the cycles was the same as or
greater than in the descending ones. The number of K-complexes fluctuated
greatly from minute to minute and we did not detect any consistent tendency
in the number of K-complexes per time unit similar as that for the descending

Fig. 12. Density of spontaneous (sp) and evoked (ev) K-complexes in stimulated (n: 34) and
not stimulated (n: 35) stages 2 of the first two cycles of 6 nights of the same experimental
subject. I = standard deviation; J = standard error
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limb. This phenomenon is compatible with the conception of the K-complexes
as a rebound reaction of the sleep-promoting system to arousal stimuli. Arousal
influences can be effective increasingly frequently on the ascending limb and
since the sleep promoting system still predominates in this period, all of them
have a rebound evoking effect. Interpreted in this way, the steady increase
in the frequency of K-complexes on the descending limb could indicate that
the sleep promoting system becomes increasingly dominant thus giving rise
to an ever greater rebound tendency and, together with it, a steadily growing
reciprocal inductional activity of the arousal system which again results in
increasingly frequent rebounds from the sleep promoting system. Thus, the
dominance of the sleep promoting system on the descending limb determines
the events, and the sensory stimuli through the rebound reactions resulting
in a gradual mobilization of the sleep promoting system, push the process
towards the deepening of sleep. In contrast, the appearance of K-complexes
on the ascending limb is incidental and depends to a greater extent on the
evoking influence of the sensorial impulses than does the behaviour of the
sleep promoting system.

Thus, in our concept the process of falling asleep emerges from rebounds
of the sleep promoting process in response to sensorial stimuli streaming in
from the external environment.

This concept is in good agreement with the physiological changes in
sensory transmission during sleep. There are several evidences in favour of the
similarity between K-complex phenomena and the non-specific evoked re-
sponse. The non-specific evoked response can be detected over the whole cortex
transmitted by the non-specific thalamic reticular system [57], independently
of the modality of the eliciting stimuli. In sleep the amplitude of the specific
sensory responses connected with the specific sensory transmission decrease
while the amplitude of the non-specific evoked responses increase. Contrari-
wise to the specific sensory evoked responses, the non-specific responses do not
result in an increase of cortico-spinal motor excitability [13]. The specific
sensory transmission is decreased during the recruitment originated by the
thalamic non-specific system [3]. On the other hand, the amplitudes of the
non-specific evoked responses remain unchanged during spindling [76]. The
K-complex behaves similarly as the non-specific sensory response [17, 18, 70].

So the K-complex type synchronization reaction evoked by phasic
sensorial input during sleep represents an operational change in the sensory
transmission, as compared with the awake state. In the awake state, new
sensory stimuli reach the specific cortical sensory areas through the specific,
sensory relay nuclei of the thalamus and evoke a short latency cortical re-
sponse, connected with a specific motor answer. In sleep the specific sensory
transmission is depressed and the sensorial input, through another way, arrives
into a common pool in the thalamic non-specific system. Through this system
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they are feeding the slow wave sleep synchronization over the whole cortex.
So the external sensory stimuli serve the sleep process.

In this way, inputs from the external environment assume a sleep pro-
moting effect through the reciprocal inductional interaction of the arousal and
sleep promoting systems. In this process the K-complexes behave as signifi-
cant building elements of the “induction” process which can readily be studied.
We could also say that in the antagonistic cooperation of the sleep promoting
and arousal system the K-complexes are the tracer marks of the phasic inter-
action, the “clashes” of the two systems. The more balanced the “strength”
of the sleep promoting and arousal systems, that is, the longer the duration
of the fluctuations in the balance of forces through which one system gradu-
ally becomes predominant in the course of either falling asleep or awakening,
the more possibility there is for the formation of K-complexes.

The K-complex can thus be considered as a “building stone” of the
process of falling asleep which contains the whole sleep induction process
in concentrated form and is an element of this process in which the whole
is reflected like a model.

5. Analogy of the K-complex type synchronization reaction and the generalized
spike-wave pattern

If we now recall the dynamics of the changes in the level of consciousness
found in the emergence of petit mal seizures, we find a striking similarity
between the K-complexes and the petit mal seizures. What we found valid
for the spike-wave seizures may also apply to the K-complexes: this phenome-
non too emerges following fine fluctuations of the level of consciousness in the
course of falling asleep or awakening, when transitional phasic shifts towards
awakening are followed by a rebound in the direction of falling asleep.

This similarity has already been noted. Passouant et al. [108] pointed
out earlier that there is a spiky distorsion of the K-complexes in certain
epileptic mechanisms and he wused the term “epileptic K-complexes”.
Niedermeyer [101] developed this idea further and recognized the link be-
tween the K-complexes and the generalized spike-wave discharges (his argu-
ments will subsequently be used in detail). He showed that the K-complexes are
the “indicators” or “vehicles” of the generalized spike-wave discharges and
drew attention to the fact that all this frequently occurs in response to arousal
stimuli. He built his arguments on the assumption that the K-complexes are
arousal reactions. Starting from this assumption he considered that the petit
mal seizures are linked to “faulty arousal reactions” and thus formed the
concept that the GESw are of “dyshormic” origin. This would mean that some
form of malfunction of the arousal mechanism plays a decisive role in establish-
ment of the mechanisms accompanying the generalized spike-wave pattern.
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In our concept the K-complexes figure not so much as arousal than as
the rebound of the sleep promoting system to phasic arousal influences, it is
thus regarded as a sleep induction factor. As to petit mal seizures, even if they
appear in response to arousal stimuli, they arise as a rebound of the sleep
promoting system. Even in this modified interpretation, the similarity between
the K-complex phenomenon and the generalized seizures accompanied by
spike-wave pattern has to be regarded as a very important question.

Let us now consider this similarity in greater detail.

— Both phenomena appear simultaneously over both hemispheres and
their epicentres can be observed in the region of the vertex [111, 119].

— Electromorphological similarity can be demonstrated between the
two phenomena [108].

— Both phenomena can he produced by sensory stimuli independently
of sensorial modiality [21, 44].

— Both phenomena are connected with the secondary or non-specific
evoked potentials [74, 99].

— The age determination of the generalized epileptic mechanisms with
spike-wave pattern corresponds well to the “life history” of the K-complex:
both phenomena appear mainly between the ages of 4 and 16 years [101].

— The role of the non-specific thalamic system can he demonstrated
in the origin of both phenomena [34, 68, 119].

— The appearance of both phenomena is linked to a drop in the level
of consciousness and the levels of consciousness anchoring them are over-
lapping [48, 72]. There appears to be a slight difference here in that the spike-
wave seizures can also appear on a more superficial level than the zone in
which the K-complexes appear. These, overlapping with the former, tend
to be shifted slightly towards deeper layers.

— Both phenomena can be activated by sleep deprivation [48, 55].

— Experimental destruction of structures which inhibit the spike-wave
seizures in animal experiments eliminates simultaneously the electrographic
phenomena of slow wave sleep including the sleep spindles which form part
of the K-complex [1, 4, 25, 84, 92].

— Both phenomena are rebounds on the part of the sleep promotion
system to transitory arousals in fluctuations within a superficial level of sleep
depth [44, 48].

We assume that these similarities give sufficient basis for regarding
the spike-wave paroxysms as an epileptic “caricature” of the reciprocal sleep
induction momentum reflected in the K-complex type synchronization re-
action.
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6. Generalized epilepsy with spike-wave paroxysms as an epileptic disorder
of the function of sleep promotion

The possibility arives on the hasis of the above arguments of forming
a uniform hypothesis for the induction mechanism of the GESw, able to
provide an explanation of all the facts available. This theory draws on the
experimental findings and clinical experience which play a role in Gloor’s
corticoreticular concept and also in Niedermeyer’s dyshormic theory. We
amend the latter concept, as it were “by turning it over and setting it upright”,
that is, wc consider that it is not a fault in the arousal mechanism, hut an
epileptic malfunction of the sleep promoting mechanism which is to blame.
This is naturally “the other side” of the same thing since we assume that
the sleep promoting and arousal systems arc in reciprocal inductional inter-
action with each other which means that every “arousal” can result in a shift
acting towards “falling asleep”. With this, the genetically-determined GESw
gains a “biological meaning”, just as it does in Niedermeyer’s interpretation,
since with it we have finally found the brain function the epileptic disorder
of which explains the mechanism of this type of epilepsy. In this interpretation,
GESw is an epileptic disorder of the “sleep induction” function. Naturally,
precisely because of the reciprocal inductional link, the antagonism between
the sleep promoting and arousal systems means that all influences reducing
the tone of the reticular arousal system are essential factors in provoking
seizure phenomena since they “open the way” for operation of the epileptic
malfunction located in the sleep promoting system.

The difference between the dyshormic concept and our own theory is not
only that we replace the “disorder of the arousal process” with the “disorder
of the sleep promoting system”, but also that we interpret sleep induction
as a dynamic process in which sleep occurs with the active participation of
the arousal function and thus the *“arousal” and the “sleep promoting” func-
tions figure as two closely intertwined modes of operation of the sam-e system
which simultaneously contains the elements of both modes of operation in all
manifestations.

All biological systems strive for independence from the environment
(autonomy) and an adaptive link with the environment (adaptation) in dialec-
tical unity. This means the simultaneous rejection (restoration of the original
state) and use of stimuli from the external environment. An example of this
is the reciprocal inductional interaction of the sleep promoting and arousal
systems in which stimuli from the external environment are used in the
process which ensures the temporary and partial independence of the organ-
ism from the environment, that is, sleep. The synchronizational rebound
reaction produced by arousal stimuli is one of its elements. Thus a general
biological reaction unfolds, which appears to he valid for the process of falling
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asleep, too. In our concept, the spike-wave seizures are thus “overshootings”
of this reaction.

Let us notv consider the special characteristics of the GESw and attempt
to evaluate them in the light of the above hypothesis.

7. Evaluation of biological characteristics
7.1. Genetic determination

If we accept the assumption that the GESw is an epileptic disorder of
the sleep promoting mechanism, we must take into account that in certain
patients, the malfunction is genetically determined. Definition of the responsi-
ble malfunction represents an intermediary link between the organically and
genetically determined forms. If the epileptic mechanism did not have such
a common functional core, it would be difficult to see how, in organic cases,
an incidental acquired brain damage can produce epileptic symptoms similar
to those in the genetically determined forms.

It is known that there is a continuous transition between manifest
GESw epileptics and individuals in whom only the genetically determined
EEG pattern exists, while seizure manifestations either never occur or occur
only under the influence of certain external circumstances that promote or
induce them. One such promoting circumstance can be a sleep deficit which
may result in the appearance of seizures. In such cases the increased “sleep
pressure” that arises as a result of sleep deprivation, the increased efficiency
of the sleep promoting system, can turn into clinical seizures the sleep pro-
motion system rebound phenomena appearing at the level of electrical spike-
wave patterns. (We shall return later to the way in which the sleep function
itself can produce an epileptic malfunction of the sleep promoting system.)

In the case of certain individuals suffering from episodic generalized
epileptic seizures, the factor eliciting the seizures is sleep deprivation and
the accumulation of a sleep deficit. Since these are produced on the basis of
genetically determined characteristics, it can be assumed that the genetic
determination is precisely a tendency to a shift towards epilepsy in the sleep
inductional rebound momentum of the sleep promoting system.

Similarly, in the case of phénobarbital addition, spike-wave paroxysms
appear in certain, probably genetically determined, cases, under the influence
of withdrawal [71, 101].

Age dependence

In old age the operation of the sleep promoting system is known to
decline and that of the arousal system comes to the fore. This is reflected in
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the characteristic change in the hypnograms of elderly people which display
a considerable decline in the proportion of deep sleep and the appearance of
frequent intervening awake states [27]. It is also known that the EEG
phenomena of slow wave sleep do not appear immediately after birth, but
gradually emerge up to the age of 3—4 years, precisely at the age when the
GESw phenomena appear.

W ithin the GESw, the strict age dependence of certain clinical forms
probably runs parallel with the maturation process of the thalamo-cortical
system and of the cortical functions linked to it, particularly the neural
synaptic microstructures responsible for formation of the EPSP-IPSP se-
quences. With the advance of age, the effectiveness of the recurrent inhibition
process steadily declines, multispike components become increasingly inter-
spersed in the spike-wave pattern and first myoclonus and then tonic motor
seizure phenomena appear [55]. The gradual repression with age of the recur-
rent inhibition reflected by the “wave” of the spike-wave pattern runs parallel
with the gradual reduction of the spontaneous EEG synchionizational tend-
ency in childhood.

7.3. Link with the sleep-waking biological rhythm

We have seen that the predominance of the sleep promoting system clearly
favours the GESw symptoms, hut all this only evokes seizures in the super-
ficial region where the reciprocal inductional interplay of the sleep promoting
and arousal systems is the most active. In harmony with this, sleep depriva-
tion largerly promotes the emergence of seizure phenomena. Sleep induced
in different ways is the most effective means to evoke the GESw phenomena.
States which force the sleep promotion system into the background, including
full wakefulness or simply the arousal reaction, and REM inhibit the GESw
phenomena.

There is a possibility of seeking an explanation of the activating effect
of sleep in an epileptic mechanism which we assume to arise from an epileptic
disorder of the sleep induction function.

It is generally accepted that the epileptic disorder produces a state of
hypersensitivity of some structures. Accordingly, the functional use of the
structure concerned can result in epileptic manifestations. This phenomenon
can be seen most clearly in the case of the so-called reflex epilepsies. In such
cases the epileptic disorder in the sensory cortical areas appears in response
to sensory stimuli of appropriate modality. This connection can probably be
generalized and the physiological work of the system containing the epileptic
seizure mechanism may set of seizures from these structures. This could also
serve to explain the observations that point to the role of emotional seizure
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activating factors in the case of temporo-limbic epileptic disorders. In the
same way it is conceivable that precisely the act of falling asleep could activate
the epileptic disorder of the sleep promoting mechanism.*

7.4. Functional anatomical characteristics

The findings of human studies and animal experiments indicate that
the epileptic malfunction in the GESw mechanism is located in brain structures
which have close operational links to the hypnogenic structures.

Experimental damage of the hypnogenic structures inhibits the phenom-
ena of both sleep and the GESw.

Temporary or lasting, functional or anatomical, damage to the arousal
system which operates in the opposite direction to the sleep promoting system
clearly contributes to the GESw phenomena while the physiological, chemical
or direct electrical stimulation of the system inhibits the GESw phenomena.

The bilateral simultaneous nature of the EEG phenomena related to the
GESw can be explained by the diffuse cortical connections and hence the wide-
spread effect of the sleep promoting system.

The microneurophysiological characteristics of the generalized spike-
wave pattern can be deduced from the functional link with the hypnogenic
structures, particularly with the thalamic reticular system.

7.5. Explanation of the seizure symptoms

Our views provide an effective explanation of the characteristics of the
clinical seizure symptoms. The following main general factors determine the
GESw seizure symptoms.

1. The epileptic malfunction of the sleep promotion mechanism
at the same time an epileptic heightening of rebound of the sleep promoting
system and a reduction of the tone of the arousal system, that is an epileptic
distortion of the reciprocal induction mechanism between the two systems.

2. The state of the hypnogenic, thalamocortical non-specific system and
particularly of its cortical elements.

3. The possibilities for the spread of the epileptic excitation.

If we interpret the GESw as an epileptic disorder of the sleep promoting
function, this effectively explains why the primary and decisive symptom
of seizures is a loss of consciousness. The extensive limbic interconnections
of the sleep promoting system can easily be blamed for both the accompany-
ing vegetative and the psychomotor symptoms. The rhythmic periocular

* These relationships raise the possibility of a new functional classification of epilepsy
in which the different seizure mechanisms could be classified according to the physiolog-
ical functions the epileptic disorder of which forms the essence of the illness.

4cfa Physiologica Academiae Scientiarum Hungaricae 57, 1981

means



GENERALIZED EPILEPSY, DISORDER OF SLEEP PROMOTION 81

myoclonus symptoms that almost always appear with petit mal absences
probably occur through the efferent interconnections of the brain stem. The
extent and form of the motor symptoms can be linked to the characteristics
of the cortical electrical phenomena. The fact that petit mal seizures are
accompanied only by myoclonic motor phenomena where the spike component
coincides with the myoclonic twitches, is probably due to the inhibitory feed-
back identified with the “wave” component of the spike-wave pattern. Tonic
motor phenomena only appear if the inhibitory feedback is not operating
adequately, for example in slow spike-wave encephalopathies involving an
extensive cortical damage or, for example, if this mechanism is partially
suspended with barbiturate [45]. Grand mal seizures also occur when this
inhibitory feedback “breaks down”; the less effective this mechanism, the
greater the possibility of the appearance of grand mal seizures [43]. The fact
that in forms where mainly “pure absences” appear we find a regular 3 c/s
spike-wave pattern, while in cases where myoclonic absences appear and grand
mal seizures are also frequent we find a multi-spike-wave pattern and in
cases where tonic motor seizures are frequent, “epileptic recruitment” occurs
spontaneously or mainly during sleep (repetitive spike discharge), can also
be effectively incorporated in this concept.
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THE SLEEP OF ARTIFICIALLY REARED NEWBORN
RATS, EFFECT OF ALPHA-METHYL-DOPA TREATMENT
ON PARADOXICAL SLEEP AND ON ADULT BEHAVIOUR1

By

P. JuVANCZ2
INSTITUTE OF PHARMACOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received March 30, 1980)

The development of paradoxical sleep was studied in newborn rats separated
from their mothers immediately after birth and then fed artificially by an indwelling
stomach tube. Development of PS in these animals was qualitatively similar but
quantitatively it differed from that of animals remaining with their mother, the daily
amount of PS being reduced. The PS depriving effect of a-methyl-dopa was studied
after single and multiple doses. A 500 mg/kg dose daily led to a 75% continuous re-
duction.

Rats remaining with their mother were injected with a-methyl-dopa during
the three postnatal weeks. Subsequent tests revealed an increased locomotor activity
and a higher rate of acquisition but no disturbance in shuttle-box conditioning. The
norepinephrine, dopamine and serotonin content of the whole brain was not affected.

One of the hypothetical functions of paradoxical sleep (PS) is to par-
ticipate in the maturation of the CNS. Newborn animals display more PS than
adults and the greatest amount occurs during intrauterin life [16], with the
guantity decreasing during ontogenetic development. Studies on humans [27],
chimpanzees [5], rats [20], kangaroo-rats [3], cats [19, 35], chickens [28, 33]
have resulted in the same conclusion. Moreover, the more mature the animal
at birth, the less PS it has [19, 23]. The CNS of the guinea pig is mature even
at birth, and the newborn animals have as many PS as the adults [19]. But
during intrauterine life it has considerably more PS, and it could be detected
more than one week before the slow wave sleep (SWS) [4].

On the basis of these data it is supposed that the function of PS is to
play a role in the maturation of the CNS: PS may provide the endogenous
stimuli necessary to the functional maturation of the CNS [17, 18, 27].

1Study realized by ITUPHAR fellowship at Université Claude Bernard, Department
de Médecine Expérimentale, Lyon, France.

2Present address: Chemical Works of Gedeon Richter, Gydémr6i Gt 8. Budapest,
Hungary 1475.
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It seemed therefore of interest to deprive animals of PS after birth and
examine the behavioural consequences. To accomplish the task we had to
deprive newborn rats of PS continuously during the first three postnatal weeks.
We have failed to find any studies concerning long-term deprivation of PS
in early postnatal life. Since only pharmacological deprivation is practical for
a long period, we have chosen alpha-methyl-dopa (a-MDOPA) because of its
relative selective PS depriving action in adults cats [8, 10], mice [21] and
rats [7].

To control the sleep deprivation, baby rats have to be observed per-
manently. As the mother-rat does not tolerate such a procedure she may
neglect or devour her offspring. Thus, they have to be separated from their
mother and reared artificially.

Materials and methods

1. Artificial rearing

The permanent stomach tube consisted of a polyethylene catheter 0.7 mm in diameter.
To one end a 10—12 mm long, soft plastic catheter was attached to minimize traumatization
of the gastric wall. The catheters were fixed to a Dacron plate. The other end of the soft
catheter continued in a 3 mm long rigid piece rounded off to prevent its slipping out of the
stomach.

Before use the catheters were sterilized in alcohol for 24 hours.

The muscle electrodes consisted of insulated copper wire 0.2 mm in diameter. The tip
of the wire was freed from insulation then immersed into Atomex (Engelhard) solution for
gilding. Three electrodes were fixed to a Dacron plate. This arrangement was suitable for
recording ECG activity as well.

Implantation. Under light ether anaesthesia a lateral laparotomy was performed on
the left side, and the skin of the nape was incised. The stomach was opened at the greater
curvature, the catheter was placed into the stomach, then it was closed. The Dacron plate was
fixed under the skin a few cm from the stomach, to reduce mechanical traumatization. The
other end of the catheter was passed under the skin to the incision on the nape. The muscle
electrodes were fixed into the deep neck muscles and the wires were led to the incision, which
was then closed by adhesive.

The outer end of the catheter was attached to a swivel which allowed the baby rat
to move freely without twisting the catheter. The electrodes were soldered to a ring (Fig. 1).

Rearing. After surgery the animals were placed into an incubator consisting of ten
compartments. The temperature was kept at 32 °C, the relative humidity at 60—70%. The
feedings were started after at least 8 hours following surgery. The baby rats were fed by means
of an infusion pump (Sage) on Borden-Eshilac milk preparation for developing small rodents.
The quantity of food did not exceed 1 ml daily during the f’rst few days follow’ng surgery,
then gradually more was supplied. The sleep pattern was registered by an 8 channel EEG
(Polygraph Alvar). The records were read every minute. The ten compartments allowed to
record several baby rats simultaneously. Continuous recording (24 hours/24 hours) were per-
formed (Fig. 2). The light schedule was not standardized.

Nursing was fundamental to keep alive newborn rats in incubator, which had to be
done at least twice daily: to wet the skin and to facilitate micturition by pressure proved to
be most important [19].

2. Behavioural studies on adult rats

Locomotor activity was studied by the open field test, placing rats in a 123x 135 cm
floor divided into 36 equal squares. The number of squares crossed during' 30 minutes was
recorded. The light was kept constant.

The shuttle-box used for training the rats was a 20—40 cm chamber with a grid floor,
divided into two equal parts by a 5 cm high barrier. After habituation, the conditioned stimu-
lus, a shrill bell, was presented until the rats had crossed to the opposite compartment. If they
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Fig. 1. Scheme of artificial feeding of newborn rats. 1: Attachment of catheter to swivel.
2: Fix part of swivel. 3: Turning parts of swivel. 4: Catheter. 5: Dacron plate. 6: Position
of catheter in the stomach

Fig. 2. Scheme of experimental set-up for rearing and feeding artificially and recordingTiew-
born. rats. 1: Infusion pump. 2: Syringe. 3: Incubator. 4: Polygraph

did not cross within 5 sec, an electric shock (MO V, 50 Hz) was given until the animals had
escaped. One session consisted of 30 trials with 5—10 sec inter-trial intervals. The animals
were tested throughout the day at random. Ten sessions were performed on consecutive days.

Biochemistry. Six treated and 6 control male rats were sacrificed and the serotonin
(5-HT). dopamine (DA) and norepinephrine (NE) contents of the whole brain were determined
spectrofluorometrically, by the methods of Bogdansky [6], Fleming [12] and Euler and
Lishajko [11], respectively.

3. Animals and procedures

Implantation was performed at the age of 2—3 days on the litters of OFA rats weigh-
ing 7—8 g. 36 rats were injected with d,I-a-MDOPA. Six of them served for dose finding
studies for determining the optimal schedule and way of administration. 30 animals were
treated continuously; they received 500 mg/kg d,l-a-MDOPA daily s.c. The daily dose was
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divided into two parts: 200 mg/kg at 9 a.m. and 300 mg/kg at 5 p. m. 21 control animals were
injected with 0.9% NaCl solution of the same volume (0.02 and 0.03 ml/kg respectively).
Nursing in the incubator was continued for three weeks.

For studying adult behaviour, newborn rats were kept and treated in their original
litter with their mothers. 38 (18 male and 20 female) rats from the age of 4—24 days received
subcutaneous injections of 250 mg/kg 1-a-MDOPA Calbiochem) daily for 21 days: 100 mg/kg
at 9 a.m. and 150 mg/kg at 5 p.m. 13 control animals (7 males and 6 females) were injected
with the same volume of saline. Littermates were used either as control or treated groups.
The rats were 35 days old when tested in the open field tests, 41 —50 days old at the time
of shuttle-box conditioning and at the age of 52 days the animals were used for biochemical
determinations.

Statistical evaluation. Means and S.E.M. values were calculated. Student’s non-paired
t test was applied.

Results

1. The sleep-ivaking cycle of newborn rats

1.1. Spontaneous sleep patterns

During the first postnatal week newborn rats reared in incubator and
fed artificially had only PS, which appeared directly after the awake period.
Slow wave sleep (SWS) appeared by the 10th postnatal day. During PS the
electromyographic activity disappeared completely. Muscle atony was inter-
rupted by muscle jerks. Considerable bradycardia appeared on the ECG
during PS. The heart rate decreased from 400—460/min to 300—340/min.
Three phases were observed in the evolution of PS (Fig. 3).

During the first ten days PS occupied about 50% of the registration
time (TRT), with slight variations. The mean frequency of PS phases was

100-

O e e e e A
0 2 u 6 8 10 12 U 16 18 20

Age (daysl
Fig. 3. Time course of paradoxical sleep in newborn rats. Ordinate: Paradoxical sleep (per
cent of total registration time). Abscissa: age of rats (days). A: rats registered for 3—12 h,

then returned to the litter (Jouvet—Mounier [19]); B: control rats reared in incubator;
C: rats reared in incubator and injected with a-MDOPA
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17/h on the 3rd day and 8/h on the 10th with a mean length of 2 min and
4 min phases, respectively. Then a transitional period followed, lasting gener-
ally for two days. During this period the amount of PS decreased quickly
to 30% of TRT. In the 3rd phase a further slow decrease could be detected.
At the end of the observation period PS amounted to 20—25% of TRT.
The mean frequency of PS phases was reduced to 5/h with 3 min mean length
and these figures then became stable.

Graph A on Fig. 3 originates from the paper of Jouvet-Mounier [19].

Her rats were reared more naturally, than our animals. Their EEG was
registered for 3— 12 hours by needleelectrodes, then they were replaced to
their original litter. They had more PS than those kept by us but the PS
curve was qualitatively similar in both experiments.

1.2. Effects of ot-MDOPA

A marked reduction of PS could be observed after each dose of oc-MDOPA,
by whatever route it was applied but both the degree and the duration of the
inhibition, depended on the dose and the route of administration. Sedation

ocMDOPA
60- 100 mg/kg

|
A5

0 2 A6 8 1012

ocMDOPA
300 mg/kg B

WE-

Time after injection [hs]

2 A6 810121A16

Fig. 4. Effect of single doses of a-MDOPA on PS of newborn rats reared in incubator. Abscissa:
time after injection (hours): Ordinate: length of PS (min). A: intraperitoneal injection: B: sub-
cutaneous injection
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was elicited only after the tenth day. For that time a clearcut bradycardia
appeared, too. The heart rate decreased from 420/min to 300/min following
the administration of 300 mg/kg d,l a-MDOPA

In the studies in baby rats, PS disappeared for 13—15 hours under
the effect of 300 mg/kg d,la-MDOPA. This occurred in 10 min after i.p. injec-

»MDOPA 0cMDOPA
60- 300mg/kg 200mg/kg a
- 45,
30
15.

0 2 4 6 8 10121416 182022 24
Time after injection [hs]

Time after injection [hs]

Fig. 5. Effect of repeated doses of a-MDOPA on PS of newborn rats reared in incubator.
Abscissa: time after injection (hours); Ordinate: amount of PS (min); A: intraperitoneal
injections; B: subcutaneous injections

tion, on one half hour after s.c. administration and in one hour when given
by a gastric tube. Similar but less marked changes were observed after the
administration of 100—200 mg/kg doses (Fig. 4).

When administered repeatedly, a-MDOPA produced a continuous and
almost total PS depreviation (Fig. 5).

Continuous daily administration of 500 mg/kg d,| a-MDOPA elicited
a subtotal PS deprivation. PS amounted 10% of TRT during the whole period,
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Table |

PS in per cent of total registration time in newborn rats reared in
incubator. Control and a-MDOPA treated groups. Means”S.E.

fi-MDOPA Deprivation
Control per cent per cent
Whole period 39.65+2.09 10.64+0.74 73.19
3rd- 10th days 47.18+0.74 10.67 +1-12 77.93
11th- 20,h days 31.75d;1.57 10.60+1.08 66.61

its quantity did not change. These findings are represented in Graph C in
Fig. 3.

Statistical evaluation of PS of control and treated rats is shown in
Table 1.

2. Behaviour of adult rats

The a-MDOPA-group showed an increased excitability. During the
period of treatment their activity and responses to environmental stimuli
were increased.

The body weight of the treated animals was significantly less than that
of the controls, with a lag of 1—2 days. After treatment they regained their
weight loss. There was a sex-related difference in body weight beginning from
the third postnatal week hut both male and female rats showed a decrease
in body weight during drug treatment and displayed a similar recovery (Fig. 6).

During After
KO_ injection /

Y-

§ 60_
AT

5 10 5 20 25 30 40 50
Age of rats [days]

Fig. 6. Body weight of rats treated with 250 mg/kg I-a-MI1)OPA subcutaneously for three
postnatal weeks; compared with saline-treated controls. Abscissa: age of rats (days): Ordinate:
body weight (g)
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In the open field test the treated animals were significantly more active
than the control ones. Both groups exhibited habituation; they crossed less
and less squares in the 10 min periods. Sex differences at this age proved to
be negligible in this test (Fig. 7).

In shuttle-box conditioning marked differences were found. Females
gave generally more avoidance responses than did the males, but the differ-
ence was significant only once, in the 4th session in the control group and
never in the treated one. During the first half of the training, the a-MDOPA
treated rats of both sexes learned the task more rapidly; the differences was
strongly significant statistically. From the 7th session the difference decreased

30 minutes SuccessiveW min periods

Fig. 7. Effect of a-MDOPA on locomotor activity. The number of squares crossed during
the total session (30 min) is represented by the vertical bars in part A (means i S.E.); the
habituation in both groups in successive 10 min in part B

Fig. 8. Effect of a-MDOPA treatment on shuttle-box conditioning. Ordinate: Number of daily
avoidance responses (mean * S.E.)
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Fig. 9. Effect of a-MDOPA treatment on whole brain 5-HT, DA and NE content. Ordinate:
brain monoamine content, (ig/g; mean i S.E.

gradually and finally the control animals displayed a performance similar
to the treated ones (Fig. 8).

No marked differences could be detected in the brain 5-HT, DA and
NE levels (Fig. 9).

Discussion

In our experiments early post-natal PS deprivation resulted in increased
locomotor activity and an increased rate of acquisition. The latter is very
likely a consequence of the increased activity.

The technique described in this paper allows to rear newborn rats arti-
ficially from the 2nd postnatal day, separated from their mothers, and to
follow the evolution of their sleep-waking cycle in the three postnatal weeks.
The development and maturation of a series of physiological mechanisms and
regulatory processes could be studied by the method, and the immediate and
late effects of some interventions carried out in early life could also be checked.
The immediate mortality of surgery is about 20%. One of its causes is the
failure of gastric motility. Only 30% of implanted animals have survived
the 3 weeks’ period.

The sleep of newborn rats reared in incubator is similar to that of animals
left with their mother. The evolution of sleep, the changes in frequency and
length of PS phases, are similar in both [19, 20, 35].

In contrast, the amount of PS was markedly less in the present study
than in Jouvet-Mounier’s experiments [19]. The cycle length was the same
but the mean frequency was reduced, e.g. 17/h instead of 30/h during the first
postnatal days. The difference may have been due to differences in feeding
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which was continuous in our experiments. Less frequent and less adequate
nursing and the impoverished environment may have also been responsible.
Cats and rats reared in an isolated, impoverished environment have less PS
than normally or in littermates reared in enriched environment [23, 34].
Decrease of PS was observed after 24 hours maternal separation [14].

In the presented study, cz-MDOPA treatment resulted in subtotal PS
deprivation. PS amounted to 10% of TRT and remained unchanged during the
three weeks studied. PS of newborn rats seems to be more resistant to phar-
macological deprivation than that of adults. In adult rats 100 mg/kg d,I-
a-MDOPA elicits sedation for 2—5 hours followed by total PS deprivation
for 11 hours [7].

Our results demonstrate an increased excitability and locomotor activity
due to early postnatal a-MDOPA treatment. The superior performance in the
shuttle-box does not reflect the capacity of learning but indicates a higher
rate of acquisition which is very likely the consequence of increased locomotor
activity and not of any specific process of learning. It is evident, however,
that treatment did not cause any deficit in learning.

These results are in agreement with those of Pappas and Sobrian [25],
and of Schaefer et al. [30]. These authors administered 6-hydroxydopamine
(6-OHDA) and p-chlorophenylalanine (pCPA) to baby rats, two drugs which
in adult rats cause selective or non-selective PS deprivation [22, 24] without
any gross behavioural disturbance.

Smith et al. [32] applied 6-OHDA in immature rats in a manner which
preferentially reduced brain NE. They also observed an increased locomotor
activity and shuttle-box acquisition. With other types of administration which
reduced DA or both NE and DA, both the above mentioned activities were
reduced. In our case, brain 5-HT, DA and NE levels were unchanged. It is
though that the turnover of the biogenic amines might be affected, but their
dynamics were not studied.

Isaacson et al. [15] administered to newborn rats 5,6-dihydroxy-
tryptamine intracisternally. In adult life a reduced brain 5-HT level was
found, open field activity and FR conditioning and the effects of amphetamine
on these two tests were unchanged.

Andersen produced experimental phenylketonuria by pCPA and phenyl-
alanine in rats [1, 2]; their body weight was similar as that seen in our animals.
When tested as adults they were hyperactive in activity wheel and in the
open field.

W hile active avoidance responses were unaffected in shuttle-box and
in Y-maze, the treated rats were inferior in passive avoidance conditioning.

Undernutrition and handling may both affect adult behaviour [9, 13,
26, 31]. On the basis of these facts it is difficult to find the exact cause of our
findings. The changes might have been due to PS deprivation but other specific
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or non-specific actions of the drug and the procedure (e.g. hypotension, de-
c reased heart rate, reduced body weight) may also have had a part.

The present finding might he explained as follows. Either the relation-
ship between PS and the maturation of the CNS might not operate or at least
not in this simple form, or the PS was not sufficiently deprived. Unfortunately,
continuous recording of the newborn left with the mother has not been solved.
If the newborn is separated from its mother, environmental conditions are
unnatural, and the spontaneous sleep patterns are modified [7]. The pharmaco-
logical data obtained under such conditions may be extrapolated to less arti-
ficial ones with some reservations. Nevertheless, the experiment was repeated
in newborn kittens reared in their original litters. 72% PS deprivation was
found and only increased excitability and a slight retardation of co-ordination
were detected but no gross behavioural changes have been found [29].
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Phenlaxine and bisacodyl were shown to inhibit gastric emptying and motility
by activating a reflex arising from the small intestine. This effect produced by the
cathartics could not be prevented either by alpha or beta sympatholytic, or by para-
sympatholytic agents; further it was antagonized by quinine and quinidine, as well
as by chloroquine and mepacrine in doses found to suppress gastric motility in un-
treated animals. The inhibition of gastric motility through cathartics does not appear
to be due to an effect on adrenergic or cholinergic pathways but rather to involve
a purinergic mechanism.

It is generally accepted that normal gastric motility is governed by the
interaction of excitatory cholinergic and inhibitory adrenergic nervous im-
pulses. Early in this century, the existence of a third, i.e. non-adrenergic, non-
cholinergic, vagal inhibitory system was postulated in the innervation of the
stomach [11, 12]. This was suggested by Burnstock to he a purinergic sys-
tem [4]. The preganglionic fibres of the inhibitory purinergic system are believed
to run in the vagus nerve forming synapses on the ganglionic cells located
at the myenteric plexus in the stomach. These neurons then supply the gastric
smooth muscle cells. A number of experimental data is available showing that
the putative transmitter of this inhibitory purinergic system, i.e. ATP, is
capable of inducing relaxation of some parts of the smooth muscle elements
in the gastrointestinal tract of various species, and during nerve stimulation
ATP is released [2, 3, 6, 8, 20, 21]. The present paper does not concern the
effect of putative transmitter but rather a reflex mechanism activated by
drugs, suggesting a purinergic innervation of the rat stomach. As described
earlier in two short communications [10, 15], some cathartics were found to
inhibit gastric motility through reflex pathways, and the suppression of gastric
motility was prevented by drugs, such as mepacrine, quinine, and quinidine
which have been thought to be purinergic antagonists.
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Methods

The experiments were carried out on female Sprague-Dawley CFY rats weighing
200 —250 g after a 24 h starvation.

Gastric emptying was studied by Levine’s phenol-red method [9] with an 0.1% dye
concentration. Gastric motility was measured by using a method elaborated in our laboratory.
In brief, the rats were anesthesized with 40 mg/kg pentobarbital intraperitoneally. After the
abdominal wall had been opened, by the aid of an atraumatic needle a miniature strain gauge
was fixed on the pyloric part of the stomach. The amplified movements of the stomach were
recorded on a polygraph. Detailed description of the method has been published elsewhere [7].

For measuring the gastric emptying, phenol-red was given through a stomach tube
in groups if at least 5 conscious rats. Drugs influencing gastric emptying were administered
in part through a gastric tube or in part parenterally prior to the application of phenol-red.
Thirty min after the administration of the dye, the animals were killed, their stomach was
exposed, and the amount of the remaining phenol-red was determined photometrically, its
quantity being expressed as per cent of the dye applied. The individual values were averaged,
and the difference between various experimental groups was statistically evalued by Student’s
t test.

W hen cathartics were administered intraduodenally, the animals were given 40 mg/kg
pentobarbital intraperitoneally, then their abdomen was opened, and a thin polyethylene tube
was introduced by mouth through the stomach into the duodenum under visual control. The
drugs were applied through the tube which was then removed.

The coeliac ganglion was excised under pentobarbital anesthesia. After median lapa-
rotomy, the coeliac artery was exposed the ganglion was carefully isolated from the surround-
ing tissues under a preparation microscope, and excised, then the abdominal wall was sutured.
Measurement of gastric motility was undertaken 10 days after surgery.

Drugs used: phenlaxine (Richter), bisacodyl (Chinoin), chloroquine phosphate (Chinoin),
mepacrine dihydrochloride (Sigma), quinine sulfate (Boehringer), quinidine sulfate (Boehringer),
papaverine HC1 (Chinoin), pentobarbital-Na (Abbott), phenol-red (Reanal), phentolamine
(Ciba), pindolol (Sandoz), acetyl-beta-methylcholine chloride (Sigma).

Results

Phenlaxine and bisacodyl given by mouth to rats inhibited gastric
motility causing a concomitant delay in emptying. These effects were dose-
related (Fig. 1). Bisacodyl inhibited gastric motility within a few minutes
after application, while the effect of phenlaxine developed with a latency and
was sustained for 3 to 4 hr (Fig. 2). The inhibition did not occur when the
cathartics were applied intraperitoneally or per rectum, while it was always
demonstrable following intraduodenal application. It should he noted that
the cathartic effect ensued after rectal, but not following intraperitoneal
administration.

The initial observations put forward the hypothesis that the inhibition
of gastric motility and emptying was due to a reflex activation of inhibitory
adrenergic mechanisms or to an inhibition of stimulatory cholinergic inner-
vation. Therefore, attempts were made to antagonize the cathartics induced
inhibition of gastric motility by administration of phentolamine, pindolol,
or acetyl-beta-methylcholine (ACBMC). It was found that neither 1.25 to
5.0 mg/kg subcutaneous phentolamine nor 0.125 to 0.5 mg/kg intraperitoneal
pindolol prevented the reflectoric inhibition by cathartics of gastric motility
(Table I), moreover both drugs were shown to somewhat increase the quantity
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Fig. 1. Effect of phenlaxinc (O —O) and bisacodyl (4 — ------- [)on gastric emptying. Ordinate:

the quantity of phenol-red retained in the stomach expressed as per cent of the dose admin-

istered; abscissa: dose of cathartics. Sixty min elapsed between the administration of phen-

laxine and phenol-red; bisacodyl and phenol-red were given simultaneously. The animals were

killed 30 min following the application of phenol-red. Each point represents the average
obtained from groups of 5 rats

5 30 60 120 180 240 min

Fig. 2. 10 mg/kg phenlaxine (O —O) and 5 mg/kg bisacodyl (4 — - A) induce inhibition

of gastric emptying. Time-response relationship. Ordinate: increase in phenol-red retention

expressed as percentage of the control value; abscissa: time elapsed between the administra-

tion of chatartics and phenol-red, min. Each value is average obtained in groups of 5 rats.
The animals were sacrificed 30 min after phenol-red had been given
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Table |

Effect of adrenergic antagonists on the inhibition by 10 mg/kg of phenlaxine
ofgastric emptyingl

Retention2of phenol-red;

Route Dose,
Drugs of administration mg/kg Ct::sﬁjoer;telgllyoal(u(‘e_:gsi)
Phentolamine S.C. 5.00 1.59+0.10
2.50 1.47+0.02
1.25 1.32+0.07
Pindolol ip- 0.50 1.32+0.20
0.25 1.50+0.05
0.125 1.27+0.30

1A group of animals treated with 10 mg/kg phenlaxine orally served as control
230 min after phenol-red

Table 11

Effect of phenlaxine, quinine, and their combination on the gastric emptying

in the rat
Retention of phenol-redd;
Drugs Route Dose, the control value is con-
of administration mg/kg sidered as 1.0 (+S.D.)

Phenol-red per os 1.00+0.3
Phenlaxine2 per os 10 2.08+0.5*
Quinine3 ip- 25 1.53+0.6
Quinine3 i.p. 50 2.03+0.7*
Quinine3 i-p- 100 2.54+0.5*
Phenlaxine per os 10 2.38+0.4
-(-quinine4 i.p. 25
Phenlaxine per os 10 1.54+0.6**
-f-quinine i.p. 50
Phenlaxine per os 10 1.51d=0.7**
-(-quinine i.p. 100

130 min after phenol-red
2 Phenol-red given 60 min after phenlaxine
3 Quinine and phenol-red given simultaneously
4 Quinine and phenol-red administered 60 min after phenlaxine
* Significant difference as compared to the control
** Significant difference as compared to the group treated with 10 mg/kg phenlaxine
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in the rat

Drugs

Phenol-red
Bisacodyl2
Quinine3
Quinine
Quinine

Bisacodyl
-{-quinine4

Bisacodyl

+quinine

Bisacodyl
-{-quinine

130 min after ph

PURINERCIC REFLEX ACTIVATED BY CATHARTICS

Table 111

Route

of administration

per
per
e
i.p.
i.p.
per
i.p.
per
i.p.
per
i.p.

enol-red

0s

0s

0s

0s

0s

2 Phenol-red given 5 min after bisacodyl

3 Quinine and phenol-red given simultaneously

Dose,
mg/kg

25

50

100

50

100

150

Retention of phenol-redl;
the control value is con-
sidered 1.0 (iS.D.)

1

4 Quinine and phenol-red administered 5 min after bisacodyl
* Significant difference as compared to the control

** Significant difference as compared to the group treated with 5 mg/kg bisacodyl

10mg/kg
bisacodyl
intraduodenal

.78+0.14

.59+0.62**

.08+£0.39*"

60mg/kg
mepacrine
intraperitoneal

103

'tg. 3. Effect of mepacrine on gastric motility inhibited by bisacodyl. Pendular movements
were recorded by strain gauge. Calibration: 0.2 g and 0.5 min
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of phenol-red retained in the stomach. As compared to the control value
asignificant decrease in gastric emptying was already observed after 2.5 mg/kg
phentolamine given subcutaneously or 0.25 mg/kg pindolol injected intra-
peritoneally. ACBMC, in a dose of 0.75 mg/kg given intraperitoneally, was
unable to initiate gastric motility after the inhibition induced by chatartics.

021

0.5

KK»

60mg/kg
mepacrine
intraperitoneal

Fig. 4. Effect of mepacrine on the gastric motility of untreated rats. Recording was carried
out by a strain gauge. Calibration: 0.2 g and 0.5 min. A: control: B: 15th min; C: 30th min

Fig. 5. The putative reflex arch through which chatartics induce inhibition of gastric motility.

1: smooth muscle cell, 2: ganglionic cell in the myenteric plexus, 3: adrenergic preganglionic

fibres its cell body is located in the coeliac ganglion, X: preganglionic fibres running in the

vagus nerve, ATP: adenosine triphosphate, ACh: acetylcholine, NA: noradrenaline, —»activa-
tion, 4 inhibition
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The cathartics were capable of inhibiting the pendular movement of the
stomach in rats subjected to coeliac ganglionectomy. On the other hand, there
is no inhibition in acute experiments when the vagus nerve was cut on the
neck immediately before the administration of cathartic drugs. In such cases,
the motility declined owing to vagotomy, it was however further increased
when 1 mg/kg papaverine was injected intraperitoneally.

It appears from the obtained data that phenlaxine and bisacodyl inhibit
gastric motility and emptying through a reflex in which afferentation is aris-
ing from the small intestine, and its efferent fibers are running in the vagus
nerve. The reflex is not adrenergic and cholinergic in nature. A possible mecha-
nism, i.e. the involvement of purinergic inhibitory pathways, was then postu-
lated, and it was therefore suggested that the putative purinergic antagonists,
such as mcpacrine, quinine and quinidine, might have been able to prevent
the inhibition of gastric motility induced by cathartics. As shown in Tables
Il and 111, the retention of phenol-red in the stomach and the inhibition
of gastric motility evoked by phenlaxine and bisacodyl were antagonized by
quinine. Figure 3 demonstrates that gastric motility which had been stopped
by bisacodyl returned to normal when 60 mg/kg mepacrine was injected. This
dose was shown to abolish the pendular movement of the stomach in rats not
receiving bisacodyl (Fig. 4).

It was also found that the inhibition of gastric motility induced by the
tested cathartics was antagonized not only by quinine and mepacrine but
also by quinidine (20 to 50 mg/kg intraperitoneally) and chloroquine (10 to
30 mg/kg intraperitoneally).

Discussion

Phenlaxine and bisacodyl, when exerting their effect in the small in-
testine, inhibit gastric motility and emptying in the rat. This may be due to an
inhibitory gastroenteric reflex avoiding the coeliac ganglion and having effer-
ent fibres in the vagus. Since the efferent pathways are not adrenergic or
cholinergic, and in turn blocked by quinine, quinidine, and mepacrine, they
are by all means purinergic in nature. The putative reflex pathways are shown
in Fig. 5.

An ileo-gastric reflex passing through the coeliac ganglion, blocked by
adrenolytic agents has been described by Rozsos et al. [17, 18, 19]. The
existence of an oesophagal-gastric reflex has been suggested by Abrahamsson
and Jansson [1], while a reflex, in which afferent pathways are derived from
the abdominal region, and which induces gastric relaxation, has been suggested
by Oiiga et al. [16]. Moreover, gastroenteric reflexes activated by breakdown
products of fatty acid and protein metabolism, or some acids as well as hyper-
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osmotic solutions have also been postulated. Some of them can be interrupted
by the removal of the coeliac ganglion, whereas others are blocked by vagot-
omy [5]. We assume that the inhibitory gastroenteric reflex activated by
cathartics drugs belongs to the last group.

Bearing in mind our earlier results, it is remarkable that the inhibition
of gastric motility by cathartics is antagonized by mepacrine and chloroquine.
It has previously been established that chloroquine and mepacrine, owing
to their parasympatholytic and spasmolytic character, are capable of inhibit-
ing gastric motility and emptying in intact animals [13, 14]. It appears from
the present findings that chloroquine and mepacrine in doses which are in-
hibitory on gastric motility under normal conditions, are able to initiate
pendular movements in the stomach of the rat in which gastric motility is
blocked by administration of some cathartics drugs. These different effects
should involve different mechanisms.
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Recensiones

D. G. Jones

Some Current Concepts of Synaptic Organization

Vol. 55. Fasc. 4. Advances in Anatomy, Embryology and Cell Biology. Springer-Verlag,
Berlin—Heidelberg—New York 1978. 69 pages with 21 figures. Price DM 34.—; US $ 18.70

Since the origin of the idea of synapse (Foster and Sherrington, 1897) a very large
literature lias accumulated, dealing with the structure and function of synapses. The very
different demands of neurobiology involve a detailed survey of synaptology and this makes
the task of reviewing the synaptic organization a major one. This review presents only the
synapses of limited areas of the CNS, especially of the cerebral cortex and discusses the pre-
synaptic terminal, the enlarged termination of the axon.

The contents of the review are: 1. Introduction; 2. Outline of synaptic morphology
(synaptic parameters, synaptic variations): 3. Issues in synaptic terminal organization (vesicle-
membrane relationships, vesicle attachment sites, VAS and intramembraneous particles, VAS
and synaptic activity, microfilamentous network, coated vesicles, protein composition of the
junctional region, microtubular system, microtubules in presynaptic terminal microtubules
and tubulin); 4. Models of the presynaptic terminal. The chapters are completed with abundant
references and a subject index.

The review is an important source of information for the large field of neurobiology,
in particular for synaptology.

K. Lissak

G. Sterba und F. Schober
Topographie und Zytologie neurosekretorischer Systeme

Teil 1. Das klassische neurosekretorische System der Ratte. Gustav Fischer Verlag, Jena 1979.
119 pages with 118 figures. Price DM 76.00

This book is an atlas of the classical (supraoptic and paraventriculohypophysial) neuro-
secretory system of the rat. It deals with its organization, topography, myeloarchitecture,
angioarchitecture and projections. A detailed picture is included of the course of fibres which
arise in the supraoptic and paraventricular neurones and terminate in the infundibular process
of the neurohypophysis or in extrahypothalamic regions, i.e. the subfornical organ, habenular
region, rhombencephalon and the ependyma of the lateral ventricle. The neurosecretory
elements have been visualized largely by the pseudoisocyanine technique and partly by
immunochemistry of the neurophysins. Afferent connections, synaptology of the cell groups
and immunohistochemistry of vasopressin and oxytocin are not encompassed. The first part
(20 pages) of the book is textual, while the larger second part contains illustrations which
are clear and of good quality. They consist partly of drawings based on the Kdnig-Klippel
atlas and partly of microphotographs. Co-ordinates are given on each drawing.

The book can be recommended to all those who are interested in the detailed topography
of the classical neurosecretory system of the rat.

B. Halasz
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no RECENSIONES

W. Bergmann

Niere und ableitende Harnwege

Handbuch der mikroskopischen Anatomie des Menschen. Bd. VII/5. Springer Verlag,
Berlin —Heidelberg —New York 1978. 444 pages with 181 figures and 12. tables. Price DM 290.

The Volume VIi/1 of Mé1lendorf’s monograph from 1930 gave a detailed description
of the excretory system. Knowledge about the structure and function of the kidney and
of urine transport has, however, been enlarged and fundamentally changed in the last decades.
These facts prompted the editors of the monograph to edit a new volume which, beside the
old data, contains the new results of recent morphological, physiological and biochemical
researches.

Minor but important modifications of the old Méllendorf volume were performed.
Chapter 2 describes the architecture of the kidney (types, lobulation, vascular segments, etc.).

In Chapter 3, which deals with evolution, not only the development of the human
kidney but also of that of some animal species is decribed. It is illustrated by excellent draw-
ings and electron micrographs.

Two chapters (approximately 180 pages) describe the details of glomerular and tubular
function. Data comparing human and animal kidney are also present. Almost 50 pages deal
with the description of structure and function. Data about transtubular transport of proteins,
fatty acid uptake, etc., are also mentioned. The macula densa is discussed in detail.

Chapter 6 describes the vascular system of the kidney. Very demonstrative histological
pictures of granulated epithelial cells are given. The architecture of the vessels is discussed
in parallel with that of the tubuli, providing a good morphological basis elucidation of for
the countercurrent principle. This chapter describes the lymph vessels and interstitium as well.

The last part of the volume discusses the innervation of the kidney.

The 307 page part on the kidney is followed by Chapter 8 entitled “The urinary tract”.
Histological information about the cavity system, ureter and bladder are described on as few
as 22 pages.

The author took upon himself a very difficult task, since being an anatomist, be tried
to summarize the present state of knowledge concerning kidney structure and function, which
is more or less out of the scope of his profession. The aim of the monographs was, however,
successfully achieved. This fact indicates that the book is an excellent and valuable tool for
both scientists and clinicians involved in kidney research.

F. RENYI-VAMOS

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981
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ACTA PHYSIOLOGICA
TOM. 57-BblT. 1

PE3IOME

BANAHWE MHOOMETALVHA HATPAHCIOPT HATPUA N BObl B KOXE
NAryLwKn

P. BAPTA n XABJIN

ABTOpbI UCCNE0Ba/IN U3MEHEHUS TPAHCNIOPTa HATPUS, PYBUANS 1 BOAbI B KOXE NSTYLLKY,
HacTynatolve B NPUCYTCTBUM VHAOMETALMHA, UHIMBMPYIOLLErD LMKMYECKYIO 3HAOMEPOKCMAA-
3y. TpaHCMOPT HATPUs U3yYanu M3MepPEHNEM KOPOTKO3aMbIKAaTE/IbHOTO TOKA, a TAKXKE C MOMOLLbO
uzotona Hatpus (Na2); TpaHCMOpPT Bodbl M3yUYaIM METOAMKO MELLIOYK], N3TOTOB/IEHHOTO 13 KO-
XU NATYLIKK.

Pe3ynbTaTbl UCCNEA0BAaHUS MOKAa3aiu, YTo, MOA BAUSHAEM WHAOMETALMHA

1. yMeHbLUAeTCs HanpshkeHUe, N3MepsieMoe MeXy ABYMsl CTOPOHAMM KOXW NIATYLLKM, a
TaKXKe MHTEHCMBHOCTb 3aMblKaTe/IbHOTO TOKa; COMPOTMB/EHIE 1 MPOBOAVMOCTL He U3MEHAIOTCS,

2. YCUNMBAETCS NacCUBHBIA TPAHCMOPT HAaTPUSA, HanpaBfeHHbIV N3HYTPN KHapY XM,

3. He M3MEHSIIOTCA HU TPAHCMOPT BOAbI, HAMpPaB/EHHbI B CTOPOHY OCXOTUYECKOro rpa-
OVEHTA, HU MacCUBHBIA TpaHCMoOpT py6uaws.

Ha 0CHOBaHMW 3TUX fJaHHBIX aBTOPbI MPUXOAAT K BbIBOAY, 4TO

a) Mof BO3LEMCTBMEM WMHAOMETALMHA M3GMPATENbHO MOBLILIAETCA MPOHULAEMOCTb KOXM
MO OTHOLLEHWIO K HATpUIo, TO eCThb

6) pe3y/bTaTbl HACTOALLMX 3KCTMIEPUMEHTOB COMMIACYOTCS C MPEANOIOXKEeHUEM OTHOCU-
TE/IbHO TOF0, YTO MHAOMETALMH B HEKOTOPbIX TKAHAX MOXET OKasblBaTb BIUSHWE HA UHTEHCUB-
HOCTb TPaHCMOPTa HaTpUS.

COH ¥ WCKYCCTBEHHO BCKAPMJIMBAEMbIX HOBOPOXAEHHbIX KPbIC.
BINAHNE ANOA-METUN-OOPAMUNHA HA TIAPAOOKCA/bHbLINN COH U HA
MOBEAEHWNE B3POC/IbIX KPbIC

M. IOBAHL|,

ABTOpbI pa3paboTany MeTOANKY BCKPbIMIMBAHUA HOBOPOXEHHbIX KPbIC B MHKybaTope.
Vccneaosann 3BOMOLMIO NapafoKcanbHOro CHa Ha NPOTAXEHUN TPEX Hedenb Nocnie PoXAeHWs.
MapagoKcanbHbIA COH 1 BPEMEHHOE M3MEHeHWe COOTHOLLEHVE NapafoKCabHOrO CHa y WUCKYCCT-
BEHHO BCKOPM/EHHbIX KPbIC KA4eCTBEHHO COOTBETCTBOBA/IM TaKOBbIM Y KPbIC, BOCMUTAHHbIX Ma-
TepAMU, KOMYECTBEHHO XXe NPOonopuusa napagfoKcanbHOro cHa 6bina Ha 20% Huke. HO KOXHO-
BBedeHuve d, 1anbdameTun-godammHa no 500 MI/Kr, exkejHEBHO B TeUeHVe TPex Hefenb, BbI3Basio
10, 70—75% TOpPMOXXEHWE MapafoKCanbHOro CHa.

KpbICbl, BCKOPM/IEHHbIE MATEPSAMU, TOXKE B TeueHMe Tpex Hefenb nonyvanu d, 1anba-
MeTUN-f0(haMuH, B fieHb Mo 250 Mr/Hr. MccnefjoBaHns Obiny BbIMOMHEHbI NO3KE HA B3POC/IbIX XKU-
BOTHbIX, MNONYyYaBLIMX A0(AMUH B HOBOPOX/EHHOM BO3PacTe. Y HuX 6blfa BbisiB/IeHa MOBbILIEH-
Has NOKOMOTOPHaA aKTMBHOCTb W shuttle-box acquisition, HO He yAanoCb MoKas3aTb HapyLleHus
npotecca 06ydyeHns. CofepxxaHue HopafpeHasvMHa, CepoTOHMHA W fothaMyHa B MO3rY He u3-
MEHWOCh.



BAVNAHWE NOHOB LINHKA HA TIPOKOATYJIAHTHYO AKTVBHOCTb PMN
NEVKOLUNTOB

3. TA3OW, X. YHEPHAHCKW n T. CUNALN

ABTOPbI U3yyanu BAMSAHME UOHOB LMHKA, MarH1s 1 MapraHLa Ha MpoKoarynaHTHyH ak-
TMBHOCTb NepuToHeanbHbix PMN NeikoLuMTOB KpPOAMKOB, Nocne 06paboTki UX B yCNOBUAX in
vitro 3HAOTOKCUHOM. B MpuUCYTCTBUM 3TUX KAaTUOHOB KIETKM, MOMyUYeHHbIe U3 BPHOLLHOM NOAoCTH,
NHKy6MpoBanu B pacTeope XaHkca npu 37°C, nocne Yero ONpedenany CeepTbiBatoLLyH0 cnoco6-
HOCTb HaJ0CaA04HOM XWUAKOCTM B LMTPATHOM Nasme KPOBU KPOSIMKA.

Mpu MHKYGMPOBaHUM HaZocafka B MPUCYTCTBUM 50 MKMOJIb X/TOPUCTOTO LIMHKA ero CBep-
TbIBaKOLLLas CNOCOGHOCTL [OCTOBEPHO CHUXaANach, Npu Ao6aBneHumn xe 100 MKMONb X/10pUCTOrO
LMHKa 0TMeYanu 3HauuTeNbHOe Y/INHEHNe BPEMEHI CBEPTbIBaHMS. VIOHbI LMHKa B 38BUCHMOCTY
OT KOHLIEHTPaLUM NOAABNSOT BbIX0 NPOKOArySHTHOTO BELLecTBa U3 NeliKoLMTOB.

B3ATble B KauecTe KOHTPO/IA f1Ba APYTUX [BYXBaJeHTHbIX KaTMOHa He OKasblBa/l BNA-
HUS Ha BPEMSs CBEPTbIBaHUS, OMpefenseMoro B Nog06GHON e CcUCTeMe.

BbIfI0 NOKa3aHO, YTO MOHbI LIMHKA 3aTOPMAaXMBAOT BbICBOGOXAEHME TKAHEBOTO (hakTopa
13 PMN n1efiKoLuTOB, 06paboTaHHbIX NPeABAPUTENLHO 3HAOTOKCMHOM. VIHTMBMpYtoLLee AelicTBie
LUMHKa SBNSETCS [0303aBUCUMbIMY, SKCMOHEHLMANIbHO BO3pacTas 0T 5 MKMO/b A0 250 MKMOSb.

Cnoco6HOCTb MOHOB LIMHKA MHIMGMPOBaTh 0CBOBOX[EHUE TKaHEBOTO cbanTopa MOXHO
06BACHUTL €ro CTaGUANMPYIOLLMM AeiACTBMEM Ha MEMBPaHY.

AKTVBUPOBAHHbBIN CAABUTEMIbHbIMW CPEACTBAMU MYPUHEPIMUYECKIUIA
PE®/TEKC ¥ KPbIC

3. MUHKEP 1 X. MATEWKA

®eHNaKCUH U BUCAKOAUN TOPMO3SAT Y KpPbIC ABUTaTe/IbHYIO aKTUBHOCTb XKEyAKa W ero
OMOpOXeHWe MOCPEACTBOM pediieKca C TOHKOTO KULIEYHUKA. ITOT 3((eKT cnabuTenbHbIX
CPEACTB Hanb3s NPeoTBOPATUTL HU abda- 1 6eTa-CUMNATONIMTKAMM, HU NapacuMnaTuMeTrKa-
MU, OfJHAKO MOXHO aHTarOHW3NPOBaTb XUHUHOM W XUHWAVHOM, @ TakKXXe TaKuMK 03aMu X10po-
KBMHA W MenakpuHa, KOTOpble Y MHTAKTHbIX (He MOy4YaBLWIMX CNabUTENbHbIX CPEACTB) XUBOT-
HbIX 1 caMn No cebe NOAABNAIOT MOTOPUKY XKeny/Ka.

3aTOpMaXMBaIOLLNA MOTOPHYIO aKTMBHOCTb XKeNyjKa 3(h(eKT cnabutenbHbIX OCYLLECT-
BNISIETCA, MO-BUAMMOMY, Yepes MyPUHEPrUYecKy0 HepoHHY0 CUCTEMY, a He Yepe3 afgpeHepru-
UECKYH WU XOJIMHEPTUYECKYIO.

OEVCTBUE CYNb®ATHOIO 3®UPA OKTAMENTUAA-XOMELMCTOKUHUHA HA
MOHOAMWMHBLI MO3rA Y KPbIC

OEKETE M., BAPCEMM MAPNA, KAOAP T., MEHKE b., KOBAY K. n TENEFAN T.

M3yyanu BnusHWe pasHbiX f[03 CyNb(aTHOro agmpa OKTanenTuaa-XoneUucToKNMHNHA Ha
(XUK — 8 — CJ) Ha cofdepxaHue AomnamuHa, HOpajpeHanuHa u CepoTOHMHA r1noTanamyca,
Me3eHLUethanoHa, MUHAANBLHOTO A4pa, NPO3payHoi Meperopofky W mnonocatoro Tena uepes 10,
20 1 60 MUHYT Mocne BBeJeHWA Mpenapara.

B runotanamyce v MeseHLeanoHe COAepXaHWe fonamuHa W HopagpeHannHa yBenuyu-
Ba/IOCb, a COflepXaHuWe CepoTOHMHA YMeHbllanocb. CofgepykaHne MOHOAMWHOB MUHAANbHOMO
A0pa M3MEHANOCh [BYx(hasHO. V13MeHeHWe 3aBMCEeNIo OT [03bl W CPOKa [eiACTBUA Mpenapara.
Mofo6HbIM 06pa3oM M3MEHANOCh COofepXKaHue formaMuMHa U HOpafpeHanvMHa NpospayHoii mepe-
ropogke. B nonocatom Tene cofepXkaHue fonamviHa n CepoTOHMHA YMEHbLIAIOCh, & CofepXaHune
HOopafpeHannHa B Hayasie YBeNMYMBAIoCh MOTOM YMEHbLUANOCh.

Hawwn pesynbtatbl ykasbisatoT 4to XUK — 8 CO m3mMeHseT cofepXaHue gonamuHa,
HOpajpeHanvHa 1 CepoTOHMHA pasHbIX OTAENOB Mo3ra. V3MeHeHue 3aBUCUT OT A03bl OT CPOKa
[lecTBMA OT MecTa AelicTBMA npenapara.



N3YUYEHWE AEVCTBWNA MPOFECTEPOHA HA MOCTPO/OBbIX (post partum)
MATKAX KPbIC

A BEPHAPA

Y 44 Kpbic, Nocne pofos, WU3yyanu PeakTUBHOCTb MATKM MO OTHOLLEHWIO 3CcTpaguona
(E2 v nporectepoHa (P). ¥ 34 XXMBOTHbIX CO CMOHTaHHbIM POAOM BBefleHWe FOPMOHOB Hayanoch
HemnocpeiCTBEHHO MOC/E POLOB, a Y 24 XMBOTHBIX Y KOTOPbLIX Ha 24 Yaca [i0 CMOHTaHHbLIX POAOB
MPOBOAWOCH KECAPeBO CeYeHMe, Cpasy Mnocse Kecapesa ceueHns. B MaTKy XVBOTHbLIX BBENWN pe3u-
HOBbIN 6&/1/10H, NPV NOMOLLYM KOTOPOr0 CUCTEMATUYHO M3MEPAN UHTpayTepaibHOe faBneHue 4o
1 nocne NpoBeJeHNst OKCUTOLMHOBOIO TecTa.

Mo pesynbTatam M3MepPEHWi, NPOBEAEHHbIX eXKeHEBHO B TeUYeHMe Heaenu, 6bI1o yCTaHo-
B/IEHO, YTO Y BCEX HeNeY€HHbIX MPOreCTEPOHOM >XMBOTHbLIX MOCTPOAOBOE [AaBfieHWe B MaTKax
3HaUMTeNbHO yBenuumBanocb. COBMeCTHOe BBefieHMe E2+ P 3HaYMTENIbHO YMEHbLUAN0 MaKcu-
Ma